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FIRST OF ALL

Dear HIPS-NET partners,

We are pleased to welcome you as partner

in the "H, Tolerance Network" (also called

"HIPS-NET").

The HIPS-NET newsletter aims to gain a

collective understanding of the H, toler-

ance of the gas infrastructure. This first

newsletter is focusing on Germany, by

recording open research topics and portraying current research
projects and as far as possible, indicating the results.

The second newsletter will focus on activities among the partner coun-
tries. Therefore, your assistance is requested and needed.

Please support the successful network operation and let us know about
H, projects (mixture of CH4 and Hz) you perform or you might know. We
would appreciate if you could name the references, how to find
detailed project information in case they are accessible (e.g. internet
links). We are looking forward to working together with you on gaining
and sharing knowledge.
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"A network leads to co-
operation, cooperation
leads to creativity and

innovation -

this changes the world.”

- Marissa Mayer (CEO Yahoo)

INFORMATION GERG HIPS
FINAL REPORT

The GERG hydrogen project: "Admissible
Hydrogen Concentrations in Natural Gas
Systems”, also known as "Hydrogen in
Pipeline Systems" or "HIPS" has now been
published. The report is confidential to
project members, but copies can be
purchased by contacting the GERG
Secretary General: robertjudd@gerg.eu for
€500 each (€200 for universities.)

The related paper, "Admissible hydrogen
concentrations in natural gas systems®,
Altfeld, K. and Pinchbeck D., which is not
confidential, has already been published in
"Gas for Energy", No. 3 (2013), pp. 36-47.
Copies can be downloaded free of charge.
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HYDROGEN TOLERANCE STATE OF THE ART

10

INTRODUCTION

The direct feed-in of hydrogen (H.) in the existing 8
natural gas grid is limited due to technical restrictions 5
and limitations of technical standards. Ongoing R&D
projects (e.g. DVGW [German Association for Gas
and Water] project G1-07-10 “Development of modu- 2
lar concepts for production, storage and feed-in of

hydrogen in natural gas [vol -%]

hydrogen and methane in the natural gas grid” and ”%,%. a&”"/e AN Sy ] Py S ey, K e Poce N
. L ) by S g, Ny (e Ve s T,
the GERG HIPS project ,Admissible Hydrogen Con- A G T By oy ,
¢ H “ . ] &3 Wiy, 730, Vice, -
centrations in Natural Gas Systems*) summarised es"’%@ ”’%,e% oy o o My,
O] "oy,

measurement
and control

the current knowledge about hydrogen tolerance of
the natural gas grid. The results show that the natu-
ral gas infrastructure is in general compatible for a
concentration up to 10 vol.-% H; in the natural gas
(shown in overview 1 and 2). The results are promis-
ing but further need for research has been identified
concerning porous underground gas storage, steel
CNG1 vehicle tanks, gas turbines and engines.
The ,DVGW Innovationsoffensive“ aims to find an-
swers to the open issues of hydrogen tolerance.

transport gas storage

basic measures required / hydrogen

. hydrogen admixture harmless
admixture not technically excluded

project ipiliation or
hydrogen admixture after processing

technical checking feasible . insufficient knowledge of the hydrogen tolerance

MATRIX HYDROGEN TOLERANCE - OVERVIEW 1 (DVGW / DBI)

The results show that the natural gas

infrastructure is in general compatible
with a concentration up to 10 vol.-%
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distribution will be described on the following pages. The
i basit ired / hy . . . .
Il terogen scmiciurs harmiess isture not echnically oxeludod. project nitation or main focus is on results gained in Germany;

hydrogen admixture after processing

technical checking feasible s of the hydrog the international focus will be added in the

MATRIX HYDROGEN TOLERANCE - OVERVIEW 2 (DVGW / DBI) HIPS Newsletter #2.

OVERVIEW OF THE CORE TOPICS /[ 1

GAS TURBINES AND ENGINES

Research programs should be initiated to define the restrictions of gas turbines
and to identify possible counteractions. The impact of high temperature/thermal
stress/temperature load, flash-back, emissions and thermo-acoustic oscillations up
to 10 vol.-% H, on existing gas turbines needs

to be quantified and assessed. Furthermore, an

inventory of the sensitivity and the age of tur-

bines should be set up. The results provide a

base to estimate costs for adjusting the operat-

ing machinery.

+ GAS TURBINES AND ENGINES

+ POROUS UNDERGROUND GAS
STORAGE

+ STEEL CNG1 VEHICLE
TANKS

+ NATURAL GAS AS WORKING

MEDIUM
Neither known current projects nor projects in

+ CROSS BORDER
TRANSMISSION

NEWSLETTER # 1 JANUARY 2014

preparation in Germany address these re-
search questions.

SOLAR TURBINES (TITAN 250)

na2i

COPYRIGHT 2013 | © DBI GAS- UND UMWELTTECHNIK GMBH | ALL RIGHTS RESERVED


http://www.dvgw-innovation.de

OVERVIEW OF THE CORE TOPICS // 2

CAVERN UNDERGROUND GAS STORAGE / POROUS UNDERGROUND GAS STORAGE

Each underground gas storage is individual and should be site-specifically
analysed for H, tolerance. Research has to be conducted to identify the effect
of permeability and interaction of the micro-organisms. The H, tolerance of
materials, components, cement, well completion as well as potential interac-
tions between storage gas and rock salt or surrounding rock needs to be ex-
amined.
Main topics have been roughly examined in 2013 in two DGMK literature
enquiries. An uncritical threshold of hydrogen concentration in natural gas can
currently not be defined. An-
other project ,Underground
Sun Storage“ (RAG, Rohdl-
Aufsuchungs AG) has started
in October 2013 to determine

the compatibility of a porous
underaround storage The CAVERN UNDERGROUND GAS STORAGE (KGE-
9 ge. GASSPEICHERGESELLSCHAFT)

central task of the project is

the analysis of geochemical alterations of reservoir rocks or reservoir fluids.
Laboratory tests with original drilling cores shall reproduce the interactions of
micro-organisms. Furthermore, corrosion and changes in cementation will be
assessed under typical storage operating conditions. Another work package
contains an in-situ experiment for the storage of methane-hydrogen-mixtures
and hence the demonstration of aspects of energy storage. Upon completion

of the projects, the state of knowledge on hydrogen tolerance will have to be
GASSPEICHERGESELLSCHAFT) reassessed.

CoRE TOPIC FACTS //1

NATURAL GAS VEHICLES: STEEL CNG1 TANKS

The H; threshold for currently used vehicle tanks as well as for new vehicles needs to
be reviewed in technical and regulatory terms. Within the DVGW a project “Strategy GAS TURBINES:
development and building of a consortium for target-orientated extension of the E{eIEeNg=1al(\VATRE =1 [SToNeEE]

admixture threshold of hydro- turbines is the max. ad-

gen in CNG tanks of new natu- - .
ral gas vehicles”, is in prepara- missible H, concentration

STEEL CNG1 TANKS (OZ-ONLINE)

NEWSLETTER # 1
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tion. Interested industrial com-
panies are invited to become
involved. Regulatory and
contractual guarantees may be
addressed in the proposed pro-
ject. The project is scheduled to
start in the
beginning of 2014.

13

in the range of 1 and

5 vol.-% or even lower.
Some new types accept
H, concentrations up to
15 vol.-%.

UNDERGROUND GAS
STORAGE:

a limit value for the max.
H, concentration is not
defined.

STEEL CNG1 TANKS:
UN ECE R110 limits the
value for H,to 2 vol.-%.
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OVERVIEW OF THE CORE TOPICS // 3

NATURAL GAS AS WORKING MEDIUM

There is a need for action to record and analyse the impact of H, in working and process applications (analysis of the entire
spectrum e.g. measuring methods, integration in the SCADA systems, impact on refractory materials, product quality, and
appearance of NOx-data). Mitigation actions to compensate or avoid unwanted influence on the processes in place by H»
are partly known. Results from the DVGW research project G1-06-10 “Analysis of
the impact of changes in gas quality on industrial and commercial applications” on
industrial applications, that has started in May 2011, showed that appropriate pro-
cesses, appliances (O, measuring probes) and methods (verification by chromato-
graphs for gas) are required for detection and compensation of variations of gas
quality.

The main focus lay upon the variations of gas quality of potentially distributed gases
in the gas grid (H + L natural gas, biogas, etc.) as well as the sensitivity of process-
es (burner-, installation and control devices) of industrial gas applications. The po-
tential impact of H, has been assessed on a basic level.

The VCI (Association of the Chemical Industry), is currently recording potential im-
pacts to processes by H,. The results should be discussed and revised by the gas
industry to achieve a common understanding on the opportunities as well as on the
open issues that still need to be solved.

FIRING OF A GLASS BATH (ENERGY20.NET)

CROSS BORDER TRANSMISSION

In the case of H, feed-in in the transmission network, the distribution within the gas
grid incl. potential cross border transmission has to be analysed and assessed. This

CORE TOPIC FACTS //2

NATURAL GAS AS WORK-

ING MEDIUM:

requires in particular an analysis of the international standards. This problem has

a limit value is still not
defined — there is a
huge range of industrial
applications.

CROSS BORDER TRANS-
MISSION:

the limit value is defined
by the different national
standards and needs
harmonisation as well as
updating concerning the
progress of technical
knowledge (outlook
newsletter # 2).

THE POSSIBLE DISTRIBUTION OF H; IN THE GERMAN
TRANSMISSION NETWORK (FNB-GAS)

NEWSLETTER#1  JANUARY 2014 1nall

partly been addressed in the
.Netzentwicklungsplan Gas
2012" (www.fnb-gas.de).

Neither the current project nor a project
in preparation that addresses this re-
search question is known at the mo-

ment.
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INFORMATION FROM THE PARTNERS

CURRENTLY

IDENTIFIED PROJECTS

France:

Austria:

Netherlands:

Italy:

Belgium:

IMPORTANT NOTES

CORE TOPICS COVERED BY
KNOWN PROJECTS

The figure below show the core topics covered by run-
ning projects. We hope to further develop the table in the
course of our network cooperation.

With YOUR commitment, your support — support from
the HIPS NET partners, we intend to find and share the
answers to hydrogen core topics. Our HIPS NET cooper-
ation needs your information about research, findings,
expertise — we summarize the research, prepare the
main findings and publish them in upcoming newsletters.
Further discussion will be done in our workshops.

Our aim is to establish a single (European) understand-
ing for the transport of hydrogen in the natural gas grid
and avoid double research. Please contact us.

INFORMATION OVERVIEW

SELECTION OF APPOINTMENTS

(FOCUS ON THE COMBINATION OF HYDROGEN AND NATURAL GAS)

++ ,Wasserstoffspeicherung” (6. Feb. / Hamburg, Germany)

++ ,European Hydrogen Energy Conference” (12. Mar. / Seville, Spain)

++ ,DVGW/VDE 2. Miinchener Energietage” (17. Mar. / Munchen, Germany)

++ ,Energy Storage International Conference for Storage of
Renewable Energies” (25. Mar. / Dusseldorf, Germany)

++ ,3rd Conference Power to Gas Projects for Europe's Energy

Industry” (27. Mar. / Disseldorf, Germany)

++ 7. Energy Storage World Forum® (1. Apr. / London, Great Britain)

++ EES 2014" (4. Jun. / Miinchen, Germany)

++ ,BDEW Kongress 2014“ (24. Jun. / Berlin, Germany)

++ ,11th EUROPEAN SOFC & SOE FORUM* (1. Jul. / Lucerne, Switzerland)
++ ,Fachforum Energiespeicherkonzepte DBl GUT (9./10. Sept. / Berlin, Germany)

++ ,H2Expo 2014" (23. Sept. / Hamburg, Germany)

++  Performing Energy" alliance for wind hydrogen (Germany)
++ ,Strategieplattform Power to Gas — dena“ a strategy platform of dena (Germany)

NEWSLETTER # 1

JANUARY 2014

s

CURRENT PARTNERS

Alliander ++ DGC ++ E.ON New Build &
Technology ++ Enagas ++ ETIC ++ EWE
++ Fluxys ++ Gasnatural ++ Gasum OY
++ GRTgaz ++ grzi ++ Infraserv GmbH &
Co. Hochst KG ++ ITM-Power ++ KOGAS
++ nPlan GmbH ++ OGE ++ OVGW ++
RAG Rohdl-Aufsuchungs Aktiengesell-
schaft ++ RWE Dea ++ RWE Deutschland
++ SGC ++ Shell ++ Solar Turbines
Europe S.A. ++ SVGW ++ Synergrid ++
Volkswagen AG

NATURAL GAS TRANSMISSION PLANT
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http://www.ooeferngas.at/de/ooe-ferngas-ag/presse/aktuelle-presse-infos/pressedetail/artikel/wasserstoff-einspeisung-ins-gasnetz-kopie-1.html?cHash=5eca00abb24af846807b4e2779bfa398&no_cache=1&sword_list%5B0%5D=wasserstoffeinspeisung
http://www.dnvkema.com/news/articles/2013/DNV-KEMA-partner-in-praktijkproef-Elektriciteit-wordt-Aardgas-in-Rozenburg.aspx
http://www.fuelcelltoday.com/news-events/news-archive/2012/july/ingrid-project-to-launch-12-mw-electrolyser-with-1-ton-of-storage-for-smart-grid-balancing-in-italy
http://www.h2fc-fair.com/hm13/images/ppt/10we/1120-3.pdf
http://www.underground-sun-storage.at
http://www.underground-sun-storage.at

OUTLOOK NEWSLETTER #2

CONTENT NEWSLETTER #2

++ Overview of core topic projects — information from the partners

++ Detailed information on selected core topics

++ Analysis of legal aspects: restrictions for H, feed-in in the gas infrastructure.
Overview of national technical standards on gas quality within Europe.

++ Final results of the DVGW project G1-02-12, ,Information and data
collection sheet for hydrogen tolerance of the gas grid”

++ New HIPS-NET partners
++ News // important appointments

INTERESTS AND WISHES

Please let us know if you have special interests/wishes for the next newslet-
ters. This is the first newsletter of HIPS-NET —requests for change in the

upcoming newsletters are always welcome. We would appreciate feedback Enrich the
especially since this is the first newsletter and we aim to provide quality infor-

) , . hydrogen in the
mation that is actually needed and wanted to answer the hydrogen core topics.

natural gas grid and
our knowledge for

hydrogen.

CONTACT AND PRIVACY NOTES

QUESTIONS, NOTES AND CRITICISM TO DBI Gas- und Umwelttechnik GmbH
. . Karl-Heine-Stralle 109/111
Gert Miiller-Syring D-04229 Leipzig

Karl-Heine-Stralle 109/111 GERMANY

04229 Leipzig, Germany Tel.: (+49) 341 2457113
el.: -

+49 341 24571 33 Fax.: (+49) 341 24571-36
gert.mueller-syring@dbi-gut.de

kontakt@dbi-gut.de
www.dbi-gut.de

Dave Pinchbeck
Leicestershire
UK CEO:

Prof. Dr.-Ing. Hartmut Krause
+44 1664 858 329
davepinchbeck@hotmail.com Registration court Leipzig

HRB 2560
VAT-Number: DE 141487734
Tax-Number: 232 / 107 / 03098

Certified DIN EN ISO 9001:2008

Copyright 2013 | © DBI Gas- und Um-
welttechnik GmbH | All rights reserved
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Overview of the core topics I3
Information from the partners /l'5

Important dates and outlook NL #3 // 6

POWER-TO-GAS - THE INVISIBILITY OF THE NATURAL GAS GRID
(USCHI DREIUCKER - PIXELIO.DE)

HIPS-NET WORKSHOP IN BRUSSELS

Dear Partners,

As already announced, it is a pleasure for us to let you
know that the HIPS-NET workshop will take place on the
25"/26"™ June in Brussels. We kindly invite you for
dinner on the 25" June and hope that you can use the
opportunity to exchange experiences and information on
the latest developments on hydrogen in gas grids.

The workshop itself will be held on the 26™ June on kind
invitation of Robert Judd in the GERG office. Please note
the preliminary agenda.

If you have not already done so, please let us
(gert.mueller-syring@dbi-gut.de,
stefan.schuetz@dbi-gut.de) know if you will attend
before May 16". Thank you in advance.

Envisaged next HIPS-NET dates:

e 25"/26" June (HIPS-NET-Workshop)
e 7" July 2014 (3. Newsletter)

e 29" September 2014 (4. Newsletter)

o 16" December 2014 (5. Newsletter -
year 2 of HIPS-Net)

NEWSLETTER # 2 APRIL 2014

"A network leads to
cooperation, cooperation
leads to creativity and
innovation -

this changes the world.*

- Marissa Mayer (CEO Yahoo)

No. Start End Topic

1
2

09:30
10:00

10:00
10:15

Welcome coffee

Introduction - Gert Muller-Syring (DBI), Robert
Judd (GERG)

Presentation on core topics

3

4

5

6

10:15

10:45

11:15

11:45

10:45

11:15

11:45

12:15

»Sun Storage Lehen” - Stephan Bauer (RAG)

"Effect of H, on chemical industry

applications — a first screening”

Dr. Andreas Kronimus (VCI)

“Gas turbines - New findings on turbines in
operation and current developments” -
Christophe Huth (Solar Turbines)

,Hz in CNG-tanks-state of the investigations* -
Gert Miller-Syring (DBI)

7

12:15

13:30

Lunch in the GERG office

“Injection of Hydrogen into Germany’s Gas

Pilot Projects
8

10

12

i

13:30

14:00

14:30

15:00
15:15

14:00

14:30

15:00

15:15
15:30

Distribution Grid” - Dr. Simon Bourne (ITM)

.Power-to-Gas in France and GRHYD
project” - Jacques Dubost (GDF SUEZ)

Feedback from the auditorium (discussion,
new projects aware, new findings)

HIPS NET next steps and organisational as-
pects - Gert Muller-Syring

Conclusions - Robert Judd/Gert Miller-Syring
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ToPrics FOR DiscussION AT THE WORKSHOP // HYDROGEN TOLERANCE OF THE GAS GRID

IN PREPARATION OF THE WORKSHOP, WE HAVE GATHERED RELEVANT TOPICS THAT
REQUIRE FURTHER EXCHANGE AND ARE THEREFORE SUGGESTED FOR
DISCUSSION:

o  Specification of the ignition group for different gas mixtures (natural gas plus hydrogen)

« Verification of the specific ignition temperature for different gas mixtures (natural gas plus hydrogen)
e  Thermodynamic properties / chemical reaction kinetics of H, and compatibility for reservoirs

e H, associated material requirements of well completion

« Changes in gas quality (chemical/biogenic) and their effects on reservoirs

Please let us know if you have additional relevant topics we could discuss at the workshop.

SIMULATION OF A CELLAR ROOM EXPLOSION — NATURAL GAS (DBl DEMONSTRATION PLANT)

LATEST NEWS ON DVGW PROJECT G1-02-12 ,INFORMATION AND DATA
COLLECTION FOR HYDROGEN TOLERANCE OF THE GAS GRID”

The DVGW project “Information and data collection for hydrogen tolerance of the gas grid” has been finalised. The project
was introduced in the 1%' HIPS Newsletter. The project report is scheduled to be published by the DVGW shortly and key
results will be published in the HIPS-NET. The general conclusion is that in the course of the project the available
findings on the hydrogen tolerance of the gas infrastructure has been verified by the industry, natural gas consumers as well
as technical committees of DVGW.

Apart from CNG petrol stations and complex indust-

rial consumers, the natural gas distribution network

would tolerate 10 vol% hydrogen concentration.

Open issues concerning uncritical topics (e.g.

burners, EX-protection) are expected to be clarified

by 2017. Upon finalisation of research projects on

the hydrogen tolerance of natural gas underground

storages in 2019, findings need to be assessed and may determine the scope of follow-up
projects. Furthermore, it has been found that elements of the natural gas transmission net-
work that cannot be adjusted to hydrogen admixtures cost-effectively, could be replaced after
amortisation (approximately 25 years). A similar situation applies for CNG vehicle tanks type 1
for which a manufacturers®™ warranty of 20 years is given. Replacement after amortisation
could cause low additional expenses.

Furthermore, it has been verified that the gas quality in the gas network will vary significantly
more that in the past due to the feed-in of LNG or renewable gases. Consumers, especially
industrial users, are therefore asked to implement measures to be prepared to work with
varying gas compositions and a certain shares of hydrogen. Additionally it was recommended that future research projects
should focus on estimating required expenses to establish a hydrogen tolerant natural gas infrastructure.

It was verified by the in-
dustrie that the main
issues are:
Gas turbines,
Cavern storages /
porous rock storages,
Well completion tech-

nology, above ground
installation of natural
gas storages,

CNG vehicle tanks
type 1 (steel tanks),
Large scale burners.
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OVERVIEW OF THE CORE TOPICS

UNDERGROUND GAS STORAGE / INJECTION FLOW AND MISCIBILITY PROCESS

In Central Europe, the power supply of renewable energy sources (RES) does in general not correspond with the power
demand. For balancing of daily and/or seasonal fluctuations, it is important that excess electricity can be stored and used,
when the demand exceeds production. Fluctuation of power generation, and hence the spread between power generation
and demand, will increase with the expansion of RES. For example in Germany, it is expected that a storage capacity of
about 60 GW will be necessary (Fig.1) to balance energy production and consumption. In order to react to the strongly
fluctuating power generation from renewable sources UGS must very
quickly switch between injection and production to handle large gas
transfer rates and large volumes. Within the R&D project WESPE
(started 12/2013) the expected gas composition (H,, H./CH4-mixed
gas), resulting gas properties and operating parameters are
determined. Based on the H,concentration, tolerated by the natural
gas grid, the relevant properties for injection/withdrawal in under-
ground gas storage (UGS) - wells and reservoirs, will be determined
for mixed gas and pure hydrogen (electrolysis). Thermodynamic
properties will be evaluated (e.g. Joule-Thompson effect), similarly
reservoir engineering (e.g. viscosity, H,-CH4 miscibility/displacement,
convection-dispersion/diffusion-processes) for different storage types.
The understanding of miscibility and/or displacement of different gas
compositions among each other and with water is essential for safe
and economic UGS operation and is therefore a significant scientific task. The experience of town gas storage, in the 1970s,
with hydrogen contents up to 50%, will be integrated (Fig. 3). Another focus in the project plan is the investigation of Ho,
H,/CH4-mixed gas effects on common reservoir and cap rocks, as well as on the reservoir operations.

TOWN GAS INJECTION IN THE RESERVOIR WITH
RESIDUAL GAS N, 50% (ABOVE: CONCENTRATION AFTER

4 MONTHS INJECTION, AND TOWN GAS-MIXING AFTER 6
YEARS OF REST)

ANALYSIS OF THE HYDROGEN TOLERANCE OF CNG VEHICLE TANKS

The technical standards ECE R110 and DIN 51624 are currently limiting the hydrogen concentration for CNG vehicle tanks

to 2 vol%. The elements of the distribution gas grid would tolerate hydrogen concentrations up to 10 vol% or more. The tech-

nical standards for CNG vehicle tanks, therefore, impose a restriction on the capacity of the natural gas infrastructure for the
renewable gas hydrogen.
It is generally belived that the 2% limit was an ad hoc ,finger in the air* estimate to be
ultra-safe and is therefore in need of review by the auto industry. A preliminary technical
analysis suggests that the limitation to 2 vol% seems to be a rather conservative
restriction. According to the current version of the ECE R110 standards, CNG tanks may
be used for 100 vol% hydrogen if the tensile strength of
steel does not exceed 950 MPa and if the inner surface
has been inspected before commissioning. The
permitted hydrogen concentration for steel with a
tensile strength of more than 950 MPa drops to
2 vol%. The technical necessity of the reduction of the
hydrogen concentration in the given amount is doubted.
This assumption is supported by research results on
steel pipelines that have been carried out in the fram of
the  Naturalhy Project (SES6/CT/2004/502661).
The chosen research approach includes literature
review; enquiry to steel tank producers, “problem own-
ers” (vehicle manufacturers), representatives of the gas
industry as well as DVGW institutes who have
experience in the field of hydrogen tolerance of steel.

Key project aims:

Analysis of the basis
of the currently valid
limitation for hydrogen
concentration in the
technical standards.

Analysis of available
experience on
hydrogen tolerance of
steels.

CNG TANKS (OPEL AND
MERCEDES BENZ)

The analysis of the hydrogen tolerance of CNG vehicle
tanks aims to establish an overview on the current
knowledge and to identify open research questions.
This project (DVGW G7-02-11), together with further
possibly required research, might provide the scientific
basis to raise the admissible hydrogen concentration in

the technical standards ECE R110 and DIN 51624 and thus enable the transport of
renewable hydrogen in the natural gas infrastructure.
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Analysis of the
scientific basis of the
corrosion mechanism
for hydrogen including
possible
counteractions.
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OVERVIEW OF THE CORE TOPICS

NATURAL GAS AS WORKING MEDIUM

The natural gas market has been undergoing substantial changes recently. The gas supply situation has changed, leading to
more diversified gas sources. Liquefied natural gas entered the market on a wider basis including, for example, Germany;
the share of biogas is growing steadily and synthetic gases such as hydrogen or methane could play a role soon. The
changes in the gas supply situation will inevitably cause increasing variations of the chemical composition characteristics of
natural gas.

Such supply diversification offers economic and ecological benefits, but may result in challenges for operators of sensitive
thermal processes, e.g. in the glass, ceramics, or metal industry. Small changes of the chemical composition of gas
characteristics could have a direct impact on product quality, process efficiency and pollutant emissions in manufacturing
processes.

The DVGW research project “Gas quality changes: consequences for industrial combustion processes” (DVGW-Projekt G1-
06-10) aims to address potential consequences of gas quality variations. By ob-

servation of industrial combustion processes, critical aspects will be identified and

potential solutions suggested.

In the following an extract of the scope and aim is given:

e Feed-in of hydrogen in the natural gas (H gas) distribution grid (endpoint
before a customer) in the region Freiberg/Germany up to a concentration of
16 vol% hydrogen.

o Identification of the possible influence of hydrogen on industrial boilers with
varying burner systems up to 100 kW.

¢ Assessment of the effect on flame formation, radiation characteristics, power,
efficiency, and exhaust gas temperature.

e The 100 kW burner systems were adjusted to a reference gas (A = 1.135 and
residual O2 = 2,5 vol%).Gradual hydrogen admixture with 4, 6, 10, and
16 vol% hydrogen estimated.

OPTICAL FLAME RATING IN THE UV RANGE
A=120 A=115 %= 1,10 EcoDesign FOR THE DETERMINATION OF OH RADICALS

COMBUSTION OF GAS MIXTURES IN THE G

INFLUENCE OF CO-EMISSION AND FLAME SHAPE AT DIFFERENT AIR RATIOS 260 MAP FOR H- GASES. L = TOTAL INTENSI-
(DBI) TIES. RED INDICATES "HOT sPoTs". (DBI)

Main findings:
e Technical problems during combustion could not be observed under the experimental conditions (field test “industrial
boiler”).

e  Surprisingly, the power of the burner increased although the calorific value of the gas gradually declined (due to the
rising concentration of hydrogen). This may be explained by the lower viscosity and volumetric mass density of the hy-
drogen-natural gas mixture, which increases the volume flow rate of the fuel gas.

e« Gradual change of the hydrogen concentration of the fuel gas had the following influence on flames:
= Influence on radiation characteristics.
= Influence on flame formation.

= Influence on location of the flame (distance to the burner nozzle).
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OVERVIEW OF THE CORE TOPICS

ANALYSIS OF LEGAL ASPECTS: RESTRICTIONS FOR FEED-IN OF Hj - IN THE
NATURAL GAS INFRASTRUCTURE.

Feed-in of hydrogen in the natural gas infrastructure may result in cross-border transport of gas mixtures and hence affect
the gas quality parameters. Up to now, the gas quality for use in the natural gas grid has neither been regulated by interna-
tional nor by European standardisation bodies. The ISO 13686 “Natural gas — Quality designation” contains a general de-

scription of different parameters rather than concrete parameters in the
sense of thresholds, limits, or ranges. The ISO 13686 standard refers
for gas quality parameters on an informal basis to the Common Busi-
ness Practice (CBP 2005-001/02), released by EASEE-gas (European
Association for the Streamlining of Energy Exchange-gas) in 2005 [1].

The CBP has the title “Harmonisation
of Gas Qualities” and recommends
natural gas quality specifications,
parameters and parameter ranges to
streamline
interoperability at cross border points
in Europe. Hydrogen concentration
limits are not mentioned in concrete
figures but ‘“insignificant levels of
hydrogen” are tolerated. As the CBP has not been issued by an authorised body or
organisation, it is not legally binding for the transportation of natural gas, unless agreed
upon under private law agreements. It is therefore necessary to pay attention to the
national standards and legislation for gas quality. An overview about applicable hydrogen
concentration limits in Europe may be derived from research conducted by AFNOR on
behalf of the European Committee for Standardization (CEN) in 2011 [2] or an investiga-
tion by GASQUAL in 2010 [3]. National standards for hydrogen concentration in the trans-
mission network seem to exist in only a few European countries. That means feed-in of
hydrogen is not prohibited although the concentration may be limited by other gas
parameters, e.g. Wobbe index, methane number. We would suggest gathering current
knowledge on hydrogen concentration limits within the HIPS-Network.

If you are aware of the admissible hydrogen concentration in your country prefera-
bly, with indication of the applicable national standards or legislation regulations/
legal, we would appreciate if you would provide us with this information. With your
support we would then prepare an up to date overview in a future
newsletter.

References:

(1]

(2]

CBP Common Business
Practice 2005-01/02,
08.02.2005: Harmonisation

of Natural Gas Quality.

CEN Europaisches
Komitee fir Normung (Hg.)
(2011): Gases from non-
conventional sources —
Injection into natural gas
grids — Requirements and

recommendations (CEN/
TC 234 WG 9 N 54:201)

GASQUAL (Hg.) (2010):
Investigations on new ac-
ceptable EU limits for gas
quality. Influence on the
performance of new and
installed gas appliances.

dy Project. PHASE 1 of the
Mandate M/400.

INFLUENCE OF HYDROGEN ON THE ENERGY METERING AND BILLING //

Work packages of the DVGW-project G3-02-12:
o Possibility of reconstructing heating value in gas transmission grids.

e Billing in accordance to DVGW-Arbeitsblatt G 685 ,Gasabrechnung®
(German standard for gas billing).

e Reconstruction of heating value in gas distribution grids.
e Metering of gas quality (process gas chromatograph).

e Features of hydrogen metering by volume.

o  Certification of hydrogen metering by volume.

o«  Compressibility coefficient.

Main content of the working package ,Metering of gas quality

o Description of the technical and regulatory basis for certified metering
of hydrogen with process gas chromatographs (PGC - process gas chromato-
graph).

o lllustration of currently available PGC for certified metering contents of hydrogen
(categories: certified, applied for certification, certification intended).

o |dentification of the total number of PGC in the German natural gas grid.
« Determination of the expenses for replacement or modernisation of existing PGC.

Main content of the working package “Metering of hydrogen by volume”

e Description of current rules and standards on hydrogen limits for gas meters.

¢ Examination and assessment of the influence of hydrogen on metering principles.
¢  Summary of the ability of gas meters based on manufacturer’s information.

PGC (ENCAL 3000 ELSTER INSTROMET)

DIAPHRAGM GAS METERS
(ELSTER INSTROMET)
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INFORMATION FROM THE PARTNERS / DGC

INTERNATIONAL ENERGY AGENCY (IEA) —
TECHNOLOGY ROADMAPS ON HYDROGEN
(INFORMATION PROVIDED BY DGC)

During 2013-14 IEA is preparing a Technology Roadmap on Hydrogen.
Input to the roadmap are given at three workshops with participants of key
stakeholders from industry, government, and academia, in order to discuss
crucial technology, market and policy issues.

The 1st workshop was held in July 2013, at the IEA office in Paris, while
the 2nd workshop was held in January, at the IEA-Hydrogen Implementing
Agreement campus in Bethesda, US co-organized by the US Department
of Energy and Industry Canada.

The 3rd and last IEA Hydrogen Roadmap Workshop will take place end of
June in Japan and the final Hydrogen roadmap is expected in the
beginning of 2015.

The aim of the “Technology Roadmap on Hydrogen” will be to clearly iden-
tify the potential of hydrogen in transport, buildings and industry as well as
to outline technological challenges and institutional barriers which needs to
be overcome if hydrogen is to be provided on a large scale in the future.
A special focus will be put on hydrogen transmission and distribution
infrastructure as well as on large scale energy storage and its linkages to
the integration of variable renewables.

INFORMATION FROM THE PARTNERS / DGC

CURRENT PARTNERS

Alliander ++ DGC ++ E.ON Technologies
(Ratcliffe) limited ++ Enagas ++ Energinet
++ ETIC ++ EWE Netz GmbH ++ Fluxys ++
Gasnatural ++ Gasum QY ++ GRTgaz ++
grzi ++ Infraserv GmbH & Co. Hochst KG

++ ITM-Power ++ KOGAS ++ nPlan GmbH
++ OGE ++ OVGW ++ RAG Rohél-
Aufsuchungs Aktiengesellschaft ++ RWE
Dea ++ RWE Deutschland ++ SGC ++
Shell ++ Solar Turbines

Europe S.A. ++ SVGW ++ Synergrid ++
Verband der Chemischen Industrie ++
Volkswagen AG

Further information to the 1% workshop |
agenda and presentations (Paris, France:
9 July 2013 — 10 July 2013)

Further information to the 2™ workshop |
agenda and presentations (Bethesda,
Maryland, United States: 28 January 2014
— 29 January 2014)

Another IEA's Technology Roadmap on
Energy Storage — with some relations to
hydrogen - was released in March 2014

REPORT | GLOBAL SCREENING OF PROJECTS AND TECHNOLOGIES FOR POWER-TO

-GAS AND BI10-SNG

"Selected Project results" The updated version of the “Global screening of projects and technologies for Pow-

NEWSLETTER # 2

hydrogen from an electrolyser
with a CO2 source (typically
from a biogas plant) is fed to a
methanation unit prior to feeding
the gas to the gas grid, or

hydrogen from an electrolyser is
fed directly to the natural gas
grid. (In some countries 5 vol%
hydrogen is already permitted in
the gas grid, and some say that
15 vol% could be permitted
without considerable modifica-
tions of the gas consuming
appliances.) or,

hydrogen from an electrolyser is

stored and converted to
electricity/heat via a CHP unit
(fuel cell plant or gas engine),
when electricity is needed.

APRIL 2014

er-to-Gas (P2G) and Bio-SNG” has been published in November 2013 by the
Danish Gas Technology Centre (DGC).

The report introduces various P2G projects mainly in Europe and summarises them
by the way they are integrated in the energy system.

Selected findings of the report are summarised in the following:
Some P2G plants produce hydrogen and act as “storage” for a fluctuating electricity
supply based on solar and wind. Demonstration plants of this type are found all
over the world. The typical plant size is 5-100 kW..

Electrolysis plants used in systems connecting the electricity and natural gas
systems have only been realised as demonstration plants in Germany and France
during the last couple of years. More are on their way, though, in Denmark,
Germany, France, The Netherlands and Italy.

The reason that Denmark and Germany are following the third path is that in these
countries a heavy expansion of renewable energy plants is on the agenda. This
requires increased balancing of the system, and the interest in energy storage is
thus sky-high.

The report outlines key facts of P2G demonstration projects, e.g. project
description, duration, further findings, partners and contact person. It may be down-
loaded from: this link.

el
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IMPORTANT EVENTS - WORKSHOPS - CONFERENCES AND OUTLOOK NEWSLETTER #3

SELECTION OF APPOINTMENTS CONTENT NEWSLETTER #3

(FOCUS ON THE COMBINATION OF HYDROGEN AND NATURAL GAS) 1+ | ong term exposure of pure hydrogen on PE-

++ Energy Storage 2014 - ACI's 4th Annual Energy Storage summit pipes for natural gas distribution. 10 years of
(14/15 May 2014, Luxembourg) testing

++ 6. Deutscher Wasserstoff-Congress - Wasserstoff — Speicher und Kraftstoff ++ “Energy storage — hydrogen injected into the
(22/23 May 2014, Berlin) gas grid via electrolysis field test”. Full scale

++ Carbon Expo - Annual global leading interface between climate finance and testing on 80/40 barg meter/regulator station
carbon markets, industry and technology (nominal 18000 Nm3/h) with natural gas plus
(28/30 May 2014, Koln) 0-20 vol% hydrogen.

++ International Workshop on PEMFC Stack and Stack Component Testing ++ “The future storage for renewable energy”
(3/4 June 2014, Stuttgart) A pre-study for a Danish field test of hydro

++ ,EES 2014 (4 June 2014, Miinchen) gen injection in the gas grid with around ten

++ ,BDEW Kongress 2014 (24 June 2014, Berlin) residential end-users and light industrial

++ ,11th EUROPEAN SOFC & SOE FORUM" (1 July 2014, Lucerne) users.

++ Fachforum Energiespeicherkonzepte* DBI GUT ++ Power to gas in France and GRHYD project.
(9/10 Sept. 2014, Berlin) ++ Project ,Hydrogen in distribution

++ ,H2Expo 2014“ (23 Sept. 2014, Hamburg) and utilisation®

++ New HIPS-NET partners

++ Performing Energy" alliance for wind hydrogen (Germany) ++ News // important appointments

++ | Strategieplattform Power to Gas — dena“ a strategy platform of dena
(Germany)

INTERESTS AND WISHES

Please let us know if you have special inter-
ests/wishes for the next newsletter. We look
forward to get feedback and we aim to pro-
vide quality information that is actually need-
ed and wanted to answer the hydrogen core
topics.

CoNTACT NOTES

QUESTIONS, NOTES AND ADVISES TO DBI Gas- und Umwelttechnik GmbH
N . Karl-Heine-Stral’e 109/111

Gert Miiller-Syring 04229 Leipzig

Karl-Heine-Straflte 109/111 GERMANY

04229 Leipzig, Germany Tel: (+49) 341 2457113
el.: -

+49 341 24571 33 Fax.: (+49) 341 24571-36
gert.mueller-syring@dbi-gut.de

kontakt@dbi-gut.de
www.dbi-gut.de

Dave Pinchbeck
Leicestershire
UK CEO: Prof. Dr.-Ing. Hartmut Krause

+44 1664 858 329
davepinchbeck@hotmail.com Certified DIN EN I1SO 9001:2008

Copyright 2013 | © DBI Gas- und Um-
welttechnik GmbH | All rights reserved
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

NEWSLETTER #3 October 2014

Influence of H, on underground gas storage

HyUnder - public perception of H, storage

H, sensor for sensitive appliances
CONTENT Hypos East Germany

NEWSLETTER #3 Standardization activities (HYREADY + CEN)

Field study H, and gas consumer appliances
H, feed-in to natural gas grids (2 projects

"A network leads to
cooperation, cooperation
leads to creativity and
innovation -

this changes the world.”

- Marissa Mayer (CEQO Yahoo)

POWER-TO-GAS - THE INVISIBILITY OF THE NATURAL GAS GRID

(UsCHI DREIUCKER - PIXELIO.DE)

3% HIPS-NET NEWSLETTER - INTRODUCTION
Dear Partners,

We are pleased to issue this 3" newsletter. It has been challenging to gather information as the summer was rather “quiet”,
because those of us that have interesting topics to share were on holiday and returned back to their desks with the typical
pile of unsolved work leaving little time for additional tasks. We therefore thank the partners who nevertheless are keen to
share information within the network and contribute to the newsletter, even though sometimes, specific constraints have
prevented publication.

The newsletter includes various projects in Europe all of which are investigating the impact of H, on the gas network.
We do hope, you find some interesting information for your company. Moreover, we would like to draw your attention to
two initiatives aiming to standardize H, injection to the natural gas network and further aspects related to it.

Please note, that the HIPS-NET activities and the aim of our network was presented during the International Gas Union
Research Conference (IGRC) Copenhagen, Denmark (17.-19. September 2014).
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OVERVIEW OF THE CORE TOPIC ,,UNDERGROUND STORAGE"

INFLUENCE OF HYDROGEN ON UNDERGROUND GAS STORAGE (DGMK 752)

A literature study on the influence of hydrogen on underground gas storage was recently performed by the
Technical University Clausthal and was published in 2014 by DGMK (German Scientific Society for Oil, Gas,
and Coal). Natural gas, stored underground, is typically free of hydrogen. The impact to the storage of the
renewable gas hydrogen within the gas infrastructure
therefore requires careful evaluation. The study compares,
for example, the characteristics of natural gas and town
gas, analyses the influence of diffusion on hydrogen losses,
and considers the efficiency of gas storage in the event of
hydrogen admixture. The two main chapters address the
influence of hydrogen on the technical and geological
integrity of different types of gas storage formations,
followed by security considerations.

As suggested, technical integrity can be secured by the
usage of appropriate materials. This applies in particular to
newly constructed facilities. Up to 800 MPa, the material
CRACK IN CASING BY HYDROGEN EMBRITTLEMENT strength of carbon steel with low and medium carbon
(PETROLEUM RECOVERY RESEARCH CENTER, content meets the integrity demands for use with high-
SocoRrR0O,NM) . . .
pressure hydrogen. High-tensile steels with carbon content
exceeding 0.3 percent, however, have considerably lower hydrogen resistance. At a temperature of 200 °C,
which occurs at only few spots of the above ground installation, the hydrogen resistance of chromium
molybdenum steel is necessary. The use of carbon steels at such elevated temperatures will increase the
probability of high-temperature induced damages. The risk of corrosion by embrittlement, blistering and crack
formation under low temperatures of corrosion resistant alloys (CRA) caused by hydrogen exposure results
from the hydrogen permeability of the CRA. Steel alloys with little hydrogen permeability are less exposed to
corrosion risks. Similar results were seen for the elastomer
used for sealing elements of the packers and installation of
storage drills. Upon sudden decompression, redundant
hydrogen can be released and may cause inner cracks and
blistering. Generally, decreasing hydrogen permeability
leads to reducing risk of material defect in sealing
elements.

The risk of hydrogen losses due to inadequate geological
integrity based on hydrogen diffusion needs to be further
addressed by R&D. The

same applies to the DGMK 752:
possible WENICEI  The study identified the
reactions with minerals need for further R&D in

and reservoir [IDIGEA Vvarious key points. The

; : : : results are published in
BLISTERS ON THE METAL SURFACE UNDER HIGH T especially microbiological

EMPERATURE HYDROGEN ATTACK initiated production of
hydrogen sulphide and

German and English. The
study no. 752 can be ob-
tained here for a price of €

acetic acid. This may help ARG RINIRAC e[ 86 ]
ensure reduced losses of stored gas and secure operation of both the below [FeEEISIER )]

and above ground facility.

(KawaNo, K 2004)
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OVERVIEW OF THE CORE TOPIC ,,UNDERGROUND STORAGE"
PuBLIC PERCEPTION OF HYDROGEN STORAGE (HYUNDER)

The HyUnder project has been finalised
and published under hyunder.eu. The
project partners addressed several
subjects within eight work packages, one
of which addressed the rather new field
of public perception of hydrogen storage,
in a more sociological approach.
Although the study is not representative,
as only 16 people participated, the
results can nevertheless give an
impression about possible  public
opinions and the tasks ahead before
hydrogen may gain public acceptance as
an energy carrier.

HYDROGEN UNDERGROUND STORAGE
(KBB UNDERGROUND TECHNOLOGIES)

“Practically everyone lacked the knowledge to understand the whole chain of
reasoning; from the need to increase use of renewables, to the problem of intermittent 5\ 18Te [T HNAER Y Lol N efelVE
energy supply by renewables, to the need to store energy, to hydrogen being a [N Ao eIt lleNal=T(=R
possibility for this, to how to produce hydrogen, etcetera. After people were given [l ERTUEEECL)
information on this reasoning, they were mostly quite enthusiastic. However, this
conclusion should be nuanced by the fact that most interviewees had a hard time envisioning any other options for our
future energy system, and also by most interviewees’ perception of having too little information to form an opinion on
hydrogen storage.”

HYDROGEN MEASUREMENT IN NATURAL GAS

FIBER OPTIC HYDROGEN SENSOR FOR CONTINUOUS MONITORING OF THE
PARTIAL HYDROGEN PRESSURE IN THE NATURAL GAS GRID

The feed-in of hydrogen to the natural gas network, especially
changing gas compositions as well as changing hydrogen
concentrations require extra measures to guarantee the safety
and performance of sensitive end use equipment (e.g.
industrial applications).

The share of hydrogen in natural gas may be measured
optically using a Pd-Au alloy thin film with a fiber optic sensor.
The sensor provides precise knowledge of the hydrogen
content and thereby enables, for example, control systems of
industrial appliances to automatically adjust the fuel/air ratio to
obtain optimal combustion. The experiments showed that the
partial hydrogen pressure can be monitored quantitatively in
CH4+ H2, HQ‘CQHG and H2—C3H3 gas mixtures with H, partlal
pressure up to 200 mbar. The sensor response is independent

of the carrier gas and the response time (hydrogenation SCHEMATIC REPRESENTATION OF THE OPTICAL FIBER
kinetics) is typically 15-30 s for all tested gas mixtures. This [EEAECUSENCTUNUES CUUZEUUS)

has been found for gas mixtures at room temperature; for lower temperatures the optical response can be estimated by an
inverse temperature behaviour. The sensor is described as a stable thin film based structure, which is cheap and reliable
especially in an explosive environment. A detailed description of the experiments and findings can be found in the article:
Westerwaal et al.: “Fiber optic hydrogen sensor for a continuously monitoring of the partial hydrogen pressure in the
natural gas grid” in Sensors and Actuators B: Chemical vol 1999, August 2014, p 127-132.
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INFORMATION ABOUT A NATIONAL HYDROGEN CONSORTIUM

HYPOS - HYDROGEN POWER STORAGE & SOLUTIONS EAST GERMANY
“THE REVOLUTION OF THE HYDROGEN ECONOMY INITIATED IN
EAST GERMANY”

HYPOS aims to enhance technical and economic
progress in system and network R&D for the integrated [ BN IET CGRER: IR

use of renewable hydrogen in the stand-alone industrial tackle both challenges:

hydrogen network and the interlinking with both the BTt TN To T Re AV E 1l R =l =

electricity and natural gas networks, including nearby able electricity sources by stor-
underground gas storage. The project is orientated in age of hydrogen in the natural

particular to use electricity generated by wind turbines gas infrastructure using Power-
and photovoltaic arrays, to convert the electricity to it e

hydrogen, and store it in accordance with market the supply of renewable hydro-
supply and demand. The infrastructure of the region, gen for applications as mobility,
especially the existing hydrogen network, and the on- chemical industry, as well as

municipal gas and electricity
supply.

site demand for hydrogen, is expected to stimulate the realisation of the
technically-driven cost reduction potential (economy of scale).

Further information on HYPOS can
During the currently conducted initial phase, the innovation strategy of the be found here:

project is under development. This comprises, for example, gaining a more (RN AN R e[Sl He )
detailed understanding of the project strategy and aim, developing a roadmap
for the entire initiative, as well as generating methods and criteria to benchmark future sub-projects.

In preparation of the benchmark tool, value-added
chains were defined and the pipeline-based
connections for gaseous energy carrier were
identified (see figure left). This applies to the chain
from production of hydrogen and other gases using
different technologies, over the storage of the gases,
to the distribution in stand-alone grids or the natural
gas network as well as the use as chemical
feedstock, fuel, or the energetic use. Aided by the
value-added chains, the project eventually aims to
achieve economically viable production and utilisation
of renewable hydrogen.

Up to now, more than 100 research project proposals
have been submitted; a first set of accepted projects

NI LSRN NG o] = o 0o s [ R Lo Yo 1 Lo f o) R VN Lo S (o) TN W will be selected in September 2014, and are
WELL AS UTILISATION OF HYDROGEN (HYPOS) scheduled to commence in 2015.

The HYPOS consortium was founded in 2013 and has currently more than 80 members; it delivers know-how from small
and medium-sized enterprises, from large companies (e.g. Linde, VNG, Air Liquide), as well as from various research
institutions in East and West Germany. The German Federal Ministry for Education and Research (BMBF) intends to
subsidise the consortium until the year 2020 with up to 45 milion Euro in alignment with the program
“Twenty20 — Partnership for Innovation”.

STANDARDISATION / RECOMMENDED PRACTICES

HYREADY INITIATIVE:
DEVELOPING “RECOMMENDED PRACTICES FOR PREPARING NATURAL GAS
NETWORKS FOR H, INJECTION”

On the 4" of September the Kick-Off-Meeting of the HYREADY-Initiative (a Joint Industry Project) has
successfully taken place. The initiative aims to support TSO’s and DSO’s to prepare themselves for hydrogen
addition to natural gas by developing “Recommended Practices for preparing natural gas networks for
H, injection”. These Recommended Practices will be based on existing knowledge and experiences: neither
tests nor experiments are foreseen in the framework of this project. On a technical level and on a system
level, the impact of hydrogen addition on the natural gas infrastructure will be mapped out as well as the
consequences thereof and feasible counter measures. (continue next page)
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http://www.hypos-eastgermany.de/

STANDARDISATION /| RECOMMENDED PRACTICES

(continue from previous page)

Four work packages focussing separately on
transmission and distribution grids, end user,
and hydrogen injection facilities will be
launched. The aim of the single work
packages is to develop recommended
practices on each topic that will be covered
by a general document. At the moment there
are 27 parties that are interested in
supporting HYREADY. The partners will
support the project both financially and with
their knowledge. The operational work
including gathering additional information
and developing drafts of the recommended practices will be jointly
If you require additional infor- performed by DNV GL and for the “distribution” and “end use” work
mation please do not hesitate to packages by DBI. The structure of the project as well as the
contact Onno Florisson responsibilities are shown in the figure at the right side. It’s important
§g2nﬁl'gg['NssE(?l_ne@d?tg\r’gl'(;g;n%.or to note that _both DN\{ GL and DBI. are impartial organisation.s, and
have been involved in many projects on the accommodation of
hydrogen/natural gas mixtures in the natural gas infrastructure.

The project is still in its initiation phase and welcomes interested parties. The execution of HYREADY is
planned to take 2 years and will start in January 2015. It would be great if we could further extent the
consortium!

STANDARDIZATION ACTIVITIES FOR HYDROGEN TECHNOLOGIES

Hydrogen can play an important role to integrate renewable electricity (large-scale storage) and may support
establishing a renewable energy system (substitution of conventional energy sources). Within the initiative
“Putting Science into Standards”, scientific and standardization communities are invited to work closely
together. The initiative has been launched by the Joint Research Centre (JRC) of the EC, together with the
European Association of Research and Technology Organisations (EARTO), the European Standards
Organisations CEN and CENELEC, as well as the EU Directorate-

General Enterprise and Industry (ENTR).

The initiative has planned a workshop on the subject
of "Power-to-Hydrogen and HCNG (hydrogen and
compressed natural gas)" for the 21-22 October 2014
at the JRC's Petten (NL) site. The workshop aims to establish a
consensus between research, industry and standardization communities on the relevant technical issues
involved, on the scope and nature of standardization measures -
needed. Prior to the upcoming workshop, the European Key Eurppean e’xperts Gelliedhe
o ] ’ discuss industry’s current and future
standardization bodies CEN and CENELEC have conducted a survey ol o e ete e 1oL Co VA te 1 1 10e
among interested stakeholders from different backgrounds coming aspects:
from several European countries. The survey results, published in
June 2014, confirm a potential of hydrogen technologies for different
applications. Focus seems to be primarily the injection into the . Admixture of hydrogen to the natu-
natural gas network and mobility induced applications. Most ral gas grid,
stakeholders support the need for standardization and the spectrum
varies from a currently given need, especially for hydrogen as fuel, to

Power-to-hydrogen by electrolysis,

Impact of HCNG (Hydrogen-
enriched Compressed Natural Gas)

future needs to safeguard the electricity production from fluctuating blends on materials and on the
renewable sources, and feed-in of hydrogen in the gas network. The performance in end-use applica-
stakeholders recommended a whole set of issues that may require tions,

standardization and discussed which body should carry the

oo . Provision of ancillary services in
responsibility to develop the standards. It has been suggested to support of the electricity grid.

adjust the gas quality standard for pipeline transport in order to list
permissible hydrogen contents but to postpone activities until the research results from currently conducted
projects are available.

DBl participates at the workshop in October 2014 and will share gained knowledge on future
standardization issues within the HIPS-NET.
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HYDROGEN PROJECTS

FIELD STUDY OF HYDROGEN FEED-IN TO A NATURAL GAS DISTRIBUTION

NETWORK El

This project explores the feasibility of up to 10 vol% stribution network. The
focus is on the investigation of today’s gas consumer erating modes, weather
conditions, installation conditions, levels of gas dem plogies in collaboration
with E.ON Hanse and Schleswig Holstein Netz AG ¢ Bunte-Institute (DVGW-
EBI) in a field investigation of installed appliances. Tk ation Campaign, which
includes additional tests carried out at the laboratorieg (Essen).

Project preparations included selecting an appropria e, the gas quality, gas
flow rates and appliances used in the service area. was built in 1997 and
supplies, over a single gas pressure regulation statig ominantly single-family
houses and some commercial clients. The installed a to the commencement

of feed-in of hydrogen. As expected by the project partners, the most frequently installed appliances are condensing
boilers. The second most widely used are low temperature boilers followed by a small group of cookers, jet burners, water
heaters, one CHP, and others. The age of the appliances varies between 1 and 17 years.

The hydrogen injection unit
has been installed next to the
gas pressure regulator station
and was approved by TUV
(German technical inspection
agency). Cylinder bundles
provide the hydrogen supply
and they need to be replaced
every three weeks on average
and every four days in the
coldest winter days. Hydrogen
injection has started and the
GAS PRESSURE REGULATION STATION WITH HYDROGEN INJECTION (E.ON TECHNOLOGIES) control of the volumetric
hydrogen flow rate has been
tested and optimised. The pipe that injects the hydrogen has been configured to ensure the best possible mixture of
natural gas and hydrogen. There are two downstream pipe bends for additional mixing to reach an evenly spread gas
quality.

A measuring and billing concept was developed in close
cooperation with the calibration authority. The volumetric gas
flow and the relevant calorific value are determined separately
for both, natural gas and hydrogen in one-minute intervals, and
the respective values of the components of the distributed
mixture are calculated. From this, a weighted monthly calorific
value is derived and used for billing purposes. Thus, the
expenditure for the installation of an additional process gas
chromatograph for the metering of the distributed mixed gas
was avoided.

So far, there have been tests with up to 4 vol% of hydrogen

injected into the natural gas flow. None of the appliances have BRENGLTeLel S EATTRA( =Ko N L7 o] Ko eI =5

shown malfunctions.

The tests will continue in the upcoming heating season with the hydrogen concentration gradually being increased to
nearly 10 vol%. The gas will always comply with the quality standards defined in DVGW G 260 (e.g. Wobbe number and
relative density). Therefore, the control system will be closely monitored and adjustments made if necessary. Upon
extension of the injection period, a series of measurements of representative appliances will be conducted.
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HYDROGEN PROJECTS

A DANISH DEMONSTRATION PROJECT AIMING AT USING THE EXISTING GAS
GRID WITH HYDROGEN

The possibility of adding hydrogen to the gas network is currently subject to much attention, since the natural
gas network represents potentially very large energy storage for electricity

produced by wind and solar power. The project is divided in
three phases:

The project purpose is to define and demonstrate the extent to which the
Danish gas distribution network infrastructure can be used as for energy
storage in an energy system - fully or partly - based on hydrogen.

Phase I: Gas system and
gas appliance's suitability for
hydrogen

Both practical and theoretical considerations are included in the Phase II: Design of demon-
assessment. The economic expenses of the grid conversion from natural stration project (small grid
gas into hydrogen are compared to a shift from natural gas into renewable system)

energy via electricity and biomass. There is moreover a scenario of a Phase IIl: Demonstration of
transition phase from fossils to a renewable based energy system included, BN N G Re Mo 6
with a fully developed supply by renewables safeguarded by minor shares of FRiaRe[E o VENWAT o RVE
hydrogen. drogen concentrations.

For more information:

The project started earlier in 2014 and phase Ill is planned to take place in dge@dge.dk

2015 (depending on the results of the first two phases.) It is executed in
cooperation between DGC, the natural gas distribution companies HMN,
DONG Energy and Naturgas Fyn as well as TSO Energinet.dk.

THE GRHYD DEMONSTRATION PROJECT | GDF SUEZ

Among the technical issues linked to Power-to-Gas development, several issues related to using hydrogen
in natural gas grids have already been explored through a variety of research projects (NaturalHY (EU),
Althytude (FR), HIPS (GERG)) in the last decade.

It is believed that injecting synthetic methane into existing natural gas networks raises fewer difficulties than
having hydrogen directly injected into the grid which is still to be fully evaluated from a technical and
economic point of view. As a consequence, GDF SUEZ Research and Technologies Division and its 12
partners will soon test in Dunkirk the effects of hydrogen injection into a new-built natural gas grid in the
GRHYD project (Grid Management by Hydrogen Injection for Reducing Carbon Energies).

These two pilots have a five year duration. They will allow the
beginning|of 2014 with a preliminary evaluatlf)n of this new tgchnology, from var!ous outlogks (tec':hnlcal,
phase of about 2 years. The project econ.omlcaill e.md enwronment.a.l). Exp<.ar|enc.e galn.ed in the
comprises two demonstration pro- relationship with local communities and inhabitants will also be a
jects: plus for the future. Industrial developments of the power to gas
technology are expected within the next 5 to 10 years.

The GRHYD project started in the

An industry-size project of
Hythane® fuel. A natural gas vehicle
(NGV) bus station will be adapted to a
hydrogen/natural gas mixture, starting
with a 6 vol% hydrogen/natural gas

(NG) ratio, rising up to 20 vol%, so as
to fuel the 50 NGV city buses.

A project to inject hydrogen in a
natural gas distribution network. A
newly built area of around 200 dwell-
ings will be supplied by a mixture of
hydrogen and natural gas, with hy-
drogen/natural gas ratio varying up to

20 vol%.
PowER TO GAs (GDF SUEZ)
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IMPORTANT EVENTS - WORKSHOPS - CONFERENCES AND PARTNERS

SELECTION OF APPOINTMENTS
(FOCUS ON THE COMBINATION OF HYDROGEN AND NATURAL GAS)
++ H2Expo2014 e-mobility, fuel cells, hydrogen & storage solutions

/I WindEnergy (23./26. September 2014, Hamburg)

++ wat 2014 + gat 2014 - gasfachliche Aussprachetagung
(30. Sep./ 1. Okt. 2014, Karlsruhe)

++ World of Energy Solutions 2014 f-cell, Battery+Storage,
e-mobil BW conference (6./8. Oktober 2014, Stuttgart)

++ zukunfts technologie tage
,Technologische Herausforderungen der Energiewende"
(5./6. November 2014, Cottbus)

++ Energiesymposium Nutzung regenerativer Energiequellen und
Wasserstofftechnik (6./8. November 2014, Stralsund)

CONTACT NOTES

QUESTIONS, NOTES AND ADVICES TO:

Gert Miiller-Syring
Karl-Heine-Stralle 109/111
04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gut.de

Dave Pinchbeck
Leicestershire
UK

+44 7798 561 535
davepinchbeck@hotmail.com
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CURRENT PARTNERS

Alliander ++ DGC ++ DNV-GL Oil & Gas ++
E.ON Technologies (Ratcliffe) limited ++
Enagas ++ Energinet ++ ETIC ++ EWE Netz
GmbH ++ Fluxys ++ Gasnatural ++ Gasum
OY ++ GRTgaz ++ grzi ++ Infraserv GmbH &

Co. Hochst KG ++ ITM-Power ++ KOGAS ++
nPlan GmbH ++ OGE ++ OVGW ++

RAG Rohél-Aufsuchungs Aktiengesellschaft
++ RWE Dea ++ RWE Deutschland ++ SGC
++ Shell ++ Solar Turbines Europe S.A. ++
SVGW ++ Synergrid ++ Verband der Chemi-
schen Industrie ++ Volkswagen AG

INTERESTS AND WISHES

Please let us know if you have special
interests/wishes for the next newsletter. We
look forward to your feedback and we aim
to provide quality information that is
actually needed and wanted to answer the
hydrogen core topics.

DBI Gas- und Umwelttechnik GmbH
Karl-Heine-StraRe 109/111

04229 Leipzig

GERMANY

Tel.: (+49) 341 24571-13
Fax.: (+49) 341 24571-36

kontakt@dbi-gut.de
www.dbi-gut.de

CEO: Prof. Dr.-Ing. Hartmut Krause

Certified DIN EN 1SO 9001:2008

Copyright 2013 | © DBI Gas- und Umwelt-
technik GmbH | All rights reserved

COPYRIGHT 2013 | © DBI GAS- UND UMWELTTECHNIK GMBH | ALL RIGHTS RESERVED


mailto:kontakt@dbi-gut.de
http://www.dbi-gut.de/
http://www.h2expo.de
http://www.gat-dvgw.de
http://www.f-cell.de
http://www.battery-storage.de
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HIPS-NET !

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

Outlook HIPS-NET for the 2nd year /l 2
Microbiology of Underground Gas Storage 113
Underground Sun Storage 113

C Power-to-gas-to-power in Argentina Il 4
ONTENT CNG Tank /I 5

NEWSLETTER #4 Standardisation Workshop 16
High-pressure Alkaline Electrolyser 17
Hydrogen Mobility Infrastructure 17
Safety Characteristics of Natural Gas/Hydrogen // 8

Dear Project Partners,

The first HIPS-NET project year has come to an end. We thank you very much for the joint work that has been done and
would like to let you know that in our perception this first year was a very successful one. We succeeded in uniting 30
partners who share the interest to build up knowledge on the opportunity of using the existing gas infrastructure to
transport and use hydrogen together with natural gas. We have identified core topics that need attention and found, with
your support, a remarkable amount of R&D projects that provide new knowledge. We also held a very fruitful workshop,
which more than 20 of you attended personally and contributed, on a technical level as well as to the development of the
network itself. Finally, we used the opportunity to contribute to the European Commission’s workshop “Putting science into
standards” (described in this newsletter) in order to support paving the way for hydrogen and to receive recognition as a
network.

Nevertheless there are many tasks still to be done and our main questions remain, especially regarding the core topics:
e gas turbines and engines;
e natural gas as a working medium and, last but not least;

e  cross-border transmission.

The projects that have already provided or intend to give answers in the future
on the core topics:

e hydrogen tolerance of underground gas storage facilities (both for
above ground installations and underground reservoirs);

e safety characteristics of Hy/natural gas mixtures, and;
e CNGT1 vehicle tanks;
will be further observed for you and new findings will be reported by us. Before

we go into the technical details, we would like to give you a short summary on
the situation of HIPS-NET as well as a short reminder on the tasks we have [k tbaee itk i

. NATURAL GAS GRID (uscHI DREIUCKER - PIXELIO.DE)
planned for the second project year.
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NEWSLETTER # 4

GENERAL INFORMATION TO THE CURRENT STATUS OF
THE NETWORK HIPS-NET:

The HIPS-NET network was aiming to find 30
partners to perform its planned activities. This
aim was reached during the 1% network year. For
the second network year, we are currently 27
project partners, while 4 potential partners
indicated their strong interest, but the final
decisions/contractual preparations are currently in
progress (status of 2014-01-30). This is mainly
due to necessary contractual adaptations for
more than half of the partners

involved. They have almost been

finalised during recent months, giving

us a sound basis for the beginning of

the 2" network year. Corresponding

with the intended network member

size, the HIPS-NET budget was

calculated at 60,000 € per year. The

budget was available for the 1°' year

to cover the mandatory scope that we

agreed. The contractually agreed total

budget for the 2" year currently

amounts to 54,000 € and we are

confident that we will acquire this

total budget soon. Therefore, we are

starting to perform our scope for the

second year as agreed.

OUTLINE OF THE MAIN TASKS FOR THE 2"° NETWORK 4.

YEAR (MANDATORY SCOPE)

During our workshop in June 2014 we discussed
the scope of work, which we want to address
during the second HIPS-NET project year. We
informed all of the partners and found consensus
on the following mandatory scope:

e Investigation of latest information on hydrogen
tolerance projects,

e Preparation and issue of quarterly newsletters and
realisation of the 2" annual workshop,

o Preparation of a short final report,

e Preparation of three to four draft proposals
concerning the defined core topics (may form the
basis for joint research in cooperation with HIPS-
NET partners), and

o Adaptation of contracts to continuous duration
(applies to more than half of the partners from last
year and was mainly finalised; 2 contracts pending)

PROPOSAL FOR ADDITIONAL SCOPE DURING THE 2"°
NETWORK YEAR (DEPENDING ON AVAILABLE BUDGET)

Beyond the mandatory scope, we discussed additional
activities that would be beneficial in terms of
succeeding with the HIPS-NET aims. We originally
expected to have budget for additional tasks for the
previous year, but this hope was not fulfilled. The ideas
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(listed in the following) remain and we will cover them in
the second project year providing the availability of
additional budget:

o Preparation of an overview of regulatory hydrogen
limitations in the natural gas grid in Europe
(presumably by survey of our HIPS-NET partners
and in cooperation with Marcogaz);

e Launch of the HIPS-NET website (mutually agreed
by participants of the workshop in June 2014);

e Informing the European Commission on open R&D
questions for selected topics (via GERG).

MISCELLANEOUS

The final HIPS-NET report for the 1°' network year will
summarize the main activities and provide an overview
of the allocation of the financial resources. We intend to
prepare and distribute the final HIPS-NET report within
the next few weeks. We thank you for your patience as
the last newsletter of project year 1 as well as the final
report is late. This will not become a habit as this was
caused by the additional contractual work that is now
almost finalised.

If you have remarks to the outline for the 2™ year, or
suggestions, please get in touch with us. Otherwise, we
hope you find the articles in this newsletter an
interesting and stimulating read.

The HIPS-NET team
Gert, Dave, Stefan, and Anja

“A network leads to
cooperation, cooperation leads to
creativity and innovation -

this changes the world.“

- Marissa Mayer (CEO Yahoo)
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DGMK RESEARCH REPORT 756 “INFLUENCE OF BIO-METHANE AND
HYDROGEN ON THE MICROBIOLOGY OF UNDERGROUND GAS STORAGE”

The report summarises existing knowledge by means of a literature study to assess the possible effects and
risks of a partial injection of hydrogen and bio-methane into underground gas storage facilities.

The authors described various possible microbiological processes and found that although

conditions for colonisation of caverns and porous reservoirs with microorganisms are A
indeed different, microbial growth seems to be possible in almost all German underground

gas storage facilities. Only in very deep-lying storage, sterile zones can be assumed due DGMK
to temperatures above 100 °C or a combination of heat and osmotic stress. High salt

concentrations of cavern brine or formation water may only suppress or delay microbial v
processes, but cannot offer protection against a microbial settlement. Especially porous

reservoirs with moderate temperatures (30 — 50 °C) and a low mineralisation grade (0 — 100 g/kg) generally
provide good conditions for microbial growth. Under anaerobic conditions hydrogen is, in contrast to methane,
an easily utilisable energy source, which is used by many groups of microorganisms. Therefore, the authors
are reluctant to specify a safe hydrogen concentration limit for a partial feed-in of hydrogen.

Experiences with town gas storage indicate a turnover period of a few weeks or months. This may, under
certain conditions, result in a loss of pressure as well as calorific value and, therefore, cause negative
implications for the management and safety of underground gas storage.

Especially porous rock reservoirs are exposed to a
The report is available in English and German, number of risks, such as formation of sulphide (H.S),
was published in May 2013 and may be pur- microbial induced corrosion (MIC) or reduction of

chased for 70 € at DGMK (German Society for formation permeability. The study explains the risk
Petroleum and Coal Science and Technology).

(http://www.dgmk.de/berichte.htm)

exposure for porous rock and, additionally, possible
effects on caverns. The latter are regarded as less
The abstract of the DGMK-Research Report 756 serious.

(http://www.dgmk.de/upstream/abstracts/
publications/756.html) Measures for the prevention or treatment of microbial

damages on underground storages are available to a
limited extent and must be adapted to the specific case.

UNDERGROUND SUN STORAGE (RAG AUSTRIA) (PART 1)

The HyUnder project has been finalised and RAG
Austria, as one of our HIPS-NET partners,
introduced the “Underground Sun Storage”
project during the HIPS-NET workshop in June
2014. The project aims to store natural gas with a
10 vol% concentration of hydrogen in porous rock
underground storage. Based on the preliminary
results of the first six work packages, the decision
has been taken to design, build and operate a
pilot facility.

Design and approval by authorities is currently in  FRUILISIECIVILRITIRES (]I BTSN (SRR SN

progress. Preparation and construction on site will
start shortly with the following steps to be carried out:

» USIT (UltraSonic Imager Tool) to check the integrity of the cement bond,

« Verification of material durability as packers, metals and SSSV (sub-surface safety valve),

« Additional water sampling previously to the field test,

* Preparation of the well site,

* Installation of a new completion string with SSSV and VAGTX-Tubing (Voest Alpine Gas Tight Extrem),
« Contact with relevant authorities and preparation to obtain the relevant legal permissions.
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UNDERGROUND SUN STORAGE (RAG AUSTRIA) (PART 2)

The field test operation will commence in
summer 2015 with the injection phase.
Hydrogen will be generated via electrolysis on
site and blended into the gas stream. The gas
with a concentration of up to 10 vol% hydrogen
will be injected by a gas compressor into the
porous rock formation. This will go along with
material testing.

During the second period, the intermediate
phase, the subsurface pressure and
temperature, the surface pressure, and gas
composition will be monitored. Further regular
maintenance and safety checks will be carried
out. The gas is
stored and not
moved during that time. At the beginning of the third period, the production
phase, in spring 2016, water and gas samples will be taken prior to the storage.at/en/project/project-
extraction of the gas from the storage formation. The extracted gas will be PelselilejilolaNaiinal)}

measured and conditioned by a membrane separator (provided by Axiom).
Further material testing will follow.

SITE PLAN UNDERGROUND SUN STORAGE (RAG AUSTRIA)

Further information (http://
www.underground-sun-

POWER-TO-GAS-TO-POWER | PILOT PROJECT FOR A STAND-ALONE POWER
SYSTEM IN ARGENTINA

The company Hychico has set up a wind park and a hydrogen plant as a semi-industrial project in Patagonia (Argentina).
One of the goals is to couple wind turbines with electrolysers for hydrogen and oxygen production, developing a stand-
alone power system that would go beyond laboratory scale. The region offers high wind potentials, little population, water
availability, infrastructure, and skilled labour from the oil & industry.

The pilot hydrogen plant has two electrolysers with
a total capacity of 120 Nm%h of hydrogen,
60 Nm*/h of oxygen and the high purity hydrogen
(99.998 %) is suitable for fuel cell applications.

In the pilot plant the hydrogen is mixed with natural
gas to feed a 1.4 MW GenSet generator equipped
with an internal combustion engine, which is
especially adapted to operate flexibly with rich
and/or poor gas mixed with hydrogen. The
hydrogen concentration rates achieved (up to
42%) are above the customary international
ranges for these engines, and have shown good
performance and efficiency in reducing CO,, CO,

HYDROGEN PLANT (WWW.HYCHICO.COM) and NOy emissions.

Taking into account that storing large quantities of hydrogen is one of the critical aspects of integrating
hydrogen into the energy matrix, and given the proximity of the hydrogen plant to some depleted oil and gas
reservoirs, Hychico is running a pilot project related to Underground Hydrogen Storage. The goal is to test
the reservoir's capacity, tightness, and behaviour. The hydrogen pipeline and first results are expected in
early 2015. Furthermore the susceptibility for hydrogen
induced embrittlement and degradation of various steel More detailed information about power variation of
grades and metals are being tested. In this context a ERUERCENEETCIENIEE R NES Ier o LTy e RS ool Vs
new polymer-hybrid pipe from REHAU, which shows no ENel=lsielgagr=lalel=N{atiioR /AT AR\ ola (el elo 0110\ 1o (o]0 = 0
hydrogen permeation and can be installed over long [eElifsils))

distances in one piece, has been chosen to be installed [ERUCSEINELEIIECELCUPRICTIER IR
for connecting the hydrogen plant and the depleted gas | emeatbimiacia o H AR ellleReeln )
underground-hydrogen-storage.php)

reservoir.
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INTRODUCTION OF HYDROGEN CONCENTRATION ABOVE 2 VOL% FOR NATURAL
GAS AS FUEL

Tanks for vehicles driving on natural gas need to comply
with the international technical standard ECE R110 to
receive an ECE approval mark. This standard has been
adopted in the European standard DIN EN 51624 and
thus is valid and binding in European countries. Both
standards limit the hydrogen concentration for natural gas
used as fuel in steel tanks (with a tensile strength of more
than 950 MPa) to 2 vol% (refers to CNG type 1 tanks).

According to the current state of knowledge, material
embrittlement cannot be excluded for that steel if it is
exposed to hydrogen concentrations exceeding 2 vol%.
This does not necessarily mean that exposure does result
in embrittlement; it rather means that research has to be

conducted for reliable results. CNG TANK TYPE (HTTP://WWW.CNGPITSTOP.COM)

One strategy, we suggest, is the modification of technical standards. Should the research provide evidence
that the current limitation (2 vol%) may be adjusted to 5 vol% or even 10 vol%, the above mentioned
standards should be updated and modified. The modification would however require a consensus between
the countries represented in the standardisation bodies and the procedure may last some time.

Another strategy, we propose, relies on the material used.
The described limitation only applies to old (running)
vehicles. New cars may either undergo a surface inspection
of the built-in tanks, or use other material compositions.
Substitute material may induce higher investment but may be
favoured due to advantages such as lower weight and
increased hydrogen tolerance.

A third strategy, we offer, refers to the gas offered at petrol
stations. Rather than one single filling pump for natural gas,
a second pump should be introduced for higher
concentrations of hydrogen. Even if the modification of the
technical standards would be implemented soon, the used
(running) natural gas driven vehicles would impose the 2

SIMPLIFIED STRUCTURE vol% restrictions until 2040 (conservative estimation).
(HTTP://WWW.GASTOCNGUTAH.COM)

The two gas pump <2 and <10 vol%
system would allow extraction of hydrogen exceeding the 2 vol% by

a membrane technology and would offer the possibility to use the
extracted hydrogen for a third application, such as feeding fuel cell
vehicles or for industrial use. We intend setting up a pilot project
proposal on regional scale based on the third strategy to explore the
technical implementation undermined by an economic assessment.

Generally speaking, instead of aiming at single strategies, we
propose to evaluate all possible strategies to develop an optimised
combination of them.

We aim to develop a research project, preferably with international

partners, to assess the strategies described above and to pave the
way for hydrogen injection exceeding concentrations of 2 vol% in the RGELED)

whole gas network in future. We accordingly suggest setting up a research proposal and additionally a

position paper to promote the issue funding authorities for contribution and support.

If you would like to join please contact us.
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STANDARDISATION WORKSHOP PUTTING SCIENCE INTO STANDARDS:
POwER-TO-HYDROGEN AND HCNG

On the 21% and 22™ October 2014 the Joint
Research Centre (JRC) Petten, CEN/
CENELEC and EARTO held a Workshop
on “Power-to-Hydrogen and HCNG” as this
technology has been identified as having a
promising potential for the integration of
renewables, especially with its large-scale
storage capacity. The aims of the workshop
were to speed up the standardisation
process and the internationalisation of
standards regarding the production,
transportation, distribution and use of
hydrogen on a European level and to liaise
the activities with 1ISO TC 197 (“Hydrogen
technologies”). In order to succeed with
these aims, the four sessions were
prepared and run by experts and

representatives from different
. L EC.EUROPA.EU/JRC/SITES/DEFAULT/FILES/HCNG-2014-FINAL-REPORT.PDF
standardisation organisations. Every

session defined the next steps for further development of the technology,
paying special attention to standardisation aspects. In the following, we try to
give a short summary that cannot reflect the whole picture of findings as they
were too voluminous to be condensed in a few lines but may give a flavour of
the session outcomes.

Session 1 — Power to hydrogen

o Defining H; as green fuel is considered to be crucial.

e Integration of technologies in electricity, gas and heat grids is important.

o lterations between demonstration and R&D are required to bridge the gap between demonstrated technical
feasibility and the availability of solutions for storing intermittent energy being economically and environmentally
relevant.

Session 2 — Injection / admixture of hydrogen to the natural gas grid
o Establishing the limit of H, that can safely be injected in the natural gas grid is an important task on European level.

e  Further research is needed in the field of CNG tanks and filling stations, appliances and industrial burners,
underground storage, compressors, and gas composition analysis devices.

¢ A macroeconomic evaluation of power to gas routes including the cost for adaption of the existing infrastructure is
needed in order to prepare a P2G Roadmap.

Session 3 — Use of HCNG for repowering, mobility, heat
e  Pre-normative research regarding flame length, temperature and heat radiation is recommended.

e End user installation certification for HCNG, regarding their compatibility with flame stability and hydrogen
embrittlement, is needed.

o Detection devices and mitigating safety measures need to be certified.
Session 4 — Standardisation aspects for provision of to support the electricity grid
e A stronger integration of TSO/DSO into the discussion is needed.

o Definition of test, measurement methods, and load cycles in electrolyser performance standards to enable
qualification for ancillary service provision is recommended.

o Definition of quality related parameters to determine the quality of supply of ancillary services.
Beyond the discussion of the technical needs and aspects, the initiators of the workshop informed that a new CEN/
CENELEC SFEM working group on hydrogen will be launched in January 2015 as an open platform for further evaluation/
identification of strategic topics. Part of the scope is also to map existing initiatives, to identify new needs and main
challenges to be faced in order to use the potential of hydrogen as HCNG. By the end of the year (2015), the working group
will propose an action plan for the up-coming years and will give recommendations e.g. on how to proceed with liaison with
CEN TC 197 and suggest a new work item proposal.
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INTEGRATION OF HIGH-PRESSURE ALKALINE ELECTROLYSERS FOR
ELECTRICITY AND HYDROGEN PRODUCTION

The ELYGRID project aims to reduce the total costs of hydrogen produced via electrolysis using renewable electricity
sources and focusing on megawatt size electrolysers (from 0.5 MW and beyond). The objectives are to improve the
efficiency of the overall system by 20 % and to reduce costs by 25 %. The work has been structured in three different
parts: cells improvements, power electronics and balance of plant (BOP). The project furthermore aims to improve the
stability of the electricity grid by using volatile electricity mainly generated by wind turbines and PV. Two scalable
prototype high-pressure alkaline electrolysers are tested, which allow the integration of fluctuating electricity sources.

LEFT: IHT ELECTROLYSER TYPE S-556 (760 NM3/H). RIGHT: TEST BENCH ELECTROLYSER AT FHA FAcILITIES. (ELYGRID)

The project, which was completed at the end of 2014, has achieved progress in the main technology fields. The unit
capacity was increased from 68 kg/h H, (state of the art in 2011) to 124 kg/h H; (in 2014), mainly due to the enhanced
current density. The energy conversion efficiency of the stack (without BOP and power electronics) amounts to 70 % in the
laboratory size electrolyser of 200 kW and thus meets the target of the funding

authority (ECH-JU) for 2020 already today (target 2020: 64% including BOP and

power electronics). According to the calculations in the project, the capital expenses

(CAPEX) for the initial investment are below the FCH-JU target for 2020 of 2 M€ with

a H; production capacity of 1 t/day.

The ELYGRID project has been funded by the FCH-JU. The partners involved in the project are

More information willing to demonstrate this technology in megawatt range (1-2 MW or beyond) with potential
may be found

end-users (utilities, gas network operators, etc.) in different applications (P2G, large automotive
project, industry, etc.) in order to develop new business models as preceding step for the
definitive market deployment.

under
www.elygrid.com.

HYDROGEN MOBILITY INFRASTRUCTURE

Development of hydrogen mobility depends not only on technical advanced vehicles running on hydrogen but also on
available, easily accessible filling stations.

More information
may be retrieved
http://

cleanenergypartner-
ship.de/en/h2-
infrastructure/

refuelling/

LEFT: HYDROGEN FILLING STATION (LINDE AG). RIGHT: (TOTAL / PIERRE ADENIS)

The industrial partners Air Liquide, Air Products, Daimler, Linde and Total Germany signed together with the German
Ministry of Transport a letter of intent to develop a network of hydrogen filling stations. A basic supply network will be
available in Germany by the end of 2015 with 50 stations and extended until 2023 with up to 400 stations.
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FUueL CELL MoOBILITY

ToyoTA announced that it will begin selling fuel-cell electric cars in Japan on

15 December, 2014, and in the US and Europe in mid-2015. Thus, Toyota as

well as Hyundai, release fuel-cell vehicles thus commercially stepping

forward and leaving the mere demonstration sphere. The Toyota Mirai uses

the Toyota Fuel Cell System (TFCS), which brings together fuel cell and
hybrid technologies. It includes
Toyota’s new proprietary fuel
cell stack, which has a
maximum power output of
153bhp (114kW), and high-
pressure  hydrogen  tanks.
Hydrogen when compressed has a higher energy density than batteries. The
TFCS energy efficiency is more than two times higher than the one of an
internal combustion engine and it emits no CO, or pollutants when the
vehicle is driven. Market launch in Germany is expected at a price around

HyuNDAI released the first mass-produced hydrogen-powered fuel cell
vehicle with the Hyundai ix35 Fuel Cell in 2013. The vehicle is equipped with
a 100 kW (136 PS) fuel cell stack and two hydrogen storage tanks, with a
total capacity of 5,64 kg. This amount of stored hydrogen enables the ix35
Fuel Cell to travel a total of 588 km on a single refuel. Maximum speed is
160 km/h, and it can reliably start in temperatures as low as minus 25
degrees Celsius. The energy developed is stored in a 24 kW lithium-polymer
battery. The ix35 Fuel Cell is offered for leasing at 1,150 € per month or for
sale for about 65,000 € (prices in Germany).

FUELL CELL HYUNDAI 1X35

SAFETY CHARACTERISTICS OF NATURAL GAS WITH A HYDROGEN
CONCENTRATION OF 10 voL%

This current research project aims to analyse safety characteristics for natural gas/hydrogen mixtures.

The project comprises firstly a literature study, which will be followed by a theoretical estimation using calculation methods
for safety characteristics. The results will be validated and/or assessed in a third step by field-testing, to determine such
data. The project partners intend to assess safety characteristics of different samples of natural gas from the German gas
network. Thus, the varying gas qualities within Germany will be taken into account. They propose to add hydrogen to
achieve a concentration of 10 vol% and to perform the safety tests with the samples again. This shall give a profound
insight of the behaviour of gas mixtures on:

o  Explosion limits and explosion ranges in mixture with inert gases for plant safety and zone determination
e Auto ignition temperature (AIT) for determination of temperature classes

¢ Maximum experimental safe gap (MESG) for determination of explosion groups

e Maximum explosion pressure and maximum rate of explosion pressure rise

o Ex-zones / propagation behaviour at GPRS (gas pressure regulating stations) and pipelines

o  Still under consideration: Determination of the compatibility of gas detectors

There are three partners involved in the research project, among them one employers' liability insurance association:
BG ETEM, BAM (Federal Institute for Materials Research and Testing), and DBI. The investigations will probably begin in
March 2015 and are expected to run until winter 2015.

According to the final report of the project "Hydrogen in Pipeline Systems" (HIPS), an admixture of 25 vol% hydrogen in
natural gas does not affect the gas group according to the ATEX classification (see page 322). If this proves to be true, it
would not be necessary to change the equipment at M&R stations. (The stations are certified for ATEX gas group IIA; pure
hydrogen however requires group IIC.) Some of the HIPS-NET partners tried to verify the source for this conclusion on
hydrogen concentrations of up to 25 % in natural gas but were not able to retrieve it. This information is still lacking and
might be answered by the initiated research project.
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SELECTION OF APPOINTMENTS

(FOCUS ON THE COMBINATION OF HYDROGEN AND NATURAL GAS) CURRENT PARTNERS

++ E-world energy & water
(10./12. Feb. 2015, Essen)

++ Forum EnergieSpeicher
(02./03. March 2015, Berlin)

++ 4th Conference Power-to-Gas:
Renewable Fuels for Europe’s Energy Industry
(11. March 2015, Dusseldorf)

++ Energy Storage 2015
(09./11. March 2015, Dusseldorf)

++ Munchner Energietage:
Konvergenz von Strom und Gas
(21. April 2015, Munich)

QUESTIONS, NOTES AND ADVICES TO:

Gert Miiller-Syring
Karl-Heine-Stralle 109/111
04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-qut.de

Dave Pinchbeck
Leicestershire
UK

+44 7798 561 535
davepinchbeck@hotmail.com
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Alliander ++ DGC ++ DNV-GL Oil & Gas ++
E.ON Technologies (Ratcliffe) limited ++
Enagas ++ Energinet ++ ETIC ++ EWE Netz
GmbH ++ Fluxys ++ Gasnatural ++ Gasum
OY ++ GRTgaz ++ grzi ++ Infraserv GmbH &

Co. Hochst KG ++ ITM-Power ++ KOGAS ++
nPlan GmbH ++ OGE ++ OVGW ++

RAG Rohél-Aufsuchungs Aktiengesellschaft
++ RWE Dea ++ RWE Deutschland ++ SGC
++ Shell ++ Solar Turbines Europe S.A. ++
SVGW ++ Synergrid ++ Verband der Chemi-
schen Industrie ++ Volkswagen AG

INTERESTS AND WISHES

Please let us know if you have special
interests/wishes for the next newsletter. We
look forward to your feedback and we aim
to provide quality information that is
actually needed and wanted to answer the
hydrogen core topics.

DBI Gas- und Umwelttechnik GmbH
Karl-Heine-StraRe 109/111

04229 Leipzig

GERMANY

Tel.: (+49) 341 24571-13
Fax.: (+49) 341 24571-36

kontakt@dbi-gut.de
www.dbi-gut.de

CEO: Prof. Dr.-Ing. Hartmut Krause

Certified DIN EN ISO 9001:2008

Copyright 2013 | © DBI Gas- und Umwelt-
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

Role of power-to-gas in Great Britain 12
Feasibility Study of Power-to-Gas in Great Britain __ // 3
Power to gas case study in Germany I3
Regio-Energie Solothurn 14
CONTENT Study for mobility applications in France 115

NEWSLETTER #5 Hydrogen Mobility Tram 5
HyTrEc Il 6
Benefits of Smart-Grid-Conceptions involving PtG _// 6
Power to Gas projects worldwide 17

Dear Project Partners,

Welcome to the 2™ year of HIPS-NET network. This newsletter covers topics from  “A network leads to

the integration of power-to-gas and its impact on the electricity as well as gas cooperation, cooperation leads to
network, over mobility applications (including the gas network), to activities on
hydrogen transport in the North Sea Region. We have also developed a list of
power-to-gas projects worldwide and included it in the newsletter. Please inform us
if you have knowledge about further projects. We hope you find the information
interesting and informative.

creativity and innovation -
this changes the world.”

- Marissa Mayer (CEO Yahoo)

The annual HIPS-NET workshop is right ahead of us, taking place on Wednesday, 24" June 2015 - thanks to the friendly
hospitality of the GERG secretary Robert Judd - in the GERG premises in Brussels from 9:30 am to 4 pm. We will meet the
evening before on Tuesday, 23 June 2015 at 7 pm for a casual dinner. We expect about 30 participants for the workshop
and about 20 joining the dinner.

As explained during last year’s workshop, the contracts of about half the partners (16 contracts) went through a renewal
procedure, as they automatically ran out after one year. We learned, internally and from the partners, that an automatic
prolongation of the contract reduces work on both sides and preserves the flexibility at the same time. Two partners, nPlan
(Germany) and Fluxys (Belgium), did not renew their membership by now.

Two new partners, GDF SUEZ (France) and NAFTA a.s. (Slovakia), decided
to join the network and signed in. We are thus maintaining the stable base of
30 HIPS-NET partners as originally pursued.

We are presently looking forward to the workshop and will afterwards prepare
a summary of the presentations to inform the attending partners as well as
the partners which were not able to join us in Brussels.

POWER-TO-GAS - THE INVISIBILITY OF THE
NATURAL GAS GRID (uscHI DREIUCKER - PIXELIO.DE)
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ROLE OF POWER-TO-GAS IN AN INTEGRATED GAS AND ELECTRICITY SYSTEM IN
GREAT BRITAIN

The “Role of power-to-gas in an integrated gas and electricity system in
Great Britain” was analysed in a study by Cardiff University in 2014. In  FRULEEICCIAVEEN sllgielig Sl RV AOE e ISl [ole)]
this study, the energy system of the UK was simulated with the aim to
optimize the operating costs. In the process both, the gas and the
electricity grid were considered.

of Engineering (Meysam Qadrdan),
Cardiff University

Currently, natural gas accounts for 38% of the primary energy demand in the UK. The 280,000 km-long gas grid in
operation needs reconstruction in large parts due to aging. The estimated reconstruction investment amounts to
approximately £7 billion.

The electricity sector in general and wind energy (onshore and offshore) in particular will gain importance. Due to
increasing capacity (in particular wind and nuclear power), significant investment is required to build and reinforce the
electricity transmission network. Rising wind capacity will result in increasing curtailment of wind power, amounting to
0.1 TWh/a in 2014 up to 2.8 TWh/a in 2020 and between 50 - 100 TWh/a in 2050.

The researchers simulated a detailed future scenario for the year 2020 of the UK’s electricity and gas supply to determine
the minimum operating costs of meeting the electricity and gas demand. These operating costs included the economic
costs of gas supplies, gas storage operation, power generation and costs of unserved energy. The cost of CO,-emissions
was not included. For the simulation the real electricity and gas transmission systems were simplified. The distribution
system was not included to the simulation.

The study compared three scenarios, one without Power-to-Gas (PtG) systems (referred to as No-H, case), and two
employing PtG systems:

o without PtG: No-H, case,
e hydrogen injection limited to 5% of the local grid gas flow: H>-5% case and
e hydrogen injection unlimited: H,-Unlimit case.

The three described scenarios were tested for two different electricity demand prognoses (high and low). Both high and
low scenarios were based on real-time demand data sourced from the national electricity grid in mid-April mid-January
2013 respectively.

The simulation results show the impact of PtG on different regions of the entire UK gas and electricity transmission
systems. Power generation from conventional fuels (nuclear, coal) supplied a significant part of the base load in the No-H,
case (for both electricity demand). Gas turbines meet the remaining electricity demand (demand not met by wind, nuclear
and coal). Wind curtailment was very high (Fig.), especially during the first third of the day (12pm to 8am) and prevalent in
the North UK (Scotland and North England regions). This is due to the low power demand during early hours, the highly
congested north-south power transmission line and the inflexibility of nuclear power plants.

high demand low demand

COMPARISON HIGH AND LOW DEMAND | SOURCE: MEYSAM QADRDAN

The operation of PtG reduced the wind curtailment, in the H»-5% case by 62.3% (high demand) and by 27% (low demand)
in comparison to the No-H, case. Wind curtailment was eliminated completely in the H,-Unlimited case. According to the
wind capacity 70-95% of the hydrogen was produced in the north regions. The total share of hydrogen in the entire UK gas
network did not exceed 3% of the national gas demand even in the H,-Unlimited case.

NEWSLETTER # 5 JUNE 2015 II 2 II COPYRIGHT 2015 | © DBI GAS- UND UMWELTTECHNIK GMBH | ALL RIGHTS RESERVED



The simulation shows that PtG systems can reduce the operational cost of UK electricity and gas supply. The
implementation of PtG can reduce the amount of unserved energy. The produced hydrogen substitutes gas supplies from
terminals. An operating cost reduction from 7 to 11% in comparison to the No-H, case was shown. Based on this, the
simple payback period of investment in PtG technologies amounts to 10 — 14 years. The simulation does not restrict the
electricity source, which supplies the PtG system. The hydrogen produced is not CO; neutral, as the electricity comes from
regenerative and conventional sources.

UK regulation currently limits the hydrogen injection into the natural gas network above 0.1% volume. To realize the
potential of hydrogen injection into the gas grid, as illustrated by the study, hydrogen limits will need to be relaxed
subject to a full health and safety appraisal. The UK government plans to increase the hydrogen limit to 3% (to commence
in 2015).

GRIDGAS — FEASIBILITY STUDY OF POWER-TO-GAS IN GREAT BRITAIN

ITM Power has completed a detailed study of Power-to-Gas as a feasible resource in the UK. The study addresses
technical feasibility, the PtG operating regimes, the economic value propositions to the electricity and gas industries and
the potential roll out of plants across the period to 2050. The study (conducted jointly with the National Grid, SSE, Shell,
Scotia Gas Networks, kiwa-Gastec and SHFCA and funded by the Technology Strategy Board to a level of £100,000)
focused principally on PtG systems in the UK, whilst considering the expansion of this technology across Europe.

Analysis determined that polymer electrolyte membrane (PEM) electrolyser technology was the most suitable method for
the PtG systems. In addition the study made various recommendations including the adoption of a 3% by volume hydrogen
concentration limit in the UK commencing 2015 (instead of the UK’s current regulations, which specify a 0.1%
concentration). Hydrogen concentrations in excess of 3% by volume may cause flashback problems when switching off
some old “yellow flame” appliances, of which an uncertain number still remain in the UK market. In order to achieve this
concentration, the process requires dehumidification to -10 °C, 33.3:1 dilution and downstream measurements of flow,
composition and combustion properties. The study also recommends the injection of hydrogen only into low-pressure Local
Distribution Zones in order to avoid an excess of hydrogen within the network.

The study identified the utilization of PtG plants in combination with existing solar or wind infrastructure as a prospective
pathway with a potential hydrogen concentration of 21% by 2050. This pathway would save 4.1 MtCO, per year and
developing a PtG stock capacity of 7.8 GW.

In addition, the study conducted a detailed geographical analysis to determine the most efficient locations for the
introduction of PtG systems. This analysis established 40 locations for the roll-out of PtG in the UK. In order to aid
development of the P2G pathway in the UK, it also recommended that Feed-In Tariffs (FIT) be extended to include
hydrogen for electrolysis, and that CAPEX support be increased.

POWER TO GAS: TECHNOLOGICAL OVERVIEW, SYSTEMS ANALYSIS AND
ECONOMIC ASSESSMENT FOR A CASE STUDY IN GERMANY

The centerpiece of the article documents a study, carried out by the researchers, to determine the economic viability of
PtG (hydrogen and methane) in the existing natural gas infrastructure and the viability of a dedicated hydrogen gas
network for use in the road-transport industry. A key feature of this study is a cost- projection for the development of the
respective networks. This projection was based on 2010 electric loads and envisages the continued development of the
technology used and continued electrification. For PtG production, the projection also envisages 51,000 km of new
pipeline, salt caverns with a capacity of 27-90 TWh and 9,800 refuelling stations.

INVESTMENT COSTS FOR POWER-TO-GAS PROCESS CHAINS | SOURCE: SCHIEBAHN ET AL.

This data is then used to calculate the comparative costs of the three different scenarios. This comparison covers
electricity costs, operation and maintenance, capital costs and costs from capital charges.
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The article concludes that, using current technologies, PtG and PtM are not yet cost-efficient alternatives to natural gas for

general usage. Feeding PtG in to the existing gas infrastructure would cost € 0.15 /kWh, approximately four times the
current cost of natural gas
(before considering upgrades
necessary to the gas network
for increased levels of
hydrogen). PtM would cost
€ 0.23 /kWh due to extra
investment costs and the
current inefficiency of this
technology.

However, the continued
development of these
technologies may change this.
PtG would already provide a

COMPARISON HIGH AND LOW DEMAND | SOURCE: MEYSAM QADRDAN viable alternative to natural

gas for use in the road-
transport industry. At present hydrogen fuel-cell technology is only 23% less efficient than petrol/gasoline and therefore
already more efficient than natural gas. The study concludes that, with continued investment, hydrogen may soon become
just as efficient as petrol/gasoline for automotive purposes. (2015, Hydrogen Energy Publications, LLC.)

REGIO-ENERGIE SOLOTHURN

Development is continuing on the Hybridwerk Aarmatt hybrid power plant in Switzerland. The project intends to utilize a
mix of energy sources and storage methods to provide an efficient energy solution for the town. Solothurn intends to
connect the gas network, electricity grid and district heating network by creating a power plant with an integrated heating
plant and thermal energy storage system, a combined heat and power installation, and a power-to-gas facility with
hydrogen storage capabilities. Participating in the project are RegioEnergie Solothurn, Erdgas/Biogas, Solothurn Municipal
Government, Gasverbund Mittelland, the Swiss Federal Office of Energy (SFOE), Canton of Solothurn Department of
Buildings, the Lucerne University of Applied Sciences and Arts and the University of Applied Sciences Rapperswil.

The first elements of the project were initiated in 2013 with the creation of the 6MW heating plant including two 5.5 MWh
thermal energy storage systems, which will serve the district heating network. One out of two cogeneration elements of the
plant were completed, leaving spare capacity for a second combined heat and power unit, each with an output of 1.2 MW.
In order to make the plant more responsive to fluctuations in power demand and to better utilize excess renewable energy
supplies, the plant will include a power-to-gas unit, in which excess power will be converted by means of electrolysis into
hydrogen. This hydrogen will then be fed in to the local gas network at a concentration of 2%. The installation of a 180 m?
buffer tank will allow the constant and regulated flow of hydrogen into the network.

Alternatively, this hydrogen can be stored on-site in hydrogen storage tanks. In late February this year the hydrogen
storage tanks (with a capacity of 180 Nm?* at 30 bar) were delivered and these will be connected to the PEM electrolysers
(with an input power of 350 kW and a hydrogen output of 60 Nm? at an efficiency level of 50-60%) to form the core
elements of the power-to-gas conversion and storage process. The strategic solution for the feed-in of hydrogen has been
developed by the Lucerne University of Applied Sciences and Arts with support from the
Swiss Federal Office for Energy (BFE). The plant’s electrolysers will also be used by several universities in the region for
further research into hydrogen levels in the gas network. Theoretical studies in this field have already been concluded by
the University of Applied Sciences Rapperswil.

Future plans to further develop the hybrid power plant include the installation of methanisation technology for the creation
of synthetic natural gas. The plant envisages that gas produced by this technology (using surplus hydrogen from the power
-to-gas process and carbon dioxide from the combined heat and power plant), could be used as fuel for the local public
transport network. Provisions have also been made for the possible installation of wood gas generators or a geothermal
system in addition to the planned power plant.

In addition, the project is exploring other strategic solutions with regard to power-to-gas
Further details on the de- technology. Research into the possibility to combine electrolysers with battery storage in
velopment of this project order to increase the storage capacity of a power-to-gas unit is planned. The recovery of
residual heat and the utilization of electrolysers in connection with a combined heat and
power installation will also be analysed.

can be found here:
www.hybridwerk.ch
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STUDY FOR MOBILITY APPLICATIONS: EVALUATION OF THREE DIFFERENT
HYDROGEN SUPPLY STRATEGIES IN FRANCE

The research aimed to evaluate the costs and the design to distribute hydrogen using various deployment strategies. The
approach considers the distribution by pipeline and compares it with other hydrogen carriers namely compressed gas
trucks and liquid cryogenic trucks. The software ECOTRANSHY, which has been developed during the research project,
answers the following questions:

o What is the optimal design (topology and diameters) of a new-built hydrogen pipeline network?
e Taking into account an increasing market share of hydrogen, when will a pipeline network reach economic viability
versus a delivery by trucks?

The authors found that before 2025, and considering a low
market share of hydrogen as fuel, supply by trucks would
remain the most economical option. However, beyond 2025,
the pipeline option is considered as an economically viable
option as soon as the market share for the car fuelling
reaches 10%.

The delivery costs by truck or pipeline increase with the
distance from the central plant. The pipeline delivery costs
are higher than the delivery by truck for the nearest points to
the production unit and lower than the delivery costs by truck
for the furthest points to the production. Over short
distances, gaseous truck delivery is the favoured option

especially at low flow rates, but pipeline based supply is NIl BT JR A TATER ETo1T e VAL L 5 A5

preferred at higher flow rates.

The delivery by truck combines the

advantages of low initial investment
costs and flexibility to deliver small

The study was performed
under participation of

and infrequent amounts of hydrogen. [€In]=E]=V4
However, the supply chains by truck FREHSSIESNETAR
have to rely on significant [RELIVEIEICREIIRRICICIE
investments on liquefiers (for the PRUNASELE

TOTAL Raffinage
Marketing. The article
“Time development of new
hydrogen transmission
pipeline networks for
France”

cryogenic option) or compressor
stations (to fill the trailers) with
long-term payback periods. The
pipeline, though, requires a significant
amount of capital costs with a

EFFECTIVE HYDROGEN NETWORK IN 2025, NORTH, long-term return on investments.
HIGH DEMAND | SOURCE: ANDRE ET AL.

HYDROGEN MOBILITY TRAM

The world’s first hydrogen-powered tram has been launched in China. The Qingdao Sifang Co. officially unveiled the first
vehicles in March this year as part of a planned $32 billion investment in hydrogen-powered transport over the coming five
years.

The trams, capable of transporting up to 380 people over three wagons, can
reach a top speed of 69 kph and are powered by hydrogen fuel cells connected
to a battery. The cells refuel in three minutes and can run for
approximately 100 km.

At present China only contains 134 km of tram track. However this figure is
expected to expand greatly in coming years as a part of the new investment
initiative. The city of Foshan in southern China has already announced plans to
build its own tram network this year and will invest $72 million to become the
manufacturing centre for the new technology. (QueQingdao Sifang Co.)

HYDROGEN TRAM | SOURCE: QINGDAO
SIFANG Co.
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HYTREC - HYDROGEN TRANSPORT ECONOMY FOR THE NORTH SEA REGION

The Hydrogen Transport Economy (HyTrEc) project is a collaboration of eight
partners from six countries of the North Sea Region. The project aims to
improve access to and advance the adoption of hydrogen as an alternative
energy vector across the North Sea Region. It will identify and address structural
impediments constraining development of, access to, and adoption of this
alternative fuel in urban and rural settings. Partners from the UK, Germany,
Denmark, Belgium, and Sweden are working together to improve cross border
collaboration, share best practice and support joint activities.

(http://www.hytrec.eu/)

HyTrEc

Hydrogen Ti
for the North Sea Region

ransport _corﬁomf

PROJECT: “BENEFITS OF SMART-GRID-CONCEPTIONS INVOLVING

POWER-TO-GAS TECHNOLOGY”

The project assessed possible benefits by integrating the electricity as well as the gas
supply systems at pilot locations in the already existing grid and interconnected both
systems. The results might contribute to the conversion of an integrated energy system
at optimised macroeconomic efforts.

Power-to-Gas and bivalent gas preheating units served as interconnection between the
electricity and gas networks. The ‘bivalent’ drive of the latter means they may either run
on gas or on electricity for heat generation. Both units provided sufficient load shifting
potential to reduce the demand for electricity grid expansion significantly. This applied
only if the operation was optimised to the needs of the electricity grid. Power-to-Gas
facilities would additionally provide a mid- to long-term energy storage function and
thus enhance the integration of renewable electricity. The considered Smart-Grid-
Conceptions may gain economic viability by:

o  Contribution margins of the market (sale of gas) and the network
(avoided grid expansion),

The project was funded by
the DVGW (German Associa-
tion of Gas and Water) and
supported by

EWE Netz GmbH; the per-
forming partners were
Bergische

Universitat Wuppertal, IAEW
of the RWTH Aachen
University, DBI GTI, and
Engler-Bunte-Institute. The
final report of the DVGW

(G 3/03/12) was published in
March 2014.

e Interconnection of the gas and electricity grid on the lowest possible voltage level with renewable energy

integration,

o Capital expenses for small Power-to-Gas facilities of about € 1,000 /kW¢, (including grid injection station), and

o  Sufficient amount of permitted H, concentration in the gas network.

Cost

—

INTERCONNECTION ELEMENTS | SOURCE: FINAL PRESENTATION (DVGW FEB. 2015)

Apart from avoided electricity grid expansion on low voltage, the interconnection on low voltage leads to reduced
expansion needs of medium and high voltage grid. As this study only concentrated on low and medium voltage grid, the
achievements for the high voltage grid were not quantified within the project and are being addressed in a currently
conducted research project.
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SHORT SUMMARIZED OVERVIEW OF POWER TO GAS PROJECTS WORLDWIDE

Researched by DBI - current work status May 2015. All partners are invited to provide additional or new information. DBI
has a detailed table with more technical information of each project and a corresponding graphical overview.

[ 1] United 36 n/s Mobility, Fuel Cell Direct (wind) in operation
L2 | oy 36 alkaline Fuel Cell Direct (wind, solar, water) in operation
3 - Glamorgan Smart Grid Project - Port Talbot 100 alkaline Mobilty, Fuel Cell Direct (wind, solar) in operation
4 Norway  |Wind Power and Hydrogen Plant - Utsira 48 alkaline Fuel Cell Direct (wind) closed down
L5 | GRHYD - Diinkirchen n/s n/s Gas grid n/s in operation
| 6 | France ALT-HY-TUDE - Diinkirchen n/s n/s Mobility Grid (wind) closed down
L7 MYRTE - Korsika 25 PEM Fuel Cell Direkt (solar) in operation
8 Nantes n/s n/s n/s n/s n/s
19 | Aragon Hydrogen Foundation - Huesca 200 alkaline Mobility, Fuel Cell n/s in operation
| 10 | Spain Sotavento Wind Farm - Xermade 300 alkaline Engine Direct (wind) in operation
|11 | RES2H2 - Pozo Izquierdo n/s n/s Fuel Cell n/s closed down
12 Tahivilla - Cadiz 41 PEM Fuel Cell Direct (wind) closed down
13 Itali INGRID - Puglia n/s n/s Engine Grid (solar, wind) planning
14 ~ X Samsg Energy Academy - Samsg 20 n/s n/s Grid (solar, wind) in operation
15 Lolland - Vi k n/s n/s Engine Grid in operation
16 Austria Linz 6 PEM Gas grid Grid in operation
17 Greece RES2H2 - Keratea 25 alkaline Fuel Cell Grid (wind) closed down
| 18 | L Colruyt - Briissel n/s alkaline Mobility Direct (solar, wind) in operation
19 " DonQuichote - Briissel n/s PEM Fuel Cell Direct (solar, wind) planning
20 | Netherlands |Ameland Projekt - Ameland n/s PEM Gas grid n/s closed down
| 21 | Speicherung elektrischer Energie - Stuttgart 400 alkaline Mobility Grid (renewable) in operation
| 22 | ZSW - Stuttgart 370 alkaline n/s Grid (renewable) in operation
|23 | Kompaktes Wasserelektrolysesystem - Freiburg 40 PEM Mobility Grid (renewable) in operation
| 24 | Hybridkraftwerk - Prenzlau 600 alkaline Gas grid, Mobility, Fuel Cell Grid (renewable) in operation
| 25 | WindGas - Falkent 2.000 alkaline Gas grid Grid (day-ahead) in operation
| 26 | H2BER - Berlin 500 alkaline Mobility, Fuel Cell Grid (renewable) in operation
| 27 | Wasserstofftankstelle HafenCity - Hamburg n/s alkaline Mobility Grid (renewable) in operation
| 28 | Strom zu Gas - Frankfurt/M. 400 PEM Gas grid Balancing power in operation
|29 | Germany RH2-WKA - Grapzow 1.000 alkaline Gas grid, Mobility, Fuel Cell Grid (renewable) in operation
| 30 RWE-D i | - Ibbenbii 150 PEM Gas grid, Fuel Cell Grid (renewable) in operation
|31 H2Herten - Herten 150 alkaline Mobility, Fuel Cell Grid (renewable) in operation
|32 H2-For rum - Cottbus 145 alkaline n/s Grid in operation
| 33 Ei k - Mainz 6.000 PEM Gas grid, Mobility Grid (renewable) under construction
| 34| Stromliickenfiiller - Renko n/s PEM Fuel Cell Balancing power under construction
|35 | TwinLab - Berlin 7 PEM Gas grid Balancing power (renewable) planning
| 36 | WindGas - Hamburg 1.000 PEM Gas grid Grid (renewable) planning
| 37 | Kavernenspeicher - Etzel n/s n/s Storage Balancing power (renewable) planning
38 E ielandschaft - Morbach 25 n/s n/s Grid (wind) closed down
| 39 | JHFC S ihara Hydrogen Station - ih n/s n/s Mobility Grid (renewable) in operation
| 40 | Japan Nikko Hydrogen Station - Nikko n/s n/s Mobility Grid in operation
41 Kyushu University Hydrogen ion - Fukuok n/s PEM Mobility Grid in operation
42 | Argentina |Hychico - Comodoro Rivadavia 650 n/s Engine Direct (wind) in operation
43 | New Zealand |HYLINK - Totara Valley n/s PEM Gas grid, Fuel Cell Direct (wind) closed down
44 USA SoCalGas P2G - Wallingford 67 PEM Gas grid n/s planning
45 Canada Ontario Grid Freq y | - Ontario n/s alkaline Fuel Cell Balancing power in operation
46 | Switzerland Hybridkraftwerk Aarmatt - Zuchwil 350 PEM Gas grid, Engine Grid (renewable) in operation

POWER TO GAS PROJECTS (CENTRAL EUROPE)
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Selection of appointments

(focus on the combination of hydrogen and natural gas)

++ SEGE 2015 - International Conference on Smart Energy Grid Engineering

++

++

++

++

++

++

++

++

(17./19. Aug. 2015, Oshawa)

HYPOTHESIS - Hydrogen power theoretical and
Engineering Solutions international Symposium
(06./09. Aug. 2015, Toledo)

DBI-Fachforum Energiespeicher
(16./17. Sept. 2015, Berlin)

WHTC2015 - World Hydrogen
Technologies Convention
(11./14. Oct. 2015, Sydney)

World of Energy Solutions
(12./14. Oct. 2015, Stuttgart)

ICHS - International Conference on Hydrogen Safety
(19./21. Oct. 2015, Yokohama)

gat 2015 - leading congress gas
(26./28. Oct. 2015, Essen)

6" dena enerqy efficiency congress
(16./17. Nov. 2015, Berlin)

3rd Zing Hydrogen & Fuel Cells Conference
(17./20. Nov. 2015, Cancun)

CURRENT PARTNERS

++ Alliander ++ DGC ++ DNV-GL Oil & Gas
++ E.ON Technologies (Ratcliffe) limited ++
Enagas ++ Energinet ++ ETIC ++
EWE Netz GmbH ++ GDF SUEZ ++
Gasnatural ++ Gasum QY ++ GRTgaz ++
grzi ++ Infraserv GmbH & Co. Hochst KG ++
ITM-Power ++ KOGAS ++ NAFTA a.s ++
OGE ++ OVGW ++ RAG Rohél-Aufsuchungs
Aktiengesellschaft ++ RWE Dea ++ RWE
Deutschland ++ SGC ++ Shell ++ Solar
Turbines Europe S.A. ++ SVGW ++
Synergrid ++ Verband der Chemischen
Industrie ++ Volkswagen AG ++

INTERESTS AND WISHES

Please let us know if you have special
interests/wishes for the next newsletter. We
look forward to your feedback and we aim to
provide quality information that is actually
needed and wanted to answer the hydrogen
core topics.

QUESTIONS, NOTES AND ADVICES TO:

Gert Miiller-Syring
Karl-Heine-Stralle 109/111
04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-qut.de

Dave Pinchbeck

DPinchbeck Consultancy Limited
Leicestershire

UK

+44 7798 561 535
davepinchbeck@hotmail.com
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Dear Partners, dear Colleagues,
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June 2015 marked the 2" annual HIPS-NET Workshop in Brussels. We really
appreciated and enjoyed the exchange with the 28 participants who attended the
workshop. Thank you for your interest and your engagement that led to an open
and informative atmosphere. We especially thank those who presented projects
and views from their home organisations and countries.

This newsletter, the 6" volume, provides a selection of articles but also
summarises the expert presentations held at the workshop. For those who were
able to join the workshop, we hope it helps you to remember key information.
. . POWER-TO-GAS - THE INVISIBILITY OF THE

For those who could not attend, the newsletter provide an overview on the Ty I Ne [T E T e
workshop and allow you to decide for further selected reading of the

presentations. All presentations were distributed (download link) after the workshop via e-mail (29" June 2015 by Gert
Mdller-Syring). Please get in touch with us if you missed the download.

We furthermore included information from the FCH-JU Study on Energy Storage in Europe, summarised various U.S.
activities, and briefly introduced a Spanish Hydrogen Foundation which will, together with other organisations and bodies,
host next year’s World Hydrogen Energy Conference. We hope that you enjoy reading this issue of our Newsletter.

The HIPS-NET Team Please feel invited to join the 3™ HIPS-NET workshop which will take
Gert, Dave, Stefan, Anja & Gideon place on 22"923™ June 2016 in Brussels (GERG office). We hope the

early invitation will ensure meeting most of you again next year.
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FCH-JU STtuDY “COMMERCIALISATION OF ENERGY STORAGE IN EUROPE”

FUEL CELLS AND HYDROGEN JOINT UNDERTAKING (FCH-JU) published the report “Commercialisation of Energy
Storage in Europe” in March 2015. It was specifically written to inform decision-makers about the potential contribution of
storage in order to integrate renewable energy sources (RES) and about the actions required to ensure that storage is
allowed to compete with the other flexibility options.

The study focuses on the European electric power market towards 2030 with an outlook to 2050. It also investigates other
energy markets (gas, heat, hydrogen) to the extent that they are connected with the electricity sector and relevant to the
topic of storing electricity produced from renewable sources.

The authors recognise four main options for providing the required flexibility to the power system (dispatchable generation,
transmission and distribution expansion, demand side management, and energy storage). This study focuses on the latter
option, energy storage, and was conducted with the assumption of technology neutrality. Its objective was to consider a
broad range of storage technologies and to test the sensitivity of storage demand to different electricity grid constraints.
Three categories of energy storage technologies were assessed:

o P2P storage (lead-acid, Li-ion, flow and NaS batteries, pumped hydro energy storage, compressed air energy
storage (CAES), liquid air energy storage (LAES), and electrolytic hydrogen production and re-electrification)

e  Conversion of electricity to heat and storage for later use

o Conversion of electricity to hydrogen for use outside the electric power sector (PEM, alkaline and solid oxide
electrolysers).

MAIN TECHNOLOGY OPTIONS FOR THE INTEGRATION OF VOLATILE RENEWABLE ENERGY (FCH-JU STuDY)

The cost comparison of the different storage technologies is based on an LCoE metric (levelised cost of electricity) which
compares the unit cost over their technical lifetime. LCoE takes into account all CAPEX and OPEX costs of storage and
puts them in relation to the amount of energy produced. The study calculates the LCoE for short, medium and long term
storage. Long term storage is discharged once per year (storage cycle) and is expected to result in LCoE in 2030 for
battery technologies of more than 9,000 €/ MWh, for mechanical storage of 450 €/ MWh (pumped-hydro) to 3,000 €/MWh
(CAES, LAES). The most cost-effective technology for long-term energy storage is producing hydrogen (by electrolysis)
storing it in a salt cavern and re-electrifying by burning it in a turbine resulting in LCoE of 140 €/ MWh.

(Continued on next page)
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Based on the optimistic range, the CAPEX for the electrolyser unit is estimated
to drop down to 250 €/kW (PEM) and 370 €/kW (Alkaline) in 2030 (including
power supply, system control and gas drying).

The power systems of four European countries or regions (Germany, Spain,
Sweden and the Greek island of Crete) were chosen for modelling based on
their differing characteristics. The RES penetration targets for electricity
demand by 2030 (45-60 %) and 2050 (80 %) were taken as granted
(exogenous input data). The key outputs were

o the amount of excess electricity (0 GWh in 2030; 152 GWh in 2050 for
Sweden, Spain and Germany combined),

« the required non-RES power generation and capacity as well as

o the costs of the non-RES generation, including costs of CO2.

Based on this model, the study examined, the decrease in non-RES generation
costs at different installed storage capacities. In addition, the ability of
conversion to heat and hydrogen to utilise the excess renewable energy was
assessed.

The study shows that both P2P storage and conversion to other carriers have

the potential to play an important role in providing flexibility to the electricity system. They will make it possible to ensure
that large amounts of renewable energy are not wasted, but are rather used to reduce the amount of required non-RES
generation and decarbonise heating, transportation and the gas grid.

The authors estimate the economic potential of P2P storage in 2050 (60% and more volatile renewable energy) at about
400 GW in the EU.

Conversion of electricity to heat and heat storage is a proven and relatively low-cost option for providing flexibility to the
power system. However, the potential of conversion to heat to integrate VRE is limited by the share of electricity demand
required for heating and by its seasonality.

Conversion of electricity to hydrogen and use of this hydrogen in the gas grid (PtG), mobility or industry can productively
utilise nearly all excess renewable energy in the high-RES scenario, contributing to the decarbonisation of these sectors.

There is a low degree of regulatory acknowledgement of storage as a specific component of the electric power value
chain — and hence a lack of storage-specific rules and insufficient consideration of the impact of regulation on storage.
Three key obstacles to storage were identified by the study, including

o the lack of clarity on the rules under which transmission and distribution system operator may operate storage or
purchase it as service,

e the final consumption fees,

o the payments for curtailment to the RES producers.

The study was prepared by more than 30 stakeholders (including
storage technology developers (mechanical, electrochemical and RULCRECNEVACEREIGEELRIRCELS
chemical storage), utilities, energy companies, research institutions,
regulatory authorities and European institutions).
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Two NREL REPORTS “HYDROGEN ENERGY STORAGE: GRID AND
TRANSPORTATION SERVICES” & “BLENDING HYDROGEN INTO NATURAL GAS
PIPELINE NETWORKS: A REVIEW OF KEY ISSUES”

The NREL is a national laboratory of the U.S. Department of Energy, Office of
Energy Efficiency & Renewable Energy and published in February 2015 the report
on “Hydrogen Energy Storage: Grid and Transportation Services”.

This report summarises a stakeholder workshop with 17 expert presentations and 4
breakout sessions assessing hydrogen energy storage systems convened by the
U.S. Department of Energy and Industry Canada on 14"/15"™ May 2014, in
Sacramento, California. Hydrogen systems are seen as an opportunity to increase
the flexibility and resiliency of sustainable energy supply systems while potentially
reducing overall energy costs on account of system integration and better utilization
of renewables. Beyond the sole storage and re-electrification, they also provide
ancillary grid services; fuel for fuel cell electric vehicles (FCEVs); backup power
supply; and feedstock supply for industrial processes. Additionally, the opportunity
exists for the natural gas industry and regulators to enable hydrogen blending that
could increase renewable energy supply via the extensive natural gas infrastructure.

The workshop attendees identified high-priority items on the path to employ
hydrogen energy storage systems, including (1) criteria and barriers; (2) policy; and
(3) next steps. The high-priority items for the third category ‘next steps’ involve:

« demonstration and pilot projects,

e analyse business cases,

e develop or revise policies and regulations, and

e« develop and implement plan and targets. (Continued on next page)

BREAKOUT SESSION VOTES & ITEMS - NREL REPORT “HYDROGEN ENERGY STORAGE”
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The report also proposes roles for various stakeholders, divided in lead roles, supporting roles, and advisory roles, to get in
action and initiate the identified next steps. The roles vary for different steps but lead roles are suggested to lay mainly in
the hands of the industry, analysts, and U.S. Department of Energy.

The attendees acknowledge that natural gas quality standards for
hydrogen blends need to be developed. The report refers to activities in
Europe as the standardisation workshop in Petten (under participation of
DBI, see newsletter #3 and #4) and activities by the European
Association of Research and Technology Association (EARTO).

The report may be retrieved under:

As for questions regarding admixtures of hydrogen into natural gas networks,
the report summarised above refers to a preceding NREL report “Blending
Hydrogen into Natural Gas Pipeline Networks: A Review of Key Issues”
published in March 2013. This study relies on existing literature, is a desktop
study and addresses foremost technical questions. It reviews seven key issues
concerning blending hydrogen into natural gas pipeline networks:

benefits of blending,

extent of the U.S. natural gas pipeline network,
impact on end-use systems,

safety,

material durability and integrity management,
leakage, and

downstream extraction.

Nooarwbh=

The report concentrates on admixtures of 5-15% hydrogen into the natural gas
to increase the output from renewable energy production in the near term and
to fuel FCEV or stationary fuel cells. According to the authors, the admixture
appears to be feasible with very few modifications to the existing pipeline
system or end user appliances. The report concludes giving recommendation
for future work to modify U.S. pipeline integrity management systems, detailed assessment of the impact of hydrogen on
end-use systems (households, power production, etc.), dynamic analysis of future scenarios where hydrogen blending is
prevalent in the U.S. natural gas system, and others.

The report relies on reviewed NaturalHy studies for many fields of
The report may be retrieved under: expertise. The state of knowledge seems comparable to the European
situation and underlines the importance of the core topics we defined for
our HIPS-NET project.

FOUNDATION FOR HYDROGEN IN ARAGON IN SPAIN

The Aragon Hydrogen Foundation was founded in 2004 and
currently comprises 63 entities, research centres and companies. Further information may be retrieved under:
The foundation organises a wide range of actions to generate, store
and transport hydrogen, for its use in fuel cells, in transport

applications or for the generation of distributed energy. In this way it Please note, the next World Hydrogen Energy

: ’ ) Conference will take place in Zaragoza
aims to foster research and technological development to integrate (region Aragon in Spain) in 13"™-16"June 2016.

energy from regenerative sources. We have already reported in More information may be found under:
previous newsletters about the ELYGRID and the HyUnder Project.
The foundation has been involved in the development of these and
various other hydrogen-related projects.
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http://www.nrel.gov/docs/fy15osti/62518.pdf
http://www.nrel.gov/docs/fy13osti/51995.pdf
http://hidrogenoaragon.org/en/
http://www.whec2016.com/

SoCALGAS LAUNCHES FIRST POWER-TO-GAS PROJECT IN U.S.

Southern California Gas Company (SoCalGas) has joined with the Energy Department's National Renewable Energy
Laboratory (NREL) and the National Fuel Cell Research Center (NECRC) to launch demonstration projects to create and
test a carbon-free, power-to-gas system for the first time ever in the U.S.

Located at the NFCRC at the University of California, Irvine, and NREL's laboratories in Golden, Colorado, the power-to-
gas demonstrations will also assess the feasibility and potential benefits of using the natural gas pipeline system to store
photovoltaic and wind-produced energy.

California is expected to produce 33% of its electricity from renewable sources within five years, and new state energy
goals call for increasing that level to 50% by 2030. As the amount of power produced from renewable resources increases,
storing it for later use presents a worldwide challenge.

While much attention has been focused on developing batteries to store excess energy, battery capabilities are still limited
to short-term storage and batteries remain expensive. Power-to-gas offers longer term storage capacity and cost-effective
use of existing natural gas infrastructure to potentially create the world's largest storage technology. In addition, power-to-
gas storage can conserve the significant amount of energy currently wasted when renewable production exceeds
consumption.

SoCalGas' power-to-gas project is expected to provide valuable data on the
dynamics of hydrogen production in a system with excess renewable electricity, Source:
including the feasibility and potential benefits of using the natural gas pipeline
system to store photovoltaic and wind-produced energy. Initial project results are
expected by year end 2015.

SELECTION OF APPOINTMENTS

(FOCUS ON THE COMBINATION OF HYDROGEN AND NATURAL GAS)
CURRENT PARTNERS

++ Alliander ++DEA Deutsche Erdoel AG ++
DGC ++ DNV-GL Oil & Gas ++ E.ON Tech-
nologies (Ratcliffe) limited ++ Enagas ++
Energiforsk ++ Energinet ++ ETIC ++ EWE
AG ++ Gasnatural ++ Gasunie ++ Gasum OY
++ GDF SUEZ ++ grzi ++ GRTgaz ++

++ XIV International Congress of Mexican Hydrogen Society
(30. September - 04. October 2015, Cancun)

++ WHTC2015 - World Hydrogen Technologies Convention
(11. - 14. October 2015, Sydney)

Infraserv GmbH & Co. Hoéchst KG ++
ITM-Power ++ KOGAS ++ NAFTA a.s ++
OGE ++ OVGW ++ RAG Rohél-Aufsuchungs
Aktiengesellschaft ++ RWE Deutschland ++
Shell ++ Solar Turbines Europe S.A. ++
SVGW ++ Synergrid ++ Verband der
Chemischen Industrie ++ Volkswagen AG ++

++ World of Energy Solutions
(12. - 14. October 2015, Stuttgart)

++ ICHS - International Conference on Hydrogen Safety
(19. - 21. October 2015, Yokohama)

++ gat2015 - Leading Congress Gas
(26. - 28. October 2015, Essen)

++ 15" |ERE Meeting - International Energy Systems in Transition
(11. - 13. November 2015, Berlin)

INTERESTS AND WISHES

Please let us know if you have special

++ 6" dena energy efficiency congress
(16. - 17.11. November 2015)

++ 31 Zing Hydrogen & Fuell Cells Conference
(17. - 20. November 2015, Cancun)

++ cCarTec 2015
(20. - 22. November 2015, Munich)
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interests/wishes for the next newsletter. We
look forward to your feedback and aim to
provide quality information that is actually
needed and wanted to answer the hydrogen
core topics.
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http://www.socalgas.com
http://www.nrel.gov/
http://www.nfcrc.uci.edu
http://smhinternacional.itcancun.com/index.php?opcion=1&pie=1200
http://www.whtc2015.com/
http://www.world-of-energy-solutions.de/de/
http://www.ichs2015.com/
http://www.gat-kongress.de/
http://iere-forum-berlin.com/
http://www.dena-kongress.de/
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http://www.ecartec.com/?lang=de
http://sempra.mediaroom.com/index.php?s=19080&item=137032
http://sempra.mediaroom.com/index.php?s=19080&item=137032

SUMMARY OF THE 2" HIPS-NET WORKSHOP | 23"/24™ JuNE 2015

REVIEW OF CURRENT POWER-TO-GAS PROJECTS | DR JOHN NEWTON (ITM PoweR | U.K))

Recommends the EU report ,Commericalisation of Energy Storage in Europe*

(Remark HIPS-NET team: Summary is included in this newsletter, see page 2 - 3)

Thiiga Project

— Fully integrated PEM electrolyser for Mainova AG in Frankfurt, developed with
Thiga

— Decision currently being made whether to develop the project further or hand
over to Thuga partners

RWE Project - Ibbenbiihren

— More advanced PEM electrolyser than Thiiga project (downsized components, higher current density per-
mits higher output per stack)

— Factory and site-acceptance testing are complete. More information is available after the commissioning on
17" August 2015.

— Hydrogen to be injected into the regional transmission system without compression
Power-to-Gas in the UK — EMEC - Orkney

— Electrolyser with storage
— Integrated system for tidal energy

— Project will run without connection to the national electricity grid
Power-to-Methane in the UK

— Government-funded feasibility study currently in process

HYDROGEN AND PTG IN FINLAND | ARI SUOMILAMMI (GASUM | FINLAND)

Project presentation of hydrogen production for industrial use in Joutseno
— Max 3,500 m?h pure H,
— Feasibility completed for 5 km pipeline with compressors
Woikoski plant
— Largest P2H; facility in Europe producing hydrogen from water by electrolysis.
It will also produce ultra-pure oxygen simultaneously.
— 3 x 3 MW pressurized alkaline electrolysis
— Industrial use of H, in cobalt reduction process
Neo Carbon Energy Project
— 2014-2019 14m Euro
Draws attention to Directives 98/70/EC and 2009/28/EC re-definition of renewable liquid and gaseous fuels of
non-biological origin
CO;, from Pulp Mills as resource for production of CH,4
— Estimated 70-80 TWh CH,4 can be produced — enough to cover the gas needs of Finland and the Baltics
— Half of Finnish pulp mills already connected to gas network
Case Study UPM Kaukas Mill
CH, production is profitable today for transportation use if electrolyser provides grid services for the electricity
transmission system operator

PT

G - 2 STUDIES FROM SWEDEN | JONAS DAHL (ENERGIFORSK | SWEDEN)

Energiforsk is a new company — SGC, Varmeforsk, Fjarrsyn and Elforsk

are part of Energiforsk

Nuclear plants replacement starts 2025 (not economical) — Wind energy

intended to play a bigger role

Fossil-free transports envisaged by 2030 — liquid and gas biofuels

to play a bigger role

Gas grid in Sweden requires significant development

Presentation of two studies concerning PtG in Sweden — Both available for free download (Continued on page 8)
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o 1% Locational Study — Power to Gas
— Investigating conditions suitable for building a first demo and possible commercial size PtG plant in Sweden

— Findings: Either in the north (Pitea — close to a biofuels research centre) or in the south (good connections
to wind energy generation, existing filling stations); and more.
« 2" Study of Hydrogen as Fuel in Gas Turbines

— Continuation of previous research by Siemens
— Analysis of the effect on gas turbines of adding hydrogen to natural gas (flammability, flame velocity etc)

— Findings: H, promotes the flammability and velocity of methane (depending on other gases present);
Kinetic modelling appropriate at 1 atm; and more.

RESULTS AND STATUS OF THREE DANISH PROJECTS WITH HYDROGEN | JESPER BRUUN
(ENERGINET.DE | DENMARK)

o 1% Project: Renewable Energy Storage for the Future

— Analysis of the potential of hydrogen injection into the Danish grid and technical
barriers

— Phase 1: Gas system and appliance suitability for hydrogen (almost finished)
— Phase 2: Design of demonstration project - small grid system (underway)

— Phase 3: Demonstration of the operation of gas networks with hydrogen (currently
on hold due to cost issues)
o 2" Project: Field Test of Hydrogen in the Natural Gas Grid

Intended to explore feasibility of hydrogen transport using the natural gas grid

Stand-alone miniature gas grid built
— Mostly positive results — limited leakage in steel pipes

X70 steel natural gas transmission pipeline test and analysis

Intended to explore fatigue limits and fatigue life of existing pipes when used for H,-admixture transport

Welds showed no recognizable damage from the hydrogen

— Report (in English) may be downloaded from DGC homepage
o 3" Project: Hydrogen Injected into the Gas Grid via Electrolysis Field Test

— Two year project to analyse the costs and solutions for upgrading the existing gas grid to support hydrogen
admixtures

— Key components in the project is two old meter and regulator stations that will be a part of the test loop

Varied amounts of hydrogen up to 15% envisaged

Intended to provide public guideline for handling of grid upgrade

— Project partners are: Energinet.dk, Dong Energy, IRD and Danish Gas Technology centre.

« The 2™ and the 3" project have been presented at the 23. World Gas Conference in Amsterdam 2006: Field
Test of Hydrogen in the Natural Gas Grid. Henrik Iskov, Jan Jensen and at the World Hydrogen Energy Confer-
ence 2010: WHEC 2010, Essen: Poster Session Title/No. HI.1 Hydrogen Distribution Technologies Field test of
hydrogen in the natural gas grid. Henrik Iskov, Mats Backman, Hans Peter Nielsen.
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STANDARDISATION: ACTIVITIES OF SFEM WG HYDROGEN | FRANCOISE DE JONG
(NEN | NETHERLANDS)

«  Working group created to provide:
— CEN/BT and CENELEC/BT with concrete proposals concerning standardization
— EC and concerned stakeholder with R&D and innovation in this field
e  One main topic of the WG
— WG Scope of Work: Mapping standardization initiatives and needs, preparing a
roadmap strategy and list of priorities, liaise with ISO, IEA, FCH-JU, CEN, IEC TCs, ...
— Mapping RDI needs: Strengthen cooperation between regulatory work, standardisation
and RDI programs
e 60 parties have expressed an interest to follow/actively participate including members of CEN/CENELEC, EC
(JRC, ENER, RTD, GROW), Fuel Cells and Hydrogen Joint Undertaking, research institutes, consumer repre-
sentatives and industry experts

HYREADY PROJECT | ONNO FLORISSON (DNV GL | NETHERLANDS )

e Goals of the HYREADY project:

— Develop a set of engineering guidelines at both system level and component level for
TSOs and DSOs to help them prepare their networks for hydrogen injection (both pure,
and as an admixture to NG)

— Analyse the natural gas grid from high-pressure transmission grid up to distribution grid
and including industrial and domestic end-user appliances

— Create guidelines to forecast effects of hydrogen injection and offer solutions for
negative consequences

e  Further partners are welcome. The project hasn’t commenced yet.

POWER-TO-GAs IN EU ENERGY PoLICY | JYRI YLKANEN
(EUROPEAN COMMISSION DIRECTORATE GENERAL FOR ENERGY)

o Expressed an interest in integrating hydrogen into energy policy — important geopolitical as well as technologi-
cal consequences

o List of key activities relevant to PtG, e.g. new market design for the electricity market (consultation ongoing),
alternative fuels, etc.

e  Steps/activities to create an Energy Union, e.g. European Councils conclusions on the Energy Union , report on
state of the energy union expected by the end of 2015, etc.

e Forecast for energy system investment needs presented (estimation of over €1 trillion investment needs in the
electricity and gas sector between 2010-2020). Incentives for low-carbon technologies through government
subsidies seem to be insufficient. EU funding for sustainable energy between 2014-2020:

— EU Cohesion Policy to allocate €38 billion (estimate) to energy efficiency, renewable energy, smart grids,
and urban mobility

— Horizon 2020 to allocate €5.4 billion to research and innovation in “secure clean and efficient ener-
gy” (growing increasingly open to possibility of hydrogen and natural gas mix)

— Connecting Europe Facility to allocate €5 billion to investments in TEN-E Infrastructure of highest European
added value

— European Structural Investment Funds, European Agricultural Fund for Rural Development, European
Maritime and Fisheries Fund, European Social Fund, Life+, COSME and EEEF may also be sources

“Juncker Plan” European Fund for Strategic Investments to mobilise at least €315 billion in additional

investment

e Various regulatory and policy topics - electricity and gas — presented. PtG one possible flexibility option de-
pending on the market situation.

¢ Reluctance towards regulatory changes regarding acceptable hydrogen levels as this may lead to high
investment costs in parts of the EU (certain issues need to be addressed e.g. gas quality, standards, etc.)
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ORGANISATIONAL ASPECTS OF THE HIPS-NET | GERT MULLER-SYRING
(DBI GUT | GERMANY)

e Overview of partners in HIPS-NET project — NAFTA a.s. (Slovakia) and GDF Suez
(France) joined HIPS-NET. A stable number of 30 organisations form our network.

o HIPS-NET website planned (depending on additional budget; not yet available) - exact
design (independent or attached to the DBl homepage) has not yet been decided.
Intended to include a public area with general information, as well as a secure area with
newsletters, links and publications solely for HIPS-NET partners.

e  Overview of current projects
— CNG Tank project update provided
— Project to identify the number and distribution of sensitive elements in gas

infrastructure (turbines, chemical plants etc.) provided
— Updated map of European PtG projects to be created

Identification of open issues on safety (e.g. defining ex-zones)
o Working plan for 3 year (Oct15-Sep16) presented.
o Annual workshop scheduled for 22" 23" June 2016. Please save the date.

A METHODOLOGY FOR UNDERSTANDING SOCIAL STAKES OF NEW ENERGIES |
JAcQUEs DuBoOST (GDF SUEz | FRANCE)

e CRIGEN (Research and Innovation Centre in Gas and New Energies) project Energy
and Society utilises the following approach to evaluate social acceptance of new
energies:
— Use of sociological competencies (sociology of science and technology, urban
sociology, sociology of consumption etc.)
— Sociotechnical controversy — empirical research to gather data (often using new
media) concerning developing attitudes to new concepts (in this case non-
conventional energies)
e Application of Energy and Society to GRHYD
— Analysis of levers and obstacles towards social acceptance of hydrogen and natural gas energy
— Sociological research of attitudes to hydrogen energy in the areas of Dunkerque and Capelle-la-Grande,
e.g. by questionnaire-based research
— First results indicate local uncertainty towards the siting of electrolyser technology in Cappelle-la-Grande.

STUDY ON THE USE OF PTG TECHNOLOGY TO SUPPORT THE 110KV ELECTRICITY
DiISTRIBUTION NETWORK | GERT MULLER-SYRING (DBl GUT | GERMANY)

e Goal of study: Evaluation of separate and integrated planning of electricity and gas
networks by cost comparison based on a target network planning in Emsland (Germany)

— Methodology: Economic framework with three base years - 2023, 2033 and 2050
— Simulation and test network (High Voltage Network - Emsland, Germany)
o Capacity analysis - gas network: Results indicate potential for PtG facilities to unburden the electricity network
e  Economic evaluation of PtG technology
— PtG facilities generate income through avoidance of network expansion, fuel
production and an optimized balance area
— Small-scale PtG facilities can become economical at 520 €/kW
— PtG facilities are generally less economical than expansion using cutting-edge technologies (overhead line
monitoring, heat-resistant aluminium)
— At unit prices of 1,400 €/kW, the utilization of small-scale PtG facilities is more economical than network
expansion with buried cable on all three network levels (low-, medium-, and high-voltage)
— Network integration elements in lower voltage levels with grid-orientated operation scheme significantly
reduce the necessity to expand the network at higher voltage levels
e Results suggest the integration of electricity at the lowest possible levels.
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POWER-TO-GAS PROJECTS, BUSINESS MODELS AND RELATED REGULATORY ASPECTS |
GREGOR WALDSTEIN (ETOGAS | GERMANY)

e  Supplier for turnkey hardware for power-to-gas and power-to-methane projects,
including related consulting and services.

e  Supplier in charge of design, installation and ramp-up for the world’s largest
power-to-methane project (6.3 MW Audi e-gas Plant in Werlte, Germany)

— Completed in June 2013 (in operation since end of 2013)
— Plant combines electrolysis and methanation using CO, from a biogas
upgrading plant
— Delivers methane to the local gas network (“e-gas”)
— Measured data shows dynamic operation of e-gas production (quick response)
e  Cooperation with Audi to introduce the new A3 g-tron carbon-neutral car
— Utilizes renewable CNG e-gas (950 designated fuelling stations across Germany)
— Produces significantly lower cradle-to-the-grave emissions than other fuel options

— Audi calculation argues that A3 g-tron with e-gas costs no more than a standard petrol-powered A3. Use of
non-renewable CNG is, however, more cost-efficient.
Regulatory Requirements:
— Implement advanced biofuels regulation on a national level to create attractive sales opportunities for low
GHG-emissions fuels like hydrogen and methane

—  Support demand conforming delivery from renewable asset portfolios
— Allow exploiting revenue potentials outside the power sector

UNDERGROUND SUN STORAGE — PROJECT UPDATE | STEFAN BAUER (RAG | AUSTRIA)

e Project: Chemical storage of renewable energy in porous subsurface reservoirs
with exemplary in-situ field
experiment including Research effects of hydrogen/methane (up to 10% hydrogen)
to demonstrate capability to store renewable energies via synthetic gases.
e Intermediate Laboratory Research Results:
— No indication of problems with storage integrity (permeability, formation of H2S,
well completion materials)

—  Microbial activity verified
e Pilot Plant In-situ field experiment

All permits valid

—  Site currently under construction
Commissioning 08/2015 — 09/2015
Operation starting 10/2015

PARTICIPANTS at the HIPS-NET Workshop #2

DBI Gas- und Umwelttechnik, Germany - Gert Miiller-Syring, Janko Konig, Anja Wehling # DEA Deutsche Erdoel AG,
Germany - Dr Kai Schulze # DNV GL, Netherlands - Onno Florisson # DPinchbeck Consultancy Limited, United Kingdom -
Dave Pinchbeck # E.ON New Build & Technology, United Kingdom - Stuart James # Enagas, Spain - Jose Lana Calvo,
Jorge Modrego # Energiforsk, Sweden - Dr Jonas Dahl # Energinet, Denmark - Rune Gjermundbo, Jesper Bruun #
ETOGAS GmbH, Germany - Gregor Waldstein # European Commission Directorate-General for Energy - Jyri Ylkanen #
EWE AG, Germany - Thomas Gotze # Gasnatural, Spain - Antoni Julia Sirvent # Gasum OY, Finland - Ari Suomilammi #
GERG, Belgium - Robert Judd # GDF SUEZ, France - Jacques Dubost # GRTgaz, France - Christian Copin # Infraserv
GmbH & Co. Hochst KG, Germany - Dr Heinrich Lienkamp # ITM-Power, United Kingdom - Dr John Newton # NAFTA,
Slovakia - Thomas Ferencz # NEN, Netherlands - Frangoise de Jong # RAG Rohdl-Aufsuchungs-Aktiengesellschaft, Austria
- Stephan Bauer # Solar Turbines Europe S.A., Belgium - Christophe Huth # Synergrid/EANDIS, Belgium - Kevin Sleuyter #
Volkswagen AG, Germany - Juliane Muth
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IMPRESSIONS OF THE HIPS-NET WoORKSHOP #2 BRUSSELS 2015

CoNTACT NOTES

QUESTIONS, NOTES AND ADVICE TO:

Gert Miiller-Syring
Karl-Heine-StralRe 109/111
04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gut.de

Dave Pinchbeck
DPinchbeck Consultancy Limited
Leicestershire, UK

+44 1664 858 329
davepinchbeck@hotmail.com
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

European Gas Technology Conference 2015 12
Sector Forum Energy Management Working Group Hydrogen // 3
Influence of Hydrogen on the Energy Metering and Billing 114

CONTENT GERG Project DOMHYDRO I's

Hydrogen Blending with Natural Gas 16
GERG Project HYGRID 17
Demonstration in Kawasaki /Japan 18
World’s First Community Level Hydrogen Town Project 18

NEWSLETTER #7

“A network leads to
cooperation, cooperation leads to creativity and innovation - this changes the world.“
- Marissa Mayer (CEO Yahoo)

Dear Dear Partners,
Dear Colleagues,

The present 7" volume of the HIPS-NET newsletter provides an overview of the hydrogen-related topics of the leading
European Gas Technology Conference in Vienna in November 2015, recent results of the Sector Forum Energy
Management (SFEM) WG Hydrogen on standardisation issues, and a variety of projects to gain further knowledge on
hydrogen/natural gas blends in pipeline systems.

We furthermore scanned 625 presentations and papers presented during the World Gas Conference in Paris in June 2015.
Even though Hydrogen was not as prominently represented as during the EGATEC 2015 in Vienna, we found interesting
news on Japanese R&D activities with pure hydrogen, and gained an impression on views/approaches there.

HIPS-NET was presented at the EGATEC 2015 by Gert Miller-Syring. To further
increase the visibility of our network, we are working on an easy-to-read but
informative HIPS-NET website and hope to publish it during the 1% quarter of the
coming year. We will come back to you with further information in early 2016. We
believe the website will increase the awareness level of HIPS-NET (mainly for
third-parties) and provide a platform (solely for our partners) to access our
existing internal information.

We hope you will enjoy reading and wish you a merry and peaceful Christmas
. - . . . POWER-TO-GAS - THE INVISIBILITY OF THE
with your loved ones and families. Enjoy the days on vacation with happy and NATURAL GAS GRID (USCHI DREIUCKER - PIXELIO.DE)

light-hearted New Year’s celebrations.

Your HIPS-NET Team

Gert, Dave, Stefan, Anja & Gideon
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EurROPEAN GAS TECHNOLOGY CONFERENCE EGATEC 2015

EGATEC as the leading European Gas Technology Conference, jointly organised by Marcogaz (Technical Association of
the European Natural Gas Industry) and GERG (The European Gas Research Group) as well as OVGW (Austrian
Association for Gas and Water) as the local host, took place from 25" to 26" November 2015 in Vienna, Austria.

This year EGATEC presented new strategies and innovative ideas covering the main topic ,Creating the Gas Revolution®
and attracted more than 250 high level representatives from the European gas industry, delegates from science and
research organizations, international companies and many other stakeholders.

In particular the following main topics were addressed:

For more information on EGATEC 2015
please visit: http://www.egatec2015.com or

e  Strategy for Gas in Europe 2030

e Powerto Gas contact Alexander Schwanzer

e Sources, Supply & Security for Europe (schwanzer@ovgw.at) from OVGW

e Renewable Gas
e Gas in Transport & Mobility in Europe
e Innovative Gas Appliances & Domestic Systems

The Power to Gas session was one of the sessions with the highest density of presentations, clearly showing the
importance of the topic in Europe. Six speakers, moderated by Prof.-Dr. Hartmut Krause (CEO of the DBI group), provided
up to date news to the well-represented audience with focus on:

e  Current DVGW PtG projects in the field of Power to Gas (Dr. Frank Graf, EBI),

e HIPS NET and the need for establishing a European understanding for admissible hydrogen concentrations in the
natural gas system (Gert Miller-Syring, DBI),

e Innovative energy storage - WindGas Hamburg (René Schoof, EGS GmbH),
e HYREADY (Onno Florisson, DNV GL),
e Underground Sun Storage Project (Stephan Bauer, RAG), and

e A novel Power to Gas approach to heat city development areas such as Aspern, Vienna’s Urban lakeside (Helga
Prazak-Reisinger, OMV)

The presentations and the subsequent discussions made clear that Power to Gas plays a crucial role in the future energy
system even though the commercial outlook for the technology is inconsistent. René Schoof reported that the improvement
of the whole plant performance, including the electrolyser, has increased significantly over the last five years from
approximately 60 % up to nearly 75 %. This was possible through intensive R&D and massive demonstration projects that
led to efficient tailor-made concepts, instead of compiling standard components. Furthermore, he made clear that there is
still a huge technological potential that needs to be developed resulting in facilities in a multi-megawatt class in order to be
able to shift/store sufficient energy in the future.

Gert Muller-Syring presented the need to further establish a pan-European understanding of admissible hydrogen
concentrations, the role that standardisation and pre-normative research can play in this context, and what has been
achieved so far by HIPS NET (GERG-Project) and Working Group Hydrogen under the Sector Forum Energy Management
(CEN/CENELEC). In this presentation Gert Miller-Syring also explained the complementary roles of HIPS-NET,
WG Hydrogen and Hyready.

Onno Florisson from DNV-GL introduced the HYREADY initiative that is aiming to provide engineering guidelines to
support TSOs and DSOs to prepare their natural gas systems for the accommodation of hydrogen with acceptable
consequences. This joint industry project is open for further partners.

The latest developments on the Underground Sun Storage project were presented by Stephan Bauer. He emphasised that
the first project phase has shown very promising results, convincing RAG and its partners to enter the second project
phase, where hydrogen with concentrations up to 10 vol% will be injected in a small and isolated underground storage
reservoir.

Further very positive news was presented by Helga Prazak-Reisinger from OMV. OMV has been taking part in a feasibility
study with the City of Vienna, which is active in developing new city districts such as Aspern. It was shown that Power to
Gas and the use of natural gas hydrogen mixtures with shares of 60 vol% hydrogen in a local grid, as well as provision of
4 vol% of hydrogen to existing customers, can be an economically feasible option to supply heat to city districts when this
option is properly integrated in the development phase.
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SECTOR FORUM ENERGY MANAGEMENT WORKING GROUP HYDROGEN

The Working Group Hydrogen was established following the outcome of the workshop 'Putting Science into Standards:
Power-to-Hydrogen and HCNG' held at the JRC in Petten in October 2014 (we reported in HIPS-NET Newsletter #4 page
6). In consideration of the strong interest and real needs from industry that were expressed at the workshop, a CEN/
CENELEC Working Group (WG) on Hydrogen under the Sector Forum Energy Management (SFEM) was approved by the
CEN/CENELEC technical board in December 2014 with the task to provide concrete proposals on the way forward to
address research and standardisation needs in this emerging field. The scope of work included a mapping of hydrogen-
energy-related issues and challenges, as well as of existing standardisation initiatives, needs and gaps in a holistic
manner.

e The main objective of the SFEM/WG Hydrogen was to perform an analysis of the state of the art of technology and
standardisation and a gap analysis on the main barriers including challenges and needs.

e A second objective was to establish contact with key stakeholders from gas sector, grids, electric supply, mobility,
the EC services and the Fuel Cells and Hydrogen Joint Undertaking (FCH JU) to perform the work in the most
effective way and to have broad support from the stakeholders for identifying the key challenges.

e The final objective was to set a long term collaborative framework (liaison) with major bodies in order to strengthen
cooperation between regulatory work, standardisation work and RDI programs (e.g. European Commission, JRC,
FCH2 JU, IEA, ISO, IEC).

The scope (see figure) of the working group
covered the production of hydrogen through
electrolysis and the transportation, distribution
and usage of hydrogen in pure form or as a
natural gas dominant mixture (H2NG). In
addition, actions in cross-cutting fields such as
safety and training of personnel were identified.
Five Task Forces have been formed mainly
around the interfaces of the power-to-hydrogen
related technologies (electricity grid, natural gas
grid, hydrogen infrastructure). Francoise de
Jong (NEN/Netherlands) gave an overview of
the work and the structure during the HIPS-NET
Workshop in Brussels in June this year.

A final report has been prepared, which will be
submitted to the CEN/CENELEC board shortly
and made publicly available following approval.

Results ScoPE OF THE TASK FORCES | SOURCE: FINAL REPORT CEN - CENELEC SEc-

Priority challenges have been identified for the TOR FORUM ENERGY MANAGEMENT/ WORKING GROUP HYDROGEN
various technical areas and recommendations have been given on proposed actions and means of implementation. The
actions have been visualised in a roadmap in which actions are prioritised, and indicated with the required timespan.
Technical gaps have been identified for new operational modes of electrolysers, which call for advances in technology
related to safety and performance (e.g. partial load, intermittent operation and fast response). Interconnection standards to

allow physical connection and communication between electrolysers and the grid control systems are needed.

Key challenges and early topics for standardisation related to the injection of hydrogen into the natural gas grid have been
identified. Establishing a European understanding of an acceptable hydrogen concentration in the natural gas system is
seen as an overarching theme, which first requires filling a number of knowledge gaps. Pre normative research (PNR) and
standardisation challenges and needs related to the hydrogen system and the use of pure hydrogen have been analysed.

Hydrogen will have the highest value when used in the mobility sector, therefore the technology can be best supported by
first focusing on the issues related to the refuelling infrastructure, which is currently being rolled out across Europe.

The cross-cutting items were also addressed such as safety
For further information please contact Eveline (H2NG and hydrogen system), the related technical topics
Weidner (JRC) or Gert Miller-Syring (DBI). We will (metrology monitoring and testing), regulation/legislation,
certification, and societal aspects. The key items identified for
PNR and standardization actions were safety related topics,
certification (Guarantee of Origin) and training of personnel.

share findings of the SFEM/WG Hydrogen summa-
rised in the final report after publication in one of the
upcoming newsletters.

Follow-up activities will include a dedicated workshop next year.
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INFLUENCE OF HYDROGEN ON THE ENERGY METERING AND BILLING (1/2)

The HIPS-NET Newsletter #2 briefly introduced the work packages of the DVGW project G3-02-12, especially the work
packages ,Metering of Gas Quality“ and ,Metering of Hydrogen by Volume®. The results of the study performed by a team
with interdisciplinary background of E.ON Technologies GmbH, DBI GUT GmbH, and Ruhr University Bochum are now
available.

Metering of Hydrogen by Volume

The figure below shows the results of the survey among manufacturers of gas meters (GM) by volume. All gas meters are
suitable for 10 vol% hydrogen in natural gas and did not show any concerns regarding safety and installed material. One
third of the gas meters can be used for hydrogen concentrations of up to 100 vol%. Another third is suitable for 100 vol%
with limitations, e.g. smaller range of measurement, larger minimum flow and higher operating pressure.

Since 2015 the National Metrology
Institute of Germany (PTB Physikalisch
-Technische Bundesanstalt) does not
require a separate approval of gas
meters for custody transfer
measurement of natural gas with
admixtures of up to 5 vol% hydrogen.
For the future, gas meter
manufacturers will have to state the
range of the suitable hydrogen content.

Reconstruction of Heating Value in
Gas Transmission Grids

The heating value in the high-pressure
network is mainly determined by
heating value reconstruction systems
based on calculations. If there is more
than 0.2 vol% hydrogen in the natural
gas, hydrogen has to be determined by
a process gas chromatograph (PGC).
More than 500 PGCs in the German
gas network are unable to detect
hydrogen, of which only 10 % can be

refitted for the new application. The
FINAL PROJECT REPORT | SOURCE: DVGW — FORSCHUNG APRIL 2014 others have to be replaced by new

acquisitions, which will cost more than
€55 million, according to initial estimates. This amount should be revised because many installed PGCs are old and have
to be substituted in the course of regular maintenance.

In general, PGCs are stable and sealed for the examined hydrogen concentrations and pressures. PGCs that can detect
5 vol% hydrogen for custody transfer measurement are available on the market. PGCs approved for hydrogen
concentrations of up to 25 vol% using the carrier gas helium and argon will be launched shortly.

In addition to new PGCs, the volume correctors (in Germany more than 3,300 devices) and the software for reconstruction
of heating value have to be expanded to consider hydrogen as a parameter.

Reconstruction of Heating Value in Gas Distribution Grids

Transmission grid operators often use software for the reconstruction of the heating value, in distribution grids, however,
the software calculations are not accurate enough as soon as hydrogen is added (due to insufficient measurements of the
gas flow at the exit points). The technical standard DVGW G 685 only allows a deviation of up to 2 % for billing of end
customers with reconstruction devices. In most cases of hydrogen injection the standard calculation approach of these
devices is not able to satisfy the G 685.
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INFLUENCE OF HYDROGEN ON THE ENERGY METERING AND BILLING (2/2)

E.ON developed the program “SmartSim” to solve this problem. “SmartSim” calculates the heating value for each exit point

based on the past consumption data and the current ambient temperature. The field test proved that the reconstructed

heating value by calculation matches the real value for 5 vol% hydrogen

in natural gas. The developed software may therefore be deployed for Please contact the HIPS-NET Team for fur-

billing because it meets the requirements of the technical standard ther information. The results are only availa-

G 685. ble in German: http://www.dvgw-
innovation.de/die-projekte/archiv/

The study furthermore analysed limitations of the compressibility factor FREWEe[EMEES e/

calculation for hydrogen and natural gas blends.

GERG PRoJECT DOMHYDRO | HYDROGEN TOLERANCE OF DOMESTIC GAS
APPLIANCES (1/2)

The GERG Project DOMHYDRO gathers insights in performance, emissions, efficiency, durability, and safety of domestic
gas appliances when natural gas is blended with hydrogen. The project assesses new and existing appliances covered by
the Gas Appliance Directive (GAD) under varying concentrations of hydrogen admixture. The project partners Kiwa, E.ON
Technologies, DVGW-Forschungsstelle at the Engler-Bunte-Institute (DVGW-EBI), and Gas- und Warme-Institute (GWI)
intend to foster future decision making concerning permissible hydrogen concentrations in natural gas systems on a
technical basis.

The work packages of the partners DVGW-EBI and GWI comprise literature, research, simulations of flames, and
laboratory experiments to prepare and support the field test as follows:
Detailed assessment of the impact of hydrogen admixture on flame properties.

2. Assessment of effects of the hydrogen admixture on methods for advanced combustion controls in domestic
appliances.

3. Determination of hydrogen concentration limits for admixture to natural gas for domestic appliances.
4. Impact of hydrogen on micro cogeneration units (micro-CHP).

Intermediate laboratory results did not show any indication for relevant impacts, regarding safety, performance and
emissions, when blending up to 10 vol% hydrogen to natural gas. The currently available results support the realisation of
a successful field test with hydrogen blending of up to 10 vol% to natural gas in northern Germany carried out by DVGW-
EBI and E.ON (see HYGRID Project).

A short overview of selected project results is given here:

Results of hydrogen admixture Simplified Calorific Value/Wobbe Index Chart with H,-concentrations in vol%
and combustion control

The experiments did not show any
detrimental effects on combustion
control even with concentrations up
to 55 vol% hydrogen (slightly
warmer burner surface in a
condensing boiler, shrinking
maximum performance due to lower
heating value).

Results of hydrogen admixture on
micro-CHP

The testing on stirling engines did
not show any negative effects on the
running performance up to a
concentration of 45 vol% hydrogen.
The emissions of CO and NOx were Wobbe Index /kWh/m?, ,
reduced by hydrogen admixture. The
ignition behaviour did not cause any

problems up to 30 vol% for warm DETERMINATION OF THE HYDROGEN TOLERANCE OF GAS APPLIANCES | SOURCE: PRESEN-
and cold starts (down to -15 °C) TATION OF DORR/BURMEISTER SEPTEMBER 2015 IN ESSEN/GERMANY

Gross Calorific Value /kWh/m?
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GERG PRoJECT DOMHYDRO | HYDROGEN TOLERANCE OF DOMESTIC GAS
APPLIANCES (2/2)

Results of hydrogen admixture on gas metering devices

The tested gas metering devices based on three different metering principles (commercial models currently in operation in
domestic homes) show deviations of up to 20 % upon an admixture of
14 vol% hydrogen. This is mainly due to the impact of hydrogen on

Please contact Dr. Holger Dorr . sound-propagation velocity, thermal conductivity, and thermal capacity
(doerr@dvgw-ebi.de) or Frank Burmeister of the natural gas-hydrogen blends.

(burmeister@gwi-essen.de) for further infor-
mation.

The project results from Kiwa and E.ON Technology are not yet
available and will be presented in one of the upcoming newsletters.

HYDROGEN BLENDING WITH NATURAL GAS — INTEGRITY AND COMPATIBILITY
OF PIPELINE COMPONENTS

The Gas Technology Institute (GTI) in Chicago is currently undertaking
further research on the potential levels of hydrogen blending. Their FRELNSIUCIEERERTIERTERDTEECl N FaY]
research is based on a previous report from the National Renewable AL infom:ation was gathered by:
Energy Lab (NREL, Colorado) titled “Blending hydrogen into the existing [tessarirtibaah g Sl LR RN
natural gas pipeline networks”, March, 2013 (see also HIPS-NET

Natural Gas — Increasing the Relevance of

Pipelines in Renewable Energy Planning”,
Newsletter #6 page 5). The GTI assesses by extensive laboratory RUVCH e REE N ®fe)oii=1g= s o=t mrz (o bIa (= P40k 55

testing

e the material integrity of various non-metallic pipeline materials, fusion connections, elastomer couplings and welds,
thus the compatibility of the pipeline system and

e the integrity of defective welds joining low strength carbon steel pipe

by exposing components to a 5 % hydrogen blend. In the next step
system upgrades are evaluated to determine which would be needed
to reduce the risks of a 5 % hydrogen blend.

For testing non-metallic pipeline materials a “custom test rig was
designed and constructed to test the effect of hydrogen permeation
on the ductile strength and Slow Crack Growth (SCG) by Rate
Process Method (RPM) hydrostatic pressure testing”. The result was
that “for both Ductile & SCG the material performs within original

LABORATORY GTI material prediction limits”.

The fusion connections (PE 2406 saddle fusions) were connected to a pipe that was unexposed and a pipe “that was fully
saturated with either baseline or hydrogen-blended gas”. As a result the exposed fusion connections were not negatively
impacted. The leakage and ignition

characteristics of a 5% hydrogen blending were

within statistical tolerances. The leakage rate of a

5% hydrogen blended gas through elastomer

couplings is not different from the leakage rate of

methane. The study shows that “due to the

required flow increase of hydrogen, mechanical

limitations of in-place meters will probably

necessitate replacement with similar but larger

capacity meters”.

The embrittlement of steel pipelines is an area of
concern, where further research is needed.

The table right presents a summary of the
laboratory testing. The green-marked items are
unproblematic, red-marked items are areas of

concern. The short term and long term testing is SOURCE: EDDIE JOHNSTON | GAS TECHNOLOGY INSTITUTE

on-going.
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GERG PROJECT HYGRID - PRACTICAL EXPERIENCE OF HYDROGEN FEED-IN
TO A NATURAL GAS DISTRIBUTION NETWORK

E.ON Technologies,

consumer appliances in a field test under real
hydrogen was phased to 2, 3, 4, 6.5 and 9 vol%.

were previously presented in October 2014 in the 3™ HIPS-NET Newsletter.

Gas distribution network Klanxbiill/
Neukirchen

Year of construction 1997
Pressure (gas pres- 40 - 60 bar
sure regulation sta-

tion)

Pressure (distribution | 500 mbar
network)

Length ca. 18 km
Injection point (entry 1

point)

Odorant Odor-S-Free

Structure of consumption
Gas consumption max. 170 Nm%h

calorific value (project | 12.2 kWh/m?
duration)

Wobbe-Index (project | 15.2 kWh/m?
duration)

Inhabitans Klanxbdll/ | ca. 2,000
Neukirchen

Consumer 177

Year of construction 1951 — 1985

of the buildings

Building type Predominantly sin-

Commercial clients
Natural-gas filling
station

CHARACTERISTICS OF THE GAS DISTRIBUTION NET-
WORK KLANXBULL/NEUKIRCH

The results of the project confirmed that the gas
quality met the requirements of the German gas
quality standard (DVGW
G 260, G 262) at all times. As such, the
characteristics of the distributed gas complied
with the given tolerances of the combustion
characteristics (e.g. Wobbe index, calorific
value and relative density) and a single-digit
hydrogen concentration (below 10 vol%). In the
whole field test no hydrogen induced problems
were noticed for any installed appliances, no
negative influences to the specific CO-
emissions were observed. During the whole test
process all requirements from the German gas
quality standards were fulfilled.

Hotel, Restaurant
None

NEWSLETTER # 7 DECEMBER 2015

in collaboration with HanseWerk AG, Schleswig
Holstein Netz AG and Engler-Bunte-Institute (DVGW-EBI), have completed a
study of the technical feasibility of hydrogen feed-in to an existing natural gas
distribution network. The focus is on the investigation of today’'s gas

The results are only available in Ger-
man.

Source: “Praxiserfahrungen mit der
Wasserstoffeinspeisung in ein Erdgas-
verteilnetz”, http://www.energie-wasser-
praxis.de/fileadmin/Bilder/
ewp/10_2015/
Nitschke_Kowsky_ewp_1015.pdf

conditions. The feed-in of
First results (up to 4 vol%)

The distribution network
Klanxbull/Neukirchen
(Schleswig Holstein) was
selected as the testing
site. The essential
characteristics of the grid
are given in Table (left).

Authors:

Dr. Petra Nitschke-Kowsky and
Dipl.-Ing. Werner Wefing (E.ON Tech-
nologies)

Dr. Holger Dérr and

Dipl.-Ing. (FH) Kerstin Kroger (DVGW-
EBI)

The hydrogen injection
unit was installed next to the gas pressure regulator station and a new
measuring and billing concept was developed in close cooperation with
the German calibration authority. For measurement purposes, new gas
flow meters suitable for hydrogen were installed at the gas pressure
regulator station.

Previous to the field test, 39 appliances were tested under laboratory
conditions and up to a hydrogen level of 30 vol% as part of the linked
project HYGRID (see previous article in this newsletter). Before the start
of the hydrogen injection process, all gas home appliances were
registered and measured by the project partners. The registered
appliances show a wide spread with regard to model, age and
manufacturer (see figure 2 below).

More than 30 representative appliances were selected based on their
type and age and underwent periodical re-measurements for control and
analysis during the increasing hydrogen injection. CO, and O,, for
calculation of the air factor as well as emissions of CO, temperatures of
combustion air and exhaust gas were measured. Additionally installers
and customers are invited to give information in case of any
disturbances. The appliances were only analysed if owners or installers
reported malfunctions.

INSTALLED GAS HOME APPLIANCE IN THE TEST AREA (TYPE AND AGE)

i

COPYRIGHT 2015 | © DBI GAS- UND UMWELTTECHNIK GMBH | ALL RIGHTS RESERVED



RENEWABLES AND HYDROGEN-BASED OFF-GRID ENERGY SUPPLY SYSTEM
DEMONSTRATION IN KAWASAKI /JAPAN

Toshiba, in cooperation with
Kawasaki  City/Japan, is
currently running a
demonstration testing of an
off-the-grid energy supply
system utilising renewable
energy and hydrogen. The
stand-alone energy supply
photovoltaics, storage

batteries, hydrogen-producing water electrolysis equipment, fuel cells, and other equipment. The testing began in April
2015 and will continue until 2020.

The system is located in a designated emergency evacuation area, the
http://www.japanfs.org/en/news/archives/ installed system will be able to provide an estimated 300 evacuees with
news_id035164.html; http:// electricity and hot water for about one week, even if lifelines are cut due
to a disaster. Under normal circumstances, the system's energy
management system will be used to shift and reduce peak power
demand.

www.toshiba.co.jp/about/press/2015_04/
pr2001.htm

WOoORLD’S FIRST COMMUNITY LEVEL HYDROGEN TOWN PROJECT IN
KITAKYUSHU/JAPAN (1/2)

The Kitakyushu Hydrogen Town project ran from 2011 to 2014 performed by the Research Association of Hydrogen
Supply/Utilization Technology (HySUT). The project supplied odor-mixed hydrogen to neighbouring housing complexes,
single-family homes, commercial complexes and public facilities via pipelines. The hydrogen source was the local steel
industry (by-product). The project verified the test operations of hydrogen fuel cells at homes and businesses, and an
electric power supply system by interoperation among the fuel cells, solar power generation and secondary batteries.

Pipeline Characteristics

The selected hydrogen pipeline had the following characteristics:

Material SGP carbon steel pipe for ordinary piping (JIS G3452)

Outer diameter 100A (114.3mm), 50A (60.5mm), 25A (34mm)

Thickness 100A-4.5mm, 50A-3.8mm, 25A-3.2mm

Coating Polyethylene coating (outside). 100A pipes are coated also inside.
Fitting Welded

The selected material SGP was compared with STPG (carbon steel pipe for pressure service), and polyethylene. All three
materials are reported to be hardly embrittled by hydrogen in “The Study of Hydrogen Supply System Safety
Technology” (2005-2007; by METI). SGP has a tensile strength of more than 290 N/mm? and, in the end, the better
price-performance ratio.

Odorising of Hydrogen Gas

According to the Japanese Gas Business Act, the odorised gas shall be perceptible at a concentration of 0.1vol% in the
air. The project partners evaluated five different odorants: cyclohexene, cyclohexene/TBM (tertiary-buthylmercaptan),
TBM/DMS (dimethyl sulfide), TBM/THT (tetrahydro thiophene), and THT and finally decided to add cyclohexene

(perceptible at 0.05 vol%). The odorant leads to slight cell voltage drops in fuel cells during short term tests. The effect of
long term exposure has to be tested and evaluated.

Metering

Out of eight different volume metering devices, three were selected and installed and being used for billing purposes (see
table next side)
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http://www.meti.go.jp/english/

WOoORLD’S FIRST COMMUNITY LEVEL HYDROGEN TOWN PROJECT IN
KITAKYUSHU/JAPAN (2/2)

Metering

Out of eight different volume metering
devices, three were selected and
installed and being used for billing
purposes (see table left)

According to the Japan Times, Japan
plans to have 100 hydrogen stations
running in 2015 and 1,000 by 2025.
HySUT owns 12 hydrogen stations in
Japan. These stations are used for
demonstration and R&D. Tokyo Gas
presented the following figure at the
World Gas Conference 2015.

SouRCE: HYSUT; Yukio AwAzu

The association HySUT has undertaken
various projects since 2009. Further infor-
mation may be retrieved on the website
http://hysut.or.jp/en/. An image film of the
Kitakyushu project may be found here:
https://www.youtube.com/watch?
v=P4iD6U_Hx8Y

Authors:

Jun Komiya “The present state and market-
ing prospects of hydrogen stations”, TOKYO
GAS Co., Ltd. Technology Strategy Depart-
ment (presentation World Gas Conference
Paris 2015)

Yukio Awazu “Demonstration of Hydrogen
Supply through Pipeline at Kitakyushu Hy-
drogen Town”, HySUT, FC EXPO 2012

SOURCE: HYSUT; Yukio AwAzu

NETWORK TOPICS

We are aiming to spread/exchange knowledge in order to better understand the impact of hydrogen/natural gas blends in
pipeline systems. Our core topics comprise

e GAS TURBINES AND ENGINES

e POROUS UNDERGROUND GAS STORAGE

e STEEL CNG1 VEHICLE TANKS

e NATURAL GAS AS WORKING MEDIUM

e CROSS BORDER TRANSMISSION

e SAFETY CHARACTERISTICS OF H2/NATURAL GAS BLENDS

We additionally keep a minor focus on the general development of power to gas, hydrogen networks, and further topics
around the utilisation of (renewable) hydrogen.
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SELECTION OF APPOINTMENTS

(FOCUS ON THE COMBINATION OF HYDROGEN AND NATURAL GAS)

++

++

++

++

++

++

++

++

Hydrogen for the Energy Industry — Large Reservoirs and Pipelines /
Technology and Licensing Issues
(20. January 2016, Duisburg)

HyVolution — Hydrogen Energy Days
(4. — 5. February 2016, Paris)

5" Workshop Admission — Certification —
Standardisation (Security & Quality of
Hydrogen and Fuel Cell Technolgy

(16. - 17. February 2016, Duisburg)

E-world energy & water
(16. — 18. February 2016, Essen)

Hydrogen and Fuel Cell Technology

Supplier Marketplace
(10. March 2016, Berlin)

IRES — Energy Storage Europe

(International Conference & Exhibi

tion for the Storage of Renewable Energies)
(15. —17. March 2016, Dus seldorf)

5" Conference Power-to-Gas & Power-to-X for Europe’s Energy Transition
(16. March 2016, Dusseldorf)

WHEC2016 — 21. World Hydrogen Energy Conference
(13. —16. June 2016, Zaragoza, Spain)

QUESTIONS, NOTES AND ADVICES TO:

Gert Miiller-Syring
Karl-Heine-Stral3e 109/111
04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gut.de

Dave Pinchbeck

DPinchbeck Consultancy Limited
Leicestershire

United Kingdom

+44 7798 561 535
davepinchbeck@hotmail.com
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CURRENT PARTNERS

Alliander ++ DGC ++ DNV-GL Oil & Gas ++
E.ON Technologies (Ratcliffe) limited ++
Enagas ++ Energinet ++ ETIC ++ EWE Netz
GmbH ++ Fluxys ++ Gasnatural ++ Gasum
OY ++ GRTgaz ++ grzi ++ Infraserv GmbH &

Co. Hochst KG ++ ITM-Power ++ KOGAS ++
nPlan GmbH ++ OGE ++ OVGW ++

RAG Rohél-Aufsuchungs Aktiengesellschaft
++ RWE Dea ++ RWE Deutschland ++ SGC
++ Shell ++ Solar Turbines Europe S.A. ++
SVGW ++ Synergrid ++ Verband der Chemi-
schen Industrie ++ Volkswagen AG

INTERESTS AND WISHES

Please let us know if you have special
interests/wishes for the next newsletter. We
look forward to your feedback and we aim to
provide quality information that is actually
needed and wanted to answer the hydrogen
core topics.

DBI Gas- und Umwelttechnik GmbH
Karl-Heine-Stralle 109/111

04229 Leipzig

GERMANY

Tel.: (+49) 341 24571-13
Fax.: (+49) 341 24571-36

kontakt@dbi-gut.de
www.dbi-gut.de

CEO: Prof. Dr.-Ing. Hartmut Krause

Certified DIN EN 1SO 9001:2008

Copyright 2013 | © DBI Gas- und Umwelt-
technik GmbH | All rights reserved
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http://www.h2-netzwerk-ruhr.de/Aktuelles-Details.47.0.html?&tx_ttnews%5btt_news%5d=113&tx_ttnews%5bbackPid%5d=6&cHash=09b556b41a
http://hyvolution.fr/en/home-page
http://www.zbt-duisburg.de/aktuell/news-anzeige/article/5-workshop-zulassung-zertifizierung-normung/
http://www.zbt-duisburg.de/aktuell/news-anzeige/article/5-workshop-zulassung-zertifizierung-normung/
https://www.e-world-essen.com/en/home/
https://www.now-gmbh.de/en/aktuelles/veranstaltungen/marktplatz-zulieferer-wasserstoff-und-brennstoffzellentechnologie
https://www.now-gmbh.de/en/aktuelles/veranstaltungen/marktplatz-zulieferer-wasserstoff-und-brennstoffzellentechnologie
http://www.energy-storage-online.com/
http://www.otti.eu/event/id/5th-conference-power-to-gas-for-europes-energy-transition.html
http://www.whec2016.com/

HIPS-NET :

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

Potential of hydrogen blending in north-west Germany 12

Comparative Study of the Potential to Integrate Hydrogen
in the Mobility Sector 13

Blending Hydrogen into Natural Gas Pipeline Networks | IRAN // 4

CONTENT Hydrogen-Based Energy Storage | France 1[5

MYRTE Project 16
WindGas Hamburg Iz
WindGas Falkenhagen Iz
The E-Gas Project at the Biogas Plant in Werlte 18
Thiiga Power to Gas Plant Exceeds Expectations 119

NEWSLETTER #8

“A network leads to

cooperation, cooperation leads to creativity and innovation - this changes the world.“ - Marissa Mayer (CEO Yahoo)

Dear Partners,
Dear Colleagues,

we would like to thank you here for reading our HIPS-NET newsletters for two
years by now. Thank you for supporting the network, your curiosity in the topic
and your trust in us as organisers! Most of you are HIPS-NET members right from
the beginning in 2013/14. We maintain our stable base for the 3™ network year
2015/16 of about 30 partners. We regret to loose ETIC Canada for the 3™ year
due to changes in their internal policy. The HIPS-NET team actively promotes the
network and is in touch with potential partners to keep the network a stable and
reliable source of information and exchange. The annual workshop was in the

past two years well supported with 25 participants in 2014 and 28 participants in
2015. We agreed there, in 2015, to meet again for the HIPS-NET workshop on [ iy By N el N e et R e )
2223 June 2016 in Brussels. Having said this, we hope to see as many of

you in June 2016 again.

The present 8" newsletter focusses on Power-to-Gas (PtG) facilities; all are set up for research and demonstration purposes
and cover different aspects of the technology, as you will read. It further contains two articles published in the frame of the
World Gas Conference last year in Paris, one from Iranian and the other from French researchers. As explained in the last
newsletter, we scanned an enormous amount of 625 presentation held in Paris and these are the last two topics we are
sharing out of this research fund.

We also included a comparative study on hydrogen in the mobility sector and the gas industry, to understand joint and unlike
positions of both industries. Our first article describes the results of a study on hydrogen production using electricity of a
regional electricity distribution grid having large shares of renewables in the electricity mix.

We hope you enjoy reading!

Your HIPS-NET Team
Gert, Dave, Stefan, Anja & Gideon
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POTENTIAL OF HYDROGEN BLENDING | ANALYSIS BASED ON AN EXISTING GAS
AND ELECTRICITY INFRASTRUCTURE IN NORTH-WEST GERMANY (1/2)

The project partners EWE and DBl GUT analysed the potential of the gas network to accommodate hydrogen in order to
relieve the burden of electricity network induced by volatile electricity generation of wind and PV. The renewable electricity
production amounts in the region to 9.14 TWhel per year which equals a share of approximately 50 % of the electricity
demand in the region. The increasing electricity production requires network expansion in all voltage levels. Previously
performed research indicated the advantages of implementing power-to-
gas facilities to optimise the electricity network expansion. This study FESFERIFEES AR Gétze, Jens Hiittenrauch,
concentrates on the question which conditions are central to enhance ERErN TR Iv|[I BT R =101y rate) (St ANl
the benefits when connecting the gas and the power grid, mainly by stoffeinspeisung im Versorgungsgebiet der
simulation of the gas network. EWE Netz GmbH*, energie | wasser-praxis

The authors see under current (regulatory) conditions, the following 1/2016 p. 54 (in German)
optimised installation of PtG facilities for the investigated area:

e 9locations (out of 73),
e single electric PtG capacity between 100 kW¢ and 1.1 MW¢ (5 MWg in total)

This would result in

e hydrogen production of 43,000 MWhy, per year which
e equals about 1 % of the produced electricity by wind and PV in the region.

The sole implementation of intermediary storage increases the utilised capacity of the PtG facilities by 46 % without
changing any of the below mentioned conditions.

The authors further evaluated the impact on the hydrogen injection capacity of the gas grid if the currently existing
(regulatory) conditions were changed, for example (based on the examined region north-west Germany):

e Increasing the limitation of hydrogen concentration of the gas grid beyond 2 vol% up to 10 vol% and 15 vol%.

e Reduction of the hydrogen feed-in availability of the gas network from 96 % to 40 %.

e Implementation of intermediary storage to bridge up to 12 hours with low gas demand.
The reduction of the legal gas network availability requirements to 40 % would allow for installing significantly larger PtG
facilities (enhanced power capacity). The power layout is original optimised for a year-round hydrogen feed-in capability of

the gas network and the enhanced version is optimised for feed-in capability in times when the transported amount of
natural gas is higher (during the heating season).

The most effective approach to increase the feed-in capacity remain the raising of admissible hydrogen concentration in
the gas network. The capacity rises proportionally by five times if the hydrogen concentration rises from 2 to 10 vol%. Up to
10 vol% hydrogen is the maximum concentration allowed under German gas quality standards (DVGW G 260, G 262) if
the adjacent technical facilities are not hydrogen sensitive.

Results in an Optimised Scenario

The project partners identified an optimised scenario with 15 vol% admissible hydrogen concentration in the gas network
and reduced hydrogen feed-in availability of 40 % leading to:

e 30 suitable PtG locations (out of 73) and

e electric PtG capacity between 100 kW and 8.2 MW, (260 MW, in total).

This would result in :

e hydrogen production of 0,9 TWhy, per year which

e equals about 15 % of the produced electricity of wind and PV in the region and covers about 3 % of the regional
gas demand.

The swap from natural gas to hydrogen reduces the CO2 intensity of the gas supply, as the combustion of hydrogen does
not lead to greenhouse gas emissions. CO2 emissions could be reduced by 7,000 t-CO2 per year under current
(regulatory) conditions and by 163.000 t-CO2 in the optimised scenario.

NEWSLETTER # 8 FEBRUARY 2016 II 2 II COPYRIGHT 2016 | © DBI GAS- UND UMWELTTECHNIK GMBH | ALL RIGHTS RESERVED



POTENTIAL OF HYDROGEN BLENDING | ANALYSIS BASED ON AN EXISTING GAS
AND ELECTRICITY INFRASTRUCTURE IN NORTH-WEST GERMANY (2/2)

Recommendations and
Outlook

The project partners recognise
the current technical
uncertainties for raising the
admissible hydrogen
concentration due to sensitive
elements in adjacent
installations (e.g. gas turbines,
natural gas filling stations,
underground gas storages) and
fluctuating hydrogen
concentrations. They suggest
preparing the gas network for
the injections of rising hydrogen
concentrations in the course of
regular maintenance and in the
upcoming alteration of the gas

qualities in Germany (from low
PTG cAPACITY AT 15 voL% | SourcCE: DBI GUT to high calorific gas).

COMPARATIVE STUDY OF THE POTENTIAL TO INTEGRATE HYDROGEN IN THE
MOBILITY SECTOR AND THE GAS INDUSTRY | GERMANY

The German National Organisation Hydrogen and Fuel Cell Technology
Source: Gert Muller-Syring, Marco Henel, (NOW GmbH) and the German Association for Gas and Water (DVGW)
WERIELICRELINITEIEEERITIERAIEN et up a research project to improve the understanding of multiple uses
Unterﬁuchung <er Pptenmale Ve UEESE of hydrogen, mainly as a fuel and for injection into the natural gas
stoff fiir die Integration von Verkehrs- und ’ o

Energiewirtschaft* supported by Dr. Oliver network. While the automobile industry concentrates on the use of pure
Ehret, Hans Rasmusson, René Schoof hydrogen, the gas industry focuses on hydrogen/natural gas blends.
Both industries have ‘traditionally’ pursued their own technological and
economic strategies, without having them compared or aligned with regard to joint utilisation concepts. The research
project, respectively study, funded by NOW and DVGW, thus reviews the technical and economical pathway analyses of
two previously completed studies. Based on this, the research project establishes combined economic value chains,
including technical preconditions, development needs, and economic feasibility predictions for the future.

Results

The comparative analysis of the two ‘source’ studies
shows different, but supplementary, hydrogen utilisation
concepts and economic assessments. The new study
defines and investigates different value chains, and
compares the economic feasibility of single-sector with
combined - multi-sector - utilisation approaches (in three
different scenarios). The newly developed combined
approaches suggest advanced economic viability by
lowering the production costs of hydrogen by up to 30 %.

The study identifies two main R&D issues:

e  Combination of utilisation approaches in different
industries (see example in the figure)

SUGGESTION FOR A COMBINED UTILISATION APPROACH

e  Cost optimisation for technical components as ,»CHEMICAL INDUSTRY + MOBILITY“ (INCLUDING ADDITIONAL REVE-
well as operational management SER R e
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BLENDING HYDROGEN INTO NATURAL GAS PIPELINE NETWORKS | IRAN (1/2)

Power to gas (PtG) is a topic in Iran because the country has not only the second largest sources of natural gas worldwide
but also a pipeline network that covers nearly the entire country. Some Iranian regions face periods of excess electricity,
when the generated electricity exceeds the existing demand, while the storage capacities are insufficient. PtG is seen as a
technology, which enables the gas grid as energy storage for renewable electricity and additionally an approach to
optimise the electricity grid extension. Furthermore, it enables lowering the carbon intensity and improving the
sustainability of natural gas.

The allowed hydrogen content in the natural gas distribution network in Iran is about 5 vol%; this benchmark may differ
from one region to another. This article summarises findings of a study performed of two Iranian universities, the
Kermanshah University of Technology and
the Razi University, in cooperation with the
Kermanshah Province Gas Company, based
on literature review and calculations of the
economic feasibility. The paper addresses
five key issues:

Impact on End-Use Systems
Material Durability

Safety

End-Use Extraction
Leakage (Emissions)

ok wN =

They found that a hydrogen blending of
maximum 20 vol% is possible without large
modifications of the end-use systems. It
would however require upgrading the pipeline
systems; the investment costs impose further
restrictions. In case of adding 4 vol%

the sensors amount to about $ 500,000 in

Iran.

The researchers found that the risk of ignition with low hydrogen concentration (less than 20 vol%) remains at minor level
and can be ignored. Also, in case of safety zones in explosion for natural gas leakage, 20 vol% or less hydrogen would
result minor increases in the severity of the explosion. Even the risk of explosion is considered as not severe. An admixture
of more than 50 vol% hydrogen showed that the overall risk significantly increases.

The emissions (leakage) of natural gas in pipelines are comparable if hydrogen concentration rises up to 20 vol%
(insignificant increase). The age of the pipeline does not influence the leakage rate upon increasing hydrogen levels.

Methods for extracting hydrogen from the mixture with natural gas are for example membranes or pressure swing
adsorption. The authors evaluated the cost of using the pressure swing adsorption. With this technique a recovery of 80 %
of the added hydrogen is possible. In the figure below you can see the relation between the separation cost and the
recovery rate for an admixture of 20 vol% and an admixture of 10 vol% hydrogen. “For a pipeline with 10% concentration of
hydrogen, the separation cost is about $3.4-$9.0/kg of extracted hydrogen, varying by recovery rate of hydrogen per day
[...]. For a 20% hydrogen concentration, the separation cost decreases to $2.5-$8.1/kg of extracted hydrogen.”

The study argues that a hydrogen blending of 5 vol%
does not require any modification of the pipeline and may

Source: Sohrab Fathi, Saeed Ovaysi, Roozbeh Mehdia- SR by end-user without hydrogen extraction.

badi: “Technological and Economic Aspects of Blending
el (ele[ s NI RN ELEICIREEER L ERN T nERIBIEICNIERIY  The authors intend to promote the engagement of the
tion of Key Issues for a Selected Gas Pipeline in Iran”, gas network for synthetic renewable gases, the

CUEE GRS (CRMIRIEIES (2RI, JWis 2019 development of a fuel cells based mobility, and the use in

The paper is available here: http://www.researchgate.net/ ) . .
publica- further field as the chemical industry. Apart from the

tion/279708593_Technological_and_Economic_Aspects_of_Blend described evaluation of the hydrogen blending, the paper

ing_Hydrogen_into_Natural_Gas_Pipeline_Networks_Determinati

T ey S T ey ey does not mention any further activities planned to realise

PtG projects in Iran.
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HYDROGEN-BASED ENERGY STORAGE | FRANCE

The SBC Energy Institute (SBC El) presented during the World Gas Conference 2015 an exhaustive techno-economic
analysis for hydrogen-based electricity storage by assessing the entire value chain, from intermittent electricity conversion
to end-uses of hydrogen. The study summarizes nine business cases, which are mainly derived from literature review and
more than 50 interviews with a variety of hydrogen-industry stakeholders. Environmental impacts, safety and social-
acceptance issues are also addressed.

Hydrogen Storage and Transport

Source: Claude Mandil, Romain Debarre, Benoit Decourt

(=10 ST A T ) IR R IV [Felo LB =R R M= e el 1= 3 The authors assess various hydrogen storage options as
STlolg N LY eI T IS (o] =T [SHRSIE g NS o AN FeIeTE6 Y compression in salt caverns and pressurised tanks;
Power-to-Gas”, WGC Paris 2015. liquefaction in cryogenic tanks; and absorption in metal
hydrides. Hydrogen storage incurred additional costs and
efficiency losses. The study assigns energy losses of
5-15 % in the case of compression (depending on
pressure differentials), 25-45 % during liquefaction, and 5
-20 % in the case of absorption into metal hydrides,
varying according to heat-capture, storage and recycling capability. Pressurised tanks are likely to remain the main means
of storing hydrogen, benefiting from the chemicals and petrochemicals industries’ extensive experience of hydrogen
utilisation. The storage means, though, may be shifting in the mid or long term perspective.

SBC published a peer reviewed FactBook (about 260 pag-
es) and a presentation: http://www.sbc.slb.com/en/
SBClnstitute/Publications/Hydrogen.aspx

The transportation of hydrogen in the natural gas grid is a low-cost option but faces three main constraints: the integrity
and safe use of pipeline and grid appliances; the energy capacity of the grid; and the sensitivity of end-use appliances to
hydrogen/methane blends. The SBC EI proposes that blending of 1-5 vol% hydrogen at any point in the gas grid is
technically feasible and finds, the network should tolerate an admixture of up to 20 vol% hydrogen in distribution pipelines.
Their research on the hydrogen tolerance rests upon the DVGW research performed by DBI (see hydrogen tolerance
matrix in HIPS-NET newsletter #1 page 2).

Commercial Viability

The authors identify as main parameters that
could help electrolyser commercial viability, in
decreasing order of importance: reductions in
the capital costs of electrolysers, the
introduction of mechanisms to reward short-
term grid-stability services or long-term
storage services, and reductions in electricity
input prices or greater electricity-price
volatility.

The example in figure 3 is based on 8.5 MW

each), with total installed system CAPEX:

$765/MWh,, efficiency: 79 % GCV, project lifetime: 30 years and real discount rate after tax of 10 %.

The production costs of hydrogen from electrolysis are currently not competitive. The main influencing factors are the daily
electricity prices and the utilisation rate. The business models will also depend on the existence of feed-in-tariffs for ‘green

gas’.

The figure shows the maturity
curve of hydrogen-related
technologies. Many of
technologies are either in the
deployment phase or even
technologically mature but
electrolysis and power-to-gas are
in the ‘valley of death’ where
demonstration is expensive and
the feasibility is still uncertain. As
a result, public and corporate

funding remain essential. MATURITY CURVE OF A HYDROGEN-BASED TECHNOLOGY| SOURCE: MANDIL ET AL.
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MYRTE PROJECT — HYDROGEN STORAGE AND ELECTRICITY PRODUCTION |
FRENCH ISLAND CORSICA

The MYRTE project is a joint venture by AREVA, CEA, the University of Corsica and the CNRS. lts goals are to support
peak shaving in the Corsica grid through the efficient use of photovoltaic units and hydrogen storage. The project is
running in two phases; during the first phase, beginning in October 2011 the following facility was designed, set up, and
operated since early 2013.

e The 560 kWp provided by the photovoltaic units will either be delivered
directly to the grid as required by the Corsican grid operator (for example
to contribute towards peak shaving) or be converted into hydrogen using

e the facility’s two PEM electrolysers (combined total capacity: 110 kW,
and 10/13 m3y,/h respectively).

e The facility has a hydrogen storage capacity of 200 kg,, @ 35 bars, the
equivalent of 17.5 hours of electricity providing by the fuel cells of 100
kWe (1.75 MWhy)).

GREE BoxTM | S HY A\
e It also includes two PEM fuel cells with a combined output of 150 kW,

(100 kW and 50 kW, respectively).

The inversion process would allow stored hydrogen to be converted into electricity for the high voltage grid, thereby
allowing the Corsican grid operator greater flexibility with the use of photovoltaic power.

The second phase has started in June 2014. The project partners installed a GreEnergy Box™, to achieve photovoltaic
smoothing. The box, manufactured in co-operation between AREVA and Schneider Electric, is an automated energy
management facility intended to remotely control and optimize the usage of the MYRTE plant

e through use one PEM fuel cell of 50 kW,

e use one electrolyser of 13 m3y,/h.

In a study case, during the solar eclipse in
March 2015, the fuel cell of 100 kW was
used for up to 16 hours continuously with
an electricity output of 859 kWhe and
thermal energy of up to 571 kWhygar. This
process has an energy efficiency of 53 %
(experimental testing), however this can be
increased by a further 14 % through use of
cogeneration technology (efficiency based
on lower heating value). Testing by AREVA
has shown the ability of the facility to react
to fluctuations in electricity production and
may supply electricity in less than 15
minutes and in up to 29 cycles per day. A
full black start can be achieved in less than

KEYNOTE; PRESENTATION 2015-10-14; GDR HYSPAC one hour. The GreEnergy Box has also
resulted in a 30 % increase in energy efficiency compared to the first equipment (electrolyser of 10 m3,2/h and fuel cell of
100 kW) installed.

SIMPLIFIED OVERVIEW OF THE FACILITY DESIGN | SOURCE: POGGI ET AL., MYRTE

Until October 2015, over 6,300 hours of operation for the hydrogen chain, producing 43 MWh of electricity via the fuel cells
and 4,000 kg of hydrogen via the electrolysers. The photovoltaic units had produced 2.8 GWh of electricity. The MYRTE
project was originally conceived as an energy solution for remote French overseas regions (Guadeloupe, La Reunion,
Guyana) but could be utilised for other inaccessible locations, such as national parks, small cities in remote regions or
critical infrastructure. The research will now continue and analyse

Sources: http://www.windkraft-

e the exergy efficiency of the facility, journal.de/2014/05/16/hydrogen-energy-
e the recovery of heat using a stage compressor with different :tlg,[%giz/psc;vzggramp-up-at-the-myrte-test-
metal hydrides for the purpose of achieving a suitable pressure http://www.iphe.net/docs/Events/
with which to supply a hydrogen station for mobility. Seville_11-12/Workshop/Presentations/

Session%202/2.4_IPHE%
20workshop_Gosset.pdf

e the changes in facility performance due to aging, the internal
temperature in the cell core and its effect on water management.
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WINDGAS HAMBURG | POWER TO GAS DEMONSTRATION PLANT | GERMANY

An ambitious Power-to-Gas project in the north of Germany is set to take an important step forward. In autumn last year
the new prototype Power-to-Gas facility at Hamburg-Reitbrook was officially commissioned.

The facility, which has been developed by a consortium
featuring Uniper, will convert surplus energy (more than two-
thirds of which will be sourced from the high concentration of
wind turbines in northern Germany) into hydrogen (290 m3y,/h)
using a PEM electrolyser. This will then be fed into the local gas
network for later usage. The electrolyser, which has a 1.5 MW
capacity, is the most modern in the world to date generating a
power density of 4,000 watts/litre — a new industry benchmark.
One notable feature of the electrolyser is its relatively small size
— the unit is approximately 55 x 70 x 90 cm, despite maintaining
a comparable performance to other large PEM electrolysers.

The project has undergone extended operational testing in
which the durability and the suitability of this technology for
projects on a larger scale was analysed. Further testing by the
project partners will continue throughout the first period of

AERIAL PICTURE OF THE WINDGAS FACILITY HAMBURG- operation. Uniper hopes to use the technology to support natural
REITBROOK | GREGOR SZIELASKO, 2015 fluctuations in the supply from renewable energy resources and

to expand the technology for use with mobility systems.

The full list of project partners is: Uniper AG, Uniper Energy
Storage GmbH, HanseWerk Gruppe, Hydrogenics GmbH, BRI E 0]t i(e)a Myt A ol A1 (=317=e ML= =
SolviCore GmbH & Co. KG, the German Aerospace Center http://www.streetinsider.com/Corporate+News/Hydrogenics+%

. o 28HYGS%29+1.5-
and the .F-raun-hofer Institut for Solar Energ)./..48A) of the MW+PEM+Electrolyzer+System+Passes+Factory+Acceptance+T
€13.5 million investment costs were subsidised by the EESSTEENERE Nt R(= el 0
German Federal Ministry of Traffic and Digital FRUAYI6eEEEE o1 feKelelag N (€T=T7a0F 1))

Infrastructure.

Please contact for further information: René Schoof
(rene.schoof@uniper.energy) and Thomas Brauer
(thomas.brauer@eon-hanse.com).

WINDGAS FALKENHAGEN | POWER TO GAS DEMONSTRATION PLANT |
GERMANY (1/2)

The Uniper Energy Storage GmbH initiated in 2011 the Power to Gas Plant in Falkenhagen (Brandenburg, North East
Germany) with the following aims:

e Demonstrate the process chain
e  Optimize the operating concept
e  Gain experience with the technology, costs, approval procedure and trading

In the north of Germany, renewable electricity generation is more commonly
Source: installed than in the south. The region around Falkenhagen produces two to
“Power-to-Gas — Erfahrungen bei der three times more electricity than it consumes. The transformer station in
Erzeugung von regenerativem Wass”er- Falkenhagen only transferred electricity from the lower voltage electricity grid
SRy SRS IR SRR ENENEE (0 the 20 kV grid during the years 2009 to 2012 (recovery). This excess
René Schoof (Uniper); DBI Fachforum - . . L

electricity continuously increases. In addition, there are extreme power

Energiespeicher; Berlin, 16 Septem- . . .
ber 2015 peaks and sharp fluctuations. These conditions and the proximity to the

natural gas transmission system form the basis for the Power to Gas project.

For further information, contact René

Schoof (rene.schoof@uniper.energy). The first demonstration phase will be closed in 2016. The construction of the

plant took one year and was completed in August 2013.
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WINDGAS FALKENHAGEN | POWER TO GAS DEMONSTRATION PLANT |
GERMANY (2/2)

OPERATING BEHAVIOUR OF THE PTG PLANT FOR ANXILLARY WINDGAS FALKENHAGEN | SOURCE: UNIPER
ELECTRICITY GRID SERVICES | SOURCE: UNIPER

Six alkaline water electrolysers were installed, each with an overall electrical power consumption of 2 MW, and a
hydrogen production of 360 m3y,/h, running 2,000 to 2,500 hours of full load per year. Two compressors (a diaphragm and
a piston compressor; 70 % of full load each) increase the pressure of the produced hydrogen from 10 up to 55 bar. The
hydrogen injection is limited by the natural gas grid operator to a maximum of 2 vol%. The overall efficiency (from
production to injection) amounts to 61 %, based on higher caloric value.

Metering Devices in Operation for Testing

A rotary displacement meter (positive displacement flow meter) was installed for operation with pure hydrogen and certified
by the German calibration authority. In addition, a Coriolis mass flow meter (volumetric calculation based on Coriolis effect)
and a thermal metering device were installed as part of the leakage detection system for the hydrogen injection pipeline
and to test the measuring systems for pure hydrogen.

The quality of the hydrogen is measured by a process gas chromatograph (not certified by the German calibration
authority). The results provide for high hydrogen purity of 99.995 vol%.

THE E-GAs PROJECT AT THE BIOGAS PLANT IN WERLTE | GERMANY (1/2)

The e-gas project in Werlte/Germany presents the world’s first large-scale plant for the production and supply of synthetic
natural gas and is a collaboration of AUDI AG, EWE Netz GmbH, and EWE ERNEUERBARE ENERGIEN GmbH.

AUDI AG has built a Power to Gas facility next to the Werlte biogas plant (operated by EWE since 2006) with three
electrolysers (2 MW, each) and a methanation plant. The operation for the production and injection of the ‘green’ synthetic
natural gas (short: e-gas) began in June 2013. It is expected to produce

about 1,000 tons of e-gas per year, thereby utilising 2,800 tons of Saiiire: [ EsEn, Tremes Es, o

regenerative CO,. The efficiency of the entire system amounts to BENGTET RS te i oo S DL N Re oo =lio (=] 4a= 11y

approximately 56 %. Biogasanlagenstandort in Werlte*, gwf-
Gas|Erdgas, May 2014, page 304-309.

The injection of the two gases into the natural gas grid takes place
tse.par.ately. Th © blqgas 'S passe<.:| from the upgrading plant to.the biogas be retrieved under: https://www.di-verlag.de/
injection facility while the e-gas is passed from the methanation plant to media/content/gwi-GE/gwf_Gas_5_14/gwi-

the e-gas injection facility. This separate injection is necessary so that EReI=ERPI PN == 0 2

the intermittent injection of the e-gas can be tested in the course of the B Al oyl ool = fe ke adufe ot =Yk Fe s Ao o o)
running production process to study the impact of volatile generation b23

using regenerative electricity. The intermittent operation of the PtG
facility is scientifically evaluated by ETOGAS, Fraunhofer IWES, and the [SahiibSR RSy el B R AR CTU SR EICS

. . . . https://www.youtube.com/watch?
research project “WOMBAT” at the ZSW in Stuttgart. v=RPTjxW4dQEw

The article is available only in German may
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THE E-GAS PROJECT AT THE BIOGAS PLANT IN WERLTE | GERMANY (2/2)

The biogas is delivered up to the connection point with a maximum volume flow of 770 m3h and the e-gas has a volume
flow of maximum 340 m3h with a hydrogen content of maximum 5 vol% and a pressure of 7.5 bar. Both gases are injected
into the local gas distribution network (1 bar design

pressure) and, in times of limited capacity after

compression, injected into the regional high-pressure gas

network (84 bar design pressure).

Three compressors ensure the injection into the high
pressure network; a biogas compressor with a capacity of
770 m?*/h, a biogas/e-gas compressor with 1,100 m%*h and
an e-gas compressor with 350 m3/h.

The injection of the biogas and the e-gas into the same

grid ensures sufficient mixing of the two gases, and

therefore the compliance with the gas quality of the

technical standards (DVGW G 260 and 262) and a

hydrogen concentration of less than 2 vol% because of

the simultaneous injection with biogas in either of the gas

networks. The measurement of the characteristics of

e-gas takes place with a 13-component process gas | R g Ly R R L e L r sy e
chromatograph and simultaneously ensures the quality of TION”, COMMITTEE REPORT, PRESENTATION AT WORLD GAS CON-
the gas. Another analyser is installed at the entrance of EEGENCEIRAALTINER 0

the gas injection facility in order to measure and evaluate permanently the concentrations of oxygen, hydrogen, hydrogen
sulphide and carbon dioxide. If the produced gas is not compliant with the technical standards, it is passed on to an
automated emergency flare station.

Reliving the electricity grid

The e-gas project in Werlte could relieve
the electricity grid at peak load times if
run in a grid-orientated operation mode
instead of a market-driven operation
mode. The local electricity production in
the region around Werlte already
exceeds the electricity demand and an
excess is transferred into the higher
voltage grid through 80 % of the year.
The PtG facility would run for 5,100 full
load hours yearly (using the year 2013

AERIAL PICTURE OF THE E-GAS PROJECT | SOURCE: EWE AG as a basis).

THUGA POWER TO GAS PLANT EXCEEDS EXPECTATIONS | FRANKFURT/M.
GERMANY (1/2)

The Thiga Group has announced that its Power to Gas project in
Frankfurt/Main has exceeded its expected efficiency levels during initial [Tyl RecReER (Sl Re IR LRI LS
performance testing. The plant, which contains a PEM electrolyser built below:

by ITM Power, was the first unit in Germany to inject hydrogen directly

www.szg-energiespeicher.de

) o : A http://www.itm-power.com/project/thuga-
into the local gas distribution network. The plant first went online in  EREHPSEEEES

November 2013. After initial site-acceptance testing, the unit has been
tested extensively according to a program designed by the European Institute for Energy Research (EIFER) and the
German Association for Gas and Water (DVGW), which includes multiple start/stop tests and load modulation over the
systems full range, in order to analyse its performance, its reliability, and its capacity to assimilate intermittent renewable

power.

Within the relevant operating range of the unit of 50 to approx. 325 kWg, the first stress testing recorded an overall
efficiency rate of up to 77 % (with reference to the upper heating value) across the whole system, from electricity input to
injection into the gas network. According to Thiiga CEO Michael Riechel, one of the reasons for this high efficiency rate is
that the plant can feed directly into the natural gas distribution network and does not require a compressor. These tests will
be repeated on two further occasions.
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THUGA POWER TO GAS PLANT EXCEEDS EXPECTATIONS | FRANKFURT/M.
GERMANY (2/2)

The gas mixing plant ensures that the hydrogen
level in the natural gas network does not exceed
2 % by volume. In August 2015 the project
demonstrated the suitability of Power to Gas to
function as a grid balancing technology. Now the
plant joins the German market for balancing energy.
In fall 2015 the partners additionally showed that the
technology is suitable for being part of a smart grid.
The plant will remain online until completion of the
comprehensive testing activities in the end of 2016.

SOURCE: THUGA AG, ITM POWER

Facts about the gas demonstration plant Thiuga Group

e Location: Schielestralle 201, 60314 Frankfurt/Main

e Project duration: 2012 until the end of 2016

e Project participants: 13 companies of the Thiiga Group

e Investment cost: approx. 1.5 million EUR (without personnel cost)

e Technology: Proton exchange membrane (PEM), electrolyser of ITM
Power

e Electrical nominal power: approx. 300 kW

e Generation: approx. 60 m*® hydrogen per hour, 3000 m* hydrogen blended
natural gas

e Integration: injection of 2 vol.-% hydrogen with a pressure of 3.5 bar in the
gas distribution network

e Promotion: Hessian Ministry of Economy, Transport, Urban and Regional

Development & European Commission 2ol KR AlUGATECAITMIROWER

NETWORK TOPICS

We are aiming to spread/exchange knowledge in order to better understand the impact of hydrogen/natural gas blends in
pipeline systems. Our core topics comprise

e GAS TURBINES AND ENGINES

e POROUS UNDERGROUND GAS STORAGE

e STEEL CNG1 VEHICLE TANKS

e NATURAL GAS AS WORKING MEDIUM

e CROSS BORDER TRANSMISSION

e SAFETY CHARACTERISTICS OF H2/NATURAL GAS BLENDS

We additionally keep a minor focus on the general development of power to gas, hydrogen networks, and further topics
around the utilisation of (renewable) hydrogen.
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SELECTION OF APPOINTMENTS

(FOCUS ON THE COMBINATION OF HYDROGEN AND NATURAL GAS) CURRENT PARTNERS

++ Hydrogen for the I.Enerq.v Industry — Large Reservoirs and Pipelines / Alliander ++ DGC ++ DNV-GL Oil & Gas ++
Technology and Licensing Issues E.ON Technologies (Ratcliffe) limited ++
(20. January 2016, Duisburg) Enagas ++ Energinet ++ ETIC ++ EWE Netz

GmbH ++ Fluxys ++ Gasnatural ++ Gasum

++ HyVolution — Hydrogen Energy Days OY ++ GRTgaz ++ grzi ++ Infraserv GmbH &

(4. - 5. February 2016, Paris) Co. Hochst KG ++ ITM-Power ++ KOGAS ++
" o o nPlan GmbH ++ OGE ++ OVGW ++

++ 5" Workshop Admission — Certification RAG Rohél-Aufsuchungs Aktiengesellschaft
— Standardisation (Security & ++ RWE Dea ++ RWE Deutschland ++ SGC
Quality  of Hydrogen and Fuel ++ Shell ++ Solar Turbines Europe S.A. ++

Cell Technolgy
(16. —17. February 2016, Duisburg)

SVGW ++ Synergrid ++ Verband der Chemi-
schen Industrie ++ Volkswagen AG

++ E-world energy & water
(16. — 18. February 2016, Essen)

++ Hydrogen and Fuel Cell Technology
Supplier Marketplace

(10. March 2016, Berlin) INTERESTS AND WISHES

++ |IRES - Energy Storage Europe (International Conference & Please let us know if you have special
Exhibi tion for the Storage of Renewable Energies) interests/wishes for the next newsletter. We

(15.—17. March 2016, Diisseldorf) look forward to your feedback and we aim to

++ 5" Conference Power-to-Gas & Power-to-X for Europe’s Energy provide quality information that is actually
Transition needed and wanted to answer the hydrogen
(16. March 2016, Dusseldorf) core topics.

++ WHEC2016 — 21. World Hydrogen Energy Conference
(13. = 16. June 2016, Zaragoza, Spain)

QUESTIONS, NOTES AND ADVICES TO: o eGSR CHNIC SMBH
! Karl-Heine-Stralle 109/111

Gert Miiller-Syring 04229 Leipzig

Karl-Heine-StraBe 109/111 GERMANY

04229 Leipzig, Germany Tel.: (+49) 341 24571-13

+49 341 24571 33 Fax.: (+49) 341 24571-36

gert.mueller-syring@dbi-gut.de

www.dbi-gut.de

Dave Pinchbeck CEO: Prof. Dr.-Ing. Hartmut Krause
DPinchbeck Consultancy Limited

Leicestershire, United Kingdom Certified DIN EN ISO 9001:2008

+44 7798 561535 Copyright 2013 | © DBI Gas- und Umwelt-
davepinchbeck@hotmail.com technik GmbH | All rights reserved
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HIPS-NET :

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

STORE&GO | Germany, Switzerland, Ital 12
Power-to-Gas Demonstration Plant in Ibbenbiiren | German 12

RENOVAGAS Synthetic Natural Gas from Renewable Energy
Sources | Spain 4

Innovative Use of Power-to-Gas to Support Aerospace
Technolo German 1[5

H2-MEM Investigation of Carbon-Membranes for the

CONTENT Separation of Hydrogen and Natural Gas | German 1l 6

Network Topies = /l6
NEWSLETTER #9 Network To. ics : 1l 6
HYPOS Project Assessment with the H2-Index-Tool | Germany // 7
Sector Forum Energy Management Working Group Hydrogen // 8
IEA HIA Task 38 Power-to-Hydrogen and Hydrogen-to-X 19

Lexus and Audi Provide Insight into the High-End Hydrogen
Mobility /111

Overview of Power-to-Gas Projects Worldwide /111

“A network leads to cooperation, cooperation leads to creativity and innovation - this changes
the world.“ - Marissa Mayer (CEO Yahoo)

Dear Partners,
Dear Colleagues,

Once again we are happy to provide you with a HIPS-NET newsletter with information on our core topics and general
developments around Power-to-Gas and hydrogen. We hope you find the articles interesting and informative. Please let us
know if you have interest in specific topics, or have heard of any further advances in the state of the art.

We would like to take this opportunity to express our gratitude to Dave Pinchbeck for his valued
commitment to HIPS-NET. Dave has continually supported our network for the past two years. Dave
was a crucial figure in the conception of the network, supported us with articles for the newsletters and,
last but not least, guided us through our annual workshops and enriched the discussion with his
experience as a senior professional. Dave has asked us to wish his HIPS-NET friends and colleagues
continued success with their hydrogen activities.

The next HIPS-NET workshop will take place on 22"%/23 June 2016 in the GERG premises in
Brussels. We are currently working on the agenda and will disseminate the programme as well as
further travel information in the course of May.

Your HIPS-NET Team

Gert, Stefan, Anja, Josephine & Gideon
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STORE&GO | GERMANY, SWITZERLAND, ITALY

The project “STORE&GO” will demonstrate three innovative storage concepts at
three “living” best practice Power-to-Gas (PtG) locations in Germany, Switzerland
and ltaly using different methanation processes. The main focus is to tackle
technical, economic, social and legal barriers. It will be realised within the
EU programme “Horizon 2020” under the topic “Large Scale Energy Storage”.

Falkenhagen in Germany is one of the three demonstration sites. The project
comprises innovative honeycomb (structured wall) reactor methanation technology at
1 MWg scale, utilisation of CO, from biogenous source, interconnection to the high
pressure transport gas grid, and potential thermal energy integration with local
industrial facilities in order to further increase the overall efficiency and economy. (We
presented the Falkenhagen PtG facility in more detail in newsletter #8 page 8.)

The Swiss demonstration plant at Solothurn

includes a 700 kWy PtG facility based on an
(ORI (s SRR e EE ) innovative biological methanation process. This

facility will be embedded in the grid and
production infrastructure of the utility. To increase the operation flexibility and the energy
efficiency, the plant will be connected to the local electricity and gas distribution grid. (We
described the Solothurn facility in more detail in newsletter #5 page 4.)

The ltalian demonstration project will be realised in Troia, a community in the region of PTG SOLOTHURN
Puglia. In this region, high PV production capacities are available. The demonstration (REGIO ENERGIE)
plant will be established at the existing INGRID PtG demonstration site. The innovative

concept at this demo site consists of adsorptive CO, enrichment from the atmosphere and a modular micro-reactor based
methanation concept. This plant will offer the direct utilisation of the produced SNG in the transport sector.

27 participants from six European countries are taking part in this project including DBl GUT. The project started on 1% of
March 2016 with a duration of four years and a budget of 28 million €.

For further information, please contact the project coordinator Dr. Frank Graf (graf@dvgw-ebi.de).

Sources: Website STORE&GO

POWER-TO-GAS DEMONSTRATION PLANT IN IBBENBUREN | GERMANY (1/2)

RWE International SE and its gas distribution system operator Westnetz GmbH operate a Power-to-Gas demonstration plant
in Ibbenblren/Germany.

Objectives of the demonstration plant: OVERVIEW MAIN CHARACTERISTICS OF IBBENBUREN PTG-PLANT

green electricity (realisation of the complete

storage chain) with highest possible utilization rate Elaeyc;tﬂf al Power Capacity 150 kWa
e Testing electrolysis in the context of fluctuating

intermittent renewable energy production _—
e Technical testing of the interconnection between Electrolyser Type PEM
The gas network in Ibbenbiiren was chosen due to its ytilisation of Hydrogen (1) injection in gas distribution grid
island topology as the injected hydrogen can solely (2) reconversion to electricity by
disseminate in the selected part of the gas network. CHP

The network is fed by the regional transport network

and has no further interconnection with upstream gas  [UliSaton ot IResidial Heati N [Yesiheatixiraction ]

networks. The hydrogen is injected in the gas pressure  Efficiency (GCV) Electrolyser 71 %
o vt the oo g i e mbenbiren regon. . [EMGEAS)(GOVA OVeral IaR (869 (ineuding heat exasion) 1)
grid with the local grid in the Ibbenblren region.
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POWER-TO-GAS DEMONSTRATION PLANT IN IBBENBUREN | GERMANY (2/2)

(continued)

The hydrogen concentration within the natural gas never exceeds
1 vol% due to the high volume flow of natural gas even in summer
time.

In preparation of the demonstration, DBl examined the hydrogen
tolerance, in particular:

e The effects of an theoretical injection of hydrogen of up to
2 vol% in the downstream gas network and its end users
(domestic and industrial appliances)

e The planned concept and structure of the injection facility
handling 100 vol% hydrogen in terms of safety-related and
material-related aspects

A tolerance of 100 vol% hydrogen is given for the system components
of the injection facility and a hydrogen tolerance of 2 vol% is given for (HEIIESIATONAESS)

the downstream gas network. This limited hydrogen volume blended in at Ibbenblren would have no noticeable effect on
the end user.

The metering concept at the demonstration plant includes:

e Measurement of hydrogen volume by means of a thermal mass flow meter; located within the gas pressure
regulation facility and before the injection in the gas network.

e Measurement of the gas quality with a process gas chromatograph (PGC) to determine the hydrogen concentration

in the natural gas grid. The PGC is able to detect up to 5 vol%

hydrogen and monitors the actual hydrogen concentration.

For further information, please contact Carsten

Stabenau, Westnetz GmbH The efficiency of the overall demonstration plant reaches 86 %.
(carsten.stabenau@westnetz.de) or Marco Henel, DBI The electrolyser's efficiency reaches up to 71 % and is
GUT GmbH (marco.henel@dbi-gut.de). increased by the usage of the process heat from the

electrolyser for the gas preheating in the adjacent gas pressure
Sources: Image Film and Website RWE regulation facility.

RAUHY Field Test Site

For field-testing purposes, REHAU installed a bypass line with the newly developed RAUHY material. The bypass is
integrated in the gas pressure regulating station in Ibbenblren and transports pure hydrogen. The RAUHY pipeline system
consists of multi-layer composite tubes (carrier tube made of PE-Xa and a hydrogen barrier layer) and a new type of press-
fitted joints. The RAUHY material characterises an increased tightness that prevents permeation through the pipe walls,
among further advantages. RAUHY has been originally developed to transport liquid substances and shall be tested for the
transport of hydrogen. First laboratory tests, performed by DBI, have confirmed the tightness of the pipes, bond strength
(delamination) and long-term stress resistance.

Following these positive results, the field test shall verify the
suitability and proof the tightness under real conditions in
Ibbenburen. DBI will install four in-house developed measuring
cells, two cells to monitor possible permeation of the pipe and
two cells to monitor leakage of the press-fitted joints in a long-
term test. The test is expected to start in May 2016 and will
continue for 12 months.

RAUHY does not belong to the established technologies for
gas distribution yet and aims to pass the certification process
(DIN etc). The described tests as well as an intended future
field test for buried (underground) installation in the frame of

HYPOS strive to establish RAUHY as state of the art pipeline NETWORK-SYMBIOSIS IN IBBENBUREN
system. (RWE INTERNATIONAL SE)
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RENOVAGAS SYNTHETIC NATURAL GAS FROM RENEWABLE ENERGY
SOURCES | SPAIN (1/2)

AUTHOR: JOSE A. LANA | ENAGAS

RENOVAGAS is a project aimed at the development of a demonstration plant for the production of Synthetic Natural Gas
(SNG). This gas is created by the electrolytic production of hydrogen with renewable energy sources (RES) and raw
biogas through a methanation process. As a result, the natural gas obtained is fully renewable.

The project is led by Enagas, gas Transmission System Operator, as part of a Spanish consortium with:
e  Gas operator: Gas Natural Fenosa.
e Technological institutions: Centro Nacional del Hidrégeno (CNH2), Consejo Superior de Investigaciones

Cientificas (CSIC) and Tecnalia Research & Innovation.
e Companies involved in the renewable sector: Abengoa Hidrogeno and FCC Aqualia.

RENOVAGAS is a unique demonstration project in Spain, whose results will enhance knowledge of the technical and
economic feasibility of Power-to-Gas systems.

The project focuses on the design and development of a pilot plant in which the main equipment is:
e 15 kWg electrolyser

e  Methanation reactor
e  Auxiliary systems.

This is the first step in the scaling-up process to 250 kW¢and later to megawatts depending on the results of the pilot
plant.

The main innovations in the RENOVAGAS project are described below.

Optimisation of hydrogen production from RES

Hydrogen is produced by using an efficient and low-cost
electrolytic process: an advanced alkaline electrolyser based on
anionic membranes with control strategies developed within the
project for its electrical integration with RES such as solar and
wind energy.

Utilisation of raw biogas

Raw biogas, i.e. without separating CO,, and methane is the
CO, source. Biogas is only cleaned from contaminant
components harmful for the methanation catalyst.

treatment plant.

New catalysts for methanation reaction

New catalysts have been developed for the methanation reaction in order to improve its efficiency and durability. These
catalysts will enable the direct use of biogas in the methanation process. The new catalysts have a high activity, high CO,
conversion rate, and high selectivity for methane. The high activity of the catalyst allows for the development of a smaller
reactor.

Multi-channel reactor

A multi-channel methanation reactor has been designed which allows execution of
the methanation reaction in one stage, compared to the traditional several-stage
process.

The channels have a diameter of a few millimetres, packed with the catalyst to
maximise the gas contact. This system allows a very good management of the
temperature control of the reactor, which will be carried out through a thermal oil
system.

The Power-to-Gas demonstrator of 15 kW, has been integrated within a container,
and a fully automatic control of the pilot plant, which allows a continuous
monitoring of the different variables in the process, has been developed. (e AR
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RENOVAGAS SYNTHETIC NATURAL GAS FROM RENEWABLE ENERGY
SOURCES | SPAIN (2/2)

(continued)
This facility will produce up to 1 Nm*/h of SNG with high methane content and a quality compliant with Spanish natural gas
regulation. The produced gas could therefore be injected directly into the gas grid.

The system developed is flexible, easily scalable and modular in order to allow an adjustment to specific conditions. It will
be tested in conjunction with a real biogas plant to validate the performance in real conditions. Testing of the demonstrator
under real conditions is expected during the second and third quarter of 2016.

Other activities carried out in the project are: Please contact for further information José A.
. . . . . Lana (jalana@enagas.es).
e Basic and detailed engineering of a 250 kW unit

e  Study about the potential availability of RES power surplus, CO, and a suitable location in Spain
e  Economical study of the technology.

MAIN PROPERTIES OF THE CATALYST DEVELOPED IN THE
MAIN CHARACTERISTICS OF ELECTROLYSER PRgJECT

Electolyte KCO3/KHCO; approx. 1 % Temperature 330 - 340 °C
H, purity 99.94 % H,/CO, = 4 mol/mol
Maximum power consumption 15 kW Conversion of CO, >95 %

This project is funded by the Spanish Ministry of Economy and Competitiveness (MINECO)
in the frame of the National Programme for Research Aimed at the Challenges of Society,
dossier number RTC-2014-2975-3.

INNOVATIVE USE OF POWER-TO-GAS TO SUPPORT AEROSPACE TECHNOLOGY |
GERMANY

ZEAG Energie AG and the German Aerospace Centre (DLR) are co-operating
in a new Power-to-Gas project in Lampoldshausen in southern Germany.

The H2orizon project, supported by the federal state of Baden-Wirttemberg,
involves the creation of a complete process chain for the creation and storage
of hydrogen produced from renewable energy sources. A central component of
the project is the installation of a 1 MW PEM electrolysis unit supplied by ITM
Power to convert surplus electricity from the Harthduser Wald wind park
(42 MW). The electrolyser and storage facilities will be located at the German
Aerospace Centre in Lampoldshausen where the hydrogen will be used to

support South German mobility projects as well as the Centre’s power and
heating demands and also as a fuel for rocket propulsion projects.

The German Aerospace Centre is one of Europe’s foremost research centres for rocket design with more than 25 years of

experience. It is also one of Europe’s largest hydrogen consumers. Hydrogen is a common fuel for rocket propulsion (the

Ariane 5 rocket, for example, uses 46 kg/sec of liquid hydrogen in order to achieve 4 million bhp). As such the site already
boasts excellent hydrogen infrastructure and a highly competent staff with experience handling and utilizing the gas.

Delivery and installation are due to take place in the third quarter of 2017. The H2orizon project is partly funded by the
federal state of Baden-Wurttemberg, which has made a commitment to source 35 % of the state’s electricity needs from
renewables by 2020, 80 % by 2050.

Congratulations Hermes Award Nomination

Further information on the ITM Power’s compact electrolyser technology is widely regarded as cutting-edge. The
development of this project UK-based company has been shortlisted for the prestigious Hermes Award — one of
can be found here. the world’s most recognised prizes for practical technological innovation. Even though
the ITM electrolyser did not receive the award, the nomination acknowledges the tech-
nical achievements. (Source)
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H2-MEM INVESTIGATION OF CARBON-MEMBRANES FOR THE SEPARATION OF
HYDROGEN AND NATURAL GAS | GERMANY

The generation of electricity through wind and solar power is subject to seasonal fluctuations.
In times of high supply, excess power can be used in Power-to-Gas plants to produce
hydrogen which itself can be injected into the already existing natural gas network. Due to the
limited acceptance of several plants, compressors and vehicle gas tanks with regard to the
presence of hydrogen in natural gas streams, technologies for the separation of these gases
are required.

Besides gas separation, methods as cryogenic distillation or adsorption processes as PSA

(pressure swing adsorption), membrane systems are an attractive alternative and can also be

applied on small fluxes. They show higher selectivities, a low energy consumption as well as

a simple functionality, a quick start-up behavior and comparably low investment costs.
Membranes can be separated into organic (polymer) and inorganic (ceramic, metallic and carbon) membranes. While
polymeric membranes are leading from the financial point of view, inorganic membranes stand out through their thermal
and chemical stability.

Hydrogen Separation Membranes

Metallic membranes (e.g. palladium) show the highest H; selectivity but they are expensive, highly sensitive to sulphur,
chlorine and carbon monoxide, and require high process temperatures. Carbon membranes therefore are less cost-
intensive than palladium membranes and allow higher selectivity than polymeric or ceramic membranes.

H2-MEM Project

Within the scope of the project ,H2-MEM®, carbon molecular sieving membranes (CMSM) will be investigated on their
separation performance of H,/CH;and H,/NG mixes with different hydrogen concentrations. In addition to different gas
mixes, various process conditions such as pressure, flux and temperature will be tested. The main target parameters of the
project are the following:

For further information, please
e  Separation of the gas mixes to a residual H, concentration of < 1 vol-%. contact the project coordinator

e Applicability of the membranes for H, contents of at least 60 vol-%. Udo Lubenau
(udo.lubenau@dbi-gut.de).

e Production of a permeate stream with H, concentrations of = 95 vol-%.

Laboratory tests are currently commencing in which the performance of CMSMs with the dimensions
of =105 mm, d,= 10 mm and d; = 7 mm will be tested and compared under different conditions.

The project began in December 2015 and will continue for 36 months. Project partners are DBl GUT
GmbH and Fraunhofer IKTS.

NETWORK TOPICS

We are aiming to spread/exchange knowledge in order to better understand the impact of hydrogen/natural gas blends in
pipeline systems. Our core topics comprise

e GAS TURBINES AND ENGINES

e POROUS UNDERGROUND GAS STORAGE

e STEEL CNG1 VEHICLE TANKS

e NATURAL GAS AS WORKING MEDIUM

e CROSS BORDER TRANSMISSION

e SAFETY CHARACTERISTICS OF H2/ NATURAL GAS BLENDS

We additionally keep a minor focus on the general development of power to gas, hydrogen networks, and further topics
around the utilisation of (renewable) hydrogen.
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HYPOS PROJECT ASSESSMENT WITH THE H2-INDEX-TOOL | GERMANY

The HYPOS consortium aims to further research and develop hydrogen production from renewable sources in East
Germany (see presentation in newsletter #3 page 4). The HYPOS consortium was founded in 2013 and currently has 110
members. The German Federal Ministry for Education and Research (BMBF) proposes to subsidise the consortium until
the year 2020 with up to 45 million € within the programme “Twenty20 — Partnership for Innovation”.

The R&D aims to accelerate an economically competitive usage of green hydrogen by:
e researching the production process itself,
e considering scientific research in the fields of

= storage,

H,-
INDEX

= distribution and

= utilisation of hydrogen in different industrial sectors

e.g. chemicals, mobility, and electricity

For an efficient management of funds and resources, it is therefore important to gain an overview over the effect of
individual innovations and combined research outcomes within each branch of the value chain on the final price of the
product. In this evaluation, procedural as well as economic influences of technological innovations have to be considered.

The H2-INDEX-Tool is a model designed to provide said overview over the different value chains associated with the
production of hydrogen from renewables. It allows the user to quickly assess the effect of proposed research goals on the
economic parameters of the whole value chain. Thus allowing new solutions to be more accurately compared with the
state of the art of hydrogen production.

The tool serves as an important resource for

TA 2

TA3

the objective evaluation of projects and plans
and is able to model all combinations of

Chemical o ! elements of the hydrogen value chain as
| Electricity I Transfor- Hl Transport I-l Utilisation I| depicted in the figure below. It was designed
| Supply | | mation I | and I l -~ gnd . to support the HYPOS steering committee in

Storage Distribution dinating th iect and. in the fut
I [ I Processes [ I |1 | coordinating the project and, in the future,

could also be utilised by other members of the
HYPOS consortium to optimise innovation
strategies.

(DBI GUT)
The H2-INDEX-Tool was programmed using

Matlab/ Simulink. This software enables real-time modelling of complicated processes and numerical calculations. The
individual elements of the value chain are listed in an element library resembling the structure in the figure below. The user
interface enables these elements to be configured and combined in a wide variety of different ways depending on the
process involved. The program can process dynamic data as well as static operating parameters (e.g. full load hours).
Results, such as specific costs or the amount of produced electricity are averaged over a one-year timespan. It should be
noted that a complete modelling of dynamic profiles is not yet possible. It is, however, the focus of current development.

The technical model is reduced to only include general operating parameters (Key Performance Indicators) for the different
components of each element in the value chain. This means that the grant applicant has to predict the impact of an
innovation on these operating parameters before the application for funding can be evaluated. This process ensures the
comparability of results and allows for a maximum in flexibility to adapt to even the most specific innovations. The tool
includes a full set of Key Performance Indicators for each element of the chain. This data represents the current
technological state of the art in each element.

The results of each assessment represent the direct comparison of the price of the end product (hydrogen, recovered
electricity, chemicals) both before and after the implementation of the proposed innovation.

By using the H2-INDEX-Tool, it is therefore possible to assess the individual prosperity of innovations and their impact on
the economic viability of the entire value chain.

The assessment with the H2-INDEX-Tool is in not a mandatory requirement to  [ESEIRGER TN N CEEER Ele

achieve recommendation for funding. The tool is merely intended to support
the responsible committees in their evaluation of submitted projects.

Dr. Martin Pumpa
(martin.pumpa@dbi-gut.de).

APRIL 2016 N7l
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SECTOR FORUM ENERGY MANAGEMENT WORKING GROUP HYDROGEN |
POWER-TO-HYDROGEN: CHALLENGES IDENTIFIED (1/2)

AUTHOR: EVELINE WEIDNER | EUROPEAN ComMissION, DG JRC

In December 2015 we reported in the 7™ newsletter on the activities of the CEN/CENELEC Working Group (WG) on
Hydrogen under the Sector Forum Energy Management (SFEM). With this article we would like to provide final and mostly
additional information on the activities that have been performed in 2015 as well as an outlook on the next envisaged
steps.

The WG-Hydrogen took on the task to provide concrete proposals on how to address research and standardization needs
in the emerging field of Power-to-Hydrogen. To reach this goal, the group performed a mapping of related hydrogen-
energy technologies as well as of existing standardization initiatives, identifying the gaps and challenges in a holistic
manner. The main findings of the working group, which successfully concluded its efforts in November 2015, have been
published in a report which is available here. A priority roadmap of research and standardization needs for Power-to-
Hydrogen and hydrogen admixture in the natural gas system has been developed. Recommended actions include the
establishment of a dedicated European standardization technical committee and forum, as well as execution of targeted
research and demonstration projects. Based on the advice of the WG hydrogen, CEN has meanwhile decided to create a
new Technical Committee, CEN/TC 446 on hydrogen.

A lack of standardization is recognised as a major barrier for deployment of new and innovative technologies. The Europe
2020 Strategy, in particular its Innovation Union Flagship, recognises European and international standardization as a
major enabler for technology innovation and states that efforts in this area have to be increased. The Joint Research
Centre (JRC) of the European Commission was involved in this effort based on the European Commission Regulation (EU)
N. 1025/2012 on European standardisation. The regulation states that the Commission’s research facilities shall “provide
European standardisation organisations with scientific input, in their areas of expertise, to ensure that European standards
take into account economic competitiveness and societal needs such as environmental sustainability and safety and
security concerns”.

RoAD MAP oF TASK FORCE 3 ,,GAS SYSTEM*

(E. WEIDNER, M. HONSELAAR, R. ORTIZ CEBOLLA (JRC), B. GINDROZ (CEN/CENELEC), F. DE JONG (NEN) SECTOR FORUM ENERGY MANAGEMENT / WORKING GROUP HYDROGEN
FINAL REPORT; EUR 27641 EN; 10.2790/66386, DOWNLOAD HER

The SFEM/WG Hydrogen has created momentum for Power-to-Gas, hydrogen and hydrogen natural gas mixtures (H2NG)
and most importantly has created a forum in which experts from the natural gas industry, hydrogen industry and power
sector exchange knowledge and expertise and can address common issues. Its scope covered the production of hydrogen
through electrolysis and the transportation, distribution and use of that hydrogen in pure form or as a natural gas dominant
mixture (H2NG) in a number of end-use sectors and applications. In addition, actions in cross-cutting fields such as safety
and training of personnel were identified.
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SECTOR FORUM ENERGY MANAGEMENT WORKING GROUP HYDROGEN |
POWER-TO-HYDROGEN: CHALLENGES IDENTIFIED (2/2)

(continued)

Priority challenges have been determined for the various technical areas and recommendations given on proposed actions
and means of implementation. Technical gaps have been identified for new required operational modes of electrolysers,
which call for advances in technology related to performance and safety. Partial load, intermittent operation and fast
response will be some of the performance requirements for electrolysers when integrated into a power-to-gas plant or for
provision of ancillary services to the electricity grid. Interconnection standards to allow physical connection and
communication between electrolysers and the grid control systems are needed, in addition to a standardization of the key
performance indicators of water electrolysers. Key challenges and early topics for standardization related to the injection of
hydrogen into the natural gas grid have been identified. Establishing a European understanding of an acceptable hydrogen
concentration in the natural gas system is seen as an overarching theme, which first requires filling a number of knowledge
gaps.

In order to develop such a pan-European understanding cooperation with other initiatives e.g. HIPS-NET or Task 38 (IEA/
HIA) is envisaged. Depending on the hydrogen concentration, different components of the gas system or end-user
appliances and processes may be affected. The main issues to be addressed before significant concentrations of
hydrogen can be achieved include a study of the behaviour of the operating characteristics of gas turbines with admixture
of hydrogen and the qualification of steel tanks for CNG vehicles. Roadmaps have been developed to visualise the
identified steps on a timeline. An example for the roadmap for challenges related to hydrogen in the natural gas grid is
displayed on page 8.

Pre-normative research and standardization challenges and needs related to the hydrogen system and the use of pure
hydrogen have been analysed. Hydrogen will have the highest value when used in the mobility sector, therefore the
technology can be best supported by first focusing on the issues related to the refuelling infrastructure, which is currently
being rolled out across Europe. Cross-cutting key items identified for pre-normative research and standardization actions
were safety related topics, certification (Guarantee of Origin) and training of personnel.

The JRC will organize a workshop on the 03.-04.05.2016 at the CEN/CENELEC premises in
Brussels to discuss an appropriate follow-up and continuation of the work of SFEM/WG Hydrogen.
HIPS-NET members are kindly invited to join the workshop.

Please contact Eveline Weidner (Eveline. WEIDNER@ec.europa.eu).

IEA HIA TAsk 38 POWER-TO-HYDROGEN AND HYDROGEN-TO-X: SYSTEM
ANALYSIS OF THE TECHNO-ECONOMIC, LEGAL AND REGULATORY CONDITIONS
(1/2)

A new task has been proposed by the Hydrogen Implementing Agreement (HIA) of the International Energy Agency (IEA).
This task will consider the current and future viability of Power-to-Hydrogen and Hydrogen-to-X projects in different
locations around the world. As such, a great focus will be placed on finding and securing the optimal techno-economic,
legal and regulatory conditions for the development of Power-to-Hydrogen.

The general aims of this task will be: to provide a comprehensive understanding of the various technical and economic
pathways for Power-to-Hydrogen applications in diverse situations; to provide a comprehensive assessment of existing
legal frameworks; and to present business developers and policy makers with general guidelines and recommendations
that enhance hydrogen system deployment in energy markets. A final objective will be to develop hydrogen visibility as a
key energy carrier for a sustainable and smart energy system, within a two or three horizon time frame: 2020, 2030 and
2050, for example.

The task was officially approved by the IEA/ HIA Executive Committee in Sydney in October 2015. Over 20 companies and
institutions from more than 10 countries have already confirmed interest in the task. DBI joined the kick-off meeting in Paris
in January 2016.

The delegation of tasks among the participants is currently being determined. The project will be take place over a four-
year period and will be divided in to different parts (see table on page 10).
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IEA HIA TAsKk 38 POWER-TO-HYDROGEN AND HYDROGEN-TO-X: SYSTEM
ANALYSIS OF THE TECHNO-EcONOMIC, LEGAL AND REGULATORY CONDITIONS
(2/2)

(continued)

IEA HIA TAsk 38 POWER-TO-HYDROGEN - SUB TASKS

Title Deliverables
Management e Semi-annual reports
and

- e  Guidelines for business
communication developers
e Recommendations for policy

makers
e Selection of case studies

Mapping and e Projects data base
review of e Report
existing demo
project

Review/ Analyse

the existing
economic
studies on
Power to e Methodology guide
Hydrogen e Intermediate report on
economic studies
e Intermediate report on state
Review of of the art on legal framework
different Bibliography and data base
existing legal of studies
frameworks,

policy measures

Systemic e Inputs, interactions and
approach and recommendations for
macro- sub-task 3
economic

impact analysis

Specific case
studies

e Report on case studies
e  Modelling results

Meetings will be organised on a semi-annual basis. Interested companies are still welcome to contribute to the work of the
Task 38. The next meeting will take place 215" 22" September 2016 (place tba).

The French CEA/I-tésé, supported by the French ADEME, will coordinate the Task 38. Contributions by interested
companies and organisations are welcome.

Contact: Alain Le Duigou (alain.le-duigou@cea.fr), Christine Mansilla (christine.mansilla@cea.fr), Paul Lucchese

(paul.lucchese@cea.fr)
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LEXus AND AuDI PROVIDE INSIGHT INTO THE HIGH-END HYDROGEN MOBILITY

At the 2016 Detroit Auto Show, two of the world’s top luxury brands introduced their
hydrogen-powered cars: The Lexus LF-FC, a car that had already made its world
premiere at the Tokyo Motor Show in October 2015 and the Audi h-tron quattro
concept.

Akio Toyoda, Lexus’ chief branding officer, described it as teaser for the first Lexus
fuel-cell vehicle arriving around 2020. Lexus parent Toyota saw the fork in the road
between battery electric vehicles and fuel-cell electric cars years ago, and chose to
follow the hydrogen route without looking back. By 2020, Lexus parent Toyota
hopes to have sold 30,000 fuel-cell vehicles globally.

In comparison, Audi,
Volkswagen’s luxury ('-L'E)’(‘Ugf 5540 U7

brand is embracing

both fuel cells and battery electric vehicle technology.
Audi said nothing though about production plans for a Q6
h-tron. Fuel-cell vehicles will also probably play a big role
in achieving the carmaker's recently-stated goal of
reducing emissions 90 percent from 2010 levels by 2050.

Aupi Q6 H-TRON QUATTRO
(ScoTT OLSON/ GETTY IMAGES)

OVERVIEW OF POWER-TO-GAS PROJECTS | WORLDWIDE

Further information: Lexus, AUDI

In order to show how fast Power-to-Gas projects are advancing particularly in Europe, we gathered information
to create a database of current, planned and completed PtG-projects worldwide (with the focus on Europe)
and located the projects on a world map. This map, without detailed project information, is visible for
everybody on the starting page of the HIPS-NET website.

The developed PtG-projects
database provides basic
information and  contact
details. It might be useful for
the design stage  of your
own PtG-facility as it gives
an overview of the state of
the art technology for
different  situations and
applications.

The PtG-database contains
the following information:
location, name of project,

status, electrolysis power MAP OF CURRENT (GREEN), PLANNED (BLUE) AND EXPIRED (ORANGE) POWER-TO-GAS PROJECTS
and type, pressure output, FHCERKeY)

H, output, power purchase and use paths. Even though a lot of effort was put into the investigation, this list is
not exhaustive. Please let us know if you are aware of projects which are not listed and should be added. The
list will be updated annually.

HIPS-NET members may access and download the whole PtG-database as table from the Members’ area on
our website or may request it directly (email to anja.wehling@dbi-gut.de).
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SELECTION OF APPOINTMENTS

(FOCUS ON THE COMBINATION OF HYDROGEN AND NATURAL GAS)

++ WHEC2016 - 21%'World Hydrogen Energy Conference
(13. - 16. June 2016, Zaragoza, Spain)

++ Dena - Annual Conference Power to Gas 2016
(21. June 2016, Berlin, Germany)

++ 3YHIPS-NET Workshop
(22. - 23. June 2016, Brussels, Belgium)

++ H2Congress - 7" German Hydrogen Congress 2016
(05. - 06. July 2016, Berlin, Germany)

++ EFCF - European Fuel Cell Forum
(05. - 08. July 2016, Luzern, Switzerland)

++ DBI-Fachforum Energiespeicher
(27. - 28. September 2016, Berlin, Germany)

++ World of Energy Solutions
(10. - 12. October 2016, Stuttgart, Germany)

CURRENT PARTNERS

Alliander ++ Areva H2Gen ++ DEA Deut-
sche Erdoel ++ DGC ++ DNV-GL Oil &
Gas ++ Enagas ++ Energiforsk ++ Energi-
net ++ ENGIE ++ EWE Netz ++ Gas Natu-
ral Fenosa ++ Gasum OY ++ Gasunie ++
GRTgaz ++ grzi/figawa ++ Infraserv

Hochst ++ ITM-Power ++ JRC European
Commission ++ KOGAS ++ NAFTA ++
OGE ++ OVGW ++ RAG Rohdl-
Aufsuchung ++ RWE ++ Shell ++ Solar
Turbines Europe ++ SVGW ++ Synergrid
++ Uniper ++ Verband der Chemischen
Industrie ++ Volkswagen ++

INTERESTS AND WISHES

Please let us know if you have special interests/ wishes for the next newsletter. We look forward to your feedback
and we aim to provide quality information that is actually needed and wanted to answer the hydrogen core topics.

Gert Miiller-Syring
Karl-Heine-StralRe 109/111
04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gut.de

QUESTIONS, NOTES AND ADVICES TO:

Anja Wehling
Karl-Heine-Stralle 109/111
04229 Leipzig, Germany

+49 341 24571 40
anja.wehling@dbi-gut.de
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“A network leads to cooperation, cooperation leads to creativity and innovation - this changes
the world.” - Marissa Mayer (CEO Yahoo)

Dear Partners,
Dear Colleagues,

We welcome you to the latest version of our HIPS-NET newsletter. Once again, we are happy to provide you with new
insights into our core topics, and general developments in the fields of power-to-gas and hydrogen. We hope you find the
articles interesting and informative. Please feel free to let us know if you are interested in a specific topic, or have heard of
any further advances in the state of the art.

The feature articles from our current newsletter include a report on the HyYINTEGER and H2STORE projects to assess the
viability of storing hydrogen at underground gas storage facilities, and an introduction on the CertifHy project which aims to
develop the first guarantee of origin for green hydrogen. The newsletter also introduces a study by DBI and the Fraunhofer
Institut analysing the best means to modify infrastructure for the transport of domestic and foreign renewables. In Austria,
meanwhile, we report on a project led by OMV to examine the tolerance of hydrogen in the Austrian gas transmission and
distribution infrastructure. Just to mention some of the topics, you will find further subjects covered in this 10" edition of the
newsletter.

Our next HIPS-NET workshop is just around the corner on 22"%/23™ June. After the success of previous workshops, we look
forward to seeing you all at the GERG premises in Brussels and having another chance to exchange ideas and information.

Your HIPS-NET Team

Gert, Anja, Stefan, Josephine & Gideon
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HIPS-NET NEWSLETTER

THE H2STORE AND HYINTEGER PROJECTS - STUDIES ON THE EFFECT OF
HYDROGEN STORAGE IN UNDERGROUND GAS RESERVOIRS

AUTHORS: D. PuDLO AND S. HENKEL | FRIEDRICH SCHILLER UNIVERSITY JENA | INSTITUTE OF GEOSCIENCES

As natural gas reservoirs have proven their tightness and capability to store different gas types over millions of years,
depleted gas reservoirs might be also appropriate for further utilisation, such as Hj, storage. Studies on the effect of pure H,
and CH4/H, gas mixtures on the complex system of underground reservoir components (rocks/minerals, formation fluids,
biocenosises, residual natural gases) are rare. In this context, two collaborative projects have been carried out to further
examine possibilities in this area. The projects have been coordinated by the University of Jena, and are sponsored by the
German government with additional support from industrial partners.

In 08/2012 — 12/2015, the “H2STORE” project conducted laboratory
experiments on rock samples of pore storage sites to evaluate
potential mineralogical, geo- and hydrochemical, microbiological and
geohydraulic reactions induced by pure H, at high pressure/ high
temperature conditions (p =~4 -20 MPa | T =~ 40 - 120 °C | depths
= ~ 700 - 3.500 m). The focus was on the evaluation of potential
reactions of hydrogen with reservoir components. These
experimental studies combined with numerical simulations explored
the impact of stored H; on the reservoir quality of porous sandstones
in depleted gas sites. Numerical simulations (modelling) were
realised in the following areas:

e The distribution of injected hydrogen in the underground

e The behaviour of gas mixtures and formation fluids

e The mineralogical and petrophysical alteration of the MICROSCOPIC THIN SECTION PICTURE OF A HIGHLY
reservoir and cap rocks POROUS RESERVOIR SANDSTONE FROM N -GERMANY

(DEPTHS ~ 3.500 mM). THE PORE SPACE, APPROPRIATE FOR
GAS STORAGE, IS HIGHLIGHTED BY BLUE COLOUR.

e The interaction of microorganisms and the H,-bearing
formation fluids and reservoir rocks

One major result of this project is the substantiation of mineral dissolution processes, which led to the modification of
petrophysical and geohydraulic reservoir rock features. Moreover, material corrosion of the laboratory equipment, especially
of some steel alloys was realised.

From 01/2016 (until 12/2018) these findings are being integrated in
the follow-up project “HyINTEGER”, which will investigate potential
reactions of the natural reservoir components and technical materials
used in bore holes during drilling and gas production (e.g. steel alloys,
well cementations). As in “H2STORE”, potential interactions between
all these essential parts of any storage facility are studied by
laboratory experiments at well site-specific conditions. However,
besides pure H,, also H,/CH4 and H,/CO, gas mixtures will be applied
in these tests. The intention of this extended approach is to evaluate
the potential effects of such underground gas mixture injections.
These findings may have an impact on future developments, like the
storage of hydrogen in gas pipelines (H2/CH4 mixtures). Additionally
the research could be of importance for synthetic methane production.
City gas storage facilities with particularly high hydrogen levels have
shown in the past the production of methane as part of the reaction
between carbon dioxide and hydrogen (CO, + 4H, —> CH,4 + 2H,0).
Carbon dioxide may be attained from biomass or CCS projects.

HIGH RESOLUTION X-RAY COMPUTER TOMOGRAPHIC (M-
CT) FIGURE, SHOWING MODELLED FLUID FLOW PATHWAYS

IN A POROUS RESERVOIR SANDSTONE, WHICH ARE POTEN-
TIALLY ACTIVE DURING GAS INJECTION OPERATIONS. DIF-
FERENT COLOURS REFER TO DISTINCT FLOW VELOCITIES.

Dr. Pudlo will present these projects and their results in greater detail
at the coming HIPS-NET workshop on the 23™ of June in Brussels.

Further information: H2STORE; HYINTEGER
For questions, please contact Dr. Pudlo (dieter.pudlo@uni-jena.de).
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HIPS-NET NEWSLETTER

CERTIFHY - DEVELOPING EUROPE’S FIRST GUARANTEE OF ORIGIN FOR GREEN
HYDROGEN (1/2)

The CertifHy project is attempting to develop the first Europe-wide Guarantee of Origin (GoO) scheme for green hydrogen.
In doing so, it intends to establish a clear definition of green hydrogen and designs a framework for the implementation of a
GoO scheme in reference to green hydrogen.

The consortium partners leading the project are Hinicio (as coordinator), TUV Siid, Ludwig Bélkow Systemtechnik and the
Energy Research Centre of the Netherlands (ECN). However, the project is actively seeking involvement from other
organisations in the industry in order to facilitate a consensus agreement on the issues of green hydrogen and guarantee of
origin. According to the project coordinators, these other organisations would take the position of either “affiliated partner” or
“supporting partner” within the project. The costs are projected at 432,000 Euro and will be funded by a grant from the Fuel
Cells and Hydrogen Joint Undertaking.

The project is due to take place over a two year period, from December 2014 to October 2016, and has been designed
around seven work packages, for which the responsibilities have been divided between the project partners. These work
packages are as follows:

The first three work packages
have already been completed
and results have been made
available through the CertifHy
website. The remaining work
packages have not yet reached
completion.

Work Package One - executed
by Hinicio - came to the
conclusion that the outlook for
green hydrogen, based on a
CO, policy-driven scenario is
very positive. They believe the
demand for power-to-gas is
likely to increase, likewise the
demand for hydrogen for
mobility purposes. They also
feel that European industry
would benefit from a GoO
Such a scheme should have the
flexibility to provide both proof of renewable origin and proof of a low emission content. They argue that the disconnection
between the production site and the demand for green hydrogen through the use of GoO is necessary for an effective use of
green hydrogen.

Work Package Two was coordinated by TUV Siid and intended to develop a definition for “Green Hydrogen” based on
industrial consensus. They determined two types of GoO for:

e CertifHy Green H, of renewable origin with low GHG emissions (excluding ancillary use of electricity) and
e CertifHy Low-GHG H; with low level GHG emissions.

Hydrogen from renewable sources is defined as belonging to the share
of production equal to the share of renewable energy sources (as | Date: CertifHy Workshop “A roadmap for the
defined in the EU RES directive) in energy consumption for hydrogen | introduction of guarantees of origin for green
production, excluding ancillary functions. Both GoO are associated with | hydrogen” Friday, 17" June 2016 in Brussels.
emissions lower than the defined CertifHy low-GHG-emissions
threshold, set at 36.4 gCOz/MJ. Any hydrogen produced by this | Objective of the workshop:

facility that is neither CertifHy Green nor CertifHy Low-GHG must have | The focus will be on discussing the draft
emissions lower than the benchmark value, set at 91.0 gCO,/MJ | roadmap and the related actions and
(refers to steam methane reforming of natural gas). This benchmark | responsibilities.

ensures that any facility, participating in the GoO scheme, has not
excessively high GHG emissions.
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CERTIFHY - DEVELOPING EUROPE’S FIRST GUARANTEE OF ORIGIN FOR
GREEN HYDROGEN (2/2)

(CONTINUED)

Work Package Three was coordinated by ECN and analysed previous or currently existing GoO systems -
especially those from the renewable energy sector - in order to consider a possible scheme for a hydrogen GoO. They
recommend that details of a future hydrogen GoO should be based on the AIB Rules and Principles of the European
Energy Certificate Systems (EECS) and, due to the multiple possible uses of hydrogen, a flexible scheme would be
necessary including all possible applications for hydrogen. Such a system should cover all possible production routes,
including import and export within the EU and with third countries, and should also make a clear separation between the
origin of the product and the quality of the product (e.g. as determined by the CertifHy green hydrogen standards or the EU
RES Directive qualifications for renewable transport fuels).

In addition, the team uncovered several challenges to the creation of a
hydrogen GoO system based on the nature of hydrogen usage. Since
hydrogen is created by the process of electrolysation and then often mixed
with other gases, a method of analysing and recording the GoO of hydrogen
is not always straightforward. Furthermore, hydrogen electrolysis utilises
both renewable and non-renewable energy sources, which makes the
process of determining the origin yet more complicated.

MOVE PROJECT - HYDROGEN ENRICHED METHANE FUEL (HCNG) |
SWITZERLAND (1/2)

Further information of the CertifHy project
is here available. The full reports on the

first three work packages may be down-
loaded here.

AUTHORS: URs CABALZAR, THOMAS BUTLER, CHRISTIAN BACH

Renewable fuels offer great potential for the reduction of CO, emissions in the mobility sector. In this context, the Empa is
examining the production, dispensing and utilisation of synthetic (electricity based) gaseous fuels. As part of this project,
the future mobility demonstration plant “move” was realised consisting of a 0.2 MW Power-to-Gas plant including
dispensers for the fuels CNG, H, and HCNG (Fig. 1). The facility has been in operation since November 2015.

HCNG is the mixture of CNG and H, whereby blending ratios of 2 - 30 vol% H, are investigated. This mixture offers
numerous advantages regarding the efficiency and emissions of an internal combustion engine. With the increase of
refuelling stations for gaseous
fuels also HCNG could be
made available without major
efforts.

According to the regulation for
automotive fuels (DIN 51624),
compressed natural gas is
allowed to contain up to
2 vol% of H,. To quantify the
impact of such a low blending
ratio, three delivery vehicles
were equipped with data
logging systems and were
then operated for several
months with CNG and HCNG
with a blending ratio of 2 vol%
which was provided by our
own fuelling station. The main
focus of the field test was the
characterisation of the engine

FIG. 1: SCHEMATIC OF THE DEMONSTRATION PLANT ,,MOVE INCLUDING FUEL DISPENSERS start-up behaviour.

FOR CNG, H, AND HCNG

(MORE INFORMATION: WWW.EMPA.CH/WEB/MOVE )
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MOVE PROJECT - HYDROGEN ENRICHED METHANE FUEL (HCNG) (2/2)

(CONTINUED)

The vehicles were used in the parcel distribution service and therefore had an average of 45 starts a day with a maximum
of 102 on one day. Roughly 9,000 engine starts with CNG and with HCNG (2 vol% H;) with engine coolant temperature
above 80°C were evaluated.

The time delay from the first turn of the electric engine starter until the first firing in a cylinder was evaluated for every
engine start (Fig. 2a). The engine starts were then classified according to the length of the delay within 4 classes (Fig. 2b).

FIG. 2A: ENGINE SPEED TRACES DURING ENGINE START UP FiG. 2B: DISTRIBUTION OF DELAY FROM ENGINE CRANK TO

(BLUE LINE: TYPICAL HCNG ENGINE START, GREEN FIRST FIRE FOR CNG (GREEN) AND HNCG (BLUE) IN
LINE: TYPICAL CNG ENGINE START) 4 CLASSES

It could be determined, that HCNG shows a shift to shorter engine crank durations compared to CNG operation. This can
be explained by the higher ignitability caused by the small amount of hydrogen in the HCNG blend. These investigations
have been performed in 2014 - 2015, using a provisory H; blending system.

As a next step, a project vehicle is in preparation for a one-year field-test starting in autumn 2016 running with higher
hydrogen blending ratios up to 30 vol%. To avoid hydrogen embrittiement, all fuel leading parts need to be revised. The
fuel lines have to be replaced with stainless steel pipes, the pressure regulator needs to be hydrogen proof and the type |
gas cylinders have to be replaced with type IV hydrogen cylinders with appropriate cylinder valves. Maintaining the filling
pressure at 200 bar, as is standard for CNG vehicles of today, the volumetric energy density would suffer a significant
decrease with the addition of hydrogen. To keep the initial driving range of the vehicle, the target HCNG filling pressure is
350 bar to compensate this effect, which — of course — requires a corresponding type IV hydrogen cylinder.

Besides the vehicle adaption, the HCNG filling station also
offered some challenges. As part of the above mentioned
demonstration plant a dispenser for HCNG refuelling was
realised between the CNG and the H, dispenser. Out of
different technical and economic considerations, the refuelling
concept was chosen to be of sequential type. Meaning that
CNG is refuelled up to 200 bar first, followed by the filling of a
predefined amount of hydrogen up to max. 350 bar. The
refuelling is fully automatic and takes place through the same
nozzle yielding convenient refuelling as known from standard
CNG dispensers.

The challenge lies in controlling the gas flows to reach the

predefined blending ratio as accurately as possible and to

UP TO 30 VOL% (Iveco DAILY) obtain the highest possible filing of the cylinder without
exceeding the targeted vehicle tank pressure (350 bar @ 15°C). Furthermore, heat release in the vehicle tank during
refuelling is increased in the case of hydrogen blending which needs to be estimated and managed by the refuelling

control. To tackle these challenges a model for the refuelling process was developed which forms the basis for
implementation of the refuelling control which is currently under way.

The project is co-funded by the Competence Centre for Energy and _
Mobility of the ETH-Domain (CCEM), the Swiss Federal Office of Energy [ eaabaaiii

(SFoE), the Swiss Gas Association (SVGW/VSG) and several industrial - oS at oy 1o o) [ e W eto o o
partners (AtlasCopco, Iveco (Switzerland), Swagelok, Mobility Solutions [edalgsE N N (Ol S B = 0@ g o= Kelg) B
AG, Endress&Hauser).
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HIPS-NET NEWSLETTER

VIESSMANN BETS ON BloLOGICAL METHANATION | GERMANY

The international heating systems manufacturer Viessmann has installed a methanation facility at its headquarters in
Allendorf, Germany. The goal of this facility will be to produce methane by mixing carbon dioxide produced in a biogas unit
with hydrogen produced by excess electricity from wind or solar energy. The methane of regenerative origin will then be
fed in to the natural gas network or made available for mobility solutions. The project is a part of the wider BioPower2Gas
initiative introduced by the German Federal Ministry for Industry and Energy.

The initial goals of the project were to
explore the biological methanation —
with a focus on long term stability and
reliability, and to examine the quality of
the gas produced (in particular such
criteria as temperature, moisture level,
and hydrogen content). For the fully
automated facility, Viessmann utilises
an electrolyser with 2 x 150 kW
capacity and a 500 litre hydrogen
storage tank (max. 40 bar). Since
spring 2016 the facility has been
certified to participate in the German
electricity balancing market, allowing it
to utilise surplus electricity production
from renewable resources such as
wind and solar.

PROCESS CHAIN BIOLOGICAL METHANATION (VIESSMANN | TRANSLATION BY AUTHOR)

Initial results have been extremely encouraging. The project was commissioned in 2015 and produces approximately
400,000 kWh per year (enough to power a CNG vehicle for 750,000 km; assuming vehicle consumption of 3.5 kg of CNG
per 100 km). One of the unique characteristics of the
facility is the manner in which methane gas is
produced. While other methanation facilities regularly
use chemical catalysts, the Viessmann plant will use a
biological process developed by the company’s
subsidiary MicrobEnergy. The methane produced is
stable with a very high quality (more than 98%
methane and less than 1.5% hydrogen). This methane
is injected into the local gas grid of Energie Waldeck-
Frankenberg GmbH. The gas has been certified by
inspection institution TUV Siid as “e-gas” comparable
to the fuel produced by Audi (who also cooperated on
this project) for use in road vehicles. The facility has
also received certification from REDCert (Biofuels) as
suitable for the processing of raw biogas. This
certification acknowledges the sustainability of the
project and the reduction in greenhouse gases. At the
end of 2015, the plant was awarded the “Biogas
Partnership of the Year” award by the public-private

German Energy Agency (DENA) in recognition of its
efﬁciency and contribution to carbon-neutral transpor‘t OVERVIEW PTG PLANT ALLENDORF (VIESSMANN | TRANSLATION BY AUTHOR)

solutions.

Source (German only): Viessmann already has permission to expand this project. In the future, it will be

Viessmann, BioPower2Gas able to use up to 400 Nm3¥h of hydrogen for methanation. The company has
been able to largely complete the project using its own technologies. In addition
Contact: Thomas Heller to the technological and biological input directly from Viessmann and its

(thomas.heller@microbenergy.com).

subsidiary MircobEnergy, the electrolyser was also largely built by a further
subsidiary, CarboTech.
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HIPS-NET NEWSLETTER

OMV RESEARCH PROJECT WIND2HYDROGEN - TRANSFORMING RENEWABLE
ELECTRICITY INTO HYDROGEN | AUSTRIA

A new research project in Austria — wind2hydrogen — is being undertaken to examine the viability of storing and
transporting hydrogen produced from wind energy. The project involves the construction of a 100 kW ¢ power-to-gas pilot
plant at the OMV compressor station Auersthal in Lower Austria with the capability to feed directly into the natural gas
network. Vienna-based OMV Gas & Power is heading the consortium in charge of the project. Fronius, EVN AG, HyCentA
Research GmbH and the Energy Institute of the Johannes Kepler University in Linz are also partners.

The expressed goals of the wind2hydrogen project are to examine the hydrogen tolerance of the natural gas transmission
and distribution infrastructure, and to examine the hydrogen storage capacity of the Austrian natural gas network.
Hydrogen is produced by a state-of-the-art flexible high pressure PEM electrolyser designed specifically for this project.
This is then either stored in tanks and transported to existing OMV hydrogen fuelling stations, or fed into the Austrian gas
network. The project aims to test the flexibility of the electrolyser technology under different load profiles. More details on
the technical characteristics of the project can be seen in the table below.

The hydrogen feed-in to the gas network is of particular significance.
After passing through the project pipelines, the hydrogen is injected
directly into the high-pressure natural gas network at the OMV
compressor station in Auersthal. Due to the small amount of input
medium, the hydrogen concentration in the pipeline is below
currently measurable limits. This feed-in will aid the optimisation of
quality control and control technology.

In addition to network feed-in, the project is also analysing the
optimal conditions for the utilisation of hydrogen for mobility in
Austria. This analysis will consider the legal, economic, and
environmental implications of a large-scale role out in the future and
examine the viability of different business models for this scenario.

The potential for this technology in Austria is clear. Network

expansion plans in the federal states of Lower Austria and

Burgenland alone require an additional electricity storage capacity of
up to 2 TWh per year by 2030. Electrolysation of this electricity could

provide enough hydrogen fuel for 250,000 vehicles.

: o : . . The project has received funding from the Climate and Energy Fund
More information including an image film on . o - . . .
this project can be found here and in the (an Austrian public institution for investment in environmentally-friendly
factsheet. innovations) and is being realised as part of its energy research
program. Commissioning of the facility took place in summer 2015 and
the project is due to continue until 31% December 2016.

HIPS-NET CoRE ToPics - WHAT ARE OUR AIMS?

We gather and disseminate the
latest available knowledge to
improve the understanding of
hydrogen/natural gas blends in
pipeline systems with emphasis
on the core topics:

Contact: OMV AG public.relations@omv.com

We additionally keep a minor
focus on the general develop-
ment of power-to-gas, hydrogen
networks, and further topics
around the utilisation  of
(renewable) hydrogen.
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HIPS-NET NEWSLETTER

ELECTRO MOBILITY IN RAIL TRANSPORT | GERMANY

Alstom is currently constructing a new generation of trains powered by fuel cells as part of a larger project to bring
hydrogen and fuel cell technology onto the railway tracks of Germany.

At present, the German rail network is approximately 50% electrified. As a result diesel engines are still heavily used,
especially on branch lines. The further electrification of these lines is economically inefficient. In this respect, fuel cell
technology offers an emission-free alternative that could also be more energy- and cost-efficient in the long run.

To fund this innovative
technology, Alstom has
received 8 million Euros
from the German Federal
Ministry ~ for  Transport
(BMVI) through the
National Innovation
Program for Hydrogen and
Fuel Cell Technologies
(NIP). The first trains are
already expected to enter
trial operation in 2018.
The emission-free regional
train has also received
enthusiastic support from
four federal states within
Germany. Together they
have signed letters of
intent for the purchase of
more than 50 hydrogen-
powered trains  from

Alstom by 2021.
DEVELOPMENT IN THE RAIL SECTOR (ALSTOM | TRANSLATION BY AUTHOR) )
Alstom’s goal is to prepare

fuel cell technology in
trains for the market, and
to analyse the technical, legal and economic requirements for the hydrogen supply to trains and/or rolling stock.

Alstom sees Germany as the ideal location to start the development of hydrogen-fuelled rail technology due to its well-
developed renewables sector, the high potential for hydrogen production, and the country’s ambitious goals regarding
climate protection. In this respect, it is also looking to expand this technology into other markets such Norway, the
Netherlands, Denmark and the UK.

Fuel-cell-powered trains support carbon-neutral railway traffic.
However, the success of this technology will depend greatly on the
continued expansion of the hydrogen infrastructure. The rail For further information, please contact: Dr.
network will require a dynamic and reliable supply of hydrogen in Jens Sprotte (jens.sprotte@alstom.com).
large quantities (approximately 2 tonnes per day for 10 trains), and
at prices competitive with conventional fuel sources. This will only
be possible as a result of closer partnership between the rail and
the gas industry.

Source: NOW
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HIPS-NET NEWSLETTER

FONDATION TUCK STUDY: OPPORTUNITIES TO LEVERAGE SYNERGIES
BETWEEN THE ELECTRICITY AND TRANSPORT SECTORS THROUGH POWER-TO-
HYDROGEN | FRANCE, GERMANY

The study was sponsored by the Fondation Tuck and performed by Hinicio S.A. (Belgium) and Ludwig Bdlkow
Systemtechnik (Germany) and focuses on two possibilities for better implementing the power to gas technology:

e Application of “green hydrogen” in refineries
e “Semi-centralised power-to-hydrogen systems”.
The two options are evaluated with framework conditions of France and Germany.

The study argues that Power-to-Gas production could be used to provide the necessary hydrogen for crude oil refineries
(figure below). Since refineries currently produce this hydrogen via steam methane reforming of natural gas, this would
allow refineries to reduce their greenhouse gas emissions considerably (14 % in France and 7 % in Germany, refers to
‘gate-to-gate’ emissions of the refinery) and meet the requirements of the EU Fuel Quality Directive this way. The authors
assessed the overall costs for producing green hydrogen and came to the conclusion that using green hydrogen is cost-
efficient. The GHG mitigation costs are below German infringement costs. Moreover, an implementation in short term
would be possible. The authors suggest changing the German regulation to reward the upstream emission reductions for
refineries. This is under discussion but has not been implemented yet.

THE PATHWAYS FOR THE SUPPLY OF GASOLINE AND DIESEL INCLUDING HYDROGEN SUPPLY FROM RENEWABLE ELECTRICITY
(LubwiG BOLKOW SYSTEMTECHNIK)

The second option, semi-centralised power-to-hydrogen systems, is described as a possibility to develop the supply of
green hydrogen for fuel cell electric vehicles with co-benefits for local energy systems. Using current French policy and
foreseeable costs for installation of semi-centralised power-to-hydrogen systems, the study feels that current conditions in
France are conducive to power-to-gas. However, in Germany there are drawbacks because of the grid usage fee.

Finally, the study makes several recommendations on how to develop power-to-gas technology as a key component in
energy transition, for example:

e The creation of a feed-in tariff for green hydrogen into the | Congratulations for the ADEME and DENA
gas grid in France (similar to already existing tariffs for | Franco-German Innovation Award Nomination
biomethane)

e Provision of similar taxes or grid fee benefits for production
of green hydrogen in Germany as in France

e In Europe: Further development of sustainability criteria
including green hydrogen in the general frame of the EU
Renewable Energy Directive (RED) and the EU Fuel
Quality Directive (FQD)

LBST and HINICIO are nominated for the
ADEME and DENA Franco-German Innovation
Award. Both companies are part of the three
nominees for the first part of the recently
published study on Power-to-Gas financed by the
Tuck Fondation and its members Total and
Engie. Even though the study did not win the
award, the nomination acknowledges the
achievements for cross-border co-operation to

Source: Fondation Tuck

Contact: Wouter Vanhoudt (wouter.vanhoudt@hinicio.com) I
and Patrick Schmidt (patrick.schmidt@Ibst.de) further the energy transition.
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HIPS-NET NEWSLETTER

CLIMATE PROTECTION AND RENEWABLY-SOURCED CHEMICAL ENERGY
CARRIERS | GERMANY (1/2)

In order to achieve ambitious long-term goals for climate protection, a large share of the energy supply will have to be
based on renewable energy sources. Renewable energy carriers produced by power-to-gas and power-to-liquid
technology can play an important role for applications across all energy sectors (power, heating, transport, industry). As
Germany has only limited potential for renewables, and foreign production of renewable energy could feature economic
and energetic advantages, the import of renewable electricity or renewable energy carriers may become necessary in the
future. In this regard, the German Federal Environmental Agency (UBA) has commissioned a study to consider the
challenges of energy infrastructure in order to incorporate renewably-sourced chemical energy carriers.

The goal of the study was to gain first insights into renewable chemical energy
carriers of regenerative origin produced both domestically and abroad. The
study also explores the requirements and restrictions for energy transport
created by the existing electricity and gas transport infrastructure. By using a
range of international locations, the study is able to determine the feed-in
potential of renewable generation technologies such as wind (on-/offshore),
photovoltaics and CSP (concentrated solar power). The study also determines
the requirements to transport methane and hydrogen in the gas infrastructure.
On a national level, the project compared the transport capacity of hydrogen in
several power network regions by analysing the effect of spatially occurring
power surplus situations. By investigating the development of a hydrogen
economy, the project additionally presents national CO, reduction potentials as
part of the overall transformation process.

Roskrepp

Comparison of import routes for renewable gases

The results of the study show a systematic comparison of possible routes for
importing renewable energy. They also outline recommendations for the
integration of these renewables as part of the transformation process to
reduce greenhouse gases in the energy supply system. A list of the
considered production locations and technologies is provided in the table
below.

LOCATIONS OF POWER GENERATION FROM TECHNOLOGIES OF ELECTRICITY GENERATION AND
RENEWABLES (DBI BASED ON BING.DE) REGIONAL DISTRIBUTION (GERMAN FEDERAL MINISTRY FOR ENVIRONMENT)

Three different import routes are compared: Electricity generation by Country Location

e Import of electricity and the conversion to 'Wind (on-/offshore) U.K. Girvan
hydrogen or methane on site (near the place of

consumption) Norway Stavanger

e Import of natural gas blended with hydrogen Sweden Bandsjon
(up to 5 vol%) through conversion of electricity to
hydrogen at the site of electricity generation. The
hydrogen is subsequently fed into the natural gas
grid and transported via gas pipelines.

e Import of LNG (liquefied natural gas) through PV + CSP Turkey Aydin
conversion of electricity to synthetic methane at
the site of electricity generation. Methane is
subsequently liquefied and transported via LNG Egypt Samalut
tanker.

Water Norway Roskrepp

Sweden Hjalta

Spain Guadix

The study came to the conclusion that use of the gas infrastructure for importation would cause the least energetic losses
and therefore provides advantages over the utilisation of the electricity grid. The cost of extracting hydrogen from the
transported gas blend is not economically viable due to the high energy expenditure required. In cases where pure
hydrogen is required, electricity should be imported and utilised to create hydrogen at the site of utilisation. It is therefore
advisable to construct production facilities for hydrogen close to the location of its utilisation. Although limited methane loss
is observed during transport via the gas grid, the liquefaction of imported LNG involves higher energetic loss. The LNG
import route should, therefore, only be considered for particularly remote locations without access to the national gas grid.
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HIPS-NET NEWSLETTER

CLIMATE PROTECTION AND RENEWABLY-SOURCED CHEMICAL ENERGY
CARRIERS | GERMANY (2/2)

(CONTINUED)

Ultimately there are multiple obstacles to be considered for all import infrastructures (electricity, gas grid, and LNG
terminal). In order to realise these import routes, it will therefore be necessary to expand the infrastructure and utilisation
for renewable energy abroad.

e e Which costs influence the modification of the
(GERMAN FEDERAL MINISTRY FOR ENVIRONMENT) German gas infrastructure to accommodate

Publication February 2016 hydrogen-blended gases?

The elements of the gas infrastructure, which
show an especially low hydrogen tolerance, are
process gas chromatographs (PGCs) and natural
gas transport compressors. Beyond this, the
natural gas grid does not require particular
modification for admixtures in lower
Client German Federal Environmental Agency concentrations. Of the approximately 500 PGCs
installed in Germany, only about 10 % could be
converted to tolerate a higher concentration of
hydrogen. The total costs of converting all PGCs

Authors Stefan Schitz (DBI GUT, Leipzig); Philipp
Hartel (Fraunhofer Institute for Wind Energy
and Energy System Technology, Kassel)

Languages German only

Project End July 2015

Funding German Federal Ministry for Environment, . X . )
Nature Conservation, Building and Nuclear Is estimated at 55 m|I'I|<')n euros (500 PGCs
Safety 110,000 euros = 55 million euros). These costs

would, however, be reduced by the installation of
hydrogen-tolerant PGC units in the course of
ordinary repair and maintenance.

Higher concentrations of hydrogen in natural gas influence the performance of compressors in two ways. Firstly, the
heating value of natural gas falls with the increase in hydrogen concentration. In order to fulfil their delivery obligations (i.e.
to deliver a certain amount of gas), gas transmission network operators would need to compress their gas to greater
extent. A hydrogen concentration of 5 vol% (natural gas quality H, Russia) raises the necessary power consumption of the
compressor by 12 %. This can, in most cases, be covered by adjusting the delivery obligations accordingly. Secondly,
most turbines used to power the compressors, run on gas and only tolerate minor gas quality changes. Adjusting these
turbines to higher hydrogen concentration, will require, in most cases, either refitting or even replacing these turbines. The
study gives an overview on investment costs but is reluctant to estimate total costs. With 70 compressor stations (including
about 236 compressors) in Germany, any refitting or replacement activities will induce high expenses. Replacement in the
ordinary course of maintenance, by new technologies tolerant to hydrogen, is therefore suggested, if higher hydrogen
concentrations are expected.

Recommendations of the study are:

e The gradual integration and substitution of existing fossil hydrogen
applications allows synergies and learning effects while efficiently and cost-
effectively restructuring the system.

Please contact for further

information Stefan Schitz
e A simultaneous expansion of renewable energy sources is crucial for this (stefan.schuetz@dbi-gut.de).
transition.

e Considering the production costs of domestic renewable energy, long-term FSlelilfe=RIaNEl=liyElgRelg|\A
demands, and in the light of long implementation times, also short-term B e 0ol 2t 5 a1
strategies for international expansion of infrastructure and diversification of
import dependencies are to be found and developed.
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HIPS-NET NEWSLETTER

WESPE PROJECT - SCIENTIFIC RESEARCH ON LARGE-SCALE WIND-
HYDROGEN-SYSTEMS | GERMANY

How can surplus wind energy be stored efficiently in the form of hydrogen in a large scale? Scientists validate in the project
WESpe different components of wind-hydrogen-systems regarding their technical and operational feasibility. The project
has a technical focus and optimises the technical components of wind-hydrogen-systems to enhance durability and
performance. The analysis includes a variety of case studies for the value-added chain including electrolysers,
underground storage facilities and the connection to gas grids.

ONE OF MANY CASE STUDIES FOR HYDROGEN UTILISATION INVESTIGATED IN WESPE (BTU CoTTBUS)

The analysis additionally covers the entire development chain, from the qualification of the prototype through the
evaluation of first operational experiences under various conditions and even covers the preparation of future markets
(standardisation, education and public acceptance).

Work Packages (WP) of the WESpe Project:
WP1 - Evaluation of the core components: Fundamental investigations on alkaline and PEM electrolysis under the new
conditions of dynamic operation.

WP2 - Requirements on underground storages: Identification of methods and designs that allow the construction of
technically and economically optimal and reliable gas injection facility for porous rock as well as salt cavern storages.
Development of monitoring programmes for hydrogen underground gas storages.

IMPORTANT TECHNICAL FACTS OF THE WESPE PROJECT WP3 - Modeliing  and  functional
analysis: Development of the

Cavern Storage Capacity Up to 85 GWhy electrolysis technology and the entire
hydrogen supply chain from wind power

Electrt.)lysers‘ Power 0.5-20 MW¢ to compressed hydrogen. Dynamic
Capacity Layout modelling of alkaline, PEM electrolysis
Volumetric Energy Density 0.3 kWhy,/litre (@ 100 bar cavern pressure) systems, and other  auxiliary
components including e.g. annual

Efﬁciency (ACNOlUmeuz) <44 kWhe|/Nm3H2 (alkaline eleCtl'Olyser), utilisation rates and efﬂciency_

3
< -

4.3 kWhe/Nm'y; (PEM-electrolyser) WP4 - Environment and climate
Response Time for Provision < 10 s (from operating temperature condition)  protection: Studying the effects on
of Energy climate and  environment  with
Project Duration December 2013 to May 2017 greenhouse gas balances, on the

avoidance of natural gas imports, on
the use of land (avoiding electricity grid expansion) and the environmental relevance of materials from electrolysers.

WP5 - Public acceptance and transparency: Developing and testing of a communication concept.
WP6 - System analysis and macro-economic analysis.

The research consortium closely cooperates with industrial [Refe\ate=le1e:fe]2101ata =10 10110) a0tz 1¢[0)8 o B) o U] ile A S ttolal= ¢

partners to implement future wind-hydrogen projects LRIt E{EIRER6E)E

successfully and thus offers promising opportunities for

indlfstrial partners to enter new markets .at an early stage. showcase/analysen/projekt-einzelansicht//

Project partners are Deutsche Umwelthilfe e.V., Brandenburg [BI=eE a0 o = WA le BT BN E ST (o) fra T 1s{ola =1t o) = (el g =1
i ; ; i ; (This link might only work correctly if you copy and paste the

Technical University, DBl Gastechnologisches 'Instltut, URL directly in the address bar of your browser.)

German Aerospace Center (DLR) and Fraunhofer Institute for

Solar Energy Systems (ISE).

Source: http://forschung-energiespeicher.info/en/project-
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS

++ Dena - Annual Conference Power to Gas 2016 CURRENT PARTNERS

(21. June 2016, Berlin, Germany)
Alliander AG ++ Areva H,Gen ++ DEA Deutsche

++ 3 HIPS-NET Workshop _ Erdoel AG ++ DGC ++ DNV GL ++ Enagas ++
(22. - 23. June 2016, Brussels, Belgium) Energiforsk ++ Energinet.dk ++ ENGIE ++ EWE

++ H2Congress - 7" German Hydrogen Congress 2016 | 2\ i CEEIN BT RN R CEEEONE =

Infraserv GmbH & Co. Hochst KG ++ ITM Power

++ EFCF - European Fuel Cell Forum
(05. - 08. July 2016, Luzern, Switzerland) ++ EC Joint Research Centre (JRC) ++ KOGAS ++

_ NAFTA ++ Open Grid Europe GmbH ++ OVGW ++
++ 2016 International Hydrogen Conference .
(11. - 14. September 2016, Moran, Wyoming, USA) RAG Rohél-Aufsuchungs AG ++ RWE Deutschland
++ Shell ++ Solar Turbines Europe ++ SVGW ++

++ DBI-Fachforum Energiespeicher
(27. - 28. September 2016, Berlin, Germany)

Synergrid ++ Uniper Energy Storage GmbH ++
Uniper Technologies Limited ++ Verband der

++ World of Energy Solutions Chemischen Industrie (VCI) ++ Volkswagen AG ++
(10. - 12. October 2016, Stuttgart, Germany)

HIPS-NET CoNTACT

DBI Gas- und Umwelttechnik GmbH

QUESTIONS, NOTES AND ADVICES TO: Karl-Heine-Strake 109/111
04229 Leipzig
Gert Miiller-Syring GERMANY

Karl-Heine-Strale 109/111

04229 Leipzig, Germany Tel.: (+49) 341 24571-13

Fax.: (+49) 341 24571-36

+49 341 24571 33 .
gert.mueller-syring@dbi-gut.de www.dbi-gut.de

Anja Wehling CEO: Prof. Dr.-Ing. Hartmut Krause
Karl-Heine-Stralle 109/111

04229 Leipzig, German
Pz y Certified DIN EN 1SO 9001:2008

+49 341 24571 40

. . : Copyright 2013 | © DBI Gas- und Um-
anja.wehling@dbi-gut.de welttechnik GmbH | All rights reserved
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

Repurposing the Gas Grids with Hydrogen p
Explosion Protection for Hydrogen and Natural Gas Mixtures 3

Cross-Sector Cooperation on Standardisation for Energy
Storage Technology 5

First French Plant to Manufacture Electrolysers 6
Summary of the 3" HIPS-NET Workshop 6
= Evaluation of the Workshop 2016 4

CONTENT = Jyri Ylkanen - Power-to-Gas in EU Enerqgy Policy 8

NEWSLETTER #11 Dr. Eveline Weidner - Standards Supporting European
Policy and Legislation 9

Dr. Dieter Pudlo - H2STORE and HyINTEGER 10
Juliane Muth - Future Trends for Sustainable Mobility 11
Alain Le Duigou - Power-to-Hydrogen and Hydrogen-to-X 12
Julian Oebel - Windgas Hamburg iV
Gert Miiller-Syring - Organisational Aspects 13

“A network leads to cooperation, cooperation leads to creativity and innovation - this changes the
world.” - Marissa Mayer (CEO Yahoo)

Dear Partners and Colleagues,

Welcome to the latest edition of the HIPS-NET newsletter. On 23™ June 2016 the 3™ HIPS-NET Workshop took place in Brussels.
Once again the event was a success and we would like to thank all the attendees, especially the presenters, for their enthusiastic
participation. This edition of our newsletter focuses in addition to the articles on the presentations given at the HIPS-NET
Workshop on 23™ June. We hope that the summaries can provide an overview of key information for members who were unable
to attend the workshop. For those of you who attended the event, we hope that the material helps to refresh your memories.

The feature articles from our current newsletter include a U.K. based study how to repurpose gas grids with hydrogen and
research on explosion protection for hydrogen and natural gas mixtures. The newsletter also introduces an overview on
standardisation for hydrogen applications in Germany. In France, meanwhile, we report about the first French plant to
manufacture electrolysers.

We hope you enjoy reading and that you adopt well from the warm late summer days to the current weather conditions!

Your HIPS-NET Team
Gert, Anja, Stefan, Josephine & Gideon
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HIPS-NET NEWSLETTER

REPURPOSING THE GAS GRIDS WITH HYDROGEN | U.K.

The H21 Leeds City Gate project investigated opportunities to decarbonise the U.K. distribution gas network by specifically
focussing on large cities.

On the example of Leeds, one of
the largest U.K. cities, the study
suggests that the existing gas
network can be significantly
decarbonised at minimal cost to
consumers and thus contribute
to the Paris  Agreement
commitments  (reduction  of
carbon emissions by 80 % in
2050). The authors argue that
the change from natural gas to
hydrogen has the potential to
provide a very deep carbon
emission reduction. The study
aims to determine the technical
and economic feasibility of
converting the existing natural
gas networks in Leeds to 100 %
hydrogen under the prerequisites
of minimal disruption for the
customer and heat supply at
current costs. The economic
feasibility relies on low-cost bulk
hydrogen produced by steam
90 % carbon dioxide capture,
which is permanently
sequestrated deep under the North Sea (CCS). Hydrogen can also be generated via electrolysis but CCS is regarded as a good

bridgehead to enable the demonstration of hydrogen distribution at a predictable price.

NG (g/kWh) H, (g/kWh)  Reduction
U.K. Carbon budget basis (Scope 1) 184.0 27.0 85 %
Including electricity for sequestration (Scope 1+2) 184.0 49.5 73 %
Including embodied CO, from production & importation of NG (Scope 1+2+3) 209.3 85.8 59 %

CO, EMISSIONS SAVINGS ACHIEVED BY THE H21 PROJECT (SOURCE: EXECUTIVE SUMMARY PAGE 5)

The project has shown that:

e Th twork h fficient ity f ionto h .
e gas network has sufficient capacity for conversion to hydrogen You can find the

® |t can be converted incrementally with minimal disruption to customers. source report and the

®  Minimal new energy infrastructure will be required compared to alternatives. management summary
The existing heat demand for Leeds can be met via steam methane reforming here.
and salt cavern storage using well-proven technology.

Partners: Northern Gas Networks, Wales&West Utilities, Kiwa Gastec, Amec Foster Wheeler
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EXPLOSION PROTECTION FOR HYDROGEN AND NATURAL GAS MIXTURES |
GERMANY
AUTHORS: E. ASKAR, V. SCHRODER, T. TASHQIN, K. HABIB (BAM), S. ScHUTZ (DBI) AND A. SEEMANN (BG ETEM)

Safety characteristics for explosion protection of natural gas and hydrogen are well studied as these are important industrial
gases. However, mixtures of hydrogen and natural gas (H2/NG) are much less well studied especially with standardised
determination methods such as EN 1839. Such mixtures become more and more relevant. As regenerative energy technologies
are constantly evolving, hydrogen production by electrolysis becomes increasingly important for “storing” the fluctuating green
electricity supply. Hydrogen can be easily distributed and stored by using the existing natural gas grid and storage systems.
However, the explosion protection concept must be reviewed for this purpose. Considering the safety characteristics for explosion
protection, hydrogen is more “critical” in various respects. In previous studies, mainly substantial large-scale tests in open space
have been conducted. The scope of this work was:

1) Laboratory tests to determine safety characteristics for

explosion protection for Ho/NG mixtures . . o ~pure methane
explosionregion -
2) Calculations on the areas with explosive mixtures for fuelng:| nit gnl air 100 g;//" rllyc(ijrogen
H2/NG mixtures 9 % 0 o h‘)’/d’;‘;g:rr‘]
3) Testing of calculation methods for the safety 80 20 —pure hydrogen
characteristics of Ho/NG mixtures to reduce the high 30
effort for the experimental determination of safety W
characteristics prospectively. fuelgas 60 8% nitrogen

. inmole% WMO inmole%
The results of the work are presented here in aggregated form. 50
Explosion regions M/M

40
In Figure 1 the explosion limits of different Ho/NG mixtures are \/\/W

30
shown, determined experimentally according to EN 1839-T.

Information on the explosion limits are especially necessary for

calculating explosion zones. The lower explosion limits (LEL) - \/\/ 90
are very similar for all mixtures. This information is also 0
. . . . o

important for the design of appropriate gas warning sensors. 00 o 0
The upper explosion limits (UEL) as well as the limiting oxygen a|r|n mo|e%

concentrations (LOC) vary strongly. However, the dependency

e . FIGURE 1. EXPLOSION LIMITS OF DIFFERENT MIXTURES OF HYDRO-
of the UEL and LOC on the composition is clearly not linear. GEN AND NATURAL GAS DETERMINED ACCORDING To EN 1839-T.
Calculation of explosion limits of such mixtures was conducted
with the model of constant adiabatic flame temperatures profiles.

Explosion groups
Minimum Experimental Safety Gaps (MESG) ,
f Natural Gas/ Hydrogen-Mixtures A.cc.:orderg to ATEX thg gases and vapours are
" o divided into the explosion groups IIA, IIB and IIC
. . according to their Minimum Experimental Safety
1* """ %o, . Bxplosion Group: 1l A Gaps (MESG). Natural gas has a rather high
% MESG and is thus allocated in the least critical
gog - —n oy explosion group IIA, whereas hydrogen is allocated
E Bxplosion Goup: 11B-~ ™+, in the most critical explosion group IIC, because of
Q06— its very small MESG. In Figure 2 the MESG for H,/
20,4 .......... NG mixtures as well as the allocation to the
BxplosionQoup:liIC x different explosion groups for the mixtures is
0,2 shown.
0 T T T T :
0 20 40 60 80 00
hydrogen fractioninmole%

FIGURE 2. MESG OF MIXTURES OF HYDROGEN AND NATURAL GAS AND ALLO-
CATION TO EXPLOSION GROUPS.
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EXPLOSION PROTECTION FOR HYDROGEN AND NATURAL GAS MIXTURES |
GERMANY

(CONTINUED)

Explosion severity Explosion Severity Parameters of Natural

The explosion pressure pmax and the rate of explosion Gas/ Hydrogen-Mixtures

pressure rise (dp/dit)max as safety characteristics for 9 : % 10000
characterising the explosion severity are necessary for L gg | ~t ExplosionPressure 1 9000
designing measures for constructive explosion protection. 'EB,G Shalial a0 é
Pmax Of natural gas and hydrogen are very similar. It was RS r—— . . g 7000 4
calculated at adiabatic conditions with thermodynamic g&: BRI o, A s g
calculations using the software “GasEq” for “pure” gases as 78 izzz g
well as for mixtures. (dp/dt)maxOf hydrogen is much higher g 76 o 3000 S
compared to natural gas. Similar to most other safety g 74 200,0 ‘g"
characteristics, the dependency of (dp/dt)mex from the 72 S "o X 100,0
cc?mp03|t|on is not Illnear for Ho/NG mixtures. For mixtures 70:0 20"0 46’0 66’0 80"0 00’8'0
with hydrogen fractllons up to. about 25 mole%, .(dp/dt)max hydrogenfractioninmole%

does only change slightly. At higher hydrogen fractions, (dp/

dt)max increases much stronger with increasing hydrogen FIGURE 3. Pyax AND (DG/DT)yax OF MIXTURES OF HYDROGEN AND
fraction. The explosion severity parameters for mixtures of NATURAL GAS.

hydrogen and nitrogen are shown in figure 3.

Areas with explosive mixtures

The areas where explosive mixtures with air can occur
were calculated with a jet release model for mixtures of
10 mole% hydrogen and 90 mole% natural gas
considering different orientations, different flow rates of
the fuel gas as well as different wind speeds. No
significant difference concerning the areas to pure
natural gas was detected for any of the different
scenarios. In Figure 4, the calculation results at vertical

FIGURE 4. CALCULATED AREAS WITH EXPLOSIVE ATMOSEHERES FOR PURE orientation at a wind speed of 3 m/s and a flow rate of
NATURAL GAS (LEFT) AND FOR MIXTURES WITH 10 MOLE% HYDROGEN . ;
(RIGHT). 1 kg/s is shown exemplarily.

Conclusions

An admixture of up to 10 mole% hydrogen to natural gas has very low influence on safety characteristics for explosion protection.
With increasing hydrogen fraction, the mixtures become mainly more ,critical® considering explosion protection, an substantial
influence on explosion protection occurs for hydrogen fractions of more than 25 mole%. A set of data for safety characteristics of
natural gas and hydrogen mixtures was obtained for designing measures for explosion protection. Safety characteristics for
similar mixtures could be calculated by using appropriate calculation methods.

The project partners are evaluating a follow-up project. Open research issues are: Project partners:

e BAM (German Federal Insti-

1) Impact of hydrogen fractions on a possible transition from deflagration to Wi e e Peses
detonation (DDT) at explosions in pipelines and Testing),

2) Impact of hydrogen fractions on the effectivity of sparks as ignition source BG ETEM (Employers Liability

3) Influence of elevated pressure and temperature on safety characteristics of Insurance Association Energy,
natural gas/ hydrogen blends Textiles, Electricity),

4) Development of calculation methods for accurate estimation of explosion e DBIGUT
limits and other safety characteristics of natural gas/ hydrogen blends Funding: BG ETEM

5) Systematic investigation of safety characteristics for further blends with

hydrogen, e.g. Syngas Contact: Dr.-Ing. Enis Askar
(enis.askar@bam.de)

HIPS-NET partners are invited to contribute if they are interested in this Seriees
topic.

Paper
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CROSS-SECTOR COOPERATION ON STANDARDISATION FOR ENERGY STORAGE
TECHNOLOGY | GERMANY

The energy transition addresses increasingly the need for cross-sector cooperation to
strengthen the interconnection between the electricity, gas, and heat sector. Four
standardisation bodies in Germany have addressed the linkage between the energy sectors;
they developed a standardisation roadmap for energy storage (“Deutsche
Normungsroadmap Energiespeicher”).

The roadmap has been developed and published by DIN (German Institute for
Standardisation), VDI (Association of German Engineers), DVGW (German Association for
Gas and Water), and DKE (German Commission for Electrical, Electronic & Information
Technologies of DIN and VDE).

HIPS-NET colleagues asked us, how does standardisation support the market introduction
of power-to-gas? What are you doing in Germany? Even though, this roadmap describes the
situation for Germany and only briefly refers to European developments, we decided to

include this topic in the newsletter.

The standardisation roadmap addresses five different types of energy storage technologies:

Mechanical
Storage

Electrochemical Chemical

Thermal Storage Storage Storage

Electric Storage

The term ‘chemical storage’ covers so-called power-to-X technologies: renewable gases, liquids and chemicals. The roadmap
includes the following parts of the infrastructure for chemical storage: - excerpt -

e  Grid connection (e.g. pipelines, electricity network) of the power-to-X facilities

e Technology for gas generation (transformation, storage), gas treatment, gas conditioning, and injection of the generated

gases hydrogen and methane

e Storage in (1) gas grids, (2) underground storages, (3) (pressurised) tanks, (4) chemical storage (e.g. metal hydrides)

The rather broad conception of the roadmap is brought down to details, first by a listing all relevant working committees in DIN,
VDI, DVGW and explaining their scope (tables 11-13 of the report). At the heart of the section on chemical storage, the report lists
existing and drafted technical standards with brief descriptions. We refrain from repeating this overview here, because it spreads
over 19 pages; please have a look at table 14 to find needed information. An additional cross-check of the overview revealed
further standards such as the DVGW G 292 (dispatching), DVGW G 493 (gas pressure regulation and injection facilities) and
DGUV Regel 113-001 (explosion protection). DGUV is the German Social Accident Insurance.

The roadmap briefly emphasises the active standardisation bodies for the Source: Roadmap (German)
hydrogen infrastructure: The ISO/TC 197 covers standardisation activities for

Contact:

Olaf Bender (olaf.bender@din.de) for the
German Standardisation Roadmap and

hydrogen, which is mirrored in the German DIN-NAGas working committee NA
032-03-06 “Wasserstofftechnologie”. Furthermore, the European Industrial

Gases Association (EIGA) has technical standards for hydrogen (e.g. hydrogen Francoise de Jong

pipelines, underground storages, reformation). The final report of the CEN- (Francoise.dejong@nen.nl) or

CENELEC SFEM Working Group Hydrogen recommends creating a new CEN/ Jos van Nistelrooij
(Jos.vannistelrooij@nen.nl) for the CEN-

TC “Hydrogen” to support standardisation. This will be established as CEN- CLC/TC 6 "Hydrogen”

CLC/TC 6 "Hydrogen” under the Secretariat of NEN.

Invitation to the CertifHy final event

The CertifHy project is about to finalise its work about first EU-wide Guarantees of Origin (GO) scheme for premium hydrogen
(green and low-carbon hydrogen) and will present the key project results on Wednesday, October 19™in Brussels. Please see
for further information and register here. We described the aims of the project in the June edition #10 (page 3f).
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AREVA H,GEN LAUNCHES THE FIRST FRENCH PLANT TO MANUFACTURE
ELECTROLYSERS | FRANCE

AREVA H,Gen is the leading company in France for
the production of Proton Exchange Membrane (PEM)
electrolysers and opens its electrolyser
manufacturing plant in Les Ulis, France. The site
includes office space, a large unit to produce stacks
and for system manufacturing and integration
(capacity of 30 electrolysers per year) and laboratory
space for R&D testing.

AREVA H,;Gen is now building medium-capacity

ALL-IN-ONE ELECTROLYSER ELYTE 120 (AREVA H,GEN) PEM electrolysers ranging from 100 kW to 1 MW up

to 35 bars. In the near future, it will be developing

large-capacity electrolysers with up to dozens of MW of power storage.
The company participated in various projects over the last years such
as “GRHYD” Hydrogen injection [...] in distribution networks or H2ME
“Hydrogen Mobility Europe” or Myrte facility in Corsica.

The French political framework supports the company’s activities. At
present, the “French Hydrogen Territory” RFP, issued in early May 2016
by Mrs Segoléne Royal, the French Minister of Environment, Energy
and Sea, responsible for international relations on climate change, that
is intended to demonstrate that any country, region or land that employs
a source of carbon-free hydrogen for a number of uses can drive a
profitable and ecologically-sound development.

S e oo
(stephanie.grenault@arevah2gen.com) H,GEN)

Source: AREVA H,Gen

SUMMARY OF THE 3%° HIPS-NET WORKSHOP

The subsequent pages provide an overview about the HIPS-NET Workshop, beginning with an evaluation of the workshop based
on your feedback and followed by the summaries of the given presentations. The organisational aspects of our network with the
outlook for the coming year follow thereafter. Three short project proposals conclude our workshop summary.

In total seven presentations were delivered covering a wide range of topics. Judd, GERG Secretary General, and Gert Miiller-
Syring opened the event. EU policy was, once again, a major focus of the workshop. Jyri Ylkanen from the European Commission
gave an update with his presentation on the key activities within EU energy security strategy and the role that hydrogen
technologies will play in this. This was followed by a presentation by Eveline Weidner from the European Commission’s Joint
Research Centre on the role of standardisation in the formulation of efficient and flexible legislation. Other presentations at the
workshop considered the practical utilization of hydrogen or power-to-gas technologies in the present or near future. Dr.
Pudlo from the University of Jena presented research into the feasibility of hydrogen
storage in underground reservoirs, and Alain Le Digou presented the work of the
French Alternative Energies and Atomic Energy Commission to analyse techno-
economic, legal, and regulatory conditions for power-to-hydrogen and hydrogen-to-X
technologies. The Windgas Hamburg project — one of the few sites in Germany
injecting hydrogen directly into the municipal natural gas grid — was presented by
Julian Oebel from Uniper Energy Storage. As mobility plays an even greater role in
the connection with hydrogen technologies, it was also interesting to hear Juliane
Muth from Volkswagen present the carmaker’s perspectives for sustainable mobility
and its investment in hydrogen fuel-cell technology. Gert Miiller-Syring from DBI also
presented the latest developments in the HIPS-NET project including the newly-
launched website.
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SUMMARY OF THE 3%° HIPS-NET WORKSHOP

EVALUATION OF THE WORKSHOP 2016

We would like to thank all workshop participants for the time taken to answer our feedback questionnaire at the end of the
event. We will now take this opportunity to summarise the positive feedback and the constructive criticism we received. The
feedback includes the opinions of more than 70 % of the participants.

We were pleased to hear that all attendees felt the workshop was worthwhile, either rating the event as “good” or “very good”
on our questionnaire. The topics addressed were regarded as “well-balanced” and/or “very interesting”, and the selection of
speakers was praised as “good” or “very good”. In particular, participants stated that they were pleased with the material
discussed and also with the opportunity to meet other professionals from across Europe and exchange ideas.

Among the constructive criticism received was the wish to expand the duration of the event. Although the large majority of
participants were satisfied with the time provided for the workshop, some attendees would like to have more time to discuss
the topics and to get to know new contacts. Since the majority rated the duration as “optimal”, we intend to stick to the format
of the workshop and appreciate the elevated interest. From an organisational perspective, some participants also requested a
brief introduction round at the beginning of the event to establish participants and agenda. Thanks for the good idea; we will
include this next year.

Some colleagues asked to meet next time somewhere else but not in Brussels as one
of the most expensive city in Europe. We are reluctant to change the place as this gives
us the chance to invite DG ENER (Jyri Ylkanen) and opens an opportunity for
exchange. As we are a GERG based network, we welcome the support by Robert Judd,
Secretary General, who offers the meeting room and catering in the historical GERG
building at Palmerston. If you feel nevertheless the place to meet should be discussed,
please do not hesitate to suggest this for our next year’s agenda. Someone was asking
for a list of participants in advance of the meeting. Please refer to the doodle poll we
installed in the previous years. We perceived using a doodle poll as effective tool while
preparing the workshop. Supplementary, we will distribute the link next year indicating
that one might see the planned participation there and disseminate the list of participants right ahead of the meeting.

Several topics were requested for future workshops and newsletters. In particular, the participants mentioned further
information on hydrogen production, methanation and real cases of hydrogen injection into the grid. There was also interest in
more information on natural gas/ hydrogen blends, and hydrogen storage in underground storage facilities. Most of the
suggested topics are covered by the core-topics of our network; they are the main target of the information we are looking for,
though not always easy to find it. It is good to read that these questions are still valid to you. In addition to our own search, may
we ask you to give us hints if you hear of latest results on the hydrogen tolerance or planned facilities?

Further wishes for the network? We received various suggestions, to mention a few of them:
e New partners —> We, and especially Gert, are promoting the network and constantly looking for new partners. We
also welcome suggestions by you.
e Close cooperation with other groups as CEN/CENELEC, IEA —> The cooperation has been established and will be
maintained.

e Keep track and do not loose topics. —> Yes, we have been trying and take your suggestion as opportunity to look
again for ‘lost’ topics. Though, to our knowledge, the R&D in the core-topics advances to a different degree and some
are not yet sufficiently addressed by projects.

e Newsletters every two months. —> It is good to hear from you, that the work we are doing is in fact useful to
colleagues in the network. Researching the topics, writing the articles and typesetting the newsletter is surprisingly
time-consuming, which might not be obvious looking at it from the outside. The current available project budget,
though, has been calculated for quarterly newsletters. You may look at the status report of year 1+2 for further
information (to be downloaded at the website after logging in).

As mentioned before, we will take these comments into consideration as we begin planning for the next HIPS-NET Workshop
in 2017. Last but not least: We asked in the questionnaire whether you intend to join the workshop next year again and all
answered YES. Thank you for your praise and your trust! We will continue improving the network as well as the workshop and
hope to add value to your every-day work in the future.

The most important part of a network is the basis. Please do not hesitate to get in touch with the editorial team @DBI and
share your ideas to contribute to the future of HIPS-NET.
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JYRI YLKANEN - EUROPEAN CoMMISSION DG ENERGY OFFICE OF THE PRINCIPAL ADVISOR

Power-to-Gas in EU Energy Policy

Key activities within the EU Energy Security Strategy, which are relevant for Power-to-Gas:
e Development of a new market design
e  Strengthening of the European regulatory framework

e  Further integration of the energy and transport sectors with a greater emphasis on
alternative fuels

e Renewable Energy Package 2016-2017 with a focus on self-consumption,
bioenergy sustainability and a post-2020 legal framework for renewables

Energy system investment needs and sources of funding:

e Total investment requirements for the gas and electricity sectors between 2010 and 2020 in excess of 1 trillion euro.
This includes approximately 500 billion for energy production and 600 billion for transmission and distribution.

e Funding for sustainable energy available via the Cohesion Policy (approximately 38 billion euro), Horizon 2020
(approx. 5.4 billion), and the Connecting Europe Facility (approx. 5 billion), among others.

e  European Fund for Strategic Investments (EFSI) expected to procure 315 billion euro for investment in projects with a
higher risk profile.

A flexible system through renewable energy sources:
e  Smart energy systems to play a role in a new flexible energy infrastructure
e Creation of strategic energy reserves to make a more robust European energy system
e Diversification of supply and transport routes intrinsically linked to the development renewables

e  Greater synergies between renewables and the natural gas grid to support strategic energy reserves

Integration of Power-to-Gas with the natural gas grid and potential issues:

e Standards and safety — possible effects of blending H, and natural gas or of transporting H; via the natural gas
infrastructure

e Possible impact of SNG, biomethane, and hydrogen on the quality of natural gas
e Decarbonised gas infrastructure — reaction of the markets and the impact on objectives
e  Securing long-term investment models and a sustainable market structure for all technologies

e Reinforcement of the governance framework to consider emerging energy solutions
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EVELINE WEIDNER - EUROPEAN COMMISSION JOINT RESEARCH CENTRE

Standards Supporting European Policy and Legislation

European standards such as those adopted by CEN, CENELEC, and ETSI are
voluntary. The European Commission does not develop them but the
Commission can issue a request (mandate) for a standardisation to be
developed.

The Annual Union Work Programme for Standardisation identifies and
develops strategies for standardisation. This programme is currently working
on new or updated standards, including the following areas related to power-to-
gas:

e Use of electrolysers for grid balancing

e Hydrogen admixture to the natural gas grid (safety, quality, etc.)

e  Gas-fuelled appliances
Standardisation plays a critical role in connection with EU energy policy

e Developing workable standards for new energy technologies and integration of renewables is at the heart of Horizon
2020 policies

e An upgraded Strategic Energy Technology Plan (SET Plan) was developed, aiming to accelerate the development and
deployment of low-carbon technologies to implement the 5" pillar of the Energy Union (research, innovation and
competitiveness)

e SET Plan places special focus on the development of standards and interfaces to insert storage technologies into the
energy system

The European Commission’s Joint Research Centre (JRC) works to support the development of fit-for-purpose performance-
based standards to enable smarter legislation

e Established MoU with organisations such as the European Committee for Standardisation (CEN), European
Committee for Electrotechnical Standardisation (CENELEC), European Telecommunications Standards Institute
(ETSI)

e  Supporting an acceleration of the standardisation process by anticipating the needs of industry and focusing on areas
where rapid progress is required e.g. eco-innovation

e  Greater inclusion of all stakeholders including European Standardisation Organisations (ESO), industry, stakeholders
and policy

JRC supports both EU- and global standards
e Liaison with the ISO Technical Committee 197 on hydrogen standardisation

e  Cooperation with other stakeholders to produce report on EU harmonized test protocols for PEM fuel cell membrane
electrode assembly (PEMFC MEA) testing in single cell configuration for automotive applications

JRC has undertaken pre-normative research in the field of hydrogen safety sensor technology

e Analysed the effect of environmental parameters, the response time, the lifetime and effect of employment conditions,
and the related testing methodology

e On going pre-normative research on reliable sensors for hydrogen in natural gas
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DR. DIETER PubLO - H2STORE AND HYINTEGER

Studies on the Effect of Hydrogen Gas Storage in (Pore) Underground Gas Reservoirs

The projects H2STORE and HyINTEGER intend to improve the understanding of potential processes during H, storage in
depleted gas reservoirs. In addition, HYINTEGER analyses NG/H, gas mixtures and well-casing components.

H2STORE research goals:

e Long-term reservoir capacity

e Biocoenosis (variations in species and population growth)
e  Gas mixture behaviour

e  Fluid transport

e Reactivity of the reservoir rocks

HyINTEGER research goals:

e Alteration of steel alloys, well cements, and elastomers (in combination with
the reservoir rocks/fluids)

e The integrity of the reservoirs (cap rock and well leakage)

e Reactivity of the components — e.g. variations caused by different gas mixtures (H,-CO,, H-CHy4, Hz-H,S, Hy-CoH405)
and in the order of their addition to the samples

e  Gas mixture behaviour and fluid transport

Findings to date: Observed alteration of reservoir rocks through exposure to pure H; can lead to an increase in porosity and
fluid flow pathways

e Alteration of the rocks and corrosion of well casing materials by pure H, are site specific
e Steel alloy corrosion is caused by sulfate reduction or pyrite alteration — different alloys corrode at different rates
e Variations in salinity influence rates of corrosion/dissolution

e Increased porosity modifies the well’s storage capacity and recovery rates

The H2STORE and HyINTEGER project were briefly introduced in the 10" version of the newsletter (06/2016).

Support Wanted! - Request by Dr. Pudlo

We are looking for additional materials related to well operations. This includes material used in these operations as well as
untapped samples of such material.

The unused samples will be taken for comparison and in the experiments. The provided samples will be investigated by
submicroscopic and chemical means, which implies, they will be destroyed during these studies.

Most welcome are
e  Steel alloys — stripes of about 4 cm in length, 2 cm in width are preferred (regardless of thickness)
e  Well cements — small blocks of about 3 - 5 cm in edge length
e Elastomers (e.g. for sealings) — parts about 5 cm in length of ring-shaped samples

e Samples in any combination of these materials (bonded specimen) are deeply appreciated.

Besides these requests on sample supply, we are looking for further cooperation partners, willing to introduce new ideas and
suggestions to our research.
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JULIANE MUTH - VOLKSWAGEN AG

Future Trends for Sustainable Mobility

European targets of the EU WHITE PAPER on transport (2011) requires COz-reduction until
2050 on a well-to-well basis of 70% in comparison to 2010. This challenging target needs
tremendous changes in mobility by:

e Further improvements in efficiency for internal combustion engines
e New drive concepts like battery and fuel cell electric vehicles
e New CO, neutral fuels

Development of high energy batteries are one of the core components in electric vehicles:

e Today lithium ion technology is finally established in automotive powertrain
applications.

e Reaching energy densities per cell of about 400 Wh/l and more.

e In near future driving ranges up to 500 km are conceivable.
e Next generation batteries could be the solid-state-battery (cell densities of 1,000 Wh/I and driving ranges comparable
of today’s cars).

Volkswagen AG works since 20 years on the hydrogen and fuel cells technology.

e Latest prototypes are equipped with an in-house developed fuel cell system.
e The next generation will have better ability of cold start, less platinum, prolonged durability and other features.

Pursuing new and innovative approaches for CO-reduced fuels like hydrogen, power-to-x fuels, algae based fuels etc. are in
an early stage but will be enhanced by

e Necessary financial support to advance beyond demonstration stage
e Political support to reach considerably lower CO, abatement costs for hydrogen (via electrolysis) and e-gas (via
methanation) until 2020.

Volkswagen Powertrain and Fuels Strategy aims to incorporate e-mobility and highly efficient internal combustion engines both
driven with preferably CO,-neutral energy carriers for a more efficient portfolio, which meets the needs of all customers.

Impressions
3"HIPS-NET
Workshop ...

We uploaded further impressions at the secured members area of the HIPS-NET website. Please respect the right of
privacy and do not disseminate the pictures without prior consent of the persons depicted. Thank you.
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ALAIN LE Duicou - CEA

IEA HIA Task 38: Power-to-Hydrogen and Hydrogen-to-X: System Analysis of Techno-
Economic, Legal, and Regulatory Conditions

Key facts and figures:

e General state of the art survey involving mapping and review of existing projects, techno-
economic studies, legal framework, and business measures

e Detailed case studies including a systemic approach, macro-economic impact analysis,
and other specific case studies

e Project began in early 2016 and is expected to last four years
e More than 40 participants from 14 countries
Overview of progress and recent developments:

e Publication of a reference document outlining the structure and goals of the project

e  Completion of first methodology sheet and first list of studies for literature review
e Participation at the World Hydrogen Energy Conference in June
e Creation of a secure internet site for documentation — a public site is planned

e Possible cooperation with CEN/CENELEC
An article on this topic was published in the 9" edition of the newsletter (04/2016).

JULIAN OEBEL - UNIPER ENERGY STORAGE

Windgas Hamburg
Project outline:
o 1.5 MW (stack) facility with PEM electrolyser producing 290 m®h hydrogen
e Hydrogen output fed directly into local gas grid
e Public funding through German Federal Ministry of Transport and Digital Infrastructure

e Project goals include analysis of PEM technology, analysis of effects of higher levels of hydrogen in the Uniper
infrastructure, development of business potential

Results of testing so far have been encouraging:

e  Gas grid injection and monitoring technologies according to DVGW
(German Association for Gas and Water) standards

e  Hydrogen injection into the Hamburg grid in two ways (ring injector,
central injector)

e  Grid operator tested up to 5 vol% hydrogen in the grid at gas-sensitive
industrial customer. No negative impact detected. Regular operation is
limited to 2 vol%.

We introduced the Windgas Hamburg Project in the 8" edition of the newsletter
(02/2016).
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SUMMARY OF THE 3%° HIPS-NET WORKSHOP

GERT MULLER-SYRING - DBl GAS— UND UMWELTTECHNIK GMBH

HIPS-NET - Organisational Aspects

Fixed responsibilities in the coming year:

e  Continued publication of the quarterly newsletter and annual status report

e  Addressing open R&D subjects and communication to the EC

e Preparation for the 2017 HIPS-NET workshop (proposed date 215/22™ June 2017)
e Aim to increase the number of active partners (from 32 to 36)

Partner acquisition supported by the publication of the new HIPS-NET flyer (outlining the
project and its goals) in June 2016.

Launch of the HIPS-NET website:
e Public area with a presentation of the network and its partners

e Private area (accessed through username and password) including newsletters,
publications, presentations, reports, and a PtG database plus mapping

Additional scope for the coming year (depending on budget):
e Maintaining the HIPS-NET website
e Updating the Power-to-Gas map
e Maintaining cooperation with CEN/CENELEC Sector Forum Energy Management Working Group Hydrogen/TC6
e Establishing closer information exchange with the EC Director General for Energy

HIPS-NET - Project Proposals

The following proposals have been made for projects within the scope of HIPS-NET:
Proposal 1: Turbines and engines in the gas grid
e Aim to develop smooth and cost-efficient change strategies for gas turbines in the gas transmission infrastructure
e Investigate the number and hydrogen tolerance of gas turbines in the gas transmission grid
e Time: 10 months
e Cost: 15,000€
e DBI as performing partner but with support from EU TurbinessEUROMOT
Proposal 2: Natural gas as working medium

e Evaluation of the effects of hydrogen feed-in to the natural gas grid on processes in the chemical industry —
hydrodesulphurization catalysts (HDS) tend to reduce in hydrogen-enriched atmosphere

e Evaluate of hydrogen impact on HDS through literature research and thermodynamic calculations
e Experimental test of HDS catalysts under elevated hydrogen content in the feed gas
e Time: 12 months
e Cost: 80,000€ funded by DBI and HIPS-NET partners
Proposal 3: Safety aspects

e Determination of properties related to safety technologies of gas mixtures with hydrogen under non-atmospheric
conditions (amongst others, properties will include explosive range, ignition point as a function of temperature and
hydrogen content, pressure, and oxidation)

e Determination of safety parameters of gas admixtures of H, with various natural gases

e Relevant gas conditions will be identified with the help of public/private institutions and .
literature research Please contact us if you
e Results of experimental studies will be used to examine computational models are interested to support

e Time: 36 months these proposals techni-

cally and/or financially.

e Cost: 75,000€ (estimated for current scope of project)

e |Initiated by German Federal Institute for Materials Research and Testing and DBI GUT
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS

CURRENT PARTNERS

++ 2" International Workshop on Material Challenges

for Fuel Cell and Hydrogen Technologies Alliander AG ++ Areva H,Gen ++ DEA Deutsche
(19-21 September 2016, Grenoble, France) Erdoel AG ++ DGC ++ DNV GL ++ Enagéas ++

++ DBI-Fachforum Enerqgiespeicher Energiforsk ++ Energinet.dk ++ ENGIE ++ EWE
(27-28 September, 2016, Berlin, Germany) AG ++ Gas Natural Fenosa ++ Gasum OY ++

++ World of Energy Solutions Gasunie ++ GRTgaz ++ grzi e.V. (figawa) ++
(10-12 October, 2016, Stuttgart, Germany) Infraserv GmbH & Co. Héchst KG ++ ITM Power

++ Biological Methanation - OTTI-Fachforum ++ EC Joint Research Centre (JRC) ++ KOGAS ++
(25 October, 2016, Regensburg, Germany) NAFTA ++ Open Grid Europe GmbH ++ OVGW ++

++ 6" Nordic Hydrogen and Fuel Cell Conference RAG Rohdl-Aufsuchungs AG ++ RWE Deutschland
(26-27 October 2016, Sandviken, Sweden) ++ Shell ++ Solar Turbines Europe ++ SVGW ++

++ 2" HYPOS-Forum - academic course of lectures Synergrid ++ Uniper Energy Storage GmbH ++

(8-9 November, 2016, Bitterfeld-Wolfen, Germany) Uniper Technologies Limited ++ Verband der

++ |RES-Symposium - policy framework for storage Chemischen Industrie (VCI) ++ Volkswagen AG ++

technologies (1 December, 2016, Berlin, Germany)

HIPS-NET CoRE ToPics - WHAT ARE OUR AIMS?

We gather and disseminate
the latest available knowledge
to improve the understanding
of  hydrogen/natural gas
blends in pipeline systems
with emphasis on the core
topics:

We additionally keep a minor
focus on the general develop-
ment of power-to-gas, hydro-
gen networks, and further top-
ics around the utilisation of
(renewable) hydrogen.

HIPS-NET CoONTACT

CONTACT:
DBI Gas- und Umwelttechnik GmbH
. . Karl-Heine-Stralle 109/111
Gert Miiller-Syring 04229 Leipzig
Karl-Heine-Stralte 109/111 GERMANY
04229 Leipzig, Germany

. .- .
+49 341 24571 33 i g e
gert.mueller-syring@dbi-gut.de

CEO: Prof. Dr.-Ing. Hartmut Krause

Anja Wehling

Karl-Heine-StralRe 109/111 Certified DIN EN ISO 9001:2008
04229 Leipzig, Germany Copyright 2013 | © DBI Gas- und Um-
+49 341 24571 40 welttechnik GmbH | All rights reserved

anja.wehling@dbi-gut.de
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NEWSLETTER
#12

“Coming together is a beginning; keeping together is progress; working together is success. “
(Henry Ford)

Dear Partners, Dear Colleagues,

Welcome to the latest edition of the HIPS-NET newsletter.

Our feature articles in this edition will look to the future as we present several
projects focused on the long-term development of hydrogen infrastructure and
technologies. We report on the creation of a road-map for the future development
of Power-to-Gas technologies and the challenges this process faces. We will also
present a project analysing potential convergence in the electricity and gas grids
and the creation of a fully-automated gas and electricity distribution network.

Meanwhile we will also focus on the impact of hydrogen on gas turbine operation,

and on the development of a design, monitoring, and analysis system for natural POWER-TO-GAS - THE INVISIBILITY OF THE
NATURAL GAS GRID (uscHI DREIUCKER - PIXELIO.DE)

gas pipelines transporting hydrogen or natural gas/hydrogen blends.

We hope you enjoy reading!
Your HIPS-NET Team
Gert, Anja, Stefan, Josephine & Gideon
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H,-PIMS - SAFE TRANSPORT OF HYDROGEN IN THE NATURAL GAS NETWORK |

GERMANY

Development of a pipeline integrity management system for further utilization in existing natural gas infrastructure

intended to convey shares of hydrogen

Gas network operators are applying pipeline integrity management
systems (PIMS) to continuously maintain pipeline integrity and sustain
risk reduction. These software based systems meet the security needs
while finding optimised strategies for cost-efficient maintenance. The
successful conversion of the existing natural gas infrastructure for the
transportation of natural gas/hydrogen (NG/H;) blends or pure hydrogen
needs to satisfy the currently applied integrity level of natural gas
transportation systems. Hydrogen exposure can increase the risk of
embrittlement for metallic materials, reducing their durability and life-
expectancy. The Hy-PIMS project aims to develop an innovative
analysis system incl. material property data, which can support the safe
operation of pipelines for the transport of hydrogen-rich gas blends.

Work
Packa-

Scope of Activities

Together with material producers and pipeline operators: Collation and evalua-
tion of existing knowledge of gas/hydrogen blends and pure hydrogen toler-
ance. Focus: pipeline materials and further elements such as fittings and joints
as well as monitoring and maintenance systems. Including recommendations
for gas/ transport and pure hydrogen by the European Industrial Gas Associa-
tion (EIGA).

Action plan containing necessary technical and legal adjustments to use gas
grids with higher concentrations of hydrogen. Recommendations for the testing
and preparation of the infrastructure prior to conversion. Providing testing pa-
rameters for later work packages (WP 3). Defining operating parameters for
the converted infrastructure.

Degradation testing on basic materials and welding seams including slow
strain rupture tests, fracture mechanics testing, notched bar impact tests at
room temperature and at -20°C.

Testing of leakage monitoring and detection systems. Cost efficiency of imple-
mentation.

Modelling the results of material degradation for integration into the PIMS sys-
tem. Extensive testing of PIMS application.

MATERIAL TESTING
(SoURCE: FRAUNHOFER IWM)

The project was initiated in July
2016 and will run until 2019. H,-
PIMS is a cooperation between
DBl GUT, TUV SUD, ONTRAS,
Veenker, Fraunhofer Institute for
Mechanics of Materials WM und
SZME coordinated by DBI. The
budget of approximately 3 million
euro will be funded by ,Hydrogen
Power Storage & Solutions East
Germany“ (HYPOS) — a project
supported by the German Federal

Ministry for  Education and
Research (BMBF) as part of the
“Zwanzig20-Partnership for
Innovation”.

Contact:

Marco Henel

E-Mail: marco.henel@dbi-
gruppe.de

HYPOS - Hydrogen Power Storage & Solutions East Germany “The revolution of the hydrogen economy initiated in East

Germany”

The HYPOS project is funded by the German Federal Ministry for Education and
Research (BMBF) with up to 45 million Euro. It aims to produce green hydrogen from
renewable sources on a large scale and forms the roof for various R&D projects. The
HYPOS project connects the economic and scientific expertise of over 110 partners
principally across eastern Germany. See HIPS-NET newsletter #3 (October 2014) for a
short description of HYPOS.
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RECENT LAUNCH OF R&D BY THE GERMAN GAS INDUSTRY ASSOCIATION

The German Association for Gas and Water (DVGW) pursues research & development with its ‘Innovations Circle Gas’. The
innovations circle is divided in four clusters, (1) gas production and energy system, (2) smart grids, (3) CHP and appliances, as
well as (4) LNG and mobility. Following an intensive process of prioritising R&D needs inside the DVGW, a new wave of projects
received funding in 2016. Power-to-Gas remains, as in the previous years, an import topic for the German gas industry. Selected
recently launched projects are introduced in the following three articles.

POWER-TO-GAS POTENTIAL FOR INTERLINKING ELECTRICITY AND GAS NETWORKS

One of the recent keywords in German energy policy is “Sektorkopplung”. It may be translated with ‘sectoral interlinking” and
describes the interlinking of different industrial sectors (gas, electricity, mobility, chemical, etc.). By linking the sectors, the
advancing decarbonisation of the electricity sector can be used to decarbonise other sectors, simply by using renewable
electricity or alternatively hydrogen and methane from Power-to-Gas applications. The sectoral interlinking could also be used to
stabilise the electricity grid (i.e. balancing volatile electricity production).

Previous DVGW projects explored the utilisation of Power-to-Gas in connection with smart grids, and the potential for Power-to-
Gas to support the 110 kV electricity grid (110 kV project — for details see newsletter #6 p. 10). The KonStGas project had already
examined network interlinking of electricity and gas transmission networks.

“Power-to-Gas Potential” - the newly-launched project - will analyse the potential for utilisation of Power-to-Gas technology in
distribution networks in Germany on a national scale. It will explore possible utilisation scenarios within the electricity and gas
networks on a distribution level (network convergence).

The project Power-to-Gas Potential will be broken down into six work packages:

What is the hydrogen tolerance of the gas

Work L : ;
A Scope of Activities network in the present project? The experts
assumed for the finalised 110 kV project that
Analysis of current and future supply situations in the electricity technical limitations for hydrogen injection
; and gas networks. Evaluation of current and forecasted load would be solved up to 10 vol% in 2035 and up
profiles utilising information from previous studies and demo- to 15vol% in 2050. Beyond these limits,
graphic data. methanation was the preferred strategy. A
similar approach might be followed in the new
Analysis of the electricity and gas distribution networks. Identifi- project.
2 f:atloh qf typical gas and electricity structures and potential for The project aims to provide the first complete
interlinking of both networks. . . .
overview of the potential for Power-to-Gas in
. . . distribution networks on a national level. The
Selection of suitable network structures for project purposes. first oh f th oct b A ¢
3 These network structures should be representative of the entire Irst phases ot the project began in ugu§
2016 and the final results are expected in
German network.
January 2018.
Evaluation of the potential for Power-to-Gas technologies on The project partners are EVT, GWI, DBI GTI
4 the selected network structures. Determination of optimal loca- and IAEW. The project is being funded by
tion and utilisation of Power-to-Gas technologies in the context DVGW and will cost approximately 500,000 €.
of target network planning.
Evaluation of the potential for Power-to-Gas technologies on a
5 national scale. Plausibility assessment for estimations and as-
sumptions made in Work Package. Mapping of a potential na- Contact:
tionwide Power-to-Gas network. Prof. Dr. Markus Zdrallek
University of Wuppertal
6 Review and analysis of results, derivation of recommendations. E-Mail: Zdrallek@uni-wuppertal.de
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GAS AND ELECTRICITY DISTRIBUTION NETWORK AUTOMATION | GERMANY

The GuStaV project will explore
the development of convergent,
automated gas and electricity
networks. Increasing utilisation of
interlinking technologies such as
combined heating and power
(CHP) and Power-to-Gas offer the
opportunity for greater
convergence of gas and electricity
networks. This convergence will
reduce investment costs for
network renewal and expansion
and encourage the utilisation of
renewable energy. In addition,
synergies with telemetry (remote
measurement) and data-
management  technology  will
enable greater automation of both
the gas and electricity network.

Previous DVGW projects and the NETWORK AUTOMATION INTERLINKING THE ELECTRICITY AND GAS DISTRIBUTION NETWORKS
project KonStGas considered the (Source: GWI)

possibilities for greater interlinking
of the gas and electricity
networks. GuStaV will take this research further by analysing the distribution networks regarding the challenges and benefits of
an automation of the gas network structure, considering e.g. the injection of hydrogen from Power-to-Gas and an optimised
biomethane injection.

The project has been divided into four work packages which have been delegated to different project partners. The work
packages are as follows:

The project partners
Work L
Scope of Activities coordinated by EVT are, GW],
DBl GTI and EBI. It began in
August 2016 and is due to be
completed in July 2018. Its

Packages

Definition of research parameters. Evaluation of the current state of the distri-
bution network infrastructure and level of automation as well as forecast of its

1 costs are forecasted at
approximately 450,000 € and
will be funded by the DVGW.

future development. Description of additional utilisation of the infrastructure
(e.g. network services, leak monitoring etc.).

Development of a concept for optimal grid automation and convergence. Defini-
2 tion of necessary technologies and their interaction based on Smart Grid Archi-
tecture Models (SGAM).

Simulation of the developed concept. In the first instance this will involve a hy-
draulic simulation on a selected network. The convergence points between the

3 gas and the electricity distribution networks will then be modelled using Modeli- Contact:
ca. Parameters of the gas and electricity networks and interconnectivity will be Prof. Dr. Markus Zdrallek
examined in a sensitivity analysis. University of Wuppertal
E-Mail: Zdrallek@uni-
4 Review of results. Presentation of the potential benefits for network conver- wuppertal.de

gence. Creation of a road-map for further research topics.
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STRATEGY ROAD-MAP POWER-TO-GAS | GERMANY

PROJECT WORK PACKAGES STRATEGY ROAD-MAP POWER-TO-GAS
(SouRrce: DBI)

Coordinating and  integrating  different
industrial sectors will be crucial in order to
realise the development of Power-to-Gas
(PtG) technology within the framework of the
current energy transition towards renewable
energy sources. In doing so, PtG technology
enables the interlinking of different industrial
sectors and furthers decarbonisation beyond
electricity-based  applications by  using
renewable hydrogen and methane. This
project aims to develop a viable road map
outlining the future integration of PtG while
considering the rising challenges it faces as
PtG facilities are established as cross-cutting
network elements.

The Strategy Road-Map Power-to-Gas aims to give answers to the following questions:

® Which energy demand for electricity storage, the chemical industry, and to fuel vehicles can be covered with renewable

gases produced by electrolysis and methanation?

® Which technical adjustments of the gas infrastructure are necessary, including the conversion of existing appliances in
the gas grid, to improve their tolerance to hydrogen and natural gas/hydrogen blends?

® \What is a cost-efficient (macroeconomic) approach to enable the gas network to transport limited concentrations of

hydrogen and/or set up methanation facilities?

® At what concentration does the adjustment of the grid (CAPEX) outrun the additional expenses of SNG production

(CAPEX and OPEX) in comparison to hydrogen?

The project is funded by the DVGW and started in August 2016. Final results are
expected at the end of March 2018. The total costs of the project amount to

approximately 200,000 €. A key element in the development of the road map is the

creation of a viable database and the development of a model. The model shall enable Contact:

the simulation of multiple scenarios (e.g. considering different H2-concentration and
durations for implementation) aiming to find feasible and cost effective ways for

Gert Miiller-Syring

accommodating renewable gases in the gas infrastructure. The partners aim to E-Mail:
complete data collection by spring 2017. The project partners are University of gert.mueller-syring@dbi-gruppe.de

Wuppertal (EVT), EBI and DBI GUT.

IMPACT OF HYDROGEN/NATURAL GAS BLENDS ON GAs TURBINE OPERATION | U.K.

AUTHOR: STUART JAMES, UNIPER TECHNOLOGIES

Throughout Europe, a significant proportion of the electricity supplied is generated from natural gas. For example,
in 2012, around one sixth of the total electricity generated was from natural gas (ENTSOG Ten Year Network
Development Plan2015). Under many scenarios, this proportion is expected to increase. The majority of this
natural gas generation is likely to be through the use of gas turbines. In addition to their use in power generation,
gas turbines are also used extensively as prime movers for gas compression stations on the transmission

networks.

Modern gas turbines utilise lean premixed combustion in order to minimise levels of NO emissions, and most of the engines
considered above will be of this type. Whilst such combustion systems are successful in their principal aim of minimising NO
emissions, this is achieved at the expense of a much smaller window of stable combustion. It is for this reason that all original
equipment manufacturers (OEMs) insist that the natural gas to be used as the fuel complies with strict composition requirements.
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IMPACT OF HYDROGEN/NATURAL GAS BLENDS ON GAS TURBINE OPERATION | U.K.
AUTHOR: STUART JAMES, UNIPER TECHNOLOGIES

(CONTINUED)

Of particular interest to HIPS-NET partners is the allowable quantity of hydrogen in the fuel. The standard fuel specifications of
existing gas turbines shows a limit of anywhere between ‘trace’ and 5% (by volume). Taking these at face value, an operator who
ran their gas turbine with a fuel exceeding the relevant hydrogen level would be liable for any damage that was sustained by the
gas turbine. Therefore, for a risk adverse operator, operation with hydrogen levels in excess of those specified by the OEM would
be unacceptable.

Work is being undertaken by OEMs to increase the amount of hydrogen that they would underwrite in their combustion systems.
However, until this is confirmed, operators are effectively limited in the proportion of hydrogen they can use in the existing gas
turbine hardware. Operation with higher levels of hydrogen might be possible, but this would require modifications to the existing
hardware, with associated cost.

Uniper has carried out an internal study in order to estimate the magnitude of this cost. Given the limited information, a number of
assumptions had to be made. Selected assumptions are listed below:

® For a given gas turbine type, the maximum allowable hydrogen content was as specified in their fuel specifications.
However, if the OEM had published papers demonstrating that higher levels of hydrogen have been demonstrated, then
the higher level was taken to be possible.

® For the cases of higher levels of hydrogen, some OEMs are currently recommending the use of diffusion combustion
systems. These will result in an increase in NOx emissions. The cost of retrofitting post-combustion NO, reduction
technologies, such as selective catalytic reduction (SCR) was not considered in this study.

Even with more modest amounts of hydrogen addition, where the existing lean premixed combustion systems could be used,
some increase in NOy emissions might be expected. Again, no consideration of the cost required to mitigate this was made.

From this work, it was possible to construct a basic chart
of total cost to the operator as a function of the amount
of hydrogen in the natural gas supply. By normalising
this to MW of installed gas turbine capacity, the chart
shown below was produced.

The above chart was based broadly on the gas turbine
types installed in the UK, and therefore represents the
cost to the UK gas turbine operators as a whole as a
function of the stated allowable hydrogen concentration
in the natural gas pipeline. If the cost to a particular
company or country is to be inferred, then some caution
should be exercised as it is only strictly applicable if the
distribution of gas turbine types is the same as in the UK.
Nevertheless, it does provide a useful indication of order

of magnitude costs.
ESTIMATED COSTS FOR ADJUSTMENT IN RELATION TO HYDROGEN CON-
EEURIIETY (e URIGE The above study shows that even levels of hydrogen of

1% by volume in the natural gas grid could incur
significant costs. However, it is hoped that further development by OEMs will increase the hydrogen percentage at which the first
step in costs occurs. A realistic expectation, but not one that has been demonstrated yet, is for existing gas turbines to be able to
safely and reliably utilise fuel containing up to 3-5% by volume hydrogen.

Beyond this level, there are concerns over the requirement for a separate start-up fuel to be used. Concerns in this area are not
clear, but are believed to be due to flashback risks, or concerns over an explosive mixture in the gas turbine exhaust. Therefore,
based on the current understanding, Uniper’s conclusion is that hydrogen levels greater than 5% by volume in natural gas
pipelines is unacceptable. This is based on taking a very conservative approach, based on the very limited amount of information
in the public domain. If it could be demonstrated that there is no risk to starting a gas turbine

containing hydrogen levels above 5%, then a relaxation of this limit could be acceptable. Contact:

This would require more detailed modelling and calculations than has been possible in the
study reported here. In practice, it is likely to require a consortium of partners to carry out the
work, with the results being shared with affected stakeholders. It is recommended that such
a study be encouraged by the HIPS-NET group.

Stuart James

E-Mail:
stuart.james@uniper.energy
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HYDEPLOY PROJECT - RAISING THE HYDROGEN LIMIT | U.K.

Keele University in England will be the site of a major project to evaluate the potential for natural gas/hydrogen blends in the UK
gas grid. The HyDeploy project, conducted by National Grid Gas Distribution Ltd in cooperation with several other partners,
represents the first practical deployment of hydrogen into a live gas network in the UK since 1977 (when the UK gas network was
converted from town gas to natural gas). The goal of the project is to demonstrate that natural gas containing levels of hydrogen
beyond those in the GS(M)R specification (General

Safety (Management) Regulations) can be distributed

and utilised safely and efficiently in a representative

section of the UK distribution network.

National Grid Gas Distribution Ltd believes that the

utilisation of greater volumes of hydrogen in the

natural gas network can unlock up to 29 TWh of

decarbonised heat energy for the UK market. These

volumes could be greatly significant for UK energy

security in the future as reserves of natural gas in the

North Sea are depleted. The project aims to receive

approval from the Health and Safety Executive (HSE)

for an exemption to GS(M)R which currently limits

hydrogen to 0.1 vol%. In particular, the project is

seeking clearance to test gas/hydrogen blends with HYDEPLOY SAMPLE GAS NETWORK FOR THE TESTING OF NATURAL

staged increases in the hydrogen content, beginning GAS/HYDROGEN BLENDS
. . . . (SouRcE: ITM POWER)

at 0.1 vol% and increasing to 20 vol%, while remaining

with the Wobbe limits.

Hydrogen feed-in will take place on Keele University’s gas network. The network is ideally suited to such testing as it is a closed
private network servicing only the university and its facilities. It comprises a network and appliances typical of UK gas distribution
systems, domestic & commercial users including a CHP.

The project is due to begin in April 2017 and will take three years. Three project phases have been defined:

o ) The project is expected to cost GBP
Activities to be undertaken to secure exemption from the GS(M)R. 7.6m. GBP 6.8m of this budget has

These include customer engagement, baseline survey, provision

Phase 1 ) ) been granted by the Gas Network
for appliance/network _ellement replacement, engagement with Innovation Competition (NIC). This is an
health and safety authorities. annual competition organised by the
Construction of on-site equipment for hydrogen production, injec- Office of Gas and Electricity Markets in

Phase 2 ) ; quip ydrogen p . the UK (OFGEM) to provide funding for
tion, and measuring. . b

projects “which help all network
Phase 3 | Testing phase and analysis. Hydrogen injection trials will take operators understand what they need to

do to provide environmental benefits,
cost reductions and security of supply

Next Steps | Identifying suitable public networks for a subsequent project. as Great Britain (GB) moves to a low
carbon economy”.

place over an 18-month period from late 2018.

The main project partners are: National Grid Gas Distribution (as funding licensee
and project sponsor); Northern Gas Networks; Keele University; ITM Power (which
will provide a 0.5 MW electrolyser for the production of hydrogen); the Health and
Safety Laboratory (HSL), and Progressive Energy. Further information on the E-Mail: andy.lewis@nationalgrid.com
project can be found here.

Contact: Andy Lewis

POwWER-TO-GAS HYDROGEN MARKET PRICES | U.K.

ITM Power has signed fuel contracts, selling hydrogen at £10/kg, with Anglo American, Europcar, Hyundai,
Toyota, Commercial Group, Arcola Energy, and Arval. ITM Power is currently rolling out a network of 10
hydrogen refuelling stations in the UK of which 3 are now open for public access. The refuelling network has
been financially supported by Innovate UK, Office for Low Emission Vehicles (OLEV) and the Fuel Cells and
Hydrogen Joint Undertaking (FCH JU).
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HIPS-NET NEWSLETTER

ALSTOM UNVEILS ITS ZERO-EMISSION TRAIN | GERMANY

Quicker than expected, Alstom presented its zero-emission train — Coradia
iLint — in September 2016. Coradia iLint is a new COjz-emission-free
regional train and alternative to diesel power. It is powered by a hydrogen
fuel cell, its only emission being steam and condensed water while
operating with a low level of noise. To make the deployment of the Coradia
iLint as simple as possible for operators, Alstom has worked together with
its partners to offer a complete package, consisting of the train and
maintenance, as well as the extensive hydrogen infrastructure for its
implementation.

Didier Pfleger, Vice President of Alstom Germany and Austria says: ,We will

FUEL CELL POWERED TRAIN CORADIA ILINT §§t up a hydrogen supply system, cooperation partrllers alrgady exist“. The
(SOURCE: ALsToM) iLint has a range of 600 to 800 km and runs with maximum speed of
140 km/h. The construction is based on the service-proven diesel train

Coradia Lint with only the drive system newly developed. The train is expected to shuttle between Buxtehude and Cuxhaven

(Germany) beginning in December 2017 (regional transport; approx. 120 km one-way). The first iLint trains were completed and
the licensing process began in autumn 2016 and will presumably take about one year.

At present, the German rail network is approximately 40% electrified. Hydrogen Imag_e film ar_xd information in
powered trains are perceived as a solution to serve parts of the railway system without English and in German.

overhead electricity lines and may replace diesel powered engines. For further general Contact: presse@alstom.com
information see HIPS-NET newsletter #10, June 2016.

FCH JU CROSsS-CUTTING PROJECTS | EUROPE

Two coordination and support actions related to cross-cutting activities have been selected by the Fuel Cells and Hydrogen Joint
Undertaking (FCH JU) under its 2016 call for proposals.

HyLAW

Project HyLAW, coordinated by Hydrogen Europe in Belgium, aims at mapping all legislation and administrative processes
applicable to fuel cells and hydrogen (FCH) technologies both at EU and at national level with the aim of identifying related
barriers to deployment, possible best practices future development strategies for the sector

A major issue to the development of FCH technologies are the legal framework and administrative processes which differ from
country to country. As these are usually formulated for application on incumbent technologies, they often hinder the progress of
new technologies such as hydrogen fuel cells. In order to overcome this issue, HyLAW will create an online database describing
discrepancies between the processes in 18 different countries across Europe. This database will allow the analysis of best and
bad practices. The results of this analysis will be made available through the online database and via a series of workshops to
national authorities and investors.

In addition to identifying barriers to progress for FCH technologies. HyLAW will establish a Europe-wide umbrella organisation,
the National Association Alliance, with the intention of increasing communication and cooperation between national associations
and other organisations active in the development of hydrogen fuel cell technologies.

The project began on 1% January 2017 and is expected to take two years. The project received a funding grant of €1.14 million
from FCH JU. Further information on this project including a full list of project partners is available here.

NET-Tools

The European project NET-Tools, coordinated by the Karlsruher Institute of Technology, develops e-Tools and an online platform
to provide support and materials for education and training on FCH technologies for students as well as professionals and
engineers. NET-Tools lays a special focus on the development of an e-education tool as well as an e-laboratory for scientific
cooperation and exchange of knowledge via the online platform. A library of educational materials, e-tool, specific text books and
also scientific knowledge shall get developed and/or collected to be provided to

stakeholders under open access to enable data- and computer-intensive research and Contact HyLAW:

teaching opportunities online. To face also industrial demands on education and training, Nicolas Brahy

NET-Tools incorporates an industrial advisory board and arranges several work-shops and (n.brahy@hydrogeneurope.eu)
testing lessons to harmonise necessities during the project lifetime. The project will start on Contact NET-Tools:

1! March 2017 and last three years. The project receives a funding grant of €1.6 million Olaf Jedicke

from FCH JU. Further information on this project is available here. (olaf.jedicke@kit.edu)
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS

CURRENT PARTNERS

++ 7" Int. Conference on ,Fundamentals & Development of FC's*

(31 January - 03 February, 2017, Stuttgart, Germany) Alliander AG ++ Areva H,Gen ++ DEA
++ Enerqgy Storage 2017 Deutsche Erdoel AG ++ DGC ++ DNV GL ++

(08-09 February, 2017, Paris, France) Enagas ++ Energiforsk ++ Energinet.dk ++

ENGIE ++ EWE AG ++ Gas Natural Fenosa

++ FC Expo 2017 ++ Gasum OY ++ Gasunie ++ GRTgaz ++

(01-03 March, 2017, Tokyo, Japan) grzi e.V. (figawa) ++ Infraserv GmbH & Co.
++ European Fuel Cell Car Workshop Hochst KG ++ ITM Power ++

(01-03 March, 2017, Orléans, France) EC Joint Research Centre (JRC) ++ KOGAS

++ NAFTA ++ Open Grid Europe GmbH ++

OVGW ++ RAG Rohdl-Aufsuchungs AG ++
RWE Deutschland ++ Shell ++ Solar

++ 6" Int. Conference on Fuel Cell & Hydrogen Technology 2017 Turbines Europe ++ SVGW ++ Synergrid ++
(11-13 April, 2017, Putrajaya, Malaysia) Uniper Energy Storage GmbH ++ Uniper

Technologies Limited ++ Verband der
Chemischen Industrie (VCI) ++

Volkswagen AG ++

HIPS-NET CoRE ToPICS

We gather and disseminate the
latest available knowledge to im-
prove the understanding of hy-
drogen/natural gas blends in pipe-
line systems with emphasis on the
core topics:

++ 13" International Hydrogen and Fuel Cell Conference
(14 March, 2017, Birmingham, U.K.)

++ 19" Int. Conference on Hydrogen Production and Storage
(21-22 May, 2017, Berlin, Germany)

We additionally keep a minor fo-
cus on the general development
of power-to-gas, hydrogen net-
works, and further topics around
the utilisation of (renewable) hy-
drogen.

HIPS-NET CoNTACT

DBI Gas- und Umwelttechnik GmbH
CONTACT Karl-Heine-Strafte 109/111

04229 Leipzig
GERMANY

Gert Miiller-Syring
Karl-Heine-StralRe 109/111
04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gut.de

www.dbi-gut.de

CEO: Prof. Dr. Hartmut Krause,

Anja Wehllng Olaf Walther

Karl-Heine-Stralle 109/111

04229 Leipzig, Germany Certified DIN EN ISO 9001:2008

+49 341 24571 40 Copyright 2013 | © DBI Gas- und
anja.wehling@dbi-gut.de Umwelttechnik GmbH | All rights reserved
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“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
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Dear Partners,

Welcome to the 13" edition of the HIPS-NET newsletter. This is our 4" network year and
we are thankful and proud at the same time, to run such a stable network. We will do our
best to maintain that base and hope to provide benefits for your work. Please support
HIPS-NET and its future development by giving feedback to us and sharing recent project
information from your country or industry.

NEw DATE)

Hips

Change of Partners: Energiforsk (Sweden) terminated its membership last year. Three "NET WOrkshop

further organisations joined the network for the fourth year. We welcome ONTRAS J
(Germany), INERIS (France) and Storengy (France) as new partners! The network is Une
constantly growing and we are now 34 partners across Europe.

2017

13t/ 4th

Our feature article in this edition will look to the role of Power-to-Gas (P2G) for the energy
storage strategy of the European Commission. We continue to report on the upcoming
projects of HYPOS, this time about hydrogen distribution networks. An exciting project has
started to test the hydrogen tolerance of well-worn gas infrastructure element — the gate
valves, on sole initiative of Innogy. Meanwhile we also focused on the final results of the
CertifHy project and Flanders in Belgium with their own P2G roadmap. We are curious
how methanation in underground gas storages will develop and introduced the
Underground Sun Conversion project. Just to mention some of the topics.

Please register here
here,

Enjoy reading!
Your HIPS-NET Team

Gert, Anja, Stefan & Josephine
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HIPS-NET NEWSLETTER

EUROPEAN COMMISSION WORKING PAPER: ENERGY STORAGE - THE ROLE OF
ELECTRICITY

The European Commission has released a working paper outlining and evaluating the role of electricity in different energy storage
methods. The paper considers the high volatility of energy output from renewable energy sources and the possible advantages
and disadvantages of different storage solutions.

These solutions include mechanical (such as

pumped hydro-storage or compressed air

storage), thermal, chemical (includes hydrogen

storage and SNG), electro-chemical (such as

lithium-ion, and lead acid batteries), and electrical

storage via super-capacitators.

In addition to analysing the technological
effectiveness of different storage solutions, the
paper also considers the long-term development
goals for these technologies and the effect that
these developments will have on the electricity
grid (in terms of volume, infrastructure and cost)

in the future. Likewise, it also considers the
regulatory framework for energy storage. ILLUSTRATION OF FLEXIBILITY COMPONENTS IN THE ELECTRIC SYSTEM (SouRrce: EC)

The working paper pays attention to the use of hydrogen from renewable energy sources for greater sectoral integration. In
particular, it sees the potential for greater integration between energy production and other sectors with large hydrogen
requirements such as agriculture, chemicals, and transport. The paper argues that green hydrogen could be used to replace the
massive amount of hydrogen from fossil fuels when producing chemicals such as fertilizers. The realisation of greater sectoral
integration via green hydrogen would increase the profitability of hydrogen as a fuel source and make it a logical medium for
energy storage via underground storage facilities.

In its final assessment, the working paper draws four conclusions for the development of energy storage solutions:

1. Energy storage should be allowed to participate
fully in electricity markets — Greater participation in
the electricity system encourage investment in energy
storage technologies. The report also argues that
electricity systems with a large share of renewable
energy sources are themselves more cost- efficient
when combined with storage technologies.

2. Energy storage should participate and rewarded
for services provided on equal footing to
providers of flexibility services (demand response,
flexible generation, and adaptation of
transmission and distribution infrastructure) — The
electricity system will have to become more flexible to
deal efficiently with larger amount of electricity from

renewable energy sources. Energy storage solutions

TIME (SouRCE: SCHOOL OF ENGINEERING, RMIT UNIVERSITY)
3. Energy storage as an enabler of a higher amount of variable RES could contribute to energy security and
decarbonisation of the electricity system or of other economic sectors — Sectoral integration would create storage
solutions with greater flexibility than electricity-only solutions. Chemical storage options (such as hydrogen storage) could

provide large-scale storage potential in the same way that underground storage facilities support the natural gas network.
Use of renewable energy sources for feedstock would help the transport sector to decarbonise.

4. The cost-efficient use of decentralised storage and its integration into the system
should be enabled in a non-discriminatory way by the regulatory framework — Further information on the
Centralised and decentralised storage solutions would greatly improve flexibility and working paper can be
should, therefore, be rewarded as such in order to incentivise investment. Increased scope found here or by contacting
of balancing responsibility, scarcity pricing and dynamic supply contracts would help in this Robert Judd at
respect. Network charges should also be adapted to these storage solutions. These robertjiudd@aerg.eu.
incentives were outlined in the EC’s Market Design Initiative in 2015.
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HIPS-NET NEWSLETTER

H,-NETZ - DEVELOPING AN INFRASTRUCTURE FOR LOCAL HYDROGEN SUPPLY |
GERMANY

The H,-Netz project is developing an innovative hydrogen distribution infrastructure to

function alongside the existing natural gas network. The project will realise the

construction of a pure hydrogen distribution grid at a selected test location and, in doing
Hz-N ETZ so, will connect local independent producers of green hydrogen with the end user.

The principal goal of the project is the technical evaluation of a hydrogen distribution

network whilst also considering economic, ecological and safety factors. Ho-Netz will

achieve competitive means for providing hydrogen and maintain the high safety
standards of the current natural gas network. In particular, this will be achieved through careful and efficient selection and
utilisation of innovative pipeline materials and technologies. The project will encompass all elements of the distribution network
including gas governor stations, monitoring and measurement technologies for permeation and flow as well as an odorisation
system.

The project partners for Ho-Netz are DBl GUT (acting as co-ordinating partner), Leipzig University of Applied Sciences (HTWK),
MITNETZ GAS, REHAU and TUV SUD. H,-Netz will receive support from the HYPOS project, a partnership of corporations and
institutions in Eastern Germany dedicated to the development of green hydrogen solutions.

The specific objectives of the project have been further divided into the following tasks, which will be delegated amongst the
different project partners:

® The development of an innovative and sustainable
concept for a hydrogen distribution infrastructure which
can be competitive in price with conventional distribution
network solutions. This infrastructure will connect an
existing hydrogen pipeline with a selected test location
referred to as the “Hydrogen Village”.

® The evaluation and inspection of specifically designed
polymer piping systems for interior building construction.

® The realisation of distribution infrastructure, including
required safety technology, for the supply of hydrogen to
individual customers.

® The realisation of a research model for distribution grids.

®  The monitoring of infrastructure.

® The evaluation and optimisation of all systems including INNOVATIVE TECHNOLOGY - PLOUGHING OF A COMPOSITE PIPING
safety and communications concepts. SYSTEM (Source: REHAU)

® The creation of a simulation model for the technical and
economical evaluation of the infrastructure for the supply of hydrogen.

The project began in November 2016 and will last until the end of December 2019.
Contact: Marco Henel at Costs of the project are calculated at 3.78 million Euro; they will be borne by the project
marco.henel@dbi-gruppe.de partners depending on involvement and by funding from the German Federal Ministry of
Education and Research (BMBF).

HYPOS - Hydrogen Power Storage & Solutions East Germany “The revolution of the hydrogen economy initiated in East
Germany”

The HYPOS project is funded by the German Federal Ministry for
Education and Research (BMBF) with up to 45 million Euro. It aims
to produce green hydrogen from renewable sources on a large scale
and forms the roof for various R&D projects. The HYPOS project
connects the economic and scientific expertise of over 110 partners
principally across Eastern Germany. See HIPS-NET newsletter #3
(October 2014) for a short description of HYPOS.
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HIPS-NET NEWSLETTER

GATE-VALVE HYDROGEN TOLERANCE TESTING | GERMANY

Innogy SE and its distribution system operator Westnetz contracted a technological research team from DBl GUT to undertake
extensive testing on the tightness of gate valves with different natural gas/ hydrogen blends.

The purpose of the examinations is to establish differences in the tightness of .

. . . Concentration Natural Gas Hydrogen
gate valves depending for natural gas/ hydrogen blends. To this end, five [vol%] [vol%]
different blends will be utilised in the testing process, ranging from 100 vol%

natural gas to 100 vol% hydrogen (see table 1 for details). Test Gas 1 100 0
. . . Test Gas 2 95 5
Of particular importance for these tests is the use of new and old gate valves;
the latter had previously been installed on gas pipelines. By using such valves Test Gas 3 90 10
instead of newly manufactured equipment, the tests will more realistically due Test Gas 4 80 20
to the natural wear and tear, which occurs on pipeline materials.
Test Gas 5 0 100

Eight previously installed gate valves with differing widths will be examined as T -
) i ABLE 1: NATURAL GAS - HYDROGEN BLENDS FOR
part of the test and compared with three new ones (benchmark). The widths [T TTo r el Nt 7 R L (o N TN (o o et (e
are standardised according to German industrial standards and range from — [SSEEEEIEA)
80 mm to 250 mm width.

Two methods will be applied to examine the tightness. For a precise measurement of possible gas leakage, the valves will be

examined within a measurement cell. Using a gas chromatograph, it will be possible to establish, not only the amount of gas

escaping from the valve, but also possible differences in the leakage rate between different blends of natural gas and hydrogen.
The valve will be tested to evaluate
internal (figure 1) and external tightness
(figure 2). The tightness testing with test
gases 1 to 5 is planned in weekly
intervals.

Figure 1 is a simplified illustration of
internal tightness testing for all leakages
around the slider. After the valve is
closed, the chamber on side 1 is filled
with the test gas, raised to a pressure of
13 bar(g) and monitored. At the same
time, the chamber on side 2 will be
flushed with nitrogen. In this way, it is
possible to perform pressure differential

measurements. In case of internal
FIG. 1: INTERNAL TIGHTNESS TESTING OF FIG. 2: EXTERNAL TIGHTNESS TESTING OF

GATE VALVES; CLOSED VALVE GATE VALVES; OPEN VALVE leakages, the gas in chamber 2 s
(SOURCE: WESTNETZ (FIGURE) , DBI (TEXT)) (SouRCE: WESTNETZ (FIGURE), DBI (TEXT)) analysed with a gas chromatograph.

Figure 2 is a simplified illustration of external tightness testing for all leakages around the stuffing box. The valve is opened and
both sides (1 & 2) are filled with the test gas to a pressure of 13 bar(g) and monitored. In case of external leakages, the fugitive
gas is analysed with a gas chromatograph.

For each gate valve DBI constructed an unique measuring cell, because there are large
differences between the valves, especially new and old gate valves. Two of these measuring
cells are shown in figure 3.

The test gas 5 (pure hydrogen) will remain for 6 months in the gate valves and the week-
long testing with the measurement cell will be repeated at the end of this period. This
experimental setting allows comparing the results of the first and the second testing and
proves the impact of hydrogen exposure on the valve seals. After completion of these tests,
the valves will be placed in water for further tightness testing. In this case, possible leakage
will be observed by the formation of bubbles (referring to DIN EN 13774 “Valves for gas
distribution systems with maximum operating pressure less than or equal to 16 bar”).

The examination is due to begin in February 2017
Contact: Carsten Stabenau at and will take approximately nine months to complete
carsten.stabenau@westnetz.de including an initial six-month period in which the [ SENTSEIRP
and Stefan Schiitz at valves will be conditioned to hydrogen for testing
stefan.schuetz@dbi-gruppe.de purposes.
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HIPS-NET NEWSLETTER

CERTIFHY - DEVELOPING EUROPE’S FIRST GUARANTEE OF ORIGIN FOR GREEN
HYDROGEN

Global demand for hydrogen is foreseen to reach 50 million tons by 2025 mainly used in industry and
transport. It is predicted to grow 3.5 % per year. Today 95 % of all hydrogen is produced from fossil
resources. For hydrogen to become a climate-friendly alternative to fossil fuels, it is necessary to ensure
minimal impact on natural resources in the whole life cycle. It is expected that 50-60 % of all hydrogen
for the growing market of transportation will originate from renewable or low-carbon sources by 2030.

The CertifHy project identified a framework for the first EU-wide
guarantees of origin (GO) for premium hydrogen including

® adefinition for green and low-carbon hydrogen,
® a detailed proposal for a GO system and

® aroadmap for implementation.

In order to allow premium hydrogen to be traded, a tracking system
ensuring the quality of hydrogen is necessary. The proposed GO for
premium hydrogen decouples the green attribute from the physical
flow of the product and makes premium hydrogen available EU-wide,

The authors suggest the following definitions for CertifHy premium hydrogen (see figure below):

CertifHy Premium Hydrogen is hydrogen produced with low carbon emissions and includes CertifHy Green Hydrogen
and CertifHy Low Carbon Hydrogen. It refers to hydrogen with carbon emissions 60 % below the benchmark emissions intensity
threshold. The benchmark is determined by the greenhouse gas emissions of hydrogen produced by steam reforming of natural
gas (SMR) representing 95 % of current merchant market. This is equivalent to 36.4 gcozeq/MJ, produced in a plant where the
average emissions intensity of the ‘grey’ hydrogen production since sign-up or in the past 12 months, does not exceed the
emissions intensity of the benchmark process (91.0 gcozeq/MJ, SMR of fossil natural gas).

CertifHy Green Hydrogen is hydrogen generated by renewable electricity with low carbon emissions.
CertifHy Low-Carbon Hydrogen is hydrogen created from non-renewable energy with low-carbon emissions.

We described in HIPS-NET newsletter #10, page 3, 4, the results of the
first three work packages and summarise here the results of the
remaining two.

Work Package Four — project leader TUV SUD, joint work of TUV SUD,
ECN and LBST — seeks to elaborate on the scope of the GO scheme,
the main principles, the different protagonists, and the rules and
obligations of the GO scheme, in terms of requirements, methodologies,
certification process and registration of GO. It defines the compliance
system and the registry detailed for the different stakeholders and
processes.

Work Package Five — project leader ECN, joint work of ECN, Hinicio,
LBST, TUV SUD - develops a roadmap for the establishment of a well-

functioning EU hydrogen GO system. The goal — the concrete outcome
of the Roadmap - are the necessary steps to introduce the GO scheme until 2020. As last step, the project asked for
endorsement and the recent results (March 2017) show: The CertifHy project is strongly supported by the industry,
standardization and issuing bodies, international organizations and individuals by showing commitment to support the
implementation of the first EU-wide GO scheme for premium hydrogen.

The Future of Premium Hydrogen GOs - After having developed the framework for premium hydrogen and a roadmap for
implementation, the next steps are strengthening the momentum by building a supervisory board, assuring legal safeguard and
creating buy-in for the scheme. At the same time, it is necessary to build the GO infrastructure and test it by pilot projects. “It is an
ambitious, but realistic roadmap. It will require a lot of energy and funding to realize it.”, as Philip Good from the European
Commission stated during the panel discussion at the CertifHy event in Brussels.

Consortium partners: Hinico (coordination), ECN, TUV SUD, LBST Contact: Vanessa Wabitsch at

Affiliated part Air Liquide, Air Products, AkzoNobel, A H2G BMW vanessa.wabitsch@hinicio.com
iliated partners: Air Liquide, Air Products, AkzoNobel, Areva en, . | For further informati .
Colruyt Group, EDF, Group Machiels, Hydrogenics, Linde, OMV, Shell, Total and Uniper or furiher information see here.
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HIPS-NET NEWSLETTER

H2FUTURE - DEMONSTRATION PEM ELECTROLYSIS FOR STEEL PRODUCTION AND
GRID SERVICES

HYDROGEN MEETING FUTURE NEEDS OF LOW CARBON MANUFACTURING
VALUE CHAINS

H2FUTURE is a 4.5-year cooperative project, implemented by VERBUND (coordination), voestalpine,
Siemens, APG, K1-MET, and ECN. The aim of H2FUTURE is to deploy a large-scale PEM electrolysis
plant and use the green hydrogen produced in the steel production process. The 6 MW PEM electrolyser
will also be used to provide electricity grid services.

The demonstration is split into five pilot tests and quasi-
commercial operation to show that the PEM electrolyser,
operated with electricity from renewable resources, is able
both to use timely power price opportunities (in order to
provide affordable green hydrogen for current uses of the
steel making processes) and to attract additional
revenues from grid services. ECN analyses the
replicability of the experimental results on larger scales for
the European steel industry. This involves a technical,
economic and environmental assessment of the
experimental results using the CertifHy tools. Commercial
operation of the Linz pilot plant will start immediately after
the demonstration. Dissemination targeting the European
stakeholders of the electricity, steel and fertilizer value

chain actively supports the preparation of the practical BTN T e A e e T e R T e et o)
implementation of the results in the 10 years after the end BN R el AR S A (o SRR L E T ARV =T 1))

of the demonstration.

Project cost are about 18 Mio €. This project has received funding

Further information and image film: http://www.h2future- | from the Fuel Cells and Hydrogen 2 Joint Undertaking under grant
project.eu/project agreement No 735503. This Joint Undertaking receives support from

Contact: Rudolf Zauner at rudolf.zauner2@verbund.com | the European Union’s Horizon 2020 research and innovation
programme and Hydrogen Europe and N.ERGHY.

|
HYBALANCE PROJECT | DENMARK

One of Europe’s most advanced hydrogen facilities is currently being established in Denmark. Air Liquide, Hydrogenics, LBST,
Neas Energy, Hydrogen Valley/CEMTEC and the European Joint Technology Initiative are building one of Europe’s largest
facilities for production of green hydrogen.

Hydrogenics, partner in the HyBalance project and developer of
the new 1.2 MW, PEM electrolyser, announced that the
electrolyser has successfully produced hydrogen during the first
stage of factory acceptance testing at Hydrogenics facilities in
Oevel, Belgium. The new, state-of-the-art 1.2 MW,, PEM
electrolyser will be delivered to Hobro, Denmark in the coming
weeks for the HyBalance project. The production of green
hydrogen is expected to start in fall 2017.

The electrolyser will produce hydrogen from wind-generated
energy and also enable grid balancing services. The green
hydrogen will be used in multiple high value markets such as
industry (merchant hydrogen) and clean transportation (fuel cell
electric cars and possibly buses). Thus, the HyBalance project will
not only validate highly dynamic PEM electrolysis technology and

innovative hydrogen delivery processes involved but also
demonstrate these in a real industrial environment by applying the

latest high pressure hydrogen production and delivery equipment.

The overall project budget is 15.2 M€, supported by FCH JU
with 8 M€ and ForskEL in Denmark with 2.6 M€. It is
scheduled for 5 years (October 2015 until September 2020).

Contact: Marie-Louise Arnfast, arnfast@hydrogenvalley.dk
For further information: http://hybalance.eu/
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P2G ROADMAP FOR FLANDERS | BELGIUM

As part of the drive towards the realisation of climate change targets, Belgium, is in the process of instituting short and long-term
goals for the decarbonisation of its society. The P2G Roadmap for Flanders, developed by a range of partners (see below) and
released in October 2016, aims to clarify the role of hydrogen and “power-to-gas” in the achievement of these goals. The
document represents not only a combination of previous and current knowledge and research, but also sets out to create the
opportunity for further cooperation in the future.

The roadmap analyses the potential for different possible uses of power-to-gas or power-to-x technologies based on a selection
of realistic business cases. This analysis considers the present situation, medium-term (2030), and long-term developments
(2050). In addition, the roadmap evaluates different business models for the successful implementation of power-to-gas/
power-to-x technologies and provides a set of recommendations specifically for these technologies in the Belgian market.

The roadmap draws several
interesting conclusions for the
development of power-to-gas in
Belgium. It concludes that at
present hydrogen produced from
electrolysis can  already be
competitive with hydrogen delivered
from tube trailer trucks for use in
small industrial projects. Hydrogen
injection into the natural gas grid is
also already economically viable if
hydrogen is able to profit from
similar feed-in tariffs to those
applied for biomethane in Germany
and France. The roadmap therefore
argues for the adoption of a more
supportive  regulatory  structure,
including the authorisation of
hydrogen injection into the natural
gas grid at a level of at least 2 vol%.
The methanation of hydrogen is
seen as favourable in the long term
and the increase of hydrogen
production in Belgium should be
accompanied by a methanation
demonstration project to showcase
the potential of this process.

POTENTIAL OF DIRECT HYDROGEN INJECTION IN THE BELGIUM TRANSPORT GAS INFRASTRUCTURE

BASED ON 2 VOL% LIMITATION (SouRck: FLuXYS)

The implementation of power-to-mobility projects will also soon become economically competitive and has been identified
as one of the most attractive applications of hydrogen technologies in the country. The roadmap seeks to develop the necessary
regulatory framework and also a business case for the nationwide roll-out of hydrogen refuelling stations. A government-based
incentive program for these stations will be sought to make the project more competitive in its initial phases.

Power-to-fuel projects focus on the partial substitution of diesel with bio-methanol produced from electrolytic hydrogen and
carbon dioxide. In Belgium these projects will aim for the medium-term development of green hydrogen as a replacement for
fossil-based hydrogen in industrial processes. Efforts in this respect should comprise of the creation of a consortium for a specific
project in the Port of Antwerp. The creation of a supportive regulatory framework based on existing European regulations (such
as the Fuel Quality Directive and the Regional Entrepreneurship and Development Index) is of particular importance.

One of the principal results of the creation of this document has been the accompanying creation of the Power-to-Gas Cluster.
This is a collaboration of 20 leading companies with active interest in the development of power-to-gas technologies. The cluster
will help to coordinate research and promote the goals outlined above.

Project partners in the P2G Roadmap Flanders are Hydrogenics, Further information on the P2G Roadmap Flanders
WaterstofNet, Umicore, Sustesco, Colruyt Group, Fluxys, Elia, and can be found here, or by contacting Isabel Francois
Eandis. at isabel.francois@waterstofnet.eu
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SUN STORAGE PROJECT FINAL RESULTS | AUSTRIA

The Sun Storage Project is its final phase; the successful completion is followed by the next innovative project — the Underground
Sun Conversion Project (see below). Following the tradition of the past years, Stephan Bauer (RAG) will present — this time final —
results of the Sun Storage Project at the HIPS-NET workshop in Brussels.

UNDERGROUND SUN CONVERSION PROJECT | AUSTRIA

Geological history in fast motion: renewable natural gas produced from solar
power and water, 1,000 metres underground

Have you ever heard of organic natural gas? The successful Underground Sun

Storage project advances its research — for the first time the Underground Sun
Conversion project will enable production of natural gas directly within a gas reservoir using a microbiological process initiated
specifically for this purpose by RAG, and to store it in the same reservoir.

This innovative method is unique worldwide, and recreates the natural process by which gas originates, but shortens it by millions
of years — geological history in fast motion.

First, hydrogen is produced from solar or wind energy and water in an above-ground facility, and then injected into an existing gas
(pore) reservoir, together with carbon dioxide — creating a sustainable carbon cycle. At a depth of over 1,000 metres, in a
relatively short time naturally occurring microorganisms convert these substances into renewable natural gas which can be stored
in the same reservoir, withdrawn as needed at any time, and transported to consumers via the existing pipeline network.

This environmentally friendly process has three major advantages:

®  Carbon neutral thanks to carbon cycle
Renewable natural gas is carbon-neutral, if carbon dioxide that
originates, for example, from burning biomass — is utilised for the
production process. This creates a carbon cycle.

® Renewable energy becomes storable
The problem of storing fluctuating renewable energy from wind and
sun is solved by converting it into renewable natural gas.

. . RESEARCH FACILITY IN PILSBACH LOWER AUSTRIA
® Existing infrastructure is used (SoURCE: RAG)

The aim of the RAG-initiated project, implemented in collaboration with partners, is to carry out research into the principles for
producing large quantities of renewable natural gas using a carbon-neutral process, and storing it in environmentally friendly,
naturally formed reservoirs, which will in turn provide urgently needed flexibility for renewable energy.

Initial laboratory tests conducted as part of the forerunner project
Underground Sun Storage — which is also supported by the
Austrian Climate and Energy Fund — show that hydrogen injected
into the reservoir with carbon dioxide is converted into methane by
microbiological processes. This enables the creation of a
sustainable carbon cycle. Laboratory tests, simulations and
scientific field tests at an existing RAG reservoir will be carried out
in collaboration with project partners. A further objective is to test
whether the outcomes can also be achieved at many other
reservoirs all over the world.

The project has been designated a flagship project by the Austrian
Climate and Energy Fund and granted 4.9 million Euro as part of
the fund’s energy research programme. The Austrian consortium
is managed by RAG. The total cost of the project amount to 8
million Euro.

SUSTAINABLE CARBON CYCLE : -
sun-conversion.at/en.html.

The project partners are the University of Leoben; the BOKU - University of Natural | contact:

Resources and Life Sciences, Vienna (Department of Agrobiotechnology, IFA-Tulln); | press Relations Officer Elisabeth Kolm
acib - Austrian Centre of Industrial Biotechnology; the Energy Institute at Johannes | at elisabeth.kolm@rag-austria.at
Kepler University Linz; and Axiom Angewandte Prozesstechnik. Project Manager Stephan Bauer at

The project is scheduled to be completed by the end of 2020. stephan.bauer@rag-austria.at
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STUuDY: CLIMATE PROTECTION BY SECTORAL INTERLINKING | GERMANY

As explained in our previous newsletter: One of the recent keywords in German energy policy is “Sektorkopplung”. It may be
translated with ‘sectoral interlinking’ and describes the interlinking of different industrial sectors (gas, electricity, mobility,
chemical, etc.). By linking the sectors, the advancing decarbonisation of the electricity sector can be used to decarbonise other
sectors, simply by using renewable electricity or alternatively hydrogen and methane from Power-to-Gas applications.

A recently released study addresses the German heating and electricity sector and compares different approaches to
decarbonise it (80% and 95% greenhouse gas emission reduction until 2050 compared to 1990’s levels of primary energy
demand). The authors conclude:

1. Decarbonising the heat and power
sector efficiently — to meet the
national emission reduction aims —
requires an accelerated coal phase-
out.

2. At least until 2040, natural gas will
still constitute the most cost-efficient
CO,-abatement option for the
heating sector. At least until 2050
and most likely beyond, natural gas
will remain a cost-efficient low-
carbon energy source for back-up
power plants.

3. To achieve Germany’s long-term
climate goal efficiently, it is less

expensive usm.g powell'-t.o.-gas AVERAGE CO, ABATEMENT COST - SCENARIO COMPARISON
technology to tab into the flexibility of (SOURCE: ENERVIS, PAGE 54)

gas infrastructure.
Development of the heat market | 95 % emission reduction

A decrease in CO; emissions by 95% instead of 80% results in a massive increase in the required amounts of renewable energy:
This is largely due to high temperature heat demand. This may be covered by electric direct heating or, alternatively, by large
amounts of synthetic and CO; neutral gas (500 TWh/yr).

Demand of electricity | 95 % emission reduction

The deployment of the Power-to-Gas technology increases the electricity demand rapidly, especially beginning in 2025. Until
2050, electricity demand increases to 1,450 TWh/yr. (In the electricity only scenario, it amounts to approximately 790 TWh/yr in
2050.) While the electricity demand is higher when using synthetic and CO, neutral gas in comparison to a electricity only
scenario, the residual peak load is approximately 50 GW, lower when using gas. Furthermore, the (potential) electricity
production is similar, about 1,600 TWh/yr in the electricity only scenario and in the gas scenario. The surplus electricity (about
810 TWh/yr) in the electricity only scenario is either exported or curtailed.

Backup capacities | 95 % emission reduction

Gas power plants play a major role for providing backup capacity. Peak power requirements in the electricity only scenario are
109 GW¢ and in the gas scenario 56 GWg,

System cost for rebuilding the energy system | 95 % emission reduction

The electricity only and gas scenarios have system costs of similar magnitude, though there is a slight advantage for the gas
scenario. Both scenarios show impressive system costs with about 30 milliard Euro/yr (30*10° Euro/yr) in 2050. This equals for
the entire period to rebuild the energy system in the electricity only

scenario about one billion Euro (10'Euro) and in the gas scenario 0.86
Contact: Julius Ecke at julius.ecke@enervis.de billion Euro (0,86*102).

Download in German with Executive Summary o
in English (page 9-13) click here. The study was released by enervis in March 2017 on behalf of DEA,

EWE, Gascade, OGE, Shell, Statoil, Thiiga, VNG.
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS 2017

CURRENT PARTNERS

May, 12 German-Japanese Symposium: H, Technology as a
Solution? Alliander AG ++ Areva H,Gen ++ DEA
(Herten, Germany) Deutsche Erdoel AG ++ DGC ++ DNV
May, 21-22 ;lg:rllir:]t.g:rrgg;e?ce on Hydrogen Production and Storage GL ++ Enagas ++ Energinet.dk ++
’ Y ENGIE ++ EWE AG ++ Gas Natural
June, 05-06 Hydrogen + Fuel Cells 2017 Fenosa ++ Gasum OY ++ Gasunie ++
(Vancouver, Canada) GRTgaz ++ grzi e.V. (figawa) ++
June, 27-28 International Hydrail Conference 2017 Infraserv GmbH & Co. Hochst KG ++
(Graz, Austria) INERIS ++ ITM Power ++ EC Joint
July, 04-07 6" European PEFC & Electrolyser Forum Heszaln Gerlie (WRl) 7 MO =
(Lucerne, Switzerland) NAFTA ++ ONTRAS ++ Open Grid
Europe GmbH ++ OVGW ++ RAG
July, 09 7" World Hydrogen Technology Convention & Czech urop

Rohol-Aufsuchungs AG ++ RWE

Hydrogen Days (Prague, Czech Republic)
Deutschland ++ Shell ++ Solar Turbines

Europe ++ Storengy ++ SVGW ++
Synergrid ++ Uniper Energy Storage
GmbH ++ Uniper Technologies Limited
++ Verband der Chemischen Industrie
(VCI) ++ Volkswagen AG ++

Aug., 28-30 2" China International Hydrogen & Fuel Cell Conference &
Exhibition, CHFCE (Beijing, China)

Sept., 10-13 Solarpower International 2017, Hydrogen + Fuel Cells
North America (Las Vegas, USA)

Sept., 26-27 DBI-Fachforum Energiespeicher

(Berlin, Germany)

HIPS-NET CoRE ToPICS

We gather and disseminate the
latest available knowledge to im-
prove the understanding of hy-
drogen/natural gas blends in pipe-
line systems with emphasis on the
core topics:

We additionally keep a minor fo-
cus on the general development
of power-to-gas, hydrogen net-
works, and further topics around
the utilisation of (renewable) hy-
drogen.

HIPS-NET CoNTACT

DBI Gas- und Umwelttechnik GmbH
Karl-Heine-Strafte 109/111

04229 Leipzig

GERMANY

CONTACT

Gert Miiller-Syring
Karl-Heine-Stralte 109/111

04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gruppe.de

www.dbi-gruppe.de

CEO: Prof. Dr. Hartmut Krause,
Olaf Walther

Anja Wehling
Karl-Heine-Strale 109/111

04229 Leipzig, Germany Certified DIN EN ISO 9001:2008

+49 341 24571 40
anja.wehling@dbi-gruppe.de
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“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”
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Research Activities for Hydrogen Tolerance of Turbines
Large-Scale Hydrogen Refuelling Economically Viable | Europe

Database of Hydrogen Filling Stations Worldwide

“Coming together is a beginning; keeping together is progress; working together is success. “
(Henry Ford)

Dear Colleagues,

Welcome to the 14™ edition of the HIPS-NET newsletter.

We are approaching a period of power-to-gas technology demonstration after having proven technical viability in the past; various
larger projects are underway and we are presenting a selection from Denmark, France and Switzerland in this edition. Interesting
results were produced by the HyHouse project, showing a comparable level of safety risks for low pressure hydrogen leaks in
domestic settings as for natural gas. Another project is aiming to separate the hydrogen from a hydrogen/natural gas stream; an
approach for using the gas infrastructure and allowing multiple distribution paths for hydrogen. An uptake for the power-to-gas
technology may originate in hydrogen demand for mobility, even though there are various open questions connected with the
introduction, the activities are divers; we picked two to give an impression. Enjoy reading!

Final preparations for the HIPS-NET workshop are underway, we are looking forward to seeing many of you on Tuesday and
Wednesday in Brussels! As usual, we will prepare minutes of the workshop and share them in the 15" newsletter for all HIPS-
NET partners.

Your HIPS-NET Team

Gert, Anja, Stefan & Josephine
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HyHouse PROJECT REsuULTS | U.K.

What is the risk associated with a low pressure gas leak, as can happen in a domestic environment, when using either 100%
hydrogen or after blending hydrogen into natural gas? The HyHouse project has successfully demonstrated that hydrogen is a
safe replacement for natural gas in a domestic setting. Even though the project was concluded two years ago in 2015, the
outcome may be useful to colleagues launching hydrogen projects, and reacting to concerns about the safety of hydrogen. Here,
in a nutshell, is an account of the project and its findings:

The project was designed to identify whether accidental leaks
from a pure hydrogen or hydrogen and natural gas mixture
supply would have more or less risk attached than a leak
from a natural gas supply.

The study involved simulating realistic leaks using five test
gases (100% H,, 100% natural gas, and three different
mixtures of the two). The scientists conducted tests in an
empty, remote two storey farmhouse in Scotland. The project
was jointly funded by the UK Government, Kiwa and SSE.

First, the farmhouse windows would be shut and the doors
locked. Then, retreating to a cabin 200ft away, Kiwa Gastec’s
environmental scientists would release test gases into the
property to simulate gas leaks of up to 200kW. Taking

samples at 15 locations within the house, they tracked how
the gas had distributed, and calculated how likely it would be
to catch fire in presence of an ignition source.
The outcome was reassuring because hydrogen is very much lighter than natural gas and
the H, molecule has a high rate of diffusion. Proportionately, it is actually less likely to Contact: Mark Crowther at
accumulate in dangerous amounts. Overall, it would appear hydrogen (although clearly a mark.crowther@kiwa.co.uk

flammable gas) presents about the same risk as natural gas. Detailed explanations of the Source: here
experimental setup and the results may be found in the technical project report.

|
GREENLAB SKIVE | DENMARK

What is Skive, one may ask? Skive is a
municipality in Denmark with the declared aim to
become completely COj,-neutral by 2029. One
key instrument to achieve this is the development
of the GreenLab Skive energy initiative — a
business development park — with a power-to-gas
plant as core element.

The future energy chain consists of photovoltaics,
wind turbines, electrolysis, biogas, upgrading,
methanation, the natural gas grid, landfill gas,
CHP engines and energy system balancing. The
already existing infrastructure with the heart of
global wind turbine industry, a leading business
cluster biomass, and leading universities form a
sound basis to develop a unique infrastructure to
allow testing, demonstration and development of
new full-scale products in a large-scale symbiotic
setup.

Contact: Steen Harding Hintze at SKETCH OF ENERGY PARK (SoURCE: GREENLAB SKIVE)

shhi@greenlabskive.dk

Source: www.greenlabskive.dk and more de-
tailed information in Danish
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2 MW, POWER-TO-GAS HYBRID POWER PLANT | SWITZERLAND

Combining sewage treatment plant with PEM electrolysis
and biological methanation process saves up to ten
percent primary energy and about twenty percent
greenhouse gas emissions. The intelligent coupling of the
processes advances the energy efficiency by using
almost the entire energy of the sewage gas in comparison
to state of the art electricity generation by combined heat
and power plants (CHP).

Ten energy utilities in Switzerland are taking the initiative
and planning to install a 2 MW, power-to-gas hybrid
power plant in Dietikon. In addition to electricity
generation, more than 18 GWh/yr renewable gas will be
injected into the natural gas network to enhance the share
of renewable gas.

LITTLE SISTER—BIOLOGICAL METHANATION IN ALLENDORF | GERMANY The power-to-gas plant combined with biological
IR, methanation is a scale up of the proven technology of

Viessmann installed in Allendorf, Germany.

Jonas Kliickers of MicrobEnergy explains “The electricity price in Switzerland is not
burdened with the Renewables Energies Act levy (EEG-Umlage) as in Germany.
We will produce the regenerative methane for 12 ct’kWh and even though the
regulator does not remunerate the injection of renewable gas, the energy utilities
agreed to purchase the gas to advance the decarbonisation of gas to realise a
greenhouse gas reduction potential of about 95 percent in comparison to natural
gas.”

Contact: Eva Sonnleitner at
eva.sonnleitner@microbenergy.com

Study (in German only)
Source (German)
Source (French)

The subsidiary company of Viessmann, MircrobEnergy received the Rudolph-Diesel medal for the “Sustainable
Innovation” for its technological achievements to advance the energy transition, especially for developing energy
storage with the power-to-gas technology in combination with biological methanation in April 2017. Congratulations!

e
1 MW, POWER-TO-GAS PLANT - JUPITER 1000 | FRANCE

GRTgaz and its partners are involved in the "Jupiter 1000" project at the Fos sur Mer harbour nearby Marseille on a platform
dedicated to demonstration projects devoted to the energy transition. The project is located at the intersection of gas and
electrical networks and close to an industrial source of COs.

GRTgaz is currently designing to build
a power-to-gas plant of 1 MWg. The
project implements two technologies
of  electrolysers: PEM  (Proton
Exchange Membrane) and alkaline.
The CO, will be captured from
industrial flue gas. The electricity will
be provided from renewable energy.
The injection / mixing unit will be used
to ensure in all circumstances the
injected gas satisfies the

specifications of the natural gas grid.
. . o PROJECT JUPITER 1000 (Source: JuPITER 1000)
French regulation permits 6 vol% of

H; in the natural gas networks.

Project partners are GRTgaz, ATMOSTAT, cea, CNR, L&L, Marseille Fos, McPhy,

Contact: Laurent Clisson at TIGF, RTE and is co-financed by the European Union under the FEDER funds, by the
Laurent.clisson@grtgaz.com government as part of the "Investissements d'Avenir" program entrusted to ADEME
Feasibility analysis (in French only) and the Provence-Alpes-Cotes d'Azur regional council.

Source: www.jupiter1000.com/en/
accueil.html
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GREEN GAS INITIATIVE | EUROPE

Green vision and commitment for Europe

Seven independent gas infrastructure companies form GGI (Green Gas Initiative):

Energinet.dk (Denmark), Fluxys Belgium, Gasunie (the Netherlands), Gaznat

(Switzerland), GRTgaz (France), ONTRAS (Germany) and Swedegas (Sweden).

They have committed themselves to achieve the joint objective of reaching CO,

neutral gas supply by 2050. The GGl members currently consider the combination of
using biomethane, power to gas (P2G) solutions and using gas as an alternative fuel for road and maritime transport as the most
promising solutions for curbing climate change. GGl is also urging to create a regulatory framework at European level to develop
(economically viable) markets for synthetic natural gas and hydrogen.

Their cross-border cooperation seeks to achieve benefits for all parties involved through knowledge-exchange and targeted
communication on both national and European levels. One of the missions of GGl is to raise awareness among market players,
politicians and the public at large of the benefits of P2G.

GGl members therefore encourage and welcome any research aiming at making P2G | Contact: Gilles Verdan (Gaznat SA)
products compatible with natural gas infrastructure or making infrastructure fit for P2G | at g.verdan@gaznat.ch
products — at reasonable costs.

FEASIBILITY STUDY FOR HYDROGEN USE IN MOBILITY, INDUSTRY AND HEATING
MARKET | GERMANY

Schleswig-Holstein is a region in North-West Germany with a huge rise in surplus RES electricity. A recently published feasibility
study on behalf of the GP JOULE demonstrates the interlinking of electricity, heating and mobility through renewable surpluses in
the joint project called “Acceptance through added value — hydrogen as a connective link between the heating, electricity, industry
and transport sectors” (“Akzeptanz durch Wertschopfung — Wasserstoff als Bindeglied zur Kopplung des Warme-, Strom-, Indus-
trie- und Verkehrssektors”).

The joint project exists among others of five PEM electrolysers installed in North Friesland, converting RES electricity into hydro-
gen. The heat incurred in the process is fed into pre-existing local heat networks and thus contributes to the heat transition,
i.e. the decarbonisation of the heat supply. Further, the

hydrogen is stored and subsequently dispensed via two

H filling stations in Husum and Niebdill to two fuel cell

buses, which operate public transport routes. In this way,

the public transport in the north can gradually be made

emission-free, cost-effective and economical, as the

study proves.

To validate the joint project, seven reputable institutions,
including Fraunhofer ISI, Fraunhofer ISE and the Foun-
dation for Environmental Energy Law (Stiftung Umwel-
tenergierecht), have developed a comprehensive feasi-
bility study on behalf of GP JOULE.

“The results of the study are something to be proud of —
our joint project proves that hydrogen from renewable
energies can create competitive costs and be used as a
CO,-free fuel for the mobility sector. There are no signifi-
cant hurdles for the joint project from a technical, legal
consent or economic perspective”, explains Ove Pe-
tersen, founder and general manager of GP JOULE. The
study considered injecting hydrogen into gas networks

but postponed it due to low market prices of competing SKETCH OF THE PROJECT IDEA
. . . L. (SourcE: GP JOULE)
energy carriers. The consortium is now aiming to apply

for funding to enter the basic engineering phase and gaining legal
Contact: Timo Bovi at t.bovi@gp-joule.de permission. Inauguration is scheduled for 2018. In the beginning of
Source: here 2027, the project intends to continue its operation without further
external funding, thus having reached economic viability.
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HYLYPURE - HYDROGEN RECOVERY FROM NATURAL GAS | AUSTRIA

Recovering green hydrogen without wasting energy

The Wind2Hydrogen strategy involves storing
hydrogen in the natural gas grid and
delivering it (mixed with natural gas) to
individual consumers at low cost. For the
hydrogen to be available as a feedstock in the
chemical industry, or for transport applications
in fuel cell quality, it is essential to recover it in
pure form from the mixture.

In the HylyPure project, scientists of the
Vienna  University of Technology, in
collaboration with OMV, are developing and
testing a compact facility, which recovers
hydrogen in three stages in an ecologically
and economically efficient way. In stage one,
membrane gas permeation, the hydrogen

concentration is increased at minimum energy
cost and the quantity of gas drastically SYSTEM SKETCH (SouRcE: HYLYPURE)

reduced. In stage two, pressure-swing
adsorption (PSA), the hydrogen concentration is increased further. Depending on requirements, the hydrogen stream can
then undergo further adsorptive purification in an optional stage three, to ensure the desired product quality.

The residue is brought back to the original pressure and fed back into the natural-gas

Contact: Dr. Michael Harasek at line. Provided that the electricity needed comes from renewables, the separation
michael.harasek@tuwien.ac.at process is carbon-neutral.

|
RESEARCH ACTIVITIES FOR HYDROGEN TOLERANCE OF TURBINES | GERMANY

Gas and steam turbines are technically optimised for full-load operation and
not for switch-on and switch-off operation to limit the natural tear and wear.
The future electricity network demands conventional electricity generation to
balance the fluctuation of wind and PV. The technical layout of turbines,
therefore, has to be more robust, improved for part-load operation,
increased stability for frequency variations, and alternating fuels while
keeping today’s efficiency and emission level. The aim is to adjust existing
turbines and newly-developed ones. Of significant importance is an
increased hydrogen tolerance of minimum 10 vol% to serve as key element
for power-to-x conceptions.

In the research network ,Flexible Energy Transformation®, founded in

LESTS OF TP)lE LEIBNIZ UNIVERSITY HANNOVER February 2017, OEMs and research institutions are addressing these
OURCE: HERE

questions, and one of the focuses is the use of hydrogen in
electricity generating processes under the roof of the German
Federal Ministry of Economic Affairs and Energy (BMWi). The
first _network meeting takes place at 30" June; registered
experts are welcome in Julich, Germany.

Contact: Sabrina Costantini (AG Turbo) at
sabrina.costantini@dir.de

Source: here

STABILISATION OF THE POWER GRID BY FLEXIBLE TURBINES
(SOURCE: HERE)
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LARGE-SCALE HYDROGEN REFUELLING ECONOMICALLY VIABLE | EUROPE

FCH JU project NewBusFuel has just finished
and its conclusions demonstrate that hydrogen
refuelling in large-scale bus depots is not only
technically feasible, it is also commercially
viable. 10 of Europe’s leading technology
providers of hydrogen production and refuelling
equipment worked with 12 bus operators in
Europe to develop designs for large scale
refuelling systems for their bus depots. In each
location, a suitable design was developed in
consultation with the bus operators and the
local regulators. As a result, a wide range of
engineering solutions was developed, involving
different supply modes (liquid/gaseous trailer
delivery and on-site production from electrolysis
and methane reformation) covering hydrogen
demands between 1,000 and 5,000 kg per day,
corresponding to depots of 50-260 hydrogen
buses. Each of these technical solutions was

able to meet the original design requirements SCHEME OF TYPICAL HYDROGEN REFUELLING SYSTEM (HRS) CONCEPTS AND HYD-
) s . . ROGEN PATHWAYS
defined within the case studies, demonstrating (SOURCE: HERE, P. 15)

that hydrogen refuelling at these large scales
can be affordable and reliable.

) ) Within the project, two central publications were developed: the
Project duration June 2015 — March 2017 first is a guidance document, which contains a variety of useful
information for bus operators who consider the use of

Project costs 248 Mio € hydrogen fuel cell buses and the related necessary
Funding 2.44 Mio € infrastructure. The second is the project’s summary report,
which analyses the developed designs and gives

Coordinator Element Energy Limited U.K. recommendations for different stakeholder groups of how to

further improve the technical and economic performance of
hydrogen refuelling stations.

Contact: Dr. Benjamin Reuter at
benjamin.reuter@thinkstep.com

Study: here

DATABASE OF HYDROGEN FILLING
STATIONS WORLDWIDE

A Database of hydrogen filling stations worldwide with 760 (!) entries
gives an impression of the efforts to build up a new infrastructure.
Have a look for the efforts and achievements in Europe and click the
interactive map at www.h2stations.org.

EXCERPT OF THE INTERACTIVE MAP
(COPYRIGHT LUDWIG-BOLKOW-SYSTEMTECHNIK)
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS 2017

CURRENT PARTNERS
June, 20 Annual Conference Power to Gas 2017
(Berlin, Germany) Alliander AG ++ Areva H,Gen ++ DEA
July, 04-07 6" European PEFC & Electrolyser Forum DETEEE ERISEl e i DIEC i B
(Lucerne, Switzerland) GL ++ Enagas ++ Energinet.dk ++
ENGIE ++ EWE AG ++ Gas Natural
July, 09 7" World Hydrogen Technology Convention & Czech .
Hydrogen Days (Prague, Czech Republic) Fenosa ++ Gasum OY ++ Gasunie ++
GRTgaz ++ grzi e.V. (figawa) ++
July, 29-31 g™ .International (:‘,onference on Hydrogen Production Infraserv GmbH & Co. Héchst KG ++
(Brisbane, Australia) .
INERIS ++ ITM Power ++ EC Joint
Aug., 28-30 2" China International Hydrogen & Fuel Cell Conference & Research Centre (JRC) ++ KOGAS ++
Exhibition, CHFCE (Beijing, China) NAFTA ++ ONTRAS ++ Open Grid
Sept., 10-13 Solarpower International 2017, Hydrogen + Fuel Cells Europe GmbH ++ OVGW ++ RAG
North America (Las Vegas, USA) Rohél-Aufsuchungs AG ++ RWE
Sept., 11-13 7™ International Conference on Hydrogen Safety (ICHS Deutschland ++ Shell ++ Solar Turbines
2017) (Hamburg, Germany) Europe ++ Storengy ++ SVGW ++
St Uni
Sept., 11-13 International Conference on Hydrogen Energy SR . et E”erg?' Sto.ratqe
(University of Surrey, Guildford, U.K.) GmbH ++ Uniper Technologies Limited
++ Verband der Chemischen Industrie
Sept., 26-27 DBI-Fachforum Energiespeicher
(Beriin, Germany) (VCI) ++ Volkswagen AG ++

HIPS-NET CoRE ToPICS

We gather and disseminate the
latest available knowledge to im-
prove the understanding of hy-
drogen/natural gas blends in pipe-
line systems with emphasis on the
core topics:

We additionally keep a minor fo-
cus on the general development
of power-to-gas, hydrogen net-
works, and further topics around
the utilisation of (renewable) hy-
drogen.

HIPS-NET CoONTACT

DBI Gas- und Umwelttechnik GmbH
Karl-Heine-Strafte 109/111

04229 Leipzig

GERMANY

CONTACT

Gert Miiller-Syring
Karl-Heine-Stralte 109/111

04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gruppe.de

www.dbi-gruppe.de

CEO: Prof. Dr. Hartmut Krause,
Olaf Walther

Anja Wehling
Karl-Heine-StralRe 109/111
04229 Leipzig, Germany
+49 341 24571 40
anja.wehling@dbi-gruppe.de

Certified DIN EN ISO 9001:2008
Copyright 2013 | © DBI Gas- und

Umwelttechnik GmbH | All rights reserved

NEWSLETTER # 14 JUNE 2017 II 7 II COPYRIGHT 2017 | © DBI GAS- UND UMWELTTECHNIK GMBH | ALL RIGHTS RESERVED


http://www.dbi-gut.de/
http://www.powertogas.info/power-to-gas/aktuelle-meldungen/detail/news/jahreskonferenz-power-to-gas-2017/?tx_news_pi1%5Bcontroller%5D=News&tx_news_pi1%5Baction%5D=detail&cHash=5a9955f69c452b9295381e7c6619a609
http://www.efcf.com/
http://www.whtcprague2017.cz/
http://www.whtcprague2017.cz/
http://ich2p-2017.org/
http://en.chfce.com/
http://en.chfce.com/
http://www.h2fc-fair.com/usa/
http://www.h2fc-fair.com/usa/
file:///C:/Users/jbraune/Documents/Benutzerdefinierte Office-Vorlagen
file:///C:/Users/jbraune/Documents/Benutzerdefinierte Office-Vorlagen
https://10times.com/hydrogen-energy-guildford
http://www.dbi-gti.de/dbi-gti-termindetails/dbi-fachforum-energiespeicher_2017.html

HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

Liverpool-Manchester Hydrogen Cluster Project | U.K.

Power-to-Gas for Heat and Electricity Supply in Buildings | German

How Much Hydrogen Can the Danish Gas Infrastructure Handle? 3
TS0 2020 Project | Netherlands 3

Study on Early Business Cases for Hydrogen | Europe 4

CONTENT Summary of the 4" HIPS-NET Worksho 5
NEWSLETTER

Jvri Yikanen - Energy Storage in EU Energy Policy 5
Francoise de Jong - European Standardisation of H, and H2NG

Carsten Krause - Power-to-X

Stephan Bauer - Underground Sun Storage 6
Dan Sadler - H21 Leeds City Gate Project 7
Gert Miiller-Syring - Organisational Aspects HIPS-NET 7
Isabelle Alliat - GRHYD Project 8

Dear Colleagues,

#15

L O 2 2 e

Welcome to the 15" edition of the HIPS-NET newsletter.

This newsletter comprises new developments in four European countries: The recently
released conceptual study for the Liverpool-Manchester region in the U.K., with similar
ideas as the Leeds City Gate project but deviating approaches as it favours hydrogen
admixture to the natural gas grid. The Danish TSO energinet started research to
determine possible hydrogen concentration levels to path the way into a carbon free
future. A huge research proposal by Dutch stakeholders was accepted to support the
connection of the electricity and gas infrastructure. We added furthermore a short
information about an electricity and heating system using the power to gas technology
with a closed cycle for carbon dioxide, which is entering the market for larger buildings.

You will find in the second part of this newsletter the summary of the HIPS-NET
workshop with shortened overviews about the given presentations. In case you missed
the download period given after the workshop via e-mail with all presentations, please
access the HIPS-NET website members’ area to retrieve further information.

We hope you find the described developments and the workshop summary interesting to
read!

Your HIPS-NET Team

Gert, Anja, Josephine & Stefan
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LIVERPOOL-MANCHESTER HYDROGEN CLUSTER PROJECT | U.K.
INITIAL CONCEPTUAL STUDY RELEASED

The use of hydrogen in place of natural gas could offer a route to widespread decarbonisation of gas distribution networks. In
addition to the Leeds City Gate (H21) concept, presented at the HIPS-NET workshop in June this year, a second region in the
U.K. is preparing for hydrogen use in gas pipeline systems. The main driver for the concept is widespread carbon abatement at
lower cost than alternative strategies.

The Liverpool-Manchester Hydrogen Cluster project is a conceptual study to develop a practical and economic framework to
introduce hydrogen into the gas network in the Liverpool-Manchester area. It proposes converting natural gas into clean-burning
hydrogen gas, by steam methane reforming. The process removes carbon dioxide from the gas, which can then be captured and
stored in depleted offshore gas reservoirs (CCS). The hydrogen gas would then be supplied to a core set of major industrial gas
users in Liverpool-Manchester and fed into the local gas distribution network as a blend with natural gas (potentially up to
20 vol%).

The project prefers hydrogen admixture because the
associated Capex amount to about 30 % (0.6 b£) for
the same level of carbon dioxide reduction in
comparison to full hydrogen supply (Capex
2.1 b£) and avoids the replacement of thousands of
boilers and creation of underground salt cavern
hydrogen stores. The Opex is estimated around
57 M£/annum. The cost of carbon abatement (CoA) is (SOURCE: CADENT GAS, SUMMARY REPORT, P. 16)
estimated around 90-104 £/tco.. The use of air source

heat pumps would cause higher CoA and is

suggested for rural areas, including those not served

by gas (see table).

COMPARISON OF COST OF ABATEMENT (COA) WITH ALTERNATIVES

One of the mentioned key risks relate to the missing market framework for low
Source: hitp://cadentgas.com/About-us/ | carhon hydrogen in the U.K.. The authors therefore argue that a support mechanism
:_Tngr\(’)at('aonrlggfgy Liverpool-Manchester- | - st he designed to socialise the costs across all gas users in the region or possibly
mcroden-— s or in the wider U.K.. The study was released in August 2017.

POWER-TO-GAS FOR HEAT AND ELECTRICITY SUPPLY IN BUILDINGS | GERMANY

SmartEnergyTechnology is the first fully closed ‘power to gas’ system in the
world. It does not emit any carbon dioxide and enables carbon-free heat and
electricity supply for several solutions, from housing projects of some kW up
to gas power plants of many MW. The decentralised system combines an
electrolyser with a catalytic methanation process. The strongly exothermic
reaction of hydrogen and carbon dioxide produces heat, which is used for
heating purposes. The methane is burned e.g. in a CHP unit (combined heat
and power) in a modified combustion with oxygen, to prevent all nitric oxide
emissions. The burning process leaves especially clean carbon dioxide that is
subsequently used for methanation (closed carbon capture and use process
loop). Additionally, the unit is complemented by an intelligent control system,
IMAGE OF ENERGY SUPPLY FOR AN APARTMENT . .. .
BUILDING (SOURCE: EXYTRON) which forecasts future electricity production from PV and the needs for power
and heat. The process of methanation was developed with the renowned
Leibniz Institute for Catalysis (LIKAT) at the University of Rostock and will soon cover the energy supply for hotels in a
decentralised system as pilot project. The process aims at 90 percent efficiency. The methane is not reliant on an injection in the
gas grid, but can use it as storage system in big applications.

The electricity and heat supply in the two existing projects in Alzey and Image film and trailer: https:/exytron.online/EN/
Augsburg are already today economically viable for end customers. Contact: Klaus Schirmer kschirmer@exytron.com
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How MucH HYDROGEN CAN THE DANISH GAS INFRASTRUCTURE HANDLE?

Authors: Jesper Bruun, Julie Just Krebs (Energinet)

The Danish gas TSO Energinet is currently testing the Danish natural gas infrastructure to see whether it is ready to handle
hydrogen. The test was started in June 2017 and is running for two years.

The goal is that by the year 2050 Denmark should be supplied with 100 % renewable energy. This means that it will be necessary
to find out how to deal with energy from windmills on days with no wind. Hydrogen from electrolysis may be the key to solve this.

Therefore, Energinet has established a test facility
between the two meter and regulator (M/R)-stations
in cooperation with three Danish partners Danish
Gas Distribution, Danish Gas Technology Center
and EWII Fuel Cells. With the project, the partners
want to obtain knowledge about how much the
existing system can handle as it is and how much it
will cost to prepare the Danish natural gas system
for future challenges.

In June 2017, Energinet and partners added the first
2 vol% hydrogen to the closed test facility and in
August the next 2 vol%. So far, there are good
results, as the system did not lose the added
hydrogen.

The test facility uses the same infrastructure and

contains the same components as the rest of the

Danish natural gas system. Therefore, it is possible
to transfer the results of the test in the entire system

and on longer term use the system for managing and transport wind power in the form of hydrogen. The aim is to test what the
system can handle in the range 0 - 15 vol% hydrogen.

The preliminarily good results bring Energinet and partners one step closer to
being able to supply Denmark with 100 % renewable energy in 2050.

TSO 2020 PROJECT | NETHERLANDS

Contact: Jesper Bruun at jor@energinet.dk

TOWARDS SYNERGISED INFRASTRUCTURES IN THE EU

TS02020 project will use existing power cable networks to dispatch the
electricity flows, expected from the interconnecting COBRA cable, to a
nearby major gas network facility. Existing gas storage facilities (salt
cavern) and the national gas pipeline network (power to gas) will be
unlocked to absorb the hydrogen. Local businesses will provide hydrogen
distribution via road transport in the Netherlands and the western part of
Germany. The activities combine studies, two pilot activities and a business
plan for the scale up of grid management solutions. TSO2020 is the largest
action approved in the first so-called synergy call of proposal launched as
part of the EU Connecting Europe Facility (CEF). The COBRA cable is an
international project aiming to interconnect Denmark and Netherlands for
electricity supply.

COBRA INTERCONNECTION CABLE AND TSO 2020 The pilot locations will test the impact of storage and grid

(PILOT) LOCATIONS (INEA, © PLATTS FOR POWER GRIDS) balancing equipment on the electrical and gas networks (Zuidwending pilot)
and develop a hydrogen distribution hub (Delfzijl pilot) to efficiently distribute hydrogen to various end customers. The project will
provide further a comprehensive business and financing outlook for the scale up of hydrogen production to supply hydrogen fuel
stations on the TEN-T network. The injection in the national gas pipeline network is also considered an option.

Project duration: February 2017 until December 2019 Source: www.ts02020.eu, https://ec.europa.eu/inea/en/connecting-europe-
Project budget: about 12 M€, co-financing by EU 7 M€ facility/cef-energy/projects-by-country/netherlands/2016-eu-sa-0012
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STuDY ON EARLY BUSINESS CASES FOR HYDROGEN RELEASED | EUROPE

Hydrogen is widely recognised as a promising option for storing large quantities of renewable electricity over longer periods. Its
need in the long-term appear to be generally acknowledged. The key challenge today is to identify concrete short-term investment
opportunities, based on sound economics and robust business cases.

This study identifies early business cases and to assesses their potential replicability in Europe from now until 2025. In short, a
market of 2.8 GW of electrolysers with a value of 4.2 b€ was identified for Europe until 2025, covering regional hydrogen mobility,
light industry and refineries. An essential part and innovative approach of this study is the detailed analysis of the power sector
including its transmission grid constraints. This is of key importance for hydrogen business cases, for at least two reasons. First,
because of revenues via the provision of balancing services. Second, because operating expenses are mainly determined by the
price of electricity and local grid bottlenecks and RES curtailment may be reflected by lower procurement costs, depending on the
national electricity market design.

OVERVIEW OF POTENTIAL VALUE STREAMS (SOURCE: HINICO, FULL REPORT, P. 56)

The authors conclude robust business cases upon an electricity price of 40-50 €/ MWh including (!) grid fees, taxes & levies. The
payback time of the best located business cases varies from 3 to 11 years depending on the primary application, conditional on a
gas grid injection tariff of 90 €/ MWh_yy. Analysed markets for the short- and medium-term involve mobility and industry as primary
applications, such as regional hydrogen mobility deployment, refineries and cooking oil production, complemented by gas grid
injection.

The study selected five power systems for in-depth modelling, Germany, France, Denmark, U.K. and Sardinia. The three best
short-term business cases are in Albi (France) as semi-centralised production for mobility, in Trige (Denmark) for the food
industry, and Libeck (Germany) in the refinery.

Gas grid injection and electricity grid services, represent a short-to-mid-term a de-risking instrument. As a matter of fact, gas grid
injection can boost cash flows at low marginal cost towards breakeven during the ramp-up phase of mobility applications, when
the risk of expected demand not materialising remains high (“valley of death”).

The over 200 pages long study was released in June 2017, written by
Tractebel, Engie and Hinicio with the support of a large advisory
board, funded by the FCH JU and supported by the European
Commission.

Source: http://www.fch.europa.eu/publications/study-
early-business-cases-h2-energy-storage-and-more-broadly
-power-h2-applications
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SUMMARY OF THE 4™ HIPS-NET WORKSHOP

JYRI YLKANEN (EUROPEAN COMMISSION ENERGY)

Energy Storage in EU Energy Policy

Further development of the electricity market design (excerpt)

e  Credo remains: transparent, non-discriminatory, flexible

e Upcoming storage legislation includes: improving short term markets + service products to

be defined and procured by TSO & DSO + network planning including energy storage

e Unbundling prevails: External storage ownership; cost of acquired storage services by the
network to be included in the grid fees

e Power-to-Gas included in storage definition as suggested ‘energy storage’ means, in the electricity system, deferring
an amount of the electricity that was generated to the moment of use, either as final energy or converted into another
energy carrier

e Recognises the need to decarbonise the energy system; instead of focussing solely on electricity: SECTORAL
INTEGRATION

FRANCOISE DE JONG (NEN)

European Standardisation of Hydrogen and H2NG

Where did we start? — CEN/CENELEC SFEM WG Hydrogen

e Participation of about 80 experts from more than 60 European companies, organisations and

institutes

e Establishment of a dedicated European standardisation technical committee (CEN/CENELEC
TC 6)

e Result of SFEM WG Hydrogen is a final report and a roadmap of near term action items for every task force.
(connection to electricity grid, electrolysers, gas system and usage, hydrogen technologies) ... see also summary in
newsletter #9 page 8, 9

Where are we now? CEN-CLC/TC 6 and CEN/TC 234

e Scope: standardisation in the field of systems, devices and connections for the production, storage, transport and

distribution, measurement and use of hydrogen from renewable energy sources and other sources
e WG 1 - Terms and definitions: do we all use the same language (PtG, PtX, ...)

e WG 2 - Guarantee of origin: for the GoO standardisation is very important, because of the question how to
define blue and green hydrogen

e WG 3 - Hydrogen safety: main topic

e Decision: extend the existing standards and implement new standards for hydrogen (from 0% to 100%
concentration) in the gas infrastructure

Next Step: EC standardisation request on hydrogen for interoperability between grids, on safe admixture of hydrogen to the
gas grid, on gas quality and on compatibility with end-use appliances

Participation welcome: get in contact with Francoise de Jong or Eveline Weidner
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SUMMARY OF THE 4™ HIPS-NET WORKSHOP

CARSTEN KRAUSE (AREVA H2GEN)

Power-to-X — Short Overview about Activities and Projects in Germany

Kopernikus Project — Power-to-X (PtX)

e Main focus: application of PtX for sectoral integration of energy, transport and chemistry
e Budget of 40 Million € for 1st period (2017-2020) with over 60 project partners

e  Further funding periods follow; total duration: 10 years

Power-to-X — Energy transition in the transport sector: sector coupling

e Focus: sectoral integration of energy, transport and maritime industry
e 130 Million € funding by the German Federal Ministry of Economic Affairs and Energy

e  Focus on electricity-based liquid fuels passenger vehicles, lorries, sea-faring vessels, construction equipment or
stationary industrial engines

STEPHAN BAUER (RAG)

Results of Underground Sun Storage Project
Research on effects of 10% hydrogen admixtures in existing gas storage facilities

Geochemistry and reactive transport modelling (WP 2)

Laboratory experiments on cap rock permeability, reservoir alteration and H; transport in
reservoirs

e noincreased H2 permeability even with 100 vol% hydrogen at 100 bar

e no significant reservoir alteration after 1 year at 25 vol% hydrogen

Microbial processes in hydrogen exposed reservoirs (WP 3)

e Hydrogen induces microbial metabolism in the reservoir and there are different reactions possible.
e |t was observed that there are microbes in the reservoir but no significant H,S reactions were detectable.

e Abiotic reactors did not deliver decline in hydrogen concentration.

Material and corrosion (WP 5)

e steel alloys experiments with alloys, which are used by RAG
e fracture elongation stays the same until you add H,S

e no hydrogen related alteration of cementation detectable

In-situ field experiment construction and operation (WP 7 & 8)

e  after the selection of a suitable reservoir, the first injection took place and then the shut-in period started with two
month testing

e 82 % of Hyretrieved, rest dissolved in reservoir fluids, migrated into cushion gas some hydrogen was transformed into
other gases (e.g. methane) by microbial metabolism

+++ new project +++ Underground Sun Conversion Project (2017 — 2021)

e methane production: sustainable carbon cycle in a reservoir - decline of H;and CO, and increase in methane
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HIPS-NET NEWSLETTER

SUMMARY OF THE 4™ HIPS-NET WORKSHOP

DAN SADLER (NORTHERN GAS NETWORKS)

H21 Leeds City Gate Project
“If you can proof Leeds, you can proof the entire system!”
e Redesigning the gas network for Leeds into a 100% hydrogen network

Energy Demand Requirements (Heat)

e  District governor: 3,180 MW
e 260,000 m? area with an annual demand of 6 TWh
e  Steam methane reformer: 1,025 MW
e 2 salt caverns to store hydrogen; together 706 GWh
e 4 GWh of intraday storage
e 80 % carbon reduction
Selected results
e Complete impact assessment of the gas appliance population within Leeds based on a hydrogen network

e Complete impact assessment on the existing gas network within Leeds of the introduction of hydrogen, based on
international trials and best practice

e Assessment on the potential use of a hydrogen delivered via a network on road vehicles
e Re-model the Leeds Gas Network based on hydrogen conversion including costs and customer impact

More information: http://www.smarternetworks.org/Project.aspx?ProjectiD=1630 | Dan Sadler (DSadler@northerngas.co.uk)

GERT MULLER-SYRING (DBI GUT)

Organisational Aspects HIPS-NET

Fixed responsibilities in the coming year

e Continued publication of the quarterly newsletter and annual status report
e  Addressing open R&D subjects and communication to the EC

e Preparation for the HIPS-NET workshop in 2018

e Aim to increase the number of active partners (from 34 to 38)

e New partners are ONTRAS (Germany), INERIS (France) and Storengy (France)
Additional scope for the coming year (depending on budget)

e  Maintaining the HIPS-NET website
e Updating the Power-to-Gas map
e  Maintaining cooperation with CEN/CENELEC SFEM WG Hydrogen/ TC6

e  Establishing closer information exchange with the EC Director General for Energy
Discussion for future development of HIPS-NET

e Workshop next year: discussion round to find gaps and identify open regulatory issues and how to solve them?

e Roadmap for harmonisation across different countries (differences across Europe in regulatory especially for
hydrogen)?
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SUMMARY OF THE 4™ HIPS-NET WORKSHOP

ISABELLE ALLIAT (ENGIE LAB)

GRHYD project: grid management by hydrogen injection for
reducing carbonaceous energies

Background and Overview of GRHYD

e  First Power-to-Gas-to-Grid project in France
e A new 100-home estate will be supplied with NG-H, blends up to 20 vol%

e natural gas vehicle fuelling station and dozens of urban buses will be adapted to a new fuel:
Hythane® (20 vol% hydrogen)

Development of software for optimizing and monitoring the H;, production-storage station vs. downstream gas consumption and
renewable electricity sources upstream.

Demonstration: injection of natural gas/ hydrogen blends

e Technical feasibility: finalised with design optimisation

e  Safety (regulations): approval for injection up to 20 vol% gained

e Social acceptance survey finalised without drawbacks; positive perception

e Technical studies about all the parts of the gas chain discovered no difficulties

e  Start of the demonstration operation is planned in November 2017, for 1,5 years

e Ongoing: assessment of performance and economic + environmental results including life cycle analysis (LCA)
Demonstration: Hythane® fuel for bus fleet

e Hythane® advantages
= higher engine efficiency (+7% vs CNG)
= lower emissions of local pollutants (-10% vs CNG)
= lower consumption of primary energy (fossil energy replaced by renewable H, energy)
= synergy with other clean fuels like H2I
e Hythane® fuel station start is planned for 2018
e Sociological studies: no objection noticed

e Ongoing: risk management & permitting procedure, technical & economic analysis, developing sustainable economic
model including life cycle analysis (LCA)

More information: website link (www.GRHYD.fr: only in French) or DRI-GRHYD@engie.com/ Isabelle.Alliat@engie.com

IMPRESSIONS OF THE 4™ HIPS-NET WORKSHOP
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS 2017/18

CURRENT PARTNERS

Nov., 02-03 3 HYPOS Forum _

(Leipzig, Germany) Alliander AG ++ Areva H,Gen ++ DEA
Nov. 06-17  COP 23 Deutsche ErdoeI,AG AFaF DC.-)C ++ DNV

(Bonn, Germany) GL ++ Enagas ++ Enbridge ++
Nov., 15-16  STORENERGY Congress Sl SATS SIS G

(Offenburg, Germany) Gas Natural Fenosa ++ Gasum OY ++
Nov., 20 FCH JU Stakeholder Platform Plenary Session CRELIE i (ERGER i g _?'V' Tgente))

(Brussels, Belgium) ++ Infraserv GmbH & Co. Hochst KG ++
Dec., 4-5 19" Int. Conference on Hydrogen Energy and Fuel Cells BERIS .++ e

Technology EC Joint Research Centre (JRC) ++

(Amsterdam, Netherlands) KOGAS ++ NAFTA ++ ONTRAS ++
Dec., 12-15 EFC17 - European Fuel Cell 2017 Open Grid Europe GmbH ++ OVGW ++

(Naples, ltaly) RAG Rohél-Aufsuchungs AG ++ Shell ++
Jan., 24-25 Hydrogen & Fuel Cells Enerqgy Summit Solar Turbines Europe ++ Storengy ++

(Brussels, Belgium) SVGW ++ Synergrid ++ TIGF ++ Uniper
Feb., 11-16 Latsis Symposium: 12™ Int. Symposium Hydrogen & Energy Storage GmbH ++ Uniper Tech-

%&ne Switzerland) nologies Limited ++ Verband der

' Chemischen Industrie (VCI) ++

March, 14-16 (Eh?aElggg?éi;iE)uropean Hydrogen Energy Conference Volkswagen AG ++

HIPS-NET CoRE ToPICS

We gather and disseminate the
latest available knowledge to im-
prove the understanding of hy-
drogen/natural gas blends in pipe-
line systems with emphasis on the
core topics:

We additionally keep a minor fo-
cus on the general development
of power-to-gas, hydrogen net-
works, and further topics around
the utilisation of (renewable) hy-
drogen.

HIPS-NET CoNTACT

DBI Gas- und Umwelttechnik GmbH

CONTACT

Gert Miiller-Syring
Karl-Heine-StralRe 109/111

04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gruppe.de

Anja Wehling
Karl-Heine-StralRe 109/111
04229 Leipzig, Germany
+49 341 24571 40
anja.wehling@dbi-gruppe.de
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

THE ROADMAP: HYDROGEN SCALING UP | WORLDWIDE /2
EASE /| EERA Energy Storage Recommendations | Europe /13

Deal for World's Largest Power-to-Gas Project | France Il 4

CONTENT Simplify Permission Procedures for PtG | Germany 114
NEWSLETTER Permeation of hydrogen/natural gas blends | German IS

#16 2.4 MW Power-to-Gas Plant in Hybrid Storage Project | German 1 6
“Green Refineries” 5 MW & 10 MW PEM Electrolysers | German /1 6
Hydrogen Blending as Path for Transportation | California U.S 17

HYBURN PROJECT — Hydrogen Tolerance of Turbines | German /l 8

Dear Colleagues,
Welcome to the 16" edition of the HIPS-NET newsletter.

We selected for this edition investment in multiple megawatt electrolysis in France and
Germany and on the other side — one European and one global — roadmap supporting the
integration of power-to-gas. Even though the power-to-gas plants are supported by grants
for capital expenses, the research suggests that there are viable business cases in certain
constellations coming up. (The operators are naturally reluctant with further information on
their calculations for investment decisions.) Questions of technical integration are still open,
as we can see with the HYBURN project on turbines and some answers are given for the
effect of rising hydrogen admixture for permeation of gas pipelines, just to mention some of
the developments.

We hope you find the newsletter interesting to read!

Your HIPS-NET Team

Gert, Anja, Sylvana & Stefan

PS: Our team is changing temporarily - our colleague Josephine who was supporting the
DBI HIPS-NET team is at home for family reasons. We are confident to have her back on
board next year in the team. Sylvana, a colleague with in-depth skills for gas network
calculation is taking over in the meantime.
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THE ROADMAP: HYDROGEN SCALING UP | WORLDWIDE

In November 2017, the hydrogen council released the position paper ,hydrogen-scaling up®, which succeeds the publication ,How
hydrogen empowers the energy transition® in January 2017. Both papers emphasise the importance of the energy transition and
acknowledge that the countries’ plans formulated in the Paris Climate Agreement are insufficient to limit global warming to 2°C.
This results in the need for a vast energy transition from the use of fossil fuels to renewable, carbon-free energy sources.
Hydrogen can play seven major roles in this transformation:

e Enabling large-scale renewable energy integration and
power generation

e Distributing energy across sectors and regions

e Acting as a buffer to increase energy system resilience

e  Decarbonizing transportation

o . HYDROGEN VisION 2050
° Decarbomzmg industrial energy use “HYDROGEN WOULD AVOID 6 GT OF CO, EMISSIONS, CREATE A $2.5 TRILLION MARKET FOR

. . - HYDROGEN AND FUEL CELL EQUIPMENT, AND PROVIDE SUSTAINABLE EMPLOYMENT FOR MORE
e Helping to decarbonize building heat and power THAN 30 MILLION PEOPLE.”
(SouRcE: HYDROGEN COUNCIL, “HYDROGEN SCALING UP”, P.8, NOVEMBER 2017)

e  Providing clean feedstock for industry.

The Hydrogen Council formulates a plan to achieve specific goals in managing the mentioned challenges, with milestones set for
2030 and goals for 2050. The authors’ intention is an ambitious but realistic picture based on viable technologies; it does not
promote hydrogen as a winner-takes-all solution and considers other low-carbon technologies as well.

For example, in building heating and power, a milestone is the use of 3.5 million tons of hydrogen to heat the equivalent of 6.5
million households, either fed in to an existing natural gas pipeline system or with pure hydrogen. In 2050, 8% of global energy
used for heat and power shall be provided by hydrogen. Together with waste heat recovery and electrification, these are the main
three options to decarbonise building heating. In the vision proposed for the industry, hydrogen is used for medium- and high-heat
processes, for which electrification is inefficient.

The hydrogen council focuses heavily on the decarbonisation of the transport sector because most carbon emissions can be
abated (3.2Gt per year with 20 million barrels of oil replaced per day). The plan includes different low or zero emission
technologies, like battery electric vehicles (BEV), fuel-cell electric vehicles (FCEV) and synthetic fuels. That way, the technologies
can complement each other with BEVs for small vehicles, synthetic fuels for ships and planes and FCEVs for everything in
between. Still, a strong case is made for the further implementation of FCEVs as the council states that by 2030 the efficiency of
FCEVs may have gone up by 20-35%, which, combined with decreasing hydrogen costs, may lead to FCEVs having a cost
advantage over diesel in all segments. That way by 2030, 10-15 million cars globally and 1 in 12 cars in Japan, California,
Germany and South Korea, which are the leading states in the implementation of hydrogen, shall be hydrogen-powered.

Hydrogen is a feedstock for industry; with the goal of 30% of methanol and ethanol derivates being produced by hydrogen and
CO, from carbon capture and utilization (CCU), which will be achievable due to the costs of CCU decreasing from 100 to 40$ per
ton of captured COs,.

In the field of electricity production, transportation and storage, hydrogen is an energy carrier. For example, due to the different
cost of solar power in Japan and Australia, even with energy losses of 20-30% during the process, imported hydrogen can still be
cheaper for Japan than importing electricity by cable. The vessels needed for the transport of hydrogen are estimated to be
around 400, which is small compared to ten times as many oil and chemical tankers today.

CO, abatement costs will decrease. For example, replacing natural gas with hydrogen in an industrial process would cost 100 to
150% per ton CO, and might drop to around 50$ per ton by 2030. Moreover, higher taxation of CO, is necessary to make
hydrogen technologies economically viable. Now, less than 5% of global carbon emissions are priced more than 10$ per ton CO..

Low percentages of hydrogen - up 5 to 20 vol% - can be safely blended into existing gas networks without major adaptations
to infrastructure or appliances. Blending hydrogen is actually an old, safe, and proven technology: hydrogen blends are still
common in Hawaii, Singapore, and some other areas with limited natural gas resources.

The Hydrogen Council is a global CEO-level initiative of leading energy, transport and industry companies (e.g. Daimler, Honda,
BMW, Shell, Total) with a united vision and long-term ambition for hydrogen to foster the energy transition. 13 members founded
the Hydrogen Council in January 2017 and grew up to 18 steering members and 10 supporting members.

Contact: Harriet Barham at secretariat@hydrogencouncil.com
Source: “How hydrogen empower the energy transition” January 2017
“Hydrogen scaling up” November 2017
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HIPS-NET NEWSLETTER

EASE /| EERA ENERGY STORAGE RECOMMENDATIONS | EUROPE

EASE-EERA presented the Energy Storage Technology Development Roadmap 2017 to the European Commission (Directorate
General for R&l and Directorate for Energy) in October 2017 to underpin R&D needs and regulatory changes in the coming
decades for energy storage technologies.

The roadmap aims to inform — with about 120 pages — policymakers for research, innovation, and demonstration in the energy
storage sector to strengthen Europe’s research and industrial competitiveness in the energy storage industry. It summarises
contributions of 80 experts from both leading industry players and researchers.

In one of the core chapters, the roadmap describes different types of storage technology, their technical maturity, applications,
R&D targets, identifies gaps, derives research priorities, and recommends research funding, infrastructure development, and
incentives.

Hydrogen plays a central role in chemical energy storage. The authors argue, hydrogen is the only realistic chemical storage
option (except perhaps ammonia) to avoid CO, emissions for all end users. The five given research priorities for hydrogen
storage technologies mention as fifth point: knowledge build up for health and safety, environmental compatibility (emissions,
emission control), reduction of risk of pipeline leakage and corrosion due to hydrogen admixture, existing legal boundary
conditions.

The general recommendations include topics, one might Chemical
know from the own national background, such as:

Electrical

Superconducting
Magnetic ES (SMES)

Ammonia Drop-in Fuels Supercapacitors

e establish energy storage as a separate asset class TiilEa Vet

Mechanical

e establish rules under which energy storage can access Syt fuels Synthetic Natural e e
markets (eg Clarify Ownership of storage by regu]ated Com-pre.sse.dAlr Compressed Air
entities) Electrochemical o Flywheels

EnergyStorage

e ensure the procurement of all energy and ancillary

&
7]

services is market-based, subject to a Cost-Benefit \Leadmd] Li-lon ]\ Vanacen [ we |
Analysis (CBA ' | :
voi (CBA wine v )2 ]
e eliminate unwarranted/double charging ‘ Mm.A.rJ Na-lon ] -
) . . . Supercapacitors Biciage
e remove regulatory barriers to innovative demonstration || ne-nic. J Na-S J
and pilot projects | niecd ] Ni-MH ]

e establish a definition of energy storage in the EU
regulatory framework TECHNOLOGY MATRIX | ENERGY STORAGE TECHNOLOGIES (Source: EASE)

In terms of the ‘energy storage’ definition, EASE broadly supports a definition similar to the draft EU Electricity Directive:

“energy storage’ means, in the electricity system, deferring an amount of the electricity that was produced [instead of
generated] to the moment of use, either as final energy or converted into another energy carrier.”

This definition has a wide scope as it includes the use of hydrogen beyond the electricity sector for heat, mobility and non-energy
applications (industry feedstock), and thus, addressing cross sectoral needs.

The roadmap proposes for the short term, within the next two years, supporting research for low cost materials also for hydrogen
storage; further recommendations specifically for hydrogen are not included. The recommendations nevertheless focus also on
the use of the gas infrastructure and its integration with the heat, electricity and refuelling infrastructure (two to five-year horizon).
Large-scale demonstration is seen — independent of the type of technology — in the horizon of the next five to ten years.

The European Association for Storage of Energy (EASE) is the voice of the energy storage community, actively promoting the
use of energy storage in Europe and worldwide. EASE is structured in three committees, few working groups with various task
forces. Some task forces address power-to-gas directly as one option for energy storage. 38 members are supporting EASE.

The European Energy Research Alliance (EERA ERA), is an alliance of leading organisations in the field of energy research.

Contact: Brittney Becker at b.becker@ease-storage.eu
Myriam Elisa Gil Bardaji at elisa.gil@kit.edu
Source: “EERA Storage Technology Development Roadmap” 2017
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DEAL FOR WORLD'S LARGEST POWER-TO-GAS PROJECT | FRANCE

H2V PRODUCT - a French company focussing on applications for the
massive use of carbon-free hydrogen — has entered into a framework
agreement with NEL ASA — a Norwegian hydrogen company, delivering
solutions to produce, store and distribute hydrogen from renewable energy.
Content of the contract is the design, construction and maintenance of five
hydrogen plants of 100 MW each, which are planned to build from 2018
until 2025. In total 200 electrolysers would produce about 70,000 tons
hydrogen per year. The contract value is around NOK2,450 million (ca.
€255 million). Therefore, this proposal will be — so far — the world’s largest
power-to-gas project. The whole project is financed by SAMFI-INVEST, a
private holding company associated with a French industrial partner.

The main utilisation path is the injection of hydrogen as a substitute to
natural gas into the natural gas network. One quarter of the production will
be marketed, in particular with the refiners. Further planned opportunities
are the connection to underground storage facilities in the country and in

5 - networks dedicated to supplying mobility infrastructures. The production of
hydrogen by electrolysis is not yet economically viable in France, the project

partners envisage the implementation of taxes to improve competitiveness.

The first.installations. -a 190 MW turnkey renewab!e hydrqggn Number of electrolysers 200

production plant, including 40 electrolysers — will be build in : :

the North of France and inject hydrogen in the transmission | Electrical power rating 610 MW

pipeline that supplies a large part of France with gas from . 72 690 tonnes
Annual hydrogen production

Norway. (814 118 000 Nm?)

The parties are expected to reach a final agreement on the | Load Factor 92% (8040 hlyear)

delivery schedule in spring 2018. Total electrolyser flow rate 93 600 Nm?h

Contact: Sandra Moschetti at moschetti@sam-energy.net

PORTAL GREEN - SIMPLIFY PERMISSION PROCEDURES FOR PTG | GERMANY

The power to gas technology has been successfully tested and is ready for market introduction. Yet, viable business cases are
rare; most plants were built for demonstration purposes. Operation and production of power to gas plants requires first a planning
phase including basic and detailed engineering as well as gaining the necessary technical and legal permissions. Since the
technology is still perceived as something new, all involved stakeholders on the construction side, the technical approval
authorities and the competent legal authority ‘pave a new way’. The experience so far reaches from normal to difficult permission
processes. Difficulties can occur due to a high level of insecurity for technical and/or legal authorities/ administration, which can
result e.g. in a high number of required documents for submission. The preparation of such documents costs time, effort and
money and is difficult to predict in its extend. A higher degree of uniformity and clarity develops usually over the time with
increasing experience of all stakeholders (learning process).

Portal Green is aiming to foster the technical and legal permission process in Germany with detailed guidelines for construction
and operation rules of power to gas plants and thus will speed-up the actual learning process. The guidelines explain the
applicable technical standards and legal provisions as well as the required permission processes.
This will enhance the (legal and technical) certainty for constructors, operators, technical approval
authority and administration. The project started in 2018 and is running for three years. The
research is guarded by two public workshops per year; to include expertise as early as possible and

Save the date!

PORTAL
regular feedback for the developers. for efficignt piT,SEN
ISsion
Partners: GRS (coordinator), BUW , DBI GUT, DVGW, Uniper 1£rocedures
Energy Storage Workshop

. . . . . . . in Bonnx Germa
Project budget: € 1.5 million with co-funding by the BMWi € 1.3 million ny

th
15" May 2915

Contact: Dr. Manuela Jopen at manuela.jopen@grs.de
Anja Wehling at anja.wehling@dbi-gruppe.de
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HIPS-NET NEWSLETTER

PERMEATION OF HYDROGEN/NATURAL GAS BLENDS | GERMANY

The currently used permeation coefficients for the examination of
permeation from gases through plastic pipes are usually valid for a
temperature of 20°C. The monthly mean temperature of the soil is often
lower. Due to the fact, that the quantity of plastic pipes and the future
feed-in of hydrogen are increasing in the German distribution grid the
permeation and its reliable examination are of high importance for grid
operators. Experts studied the permeation of different plastic pipes in
laboratory experiments with methane, hydrogen and gas mixtures. The
findings suggest, that especially the temperature and to a lesser degree
the pipe material and gas composition influence the permeation
coefficient. The developed permeation measuring cells can be installed
in field experiments and laboratory (see scheme).

The project analysed four different modern pipe materials (polymer

pipe, multi-layer composite pipe and two polymer pipes with aluminium
barrier layer). The samples were filled with three different gas |kl sl

compositions (see table).

The experts took gas samples from the measuring cell outside

Technical facts about the project . . .
the pipe and analysed the gas quality using a process gas

PE100 RC chromatograph. You can see the results calculated as
. . HexelOne® permeation coefficient in the diagram.
pipe materials HexelOne® + barrier layer of aluminium

SLA Barrier® Pipe Applying an educated estimation - with a supporting
measurement point at 14°C — the project assumes the
pipe dimension DN110 and SDR11 dependence between temperature and permeation coefficient to
. 100% CH,, follow an exponential function as shown in the diagram. The
test gas composi- . . o
tion 70% CH, and 30% H, monthly mean temperature of the soil varies between 2 and 20

100% Ha C (one meter below the soil surface for a period of 120 years).

test temperatures 20°C and 8°C Pipes with barrier layer (for example with aluminuim) are
. available at the market and prevent to a large extend
duration 1 year .

permeation.

pressure 10 barg and 16 barg

Assum ption - Permeation Coefficient and the Influence of
Mean Monthly Soil Temperature

_. 0,180 25
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PROJECT RESULT - CALCULATED PERMEATION COEFFICIENTS (sourck: DBI)

Contact: Werner Wessing at werner.wessing@eon.com and Stefan Schiitz at stefan.schuetz@dbi-gruppe.de
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2.4 MW POWER-TO-GAS PLANT IN HYBRID STORAGE PROJECT | GERMANY

The multi-megawatt hybrid storage project is embedded in the wider project “NEW 4.0” (short for Northern Germany
Energiewende). Industry, administration and science are aiming to develop a viable vision how to supply Northern Germany — 4.5
million inhabitants — with 100 percent regenerative electricity until 2035. The hybrid storage project combines an existing 15 MW
wind park with a 2.4 MW power-to-gas plant and a lithium-ion battery. Excess wind electricity will be used for hydrogen
production. Wind investors are looking for innovative long-term solutions because feed-in premiums for wind electricity that
cannot be fed into the grid will be phased out in the coming years.

The plant produces up to 450 Nm3/h hydrogen. Potential markets are heat, material use (industry) and mobility; negotiations are
currently running. The hydrogen can be mixed with natural gas, because the high-pressure pipeline ensures year-round capacity
even though the concentration is limited to 2 vol% hydrogen. Furthermore, the nearby ChemCoast industrial complex can be
directly supplied with regenerative hydrogen via a
potential connection to an existing hydrogen network.
Future plans include an additional hydrogen fuelling
station. The construction of the hydrogen production will
commence in spring 2018.

Depending on changes in the legal framework, the
project partners hope to scale the size of hybrid storage
and reproduce the design in further locations after
demonstration and gaining experience in Brunsbdittel.

The hybrid storage project budget is €6 million, including
€4 million for the hydrogen plant. It is co-funded under
SINTEG programme of the Federal Ministry of Economy
(BMWi) with €2 million.

Partners: Wind power plant operators, Enercon and
VR Bank eG Niebdull OVERVIEW: POWER-TO-GAS LOCATION BRUNSBUTTEL
(SouRcE: WIND TOo GAS ENERGY)
Funding period: 4 years,

December 2016 until
November 2020

Contact: Sonja Engfer (engfer@w2g-energy.de)
Source: press release Hydrogenics - March 22, 2017 (English)
press release w2g-energy - 28.06.2017 (German)

“GREEN REFINERIES” 5 MW & 10 MW PEM ELECTROLYSERS | GERMANY

H&R Olwerke Schindler inaugurated the world's largest dynamic hydrogen electrolysis plant in November 2017. The
Siemens-built 5 MW PEM (nominal capacity) PEM electrolyser is able to produce several hundred tonnes of hydrogen per
year. The hydrogen will not be used to produce energy as usual, but instead as a resource in the refinery process (material
use) in Hamburg, Germany. H&R shifted hydrogen procurement from external delivery to self-supply. The whole investment
totalled at more than €10 Mio, including €2.5 Mio funds procured by ERDF (European Regional Development Fund).

A similar project is planned by Shell Rheinland Refineries in Wesseling, Germany with inauguration in early 2020. The ITM
Power PEM electrolyser has a nominal capacity of 10 MW and will produce at maximum 1.300 tonnes hydrogen per year.
The entire hydrogen will also be used for the refinery process. The refinery needs more than 180.000 tonnes hydrogen per
year, so that the electrolyser adds (only) 0,7 % to conventional produced hydrogen. Shell also wants to create new
business models by testing this technology in large scale. The total investment amounts to €20 Mio, including €10 Mio
funds by the EU (FCH 2 JU programme).

Both projects are aiming to gain experience with the concept of a “green refinery” by production of carbon free hydrogen.

Contact: Ties Kaiser at ties.kaiser@hur.com
Jan Zeese at Jan.Zeese@shell.com
Source: press release H&R - 11/24/2017, ITM Power
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HIPS-NET NEWSLETTER

HYDROGEN BLENDING AS PATH FOR TRANSPORTATION | CALIFORNIA U.S

“The Potential to Build Current Natural Gas Infrastructure to Accommodate the Future Conversion to Near-Zero Transportation
Technology”

California is looking for future strategies to lower the carbon footprint in the transport sector. The authors examine the natural gas
infrastructure that is economically and technologically synergistic for both natural gas and renewable natural gas in the near-term,
and alternative fuels like renewable natural gas (RNG) and hydrogen in the long term. Other than in European countries,
hydrogen blending is not yet done in California. The supply of hydrogen fuelling stations — though mostly by truck delivery — is in
two cases covered by small-scale steam methane reforming. The study addresses blending of hydrogen into a natural gas
pipeline and separation at a station as one path in the study. The greenhouse gas reduction potential by admixture is limited for
fuel cell vehicles and overbuilding natural gas filling station equipment for future pure hydrogen service is not attractive.

OVERVIEW OF CASE STUDIES (SouRrcke: UC DAVIS, REPORT P. 26)

The authors nevertheless suggest the following policies related to hydrogen-blending with natural gas and power to gas (e-gas).

e Conduct a rigorous, scientifically-based assessment to establish acceptable limits for hydrogen blend concentrations in
California’s natural gas system. Develop protocols for introducing hydrogen into the natural gas grid. This assessment will be
based on site-specific analyses of hydrogen compatibility, including natural gas end-use, transmission, storage and
distribution equipment in California’s natural gas system. Timely to do this.

e Establish a process to certify different parts of the natural gas system including endljuse devices such as end-use
appliances, storage, compressors, transmission and distribution pipelines for use with hydrogen blends.

e Establish a strict regulatory and permitting process for hydrogen blending with natural gas should be established that
includes independent verification of extensive testing that pipes and polymer liners are made of sufficiently strong materials
consistent with hydrogen transport and are free from cracks and weaknesses that might be worsened by hydrogen’s more
corrosive properties.

The report suggests as “rule of thumb”, that blending relative low concentrations of hydrogen with natural gas (<5%-15% H, by
volume) would not significantly increase risks for potential damage to end-use devices (such as household appliances) or
adversely affect the durability and integrity of the existing NG pipeline network or public safety.

Authors:  Amy Myers Jaffe et al., UC Davis 2017
Source: Research Report — UCD-ITS-RR-17-04 - March 2017
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HIPS-NET NEWSLETTER

HYBURN PROJECT — HYDROGEN TOLERANCE OF TURBINES | GERMANY

Gas turbine power plants are now well optimized for very specific fuels, like natural gas. Despite the maturity of gas turbine power
plant technology, most gas turbine combustors will not accept natural gas fuel with high admixture of hydrogen. H,-enrichment
alters the combustion dynamics of natural gas, affecting its burning velocity, auto-ignition limits, flame shape, temperature and
susceptibility to extinction. It affects the stability characteristics of the combustor and can lead to stronger combustion pulsation
and increased susceptibility to flashback. Ho-enrichment can be beneficial too. In addition to a reduction of CO, emissions, it has
been observed to extend the operability limits of combustors to leaner conditions, resulting in lower peak temperatures in the
combustor and significantly reduced nitric oxide emissions. While frequently observed, these effects are extremely difficult to
predict and quantify a priori.

Why is it so difficult to give reliable information about acceptable limits for hydrogen admixture for installed turbines?

The gas turbine engines used in large-scale power generation plants typically operate at pressures of 15 to 20 atmospheres. At
these pressures, turbulence in the flows through the combustor becomes so strong that it dramatically affects the structure and
dynamics of a flame. The mutual influence between turbulence and chemical reactions changes with the operating condition of
the gas turbine and particularly with the amount of Hy-enrichment. There are very few measurements of the structure and
dynamics of turbulent flames at gas turbine operating conditions currently available. This leaves engine designers with little
choice but to predict combustor dynamics based on trends extrapolated from measurements taken at significantly different flame
conditions. The consequences of this can be severe. Despite the mentioned difficulties, as of today the scientists are confident, a
multi-fuel capability of gas turbine combustors is technically achievable after research and development work.

What is the goal of the HYBURN project?

The HYBURN project expands our understanding of how hydrogen enrichment affects flames in gas turbine combustors for
power generation and provides guidance for new combustion concepts. The test-rigs of the DLR Institute of Combustion
Technology enable the operation of combustors at high pressure and high turbulence conditions found in modern gas turbines. A
special feature of the test-rigs is their large optical access provided by quartz glass windows, which enable the application of laser
measurement techniques. One of the main goals of the project is to analyse the fast processes of the interplay between the
turbulent flow field and the flame by applying by applying advanced laser technology. The scientist anticipate to examine
admixture up to 30 vol% of hydrogen in the test rig. Based on this knowledge, engine designers will be able to understand and
better predict the dynamics of gas turbine combustors with varying levels of Ho-enrichment.

A further key advantage of the HYBURN project is that it will provide an open-source data set that can be used by European
turbine manufacturers to develop their own solutions to the challenges of H,-enriched combustion. By avoiding OEM-specific,
proprietary combustor designs, the HYBURN project will generate a unique resource to benefit all European gas turbine
manufacturers.

Project duration: 5 years,
June 2016 until
May 2021

Funding: €2 million by European
Research Council

HIGH-PRESSURE TEST-RIG WITH OPTICAL ACCESS FOR THE STUDY OF GAS TURBINE
COMBUSTION (sourck: DLR)

Contact: Dr. Isaac Boxx at isaac.boxx@dlr.de
Source: press release DLR - 02.03.2016 (German)
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS 2018

EnerSTOCK 2018 — 14™ International conference on energy

Hanover Messe — Hydrogen, fuel cells and battery

WHEC - 22™ World Hydrogen Energy Conference

April 17-19  Global Energy Village 2018
(Barcelona, Spain)
April 25-28
storage
(Adana, Turkey)
April, 23-27
exhibition
(Hanover, Germany)
May, 17
(Rio de Janeiro, Brazil)
June, 6-7 8" German Hydrogen Congress

(Berlin, Deutschland)

June, 13-14 HIPS-NET Workshop 2018

(Brussels, Belgium)

June, 25-29 27" World Gas Conference

(Washington DC, USA)

CURRENT PARTNERS

Alliander AG ++ Areva H,Gen ++ DEA
Deutsche Erdoel AG ++ DGC ++ DNV
GL ++ Enagas ++ Enbridge ++
Energinet.dk ++ ENGIE ++ EWE AG ++
Gas Natural Fenosa ++ Gasum OY ++
Gasunie ++ GRTgaz ++ grzi e.V. (figawa)
++ Infraserv GmbH & Co. Hochst KG ++
INERIS ++ innogy SE ++ ITM Power ++
EC Joint Research Centre (JRC) ++
KOGAS ++ NAFTA ++ ONTRAS ++
Open Grid Europe GmbH ++ OVGW ++
RAG Rohdl-Aufsuchungs AG ++ Shell ++
Solar Turbines Europe ++ Storengy ++
SVGW ++ Synergrid ++ TIGF ++ Uniper
Energy Storage GmbH ++ Uniper Tech-
nologies Limited ++ Verband der
Chemischen Industrie (VCI) ++
Volkswagen AG ++

HIPS-NET CoRE ToPICS

We gather and disseminate the
latest available knowledge to im-
prove the understanding of hy-
drogen/natural gas blends in pipe-
line systems with emphasis on the
core topics:

We additionally keep a minor fo-
cus on the general development
of power-to-gas, hydrogen net-
works, and further topics around
the utilisation of (renewable) hy-
drogen.

HIPS-NET CoONTACT

CONTACT

Gert Miiller-Syring
Karl-Heine-StralRe 109/111

04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gruppe.de

Anja Wehling
Karl-Heine-StralRe 109/111
04229 Leipzig, Germany
+49 341 24571 40
anja.wehling@dbi-gruppe.de
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

The Importance of the Gas Infrastructure in 2050 | German Il 2
100% RENEWABLE GAS MIX IN 2050 | France /3

Tolerance of Turbines for Varying Hydrogen Concentrations /4

CONTENT Hydrogen Roadmap | Netherlands 14
NEWSLETTER #17 Power-to-gas and the North Sea Wind Power Hub 1[5
RES & Storage Feasibility Study Sperenberq | German 16
Integrated Energy Transition | German 17
Update on HYREADY | Europe /18

“A network leads to cooperation, cooperation leads to creativity and innovation - this changes the
world.“ Marissa Mayer (CEO Yahoo)

Dear Colleagues,

We welcome you to the latest version of our HIPS-NET newsletter. Once again, we are happy to provide you with new insights
into our core topics, and general developments in the fields of power-to-gas and hydrogen. We hope you find the articles
interesting and informative. Please feel free to let us know if you are interested in a specific topic, or have heard of any further
advances in the state of the art.

We cover in the present edition developments of gas turbines and the ability to handle fluctuation hydrogen concentrations in the
gas stream. Further, feature articles include two reports underpinning the importance of the gas infrastructure in future in
Germany. The conclusions may be transferred to other European countries. France is taking decisive steps forward in proposing
a vision for a 100 % renewable gas mix. The Netherlands are taking this vision forward with a hydrogen roadmap for a Dutch
ministry. The newsletter also introduces an update of the HYREADY project which is in its final phase. Just to mention some of
the topics, you will find further subjects covered.

Our next HIPS-NET workshop is just around the corner on 13"/14" June. After the success of previous workshops, we look
forward to seeing many of you at the GERG premises in Brussels. We expect meeting 25 colleagues this week and having
another chance to exchange ideas and information.

Your HIPS-NET Team

Gert, Anja, Sylvana & Stefan
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HIPS-NET NEWSLETTER

THE IMPORTANCE OF THE GAS INFRASTRUCTURE IN 2050 | GERMANY (1/2)

The Paris Climate Agreement aims to achieve a rapid reduction of climate-damaging emissions worldwide to limit global warming
to two degrees. Severe weather events, as the heat wave in summer 2003, has already given us an impression of what the future
might look like even if we succeed to reach the Paris’ goals. The German gas transmission operators issued a study looking at
possible future infrastructure scenarios until 2050 to reduce greenhouse gas emissions in Germany up to 95 % as compared to
1990.

Greenhouse gas reduction can be achieved using renewable electricity in transport, heat, and industrial sectors. However, the
question how energy is transported to the end-consumer and how it should be stored, is still unsolved. The study “The importance
of the gas infrastructure for Germany’s energy transition” proposes using a mix of electricity and gas infrastructure — as opposed
to an all-electric infrastructure that politicians seemed to focus on earlier — after comparing three different scenarios:

e “Electricity only”-scenario

Electricity Only *, Electricity & Gas R4 Electricity and Green Gas
e  “Electricity and gas *s Storage K
storage”-scenario \__“_\\gﬁ G \_ _\\gﬁ
/A e o /N
e  “Electricity and green ’, o
gas’-scenario LN
.0
“Electricity only” — 0“ “
. . * e
unfeasible option o .
In the “Electricity only’- :. \‘
scenario the supply of energy - A
is only made by electricity o %
)4 .
storage and networks without pog .

using any gas. The analysis
shows that this is impractical Cost savings (2050):
and prohibitively expensive, Possible, €12 bilion p.a.
due to the seasonality of heat but costly (€270 billion invest)
demand, which requires an

LICHECRC G CRGICE  SCHEMATIC OVERVIEW OF THE THREE SCENARIOS INCLUDING RESULTS
sufficient capacity, and due to (SOUuRCE: FRONTIER ECONOMICS)

missing technological options
for long-term electricity storage.

“Electricity and gas storage” — limited use of the gas infrastructure

In the “Electricity and gas storage”-scenario the final energy use is based on electricity. Gas technologies (e.g. power-to-gas) are
only used for long-term storage. Thus, gas distribution and transportation networks are no longer required.

“Electricity and green gas” — safe energy supply and cost-effectively

In the “Electricity and green gas”-scenario, end consumers can also use green gas applications — in addition to electric
applications. The electricity network gains of importance but the gas infrastructure is still required for transport and distribution.
Power-to-gas as the production technology of “green gas” with renewable electricity is widespread.

The German gas (mainly transmission) network features parallel (redundant) pipelines (including loop lines) in many areas. These
could be decoupled in future and used for a separate hydrogen network to supply industrial customers and power plants. The
supply of household customers will also in the future rely on mainly methane and avoid costly technical conversions. The study
assumes that 50 % (energy content) of the green gas is methanised and particularly served for the transmission and distribution
of heat, while the other half is directly transported and used as hydrogen.

The “Electricity and green gas”-scenario offers significant advantages for end consumers by directly using green gas. As the
diagram on the next page shows, the system costs will save 12 billion Euro per year by 2050 using gas networks. An important
element of these savings are savings of 10 billion Euro per year for replacing end-user applications, while 6.3 billion Euro would
be saved through lower expansion requirements of the electricity network. All in all, these savings outweigh the additional costs of
4 billion Euro per year caused by using gas to deliver energy.

Compared to the “Electricity and green gas storage”-scenario, the expansion of the electricity distribution network can be reduced
by 60 % and the electricity transmission network by 40 % by using the gas infrastructure. Thus, utilising the existing gas
infrastructure will increase the public acceptance of the energy transition. Furthermore, security of energy supply is raised
because of extensive storage options by retaining the gas network.
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HIPS-NET NEWSLETTER

THE IMPORTANCE OF THE GAS INFRASTRUCTURE IN 2050 | GERMANY (2/2)

(CONTINUED)

To summarise, retaining gas networks
offers substantial benefits, i.e. significant
cost savings as well as an increase in
public acceptance and supply security.

Partners: Frontier Economics, IAEW
Aachen, 4 Management,
EMCEL

Contact: Dr. David Bothe at
david.bothe@frontier-
economics.com

Source: “The importance of the
gas infrastructure for Ger
many’s energy transition”

January 2018 ANNUAL SYSTEM NET COST SAVINGS BY 2050 (Source: FRONTIER EcONOMICS)

100% RENEWABLE GAS MIX IN 2050 | FRANCE

Carbon neutrality by 2050 is one of the ambitious objectives of the French Climate Plan, initiated in July 2017 by France’s
Minister of the Ecological and Inclusive Transition. ADEME, in an effective collaboration with GRDF and GRTgaz, has explored
the technical and economic feasibility of 100% renewable gas in 2050, reaping the full potential of electricity/gas sector coupling.
The study explores the
conditions of feasibility
and obstacles of such an
ambition and recognises
gas as second most
consumed grid energy.
The total demand in 2050
for gas is forecasted
around 300 TWhyey,
compared with today's
figure, 460 TWhycy. The
authors favoured
scenario: demand will be
covered by anerobic
digestion (30 %),
pyrogasification (40 %)
(SOURCE: “A 100% RENEWABLE GAS MIX IN 2050?” JANUARY 2018, PAGE 6) and electrolysis/
methanation (30 %).

RENEWABLE GAS MIX IN FOUR SCENARIOS IN 2050

This study follows a cautious approach to ensure grid compatibility and sets the current technical knowledge about hydrogen
tolerance as limit for the future scenarios. The French gas infrastructure can currently handle admixtures up to 6 vol%. The
renewable gas injected in the grids will therefore consist of synthetic methane mainly, but hydrogen could account for 6 vol% of
the gas mix, originating from power-to-hydrogen. The gas demand will be covered with up to 140 TWhycy of gases from power-to-
gas. The total cost of gas consumed per MWh, i.e. the sum of production costs and network and storage costs, varies from €105
to €153 per MWhycy. These costs are in the same magnitude the €120-130 per MWhycy calculated for electricity in the study "A
100% renewable electricity mix? Analyses and optimisations" (2015). Network and storage costs only represent a small
proportion: 15-20% of total cost (€20-23/MWhycy). In particular, the sole cost of connection, including limited distribution network
reinforcement needs and reverse
Contact: ADEME - French Environment & Energy Management Agency flow stations, represent
Source: ‘A 100% renewable gas mix in 2050?” January 2018 (english summary) approximately
“Un mix de gaz 100% renouvelable en 2050” January 2018 (full report in French) €3/MWhicy.
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HIPS-NET NEWSLETTER

TOLERANCE OF TURBINES FOR VARYING HYDROGEN CONCENTRATIONS

What is the hydrogen tolerance of gas turbines? Most of us know, either due to previous articles or from other sources that the
unknown hydrogen tolerance of gas turbines is one of the constraints to raise hydrogen concentration in the gas network.

Turbine OEMs are addressing the technical
challenges of hydrogen rich gases.
Kawasaki for example developed based on a
conventional Dry-Low-NOy (DLN) combustor
with hydrogen injection over a supplemental
burner up to 60 vol% hydrogen tolerance.
With this combustor, it can be switched from
natural gas to hydrogen or natural gas and
hydrogen mixing gas. The NO, emission can
be kept below 25 ppm guaranteed level.

Similarly, also Siemens successfully tested
DLN turbines at full load with hydrogen
admixture up to 50 vol% and reports from
continuous operation since September 2014
with 10 vol% hydrogen. The results prove

of 17 ppm while burning quantities of up to RLSEIRAERSTIS NS SR (V=11 SHEETTREACTETENS)

30 vol% hydrogen and 25 ppm with up to

50 - 60 vol% H.. Moreover, it is possible to vary the co-firing in the gas turbines in any range from 0 vol% to the highest possible
hydrogen ratio, according to information from Siemens experts. Extending the fuel flexibility of the SGT-800 turbine — a well
proven design with more than 330 units sold worldwide — with higher (i.e. >15 vol% H) levels of hydrogen is now commercially
available. The downside: Mixing hydrogen into the gas stream showed a clear effect on emissions. The chosen approach accepts
power reductions to stay within the emission limits as the diagram shows. Development is ongoing for SGT-800 to be emissions

compliant with H; co-firing also at full load.

ISO full-load power reduction [MW]

Hydrogen fraction in natural gas

By the way, the tested turbine model is mostly installed for combined cycle for electricity production. Last but not least, we were
asking whether it is possible to improve the hydrogen compatibility of existing gas turbines. Siemens experts acknowledged the
importance of this question but also see the difficulties: “Since there are very many existing gas turbines on the market it is
interesting to understand to what extent they can be retrofitted. This work is ongoing. For our SGT-800 turbine (Dry-Low-NOy)
work is ongoing and we think 100% H, is definitely possible, but the burner design might need changes to the extent that it is far
from existing standard ones. This will in the end be a matter of cost.”

Contact: Prof. Jenny Larfeldt (Siemens Industrial Turbomachinery AB, Finspang, Sweden)
Source:  Nurettin Tekin et al., “Enhancement of fuel flexibility of industrial gas turbines”, VB PowerTech, November 2017
“Hydrogen addition to flames at gas-turbines-relevant conditions” May 2017

HYDROGEN ROADMAP | NETHERLANDS (1/2)

“The introduction of hydrogen must be launched here and now.” — one central messages of the action plan of the Hydrogen
Roadmap, commissioned by the Dutch Ministry of Economic Affairs and Climate Policy.

The Netherlands currently have over 100 hydrogen initiatives in various stages of development, and this number is growing. In
the transition pathways of the Dutch Energy Agenda, hydrogen is emerging as one of the pillars of the energy transition, in
addition to all kinds of other sustainable and climate-neutral options.

The Roadmap illustrates the renewed and large interest in the role hydrogen can play in the Energy Transition in the Netherlands.
Currently, it is high on the political agenda and intensively discussed in light of the Climate and Energy Agreement 2.0 that will
outline the way forward to achieve 2030 climate goal (minus 49% compared to 1990 CO;, levels) as an intermediate step towards
2050. The study — as one of many recently — underlines that Paris climate goals needs the reduction of net greenhouse gas
emissions related to the use of fossil energy to ‘zero’ in 2050.
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HYDROGEN ROADMAP | NETHERLANDS (2/2)

(CONTINUED)

The findings are a result of active participation (via
workshops, discussions etc) and address three topics:

1. Outlining the potential of sustainable hydrogen in
the energy supply in 2050

2. Mapping out the various actions and actors in the
Netherlands regarding sustainable hydrogen

3. Defining the initial steps and actions to realise the
potential of sustainable hydrogen and the role the
central government and other parties are expected
to play in this process

The importance of electricity is rising and accounts for
about 50 % of the final energy consumption. This
leaves a great need for fuels, namely gaseous and
liquid (‘molecules’). The authors concentrate hydrogen
usage mainly for applications with limited possibilities
for electrification as the picture shows.

With the vision of direct hydrogen use in the future, it is ROLES AND FUNCTIONS OF HYDROGEN
suggested to utilise the high-pressure natural gas
infrastructure, as it can cope with high percentages of
hydrogen (up to 100 %) after necessary modifications.
The study covers further topics, we decided to
concentrate on only selected topics. If you are curious, please take a look at the study of Topsector Energie.

(SOURCE: “OUTLINES OF A HYDROGEN ROADMAP” MAY 2018, PAGE 18)

Contact: Jorg Gigler at jorg@gigler.nl (director TKI New Gas)
Source:  “Outlines of a Hydrogen Roadmap” May 2018

POWER-TO-GAS AND THE NORTH SEA WIND POWER HuB

Two main reasons are driving the project idea of the North Sea Wind power hub: First, the energy sector must be fully
decarbonised well before 2050 to fulfil the Paris Agreement & second, offshore wind is essential to realise 100 % decarbonisation
of the electricity supply. The project North Sea Wind Power Hub joined forces to develop a large scale European electricity
system for offshore wind in the North Sea.

With mass-scale wind power roll out, conversion and storage solutions such as power-to-gas could help balance and stabilise
power transmission to onshore markets, limiting investments in interconnectors. Furthermore, a strong development of power-to-
gas may have a significantly positive effect on the business case for the wind farms offshore. Instead of curtailing or delivering
electricity in hours with low or zero-prices, selling hydrogen to the mainland can generate additional revenues.

The volumes of offshore wind energy
required for the energy transition are so
large that gas-based transmission and
storage solutions may be considered as
a vital element in addition to electricity
connections in order to ensure a cost-
efficient transition. The costs of energy
transmission and long-term storage in
gas form are considerably lower per unit
LEFT PICTURE:  INDIVIDUAL NETWORK CONNECTION FOR OFFSHORE WIND FARMS [ /A-YoT-Vo VAR [ F-o N A - =Vo V=1 (o (VAR T
RIGHT PICTURE: CENTRALISED CONNECTION VIA NORTH SEA POWER HuB transmitted and stored in the form of

(SOURCE: IMAGE FILM NSWPH) . . L
electricity. In addition, combining the

Project Partners: Gasunie, TenneT, Port of Rotterdam, Energinet strengths of the elect.r|0|ty and gas
Contact: info@northseapowerhub.eu supply system can provide a key _bOOSt
Source: “Gasunie to join North Sea Wind Power; Hub consortium”, o th,e usg of hydrogen as a lsus’.talnab!e

September 2017 solution in numerous applications in
Studies: https://northseawindpowerhub.eu/studies/ industry, transportation, and the built
Image film: https:/northseawindpowerhub.eu/project/ environment.
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HIPS-NET NEWSLETTER

RES & STORAGE FEASIBILITY STUDY SPERENBERG | GERMANY (1/2)

CONCEPTS FOR AN INNOVATIVE POWER PLANT COMBINING RENEWABLES AND ENERGY STORAGE TECHNOLOGIES

On behalf of the Ministry for Economic Affairs and Energy of State Brandenburg (Germany), innovative power plant concepts
were developed and investigated for a specific location in Brandenburg in a feasibility study. The concepts were supposed to
combine renewable energy sources (RES) with energy storage technologies. One main aspect was to integrate an existing
natural gas infrastructure by the means of renewable gases and hydrogen in specific.

The foremost aim of the study was to develop an innovative energy concept for re-utilizing a conversion area in Sperenberg, a
place approximately 60 km in the south of Berlin. The 3,500 hectare area was formerly used for various military purposes
throughout the years of the German empire in the 1870ies until the Soviets left around 1990.

In Thyrow, with round about

Converter Station 12 km not far from the location,

Rail i ) .
ailway Grid one can find a unique energy
T infrastructure interfacing
NG transmission Gas Turbine Transformer |~ Transmission Grid | different networks of electricity
pipeline ’—> Plant Station L—» Distribution Grid and gas as schematically

3 depicted in the figure.

NG Underground

Tube Storage On the gas side there is a six-

unit gas turbine plant with a total
SCHEMATIC DEPICTION OF EXISTING ENERGY INFRASTRUCTURE IN THYROW rated power of 187 MW, built
1989 and supplied with natural
gas from a transmission pipeline. Since 2010 it also has an underground tube storage attached, holding a volume of up to
480.000 m?® natural gas which can run the plant for approximately 8 hours.

(SourcE: DBI GUT GMBH, GERMAN STUDY: “MACHBARKEITSSTUDIE SPERENBERG” JANUARY 2018 )

On the electricity side there is the power plant’'s grid connection at the transformer station Thyrow on transmission level
(280/220 kV) and distribution level (110 kV) interface. Beyond that, a converter station is directly attached and interconnects the
independent electricity grid of the German railway and the public electricity grid.

Due to the location in a nature reserve area and a pile of legal restrictions, the first step was mapping the legal situation for
renewable energies, especially wind and solar, at the very location in Sperenberg. After that, the unique infrastructural
characteristics, i.e. the vast conversion area and the existing energy infrastructure, were the starting point of the concept
development process. Within these, certain objectives were specified and prioritised with the customer. These were especially:
legal and technical feasibility, innovative strength in the field of system integration of renewable energies, integration of the
existing energy infrastructure and little required funding.

Based on these objectives, four concepts with estimated time schedules were developed and modelled techno-economically all
differing in system configuration, innovative strength and (future) business case.

e  Gas Grid Injection
The idea of this concept was to produce hydrogen from renewable electricity and inject it into the transmission pipeline for
direct marketing to private and commercial customers.

e Power-to-Gas-to-Power Balancing Power
The idea of this concept was to provide negative balancing power in an electrolyser and positive balancing power by
reconversion of the hydrogen into electricity in the gas turbines for the electricity grid and offer it on the balance power
market.

e RES Traction Power Plant
The idea of this concept was to imitate the flexible electrical properties of a conventional power plant by combining wind and
solar power with a short-term (battery) and long-term storage (electrolyser, tube storage, gas grid, gas turbine). This was
done in order to be able to supply the variable load curve of the converter station of the German railway.

e Flexible RES Power Plant
The idea of this concept was to dimension a power plant option which could supply 70,000 inhabitants in the surrounding and
follow their load curve with renewable electricity at all time. It was based on an identical system configuration as for the
concept RES Traction Power Plant.

The results of the techno-economic modelling showed that for all concepts apart from concept Power-to-Gas-to-
Power Balancing Power a technically sensible system configuration could be dimensioned. The economic outcomes, however,
varied strongly between the single concepts and showed an estimated required funding of between 50 (Gas Grid Injection) and
780 million € (Flexible RES power plant) for the power plant concept over a 20 years lifetime.

The consortium’s final recommendation for the customer regarding the concepts was to pursue the concepts Gas Grid Injection
for a straight-forward option with little funding and RES Traction Power Plant for an ambitious option with high international
innovative strength and moderate funding.
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RES & STORAGE FEASIBILITY STUDY SPERENBERG | GERMANY (2/2)

(CONTINUED)

Most of the developed concepts utilise the

existing natural gas infrastructure in one or | o
another way. This comprises simply injecting 2 Q Estimated
. . . . Techn. Innovative Integration Required
hydrern into the transmission plpe“ne! Dimension Strength Infrastructure Funding
requalifying the underground tube storage for (over 20 Years)
pure hydrogen or even running the gas o AT -
turbines fuelled by a NG-H2 mixture which is | ©2°@rdniection | 26}Wev A% TE D IIEDCE
calculatory carbon-neutral.
Power to Gas to
. - . Power | 216MWELY QQ DD 36 million €
Despite the promising techno-economic e e
outcomes and a broad willingness within the _ TR
operators of the existing infrastructure at the e S| I o oXoXo] DD 220 million €
same time, the results of the planning 53,5 MW BAT
regulation analysis especially for wind but also Flexible RES | 101 8Py 000 782 millon €
for solar power at the conversion area in Power Plant | o8 rexr

Sperenberg showed to be rather challenging.
So, another main recommendation of the
authors was to — in a first step — proactively
start the process of establishing the planning
prerequisites for wind and solar power at the
areas identified within the location in the
study.

RESULTS OF RENEWABLE ENERGY GENERATION CONCEPTS
(SourcE: DBI GUT GMBH, GERMAN STUDY: “MACHBARKEITSSTUDIE SPERENBERG” JANUARY 2018)

Partners: DBI GUT, Miller-Wrede & Partner, Reiner Lemoine Institut
Contact: Steffen Schlegl at steffen.schlegl@mwe.brandenburg.de
Marek Poltrum at marek.poltrum@dbi-gruppe.de

INTEGRATED ENERGY TRANSITION | GERMANY

The “dena-Leitstudie Integrierte Energiewende” was published in June 2018. The pilot study translates as “integrated energy
transition” and was initiated by the German Energy Agency. It is expected to play an important role for future policy decisions of
parliament and government as guiding instrument. 18 months of intensive work with about 250 participants in the study and the
accompanying dialog process resulted in exciting findings and recommendations.

What are the best possible transformation paths to decarbonise Germany and reach the Paris’ climate goal? The authors
recommend:

1. 80 % or 95 % greenhouse gas reduction in 2050 — the goal needs clarification. It does make a big difference and influences
the decision-making process today already.

2. Allow a wide range of technologies and energy carriers instead of focussing on selected. This saves up to 600 billion € in
comparison to focus mainly on electric technologies.

3. 8.5 gigawatt each year for new renewable electricity generation capacity is needed in Germany. The current market design
and system integration needs further development.

4. Synthetic gaseous and liquid energy carriers are crucial. Combine imported and national production. They cover in 2050
between 150 and 900 TWh per year and are named “Green PowerFuels”.

One of the main pillars — and this is a rather new development in Germany after many years awareness work — are synthetic
gaseous and liquid energy carriers. To take this development serious, market launch of power to gas capacity needs to start
today, in the running parliament season. The learning curve follows an exponential function and needs time to develop its effects.
International trade for a global market needs to grow and support by the German governments on high political level.

Beyond production and use of synthetic gaseous and liquid energy carriers, the pilot study underlines the importance of
infrastructure development also for gas network. Raising the hydrogen tolerance of the gas network is explicitly recommended.
Joint duties are placed with the government and the gas network operators for future transport and distribution of rising hydrogen
shares. The study acknowledges and relies on the importance of the electricity network but it includes the need for further
networks such as gas, heat, and for power-to-liquid in addition.

The pilot study contains a promising outlook for near future market uptake of power-to-gas production. It is worth reading for the
role of the gas infrastructure as well as further discussion (i.e. electric overhead infrastructure for heavy goods traffic).

Source:

german study, "dena-Leitstudie Integrierte Energiewende” June 2018

NEWSLETTER # 17 JUNE 2018 II 7 II COPYRIGHT 2016 | © DBI GAS- UND UMWELTTECHNIK GMBH | ALL RIGHTS RESERVED


https://shop.dena.de/fileadmin/denashop/media/Downloads_Dateien/esd/9261_dena-Leitstudie_Inegrierte_Energiewende_kurz.pdf

HIPS-NET NEWSLETTER

UPDATE ON HYREADY | EUROPE

In order to support the decarbonisation of the energy system and to put focus on more and more sustainable energy supply,
stakeholders are considering the accommodation of hydrogen (e.g. from power-to-gas) in the natural gas grid. With HYREADY
Guidelines, transmission and distribution system operators (TSOs and DSOs) can prepare their natural gas networks and
operations for the injection of hydrogen with acceptable consequences. The guidelines will be based on existing knowledge and
particularly address practical questions, including a sound balance between mitigation measures and remaining consequences.

Challenge

The che?nical and physical properties of hydrogen differ from those of natural gas. As natural gas does not usually contain any
hydrogen, the design of the gas infrastructure is focused on natural gas. Examples of possible impacts of hydrogen added to
natural gas in the natural gas system are:

e  Material degradation

e Safety (e.g. zoning, suitability of safety devices)

e Performance and integrity of end user
equipment, such as burners, engines and
turbines

e  Performance of measurement equipment,
including gas chromatographs

e Gas losses due to permeation through pipe walls
e Efficiency reduction of compressors
e Reduction of transmission capacity in MJ/h

Currently there are no guidelines for the gas
infrastructure supporting TSOs and DSOs preparing
their assets for the injection of hydrogen with
acceptable consequences.

HYREADY Objective

To prepare guidelines for TSOs and DSOs to support the preparation of natural gas networks and operations for the injection of
hydrogen with acceptable consequences. They should lay down sound engineering practice and guidance on mitigation
measures to ensure that the considered hydrogen injection in the natural gas system can be done with acceptable consequences.

Approach
HYREADY will distinguish the impact of hydrogen on the natural gas system and feasible countermeasures on:

e Component level: To which extent are the components’ performance and characteristics — including lifetime, leakage,
permeability, efficiency, accuracy— affected by hydrogen?

e System level: To which extent is the functionality of the system affected by hydrogen addition? Think of e.g. network capacity
(MJ/hr) and caloric determination system for billing purposes

e Location level: To which extent are the installation requirements, including safety zoning, affected by hydrogen addition?

e Operational level: To which extent are repair procedures, maintenance tools, personal safety equipment, etc. affected by
hydrogen addition?

Deliverables

Practical guidelines to support gas TSOs and DSOs in preparing their networks and end users for hydrogen addition to natural
gas with acceptable consequences. They will describe an unbiased methodology where practical “how-to” questions will be
addressed.

The HYREADY Guidelines will be based on existing knowledge and will be treated as confidential among project partners. The
HYREADY Guidelines are to be converted into DNV GL Recommended Practices. These documents will be public documents,
but will contain less detail than the HYREADY Guidelines.

Project Status

The first project phase, comprising gas transmission and gas distribution networks will be finalised by the mid of 2018. The project
has been supported by an increasing number of partners (see above) and was conducted by DNV GL and DBI. A follow up
activity focusing on further assets in the gas chain is currently discussed and expected to start in the second half of 2018. The
project is open to further interested party.

Contact: Albert van den Noort at albert.vandennoort@dnvgl.com
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS 2018

June, 25-29

27" World Gas Conference

(Washington DC, USA)

June, 27

3rd HYPOS Dialogue - Hydrogen Safety
(Halle, Germany)

July, 5 6th Hydrogen Day Lampoldshausen
(Lampoldshausen, Germany)

July, 24 - 27

Hypothesis XIlll - HYdrogen POwer THeoretical &

Engineering Solution International Symposium
(Singapore, Republic of Singapore)

July, 26-28

China International Hydrogen and Fuel Cell

Exhibition (CHFCE)

(Beijing, China)

August, 23-24

Renewables Confo 2018

(Singapore, Republic of Singapore)

September, 13

Annual Meeting of the Network Fuel Cells and

Hydrogen, Electric Mobility
(Wuppertal, Germany)

September, 18-19 E-Cell 2018

(Stuttgart. Germany)

September, 24-27 Hydrogen + Fuel Cells North America
(Anaheim, California, USA)

HIPS-NET CoRE ToPICS

We gather and disseminate the
latest available knowledge to im-
prove the understanding of hy-
drogen/natural gas blends in pipe-
line systems with emphasis on the
core topics:

We additionally keep a minor fo-
cus on the general development
of power-to-gas, hydrogen net-
works, and further topics around
the utilisation of (renewable) hy-
drogen.

CURRENT PARTNERS

Alliander AG ++ Areva H,Gen ++ DEA
Deutsche Erdoel AG ++ DGC ++ DNV
GL ++ Enagas ++ Enbridge ++
Energinet.dk ++ ENGIE ++ EWE Netz ++
Gas Natural Fenosa ++ Gasum OY ++
Gasunie ++ GRTgaz ++ grzi e.V. (figawa)
++ Infraserv GmbH & Co. Hochst KG ++
INERIS ++ innogy SE ++ ITM Power ++
EC Joint Research Centre (JRC) ++
KOGAS ++ NAFTA ++ ONTRAS ++
Open Grid Europe GmbH ++ OVGW ++
RAG Rohdl-Aufsuchungs AG ++ Shell ++
Solar Turbines Europe ++ Storengy ++
SVGW ++ Synergrid ++ TIGF ++ Uniper
Technologies Limited ++ Verband der
Chemischen Industrie (VCI) ++
Volkswagen AG ++

HIPS-NET CoNTACT

CONTACT

Gert Miiller-Syring
Karl-Heine-StralRe 109/111

04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gruppe.de

Anja Wehling
Karl-Heine-StralRe 109/111
04229 Leipzig, Germany
+49 341 24571 40
anja.wehling@dbi-gruppe.de
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http://www.dbi-gut.de/
http://wgc2018.com/
http://www.hypos-eastgermany.de/nc/blog/events/jetzt-anmelden-zum-3-hypos-dialog/
http://www.wfgheilbronn.de/quicknav/content/wfveranstaltungen.aspx?id=366
http://www.hypothesis.ws/
http://www.hypothesis.ws/
https://www.tradeindia.com/TradeShows/65478/CHFCE-China-International-Hydrogen-Fuel-Cell-Conference-Exhibition.html
https://www.tradeindia.com/TradeShows/65478/CHFCE-China-International-Hydrogen-Fuel-Cell-Conference-Exhibition.html
https://www.renewableconference.com/index.php/
https://www.energieagentur.nrw/netzwerk/brennstoffzelle-wasserstoff-elektromobilitaet/jahrestreffen_des_netzwerks_brennstoffzelle_und_wasserstoff_elektromobilitaet_nrw
https://www.energieagentur.nrw/netzwerk/brennstoffzelle-wasserstoff-elektromobilitaet/jahrestreffen_des_netzwerks_brennstoffzelle_und_wasserstoff_elektromobilitaet_nrw
http://www.f-cell.de/startseite.html
https://www.h2fc-fair.com/usa/

HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

Hydrogen as a driver of energy transition | Europe 12
Rings: Hydrogen reactivity in reservoirs | France 13
H2Stop - H, and Pipeline Blocking Technologies | Germany 14
H2-UGS - Preparation of Salt Caverns for H,blends | Germany  // 5
Summary of the 5" HIPS-NET Workshop 5

CONTENT Uniper‘s experiences and vision | René Schoof 17

NEWSLETTER #1 8 Latest developments and ITM key projects | Dr John Newton /I 7
European energy legislation and hydrogen | Nicolas Jensen /I 7
Hydrogen projects in the UK | Huw Sullivan 118
Underground Sun Conversion Project | Stephan Bauer 118
Transformation pathways gas for gas networks and storage &
HIPS-NET Organisational Aspects | Gert Miiller-S

“A network leads to cooperation, cooperation leads to creativity and innovation - this changes the
world.” - Marissa Mayer (CEO Yahoo)

Dear HIPS-NET Partners,
Dear HIPS-NET Colleagues,

In this issue of our HIPS-NET Newsletter we would like to draw your attention to a study ordered and paid by EU DG Ener about
the value of hydrogen for sectoral integration. Rapid greenhouse gas emission reductions up to 95 % shortly after 2050 are
needed and they can be reached by sector coupling via hydrogen.

Furthermore we address with two articles the topic of storing hydrogen/ natural gas blends as well as pure hydrogen covered in
upcoming projects one in France and one in Germany.

As in the last years we recall in this newsletter the contents of the HIPS-NET workshop in June, our 5" anniversary, with a short
summary. If you are interested in more details you can access the presentations in the members’ area on our HIPS-NET website.

Your HIPS-NET Team

Gert, Anja, Sylvana, Charlotte & Stefan
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SECTORAL INTEGRATION WITH HYDROGEN AS A DRIVER OF ENERGY TRANSITION |
EUROPE (1/2)

Within the Paris Agreement, the European Union (EU) has committed to limit greenhouse gas (GHG) emissions to stay well
below a 2 °C rise in average global temperature compared to preindustrial levels. Within a world effort-sharing allocation, it is
likely that OECD countries will need to limit energy-related emissions at a level close to zero shortly after 2050. The EU
scenario quantifications (using the PRIMES energy systems model) show that there are significant remaining emissions primarily
in mobility, but also in the domestic (residential, services and agriculture) and industrial sectors in 2050, which are difficult to
abate completely. It might be necessary to enhance sectoral integration by considering inclusion of hydrogen in various roles.

The study analyses the importance of sectoral integration to decarbonise the energy system in the EU. It explores three stylised
strategies and a balanced pathway for sectoral integration based on hydrogen (the latter modelled with PRIMES model):

Strategy A - Hydrogen as a carbon-free energy carrier in every consumption sector, and secondarily as a provider of

electricity storage. Requires the development of end-use technologies using hydrogen directly, including fuel cells in stationary
and mobile energy uses, and equipment combusting hydrogen directly. Because of the widespread use of hydrogen in Strategy
A, the development of a fully-fledged hydrogen distribution system is necessary. Blending up to 15 vol% hydrogen in the gas
network are foreseen for a transition period. In the long-term, the grid should be adapted to hydrogen.

Strategy B - Hydrogen as a feedstock to produce carbon-neutral gas and liquid hydrocarbons, and as a provider of

electricity storage. Requires the development of power-to-gas and power-to-liquid technologies to substitute the remaining fossil
fuels in the long-term. This strategy has the disadvantage of a huge electricity demand, higher than in Strategy A. The end-use
sectors do not require changes of equipment or in infrastructure.

Strategy C - Hydrogen serving mainly as versatile power storage to support electricity; gives priority to maximum

electrification in all sectors. It seems initially less complex, but this strategy would require the full electrification of all end-use
sectors to achieve near-zero emissions. While this can work for the domestic sector, for industry and transport it is barely
possible. In industry, complete electrification is assumedly impossible without considerable changes in production processes. In
transport, extreme solutions such as electric aviation and shipping would need to succeed, or alternatively massive production of
biofuels that are able to fully substitute petroleum fuels will be necessary for aviation and ships.

Balanced Pathway

- The study quantifies a balanced sectoral integration scenario that combines
elements of all three strategies. The balanced scenario includes the
development of hydrogen as an end-use fuel, as a feedstock and as a
power storage option. It leads to hydrogen-based sectoral integration,
combining roles of hydrogen in the by current knowledge most promising
market segments. Selected key elements are:

e  Mix of hydrogen up to 15 vol% in the gas distribution grids. The mix of
hydrogen, bio-methane and clean methane in the gas distribution system
allows 50 vol% of the gas to be carbon-free by 2050 (see diagram). The
merit is to continue using the gas infrastructure and maintain the use of
gas in the domestic and industrial sectors

e Use of electrolysis-produced hydrogen to feed fuel-cell powertrains in
large vehicles (trucks, buses, etc.) and long-distance travelling cars
(including taxis)

e Direct use of hydrogen in high-temperature furnaces in various industrial
sectors, including in the iron and steel industry and the chemical industry

e 96% reduction in CO, emissions from the energy sector (including
industrial processes) in 2050 (relative to 1990)

e The part of the power sector producing hydrogen and clean fuel reaches
29% of total power generation by 2050. Despite the significant increase in STRUCTURE OF GAS SUPPLY IN BALANCED

power generation, average EU electricity prices do not increase. SCENARIO IN 2050
(SOURCE: ASSET CONSORTIUM )
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SECTORAL INTEGRATION WITH HYDROGEN AS A DRIVER OF ENERGY TRANSITION |
EUROPE (2/2)

(CONTINUED)

The study finds, that the production of hydrogen
from natural gas steam methane reforming is not
compatible with the decarbonisation aims unless
combined with CCS technologies for the
permanent storage of CO2 emissions. The value
chain of steam reforming with CCS is likely to be
significantly less competitive than an electrolysis-
based value chain benefitting from large
economies of scale.

Two possible business models exist for hydrogen:
decentralised hydrogen production close to end-
users or centralised hydrogen production. For the
transition period and in view of using hydrogen as
an energy carrier, decentralised hydrogen
production is a valid option for private investment.
It is currently uncertain whether electrolysis at the

USES OF HYDROGEN IN THE BALANCED SCENARIO scale of refuelling stations or in industrial areas is
(Source: AsseT ConsorTIuM) more economic than the distribution of hydrogen

to the refuelling stations using tanks or tubes. However, the centralised option would probably be the preferred option to
produce hydrogen in the long-term because the industry expects large economies of scale for large-scale electrolysis.

If hydrogen-related technologies (on both the demand and supply sides) reduce significantly in costs compared to today, they can
become a key technology to help reduce emissions beyond the levels achieved in the basic decarbonisation scenario and at
affordable costs.

Partners: E3Modelling, Ecofys, Tractebel

Financing:  Ordered and paid by the European Commission, Directorate-General for Energy Source

Source: “Sectoral integration - long-term perspective in the EU Energy System” February 2018 (study - draft version)
“Sectoral integration - long-term perspective in the EU Energy System” March 2018 (presentation)

RINGS: A PROJECT TO ASSESS HYDROGEN REACTIVITY IN RESERVOIRS I FRANCE
(1/2)

AUTHOR: DAVID DEQUIDT (STORENGY) AND GUILHEM CAUMETTE (TEREGA)

RINGS stands for Research on the Injection of New Gases in Storages. The objective
of this programme is pre-normative research to assess H; reactivity in underground
gas storage (UGS) reservoirs to define standard conditions for H2NG (hydrogen
natural gas mixture). Possible biogeochemical processes between reservoir rock,
aquifer water and stored gas need to be understood and quantified.

The standardisation process for hydrogen in natural gas has started at European
level (standardisation group CEN/TC 234).

. DEFINE STANDARD CONDITIONS H2NG
First Phase: RINGS1 Programme (SOURCE: STORENGY AND TEREGA)

The objective is to design and test an experimental reactor, and then to make laboratory static experiments. These experiments
will be made under reservoir conditions with sampled rocks, sampled micro-organisms, reservoir water and synthetic gas.
The goal is to rebuild in-situ conditions of existing natural gas aquifer storages of Storengy and Teréga and identify the
impacts of the injection of new gases (hydrogen, biomethane) on the equilibrium of the storage. Composition evolution of gas and
water phases (including microorganisms’ population) will be followed.

Duration: The project started in 2018 and will end in 2021. Preliminary results will be available during 2019.
Partners: Storengy and Teréga are equally financing the first phase and are working together with five research
laboratories of University of Pau and Pays de I’Adour.
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RINGS: A PROJECT TO ASSESS HYDROGEN REACTIVITY IN RESERVOIRS | FRANCE
(2/2)

(CONTINUED)

Second Phase: RINGS-H2 Programme

Storengy and Teréga are willing to build a new project with European industrial partners, based on the existing project RINGS 1.
This new project could be a great opportunity to gain access to European funding programmes, to share knowledge on a common
topic, and to reach a common position. Storage operators could provide samples or data to contribute to (one of) the following
work packages and they would benefit from the results corresponding to their assets. Technology providers could bring
improvement in the programme or new approaches.

This second phase consists of two work packages:

e Work Package 1: Laboratory static experiments will be made using the same experimental set-up as in the first phase
RINGS1. As the underground of every UGS is different (rock mineralogy, water chemistry and microbiology), H, reactivity is
expected to be site-specific. The goal is to rebuild different in-situ conditions of UGS (owned by further partners) in aquifers
and depleted reservoirs.

Work Package 2: Reinterpretation of existing UGS data for hydrogen storage. For instance, town gas (containing up to
50 vol% hydrogen) has been a first experiment to store H, before the 1970s. Reinterpretation of operating data of town gas
underground storage will be full of lessons. This could be done with a 3D-compositional and reactive reservoir model.

Duration: 4 years for work package 1,

1 year for work package 2 Contact:
Financing: 50 kEUR/year per partner in case of five partners for work Guilhem Caumette at guilhem.caumette@terega.fr
package 1, including experimental and laboratory costs; and +33(0)559133397
cost of work package 2 depends on data shared by the David Dequidt at david.dequidt@storengy
different partners and +33(0)146523331

Partners: Storengy, Teréga; further partners wanted.

H2STOP - INFLUENCE OF HYDROGEN ADMIXTURE ON PIPELINE BLOCKING
TECHNOLOGIES | GERMANY

Squeezing-off of plastic pipelines and gas stop-off bags (for plastic and steel
pipelines) are typical pipeline blocking procedures for maintenance
measures, network connection of new customers, reconstructions and in
emergency cases. The technologies are used for operating pressures up to
10 bar.

For a blocked pipeline, the admissible amount of leaking gas in the working
space is up to 30 dm?h according to the technical guidelines of the

_ Employers' Liability Insurance Association BG ETEM (BG500).
GAS STOP-OFF BAG IN A PIPELINE
L G e The project H2Stop evaluates how hydrogen admixture influences the above-

mentioned pipeline blocking technologies. The goal is to find out if the
admissible amount of leaking gas is exceeded when natural gas contains
certain amounts of hydrogen and if occupational safety can still be
guaranteed.

Hydrogen concentrations of 10, 20, 50 and 100 vol% will be tested in the
SQUEEZING-OFF OF A PLASTIC PIPELINE operating pressure range of 1-5 bar on PE100 and steel pipelines with
(SourcEIDBIICUIICMEH) diameters of DN110 and DN200.

Duration: June 2018 until June 2019 (12 months)

Partners: DVGW German association for gas and water
DBI Gas- und Umwelttechnik GmbH
German providers of stopping technologies: Hiitz + Baumgarten GmbH, Stadtler + Beck GmbH
Employers' Liability Insurance Association BG ETEM

Contact: Andreas Bilsing at andreas.bilsing@dbi-gruppe.de
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H2-UGS - PREPARATION OF SALT CAVERNS FOR HYDROGEN BLENDS | GERMANY

Salt caverns are currently used for natural gas storage. The conversion to Hj;storage is subject to several technical and
operational preconditions and uncertainties. The project H2-UGS aims to establish scientific and technical basis for storing H; in
salt caverns on industrial scale. It will recommend standardised and comprehensive processes to convert existing caverns. The
project will further suggest a suitability test process for new locations for underground gas storage (UGS) of H..

The processes include detection and monitoring tools for the technical equipment and installation technologies for surface and
subsurface facilities of a UGS.

The working packages include a variety of geological, technical, micro-biological, and security-related tasks:

e  Definition of thermo-dynamic and fluid-dynamic basis of Ho/CH4 blends, if cushion and working gas are changed, dew point
under high pressure, and Hy-solubility in the brine

e Analysis of infiltration of H,in the cavern walls and the influence on geomechanical characteristics of the salt formation
e  Microbiological assessment of H, and Ho/CH,4 blends for digestion processes, trace substances and precipitation

e Development of operation concept for realistic storage operation

e Development of a guideline for the entire storage facility including compressor station and H, cavern

e Design of specimen to estimate expected lifetime of different materials and welding technologies for parts of the subsurface
facility (i.e. tubes, packer, safety valve) in Ho/CH4 environment. Testing of resistance against gas blends and salty water.

e Assessment of quickly changing storage operation between injection and withdrawal of gas on the reservoir rock and the
connection of casing, cement and formation.

Based on the research results, the project consortium will develop guidelines for the permission process for authorities and
potential investors. They will include legal and technical aspects for the integrity of H, caverns.

Duration: 3 years, September 2018 until Partners: DBI, VNG Gasspeicher, ESK, Fraunhofer IWM, ifG, Isodetect, MicroPro,
September 2021 TU Bergakademie Freiberg, Helmholtz-Zentrum fiir Umweltforschung,
Budget: 4,5 Mio EUR (including funding Untergrundspeicher- und Geotechnologie-Systeme
grant of 3,3 Mio EUR) Contact: Cindy Kleinickel at cindy.kleinickel@dbi-gruppe.de

HYPOS - Hydrogen Power Storage & Solutions East Germany “The revolution of the hydrogen economy initiated in East
Germany”

The HYPOS consortium aims to further research and develop hydrogen production from
renewable sources in East Germany (see presentation in newsletter #3 page 4). The
HYPOS consortium was founded in 2013 and currently has 103 members. The German
Federal Ministry for Education and (BMBF) proposes to subsidise the consortium until
the year 2020 with up to 45 million € within the programme “Twenty20 — Partnership for
Innovation”.

|
SUMMARY OF THE 5™ HIPS-NET WORKSHOP (1/4)

The subsequent pages provide an overview about the HIPS-NET Workshop with summaries of the
given presentations. The organisational aspects of our network with the outlook for the coming year
follow thereafter.

In total seven presentations were held covering a wide range of topics. Robert Judd, GERG Secretary

General, and Gert Muller-Syring (DBI) opened the event. Rene” Schoof (Uniper) shared findings on

the evolution of P2G-facilities over the last years and informed on the integration of a methanation at
the P2G plant in Falkenhagen. EU policy was, once again, a major focus of the workshop. Nicolas Jensen (EUROGAS) informed
on current negotiation results for the 2030 energy policy goals and the role that hydrogen technologies will play in this. John
Newton (ITM) and Huw Sullivan (Cadent) informed us on the UK perspective, strategy and projects regarding hydrogen. RAG has
started a new project to further invest the opportunities of storing methane/hydrogen mixtures in underground gas storages.
Stephan Bauer (RAG) shared details on this project “sun conversion”. Gert Miller-Syring presented strategies how to transform
the gas infrastructure aiming to support reaching the 2050 climate goals with green gas. Gert also informed on the latest
developments in the HIPS-NET group including the the work plan for 6th project year, which has been approved by the group.
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SUMMARY OF THE 5" HIPS-NET WORKSHOP (2/4)

(CONTINUED)

5th HIPS-NET Workshop, Brussels, 14" June 2018 - Agenda and Impressions

Introduction and Short Introduction of Participants
Robert Judd (GERG), Gert Miiller-Syring (DBI)
| »Power to Gas — Storing renewable Energy in the gas infrastructure“
René Schoof (Uniper Energy Storage)
B
Il “Hydrogen in the energy system - latest developments and ITM key projects”
Dr John Newton (ITM)
] “Recent developments in EU legislation — green gas and the 2020 package”
Nicolas Jensen (Eurogas)
IV “Hydrogen Projects in the UK — A Network perspective”
Huw Sullivan (Cadent Gas)
S
\Y% »Underground Sun Conversion — aims, benefits and state of the affairs”

Stephan Bauer (RAG Austria)

Vi “Transformation path towards a GHG neutral energy system — cost optimised transition paths for gas
grids and underground gas storages”

Gert Miller-Syring (DBI)

VI Organisational Aspects HIPS-NET
Gert Miller-Syring (DBI)
Conclusions

Robert Judd (GERG), Gert Miiller-Syring (DBI)
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SUMMARY OF THE 5" HIPS-NET WORKSHOP (3/4)

I RENE ScHOOF (UNIPER)

Uniper‘s experiences and vision

Experience from Falkenhagen with alkaline electrolysis

e 3 years of operational experience; efficiency better than expected
e Over 10,000 operating hours, over 8,000 starts and stops without detectable degradation

e  Further development in the frame of the Store&Go project by installing a methanation facility to gain technical
experience and assess economic aspects incl. market-uptake potential of the technology

Experience from Hamburg with PEM electrolysis

e  Successful upscaling of PEM-technology to MW range
e The new PEM-Technology is very compact and efficient
e The maximum power uptake of the PEM-stack (1,5 MWyg) is 50 % higher than initially planned

Scenario for a hydrogen economy until 2050 — main reason: emission reduction

e  First market are refineries, followed by industry and mobility and subsequently green gas supply via gas network

Il DR JOHN NEWTON (ITM)

Latest developments and ITM key projects

Hydeploy - to reduce the carbon impact of heat

e  First practical UK demonstration of hydrogen in a representative, but closed private network
e  Goal: lifting threshold (0.1 vol%) for hydrogen admixture in the UK gas network

REFHYNE — 10 MW electrolyser for refinery applications

e  World's Largest PEM Electrolyser with 10 MW in refinery

e Goal: Assessing the economic, technical & environmental impact

lll NicoLAs JENSEN (EUROGAS)

The European energy legislation and hydrogen

Clean Energy Package:
“Current” leqislative framework and targets for 2030 with latest news about adapted goals from

negotiations

e  Explains the role of hydrogen in the legislation (intermediate result of negotiations, therefore
here not explicitly recalled)

e  Electricity-only world couldn’t deliver sustainable, secure and affordable energy: the EU needs dual or at least hybrid
system

e Digitalisation will hit both energy sectors
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SUMMARY OF THE 5" HIPS-NET WORKSHOP (4/4)

IV Huw SuLLIVAN (CADENT)

Hydrogen projects in the UK

UK strategy is reducing carbon intensity of the gas network by blending hydrogen with bio-methane, bio-
SNG or supplying pure hydrogen. Selected projects around hydrogen are H21 Leeds City Gate (results
presented at HIPS-NET workshop 2017), HyNET, Hy4Heat, and H100

e HyNET North West — hydrogen production and direct supply of industrial gas users with
additional blending to the distribution gas network; all planned with carbon capture and storage of CO; by using
existing infrastructure

e CO, abatement costs via CCS at the moment less expensive - [HyNET project] CO, abatement costs are estimated at
150-200 £/t CO2; [H21 Leeds project] 300 £/t CO, and via [electrolysis] 500 £/t CO,

e Hy4Heat — feasibility of 100 % hydrogen downstream of the meter (using hydrogen in homes)

e H100 — demonstration of safe delivery of 100 % hydrogen in a new network

V STEPHAN BAUER (RAG)

Underground Sun Conversion Project

e Laboratory tests and “in-situ” experiments suggest a natural conversion of hydrogen and CO; to
methane (= main component of natural gas) in suitable underground gas reservoirs.

e Sun Conversion Project aims to prove the results and produces renewable natural gas in the
reservoir (underground gas storage) with a natural microbial process.

VI & VII GERT MULLER-SYRING (DBI)

Transformation pathways for gas networks and storage

e  Scenarios developed for future gas consumption in Germany as basis

e Modelling of cost-effective transformation scenarios until 2050 by considering the opportunities
of hydrogen injection and technical modification of the gas infrastructure or to methanise the
hydrogen with additional costs but without the need to modify the existing gas infrastructure

e Preliminary results were shown, indicating that for the gas infrastructure itself (without considering the production of
green hydrogen and the consumer) the transformation is cost efficient by introducing high hydrogen concentrations

HIPS-NET Organisational Aspects

Overview of partners:
e TIGF (France) joined in 2017 and Cadent joined in August 2018
e  Steadily growing number of partners; 37 at the moment.
Working plan for year 5:

e newsletters, workshop, addressing R&D subjects and communication, short status report, maintaining website are
either running or completed

Working plan for year 6 (2018/19):

e newsletters, workshop, addressing R&D subjects and communication, short status report and as optional additional
scope updating power-to-gas map, cooperation with SFEM WG Hydrogen/TC6
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS 2018/19

Nov., 22 Erdgasbeschaffenheitsschwankungen Prozessindustrie
(Dusseldorf, Germany)
Dec., 0911 7¢h Int. Hydrogen and Fuel Cell Conference
(Jodhpur, India)
Jan., 20-25  13th Int. Symposium Hydrogen and Energy
(Incheon, South Korea)
\IJ:?ert])'/ 30.01 H2FC SUPERGEN 2019 Conference: A vision for hydro-
B gen and fuel cells in the UK
(Warwick, UK)
Feb. 12 -14

8th International Conference on “Fundamentals & De-
velopment of Fuel Cells“ FDFC 2019

(Nantes, France)

March, 27 - 29 Hydrogen Days 2019 - 10th International Conference
on Hydrogen Technologies

(Prague, Czech Republic)

World Smart Energy Week 2019
(Tokyo, Japan)

Feb./
March, 27 - 01

March, 28 -31 4th Int. Conference on Renewable Energy and Smart
Grid (ICRESG 2019)
(Hangzhou, China)

CURRENT PARTNERS

Alliander AG ++ Areva H,Gen ++
Cadent ++ DEA Deutsche
Erdoel AG ++ DGC ++ DNV GL ++
Enagas ++ Enbridge ++
Energinet.dk ++ ENGIE ++ EWE Netz ++
Gas Natural Fenosa ++ Gasum OY ++
Gasunie ++ GRTgaz ++ grzi e.V. (figawa)
++ Infraserv GmbH & Co. Hochst KG ++
INERIS ++ innogy SE ++ ITM Power ++
EC Joint Research Centre (JRC) ++
KOGAS ++ NAFTA ++ ONTRAS ++
Open Grid Europe GmbH ++ OVGW ++
RAG Rohdl-Aufsuchungs AG ++ Shell ++
Solar Turbines Europe ++ Storengy ++
SVGW ++ Synergrid ++ TIGF ++ Uniper
Technologies Limited ++ Verband der
Chemischen Industrie (VCI) ++
Volkswagen AG ++

HIPS-NET CoRE ToPICS

We gather and disseminate the
latest available knowledge to im-
prove the understanding of hy-
drogen/natural gas blends in pipe-
line systems with emphasis on the
core topics:

We additionally keep a minor fo-
cus on the general development
of power-to-gas, hydrogen net-
works, and further topics around
the utilisation of (renewable) hy-
drogen.

HIPS-NET CoNTACT

DBI Gas- und Umwelttechnik GmbH
Karl-Heine-Straflte 109/111

04229 Leipzig

GERMANY

CONTACT

Gert Miiller-Syring
Karl-Heine-StralRe 109/111

04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gruppe.de

www.dbi-gruppe.de

CEO: Prof. Dr. Hartmut Krause,

Anja Wehling
Karl-Heine-Stralke 109/111
04229 Leipzig, Germany
+49 341 24571 40
anja.wehling@dbi-gruppe.de
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

Hydrogen on Components for Gas Installations | German 12
Feasibility Study for 100MW P2G Enerqy Storage | UK 113
Marcogaz Task Force on Hydrogen Injection | Europe Il 4

H2home - H,-Heat Module & H,-Deodorization PEM FC | Germany // 4

CONTENT

Hydrogen Compatibility of a PRMS | German 1[5
NEWSLETTER #19 =

Transformation Pathways Greenhouse Gas Neutrality | Germany // 6

SMARAGD - Updating of the Regulatory Framework | German 17
Compendium of H, Admixture in Gas Network | Germany 118

Dear HIPS-NET Partners,

Christmas is coming and the 19" HIPS-NET newsletter arrives just before
the end of the year with eight short articles about upcoming and completed projects
around hydrogen.

HIPS-NET Workshop in
Brussels

During our last workshop, preliminary findings of the project “Transformation
pathways for gas networks and storages” were already presented. Now, this
newsletter delivers more detailed results. Two completed projects on the use of

hydrogen in households and the effect on gas installations are presented. A new 2019

project in Germany is announced, investigating the hydrogen tolerance of gas

pressure regulating and meter stations. Another German project has the aim to 5th/61h th
produce condensed fact sheets issuing the hydrogen compatibility of the distribution or 2 6 /2 7th
network. A similar goal has a new MARCOGAZ task force on hydrogen injection. J un e

Moreover, the project Centurion is announced, which covers a feasibility study for a
100 MW PtG energy storage in the UK. And last but not least, this newsletter shares
findings on options to improve the regulatory framework in Germany aiming to
stimulate the market integration of renewable gas technologies.

PI
eaose remember to vote unti
7-01-19 jn the Survey
received yj, e-mai|

We wish you relaxing holidays and a happy new year!
Your HIPS-NET Team

Gert, Anja, Charlotte, Josi, Stefan & Sylvana

PS: Please remember the running survey for our 6th HIPS-NET workshop in June 2019 in Brussels. There are two possible dates and we want to
find the most suitable. You received an e-mail from Charlotte GroRe on the 6™ December 2018, inviting you to participate in an online survey.
Don't forget to vote!
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PossIBLE INFLUENCE OF HYDROGEN ON COMPONENTS FOR GAS INSTALLATIONS |
GERMANY (1/2)

A 20 vol-% hydrogen blend in natural gas would provide no particular safety hurdles for components of
current gas installations. This is the result of a study recently released by the German Association of
Gas and Water (DVGW), which examined the effect of hydrogen-natural gas blends on domestic gas
installations. The research considered necessary changes to safety concepts required by the blending of
hydrogen. Material tolerance, permeability testing, explosion protection, piping construction and gas flow
monitoring were included in the study for the following components:

e  Polymers and elastomers for gas piping
e  Gas meters (diaphragm, thermal and ultrasonic)
e  Connecting components for gas piping and gas units

e  Gas flow monitors

The study shows that in almost all areas analysed the 20 vol-% hydrogen blend would be compliant with the conditions laid out in
the DVGW standard G 600 “Technical Rules for Gas Installations (TRGI)” with regard to safety, permeability, construction and
layout of the components. According to the research, higher hydrogen concentrations in the future is also foreseeable. The only
maijor issue reported is related to certain gas meters (thermal and ultrasound meters) which would lose their calibration validity at
higher hydrogen concentration levels.

Polymers and Elastomers for Gas Piping

In the field of gas piping, the analysis was based on materials for use in distribution networks. The applied low-pressure
conditions were comparable to those at domestic appliances. A selection of elastomers and polymers represented the majority of
piping materials commonly used for low-pressure throughput. Both theoretical calculations and a six-month physical analysis
were conducted to determine the material tolerance of the chosen materials in an atmosphere with increased hydrogen content. It
concluded that, the higher permeability of hydrogen compared to air or natural gas provided no additional safety concerns in the
piping and can be regarded as uncritical according to the requirements of G 600. Even in rooms with poor geometry or air-
exchange conditions, the concentration of combustible gas was significantly below the lower explosion limit.

Electrical and Electronic Components in the Gas System

Electrical and electronic components are a particular source of ignition, due to either spark creation or high-temperature surfaces.
This is particularly important during commissioning and decommissioning of units. The study considered a range of criteria related
to the explosion protection standards of hydrogen-natural gas blends including upper and lower explosion limits, maximum
explosion pressure, ignition temperature and many others. Testing of ignition levels for electrical and electronic components using
a 30 vol-% hydrogen-propane blend showed no notable difference from standard ignition tests using pure propane. These results
were well within the parameters set out by the German standard DIN EN 1127-1.

Hydrogen Tolerance of Gas Meters

Within the project, the hydrogen tolerance of three different types of gas meter technology was analysed: diaphragm, thermal and
ultrasound metering. The meters were exposed to varying concentrations of hydrogen (up to 100 vol-%) for a period of four
weeks. Diaphragm gas meters were able to provide acceptable gas measurements with up to 100 vol-% H,. Ultrasound meters, in
turn, no longer exhibited any measurement values beyond 60 vol-% H,. Exact parameters for acceptable measurement of
hydrogen blends using this technology could not be clearly defined. Thermal meters continued to display active measurements
beyond 60 vol-% H,, however, the standard valid calibration parameters were exceeded by approximately 5 %.

Connecting Components for Gas Piping and Gas Facilities

A selection of DVGW or DIN-standardised connecting components were tested for permeability with hydrogen concentrations of
up to 100 vol-% H,. The component selection included thread connections, gas sockets, hose assemblies, smooth pipe
connections, press connections and sliding sleeve fittings with and without O-rings. The results showed no change in the
permeability of components even when subjected to pure hydrogen. A safety analysis at connection points was also conducted,
simulating a possible leak and analysing the released medium. As a result, hydrogen concentrations of up to 30 vol-% H. (for
thread connections, smooth pipe connections, and press connections even 100 vol-% H) would be uncritical according to the
requirements of the TRGI.
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(CONTINUED)

Gas Flow Monitors

The study evaluated the effects of hydrogen on the reactions of gas flow monitoring technologies. Devices were tested for
changes in behaviour with hydrogen-natural gas blends of 10 vol-% H, and 30 vol-% H,. In both cases, even at the highest flow
levels, closure mechanisms were not triggered.

Thermal Resistance and Explosion Limits

Testing on different components did not display an increased potential endangerment with higher concentrations of hydrogen in
natural gas. This is because the viscosity of hydrogen increases with temperature. As a result, hydrogen-natural gas blends have
lower total medium leakage amounts than natural gas.

The lower explosion limit of hydrogen-natural gas blends is comparable to the lower explosion limit for natural gas (4.4 vol-%).
Even when using 100 vol-% H,, the lower explosion limit falls only slightly to 4.0 vol-%.

Partners: DBI Gas- und Umwelttechnik GmbH (DBI GUT), Gas- und Warme-Institut Essen (GWI),
DVGW-Forschungsstelle am Engler-Bunte-Institut (EBI) des Karlsruher Instituts fiir Technologie (KIT)
Contact: Philipp Pietsch at philipp.pietsch@dbi-gruppe.de
Florian Scholten at f.scholten@gwi-essen.de
Peter Limbach at limbach@dvgw.de
Source:  “Mdgliche Beeinflussung von Bauteilen der Gasinstallation durch Wasserstoffanteile im Erdgas unter
Berucksichtigung der TRGI” February 2018 (full report project nr. G201615 in German)

CENTURION - FEASIBILITY STUDY FOR A 100MW POWER-TO-GAS (P2G) ENERGY
STORAGE | UNITED KINGDOM

In September 2018, ITM Power announced the funding for Project Centurion, a feasibility study to explore the system design and
costs of a 100 MW Power-to-Gas (P2G) energy storage at Runcorn, Cheshire, UK.

The project is an opportunity to examine water
electrolysis, pipeline transmission, salt cavern
storage and gas grid injection of green hydrogen
at an industrial scale. The work builds on
experiences of HyDeploy (reported in Newsletter
#12 — Jan.17) which will demonstrate the
blending of 20 % hydrogen in the gas network at
Keele University in the British Midlands.

Centurion will analyse the design and siting of a
100 MW Proton Exchange Membrane (PEM)
electrolyser at the INOVYN Runcorn Site, which
already produces hydrogen as a by-product of
the chlorine alkali process. A supergrid
connection of 420 MW, and planning consent for
industrial scale hydrogen production are
available onsite.

1800 MV_VITI:AZS ENERGY STORAGE FEASIBILITY STUDY Additionally, the hydrogen transportation by
(Source: OWER) pipes to salt caverns near Lostock and the

injection into the local gas distribution network
will be explored. Other potential demands and uses for hydrogen will be assessed, including industrial and transport use which
will support existing studies in the area, particularly Cadent’s HyNet NW (reported in NL #18 - Oct.18).

Partners: ITM Power, INOVYN, Storengy, Cadent and Element Energy
Project Duration: 18 months

Contact: Dr John Newton at jn@itm-power.com

Source: press release ITM Power - 09/28/2018
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MARCOGAZ TASK FORCE ON HYDROGEN INJECTION | EUROPE

MARCOGAZ, the technical association of the European natural gas industry, initiated a

task force on hydrogen injection in the natural gas infrastructure. The task force’s aim is

to publish an overview of relevant technical studies (existing and on-going) and

knowledge concerning the injection of hydrogen in the natural gas infrastructure including underground storages and end use
devices. Deliverable is an infographic showing the hydrogen tolerance of the covered natural gas chain elements.

Partners: experts of European gas grid operators and research institutes, The kick-off-meeting was held in September
chairman: Gert Miiller-Syring (DBI) 2018 and work is expected to be finished within

Contact: Gert Miiller-Syring at gert.mueller-syring@dbi-gruppe.de) 8 months.

H2HOME - DEVELOPMENT OF AN Ho-HEAT MODULE AND INVESTIGATIONS ON THE
DEODORIZATION OF H, FOR PEM FUEL CELLS | GERMANY (1/2)

Within the R&D project "H2home" a hydrogen powered, fuel cell based combined heat and power (CHP) plant with integrated
peak load boiler was developed. The ideal fields of application of the CHP system were investigated by analysing electrical and
thermal load profiles of different building types.

The main objective of the project was to develop a modular H, CHP system (based on PEMFC technology) in the range of 5 kW
electrical power and concepts for the optimized building integration for a high efficient use of hydrogen in residential applications.

A hydrogen peak load burner with a thermal power of 10 kW has been developed and integrated into the H, CHP to provide the
required heat for the building and electrical energy, which is fed into the grid. The direct current of the fuel cell system is used, for
instance, for heat pumps and PCs in order to reduce conversion losses.

SCHEME OF THE ENERGY SUPPLY OF A BUILDING WITH A H, CHP
(SOURCE: INHOUSE ENGINEERING GMBH)
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(CONTINUED)

A future hydrogen supply will most likely be

connections pipeline-bound, so that odorization and

deodorization of hydrogen in such a CHP system

N\ will become important. Various desulphurization

materials for different odorants were investigated

and their capacity determined. Based on the

results, a compact deodorization unit was
designed.

control unit H,- peak
load boiler

After successful testing of all individual
components (deodorization, PEM stack, power
electronics, peak load boiler) the entire system
was set up and put into operation. In a long-term
test, the thermal and electrical efficiencies were
: determined at various operating conditions and
casing different load profiles, leading to an overall
efficiency of 103 %. After completion of the test
phase, a two-year continuous operation of the
H,-CHP WITH H,-PEAK LOAD BOILER plant in thg "HYPOS Energy I_f’avilion" in Bitterfeld,
(SOURCE: INHOUSE ENGINEERING GMBH) Germany is planned for the mid of 2019.

power electronic

HYPOS - Hydrogen Power Storage & Solutions East Germany “The revolution of the hydrogen economy initiated in East
Germany”

The HYPOS consortium aims to further research and develop hydrogen production from
renewable sources in East Germany (see presentation in newsletter #3 page 4). The
HYPOS consortium was founded in 2013 and currently has 103 members. The German
Federal Ministry for Education and (BMBF) proposes to subsidise the consortium until
the year 2020 with up to 45 million € within the programme “Twenty20 — Partnership for
Innovation”.

Partners: inhouse engineering GmbH, ENASYS GmbH, DBI Gas- und Umwelttechnik GmbH, TU Bergakademie Freiberg,
Fraunhofer Institute IMWS

Funding: German Federal Ministry for Education and (BMBF) within the HYPOS initiative

Contact: Steffen Giesel at steffen.giesel@dbi-gruppe.de

HYDROGEN COMPATIBILITY OF A GAS PRESSURE REGULATING AND METER
STATION (PRMS) | GERMANY

In the laboratory of DBI GUT Leipzig, a standardized gas pressure regulating and meter station (PRMS) will be built up and tested
for performance and material compatibility during operation with hydrogen natural gas mixtures. Different concentration levels will
be evaluated, retrofitting measures at increased hydrogen concentrations will be recommended, if necessary.

Project Objectives:
1) To obtain real data on the effects of varying hydrogen concentrations on PRMS

2) Gain operational experience for a plant using natural gas with admixtures of 5, 10, 20, 30 and 100 vol-% on the basis of
load curves defined in advance.

3) Determination of the critical hydrogen concentration for single components of the plant (e.g. regulator, filter, meter,
sealings, fittings (incl. block ball valve), safety shut-off valve, safety blow-off valve).

4) Development of recommendations for the necessary retrofitting work of standardized PRMS stations for the investigated
hydrogen concentrations.

Partners: Westnetz (Client), DBI Gas- und Umwelttechnik GmbH (Project Execution)
Project Duration: 01/01/2019 to 03/01/2020
Contact: Stefan Schiitz at stefan.schuetz@dbi-gruppe.de
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TRANSFORMATION PATHWAYS TO GREENHOUSE GAS NEUTRALITY OF GAS
NETWORKS AND GAS STORAGES AFTER COP 21 | GERMANY (1/2)

On behalf of the DVGW (German Gas and Water Association), DBl Gas- und Umwelttechnik conducted a study alongside with
Bergische Universitat Wuppertal and the DVGW-Forschungsstelle at the Engler-Bunte-Institut. The aim was to find cost-optimum
transformation pathways for the greenhouse gas neutrality of the gas networks and gas storage facilities by the technology paths
“green/GHG-neutral” hydrogen and “green/GHG-neutral” methane for integration. Focus was on the gas infrastructure, gas users
of all sectors were not considered yet.

Starting Point — Development of Gas Demand

In a first step, a scenario for the development of the gas demand in Germany, which is in line with the 2 °C climate goal of the
Paris agreement, was determined by a literature research. The scenario selected (see figure below) expects a reduction from
832 TWh in 2015 to 482 TWh in 2050
with an intermediate peak (882 TWh)
around 2030 and distinguishes
between conventional natural gas,
biogas and renewable gases from
Power-to-Gas (RE-PtG-Gases).

Two aspects were important to keep in
mind for the subsequent work
packages:

To reach greenhouse gas (GHG)
neutrality for gas networks and gas
storages, the gas infrastructure must
be able to accommodate the gas
demand drafted in the figure beside at
all time.

The scenario chosen does not give
information on whether RE-PtG-Gas is
expected to be hydrogen (RE-PtG-H,)

DEVELOPMENT OF THE GAS DEMAND IN GERMANY or methane (RE-PtG-CH,).
(SourcE: DBI GAs— UND UMWELTTECHNIK GMBH)

Research Question and Model

In a second step, a comprehensive calculation model was developed to find cost-optimal transformation paths for a
transformation of gas grids and gas storages to GHG neutrality within the technology pathways admixture of RE-PtG-H, and RE-
PtG-CH4. A basis scenario with sensitivities was used alongside with a trend scenario ignoring the climate goals. For both
scenarios additional costs for the integration of the RE-PtG-Gases until 2050 were calculated.

Beyond the projected gas demand, the model was supplied with comprehensive techno-economic data on PtG technologies and
a quantity-cost-structure of the gas infrastructure which was compiled dedicatedly for the study (see below).

Gas infrastructure calculation model
for the integration of “green” P1G gases

Scenarios

= according to = Quantity structure = Methanisation = Admixture = Division = Trend scenano
Mitsch (2016} = Age structure = CO,-s0urces "green” PtG-H, PtG-feed = Basis Scenario
ng;ggg";;fe = Usetul life = Injection stetion = Admidure "green’ TSO/DSO o Sersiivities
— "Klirl"na " H,-tolerance gas PtE-CHy = Starting year
2050 infrastructure = Annual steps
e AN—. Adjustm ent costs = Throughout
Gemany

ScoPE OF THE MODEL DEVELOPED FOR THE PROJECT
(SouRrcE: DBl GAS— UND UMWELTTECHNIK GMBH)
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(CONTINUED)

Main Findings and Conclusions
e In order to meet the 2 °C aim of the Paris climate agreement (-95% GHG compared with 1990), the gas industry should
develop a strategy for the supply of GHG neutral gases in a timely and proactive manner.

e  Within the technology paths “green” PtG-H, and “green” PtG-CH,, a sufficient integration of GHG neutral gases in the
sense of the climate targets can be achieved, which is strongly supported by underground gas storages (UGS). Keeping
UGS in the gas infrastructure is important for the energy transition for reliability of supply.

e For gas networks and storages (excluding gas use and generation of “green” PtG-H,), the transformation of costs is
optimally achieved mainly via the admixture of “green” PtG-H,.

e The additional costs for the transformation amount to at least 45 billion EUR (2020-2050); a five-year delay in the
transformation leads to an increase of costs of about 25 %.

e The trend scenario does not achieve the greenhouse gas neutrality by 2050.

Further Information

For the further findings as well as the authors” recommendations for action, please see the final report which is available for
members on the DVGW website in German language only.

Partners: DBI Gas- und Umwelttechnik GmbH, Bergische Universitat Wuppertal,
DVGW-Forschungsstelle am Engler-Bunte-Institut (EBI)
Contact: Marek Poltrum at marek.poltrum@dbi-gruppe.de

SMARAGD - TECHNICAL-ECONOMIC MODELLING OF A SECTOR-COUPLED OVERALL
ENERGY SYSTEM FROM GAS AND ELECTRICITY UNDER UPDATING OF THE
REGULATORY FRAMEWORK | GERMANY

Germany's current legal framework lacks effective instruments for the necessary reduction of emissions and inhibits the evolution
of promising low-emission technologies. However, targeted regulatory measures can make their use viable and encourage
deployment.

These are the results of the SMARAGD research project that comprehensively examines the German energy law for obstacles to
the use of renewable gases. The study also offers suggestions how to improve market opportunities for green gases, to stimulate
their distribution via the gas network and to promote sector coupling via Power-to-X. Analyses cover the sectors electricity, heat,
transport and non-energetic use as well as the entire value chain from production to the use of renewable gases.

Various instruments are proposed with the most promising options being
e  Option 1: a minimum quota for renewable gases, and

e  Option 2: a temporary exemption from all taxes and levies ("complete exemption").

Option 1 should obligate wholesalers to ensure a minimum quota of renewable gases fed into the public gas network. Under the
assumptions and conditions made, the quota has the highest positive effect on the expansion and use of renewable gases. The
quota obligation in the sectors heat, transport and non-energetic use provides a boost for Power-to-X technologies such as Power
-to-Gas, Power-to-Liquid and Power-to-Chemicals. Moreover, it ensures the use of biomethane potentials.

Option 2 also leads to a significant increase in renewable gases, however, not in the same level as the quota. In addition, there
are differences in the mechanisms of action and the effort required for implementation.

Assuming a 95%-reduction in greenhouse gas emissions by 2050 — according to the climate plan of the German government,
renewable gas technologies would become establish even without the suggested instruments in later years. This is due to
learning effects and series production, which will lead to lower costs. However, the market launch needs to be stimulated at an
early stage. Thus, the suggested two options could be of temporary nature and gradually reduced, if the legal framework in
Germany established as obligatory the reduction goal of 95 % by 2050.

Partners: DBI Gas- und Umwelttechnik GmbH (project coordination), Gas- und Warme-Institut Essen (GWI1),
DVGW-Forschungsstelle am Engler-Bunte-Institut (EBI) des Karlsruher Instituts flr Technologie (KIT),
Becker Buttner Held (BBH), Forschungsstelle fiir Energienetze und Energiespeicher (FENES) der OTH Regensburg
Contact: Jens Hiittenrauch at jens.huettenrauch@dbi-gruppe.de,
Hans Rasmusson at rasmusson@dvgw.de
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HIPS-NET NEWSLETTER

COMPENDIUM OF HYDROGEN ADMIXTURE IN GAS DISTRIBUTION NETWORKS -
ANALYSIS OF THE COMPATIBILITY OF HYDROGEN ADMIXTURE IN THE GAS
DiSTRIBUTION NETWORKS UP TO 100 voL-% | GERMANY

On behalf of a consortium of German distribution system operators (DSOs) DBI Gas- und Umwelttechnik GmbH creates a
“Compendium of Hydrogen Admixture in Gas Distributions Networks”. The compendium is designed as a reference work of the
state-of-the-art knowledge on hydrogen compatibility of the distribution network. In this function, it shall facilitate the next step
towards a more extensive utilization of the gas infrastructure with hydrogen. This includes hydrogen admixtures to natural gas, as
well as pure hydrogen.

At its core, the compendium will consist of condensed fact sheets issuing the hydrogen compatibility of the distribution network by
its components (pressure regulating and metering stations, pipelines, house service connections, in-house installations and gas
appliances) and system level aspects (material compatibility of steels and metals, sealing materials, safety).

Beyond the fact sheets, an updated and extended version of the well-known overview chart of the hydrogen tolerance of the gas
infrastructure will be created. The extension will cover the whole range of NG-hydrogen mixtures up to pure hydrogen.

HYDROGEN ADMIXTURE IN DISTRIBUTION AND UTILISATION
(SourcE: DBl GAS— UND UMWELTTECHNIK GMBH)

The project is divided into two parts: Part A comprises compiling, sighting, evaluating and processing existing information mainly
from research projects, pilot plants, industry experience and codes and standards. In Part B the component-specific fact sheets
will be supplemented by information from component manufacturers.

Partners: DBI Gas- und Umwelttechnik GmbH and several distribution system operators (e.g. Avacon Netz GmbH, Thiga AG)
Contact: Marek Poltrum at marek.poltrum@adbi-gruppe.de
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS 2019

Jan., 20-25 13th Int. Symposium Hydrogen and Energy

(Incheon, South Korea)

Hydrogen & Fuel Cells Energy Summit
(Brussels, Belgium)

Jan., 24-25

Jan./ H2FC SUPERGEN 2019 Conference: A vision for hydro-

Feb., 30-01 gen and fuel cells in the UK

(Warwick, UK)

Feb., 12-14  8th International Conference on ,,Fundamentals & Deve-

lopment of Fuel Cells*“ FDFC2019
(Nantes, France)

March, 27-29 Hydrogen Days 2019 - 10th International Conference on

Hydrogen Technologies
(Prague, Czech Republic)

gsb.g\?arch, World Smart Energy Week 2019

(Tokyo, Japan)

March, 28 -31 gth International Conference on Renewable Energy

and Smart Grid (ICRESG 2019)
(Hangzhou, China)

April, 01-05  Hydrogen + Fuel Cells EUROPE
(Hannover, Germany)

April, 24-26

14 th HYdrogen POwer THeoretical and Engineering

Solutions International Symposium
(Foz do Iguagu, Brasil)

CURRENT PARTNERS

Alliander AG ++ Areva H,Gen ++
Cadent ++ DEA Deutsche
Erdoel AG ++ DGC ++ DNV GL ++
Enagas ++ Enbridge ++
Energinet.dk ++ ENGIE ++ EWE Netz ++
Gas Natural Fenosa ++ Gasum OY ++
Gasunie ++ GRTgaz ++ grzi e.V. (figawa)
++ Infraserv GmbH & Co. Hochst KG ++
INERIS ++ innogy SE ++ ITM Power ++
EC Joint Research Centre (JRC) ++
KOGAS ++ NAFTA ++ ONTRAS ++
Open Grid Europe GmbH ++ OVGW ++
RAG Rohdl-Aufsuchungs AG ++ Shell ++
Solar Turbines Europe ++ Storengy ++
SVGW ++ Synergrid ++ TIGF ++ Uniper
Technologies Limited ++ Verband der
Chemischen Industrie (VCI) ++
Volkswagen AG ++

HIPS-NET CoRE ToPICcS

We gather and disseminate the
latest available knowledge to im-
prove the understanding of hy-
drogen/natural gas blends in pipe-
line systems with emphasis on the
core topics:

We additionally keep a minor fo-
cus on the general development
of power-to-gas, hydrogen net-
works, and further topics around
the utilisation of (renewable) hy-
drogen.

HIPS-NET CoNTACT

CONTACT

Gert Miiller-Syring
Karl-Heine-StralRe 109/111

04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gruppe.de

Anja Wehling
Karl-Heine-Stralke 109/111
04229 Leipzig, Germany
+49 341 24571 40
anja.wehling@dbi-gruppe.de
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

HyLAW - Legislation applicable to FCH Technologies 12
Update on HYREADY — Start of Work Package 3 113

Thoughts on a Future European Gas Package Il 4

Update on the SFEM/WG H2 Activities 1[5
CONTENT HyDeploy2: First Trials on Public Gas Network to Heat Homes 1l 6

NEWSLETTER #20 A Hydrogen-based Steel Industry — Salzgitter AG 17
Techno-economic assessment of PtGtP Systems 118
WESpe — Analysis of Hydrogen for Long-Term Storage 119
New HIPS-NET Member: Gasnetz Hamburg 1110

Dear HIPS-NET Partners,

The first newsletter of the year 2019 addresses a lot of European activities around
hydrogen: The project HyLaw was finalised in December 2018 and provides us a
European database of legal and administrative requirements and procedures for fuel cell
and hydrogen applications. The HYREADY team could initiate the next work package
and is now developing European guidelines for the hydrogen tolerance of end user’s
natural gas infrastructure and appliances. We report latest news from Brussels about Please Save
thoughts on a European Gas Package as well as an update on the activities in European the datel

standardization from the Sector Forum Energy Management/ Working Group Hydrogen. .

Positive signals on the implementation of hydrogen applications are coming from the H'PS,'NET W°"k3h°P
United Kingdom, where the regulator OFGEM just granted the funding of £14.9 million for In Brussels
trials on the public gas network to heat homes with hydrogen. The German steel

manufacturer Salzgitter prepares itself for a hydrogen future by implementation of 2019
electrolysis into the existing steelworks and the polymer expert REHAU talks about his

experiences with a calculation tool that enables techno-economic assessments of power- 26th /2 7th
to-gas-to-power systems for use in an industrial environment. Last but not least, results

of the project WESpe are presented, giving a full value-chain analysis of hydrogen for JUne

long-term renewable energy storage.

There is also organisational news for HIPS-NET: First, we have a new partner in our
network: Gasnetz Hamburg from Germany joined recently. Welcome on board! Second,
the date for our workshop is fixed and we are currently searching for presenters so that
we can share an agenda with you soon. If you would like to give a presentation, please
let us know! The official invitation (also for the dinner on the evening before) will follow.

Your HIPS-NET Team

Gert, Anja, Sylvana, Josephine, Charlotte & Stefan
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HIPS-NET NEWSLETTER

HYLAW - A DATABASE AND ANALYSIS OF THE CURRENT LEGISLATION APPLICABLE
To FCH TECHNOLOGIES | EUROPE

On the 1% of January 2017 the project HyLAW (Hydrogen Law — announced in HIPS-NET newsletter
12, January 2017) started with the aim to boost the market uptake of hydrogen and fuel cell
technologies by providing market developers with a clear view of the applicable regulations whilst
calling the attention of policy makers on legal barriers to be removed. The project consortium of 23
partners has identified the relevant legal and administrative requirements and procedures for various
fuel cell and hydrogen applications in 18 countries across Europe. The findings have been collected in
an online and publicly available database (HyLAW Database) and will be maintained for a minimum of
three years after the end of the project. Furthermore, the HyLAW partners published a set of national
policy papers describing the most important legal barriers related to fuel cells and hydrogen
technologies with country specific benchmarks and recommendations on how to remove these barriers. In addition, a pan-
European policy paper which targets European decision makers was prepared.

The project was coordinated by the association Hydrogen Europe. It ended in December 2018 and received financial support of
€ 1.14 million from Fuel Cell and Hydrogen Joint Undertaking (FCH JU).

The project studied about 64 legal and administrative procedures for 25 hydrogen and fuel cell applications across the 18
countries. The procedures were structured along eight categories (production of hydrogen, gas grid issues, vehicles, stationary
storage, etc.). The evaluation was made based on the following criteria:

i.  whether the process represents a barrier or not
ii.  which type of barrier can be observed (structural, operational, economic or regulatory gap)
iii. the severity of the barrier (0 = no barrier; 1 = low; 2 = medium; 3 = high)

The analysis of the current
legislation applicable to FCH
technologies shows a medium
to high severity of legal and
administrative barriers
regarding the injection of
hydrogen into the gas grid.
The reasons, in particular, are
permitting requirements,
injection limits, payment of
remuneration mechanisms,
gas quality requirements as
well as safety and end-user
equipment requirements.

Stationary power in residential
and commercial buildings has
the second highest severity of
barriers. This type of barrier is
mostly economic (e.g. lack of
financial incentives).

AVERAGE SEVERITY OF BARRIERS WITHIN DIFFERENT CATEGORIES OF HYDROGEN APPLI-

CATIONS (SouRck: HYLAW)

The HyLAW project has concluded that the main barriers in electricity grid issues for electrolysers are the absence of recognition
of balancing services to the power grid. The production of hydrogen is hampered in small-scale production because of long and
costly permitting processes. For road vehicles moderate barriers were identified, e.g. the lack of incentive policies and
infrastructure investments. Major regulatory barriers can be found in maritime applications due to non-hydrogen specific
requirements, preventing commercial-scale deployment of hydrogen vessels.

Project Duration:  January 2017 - December 2018

Partners: WaterstofNet vzw, FHYPAC, CEA, SINTEF, Brintbranchen Hydrogen Denmark and others (see here)
Sources: https://www.hylaw.eu/
Contact: Dennitsa Nozharova at hylaw@dwv-info.de
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HIPS-NET NEWSLETTER

UPDATE ON HYREADY - START OF WORK PACKAGE 3: GUIDELINES FOR THE END
USER’S NATURAL GAS INFRASTRUCTURE AND APPLIANCES | EUROPE

Developing guidelines to determine hydrogen concentrations that can be accommodated by the existing gas infrastructure with
acceptable consequences, is the aim of the project HYREADY (announced in newsletter 17, June 2018). The HYREADY project
consists of multiple work packages. The first two work packages focussing on gas transmission and distribution networks (ended
in 2018), while the third work package focusses on the admixing of hydrogen to natural gas for end-use appliances.

The work package 3 is focussing on the installed fleet of end-use equipment and indoor gas infrastructure/ gas piping. An
inventory of the maximum hydrogen fraction will be made for an installed base of end-use equipment and selected range of gas
compositions, including: combustion performance, the performance and physical integrity of the infrastructure from the meter to
the appliance, and the performance and physical integrity of the internal components of the appliance itself. Furthermore,
recommendations for mitigating measures for increasing the hydrogen addition up to 30 % will be made. As in the first two work
packages DNV GL and DBI combine their strengths to cover the topics.

The effect of hydrogen addition on the performance of:
e Domestic and small commercial appliances

e |ndustrial burners

e (Micro-) gas turbines and v
) main isolation valve
e Gas engines copperaloy
. . . castiron P
will  be investigated by gas forged teel oe o fange
. . . thread fitting
interchangeability = methods  in ‘ gﬁ%glﬁgﬂfg —
which DNV GL has broad building line crimp fiting gas pressure
. . regulator
experience and supplemented with steelppe |— [ STe Mg m— flow check valve
i i e bt e s comecton | s ] oracs P exnaust |
a market inventory and a literature precision g pips —y b 20K comecon cast ron stesl "
. . . )
review regarding the impact of liayer ugeled pibe | p— Mot iy
. flared tube fitting heavy metal alloy
hydrogen  additon on the | F—— ]
performance  of end use rosare s e
) Lo transfer connector ] heck val !
equipment. Aiming to cover the  fowcheck valve
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_ - thermal shut-
th.e HYREAQY partners, gases gas app..:,m it ———
with high, medium and low Wobbe connector A ) p— valve
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investigations et e ensisersndl D |ttt B v e
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Regarding the inhouse o oo caseue

infrastructure, DBI will focus on the

hvsical intearity of the struct FLow CHART OF TYPICAL PARTS OF THE INDOOR INSTALLATION

physical integrity o € struc L.Jre (SourcE: DBI GAs— UND UMWELTTECHNIK GMBH)

from the end of the gas service

line to the appliance. The assessment is based on experiences from other projects and in-house testing of the indoor

installation’s most common parts. Due to various rules and standards in the home countries of the participating gas distributors,
the work will focus on around 15 different commonly used configurations and materials.

All identified typical parts of the in-house gas installation and end-use equipment will be screened and assessed on their
maximum hydrogen tolerances by experts of DBI and DNV GL. Based on the results, a guideline for the safe use of indoor gas
installations with hydrogen/ natural gas blends up to 30 vol.-% will be made.

The flow chart in the figure above shows typical parts of the indoor gas installation which are applied in similar configurations in
most European and North American countries.

HYREADY work package 3 has been started in December 2018 and the final report will be delivered in mid-2019. The HYREADY
consortium still welcomes new members.

Project Duration:  WP3 started in December 2018, the final report will be delivered in mid-2019

Partners: DNV GL Netherlands B.V., DBI Gas- und Umwelttechnik GmbH and a consortium of international gas
transmission and distribution companies

Contact: Albert van den Noort at albert.vandennoort@dnvgl.com and
Gert Miiller-Syring at gert.mueller-syring@dbi-gruppe.de
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THOUGHTS ON A FUTURE EUROPEAN GAS PACKAGE | EUROPE

With the final approval of the Clean Energy Package in January, the European Commission began its preparations for the Gas
Package. In recent years, it has become clear that the Commission does not see full electrification as a realistic option to achieve
climate goals. Instead, it wishes to encourage the decarbonisation of the gas sector and the long-term utilisation of the existing
infrastructure. Hydrogen is a major topic in this respect and has received extra encouragement in the industrial sector, where
several major players have showed great interest in the use of hydrogen for the decarbonisation of industrial processes such as
the production of steel and fertiliser.

The kick-off for Gas Package activities occurred at the Madrid Forum in October 2018 where, for the first time, one and a half
days were dedicated solely to the topic of renewable and decarbonised gas. As part of its preparations, the EC has
commissioned seven studies on key topics for the Gas Package. These studies will be published throughout 2019 and form a
basis for the coming legislation.

1. Sector Coupling — Identification of regulatory barriers
2. Tailor-made Regulation — Analysis of measures to solve remaining issues in individual markets

3. Capacity and Commodity Release Programs — Analysis of measures to increase liquidity and address the role of long-
term capacity contracts

4. Harmonisation of TSO-revenues
5. LNG - Analysis of the existing regulatory framework
6. The role of trans-European gas infrastructure in the light of the 2050 decarbonisation targets

Parallel to these studies, CEER has commissioned its own analysis of the “Future Role of Gas”. An initial report was published in
2018 and a consultation and further recommendations are expected in 2019.

However, the analysis goes deeper than this. In Madrid concrete topics were delegated to different organisations for further
research. These included CCS, gas quality, gas storage with hydrogen, cross-sectoral flexibility markets, methane emissions,
guarantees of origin and definitions. An online available interview with Professor Borchardt, Deputy General Secretary of the EC
Directorate General for Energy from December 2018 provides a good overview of these activities (https://www.youtube.com/
watch?v=qHCAc 5Yrh4)

The Gas Package is expected to be considerably smaller than the Clean Energy Package as many topics relevant to gas have
already been addressed in the Renewable Energy Directive 2, the Energy Efficiency Directive or in the ACER Regulation. The
Commission plans to prepare the initial draft of the Gas Package documents by the end of this year - after the new commissioner
is elected and present it to the newly-elected Parliament and Council in 2020.

The parallel discussion of the long-term strategy 2050 has a great impact on the gas package. The gas sector is working hard to
deliver a credible path towards decarbonisation. That can also be seen in the development of the new Ten Years Network
Development Plan (TYNDP) 2020. For the first time, the process includes combined gas- and electricity scenario simulations until
2040/50, taking into account the COz-savings requirements mandated by the COP 24 agreement. The scenarios clearly outline
the importance of renewable and decarbonised gases for the long-term sustainability of the gas sector.

To underline the seriousness of the gas industry and to test various use cases, hydrogen projects are well underway in several
European countries. At the forefront of these activities is the UK with the H21 project, which intends to convert 3.5 million gas
customers in the North of England to hydrogen from 2027 onwards. Additionally, there are large-scale projects currently
underway in the Netherlands, Germany, France, Denmark and Austria for blending hydrogen into natural gas grids or production
of hydrogen. Of particular importance are the efforts of the Austrian European Council Presidency in September 2018 (Linz
Hydrogen Initiative) which includes 24 countries and over 80 companies and organisations. The goal of the initiative is to
encourage the massive potential of hydrogen technologies in the decarbonisation of the energy system. The initiative recognises
the role of hydrogen as a solution for energy storage and as a carbon-neutral energy carrier in a diverse range of sectors. A
particular focus shall be placed on the market development of hydrogen for direct industrial use, in transport or for injection into
the gas grid. Although the initiative is non-binding, it sends a clear political message regarding the importance of hydrogen in the
energy transition.

Contact: Eva Hennig at eva.hennig@thuega.de
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HIPS-NET NEWSLETTER

UPDATE ON THE SFEM/WG H2 AcCTIVITIES | EUROPE
AUTHOR: EVELINE WEIDNER | EUROPEAN ComMissION, DG JRC

The Sector Forum Energy Management/ Working Group Hydrogen (SFEM/WG H2 - last reported in newsletter 15, October 2017)
has updated an action plan for pre-normative research, standardization and other relevant topics in the area of power-to-
hydrogen and hydrogen in natural gas. Since 2015 and the publication of the first SFEM/WG Hydrogen Report, major
improvements have been made in this field and new projects and relevant initiatives launched. The priority challenges identified in
the 2015 report have been updated for the various technical areas within the scope of work. Recommendations are made on
proposed actions and means of implementation. The near term key challenges, which are the outcome of a prioritisation exercise,
have been visualised in a roadmap.

For electricity grid connection and electrolyser technology topics, the activities related to the provision of grid services by
electrolysers are considered as having high priority. Partial load, intermittent operation and fast response will be some of the
performance requirements for electrolysers when coupled to renewable energy sources or for provision of ancillary services to the
electricity grid. The ongoing pre-normative research (PNR) activities on test procedures should feed into the appropriate
standardisation work. Control strategies for integrating electrolysers with intermittent renewable energies need to be developed.
There are ongoing activities, but further work is likely to be required. Future development of electrolysers should focus on up-
scaling the systems to the required multi-MW level.

Moreover, there is still no understanding of an acceptable hydrogen concentration in the natural gas system at European level to
date. This point had been seen as a key, overarching priority in 2015. It is clear that there are still a number of technical
challenges, depending on the hydrogen concentration, as different components of the gas system or end-user appliances and
processes will be affected. Since 2015, several projects, often at national level, have addressed these challenges, but there are
some remaining gaps. For hydrogen admixture levels above 2 vol%, the hydrogen concentration limit for steel tanks for CNG
vehicles remains a barrier. In addition, further investigations are needed for the operation of gas turbines, in particular with
variable natural gas/ hydrogen mixtures, and the effect of hydrogen on industrial processes. To increase the concentration of
hydrogen above 5 vol%, there are still knowledge gaps to be filled concerning the compatibility of hydrogen with porous rock
underground gas storage. Ensuring safety and performance of compressor stations has not yet been sufficiently tackled. Gas
sensors are a key enabling technology for the safe distribution and use of natural gas, therefore their performance in the
presence of hydrogen should be ascertained. Although much knowledge already exists on this topic, the effect of hydrogen on the
large variety of materials in the gas grid and at end-use level warrants further attention. The performance of gas engines with
variable hydrogen concentration has been identified as another potential area where more research is needed.

For pure hydrogen technologies, the priority actions for PNR and standardization are targeted to facilitate the uptake of hydrogen
in the transport market. Although many of the gaps identified in 2015 have been filled, or are receiving a sufficient level of
attention, some issues related to Hydrogen Refuelling Stations (HRS) remain. One of these topics is the research needed to
develop refuelling protocols for medium/ heavy duty vehicles. For the hydrogen refuelling stations it is still necessary to develop
risk assessment methodologies for failure modes of hydrogen refuelling stations in order to understand the consequences for the
on-board hydrogen storage system. For fuel cell development, the medium and heavy-duty transport applications will need further
PNR and standardisation work. For the use of hydrogen and fuel cells for rail and maritime applications, both PNR and standards
are needed.

The update report identifies cross-cutting items such as safety, in particular related to H2NG. Sustainability aspects were
highlighted, as further work is still needed on life cycle assessment of power-to-gas technologies. Furthermore, the recycling of
critical raw materials, such that they can be fully integrated into a circular economy approach, is regarded as an important aspect.
A critical issue is the development of the appropriate guarantees of origin for green hydrogen. There are already ongoing
activities at PNR and standardisation level with the target of EU-wide deployment of the scheme.

Background:

In the context of the European strategy related to energy transition, the SFEM forum offers a unique platform for sharing needs
and for bringing together all stakeholders and players of the hydrogen energy chain. This platform gathers all the necessary
expertise to meet RDI challenges and to provide input to improve the EU policy framework. The main objective is to identify
standardization needs and then propose standardization development to CEN and CENELEC. This platform of experts is a real
strength within the European Union to face our challenges regarding energy, environment and competitiveness, as well as to
meet our common Energy Union targets. The SFEM/WG Hydrogen has created momentum for power-to-gas, hydrogen and
H2NG, and has reached out to a variety of stakeholders. Most importantly it has created a forum in which experts from the natural
gas industry, hydrogen industry and power sector can exchange knowledge and expertise and address common issues.

Sources: https://ec.europa.eu/jrc/en/publication/cen-cenelec-sector-forum-energy-managementworking-group-hydrogen-
final-report (The updated report is expected to be published in the first half of 2019 and will also be available on
the JRC website.)

Contact: Eveline Weidner at eveline.weidner@ec.europa.eu or Frangoise de Jong at Francoise.dejong@nen.nl
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HYDEPLOY2: FIRST TRIALS ON PuBLIC GAS NETWORK TO HEAT HOMES | UNITED
KINGDOM

Plans to use hydrogen to help heat UK homes — and to significantly cut the country’s
carbon emissions from heat — took a big step forward in November 2018 with a
£14.9 million funding boost announced by industry regulator Ofgem. The money will
fund two yearlong field trials on public gas networks which will aim to demonstrate
blending with up to 20 vol% hydrogen is both safe and practicable. HyDeploy2 is a
follow-up of the HyDeploy project at Keele University, already announced in HIPS-NET
newsletter 12, January 2017.

Over the course of the four-year programme, starting in early 2019, the team will monitor the performance and safety of injecting
hydrogen into two public gas networks. The project will build further evidence and clear remaining barriers to enable a wider roll-
out of hydrogen blends on the distribution network. If adopted across the UK, using a hydrogen blend in the gas network could
save the equivalent amount of carbon dioxide as taking 2.5 million cars off the road. A major benefit of this blending approach is
that it comes with no disruption to customers — they do not need to change their gas appliances or the pipes to their homes but
they are still able to decarbonise.

Backed by two gas distribution
networks - Cadent and
Northern Gas Networks (NGN)
— there will be one trial in each
company’s geographic
footprint. This means one in
Cadent’s North West network
and one in NGN’s area in
North East/ Yorkshire.
Identifying suitable locations,
and consulting customers and
authorities in those areas, will
be the next steps.

The trials will take place
following the successful
completion of the first trial on a
closed gas network at
Keele University. Earlier in
November 2018, after extensive scientific analysis and safety checks, the Health and Safety Executive (HSE) gave the HyDeploy
team permission to commence the trial. Injection of hydrogen will commence this summer.

TIMELINE OF THE HYDEPLOY PROJECT

(SOURCE: HTTPS://HYDEPLOY.CO.UK/)

Background

e Heating homes and industry accounts for nearly half of all energy use in the UK and one third of the country’s carbon
emissions. More than 80 % of homes in the UK are heated by gas.

e Hydrogen was a major component in ‘town gas’, gas created from coal and used widely throughout Britain before the
discovery of North Sea gas in the 1960s. Up to 60 % of the gas (by volume) being used by consumers was hydrogen.

e Cadentis involved in a wider portfolio of projects — such as HyNet North-West, to use hydrogen to power industry and
blended hydrogen to heat two million homes in North West England — which first depend on the success of the HyDeploy
trials, in proving the concept.

e Building on the HyDeploy principles towards wider deployment of hydrogen, Northern Gas Networks is delivering a suite
of hydrogen projects called H21, focused on converting the gas network to 100 vol% hydrogen.

Partners: Cadent, Northern Gas Networks, Keele University, ITM Power, Health and Safety Laboratory (HSL), and Progres
sive Energy

Sources: www.hydeploy.co.uk https://cadentgas.com/media/press-releases/2018/green-light-for-leading-edge-hydrogen-
trial-(1)

Contact: Andy Lewis at Andy.Lewis@cadentgas.com
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A HYDROGEN-BASED STEEL INDUSTRY - PROJECTS OF THE SALZGITTER AG |
GERMANY (1/2)

Salzgitter’'s CO2-Emissions amount to eight million tons per year. New technologies should lead to a significant reduction.
The Vision: “SALCOS* - Salzgitter Low CO, Steelmaking

Salzgitter is producing steel using the blast
furnace route where iron ore is reduced
with carbon. Converting this process step
by step by changing to the direct reduction
route starting with natural gas and
replacing it with ever higher proportions of
renewable hydrogen can lead to a 90-
95 % reduction of CO,-Emissions by 2050.
This is the aim of the project “SALCOS” -
Salzgitter Low CO, Steelmaking.

Although  the framework conditions
prevailing today do not permit the
commercial operation of a hydrogen-
based direct reduction plant in the long
term, Salzgitter started first innovating
projects to explore new technologies and “DIRECT REDUCTION ROUTE” AND “BLAST FURNACE ROUTE” FOR STEELMAKING
integrate them into the existing steelworks. (SOURCE: HTTPS://SALCOS.SALZGITTER-AG.COM/)

Towards a Hydrogen-based Steel Production - Project ,,Salzgitter Wind Hydrogen*“

A first step towards the goal of “Salzgitter Low CO, Steelmaking” is the project “Salzgitter Wind Hydrogen”, between
Salzgitter Flachstahl GmbH, Linde AG and Avacon Natur GmbH. Via this cooperation, wind power and hydrogen through
electrolysis should be generated. The partners aim to build up know-how in on-site production of hydrogen and its integration into
the complex processes of steelmaking. Salzgitter AG plans the construction and operation of a PEM electrolysis plant while
Avacon will be responsible for the installation and operating of seven wind turbines on the premises of the Salzgitter Group.
Linde AG will provide a steady supply of hydrogen as backup in times of lacking wind energy.

For the entire project (installation of the wind turbines and, the hydrogen plant, as well as linking them to the existing distribution
networks) costs of 50 million Euros are expected.

GrinHy - Reversible Electrolyser in Action

Another step to a hydrogen-based steel production is the Green Industrial Hydrogen project (GrinHy), which seeks the integration
of Sunfire's reversible electrolysis technology into the production processes of Salzgitter. Electrolysis and fuel cell operation are
achieved with one set of equipment, the system will be operated reversibly using natural gas and industrial process gases in
order to improve the economics of the installation. GrinHy is in progress since March 2016 and is part of the EU funding program
for Horizon 2020.

IMPLEMENTATION OF SUNFIRE'S REVERSIBLE ELECTROLYSER INTO THE PROCESSES OF SALZGITTER AG

(SOURCE: HTTP://WWW.GREEN-INDUSTRIAL-HYDROGEN.COM/HOME/)
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Sources: SALCOS: https://salcos.salzgitter-ag.com/
Salzgitter Wind Hydrogen: https://www.salzgitter-ag.com/

The solid oxide electrolyser has an input power of
150 kilowatts and a hydrogen output of 40 Nm?h.

The solid oxide fuel cell produces 25 kWac at en/press/press-releases/press-release-of-salzgitter-
operation with natural gas or CHs and 30 kWac at ag/2018-10-30-1/salzgitter-clean-hydrogen.html
opgrat|(2381v§/|th H,. Results will be publicly available in GrinHy: http://www.green-industrial-hydrogen.com
spring .

Contact: Dr. Alexander Redenius at a.redenius@sz.szmf.de,
Ralph Schaper at schaper.r@salzgitter-ag.de

TECHNO-ECONOMIC ASSESSMENT OF POWER-TO-GAS-TO-POWER SYSTEMS FOR
USE IN AN INDUSTRIAL ENVIRONMENT | GERMANY

On behalf of the German polymer expert REHAU AG, DBI Gas- und Umwelttechnik GmbH conducted a study on the integration
of renewable energy plants (RE plants) in combination with a Power-to-Gas-to-Power system (PtGtP system) into the plant supply
at the beginning of 2016. The study results (Phase |) showed an amortisation time of less than twenty years at adequate design.
Based on this assessment, a follow-up project (Phase Il) was launched. The aim of Phase Il was to develop a calculation tool,
which models a comprehensive energy supply system based on various usage scenarios and variable input parameters. Thus,
the existing infrastructure of the plant supply should be variable in order to be able to apply the process to further plant sites.

The economic and technical optimisation processes are based on different targets such as peak load coverage/ peak shaving,
hydrogen production or supply of cooling energy. These targets (scenarios) were defined and characterised in cooperation
between the customer and the contractor. The following illustration shows the structure of the overall system, modelled in the
context of the project.

The starting point for the considerations is the
utilisation of RE plants already existing or
being installed. The electrical energy
generated in this way is used for the direct
supply of the plant or converted into storable
hydrogen in accordance with the selected
target. Thus, the PtGtP system has two
functions: provision of storage capacity for
renewable electricity and production of green
hydrogen for further applications, e.g. the
forklift fleet.

In addition to the technical design of system
parameters, the calculation tool can be used
to perform an economic assessment of the
required investments and operating costs and
can compare them with the expected
monetary return. The required database is
accessible via an individual user interface as
well as associated Excel tables and can be

adapted to techno-economic developments in
SCHEME OF THE MODELLED POWER SUPPLY SYSTEM the future
(SourceE: REHAU AG, TRANSLATED) :

The customer has been using the calculation tool in the field of energetic optimisation of plant sites for almost one year. Markus
Weil, project engineer at REHAU AG, reports:

“We have already examined each of the 14 German
REHAU plants for cost effectiveness and found out .
that it would be worthwhile for four plants to use a Duration:  August 2016 - October 2017

storage system to reduce network charges to such an Partners: Rehau AG und Co. (customer) and DBI GUT Leipzig
extent that it pays to invest in renewable energy on a (contractor)

large scale. We are currently in the process of
implementing the system in the most promising
location.”

Contact: Stefan Schiitz at stefan.schuetz@dbi-gruppe.de
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WESPE — FULL VALUE-CHAIN ANALYSIS OF HYDROGEN FOR LONG-TERM
RENEWABLE ENERGY STORAGE | GERMANY (1/2)

The final report on project WESpe has been published and provides a detailed analysis of the power-to-gas process including the
technological, economic and societal impact of the power-to-gas value chain in Germany. The project, which was outlined
previously in HIPS-NET newsletter 10 in June 2016, is a joint undertaking by Deutsche Umwelthilfe e.V. (DUH),
Brandenburg Technical University (BTU), DBI Gastechnologisches Institut, German Aerospace Center (DLR) and the
Fraunhofer Institute for Solar Energy Systems (ISE). The analysis took place over more than three years and considered the
following topics:
A key feature of the
Work Package | Subject WESpe study is its
analysis of the entire
hydrogen supply
WP 2 Identification of methods and designs for underground hydrogen storage chain via electrolysis:
From the source of

WP 1 Evaluation of core components incl. electrolyser technologies

WP 3 Modelling and functional analysis of the entire hydrogen/electrolysis supply chain renewable electricity,
WP 4 Studying the environmental impact of hydrogen/electrolysis the conversion into
WP 5 Public acceptance and transparency hydrogen, the

hydrogen storage, the
WP 6 System analysis and macro-economic analysis injection into the gas

WORK PACKAGES OF THE PROJECT ,,WESPE“ g!’Id, to the end use in
different sectors.

Development of Electrolyser Technologies

The principle focus of the research on electrolyser technologies was to evaluate the electrolyser performance and the degradation
of that performance over time in conjunction with dynamic and high-demand operation. The project researched optimisation and
cost-reduction technologies, which might improve the long-term performance. In particular, the project recognised the value of
corrosion-limiting coatings on bi-polar plates and improved designs for the gas diffusion layer, which significantly extended the
lifetime of the electrolyser under high-demand operation.

In addition, the project also analysed the influence of different factors (pressure, temperature, electrical current density, alkaline
levels) on the efficiency rate of an alkaline electrolyser under both static and dynamic operation. Among the notable conclusions
drawn by the evaluation is that, while temperature has a considerable influence on the efficiency of the electrolyser, pressure is
shown to have very limited influence.

Hydrogen Cavern Storage and Gas Grid Injection

The analysis of the technological optimisation for hydrogen storage and grid injection determined that salt caverns are currently
geologically suitable for hydrogen storage. Porous storage facilities need to be analysed individually based on the geological
conditions.

As part of the research, a full simulation model for the underground storage of hydrogen was developed. The model calculated
the thermodynamic, fluid-dynamic and geomechanical processes for hydrogen storage. This model also considered subsystems
related to hydrogen storage such as compressors, extraction facilities, injection systems and related transport lines. The model
also takes the reliability and depreciation rates of the facility technologies.

Full-System Scenario Modelling

In order to illustrate the role of power-to-gas on a large scale, two full-system analyses were conducted based on different use-
case scenarios for power-to-gas in the German domestic market. The goal of the analyses was to determine the economic and
technological impact of scaling-up power-to-gas as part of a relevant decarbonisation scenario.

The first analysis simulated the large-scale use of electrolysis and hydrogen infrastructure for the sole purpose of re-electrification
based on the demand for renewable electricity storage in Germany until 2050. Assuming the use of alkali electrolysers on a
dynamic load profile, the simulation calculated a required electrolyser capacity for Germany in 2030 of 4 GW with 2,270 full load
hours per year. The required capacity increased to 67 GW in 2050 with 2,150 full load hours. To ensure adequate storage
capacity as part of this simulation, eight salt caverns with a capacity of 500,000 m® would be necessary in 2030, increasing to 170
caverns in 2050. In addition, 1 GW of gas turbine capacity would be necessary in 2030 with 2,520 full load hours in order to re-
electrify the stored hydrogen. This would increase to 26 GW capacity in 2050 with 1,630 full load hours. Economically, the
simulation calculated an H; cost in 2050 of 5.52 €/kg H,. The cost of electricity generation using this value chain would be
42.9 Ct/kWhg.
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The second full-system analysis was based on a present-day scenario in which green electricity was converted to hydrogen via
electrolysis, stored in caverns and then transported via pipeline to end-users in the transport and industrial sectors. This scenario
utilised PEM electrolysers with dynamic load profiles directly attached to onshore wind parks. Assuming 12,500 private hydrogen
vehicle units and 340 hydrogen buses in Germany, the simulation calculated 590 MW of required electrolyser capacity at 7,700
operating hours annually (4,300 hours of which would be at full load) and a single storage cavern with 530,000 m® capacity. The
full-system investment costs of 1.4 billion Euro led to a levelized cost of hydrogen at 4.0 €/kg H,, which would decrease to 3.7 €/
kg H» with increases in surplus renewable electricity generation.

Societal Acceptance

DUH analysed the societal acceptance of the large-scale development of power-to-gas projects. To do this, they created a
communications concept based on the following questions:

e Which actors are involved?

e Which areas have the greatest conflict potential?

e  Which safety concerns do citizens have regarding hydrogen?

e To what extent does green hydrogen in particular have a higher level of transparency?

e Which means of communication would most optimally be utilised?

This concept was then put into practice. As part of the Multi-Energy Power Station in Sperenberg, Germany — a hybrid power
plant providing wind electricity and hydrogen from electrolysis for the 145,000 houses in the region — the DUH utilised its
communications concept to engage with the local community and provide open and transparent information about the project
from an early stage. The concept in particular addressed citizens’ concerns regarding the environmental impact of the project at
the time of the application for planning permission, in order to ensure a smoother and more transparent administrative process.

Project Duration:  December 2013 - December 2017

Partners: Brandenburgische Technische Universitat, DBI-Gastechnologisches Institut GmbH Freiberg, Deutsche
Umwelthilfe e. V., Deutsches Zentrum fir Luft- und Raumfahrt e. V.

Funding: Bundesministerium fur Umwelt, Naturschutz, Bau und Reaktorsicherheit (BMU)

Sources: ,Ergebnisse des Projekts WESpe“ in HZwei, Hydrogeit Verlag, 18. Jahrgang, Heft 2, April 2018 (in German)

Contact: Steffen Schmitz at steffen.schmitz@dbi-gruppe.de

NEw HIPS-NET MEMBER: GASNETZ HAMBURG

The HIPS-NET is growing further. Our newest partner is Gasnetz Hamburg from Germany. The

municipally owned gas grid operator is committed to pursuing a clear vision for urban climate

protection in Hamburg. The company is preparing to use its natural gas grid as an "evolutionary

infrastructure” for the transport of renewable gases. Within the next few years, smaller shares of

hydrogen will make the existing infrastructure more climate-friendly. Simultaneously, new grid areas
could operate with even higher H, shares. Hamburg's gas grid can thus steadily increase its contribution to protecting the climate:
The city's households and industry obtain almost two third (21 billion kilowatt hours) of their grid-bound energy via the gas grid.
Only around one third (12 billion kilowatt hours) of energy consumed is electricity.

Gasnetz Hamburg GmbH, a company of the Free and Hanseatic City of Hamburg, operates the natural gas grid with a length of
approximately 7,900 kilometers. It connects approximately 160,000 buildings and serves almost 230,000 grid customers. The grid
is comprised of high-, medium-, low-pressure and house connection lines as well as around 600 gas pressure-regulating stations.
The network is operated and monitored from a central load control center.

"Sharing know-how and experience within the framework of HIPS-NET will help us to expand our own competence in hydrogen
technology. At the same time, it will allow us to contribute our experience to the discussion of this future-oriented topic," says Udo
Bottlaender, Technical Director of Gasnetz Hamburg GmbH. "This will enable us to develop solutions for Hamburg that optimally
combine economy, safety, and sustainability. We are very much looking forward to cooperating with HIPS partners".

Contact: Michael Dammann at michael.dammann@gasnetz-hamburg.de
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS 2019 CURRENT PARTNERS

March, 11-15 |SH
(Frankfurt a. M., Germany) Alliander AG
. . Areva H,Gen
March, 12-14  IRES - Speicherung Erneuerbarer Energien Cadent
(Dusseldorf, Germany) DEA Deutsche Erdoel AG
DGC
March, 12-14  Enerqy Storage Europe DNV GL
(Dusseldorf, Germany) Enagés
. Enbridge
March, 19 -
Hydrogen & Fuel Cells - Powering the Future Energinet.dk
(Birmingham, UK) ENGIE
March, 26-27 DBI-Fachforum Wasserstoff & Brennstoffzel- FWE Netz
len Gasnetz Hamburg
(Cologne, Germany) Gasum _OY
" . Gasunie
March, 27-29 Hydrogen Days 2019 - 10™ International Con- GRTgaz
ference on Hydrogen Technologies grzi e.V. (figawa)
(Prague, Czech Republic) INERIS
Infraserv GmbH & Co. Hochst KG
March, 28-31 4™ International Conference on Renewable innogy SE
Energy and Smart Grid (ICRESG 2019) ITM Power
(Hangzhou, China) Joint Research Centre (JRC), EC
April, 01-05  Hydrogen + Fuel Cells EUROPE KOGAS
NAFTA a.s
(Hannover, Germany) Naturgy
April, 08-09  Future Mobility ONTRAS
Open Grid Europe GmbH
(Berlin, Germany) OvGw
April, 24 EAGE/DGMK Joint Workshop on Under- RAG Rohdl-Aufsuchungs AG
ground Storage of Hydrogen Shell
Solar Turbines Europe S.A.
(Celle, Germany)
) h Storengy
April, 24-26 14" HYdrogen POwer THeoretical and Engi- SVGW
neering Solutions International Symposium Synergrid
(Hypothesis XIV) TIGF
(Foz do Iguagu, Brasil) Uniper Energy Storage GmbH
May, 06-08  China International Hydrogen & Fuel Cell Ex- Verband der Chemischen Industrie (VCI)
hibition Volkswagen AG
(Beijing, China)

HIPS-NET CoNTACT

DBI Gas- und Umwelttechnik GmbH
CONTACT Karl-Heine-Straflte 109/111

04229 Leipzig
GERMANY

Gert Miiller-Syring
Karl-Heine-StralRe 109/111

04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gruppe.de

www.dbi-gruppe.de

CEO: Prof. Dr. Hartmut Krause

Anja Wehling Olaf Walther

Karl-Heine-Strale 109/111

04229 Leipzig, Germany Certified DIN EN 1SO 9001:2008

+49 341 24571 40 Copyright 2013 | © DBI Gas- und
anja.wehling@dbi-gruppe.de Umwelttechnik GmbH | All rights reserved
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

Dear HIPS-NET Partners,

At the energy summit of the Handelsblatt, the largest German daily newspaper for
economic and financial issues, the German Minister for Economic Affairs Peter
Altmaier said:

"We will build a modern energy system. This system won't work without

sectoral integration. And this system - if we want to store renewable electricity
- will never work simply by installing thousands of lithium-ion batteries.
Because if we want to use electricity in winter, which is produced during the
summer and used less, then it is best to use clean gas, hydrogen, which is
produced by electrolysis and renewable electricity. And then we have to ask
ourselves how many electricity lines we still need, how many pipelines we
can fill with it, and above all after acceptance. Many citizens say: we do not
want five, four, or three as many wind turbines as we have today. That is why
the energy revolution is far from over; we have to discuss it."

HIPS-NET Workshop
in Brussels

2019
26/27th

June

Novel words (to us) is the recognition on the top level of the government how
important hydrogen and the gas infrastructure are in the process of energy transition.
The hard work of the recent years, we observed pays (slowly) out. The awareness for
clean gases in the gas infrastructure rises for political decision-makers.

Please register
here!

Are there similar developments in your country? If so, please let us know. L

Your HIPS-NET Team

Gert, Anja, Josephine & Charlotte

JRC - Potential Role of H, Production | Europe

Activities for Market Uptake of H; Industry | Canada, China, Japan

A W N

IndWEDe Study Industrialisation of Electrolysis | Germany

CONTENT
NEWSLETTER
#21

ELEGANCY - Low-Carbon Economy via H, and CCS | Norway
Study for Smart Sectoral Integration | Germany

H2-PIMS - Pipeline Integrity with Hydrogen | Germany

© o0 1 O,

PtG in Industrial Scale 2 x 100 MW Pilot Plants | Germany
10 Technical Standards for Gas Adapting to 20 vol% H, | Germany

1 Alstom’s Zero-Emission Fuel Cell Train on the Rise | Germany
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JRC - POTENTIAL ROLE OF HYDROGEN PRODUCTION | EUROPE (1/2)

JRC TECHNICAL REPORT | THE POTENTIAL ROLE OF HYDROGEN PRODUCTION IN A DECARBONISED SYSTEM POWERED BY

RENEWABLES IN 2050

The European Commission’s science and knowledge service
JRC (Joint Research Centre) released a report in 2019 that
explores the potential role of electrolysers in a future largely
decarbonised energy system and uncovers the reasons why
this technology may be an important building block towards
the transition to a stable, sustainable and fully renewable
power system.

Wind and Solar power generation technologies are main
elements on the path to this goal (referred as VRE for Varia-
ble Renewable Energy). Their short-term variability can be
compensated by batteries, while Power to X (P2X) can act as
potential seasonal storage. P2X implies the production of
hydrogen from electrolysis and potential conversion down-
stream to synthetic fuels as final energy carriers. The authors
find that the main advantages of the technology are: (1) use
of existing infrastructure for transporting and storing hydro-
gen and synthetic fuels; (2) providing an energy vector with
the potential to decarbonize other sectors; (3) supply of hy-
drogen that can be used in combination with CO, from bio-
genic sources (or even air) to produce synthetic fuels and
feedstock for chemical industry.

The two key barriers are the high cost of electrolysers
(currently at 1000-1500 €/kW) and how to ensure low elec-
tricity prices while still achieving high number of operational
hours. The scenario parameters presume electrolyser cost of
400 €/kW and efficiency of 86 % (including heat recovery) by
2050. The study implemented a soft-linking of a long-term
energy model (EU-TIMES) and a short-term power system
dispatching model (METIS).
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EU-TIMES provided the hydrogen demand considering the
entire energy system, while METIS focused on the hourly oper-
ation for the power system. The report focuses mainly on the
potential effect electrolysers can have in the power system in a
scenario where the electrolyser capacity is the largest to estab-
lish an upper bound of the impact. This scenario is one poten-
tial future where Carbon Capture and Storage (CCS) is not
widely accepted or adopted (limiting the technology portfolio
and therefore with higher reliance on hydrogen).

The scenario has a CO, reduction target of 80
-95% vs. 1990 by 2050. In such a scenario
around 1,000 GW of electrolysers would be
required by 2050. They would be producing
the hydrogen needed to supply a decarbon-
ised (primarily steel) industry, and processes
to produce synthetic fuel volumes for aviation,
shipping and long-haul road transport. The
scenario was picked in order to analyse the
technical and economic viability of such a
deployment, given the very important chal-
lenges posed by VRE integration at levels
beyond 50%.

The authors found that the power market in
such a system could be structurally different
from the current power market in terms of
roles. While supply and demand will have to
be met at all times, the two roles would be
switched:
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In contrast to current practise the demand side (primarily the
electrolysers) would be providing energy and the essential
services for balancing the power system, while the production
side (mostly renewables) would represent the inelastic part of
the equation, similar to the role of demand in the present
power system.

A capacity of 1,000 GW requires a 24 % growth per year,
which is still less than the 32 % observed for PV in the 2012-
2017 period, emphasise the authors. Attaining this level of
sustained growth for the entire period until 2050 would require
significant  investments in  electrolyser manufacturing
capability in Europe.

Some quantitative
summarised below:

results of the present analysis are

e The average electricity price renders between 27-35
€/MWh in most countries.

e This translates into a hydrogen production cost of
approximately 3 €/kg.

e The annual operating hours for the electrolyser are
between 2,000 and 7,500. Countries with more than
4,500 hours had the following conditions:

i) Total electricity production was at least 2.5
times the net electricity demand (meaning at
least 60 % of the electricity demand was from
the electrolysers);

i)  Wind was the dominant VRE technology with at
least a 2.5 wind to solar production ratio;

iii) The electrolyser is sized between 16 and 24 %
of the VRE installed capacity.

The analysed scenario has very good chances of achieving
sustainability: In most countries hydrogen production with
electrolysis has the potential to be competitive compared to the
main alternative technology (SMR with CCS/U). As the
diagram on the previous page displays, the hydrogen
production costs are below the red line. The red line marks the
alternative technology hydrogen production cost assuming a
gas price of 8.7 €/GJ, corresponding to the import price for
2050 in the 2DS (2 °C) scenario from |EA ETP and - given the
low carbon nature of the future scenario - a CO, price of 200 €
per tonne. At the same time all three VRE generating
technologies could, in most countries, under the assumptions
used, recover all or most of the capital investment cost from
the day-ahead power market.

INTERNATIONAL ACTIVITIES FOR MARKET UPTAKE OF HYDROGEN INDUSTRY |

CANADA, CHINA, JAPAN

CANADA | INDUSTRIAL UPSCALE WITH 20 MW PEM
ELECTROLYSER

Air Liquide announces the construction of the largest PEM
electrolyser in the world with 20 MW capacity. Notwithstanding
difficulties, the development underpins the market uptake for
electrolyser technology. The upscaling of electrolyser capacity
develops worldwide; genuine projects are underway also in
Japan, China and Europe.

The 20 MW electrolyser increases the current capacity of the
hydrogen facility located in Bécancour, Québec (Canada) by
50 % and supplies both industry and mobility with low-carbon
hydrogen. This new production unit will significantly reduce
carbon intensity, compared to the traditional hydrogen
production process. Emissions of nearly 27,000 tonnes of CO,
per year, equivalent to those of about 10,000 sedan cars per
year, will then be prevented. The facility should be in
commercial operation by the end of 2020, producing just under
3,000 tonnes hydrogen annually, according to Hydrogenics.

Air Liquide intends to utilise hydropower for electrolysis and
the concept relies on continuous operation (24/7 year-round).
This is a private investment from Air Liquide; possible public
funding will be assessed as the project evolves. The driver of
this investment is to reaffirm Air Liquide’s long-term
commitment to the hydrogen energy markets and its ambition
to be a major player in the supply of carbon-free hydrogen. Are
there any market conditions which support the decision? Air
Liquide currently does not share any details supporting
appraisal.
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CHINA | DEVELOPING A “HYDROGEN CITY” UNTIL 2025

Curiosity creates a proposal in China: ,a hydrogen city“?
Wuhan, a Chinese city aims to develop hydrogen energy
industry. The “hydrogen city” includes research and
development of hydrogen production, storage and transport
and improving the hydrogen infrastructure. Main focus seems
to be on mobility, with 20 fuelling stations until 2020 and 30 to
100 in 2025, 3,000 running fuel-cell electric vehicles (FCEV),
production facilities for fuel cells exceeding 13 billion Euro
annually, and attracting 3 to 5 world leading hydrogen
enterprises.

JAPAN | HYDROGEN PRODUCTION IN INDUSTRIAL SCALE

Japan plans in the sadly famous region Fukushima to build
large renewable hydrogen production capacity with up to 10
MW of electricity from sun and other renewable sources. Test
operations are scheduled for July 2020. The renewable
hydrogen will be used — among other purposes — to power fuel
-cell electric vehicles. The promotion of renewable energy in
the region is guided and guarded by the Fukushima
Renewable Energy Institute AIST (FREA) since 2014.
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INDWEDE STUDY INDUSTRIALISATION OF ELECTROLYSIS | GERMANY

OPPORTUNITIES AND CHALLENGES FOR SUSTAINABLE HYDROGEN FOR TRANSPORT, ELECTRICITY AND HEAT

The central questions of this study, commissioned
by the German Federal Ministry of Transport and
Digital Infrastructure, is how to ensure that water
electrolysis will be available as a powerful
technology in the future and what challenges exist to
build-up a gigawatt electrolysis industry in
Germany. The scenarios for the future energy
system in Germany result in a corridor of 137 to 275
GW of installed electrolysis capacity by 2050 in
order to achieve the national climate targets. This
applies, if the hydrogen is mainly produced in
Germany; without larger imported quantities. The
main driver for the future demand for electrolysers in
Germany is the national CO; reduction target; this is
in line with the results of other studies.

The study was coordinated by the state-owned NOW, the
National Organisation for Hydrogen and Fuel Cell Technology.
The NOW has its main focus on the transport sector, and this
is reflected in the present study. With a decreasing relative
tendency towards 2050, hydrogen demand is expected mainly
in the transport sector, especially in the truck sector. The fuel
supply for aviation and shipping is (by definition) not provided
by pure hydrogen but liquid fuels.

Feed-in into the natural gas network plays a minor role,
because the target market (heat, etc.) presumably needs
production cost reductions to about 1-2 €/kgy,. For simple
reasons from the authors’ perspective: It is easier to reach
production costs of the mobility market with 2.5-3.5 €/kg;.
This means that the acceptable production costs for hydrogen
in fuel-cell mobility are about three times higher than those for
feeding it into the natural gas grid. Measures to give green
hydrogen a value are not sufficient to achieve
competitiveness, even with 300 €/t CO, savings. (The
methodical approach does not take CO, abatement costs as
central criteria for investment decisions, which might lead to
divergent results as we can see in other studies.)
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The study concludes, the alkaline and to a large extent the
PEM electrolysis are in a technically mature state. The
development of technology and costs as well as the
optimisation of manufacturing processes are primarily driven
by the industry itself, provided that the demand on the market
increases permanently. The economies of scale lead the
authors to expect a considerable reduction in costs. R&D and
demonstration projects will provide meaningful support for the
market ramp-up but are not sufficient to trigger it to the needed
extend. The needed annual increase in electrolysis capacity
already in the 2020’s (to comply with climate goals) exceeds
the realistic development, according to experts’ opinions.

Main obstacle for needed market ramp-up are stable and
secure market conditions. Specific needed actions are
recommended, including a market activation programme for
green hydrogen. We are curious to see which steps the
commissioner of the study (Ministry of Transport) will take in
the near future.

Partners: NOW, Fraunhofer ISE, E4tech Sarl, Fraunhofer IPA
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ELEGANCY - ENABLING A LOW-CARBON EcoNOMY VIA H, AND CCS | NORWAY

The project ELEGANCY is aimed at fast-tracking and full-
scale implementing the CCS technology in Europe, because it
is deemed to be necessary for holding-up the climate change.
CCS stands for Carbon Capture, Transport and Storage.
ELEGANCY proposes to use synergies between CCS and H,
and investigates possible H,-CCS chains. The research spans
the range from the phenomenon level via lab-scale
experiments to the pre-pilot scale. The project focus is with
CCS; the use of the gas grid for H; transport or admixture will
be addressed with minor focus.

22 from industry and research institutions
(see here in detail)

SINTEF Energy Research

Partners

Coordinator

Budget 15.6 million EUR
Norwegian, Dutch, German, UK & Swiss
Funding national funding agencies, the European
Commission and industry
Duration 31 August 2017 - 31 August 2020

Within six work packages ELEGANCY examines the H; supply
chain and H,-CO; separation, the CO, transport, injection and
save storage, a business case development for H,-CCS
integrated chains, a H,-CCS chain tool and evaluation
methodologies for these chains and various case studies. The
origin of the gas are residual steel gases, such as basic
oxygen furnace gas, blast furnace gas, and cokes oven gas. A
main component is CO which is converted via a catalytic water
gas shift reaction to CO, (CO + H,O > CO, + H,); this is
where H, comes into play. Further sources are also addressed
i.e. natural gas reforming process (CH; + 2H,0O = CO; + 4H,).

Svend Tollak Munkejord at
svend.t. munkejord@sintef.no
e

https://short1.link/G¢

STUDY FOR SMART SECTORAL INTEGRATION | GERMANY (1/3)

WHAT ARE THE EcONOMIC AND ENVIRONMENTAL BENEFITS OF POWER-TO-GAS IN COMPARISON TO AN “ALL-ELECTRIC”
APPROACH? AN ASSESSMENT FOR THE FUTURE ENERGY SYSTEM IN GERMANY.

This central question has been subject to some studies in the
past. This study here supports an investment decision (~150
million Euro) of two major transmission system operators —
Amprion (electricity) and Open Grid Europe (gas) — in
Germany; both are project partners of the ‘hybridge’ project
which is outlined subsequently in a separate article.

The study simulated the total costs of the German energy
system consisting of the sectors electricity, transport, heat and
industry including end-use applications. Three scenarios were
defined for this purpose:
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e “Base Scenario" with a climate protection target of
80 % CO, emission reduction by 2050 compared to
1990,

e “Fast Energy Transition" scenario with CO, emission
reduction target of 95 % in 2050, reduced costs of the
PtG technology, and a comprehensive portfolio of other
flexibility options such as import/export, demand side
management etc. and finally

e scenario "Focus PtG" also with the climate protection
target of 95 % CO, emission reduction by 2050 and
reduced costs of PtG technology, but at the same time
with limited potential of other flexibility options and
increased use of PtG in various sectors.
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m Secondary infrastructure
& end user applications

Energy transport

== T0tal costs or energy costs incl. fransport from the exirapolation of the NEP-Eleciricity 20178

(CONTINUED)

In the context of this study, sectoral integration (or coupling)
refers to the coupling of electricity and gas networks for the
optimised integration of renewable energy (RE) sources in
Germany. Even if the expansion plans in the German electricity
network development plan 2030 (NEP 2017B) are successfully
implemented, it will not be sufficient for electricity distribution
due to constant rise in RE generation. With sectoral integration,
the expansion of the electricity grid until 2050 is cost-effectively
supplemented in the medium and long term by the existing gas
grid (via PtG). In other words, driven by the total costs of the
future energy system (until 2050), the advantages of PtG
prevail over the additional costs e.g. conversion losses for gas
production (see diagrams). The transport of hydrogen and
synthetic methane requires significant pipeline capacities
between 22-100 GWy, in the PtH, case and 34-90 GW¢p4 in the
PtCH,; case. The existing gas pipeline capacities appear
sufficient to transport the quantities; and new transmission lines
are not needed. The costs for the use and, if necessary,
transformation of the existing pipelines remain negligible
compared to the total costs for electricity grids.

The authors’ summary of the core results:

1. Flexibility advantages of power-to-gas (i.e. storage and
use of existing infrastructure) outweigh the efficiency
disadvantages (i.e. conversion losses), particularly in the
transport sector and industry.

2. Gas storage capacity as seasonal energy storage to
reach CO, emissions reduction target (of 95 % compared
to 1990 levels in 2050) is unavoidable, in addition to short-
term battery storage capacity.
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3. In the long term, i.e. beyond a share of approx. 400-450
TWh annual electricity generation from renewable energy
sources, power-to-gas represents a meaningful addition
to the electricity grid expansion based on the German
electricity network development plan.

4. Power-to-gas has negative CO, abatement costs
compared to "all-electric" solutions due to the lower
overall investment for achieving the same CO, emission
reduction targets; and thus, offers a cost-efficient way to
achieve the climate policy goals.

5. Costs of end-use applications are a major cost driver
towards CO, reduction.

6. Ambitious climate protection targets by 2050 push the
advantages of power-to-gas technologies in comparison
to an “all-electric” approach.

The CO, abatement costs are calculated by dividing absolute
cumulated costs by the corresponding amount of CO,
emission savings until 2050 (see grey/black diagrams, next
page). In the “Fast Energy Transition” scenario, CO,
abatement costs range between 220-800 €/tco, and 220-870
€/tcoz in the “Focus PtG” scenario when using total costs as
reference. The estimated abatement costs in the “Base
Scenario” rank between 220-300 €/tco; (for the less ambitious
climate goals; probably insufficient to contribute a fair share to
the Paris’ climate goals).
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Base Scenario
(80 % CO, reduction)

(95 % CO, reduction)
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Focus PtG Scenario
(95 % CO, reduction)

AVERAGE CO, ABATEMENT COSTS IN €/Tco2 2025 UNTIL 2050 IN THE THREE
SCENARIOS (SOURCE: LBST, p. 4 - 90)
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H,-PIMS INTERIM PROJECT RESULTS - PIPELINE INTEGRITY WITH HYDROGEN |

GERMANY (1/2)

RoADMAP TO QUALIFY GAS PIPELINES FOR 10 voL% HYDROGEN ADMIXTURE & ROADMAP TO
TRANSFORM NATURAL GAS PIPELINES TO TRANSPORT PURE HYDROGEN

Hydrogen proportion 10 vol% 100 vol%
€ | Wobbe Index -25% | -89%
% % Standard volume flow +74 % +213,9 %
g % Pressure loss +110% | +66,2%
g § Compressor capacity +257% | +577,6 %
g_ § Preheating capacity -3,3% -239,4 %
. Surface load of filter +10,0% | +259,0 %
é % . Transported gas quantities | -4,8 % -21,7%
c 2
§_ ;- 38 Compressor capacity +6,2% +1954 %
= *E Preheating capacity -3.2% -243,5%

The transport of hydrogen may require therefore changes in the
pipeline or compressor capacity. This is one of the questions, the
project partners addressed in roadmaps. They developed two
roadmaps in the past month to adapt natural gas pipelines; one for
hydrogen admixture up to 10 vol% and one to transport pure
hydrogen in former natural gas pipelines (the latter referred to as
‘transformation’). The roadmap divides the process in five steps
(see picture).

The first step ‘only’ defines the intended hydrogen / natural gas
blend (10 vol% or 100 vol% hydrogen).

In the second step (analysis of the current technical state) detailed
attention is paid to the pipe material parameters, hydraulic
parameters, condition-orientated assessment, general security
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H,-PIMS deals with the increased risk of embrittlement
due to hydrogen exposure. PIMS stands for software-
based pipeline integrity management systems; the
systems are used by gas network operators to
continuously maintain pipeline integrity and determine
optimised strategies for cost-efficient maintenance. We
introduced the project and gave an overview of the work
packages in newsletter #12, January 2017. The partners
are still testing pipelines in laboratory experiments; the
influence of hydrogen admixture to crack propagation
behaviour is still ahead. Based on these (and further)
results, PIMS will be upgraded for hydrogen admixture. It
is too early to share lab results; we will keep an eye on the
project progress and inform you.

In addition to the effect on the materials, the admixture of
hydrogen also impacts other operational aspects during
transport. Hydrogen changes the gas quality parameters
and influences the capacity of pipelines; the table on the
left side gives an impression how it effects the operation of
a pipeline system.

technic, measurement technology, gas regulation,
pressure regulation facilities etc.. The project partners
developed detailed checklists, necessary to define the
current technical condition.

The third step comprises adaptation needs which are
again categorised (see picture) and help to completely
work through the needed aspects. Most of the categories
are supported by checklists as well. Upon completion, the
network operator can summarise the necessary adaptation
measures, e.g. changing pressure range or compressor,
adapt measurement devices, revise security plan, adapt
maintenance provisions and so on. The project report will
contain detailed helpful information or suggestions. For
example, suggestions for maintenance intervals as shown
in the table (see next page).
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(CONTINUED)

We selected EIGA and German
DVGW maintenance intervals and the
suggestions of the H2-PIMS project
partners.

Eventually, the operator enters the
fourth step. The project gives
suggestions for needed steps of
project planning and implementation
including timelines.

The final projects results are expected
towards the end of 2019.

Partners: DBI GUT, TUV SUD,
ONTRAS, Veenker, FHI IWM, SZMF

Funding: Budget approx. 3 million
Euro by ,Hydrogen Power Storage &
Solutions East Germany“ (HYPOS);
supported by the German Federal
Ministry for Education and Research
(BMBF) under the “Zwanzig20-
Partnership for Innovation”

Action

General

in-line inspection (pigging)

documentation

Underground Pipelines

pipe patrol on-foot

pipe patrol on-foot in critical

areas

pipe patrol by car or plane

inspection of pipeline risers

and casing

influences by mining

(subsidence)

Above Ground Pipelines

pipe patrol and servicing

pipe bridges (inspection and

painting)

supports and anchorages

DVGW .

G 466-1 EIGA Suggestion
upon need upon need 24 months

in case of not men- 12 month or in
changes tioned case of changes
4 months 3 months 3 months

6 months 1 month 1 month

Y% -2 months | 12 months Y - 2 months
24 months 6 months 6 months

1 month 36 months 1 month

6 months " 6 months 3 months

24 months 12 months 12 months

24 months 60 months 24 months

PTG IN INDUSTRIAL SCALE 2 X 100 MW PILOT PLANTS | GERMANY (1/2)

ENERGY TRANSITIONS IS NOT SOLELY SOLVED BY USING RENEWABLE ELECTRICITY SOURCES ...

reallocated pipeline
power line

new line to be built
potential expansion
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As of 2022 and 2023 the two most powerful sectoral integration
projects in Germany “hybridge” and “ELEMENT EINS” are
scheduled to go into operation. Both projects plan to install a large-
scale Power-to-Gas pilot plant with an electrolyser, with 100 MW
capacity each. Additionally, the projects are meant to be the
introduction of the hydrogen infrastructure within the gas sector in
Germany. The companies that want to set a milestone in sectoral
integration are the network operators Amprion and Open Grid
Europe (OGE) with “hybridge” and TenneT, Gasunie and
Thyssengas with “ELEMENT EINS”. The requests for investment
approval were submitted to the regulatory authority, the German
Bundesnetzagentur (BNetzA), for both projects at the same day.
The projects are now undergoing the investment permission
procedure of the BNetzA. Hence, they do not depend on external
financial assistance (subsidies); upon approval the investment and
operating expenditures will be covered by the grid access charges.
It is a brave concept; the decision of the BNetzA will be ground-
breaking. As transmission system operators, all project partners
are excluded to interfere with supply and generation activities.

19l
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(CONTINUED)

(Unbundling is the separation of energy supply and generation
from the operation of transmission networks.) They developed
a business model to obey the regulatory framework by granting
unrestricted third-party access. Unbundling will be guaranteed
by auctioning of the capacity of the ‘sectoral transformer’; that
is how they call the PtG technology devices. The auction is
similar to the allocation of transmission rights and capacities in
Europe. Similar mechanisms are established as for example
the trading platforms Joint Allocation Office (JAO) and
PRISMA. The auction revenues will reduce the grid charges.

Project “hybridge”

The electricity network operator Amprion and the gas network
operator Open Grid Europe (both TSO) intend to optimise the
interaction between the electricity and gas system. In addition,
all future possibilities to use hydrogen will be tested. Therefore,
one part of the gas grid is transformed for the transport of 100
% hydrogen. The expected total investment amounts to €150
million.

The hydrogen infrastructure of “hybridge” includes:

e transformation of a natural gas pipeline into a hydrogen
pipeline and supply of pure hydrogen to consumers within
10 km distance

e industry: e.g. refineries

e storage: if necessary, transformation of

underground gas storage

existing

e mobility: hydrogen filling stations and train connections

e injection of hydrogen into the existing natural gas network
(admixture)

e methanation and feed in to the natural gas network
(residual gas quantities)

Project “ELEMENT EINS”

The industrial scale 100 MW, PtG plant will convert wind
power from the North Sea into hydrogen in North-West
Germany to transport the gas e.g. southwards to the Ruhr area
(high density of industry and residents). Gasunie, TenneT, and
Thyssengas are the driving forces; a project consortium of an
electricity and two gas transmission system operators. The
main focus is on the sectors heating, transport and industry
with the following utilisation

e injection of hydrogen into the existing natural gas network
(at least 2 vol% admixture)

e methanation and feed in to the natural gas network

e transformation of existing underground gas caverns for
storage of pure hydrogen

e transformation of a natural gas pipeline into a hydrogen
pipeline and supply of pure hydrogen to customers

e mobility: hydrogen filling stations

TECHNICAL STANDARDS FOR GAS ADAPTING TO 20 vOoL% HYDROGEN | GERMANY

The DVGW initiated the process to adapt the current standards
for production, feed-in, admixture, transport and storage to
higher hydrogen concentrations. The DVGW is a recognised
standardisation body for the gas and water industry in
Germany.

The future set of rules should aim at a target value of about
20 vol% of hydrogen feed-in. The existing DVGW standards
already allow admixtures of almost 10 vol% into the existing
gas network wherever there are no restrictions due to specific
applications. By the year 2030, this value of 10 vol% should
be binding on the rules and regulations without any
restrictions.
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However, the target is much higher: "20 vol% seems
technically feasible to us based on current knowledge. Some
parts of the gas grid will probably be able to do even better.
But we always have to keep an eye on the end applications,"
says Gerald Linke, CEO of DVGW. "We believe that in the
future the system will transport more than 50 percent of green
gases in total, including biomethane.” In the long-term,
standards for 100 percent hydrogen are needed in addition,
which will be developed in cooperation with the German
Hydrogen and Fuel Cell Association DWV.
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ZERO-EMIsSSION FUEL CELL TRAIN ON THE RISE TO RAILWAYS | GERMANY

SiX FEDERAL STATES IN GERMANY OPT FOR FUEL-CELL TRAIN TRANSPORT

Only two years after Alstom’s presentation of its zero-emission
fuel cell train, the “Coradia iLint” operates regularly on the first
railway line in Germany. Since September 2018, two fuel cell
trains run on the route from Cuxhaven to Buxtehude (Lower
Saxony — 126 km). The public transport in Lower Saxony will
deploy 14 fuel cell trains until December 2021 (the contract
includes delivery, maintenance and energy supply for 30
years). In 2021 a permanently installed hydrogen filling station
in Bremervorde should be activated and operated by Linde
Group. At the moment, the trains rely on a mobile filling station
by Air Products, also located in Bremervérde.

Further interested German states include routes in Thuringia
(“Schwarzatalbahn” from Rottenbach to Katzhitte — 25 km),
Hessen (“Taunus Route” from Wiesbaden to Frankfurt —
41 km) and Brandenburg. Two of these possible projects
would rely on regional wind power supply and on-sight
electrolysis. Old windmills will fall off the public feed-in tariff
system within the next years and will then supply the
hydrogen production.
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Alstom is actively negotiating the use of hydrogen trains in
many German states. Especially against the background of
sectoral integration, the use of hydrogen offers unique
advantages. These are also gaining in importance in other
countries such as ltaly, Spain, England, the Netherlands and
Scandinavia, but also in Canada.

Technology Background:

Each train is equipped with two hydrogen fuel cells and two
battery-systems. Hydrogen for the process is stored in a tank
on the roof of the train at 350 bar.

Range: 1,000 kilometres with a full tank.

Maximum speed: 140 km per hour (same speed as diesel
powered engines)
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS

June

02-07 World Hydrogen Technology Confer-
ence | Tokyo, Japan, http://whtc2019.jp/

09-13 International Conference on Electroly-
sis | Loen, Norway, https://www.sintef.no/
projectweb/ice2019/

13-14 GIE Annual Conference | Paris, France,
https:/iwww.gie.eufindex.php/gie-annual-
conference-2019-home

17 Roundtable of the Global Alliance Power-
fuels | Brussels, Belgium, urlshortener.at/
NWX57

19-22 International Hydrail Conference |
Hamburg, Germany, https://
hydrail.appstate.edu/

26-27 Annual HIPS-NET Workshop | Brussels,
Belgium, https:/iwww.dbi-gruppe.de/hips-
net.html

July

02-05 EFCF—Fuel Cells, Electrolysers and
H2 Processing | Lucerne Switzerland, https:/
www.efcf.com/

10-11 US Hydrogen and Fuel Cells Energy
Summit | Boston, MA-USA, https://shortl.link/
hr2NeG

September

10-11 f-cell | Stuttgart, Germany, https:/f-
cell.de/

24-26 International Conference on Hydrogen
Safety | Adelaide, Australia, http://hysafe.info/
ichs2017/

October

23-26 Hydrogen + Fuel Cells ASIA at CeMAT
ASIA 2019 | Shanghai, China, https://www.h2fc-
fair.com/asia/index.html

November

26-28 gat + wat 2019 | Cologne, Germany,
https:/iwww.gat-wat.de/

CURRENT PARTNERS

ALLIANDER AG, AREVA H2GEN,
CADENT, DEA DEUTSCHE ERDOEL AG,
DGC, DNV GL, ENAGAS,
ENBRIDGE, ENERGINET.DK, ENGIE,
EWE NETZ, GASCONNECT GMBH,
GASNETZ HAMBURG, GASuM QY,
GASUNIE, GRTGAZ, GRZI E.V. (FIGAWA),
INFRASERV GMBH & Co. HOCHST KG,
INERIS, INNOGY SE, ITM POWER,
JOINT RESEARCH CENTRE (JRC),
EC, KOGAS, NAFTA ASS,
NATURGY, ONTRAS, OVGW,
OPEN GRID EUROPE GMBH,

RAG ROHOL-AUFSUCHUNGS AG,
SHELL, SOLAR TURBINES EUROPE S.A.,
STORENGY, SVGW,
SYNERGRID, TEREGA,

UNIPER ENERGY STORAGE GMBH,
VVERBAND DER CHEMISCHEN INDUSTRIE (VCI),

VOLKSWAGEN AG.

Map of PtG-Projects in Germany updated and released!

The updated "PtG-Map" shows the vivid (market) activity for power-to-gas. 35
power-to-gas and methanation plants are currently in operation with a total capaci-
ty of around 30 megawatts, additionally 16 planned and 11 finalised projects. Most
of them are small-scale pilot or demonstration projects for research purposes. In
Hamburg, however, the first industrial plant is already generating five megawatts of
green gas in a refinery, and two former municipal pilot plants have been trans-
ferred to permanent operation. The 16 planned projects show a clear trend to-
wards higher output: around one third of the plants are to be larger than five mega-
watts, two of which will even have an output of 100 megawatts. Their total output
of 273 megawatts will then be nine times that of the plants installed today.
The update was based on the PORTAL GREEN project funded by the Federal
Ministry of Economics and Technology.

HIPS-NET CONTACT

Gert Miuller-Syring
Karl-Heine-Stralle 109/111

04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gruppe.de

Anja Wehling
Karl-Heine-Stralle 109/111
04229 Leipzig, Germany

+49 341 24571 40
anja.wehling@dbi-gruppe.de
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HIPS-NET

Newsletter

#22

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

Dear Partners and Colleagues,

Welcome to the latest edition of the HIPS-NET newsletter. On 27" of June 2019 the 6"

HIPS-NET Workshop took place in the GERG headquarters in Brussels. We are grateful
for your constant interest to join us in Brussels, to exchange and to share knowledge — this
is your contribution for the success of the network. We included summaries of the
presentations aiming to provide an overview of key information for members who were
unable to attend the workshop. For those of you who attended the event, we hope that the
material helps to refresh your memories. All presentations may be downloaded from the
members’ area on the website. (And if your access got lost “in space” in your e-mail
account, please contact Josephine, she will help.)

The feature article from our current newsletter includes the latest IEA report on hydrogen,
issued for the G20 group. The G20 (or Group of Twenty) is an international forum for the
governments and central bank governors from 19 countries and the European Union (EU).
This is support on highest governmental level ... we hope for open ears. The newsletter
further turns the spotlights to activities in Australia and there are various. We included an
exciting project of Fiat, the project results are frankly spoken old, but worth to remember
the flexibility of hydrogen admixture in natural gas driven cars.

We hope you enjoy reading and that you adopt well to the warm summer days!

Your HIPS-NET Team

Gert, Anja, Josephine & Gideon
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IEA REPORT - THE FUTURE OF HYDROGEN | WORLDWIDE (1/3)
Report prepared by the International Energy Agency (IEA) for the G20, Japan

The IEA has issued in June 2019 a landmark report to ana-
lyse the current state of play for hydrogen and to offer guid-
ance on its future development. The findings and positions
are widely supporting the employment of hydrogen, to make
a significant contribution to clean energy transition. The chal-
lenge is to adopted hydrogen in sectors where it is almost
completely absent, such as transport, buildings and power
generation.

The IEA’s 7 key recommendations to scale up hydrogen

1. Establish a role for hydrogen in long-term energy strate-
gies. National, regional and city governments can guide fu-
ture expectations. Companies should also have clear long-
term goals. Key sectors include refining, chemicals, iron and
steel, freight and long-distance transport, buildings, and pow-
er generation and storage.

2. Stimulate commercial demand for clean hydrogen.
Clean hydrogen technologies are available but costs remain
challenging. Policies can create sustainable markets for
clean hydrogen. Scaling up supply chains will realise cost
reduction potentials (economies of scale).

3. Address investment risks of first-movers. New utilisa-
tions for hydrogen stand at the riskiest point of the deploy-
ment curve. Targeted and time-limited loans, guarantees and
other tools can help the private sector to invest, learn and
share risks and rewards.

4. Support R&D to bring down costs. It is crucial to lower
costs and improve performance. Government actions, includ-
ing use of public funds, are critical in setting the research
agenda, taking risks and attracting private capital for innova-
tion.

5. Eliminate unnecessary regulatory barriers and harmo-
nise standards. Project developers face hurdles where reg-
ulations and permit requirements are unclear, unfit for new
purposes, or inconsistent across sectors and countries. Shar-
ing knowledge and harmonising standards is key, including
for equipment, safety and certifying emissions from different
sources.

6. Engage internationally

and track progress. En-
hanced international co-
operation is needed on

standards, sharing of good
practices and cross-border
infrastructure.

7. Focus on four near-
term key opportunities to
scale up hydrogen supply
and demand, building on
existing industries, infra-
structure and policies over
the next decade.
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The following four near-term key opportunities will stimulate
demand, but every single of these opportunities will need the
support of the full policy package of point 1 — 5 listed
before.

a. Make industrial ports the nerve centres for scaling up
the use of clean hydrogen. Today, much of the refining
and chemicals production that uses hydrogen based on
fossil fuels is already concentrated in coastal industrial
zones around the world, such as the North Sea in Eu-
rope, the Gulf Coast in North America and south-eastern
China. Encouraging these plants to shift to cleaner hy-
drogen production would drive down overall costs.
These large sources of hydrogen supply can also fuel
ships and trucks serving the ports and power other near-
by industrial facilities like steel plants.

b. Build on existing infrastructure, such as millions of
kilometres of natural gas pipelines. Introducing clean
hydrogen to replace just 5 vol% of countries’ natural
gas supplies would significantly boost demand for hy-
drogen and drive down costs.

c. Expand hydrogen in transport through fleets, freight
and corridors. Powering high-mileage cars, trucks and
buses to carry passengers and goods along popular
routes can make fuel-cell vehicles more competitive.

d. Launch the hydrogen trade’s first international ship-
ping routes. Lessons from the successful growth of the
global LNG market can be leveraged. International hydro-
gen trade needs to start soon if it is to make an impact on
the global energy system.

The report evaluates the entire value chain; this article con-
centrates on selected results, mainly focussing on infrastruc-
ture.

Blending hydrogen into the natural gas infrastructure

Blending hydrogen into the natural gas infrastructure would
avoid the significant capital costs for new transmission and
distribution infrastructure. Further, if blending were to be car-
ried out at low levels, though it might increase the cost of
natural gas delivery to consumers, it would also reduce CO,
emissions.
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IEA REPORT - THE FUTURE OF HYDROGEN | WORLDWIDE (2/3)

Since natural gas is internationally traded, setting and har-
monising blend limits across borders is a crucial step to
support deployment. Standards should also account for pos-
sible changing hydrogen concentrations over time. Higher
blending levels need to incorporate policy strategies for re-
placing equipment in homes, offices and factories. The con-
version could be done progressively region by region. Imple-
menting policies of this kind would be time-consuming and
costly, but not unprecedented: the United Kingdom, Austria,
Germany and the United States switched from town gas (with
50 vol% hydrogen) to natural gas in the 1960s and 1970s.
The United Kingdom replaced 40 million appliances at a cost
of USD 12 billion over 10 years.

There are currently 37 demonstration projects examining
hydrogen blending in the gas grid. The Ameland project in
the Netherlands did not find that blending hydrogen up to
30 vol% posed any difficulties for household devices, includ-
ing boilers, gas hobs and cooking appliances. With only mod-
est additional investment in infrastructure or end-use equip-
ment, gas networks would be able to transport hydrogen at
low marginal costs, reducing the cost of supplying low-
carbon hydrogen until a blended share of 20 vol%. Above
that share, the costs of modifying end-user equipment and
the grid itself are only likely to be justified by a wholesale
switch to 100 vol% hydrogen.

And, if hydrogen were blended into all natural gas use in the
European Union at just 5 vol%, this would boost low-carbon
hydrogen demand by 2.5 million tonnes H; per year. If this
were supplied by electrolysers then it would require almost
25 GW of water electrolysis capacity.

Potential use in 2030

Industry: Tougher air pollutant standards could increase the
use of hydrogen in refining by 7 % to 41 million tonnes H,
annually by 2030. The demand for ammonia and methanol is
expected to increase to up 14 million tonnes H; per year by
2030. In the long-term (beyond 2030), steel and high-
temperature heat production offer vast potential for low-
carbon Ha, around 2,500 TWh per annum, or around 10 % of
global electricity generation today.

Heating: In 2030 up to
4 million tonnes of potential
hydrogen use for heating build-
ings could come from low-
concentration blending. The
potential is highest in multifam-
ily and commercial buildings,
particularly in dense cities,
where conversion to heat
pumps is more challenging
than elsewhere.
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Mobility and power generation: There is a potential espe-
cially for aviation, shipping, rail, medium- and heavy-duty
vehicles as well as passenger cars, but the report is reluctant
to estimate the demand in 2030 onwards. The same reluc-
tance applies for power generation; hydrogen can be used
as a fuel in gas turbines and CCGTs (combined-cycle gas
turbine) and fuel cells.

Blending: In the 2030 timeframe, full conversion is expected
to be realised in fewer places than blending and only in lim-
ited parts of national grids, such as town distribution net-
works or specific underused transmission pipelines.

Feasible options to transport hydrogen

Despite the many uncertainties around most of the cost com-
ponents, IEA analysis suggests that for inland transmis-
sion and distribution, newly-built hydrogen pipelines are
the cheaper option for distances below 3,500 km. Above this
distance, ammonia pipelines would be the cheaper option.

Comparing transport using pipelines and ships, transmis-
sion and distribution of hydrogen gas by pipeline is cheaper
for distances below 1,500 km. Above this distance, LOHC
and ammonia transport by ship, become the cheaper delivery
options. (The transport and use of ammonia or some LOHCs
may, however, give rise to potential safety and public ac-
ceptance issues, which could limit their application in some
situations.) The analysis takes into account the costs of con-
verting hydrogen into ammonia or LOHC and back again.

An alternative possibility is to incorporate the hydrogen into
larger molecules that can be more readily transported as
liquids. Additionally, hydrogen can be transmitted with small
modifications via the existing natural gas network. The
main challenge is that three times more volume is needed to
supply the same amount of energy as natural gas.

Remark: Converting hydrogen to ammonia requires energy equivalent to be-
tween 7 % and 18 % of the energy contained in the hydrogen, depending on
the size and location of the system. A similar level of energy is lost if the am-
monia needs to be reconverted back to high-purity hydrogen at its destination.
Nevertheless, ammonia liquefies at -33 °C, a much higher temperature than is
the case for hydrogen, and contains 1.7 times more hydrogen per cubic metre
than liquefied hydrogen, which means it is much cheaper to transport than
hydrogen. While ammonia already has a well-established international trans-
mission and distribution network, it is a toxic chemical and this may limit its use
in some end-use sectors.
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IEA REPORT - THE FUTURE OF HYDROGEN | WORLDWIDE (3/3)

There are close to 5,000 km of hydrogen pipelines around
the world today, compared with around 3 million km of natu-
ral gas transmission pipelines. The United States has 2,600
km, Belgium 600 km and Germany just under 400 km. Am-
monia is often transported by pipeline, and new pipelines for
ammonia would be cheaper than new pipelines for pure hy-
drogen. Ammonia pipelines in the United States currently
feed hundreds of retail points and total 4,830 km in length. In

Eastern Europe the 2,400 km Odessa line pumps ammonia
from Russia to fertiliser and chemical plants as far as
Ukraine.

;-) Last but not least, the report acknowledges the work of
technical committees and industry working groups including
HyReady and HIPS-NET.

A HYDROGEN STRATEGY FOR AUSTRALIA (1/2)

At the end of 2018, the Council of Australian Governments
(COAG) Energy Council begun development of the National
Hydrogen Strategy for Australia in recognition of the major
potential for hydrogen as a decarbonised energy source. The
goal of this strategy will be to support the development of a
clean, innovative and competitive hydrogen industry that
benefits all Australians and is a major global player by 2030.

To develop this strategy, the COAG has created a working
group chaired by Chief Scientist Dr. Alan Finkel AO to liaise
with key stakeholders in the energy industry and different
sectors of the economy. The working group will present the
finalised National Hydrogen Strategy for approval by the Aus-
tralian government at the end of 2019.

Working group activities in the development of the strategy
are broadly divided into six work packages:
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Developing a hydrogen export industry
Hydrogen in the gas networks
Hydrogen for transport

Hydrogen to support electricity systems
Hydrogen for industrial users
Cross-cutting issues

In support of the development of the strategy, the Australian
Renewable Energy Agency (ARENA) has allocated approx.
€14 million of funding for a range of “kick-start projects”. The
first three projects will be carried out during 2019 and coordi-
nated by the working group in the development of the hydro-
gen strategy. These projects will focus on key strategic topics
and provide answers to outstanding technical, economic and
regulatory issues.
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A HYDROGEN STRATEGY FOR AUSTRALIA (2/2)

The foundations for the current hydrogen strategy were laid by two publications. Firstly, “Hydrogen for Australia’s Future”, a posi-
tion paper by the COAG Energy Council in August 2018, outlined the key role that hydrogen could play in decarbonising Australi-
an society. Parallel to this the Commonwealth Scientific and Industrial Research Organisation (CSIRO) created the “National

Hydrogen Roadmap” assessing the
commercial viability of hydrogen sup-
ply in different end user sectors such
as heating, industry and mobility. Both
documents analyse the potential of
hydrogen derived from renewable
sources via electrolysis as well as
hydrogen from coal or natural gas
with the use of carbon capture and
sequestration (CCS). This reflects the
abundance of both renewable and
fossil energy sources at Australia’s
disposal.

“Hydrogen for Australia’s Future”:
http://www.coagenergycouncil.gov.au/
publications/hydrogen-australias-future
Source “National Hydrogen Roadmap™:
https://www.csiro.au/en/Do-business/
Futures/Reports/Hydrogen-Roadmap

FUTURE FUELS COOPERATIVE RESEARCH COUNCIL | AUSTRALIA

FURTHER HYDROGEN ACTIVITIES IN AUSTRALIA (1/4)

While the Australian government is actively pursuing the de-
velopment of the National Hydrogen Strategy, private enter-
prises are also investing in the Australian hydrogen econo-
my. According to Energy Networks Australia, more than €93
million have been invested by both state and private actors in
the past two years to support research and development
projects.

By far the largest source for funding of Australian hydrogen
projects is the Future Fuels Cooperative Research Council
(FFCRC). The council is responsible for the coordination of
funding for R&D projects involving both research centres and
private enterprises in Australia. Over the next seven years,
they will provide more than €57 million of funding to projects
in three distinct research areas:

e  Future fuels, technologies, systems and markets

e Social acceptance, security of supply and public
safety
e Network lifecycle management.

To this end, as of July 2019, the FFCRC has approved and/
or initiated 27 separate hydrogen-related research projects.

The FFCRC is also directly involved in a research project for
the National Hydrogen Strategy to analyse the effects of
blending hydrogen in gas networks. The project, which will
produce its final report in August 2019 is analysing the tech-
nical, legal and regulatory hurdles to blending up to 10 vol%
hydrogen, principally in distribution networks.

List of projects: https://arena.gov.au/assets/2018/09/ARENA-Media-
Release Exporting-Hydrogen-RD-Funding-Round-Awarded-FINAL-
060918-1.pdf

Klaas van Alphen at klaas.vanalphen@futurefuelscrc.com

PILOT TESTING LABORATORY IN CANBERRA RESEARCHES HYDROGEN TOLERANCE

FURTHER HYDROGEN ACTIVITIES IN AUSTRALIA (2/4)

A collaboration between Evoenergy and the Canberra Insti-
tute of Technology in Australia is analysing the hydrogen
tolerance of natural gas grids as part of a wider project to
research the potential for hydrogen usage within the Australia
gas infrastructure.
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As one of the largest suppliers and grid operators for both
electricity and gas in the Canberra region, Evoenergy is seek-
ing to develop the energy system of the future by exploring
the potential for sector coupling in an ambitious research
project. Together with the Canberra Institute of Technology
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(CIT), they have created a hydrogen testing facility at CIT’s
Fyshwick campus where they are investigating the feasibility
of hydrogen supply through existing gas infrastructure. The
research project began at the start of this year and will last
12 months. Activities are divided into three phases (see ta-
ble).

Results from the first phase of the project were particularly
encouraging. Evoenergy reported no adverse effects from
the transport of 100 % hydrogen on nylon and polyethylene
pipes, including no leaking or permeability. Test results for
the safe transport of hydrogen-methane blends has not yet
been made available. Evoenergy sees the potential for hy-
drogen as a zero-emission energy source not just in the Can-
berra region but across Australia.

Focus

Testing existing Australian network compo-
nents, construction and maintenance prac-
tices on 100 % hydrogen application. Test-
ing also includes blends of hydrogen and
natural gas.

Phase 1

Testing hydrogen as a broader energy stor-
age source to support coupling the electricity
network to the gas network.

Phase 2

Appliance testing and to be adjusted to ac-
cept various fuels. Appliances will be tested
on a range of hydrogen and natural gas
blends.

Phase 3

JEMENA H2GO POWER-TO-GAS PILOT FACILITY | AUSTRALIA

FURTHER HYDROGEN ACTIVITIES IN AUSTRALIA (3/4)

A joint research project between the Australian Renewable
Energy Agency (ARENA) and the Jemena gas network in
Sydney is building a pilot power-to-gas facility to showcase
the potential for hydrogen as a renewable fuel.

The 500 kW electrolyser will exclusively use excess intermit-
tent renewable electricity to produce hydrogen for an on-site
hydrogen refuelling station. A portion of the hydrogen will
also be used for electricity generation via a gas engine gen-
erator. At the same time, the Jemena gas network — New
South Wales’ largest gas distribution network — will inject
hydrogen from the facility into their network to demonstrate
the hydrogen tolerance of the existing gas distribution infra-
structure.

The project is scheduled to start 2020 and to run five years.

HYDROGEN PARK SA | AUSTRALIA

FURTHER HYDROGEN ACTIVITIES IN AUSTRALIA (4/4)

The Australian Gas Infrastructure Group (AGIG) is construct-
ing a power-to-gas demonstration plant in Adelaide. The
1.25 MW PEM electrolyser will produce hydrogen using elec-
tricity from the grid and potentially from additional on-site so-
lar generation.

The electrolyser is at the centre of a project to illustrate the
potential for hydrogen in the state of South Australia. The
hydrogen produced at the facility will be injected into the local
distribution grid at an admixture of 5 vol% H, for the next five
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The total cost is €9.3 million, of which 50 % was provided by
ARENA.

Jemena’s Managing Director Frank Tudor feels that power-to
-gas is the ideal technology to harness the growing amounts
of intermittent renewable energy in Australia’s energy mix.
He said that “(i)n the future Australians will need to decide
what to do with excess renewable energy on very windy or
very sunny days. Jemena’s Project H2GO will demonstrate
how existing gas pipeline technology can store excess re-
newable energy for weeks and months, making it more effi-
cient than batteries which can only store excess renewable
energy for minutes or hours.”

years. 5vol% H; is within Australian gas quality standards
and is considered to have a negligible effect on gas behav-
iour and combustion qualities.

Senior Strategy Manager Andrew Pym stated that AGIG is
working towards a goal of 10 vol% H injection in the medium
term, with the ultimate goal of providing 100 % hydrogen to
end-consumers. To support the injection into the gas net-
work, AGIG is undertaking a comprehensive appliance test-
ing program together with the Future Fuels Cooperative Re-
search Council (FFCRC).
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FURTHER HYDROGEN ACTIVITIES IN AUSTRALIA (4/4)

In addition, the electrolyser will become part of a Centre of
Excellence for hydrogen at the site. The centre will serve as
a hub for education and training as well as research and in-
novation.

https://www.australiangasnetworks.com.au/our-business/about-us/media-
releases/australian-first-hydrogen-pilot-plant-to-be-built-in-adelaide
e

The project will cost approximately €7 million of which some
€3 million has been provided as a grant from the South Aus-
tralia Renewable Technology Fund. AGIG’s partners in the
project are Siemens (constructors of the PEM electrolyser),
SA Power Networks and KPMG. Hydrogen production is
expected to begin in mid-2020.

DEVELOPMENT AND OPERATING EXPERIENCES OF CNG VEHICLES FOR UP TO 30

voL% OF HYDROGEN | ITALY (1/2)

The ltalian project “Biomethair” with its
19 partners, funded by the region Pie-
monte, had the aim to develop a solu-
tion for environmentally friendly urban
mobility using biomethane or methane-
hydrogen mixtures. In the process ma-
terial specifications, e.g. for gas tanks
and valves, were defined and converted
into prototypes. Over three years (2010
— 2013) 20 CNG vehicles (Fiat Panda)
were tested with an admixture up to 30
vol% of hydrogen. The safe operation
could be proven for a total distance of
about 400,000 km. The test results are
still relevant even though they are some
years old.

For the experimentation the design of
the cylinders and the engine was adopt-
ed. The tanks (total capacity of 72 litres;
R110 standard; working pressure of 200
bar) from FABER were made of the
same carbon steel (34CrMo4, type 3)
coated with carbon fiber but getting
modified according to the heat treat-
ment.
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DEVELOPMENT AND OPERATING EXPERIENCES OF CNG VEHICLES FOR UP TO 30
VvOL% OF HYDROGEN | ITALY (2/2)

The result was a greater ductility and a decrease of the sus- These positive project results - as shown in the diagram -
ceptibility to hydrogen embrittlement. This was at the ex- were also tried to be included in the standardisation (ISO/TC
pense of strength, which became lower. Therefore, the cylin- 022/SC 41/WG 05):

der walls were made thicker and the weight gained 8 kg.
e Up to 2 vol% hydrogen: Modifications to the engine are

The engine was designed to handle biomethane as well as not necessary.

natural gas with up to 30 vol% hydrogen admixture. A built-in .

sensor determines the gas composition. With this information e Up to 8 vol% hydrogen: Appropriate upgrades and use
the engine control unit (control, regulation and monitoring of of a specific refuelling connector necessary.

engine functions) optimises the engine performance and the
“3-way” catalyst. The vehicle performance was improved with
the admixture of hydrogen due to higher combustion efficien-
cy and a lower energy requirement of the system (2-3 %).
Hydrogen exposure did not influence the material, neither the
tank nor other components. The maintenance interval was
the same as for a normal CNG vehicle. This interval was also
sufficient, as occurring need for repair was not due to hydro-
gen exposure. In addition, the emissions of carbon dioxide
and carbon monoxide decreased but the emission of nitrogen
oxides increased. However, the latter can be managed by
adjusting the ignition advance.

e  Up to 30 vol% hydrogen: Calibration of the engine con-
trol unit. Structural changes of the engine are required
not until 35 %.

Currently, only the 2 vol% threshold is confirmed by stand-
ardisation.

SUMMARY OF THE 6™ HIPS-NET WoORKsHoP (1/3)

Welcome
Introduction - Robert Judd (GERG), Gert Miiller-Syring (DBI)
| ,Hydrogen Backbone in the Netherlands* Adriaan de Bakker (Gasunie)

Part 2

“The hydrogen distribution grid on The Green Village; a platform for tests and demonstrations” Elbert Huijzer
(Liander)

[l “Power-to-Gas: enabling the expansion of renewables” Prof. Marcus Newborough (ITM Power)
Part 3

IV “Public policy for deploying power-to-gas: insights from the debate in Germany” Dr. Christian Friebe (Thliga)

,Transformation path towards a GHG neutral energy system — and outlook on the recently commissioned Ha-
grid in the frame of HYPOS” Gert Miiller-Syring (DBI)

Part 4
VI Organisational Aspects HIPS-NET, Gert Miller-Syring (DBI)
Conclusions - Robert Judd (GERG), Gert Miiller-Syring (DBI)

Closure of the Meeting

An evaluation of the questionnaires for our HIPS-NET newsletter was made. Thank you very much for all the feedback
and your promising ideas. We will present the best (feasible) ones in one of the next newsletter.

The first one we should try is to make a shorter and more frequent newsletter. The suggestion is to publish four to five
articles every two months. If someone opposes this idea please let Josephine know until August 30™
(josephine.glandien@dbi-gruppe.de).
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SUMMARY OF THE 6™ HIPS-NET WORKSHOP (2/3)

I ADRIAAN DE BAKKER (GASUNIE)

Hydrogen Backbone in the Netherlands

We would like to emphasis here three important points Adriaan included in his presentation. First,
hydrogen grids is not rocket science, about 1,600 km exist in Europe and are running for decades.
Gasunie refitted (transformed) an existing 16”, 66 barqg, 12 km natural gas pipeline to hydrogen which is in
operation since 2018 and saves 20-40 kton CO; per year. And second, a study proposes to connect 5
large industrial centres as hydrogen network by extending existing hydrogen infrastructure with a capacity
of 5-29 GW. And third, Adriaan explained joint activities of gas and electricity TSO to develop “energy
networks”. The Dutch regulator requires joint planning by 2021. The study with outlook to 2050 provides
evidence that the power-to-gas applications need to be located close to electricity generation to support
the balance between production and demand. See on page 17 of the presentation the huge impact on grid
bottlenecks; the picture on the right side shows the situation if electrolysis is build close to gas customers
(demand) on a warm windy summer day.

| ELBERT HUIJZER (LIANDER)

The GREEN VILLAGE - Hydrogen Distribution Grid in the Netherlands

Elbert gave us insights to the project in The Green Village. The small hydrogen grid provides knowledge
and experience in building and operating a network. The project is part of a wider field testing including
home appliances. We would like to highlight two experiences. First, back looking it has been important
and valuable that own engineers from Liander, Enexis and Stedin projected the gas grid, went through
the safety questions and discussed the layout as well as technical details. Eventually, they decided to
build it just as an ordinary “natural gas grid”, of course with some adjusted equipment. The acceptance
and learning process inside the companies is valuable, because the ‘hands on experience’ was gained
and forwarded by skilled colleagues. This helps to tackle internal resistance as the colleagues from the
field are perceived as “reliable” in what they say and think. And second, the permit process is long-lasting
and suffers from lack of experience on the side of the administration and the grid operator. This clearly
shows how important a standard process is for the near future.

L PROF. MARCcUS NEWBOROUGH (ITM POWER)

Recent U.K. Developments & Insight in ITM Activities

With the overview Marcus gave us, he shared the hope that by 2023 the threshold for blending hydrogen
to natural gas (of 20 vol% or less) will be determined by the HyDeploy project activities. This will support
strategic decisions in a country that is currently focussing on CCS and steam reforming of natural gas for
decarbonisation, rather than producing green hydrogen via electrolysis. In addition to fuelling stations on
the main land, the Orkney islands off the north coast of Scotland are actively using hydrogen from
stranded renewables for mobility, heat and power applications. See the presentation for further projects,
feasibility studies and details.

With partners of the Refhyne project, a 10 MW PEM electrolyser is currently being deployed with sub-
second response. The electrolyser conforms with the requirements of the fastest primary response service
in Europe called enhanced frequency response. The CAPEX of electrolysers are declining to currently
800 €/kW for a 10 MW unit and are expected to reduce further as manufacturing volumes and capacities
increase.
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SUMMARY OF THE 6™ HIPS-NET WORKSHOP (3/3)

\") DR. CHRISTIAN FRIEBE (THUGA)

Public Policy for Deploying Power-to-Gas in Germany

Christian invited us with a provoking view on the power-to-X market entrance (https://www.ptx-allianz.de/

markteinfuehrungsprogramm/). Neither CAPEX nor OPEX reduction nor measures, which create an

obligatory demand like quotas, will further a widely spread market entrance that supports the energy
system. Looking beyond conventional solutions, he explained us a combined approach for power-to-X
products that suggests using renewable electricity, OPEX reduction only in times of grid electricity support,
tender for public support in three different categories, while public support is limited to 4,380 hours per year
for a period over 12 years plus consumer benefits to rise the incentive to pay more for power-to-X
products. This has been a vivid example for simple and though distinctive communication approach which
is now under consideration in the German government.

V&Vl GERT MULLER-SYRING (DBI)

H2-Netz a Hydrogen Network and Advancing Hydrogen Tolerance in Germany

Similar to the experience Elbert shared in the morning, the hydrogen network advanced the experience of the operational
forces of the network operator in the field; they gained hands-on experience. Here as well, the network was built mainly on
natural gas standards. Gert points out that having a technical testing authority (in Germany TUV) as project partner, helped to
ease the process of certification. The H2-Netz project entered testing of different pipe materials, installations and odorants.

Gert introduced hard facts for transforming the natural gas network to hydrogen admixture. The estimated figures for network
and underground storages (without end consumer devices) show the need to use natural equipment turning cycles to install
hydrogen-ready equipment already today. Delaying this another five years, will result in high additional costs (estimated 57
billion €) for gas customers, which is mainly due to long life cycles (or amortisation periods). The additional costs are highly
sensitive; one surprising example is that capping it at 2 vol% hydrogen does not result in lower costs for the entire system but
causes estimated 110 billion € additional costs. Look for further results in Gert’s presentation.

HIPS-NET Organisational Aspects

We are running well with the mandatory scope for the current network year, though newsletters are delayed which we are
planning to catch up. Additional scope for 2018/19 is running such as maintaining website and networking activities. We are
underway to update the worldwide power-to-gas map, the results are expected this year; JRC (Dominika Klassek) will support
(thank you!).

Gas Connect Austria, Gasnetz Hamburg and Polymer Consult Buchner (both Germany) joined the network and we welcomed
their representatives in Brussels personally. HIPS-NET grew to 39 partners! We hope to continue this moderate growth and
target at 40-42 partners. If you know companies who'’s profile fits to the network, please let Gert, Josephine and Anja know.

The dates for the HIPS-NET workshop 2020 will be determined by a poll as in the previous years but it is scheduled again for
June in Brussels at the GERG office. Please help to avoid public holidays or other important events by taking part in the poll
Josephine will issue soon. The mandatory scope for 2019/20 is set as usual. Additional budget is available due to further
partners we attracted already for the running year. We considered different possibilities/actions:
e Update of HIPS-NET website — AGREED
= check the frequency of use (clicks on the website) — adjust effort accordingly
= consider target group and adjust content
e Create a list with name and link of all studies of the HIPS-NET newsletters — AGREED
= simple format is sufficient; helps finding content

e Consideration of communication platform — we check possibilities (convenience); Yammer, Linked-in etc.
were mentioned — discussion will follow once the proposal is a bit clearer.

e Advanced open communication with HIPS-NET materials such as newsletters etc. — not agreed
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS

August

27-28 BDEW-Fachtagung Wasserstoff |
Frankfurt a.M., Germany, www.ew-online.de

September

10-11 f-cell | Stuttgart, Germany, https:/f-
cell.de/

24-25 DBI-Fachforum Energiespeicher | Ber-
lin, Germany, www.dbi-gut.de/
veranstaltungen.html

24-26 International Conference on Hydrogen
Safety | Adelaide, Australia, http://hysafe.info/
ichs2017/

October

8-10 Energy Storage World Forum | Rome,
Italy, www.energystorageforum.com

22-23 13t Conference on Gaseous-Fuel Pow-
ered Vehicles| Stuttgart, Germany, www.fkfs-
veranstaltungen.de

October

23-24 Power2Gas-Conference | Marseille,
France, www.p2gconference.com

23-24 International Hydrogen Symposium |
Hamburg, Germany, www.h2hamburg.de

23-26 Hydrogen + Fuel Cells ASIA at CeMAT
ASIA 2019 | Shanghai, China, https://www.h2fc-
fair.com/asia/index.html

29-30 Innovationsforum Wasserstoff |
Freiberg, Germany, www.dbi-gut.de/
veranstaltungen.html

November

5-6 HYPOS-Forum | Dresden, Germany,
www.hypos-eastgermany.de

12-14 PowerGen | Paris, France,
WWW.pOWErgeneurope.com

26-28 gat + wat 2019 | Cologne, Germany,
https:/www.gat-wat.de/

CURRENT PARTNERS

ALLIANDER AG, AREVA H2GEN,
CADENT, DEA DEUTSCHE ERDOEL AG,
DGC, DNV GL, ENAGAS,
ENBRIDGE, ENERGINET.DK, ENGIE,
EWE NETZ, GAS CONNECT AUSTRIA GMBH,
GASNETZ HAMBURG, GASUM QY,
GASUNIE, GRTGAZ, GRZI E.V. (FIGAWA),
INFRASERV GMBH & Co. HOCHST KG,
INERIS, INNOGY SE, ITM POWER,
JOINT RESEARCH CENTRE (JRC), EC,
KOGAS, NAFTA AS,
NATURGY, ONTRAS, OVGW,
OPEN GRID EUROPE GMBH,
POLYMER CONSULT BUCHNER,
RAG ROHOL-AUFSUCHUNGS AG,
SHELL, SOLAR TURBINES EUROPE S.A.,
STORENGY, SVGW,
SYNERGRID, TEREGA,

UNIPER ENERGY STORAGE GMBH,
VERBAND DER CHEMISCHEN INDUSTRIE (VCI),
VOLKSWAGEN AG.

And the Winner is... Real Laboratories of the Energy Transition

In 20 real laboratories within whole Germany, companies will be testing new hydrogen tech-
nologies on an industrial scale and in a real environment.

The Federal Minister of Economics Peter Altmaier announces the winners of the ideas com-
petition “Reallabore der Energiewende”. He said: “We want to become number one in the
world in hydrogen technologies. Hydrogen technologies offer enormous potential for the

energy transition and for climate protection as well as for new jobs. ..

07/18/2019).

.” (press release

For the ideas competition a total of 90 proposals were submitted. The response has far ex-
ceed expectations! The Federal Ministry of Economics and Energy supports the winners

annually with a total of 100 million euros.

HIPS-NET CONTACT

Gert Miiller-Syring
Karl-Heine-Strale 109/111

04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gruppe.de

Anja Wehling
Karl-Heine-Strale 109/111
04229 Leipzig, Germany

+49 341 24571 40
anja.wehling@dbi-gruppe.de
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

Dear HIPS-NET Partners,

following the suggestion from our last workshop, the HIPS-NET newsletter will from
now on be released every two months with four to five articles. The 23™ newsletter is
the first of those shorter but more frequent publications. We are curious how you will
like the changes. The 23" edition includes five articles, which talk about:

SAVE THE
DATE!

2020
3"/4"

e results of the Marcogaz Taskforce H, with a condensed practical overview on H,
readiness of the gas system

e the next project phase of the “Compendium on Hydrogen in Gas Distribution
Networks” that will provide product-specific fact sheets as well as supplier’s
declarations for the hydrogen compatibility of the distribution network;

e the launch of a British Gigastack feasibility study for bulk, low-cost and zero-
carbon hydrogen;

e the launch of an experiment for blending 5 vol% hydrogen into an lItalian

transmission grid; June
e and for this edition an unusual minor focus on mobility from street over rail to
aviation - we picked randomly activities out of a wide variety of projects out there. NEXT HIPS-NET
Workshop

Enjoy reading! in Brussels

Your HIPS-NET Team

Gert, Anja, Josephine and Charlotte

Please note: Our next workshop will take place on the 4" of June 2020 in Brussels. As
usual, a casual dinner is planned on the evening before.

2 Technical Readiness for Hydrogen Admission | Europe

. 3 Compendium on H; in Gas Distribution Networks | Germany

CONTENT 3

L3 Delivery of H, trough Gigawatt Scale PEM Electrolysis | U.K.

NEWSLETTER

) Supply of H2NG into Transmission Network to Industrial Users | Italy

#23 i

5 H, Mobility News for Street, Rail, Aviation | China & U.K. 3

' 5 H2PORTS - Fuel Cells and Hydrogen in Ports | Italy i
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TECHNICAL READINESS FOR HYDROGEN ADMISSION | EUROPE

OVERVIEW OF AVAILABLE TEST RESULTS AND REGULATORY LIMITS FOR HYDROGEN ADMISSION INTO EXISTING

NATURAL GAS INFRASTRUCTURE AND END USE

The MARCOGAZ task force on hydrogen injection in the natu-
ral gas system has finalised the infographic on “Overview of
available test results and regulatory limits for hydrogen admis-
sion into existing natural gas infrastructure and end use” after
one year of intensive working on technical issues and consoli-
dation.

The infographic condenses a comprehensive set on infor-
mation for hydrogen admission into the existing natural gas
infrastructure including underground gas storages and end use
devices. A working groups with technical experts of the Euro-
pean gas industry in collaboration with other European gas
associations collected and assessed existing knowledge to
maintain a save and reliable gas supply (with hydrogen admix-
ture). The results reflect the state of the art today (based on
test results and regulatory limits from 64 sources). The info-
graphic has been presented by Prof.-Dr. Gerald Linke
(Marcogaz President) and Jos Dehaeseleer (Secretary Gen-
eral, Marcogaz) on the 33™ Madrid Forum in October 2019.
The document, a presentation and the list of references are
available in open access as source for policy makers, grid
operators and others.

Summary

Natural gas infrastructure and residential appliances:

e Major elements of the gas transmission, storage and dis-
tribution infrastructure and residential gas appliances are
expected to be able to accept 10 vol% H, in natural gas
without modification.

e Some networks and residential appliances are already
being operated with 20 vol% of hydrogen.

NEWSLETTER # 23  NOVEMBER 2019

e Major elements of the infrastructure and residential appli-
ances are expected to be able to accept 20 vol% H; with
modification®.

e Higher concentrations (> 20 vol% H;) can be reached
through R&D by further measures or replacement.

Industrial processes:

e Many industrial processes (except feedstock) are ex-
pected to be able to accept 5 vol% H, in natural gas with-
out modification.

e  Current power plant gas turbines, industries using natural
gas as feedstock and also CNG steel tanks are assessed
to be sensitive to even small quantities of hydrogen and
need further R&D/mitigation measures when planning to
convey higher hydrogen concentrations.

e Thermoprocessing equipment (such as furnaces and
burners) are expected to be able to accept 15 vol% H,
with modifications.

e Higher concentrations (> 15 vol% H3) can be tolerated
through R&D, further measures or replacement.

The experts collected needed research & development issues
briefly and straightforward as next steps. This expert group of
the European gas industry developed a joint understanding -
a decisive step forward to show the H; readiness of the infra-
structure today and short-term potential for development.
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COMPENDIUM ON HYDROGEN IN GAS DISTRIBUTION NETWORKS - NEXT PROJECT

PHASE LAUNCHED | GERMANY

(MORE) PRODUCT-SPECIFIC FACT SHEETS AS WELL AS SUPPLIER’S DECLARATIONS OF CONFORMITY TO BE

OBTAINED BY ENGAGING WITH DSO COMPONENT MANUFACTURES

In a current industry project DBI continues its past work in
the field of hydrogen gas in the gas networks once more.
After having completed the first compendium project phase
end of March this year with the E.ON and Thuga group, DBI
launched the next project phase with an extended consorti-
um with about 25 German Gas Distribution System Opera-
tors (DSO).

The compendium is designed as a reference work of the
state-of-the-art knowledge on hydrogen compatibility of the
distribution network. In this function it shall facilitate the next
step towards a more extensive utilisation of the gas infra-
structure with hydrogen after the phase of PtG pilot plants.
This includes both: hydrogen admixtures with a certain share
of hydrogen in the natural gas as well as pure hydrogen.

At its core and in present state, the compendium consists of
condensed fact sheets issuing the hydrogen compatibility of
the distribution network by its components and system level
aspects (see the picture below).

The main activity of the current project phase is to get DSO
component manufacturer involved by means of a dedicated
online survey, workshops and bilateral contact. At least three
workshops are about to take place in Leipzig. Finally, it is in-
tended to have up to 150 product-specific fact sheets issuing
their hydrogen compatibility in terms of - among others - mate-
rial, function as well as technical documentation. Beyond that,
the project partners are optimistic to obtain a remarkable num-
ber of suppliers’ declarations of conformity (issuing operation of
natural gas products with NG H2 mixtures and pure hydrogen)
as well. In combination, both products shall provide DSOs suffi-
cient certainty to allow higher hydrogen contents in their as-
sets.

The project start was at the beginning of August 2019 and it
will be finalised by the end of 2020. See for results of the previ-
ous project the presentation of Gert during the workshop 2019

Stefan Schiitz at stefan.schuetz@dbi-gruppe.de

in Brussels.

DELIVERY OF BULK, LOW-COST AND ZERO-CARBON HYDROGEN THROUGH
GIGAWATT SCALE PEM ELEcTRoLYSIS | U.K. (1/2)

The UK Government is funding a project for a Gigastack fea-
sibility study carried out through ITM Power, QJrsted and Ele-
ment Energy.

Gigastack will demonstrate the delivery of bulk, low-cost and
zero-carbon hydrogen through gigawatt scale polymer elec-
trolyte membrane (PEM) electrolysis, manufactured in the
UK. The project aims to dramatically reduce the cost of elec-
trolytic hydrogen through:
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® Development of a new 5 MW stack module design to

reduce material costs.

® A new semi-automated manufacturing facility with an

electrolyser capacity of up to 1 GW/year.

® Deployment of very large scale and hence low cost
100 MW+ PEM systems using multiple 5 MW units.

® |nnovations in the siting and operation of these large
electrolysers to exploit synergies with large GW scale
renewable energy deployments.
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DELIVERY OF BULK, LOwW-CoST AND ZERO-CARBON HYDROGEN THROUGH GIGA-
WATT SCALE PEM ELECTROLYSIS | U.K. (2/2)

In phase one (feasibility), ITM Power will develop the de-
signs and finalise the material requirements to deliver a low-
cost 5SMW stack. They will also refine concepts to maximise
the throughput of the proposed semi-automated manufactur-
ing facility to meet the demands of bulk hydrogen sup-
ply. @rsted will investigate potential synergies between off-
shore wind farms and electrolysers to identify scenarios that
can provide affordable electricity and a sufficient load factor
to allow economic operation of the electrolysers. Finally, Ele-
ment Energy will conduct market analysis of potential end
users, explore business models for the operation of large
electrolysers in the energy system and define a roll-out strat-
egy for the first 100 MW electrolysers.

Rebecca Markillie at rim@itm-power.com

http://www.itm-power.com/news-item/gigastack-feasibility-study-with-orsted

In phase two, the 5 MW stack would be built and tested both
in-house and in a representative wind-hydrogen scenario.
Construction of the semi-automated manufacturing facility
would also begin. Finally, the business case for large elec-
trolysers would be refined, enabling commercialisation.

SuUPPLY OF H2NG INTO TRANSMISSION NETWORK TO INDUSTRIAL USERS | ITALY

Snam launched an experiment of introducing a 5 vol% hydro-
gen and natural gas blend (H2NG) into the Italian gas trans-
mission network. The experiment is being conducted in
Contursi Terme, in Southern ltaly, and involves the supply of
H2NG to two industrial companies in the area: a pasta facto-
ry and a mineral water bottling company. The experiment has
lasted for one month and was successful.

Applying a proportion of 5 vol% of hydrogen to the total gas
transported annually by Snam, 3.5 billion cubic meters could
be injected into the network each year, equivalent to the an-
nual consumption of 1.5 million households.

Snam CEO, Marco Alvera, said: “Europe’s first injection of
hydrogen into a transmission network directly supplying in-
dustrial customers projects Snam and our country into the
future of clean energy. [...] Hydrogen will become increasing-
ly important in Snam’s strategy and we have the skills and
technology to become leaders in this sector. We felt com-
pelled to begin this innovative project in Southern lItaly and
Campania due to our strong connection with the territory”.

Snam is planning to increase the hydrogen share to 10 vol%
in the coming months. For the moment the same part of the
network and the same two companies are involved.
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. http://www.snam.it/en/Media/Press-releases/2019/
Salvatore Ricco at Salvatore.ricco@snam.it Snam_Europe _first_supply_hydrogen_natural_gas_blend.html
T
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H2 MoBILITY NEwWS FOR STREET, RAIL, AVIATION | CHINA & U.K.

Hydrogen has an energy density per unit mass that is 2.8
times higher than traditional jet fuel (kerosin), but a lower
energy density per unit of volume. Even in liquid condition,
the volume of hydrogen is 4 times higher than kerosin. Hy-
drogen powered aircrafts will produce fewer greenhouse
gases (water vapor and a small amount of nitrogen oxide)
than current ones.

World’s First Hydrogen-Electric Passenger Plane | China

The plane is called
Element One and it is
set to take to the
skies by 2025. The
company spent more
than 12 years devel-
oping hydrogen pro-
pulsion systems for
small aircrafts. Ele-
ment One is designed to fly 4 passengers for 310 to 3,100
miles (500 to 5,000 kilometres) depending on whether hydro-
gen is stored in gaseous or liquid form — on top of that, it will
only take up to 10 minutes to refuel.

https://www.hes.sg/element-one

Hydrogen Refuelling Station | China

Upscaling is underway: SAIC Motor opened a hydrogen refu-
elling station with a capacity of 2 tons hydrogen per day in
June this year. They rate it as “the world’s largest and most
advanced” hydrogen refuelling station.

http://www.saicgroup.com/english/latest_news/saic_motor/51938.shtml
e —

Hydrogen Powered Medium and Heavy Commercial Ve-
hicles | U.K.

HVSystems offers state-of-the-art technology as van and
truck. Both are eyecatchers due to futuristic design and aim-
ing to disrupt the vehicle market with conventional technolo-
gies. Thanks to the use of ultra-economic hydrogen, fuel-
efficient aerodynamics and reduced breakdown and serving
requirements, operating costs are up to 19 % lower. Addition-
ally, the vehicles pay neither road tax nor congestion charge
in the U.K.. Commercial sale will commence in 2022.

https:/hv-systems.co.uk/vehicles/h2van/ & https://hv-systems.co.uk/vehicles/hv-truck/
e —

Adjusting Conventional Train Fleet to H, | U.K.

Alstom and Eversholt Rail

have unveiled the design

of a new hydrogen train

for the UK market. The

train, codenamed

‘Breeze’, will be a conver-

sion of existing Class 321

trains, reengineering

some of the UK’s most

reliable rolling stock, to create a clean train for the modern
age. These trains could run across the UK as early as 2022.

https://www.alstom.com/press-releases-news/2019/1/alstom-and-eversholt-rail-unveil-
new-hydrogen-train-design-uk

e

H2PORTS - FUEL CELLS AND HYDROGEN IN PORTS | ITALY

The Port of Valencia implemented a strate-
gy to decarbonise port-logistics, reduce
the port’s carbon footprint and adopt al-
ternative fuels to transform ports towards

zero-emission operations. The initiative H2Ports is the
first European project focused on testing heavy-duty port
equipment powered with Hydrogen Fuel Cells, being also the
first port in Europe able to supply this alternative fuel by
means of Hydrogen supply infrastructures.

The project will demonstrate and validate by means of real
life trials in two cargo terminals of the port of Valencia (MSC
Terminal Valencia and Valencia Terminal Europe), an inte-
grated set of two innovative equipment based on FC technol-
ogies implemented in last-generation port machinery besides
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a hydrogen mobile supply station specifically designed for
the project. The prototypes selected are a container handling
reach stacker and a terminal tug master used in ro-ro opera-
tions.

The project is funded by the Fuel Cells and Hydrogen Joint
Undertaking (FCH JU) with 4 million €.

Project partners are: Fundacion Valenciaport (project leader),
Port Authority of Valencia, MSC Terminal Valencia, Grimaldi
Group, Spanish Hydrogen Centre, Hyster-Yale, Enagas, Bal-
lard Power Systems, Atena

José Andrés Giménez Maldonado at JAGimenez@fundacion.valenciaport.com

https:/sustainableworldports.org/project/port-of-valencia-h2ports/
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS

November 2019

13-14 Storenergy Congress | Offenburg, Ger-
many, https://www.storenergy.de/

19-21 FCH JU Programme Review Days and
Stakeholder Forum 2019 | Brussels, Belgium,
www.fch.europa.eu/

20-21 Power ON Gas 2019 Conference | Co-
penhagen, Denmark, https://fortesmedia.com/
power-on-gas-2019-conference,4,en,2,1,2.html

26-28 gat + wat 2019 | Cologne, Germany,
www.gat-wat.de/

December 2019

03 STORE&GO Parliamentary Evening Pow-
er-to-Gas | Brussels, Belgium,
www.storeandgo.info/

February 2020

04-05 HyVolution - energy, industry and
mobility | Paris, France, www.hyvolution-
event.com/en

11-13 E-WORLD 2020 | Essen, Germany,
https:/www.e-world-essen.com/de

March 2020

10-12 Energy Storage Europe | Diisseldorf,
Germany, https://www.eseexpo.de/

April 2020

07-08 Hydrogen Summit | Munich, Germany,
https://gasworldconferences.com/conference/
hydrogen-summit-2020/

CURRENT PARTNERS

ALLIANDER AG, AREVA H2GEN,
CADENT, DGC, DNV GL, ENAGAS,
ENBRIDGE, ENERGINET.DK, ENGIE,

EWE NETZ, GAS CONNECT AUSTRIA GMBH,
GASNETZ HAMBURG, GASUM QY,
GASUNIE, GRTGAZ, GRZI E.V. (FIGAWA),
INFRASERV GMBH & Co. HOCHST KG,
INERIS, INNOGY SE, ITM POWER,
JOINT RESEARCH CENTRE (JRC), EC,
KOGAS, NAFTA ASS,

NATURGY, ONTRAS, OVGW,

OPEN GRID EUROPE GMBH,
PoLYMER CONSULT BUCHNER GMBH,
RAG ROHOL-AUFSUCHUNGS AG,
SHELL, SOLAR TURBINES EUROPE S.A.,
STORENGY, SVGW,
SYNERGRID, TEREGA,

UNIPER ENERGY STORAGE GMBH,
VVERBAND DER CHEMISCHEN INDUSTRIE (VCI),

VOLKSWAGEN AG, WINTERSHALL DEA AG.

HIPS-NET CORE TOPICS

We gather and disseminate the
latest available knowledge to im-
prove the understanding of hy-
drogen/natural gas blends in pipe-
line systems with emphasis on the
core topics:

We additionally keep a minor fo-
cus on the general development
of power-to-gas, hydrogen net-
works, and further topics around
the utilisation of (renewable) hy-
drogen.

Gert Miiller-Syring
Karl-Heine-Strale 109/111

04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gruppe.de

Anja Wehling
Karl-Heine-Strale 109/111
04229 Leipzig, Germany
+49 341 24571 40
anja.wehling@dbi-gruppe.de
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HIPS-NET CONTACT

DBI Gas- und Umwelttechnik GmbH
Karl-Heine-Strafte 109/111

04229 Leipzig

GERMANY

www.dbi-gruppe.de
CEO: Prof. Dr. Hartmut Krause, Olaf Walther

Certified DIN EN ISO 9001:2015
Copyright 2013 | © DBI Gas- und
Umwelttechnik GmbH | All rights reserved
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http://www.dbi-gut.de/

HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

NEWSLETTER #24 DECEMBER, 2019

Dear HIPS-NET Partners,

we continue the trial with shorter but more frequent newsletters as suggested the
workshop in June. The 24" edition includes articles, which introduce

SAVE THE
DATE!

2020

e anew trial project to mix up to 20 vol% to a gas distribution network
e results of an IRENA study

e the initiative ‘Gas for Climate’ in Europe and results of a study to promote the role
of green gases

e a short note about future cooperation between the EIB and the Hydrogen Council 3!" d / 4 th
to support (large-scale) hydrogen projects
e an update of activities around H21 project team which are consequently following Ju he
a path to decarbonise the gas infrastructure with blue hydrogen
We h find interesting inf ti d enj di NEXT H'PS-NET
e hope you find interesting information and enjoy reading. Work
shop

Your HIPS-NET Team in Brussels

Gert, Anja, and Josephine

CONTENT

2 Pilot - 20 vol% Hydrogen in Distribution Network | Germany

2 Hydrogen: A Renewable Energy Perspective (IRENA) | worldwide :

CONTENT
NEWSLETTER
#24

Initiative ‘Gas for Climate - A Path to 2050’ | Europe

w

Cooperation: H, Council & EU Investment Bank | worldwide
4 Study Gas for Climate (Update 2019) | Europe

6 H21 - Update and Further Research | U.K.
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PiLOT - 20 voL% HYDROGEN IN DISTRIBUTION NETWORK | GERMANY

Preparations are
underway for a
b unique project:

Avacon, an

E.ON subsidiary,

plans to raise
20vol% H, the

admixture for its

hydrogen

natural gas grid to 20 vol%. This is the first trial in German gas
distribution networks.

The project aims to show that it is technically feasible to blend
hydrogen into natural gas grids at much higher rates than to-
day’s maximum concentration of up to 10 vol%. Apart from
showing that the network installations can cope with higher
concentrations, it will be important to demonstrate the hydro-
gen compatibility of end-use devices including household ap-
pliance. Up to 400 heating systems and other customer devic-
es will run through the stress test. The chosen grid section is
ideal for the project because the grid infrastructure installed
there is representative for the entire Avacon service area.

This means the results are scalable. It is a gas network with
medium pressure range and 35 km length that supplies six
villages. The grid has about 350 residential and commercial
clients without industrial customers or natural gas filling sta-
tions. The hydrogen supply is planned via trailers. An elec-
trolyser will not be used due to time and budget constraints.
Avacon will extend the gas distribution station to handle the
hydrogen admixture until the end of 2019.

Risk management and technical planning is finished; com-
munication with customers are about to commence. Feed-in
of hydrogen will presumably start in autumn 2020 and run
until winter 2021/22 including two heating seasons. The
hydrogen concentration will increase continuously, starting
with 10 vol% and rising in two steps to 15 vol% and later to
20 vol%. Fluctuating hydrogen concentrations are not
planned.

Partners: Avacon, DVGW, DVGW-EBI, GWI

HYDROGEN: A RENEWABLE ENERGY PERSPECTIVE (IRENA) | WORLDWIDE (1/2)

The International Renewable Energy Agency IRENA published
in September 2019 the report: “Hydrogen — A Renewable En-
ergy Perspective”. IRENA prepared the report for the 2n Hy-
drogen Energy Ministerial Meeting in Tokyo, Japan.

This IRENA report provides a more in-depth perspective on
the nexus (connection) between hydrogen and renewable en-
ergy, on hydrogen supply economics in light of the rapidly fall-
ing cost of renewables and the role of hydrogen in the energy
transition. The report addresses the following questions:

e What are the specific economic characteristics of green
hydrogen (from renewables) and blue hydrogen (from
fossil fuels with CCUS) today and in the future?

e How can hydrogen accelerate the deployment of renewa-
ble energy, and how can renewable energy accelerate the
deployment of hydrogen?

e What aspects of the “green” hydrogen supply chain
should be the main focus of research and development
(R&D) and innovation?

e How can hydrogen contribute to the decarbonisation of

end-uses in various sectors?

e What will be the characteristics of future hydrogen trade?

NEWSLETTER # 24  DECEMBER 2019

The main focus of the study seems on economic viability
and strategic questions. One part addresses questions
around the infrastructure. Although this isn’t a focus in the
report, we will focus here on the infrastructure results.
The authors rely with their findings on literature review and
use a surprisingly wide variety of sources, few of them are
not publicly available. This raises the impression: the au-
thors are well connected to experts in the field of hydrogen
tolerance of the gas infrastructure.

According to the report,

e the development of hydrogen infrastructure is a chal-
lenge and is holding back widespread adoption. New
and upgraded pipelines require further development
and deployment.

e experience with gas grid conversions exists. Origi-
nally many natural gas systems were operated with
hydrogen-rich town gas (from coal). In Germany, the
gas grid is undergoing a 10-year, EUR 7 billion renova-
tion to switch 30 % of its customers from natural gas
with lower methane content (L-gas) to gas with higher
methane and higher calorific content (H-gas).
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HYDROGEN: A RENEWABLE ENERGY PERSPECTIVE (IRENA) | WORLDWIDE (2/2)

FUTURE COOPERATION OF
HYDROGEN COUNCIL AND
EUROPEAN INVESTMENT
BANK | WORLDWIDE

The Hydrogen Council and the European
Investment Bank (EIB) signed an advisory
agreement to collaborate on the develop-
ment of innovative schemes to finance
hydrogen projects in early December 2019.

The EIB will provide strategic financial ad-
vice through the InnovFin Advisory pro-
gramme, and support to companies to de-
ploy large-scale hydrogen projects, making
such solutions more readily available to
consumers around the world.

the infrastructure should be assessed, but for most com-
ponents a share of 10-20 vol% seems to be achievable
without major investments.

early adoption of the assets installed in the “natural” re-
newing cycles towards hydrogen-tolerant products will
reduce the costs greatly. Delaying the starting point for
installing tolerant products by five years, will lead to addi-
tional transition costs of around EUR 12 billion for the Ger-
man gas infrastructure, including gas grids and under-
ground storage.

further hydrogen embrittlement research has shown that
this is not of large influence. However, a careful assess-
ment is needed to see if end-use equipment such as boil-
ers, gas turbines and cook stoves could sustain such a
gradual transition.

the first stage involves multi-megawatt-capacity hydrogen
facilities to directly feed large consumers, such as medium
- to large-scale industries and specific transport fleets lev-
eraging on the use of existent gas grids, and eventually
their conversion to hydrogen grids. This approach would
ensure long-term off-take for hydrogen system developers.

e moving to 100% hydrogen, most appliances — as well
as most of the transmission and part of the distribution
system for natural gas — will need major upgrades.

The authors summarise remaining questions for transi-

tion to (increasing shares of) hydrogen:

e How such a transition would play out: whether it would
involve switching one gas distribution system at a time
from natural gas to 100% hydrogen, switching 0-20% of
systems or switching potentially 100% of systems sim-
ultaneously.

e How can the hydrogen share be kept below the tech-
nical limits in the transmission system? Perhaps this
means first moving all transmission to 100% hydrogen
tolerance, then starting to convert one distribution sys-
tem at a time while increasing the hydrogen share in
transmission.

e How can the hydrogen share be kept constant through-
out the network and at different times of the year? For
example, if production comes from solar and wind pow-
er, would levels of hydrogen injected into the gas grid
also be variable?

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_Hydrogen 2019.pdf

e

INITIATIVE ‘GAS FOR CLIMATE - A PATH TO
2050’ | EUROPE

‘Gas for Climate: a path to 2050’ is a group of nine leading European gas

transport companies (Enagas, Fluxys, Gasunie, GRTgaz, Open Grid Eu-

Europe.

economy.

rope, Snam, Ontras, Energinet and Teréga) and two renewable gas indus-
try associations (European Biogas Association and Consorzio ltaliano Bio-
gas). The gas transport companies operate in six EU Member States and
are collectively responsible for 75% of total natural gas consumption in

The initiative is committed to achieve net zero greenhouse gas emissions
in the EU by 2050 and is convinced that renewable and low carbon gas
used through existing gas infrastructure will help to reach net zero emis-
sions at the lowest possible costs and maximum benefits for the European

‘Gas for Climate’ assesses and creates awareness about the role of renew-

able and low carbon gas in the future energy system. We introduce one of

the reports on the next page.

Source: https://hydrogencouncil.com/en/eib-agreement/

Sources: Initiative, Action Plan 2030
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https://hydrogencouncil.com/en/
https://www.eib.org/en/index.htm
https://www.eib.org/en/index.htm
https://www.eib.org/en/products/advising/innovfin-advisory/index.htm
https://www.gasforclimate2050.eu/files/files/Gas_for_Climate_Action_Plan_Update_2019.pdf
https://www.gasforclimate2050.eu/files/files/Gas_for_Climate_Action_Plan_Update_2019.pdf

STUDY GAS FOR CLIMATE (UPDATE 2019) | EUROPE (1/3)

THE OPTIMAL ROLE FOR GAS IN A NET-ZERO EMISSIONS ENERGY SYSTEM

Navigant (now called Guidehouse) published an update
of the study “Gas for Climate” in March 2019 on behalf of
the ‘Climate for Gas’ initiative. The purpose of this study
is to assess the cost-optimal way to fully decarbonise the
EU energy system by 2050 and to explore the role and
value of renewable and low-carbon gas used in existing
gas infrastructure.

Full decarbonisation of the entire EU energy system re-
quires large quantities of renewable energy. Renewable
gas is not only indispensable to achieve full decarbonisa-
tion in combination with renewable power, it is also cost-
effective due to the relatively low costs to store and
transport gas through the existing gas infrastructure.
Renewable gas is also cost-effective to fully decarbonise
the buildings sector in hybrid heat pumps.

The study compares a “minimal gas” scenario with an
“optimised gas” scenario and concludes that by 2050
about 60% of all energy consumed in the EU will be re-
newable electricity, with much of the remaining energy to
be hydrogen and biomethane.

The “optimised gas” scenario allocates 1,170 TWh/yr
renewable methane and 1,710 TWh/yr hydrogen to
the buildings, industry, transport, and power sectors. This
equals about 270 billion m?* of natural gas (energy con-
tent). Compared to the “minimal gas” scenario, the use of
gas through the gas infrastructure saves the society
€217 billion annually across the energy system by 2050
(see infographic).

NEWSLETTER # 24  DECEMBER 2019

The diagram shows, the cost savings per unit of energy are
highest in the heating of buildings, where renewable gas is
used combined with electricity in hybrid heat pumps in
buildings that are connected to gas grids today. Also, the
use of renewable gas in electricity production generates
significant energy system savings because it avoids costly
investments in solid biomass power or even costlier battery
seasonal storage.
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STUDY GAS FOR CLIMATE (UPDATE 2019) | EUROPE (2/3)

THE OPTIMAL ROLE FOR GAS IN A NET-ZERO EMISSIONS ENERGY SYSTEM

The total annual costs amount to more than two trillion
euro in both scenarios. Most of these costs are not addi-
tional costs related to decarbonisation but are regular
energy system costs and transport vehicle costs that exist
today as well. For all relevant uses of energy, the authors
chose fair costs for comparing the two scenarios. This
means for example that they included all energy production
costs for both scenarios, yet for road transport they included
road vehicle and fuel costs, while for aviation they only in-
cluded fuel costs because the costs for aeroplanes will be
similar in both scenarios. Also, cost for upgrades in the
electricity transmission grid are fully included, while low
voltage distribution is not because strong electrification in
both scenarios would result in similar grid replacement
costs. It can safely be concluded that the €217 billion euro
cost savings in the “optimised gas” scenario are a substan-
tial share of additional costs beyond ‘business as usual’
energy system costs.

The cost to decommission existing gas grids are uncer-
tain but may cost many billions of euros. The “minimal gas”
scenario needs little gas infrastructure. In this scenario,
most of the existing gas grid will need to be decommis-
sioned. Based on Navigant's experience with TSO gas

NEWSLETTER # 24  DECEMBER 2019

infrastructure decommissioning, they assumed associated
costs of around 30 % of the CAPEX initially required to
build the infrastructure. The total decommissioning cost
for the TSO gas infrastructure would be €156 billion. To
allow for comparison with other infrastructure investment
costs in our scenarios, the authors annualised these costs
over a period of 10 years, which results to €15.6 billion per
year. Importantly, the DSO network is even more extensive,
but the associated costs were not estimated. The authors
expect these to be potentially substantial and higher than
the total TSO decommissioning costs.

Blending hydrogen with biomethane (or natural gas) is
possible but according to the authors not likely to happen in
the future because of technical and economic difficulties.
They acknowledge admixture of up to 10 vol% hydrogen
in the existing infrastructure is technically possible and as-
sume transition from a natural gas to a ‘retrofitted’ hydrogen
infrastructure. The reason why the authors don’t expect
admixing to be a viable option is because hydrogen end-
consumers will want to have hydrogen rather than a me-
thane-hydrogen mix.
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STUDY GAS FOR CLIMATE (UPDATE 2019) | EUROPE (3/3)

THE OPTIMAL ROLE FOR GAS IN A NET-ZERO EMISSIONS ENERGY SYSTEM

The authors introduce a further idea: A substantial network
of oil pipelines exists in Europe, consisting of 33,000 km
through many EU Member States. If liquid oil products will
not be used in a net-zero emissions energy system, this
network may be obsolete by 2050 and could be repurposed
to transport hydrogen.

The study further illustrates the advantages of blue hydro-
gen (with CCS) for a transition period because scaling up is
faster and for a certain period cheaper than installing the
needed power-to-gas capacity. The “optimised gas” scenar-
io, however, includes only renewable gas to show that it is
possible to achieve net zero emissions by 2050, with no
remaining role for low-carbon gas.

H21 - UPDATE AND FURTHER RESEARCH |

More than two years ago, in July 2016, the H21 Leeds City
Gate report was launched. Some might remember the en-
thusiastic presentation by Dan Sadler - lead author and
project manager - at the HIPS-NET workshop in June
2017. One year ago, in November 2018, the H21 North of
England report was launched.

The partners of the H21 project are continuously working
on the introduction of hydrogen with further projects. We
selected a few here with very brief information.
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Domestic Energy Production vs. International Trade

Today, the EU imports more than 50 % of its energy. In
theory, it is feasible to produce all required energy in both
study scenarios domestically within the EU by 2050. How-
ever, producing renewable energy in other parts of the
world can be an attractive alternative, and it is more likely
that international trade in energy will continue to exist.

Daan Peters at daan.peters@guidehouse.com
e —

http://bit.ly/2PBxvZs

Navigant also published a Gas for Climate Employment study in
November 2019. We will introduce the results with the following
newsletter. For curious colleagues, please look here: hitp:/

bit.ly/2ruiYH2

U.K. (1/2)

H21 NIC - SAFETY EVIDENCE FOR H, IN GAs NET-
WORKS | U.K.

The H21 NIC work will deliver the quantified safety evi-
dence necessary to inform a government policy decision on
hydrogen for use in the existing gas network. The work is
split into two phases:

Phase 1a: Establishing whether there will be any changes
in leakage levels to the U.K.’s gas distribution network as-
sets when pressurised with 100 % hydrogen. A test facility
has been built for controlled testing of network pipes,
valves, joints and fittings, at the Health and Safety Execu-
tive’s Science & Research site in Buxton.
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H21 - UPDATE AND FURTHER RESEARCH | U.K. (2/2)

Phase 1b: ‘Consequence’ testing at DNV GL’s Testing &
Research facility, examines various characteristics of how
hydrogen behaves in comparison to natural gas.

The testing has been split into five packages, each requiring
a distinct build, analysis and experimental phase.

e WP 1 - Small release testing — to observe the disper-
sion of hydrogen through a variety of soil and building
materials.

e WP 2 - Large release testing — to measure conse-
quences where the breaking of ground surface is likely.

e WP 3 - Ignition potential — a converted natural gas igni-
tion chamber will measure ignition potential on known
sources when hydrogen is introduced.

e WP 4 - Explosion severity testing — decommissioned
governor houses will help compare the point where
hydrogen becomes more reactive than natural gas.

e WP 5 - Operational safety testing — demonstrating tech-
niques, operations and equipment in live scenarios.
Partners: All U.K. Gas Distribution Network Operators

(GDNs), DNV-GL, HSE
Funding: £9 (~€10.6) million Network Innovation Competi-
tion (NIC) funding, total budget £10.3 (~€12.2) million

Duration: 2018 until summer 2020

FIELD TRIALS IN
A DECOMMISSIONED SECTION OF NETWORK | U.K.
Follow-up: Supporting the knowledge from Phases 1a and
1b of the H21 NIC project, this second project will involve
essential network research trials on an unoccupied part of
the network. Testing will deliver the evidence on critical de-
vices, an essential pre-requisite for live trials.

Collaboration: All UK GDNs, National Grid Transmission,
DNV GL, HSE

Funding: £6.8 (~€8) million Network Innovation Competition
funding, total budget £7.5 (~€8.9) million

Duration: 2 years | 2020 - 2022

H21 Do-
MESTIC AND COMMERCIAL METERING | U.K.

This project will determine the suitability of existing domestic
and commercial meters for operation on a hydrogen net-
work. The scope of the project will involve an initial review
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of hydrogen meter technologies and applications world-
wide. After the design of the metering test facility is final-
ised, the data is gathered in a final report. The report is
available upon request.

Partners: NGN, Cadent

Funding: Network Innovation Allowance (NIA)

Duration: 2017 - 2019

H21 SocIiAL SCIENCE RESEARCH | U.K.

Public perceptions of hydrogen: At the moment, there is no
clear picture of how communities and individuals would
respond to the prospect of a 100 % hydrogen conversion,
which could change the look and feel of daily core practices
e.g. cooking and heating.

As part of the H21 NIC project, a programme of social sci-
ence research is being undertaken by Leeds Beckett Uni-
versity. This research will ensure that some of the issues
regarding perceptions of hydrogen are confronted and new
knowledge generated.

Researchers from the Leeds Beckett University will:

e generate insight into public perceptions of the safety of
hydrogen and other energy technologies/vectors.

e generate insight into how people respond to the possi-
bility of using 100 % hydrogen in the three-key, gas-
fuelled social practices (heating, cooking, travelling).

e Understand how public perception of the safety of hy-
drogen changes when considering the results of the
H21 NIC project.

e build a hydrogen research network of social scientists
across the U.K. who may then become involved in the
delivery of the proposed research activity or who may
play advisory roles in the development of a body of
research, data and expertise around the opportunities
and challenges of hydrogen.

The analysis will also show how social acceptance varies

by a range of socio-demographic and geographic variables.

Partners: Leeds Beckett University
Funding: Ofgem Network Innovation Competition

Duration: 2019 - 2020
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EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS

February 2020

04-05 HyVolution - energy, industry and
mobility | Paris, France, www.hyvolution-
event.com/en

04 Introduction course to Hydrogen | Brus-
sels, Belgium, http://bit.ly/h2introcoursel

05 Expert training on water electrolysis|
Oevel, Belgium, http://bit.ly/P2HExpertl

06 Power-to-X site visit: Colruyt| Halle, Bel-
gium, http://bit.ly/P2Xsitevisit1

March 2020

04-05 Hydrogen & Fuel Cells Energy Summit
| Lishon, Portugal, https://www.wplgroup.com/
acilevent/hydrogen-fuel-cells-energy-summit/

10-11 World Hydrogen Fuels Summit | Am-
sterdam, The Netherlands, https:/
www.worldhydrogenfuels.com/

25-26 Hydrogen & Fuel Cells for Heavy Duty
Transport Conference | Brussels, Belgium,
https:/ww.h2-transport.com/

April 2020

03 STORE&GO Parliamentary Evening Pow-
er-to-Gas | Brussels, Belgium,
www.storeandgo.info/

07-08 European Zero Emission Bus Confer-
ence | Paris, France, https://
zeroemissionbusconference.eu/

07-08 H2 VIEW Hydrogen Summit | Munich,
Germany, https://gasworldconferences.com/
conference/hydrogen-summit-2020/

CURRENT PARTNERS

ALLIANDER AG, AREVA H2GEN,
CADENT, DGC, DNV GL, ENAGAS,
ENBRIDGE, ENERGINET.DK, ENGIE,

EWE NETZ, GAS CONNECT AUSTRIA GMBH,
GASNETZ HAMBURG, GASUM QY,
GASUNIE, GRTGAZ, GRZI E.V. (FIGAWA),
INFRASERV GMBH & Co. HOCHST KG,
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HIPS-NET CORE TOPICS

We gather and disseminate the
latest available knowledge to im-
prove the understanding of hy-
drogen/natural gas blends in pipe-
line systems with emphasis on the
core topics:

We additionally keep a minor fo-
cus on the general development
of power-to-gas, hydrogen net-
works, and further topics around
the utilisation of (renewable) hy-
drogen.
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

NEWSLETTER #25 MARCH, 2020

Dear HIPS-NET Partners,

we are currently preparing the 7" HIPS-NET workshop (4"June 2020) and are
searching for exciting project results. Do you know about projects or topics that could
be of interest for our workshop (external speakers) or are there any exciting
developments in your company or country that you would like to present yourself?
Please contact Anja or me until 13" March!

SAVE THE
DATE!

2020

We are continuing the trial phase with shorter but more frequent newsletters since the
workshop in June. The 25" edition includes articles, which introduce

e a vision of the German gas transmission system operators for a hydrogen
infrastructure in Germany

e an overview of a new report from the Hydrogen Council about the 3rd/4th
competitiveness of hydrogen

e the Gas for Climate employment study June

e asummary of a study calling for a climate-neutral industry in Germany, and NEXT HIPS-NET

e a project announcement of HEAVENN, a hydrogen valley in the Netherlands. WOrkshop

in Brussels

We hope you find interesting information and enjoy the reading.

Your HIPS-NET Team

Gert, Anja, Josephine, and Melanie
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FUTURE HYDROGEN TRANSMISSION NETWORK | GERMANY

The German gas transmission system operators (TSO) pre-
sented their vision for a hydrogen infrastructure. This visionary
pipeline system is based to more than 90 % on the existing
natural gas network and has a total length of about 5,900 km.
A large part of the future hydrogen consumers in the sectors
industry, mobility and heat as well as numerous underground
storage facilities can be connected to the main sources of sup-
ply via the envisaged pipeline system.

The visionary hydrogen network aims to contribute to the hy-
drogen strategy announced by the German Government and
demonstrates a first step towards the future hydrogen econo-
my. The transmission system operators are committed to use
the existing gas infrastructure for hydrogen as well. They are
working on technical solutions and network planning to ensure
that integration can succeed.

In addition, future hydrogen production and hydrogen demand
are, for the first time, included in the current modelling of the
Network Development Plan (NEP) Gas 2020-2030. The NEP,
once confirmed by the national regulator, is the base for in-
vestments in the natural gas network. Hydrogen is integrated
as an additional gas quality (in addition to H-gas and L-gas).

http://bit.ly/39zny6Y

Inga Posch at inga.posch@fnb-gas.de

REPORT DEMONSTRATES HYDROGEN COMPETITIVENESS | WORLDWIDE (1/4)

Up 10 50 % CosT REDUCTION BY 2030 ACHIEVABLE

The new report, published by the Hydrogen Council in January
2020, shows that the cost of hydrogen solutions will fall sharp-
ly within the next decade, sooner than previously expected. As
scale up of hydrogen production, distribution, as well as of
equipment and component manufacturing continues, cost is

NEWSLETTER # 25 ~ MARCH 2020
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projected to decrease by up to 50 % by 2030 for a wide
range of applications, making hydrogen competitive with
other low-carbon alternatives and, in some cases, even
conventional options. “Path to Hydrogen Competitiveness: A
Cost Perspective” is the report’s title and the authors admit,
to reach this scale, it needs investment but also policy align-
ment and stimulation of further demand.

The motivation to deploy clean hydrogen is rising. 66 coun-
tries announced their intent to meet net-zero carbon emis-
sion targets by 2050. Governments are recognising hy-
drogen’s ability to decarbonise sectors that are otherwise
impossible or difficult to abate — such as logistics, industrial
heating and industry feedstock — and its role in energy secu-
rity. 18 governments, whose economies account for 70 % of
global GDP, have developed detailed strategies for deploy-
ing hydrogen energy solutions. The figure (left) lists the driv-
ers and indicators for hydrogen’s growing momentum.
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REPORT DEMONSTRATES HYDROGEN COMPETITIVENESS | WORLDWIDE (2/4)

Upr TO 50 % CosT REDUCTION BY 2030 ACHIEVABLE

The Hydrogen Council is a global initiative of CEOs
of leading global businesses that invites policymak-
ers, investors and civil society stakeholders to
acknowledge the contribution and potential of hy-
drogen as a key element of the energy transition.
“The time to act is now.”

The authors provide an evidence base on the path
to cost competitiveness for 40 hydrogen technolo-
gies used in 35 applications derived from real in-
dustry data, with 25,000 data points gathered and
analysed from 30 companies. For policymakers,
such a perspective provides firm ground to priori-
tise investments and non-financial support to un-
lock the economic value of hydrogen. For decision
-makers in industry, it offers a comprehensive un-
derstanding of value chain cost dynamics and inter
-relationships, allowing them to put their own ef-
forts into a broader perspective.

The calculations include 35 hydrogen applications across four segments from 2020
to 2050 — in transportation, heat and power for buildings, heat and power for indus-
try, and industry feedstock. They include both new and existing applications cur-
rently responsible for 60 % of the world’s energy- and process-related emissions
(see figure above). Most applications are compared with other low-carbon solutions
(e.g. battery vehicles, heat pumps) and conventional technologies (e.g. diesel-
powered vehicles, gas boilers). In some applications, hydrogen is practically the
only low-carbon solution. For example, in feedstock applications such as ammonia
production and hydrocracking in refining, low-carbon and renewable hydrogen
competes with hydrogen produced from unabated fossil resources. In such cases,
the study compares conventional alternatives with different hydrogen sources.
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As visible in the figure (below), in 22
out of 35 applications hydrogen can
become a cost-competitive low-carbon
solution before 2030 under the right
conditions and assumed scale-up.
Examples of these include long-
distance transport applications and
regional trains, which are highly com-
petitive with low-carbon alternatives.
These 22 hydrogen applications ac-
count for up to 15 % of global energy
consumption (17,500 TWh). This does
not imply that hydrogen will satisfy all
this energy demand by 2030, but it
shows that hydrogen is expected to
play a significant role in the future en-
ergy mix.

In four of the reviewed applications,
the competitiveness of hydrogen de-
pends on the availability of CCS. If
CCS resources for those applications
are not available, hydrogen offers the
only way to decarbonise the applica-
tion. Examples include combined cycle
turbines, steel production, high-grade
heating for cement and medium-grade
heating for plastics production.
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REPORT DEMONSTRATES HYDROGEN COMPETITIVENESS | WORLDWIDE (3/4)

Upr TO 50 % CosT REDUCTION BY 2030 ACHIEVABLE

Compared with conventional alternatives, several applications
are highly competitive to both low-carbon and conventional
alternatives, requiring zero- or low-carbon prices for hydrogen
to break even. This is true for nine applications, including
trucks, trains, long-range passenger vehicles, and long-
distance buses. Conversely, for several other applications,
including use in turbines, industry feedstock, or synthetic fuel
for aviation, a carbon tax of at least 100 US$/tcozequivaient Would
be required to make hydrogen competitive with conventional

fuels.

According to the report, this cost trajectory can be attributed
mainly to scale-up that positively impacts the three main cost
drivers. To deliver on this opportunity, supporting policies will
be required in key geographies, together with investment sup-
port of around 70 billion US$ in the lead up to 2030 in order to
scale up and achieve hydrogen competitiveness. While this
figure is sizable, it accounts for less than 5 % of annual global
spending on energy. For comparison, support provided to re-
newables in Germany totalled roughly 30 billion US$ in 2019.

Need for investment: approximately 70 billion US$ re-

quired to become competitive

Specifically, the gap between the costs of hydrogen technolo-
gies and their lowest cost low-carbon alternative will require
funding in order to bring hydrogen to scale and, consequently,
cost parity. In the identified areas investment until 2030 would
make the biggest difference and will achieve competitive re-
newable (or low carbon) hydrogen:

e In production, aggregated 70 GW of electrolyser capaci-
ty, with an implied cumulative funding gap with grey pro-
duction of 20 billion US$ until 2030. To implement low-
carbon hydrogen (natural gas reforming with CCS),
6 billion US$ is required to fund the additional production
costs versus grey hydrogen until 2030, assuming the us-
age of existing reservoirs

e In transport, the refuelling and distribution networks re-
quired plus the economic gap between fuel cells, hydro-
gen tanks and low-carbon alternatives imply additional
investment of 30 billion US$ by 2030

e In heating for buildings and industry, the financial gap
between hydrogen and natural gas plus the investments
to build or repurpose the first gas pipeline networks for
hydrogen amount to 17 billion US$ by 2030.
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Need for policy alignment: level playing field to acceler-
ate scale-up

Suggested are six ways that governments can level the
playing field to support scaling-up:

e National strategies with national targets. 18 are al-
ready there across the globe.

e Coordination. Governments are well positioned as
neutral conveners of industry stakeholders to mediate
potential local investment opportunities.

e Regulation. Removing barriers that may exist to invest
in the hydrogen economy today, e.g. by facilitating the
process to obtain permits for new refuelling stations
and developing internationally consistent regulation to
limit market specificities.

e Standardisation. Supporting industry to coordinate
national and international standards, e.g. around pres-
sure levels and safety

e Infrastructure. Investing in the deployment of new
infrastructure and re-use, where relevant, of existing
networks (e.g. natural gas networks).

e Incentives. Applying incentives, e.g. tax breaks or sub-

sidies to encourage the initial acceleration of hydrogen.

Need for demand creation: five enablers to establish a

market

e Reduce market uncertainty. Stakeholders can look to
already installed renewables for inspiration: (1) long-
term offtake agreements removed market risk, leaving
only technical risk. (2) shift to company-owned end-to-
end zero-emission fleet logistics.

e Focus on scaling applications and technologies
that
investment’. Critical tipping points — after which costs

create the biggest ‘improvement-for-
fall sharply — are irrespective of any major technological
breakthroughs. For example, scaling fuel cell produc-
tion from 10,000 to 200,000 units can reduce unit costs
by 45 %. Scaling up to 70 GW of electrolysis will lead to

electrolyser costs of less than 400 US$/kW.
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REPORT DEMONSTRATES HYDROGEN COMPETITIVENESS | WORLDWIDE (4/4)

Upr TO 50 % CosT REDUCTION BY 2030 ACHIEVABLE

Seek solutions

(multiple use). For example, leveraging hydrogen airport

complementarity in hydrogen
heating, local industry feedstock and potentially in the
future, airplane refuelling, will reduce the costs of each
individual application.

Prioritise increasing utilisation rates in distribution
networks. Moving from 20 to 80 % utilisation rates in
distribution and refuelling networks can reduce distribution
costs by up to 70 %, which could, for instance, reduce the
costs of hydrogen-based home heating by 20 %. This will
require deploying a minimal threshold of infrastructure to

ensure the network serves user demand.

e Invest in low-carbon and renewable hydrogen produc-

tion. Low-cost hydrogen is among the top three cost re-

ductions for every hydrogen application and will be the

single most important factor to creating demand.

Hydrogen is already scaling up and considerable invest-
ments are being made globally. However, hydrogen’s devel-
opment still requires suitable financial, infrastructural and
policy support to allow it to achieve a wide deployment and
scale-up through commercial projects. Given the urgency of
the global decarbonisation challenge, society must capital-
ise on hydrogen’s advantages now. The hydrogen industry
can help enable the energy transition to a net-zero world,
and this report identifies the cost trajectories of its many
applications, presenting numerous opportunities.

The Hydrogen Council wrote the report with analytical sup-
port from McKinsey and, for selected technical areas,
E4tech. It was also reviewed by an independent advisory
group comprised of recognised hydrogen and energy transi-
tion experts.

https://hydrogencouncil.com/wp-content/uploads/2020/01/Path-to-Hydrogen
-Competitiveness_Full-Study-1.pdf

T

GAS FOR CLIMATE EMPLOYMENT STUDY | EUROPE (1/2)

JoB CREATION BY SCALING Up RENEWABLE GAS IN EUROPE

As promised with the previous news-
letter, we introduce another publica-
tion of Gas for Climate — the employ-
ment study — released in November
2019. The study
“optimised gas” scenario of the earlier

relies on the

publication “Gas for Climate” (see
newsletter #24). The “optimised gas”
scenario allocates 1,170 TWh/yr re-
newable methane and 1,710 TWh/yr
hydrogen to the buildings, industry,
transport, and power sectors in Eu-
rope by 2050.

“The smart combination of renewable
gases and electricity is essential in
achieving the decarbonisation of the
EU energy system. Decarbonisation
will strengthen employment through-
out the EU economy, bringing addi-
tional

employment  opportunities.

These opportunities will shift to more
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local and high skilled jobs in both the energy sector and through the overall energy

technology supply chain. Scaling up renewable gases [...] is estimated to create
600,000-850,000 additional direct jobs and 1.1-1.5 million indirect jobs by 2050.”

151
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GAS FOR CLIMATE EMPLOYMENT STUDY | EUROPE (2/2)

JoB CREATION BY SCALING UP RENEWABLE GAS IN EUROPE

This report explores the possible employment effects of an
EU-wide scale-up of renewable gas. It focuses on the em-
ployment effect from the supply of biomethane through
anaerobic digestion and thermal gasification, and the supply
of hydrogen by electrolysis using renewable electricity.
Please see the diagram for lower bound values.

The employment opportunities result from investments in
and operation of biomethane and hydrogen production facili-
ties and include many rural jobs and high-skilled technical
positions. Especially in rural areas where employment op-
portunities are scarce, collection of feedstock and operation
of digesters create local jobs. High-skilled technical jobs are
expected to emerge in sectors related to manufacturing,
installation, and the operation of biomethane and green
hydrogen plants, as well as in the renewable electricity gen-
eration sector to produce green hydrogen. Most of these
jobs are stable European jobs that cannot be out-
sourced or relocated.

The employment factor (the number of jobs created per unit
of energy produced) for biomethane production through
anaerobic digestions and thermal gasification in 2050 is
around 700—1,050 jobs/TWh. About two-thirds of the jobs

are related to operation and maintenance of the plants, cre-
ating long-term employment opportunities. For hydrogen,
the employment factor is lower than for biomethane, with
about 575-775 jobs/TWh. This is due to the large share of
electricity costs, which is predominantly in relation to capital
investment.

The authors additionally expect, in the short term, increas-
ing quantities of blue hydrogen (produced from natural gas
in combination with carbon capture and storage [CCS]).
This transition requires the retrofit of existing steam me-
thane reforming plants with CCS units, also resulting in new
employment opportunities because of R&D and technical
implementation.

The study’s focus is on the renewable gas supply chains
only and does not estimate the net employment effects
across the overall energy system. More job opportunities
might be created on the demand side, for example, related
to the refurbishment of buildings to enable the use of renew-
able gases.

HEAVENN - HYDROGEN VALLEY WITH THE ENTIRE HYDROGEN CHAIN IN ONE
GEOGRAPHICAL AREA | NETHERLANDS (1/2)

HEAVENN stands for H, Energy Applications (in) Valley
Environments (for) Northern Netherlands and consists of 31
public and private parties from six European countries.

The Fuel Cell and Hydrogen Joint Undertaking (FCH-JU)
designed the “Hydrogen Valley’s” call, for which the North-
ern Netherlands under the lead of New Energy Coalition
were rewarded with the HEAVENN proposal. The Hydrogen
Valley’s call is one of the largest grants the public-private
partnership ever rewarded.
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Last year, the region presented the Investment Agenda Hy-
drogen Northern Netherlands. This provided a strong foun-
dation upon which the HEAVENN project is constructed.
The aim of the Hydrogen Valley in the Northern Netherlands
is to develop and operate a fully functioning green hydrogen
value chain in the region. From large-scale production of
green hydrogen to filling stations, buses, trucks and cars, as
raw material for the industry and in the energy sector. With
this project the Northern Netherlands want to become one
of Europe’s leading hydrogen regions.

The European Union has identified the Northern Nether-
lands as Hydrogen Valley, because sustainable energy
sources (e.g. wind farms in the North Sea), generation, stor-
age, transport as well as applications in industry and mobili-
ty are in close distance to each other.
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HEAVENN - HYDROGEN VALLEY WITH THE ENTIRE HYDROGEN CHAIN IN ONE
GEOGRAPHICAL AREA | NETHERLANDS (2/2)

The project comprises of four clusters:

Storage and infrastructure
H2 for industry
Heat and power

P obdb =

Green mobility

For the infrastructure, existing natural gas
pipelines will be repurposed to transport
green hydrogen. Additionally, new pipelines
will be built at the Chemical Park in Delfzijl
and between a hydrogen plant and the in-
dustry & business park in Emmen. The pro-
duced hydrogen should be stored at the hy-
drogen storage facility HyStock in Veendam.

Hydrogen as a feedstock for the industry will
be used in Delfzijl and Emmen, where a
chemical and an industry park are located.
Hydrogen for heating for residential houses
and municipal buildings will be applied in
Hoogeveen and Groningen.

In the mobility sector, hydrogen will be used
for buses, light and heavy-duty vehicles and
cars. Filing stations for hydrogen are
planned to be built in Groningen, Emmen
and Pesse. One station is already operation-
al in Delfzijl. Moreover, hydrogen will be used
as fuel for an inland water vessel and to pro-
duce e-kerosene for aviation.

The project will set important implications for
society and economy. For example, reducing
greenhouse gas emissions improves air
quality and health, and additionally creates a
significant number of new jobs by transform-
ing the energy system. This will contribute to
the climate change objectives and strength-
en the economic position of the Northern
Netherlands.

Luuk Buit at |.buit@provinciegroningen.nl

Video: https://newenergycoalition.org/hydrogen-valley/

Press release: http:/bit.ly/2UXUv90
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Subsidy: 20 million euros from the Fuel Cells and Hydrogen Joint Undertak-
ing (FCH-JU) of the EU

Public-private cofinancing: 70 million euro
Duration: 2020 — end 2025

Partners: New Energy Coalition, Gasunie, QBuzz, Municipality of Groningen
and Emmen, Nouryon, HyEnergy TransStore, and others
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STUDY CALLING FOR A CLIMATE-NEUTRAL INDUSTRY | GERMANY (1/2)

The study addresses the
critical question: “How can
the primary industry in
Germany become climate-
neutral by 2050 and at the
same time keep their
strong position in the inter-
national competitive envi-
ronment?”

The authors focus on pri-

mary industry, such as

steel production, chemical

industry and cement pro-

duction. The necessary technologies for a climate-neutral
industry are already available - or close to market maturity.
Green hydrogen plays a central role. The study includes a
detailed analysis of 13 breakthrough technologies that will
likely play a key role in achieving a climate-neutral primary
industry.

A new legal and political framework is essential because
major reinvestments are due in this decade 2020-2030 (see
figure above). Investing in conventional technologies may
turn out as stranded assets due to technical lifespans of up
to 50 to 70 years that would contradict the political goal of
climate-neutrality by 2050 (see figure below). The situation
is alarming.

A rational acting company needs to invest in climate-neutral
technologies or foresee possibilities to retrofit them, but the
current investment framework does not sufficiently support

NEWSLETTER # 25 ~ MARCH 2020

investing in advanced technologies. The authors strongly
postulate a “climate-proof” framework for the industry.

One major pillar of the study is the extensive discourse with
all relevant stakeholders. Numerous workshops were held
between January 2019 and July 2019 on topics such as:

® sustainable steel production,

® the chemical industry of the future,

® the cement and building materials industry of the future,
and

e year 2030 climate target achievement scenarios for the
industrial sector.

These workshops were attended by numerous well-known

industrial companies from the steel, chemical and cement

sectors, their associations, the responsible federal ministries

and subordinate authorities as well as trade unions and led

to controversial debates at times.

1181l COPYRIGHT 2020 | © DBI GAS- UND UMWELTTECHNIK GMBH | ALL RIGHTS RESERVED



STUDY CALLING FOR A CLIMATE-NEUTRAL INDUSTRY | GERMANY (2/2)

Ten policy instruments that are intended to make key low-carbon (climate friendly) technologies available on a large scale as

quickly as possible are discussed within the study (see table).

Policy Instrument

CO, minimum
price with border
adjustment regime

Carbon Contract
for Difference
(CfD)

green financing
instruments

climate surcharge
on end products

Carbon price on
end products

green public pro-
curement

quota for low-
carbon materials

quota for green
hydrogen

changes in con-
struction and prod-
uct standards

standards for recy-
clable products

Description

An increasing CO, minimum price is introduced in the EU ETS as a predictable
price signal. In addition, CO,-based levies will be levied on imports; exports to re-
gions without a comparable CO,, price will be compensated in the amount of the
additional CO, costs.

When investing in key low-carbon technologies, companies receive project-related
operating grants for avoided CO, emissions, thereby reducing risks. The amount of
the subsidy is determined by auction, but in the future, it should be available to all
companies.

Financing costs for investments in low-carbon technologies are reduced by lowering
loan interest rates for borrowed capital below the market level and/or by providing
state guarantees for the risk of technology development in the final stages of devel-
opment.

To refinance other instruments, a charge is levied on selected materials (steel, plas-
tic, aluminium and cement) - regardless of the CO, emissions of their manufacture.

When products are sold to end consumers, a levy is charged based on the CO,
content of the materials, which compensates for the cost disadvantage of low-
carbon products. The proceeds can be used to refinance other instruments.

The state and state-owned companies are required to apply high sustainability crite-
ria in the construction (for example, of buildings, bridges and railways) and procure-
ment of vehicles. This creates secure sales markets for sustainably produced basic
materials and end products (especially steel, cement and vehicles).

Producers of consumer goods are obliged to use fixed proportions of low-carbon
materials in their end products, which guarantees companies secure sales markets
for these materials.

Green hydrogen will be made mandatory for natural gas traders to scale Power-to-X
technologies for long-term decarbonization. Suggestion: 0.5 % in 2020 rising to
10 % in 2030; imports accepted.

Regulations and standards will be fundamentally revised and continuously adapted
to simplify material efficiency and substitution as well as the use of new construction
materials (e.g. cement based on alternative binders) in construction.

Manufacturers are obliged to design products in such a way that recycling is simpli-
fied in order to close material cycles and to reduce CO,-intensive primary produc-
tion.

Suitability

+++
(pilot recommend-
ed)

+++
(to finance i.e. CfD)

+++
(to trigger the mar-
ket demand)

+++

+++
(by adjusting the
EU-Ecodesign Di-
rective)

In the analysis, attention was paid to different sectoral conditions, development status of the technologies, interactions with other

instruments, and legal and political implementation issues. This study did not investigate in detail the hydrogen tolerance of spe-

cific industrial end consumers. It simply states: a mandatory admixture of hydrogen into the natural gas grid is not recommend-

ed, since hydrogen will be used primarily in pure form in industry and heavy-duty traffic. The quota

could be (virtually) fulfilled by buying and selling H,-certificates regardless of the physical delivery of

gas traders. The authors recognise that methane in pure form is required in many industrial process-

es and fluctuating gas qualities are problematic in many end applications. They nevertheless

acknowledge the possibility to add hydrogen to the natural gas network.
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http://bit.ly/2OOo755
http://bit.ly/2UMuGsG
http://bit.ly/37xB360
http://bit.ly/38tFmAv

EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS

March 2020

10-11 World Hydrogen Fuels Summit | Am-
sterdam, The Netherlands, https:/
www.worldhydrogenfuels.com/

10-12 Energy Storage Europe | Dusseldorf,
Germany, https://www.eseexpo.de/

19 H2.0-Conference | Husum, Germany,
https:/Aww.wattzweipunktnull.de/h20-
konferenz/

25-26 Hydrogen & Fuel Cells for Heavy Duty
Transport Conference | Brussels, Belgium,
https:/iAvww.h2-transport.com/

25-26 DBI-Fachforum Wasserstoff &
Brennstoffzellen | Duisburg, Germany, http:/
bit.ly/2Nde200

25-27 Hydrogen Days 2020: “Hydrogen on
the move” | Prague, Czech Republic, https:/
www.hydrogendays.cz/2020/

April 2020

01-02 f-cell+HFC - The Hydrogen and Fuel
Cell Event | Vancouver, Canada, https:/
hyfcell.com/

03 STORE&GO Parliamentary Evening Pow-
er-to-Gas | Brussels, Belgium,
www.storeandgo.info/

07-08 European Zero Emission Bus Confer-
ence | Paris, France, https://
zeroemissionbusconference.eu/

07-08 H2 VIEW Hydrogen Summit | Munich,
Germany, https://gasworldconferences.com/
conference/hydrogen-summit-2020/

20-24 Hydrogen + Fuel Cells EUROPE | Han-
nover, Germany, https:/iwww.h2fc-fair.com/
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21-24 1AEE Conference | Paris, France, https://
iaee2020paris.org/
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We gather and disseminate the
latest available knowledge to im-
prove the understanding of hy-
drogen/natural gas blends in pipe-
line systems with emphasis on the
core topics:

We additionally keep a minor fo-
cus on the general development
of power-to-gas, hydrogen net-
works, and further topics around
the utilisation of (renewable) hy-
drogen.
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

Dear HIPS-NET Partners,
given the special circumstances worldwide — we hope this newsletter finds you well. We selected and summarised current
developments, research, projects around

e HjReady heating appliances

e Upcoming field trial with 30 vol% hydrogen admixture

e Emissions of different hydrogen production

e further plans to install hydrogen production offshore

e steps towards future hydrogen storage in a salt caverns

e updates on the certification of low-carbon / green hydrogen

We are currently considering what is going to happen with our annual meeting. Will we meet online for presentations and
exchange in June? Or will we postpone the HIPS-NET meeting for another date in Brussels? Shall we try to produce simple
podcasts instead of the presentations with the speakers? Or any other idea, we did not think of, yet? How important is the
networking opportunity? And how important the information shared in the annual meeting?

Although, we would like to meet you all in the beginning of June in Brussels as scheduled, we doubt at the moment that this will
be possible (appropriate). Your feedback would help us to find the best way forward and is very much appreciated.

Laughing and smiling belongs to one of the best medicines in the world. May it be a regular part of your days!

We hope you enjoy reading!
Your HIPS-NET Team
Gert, Anja, and Josephine

L 2 H2Ready - Tests of Existing Heating Installations | Germany
3 30 vol% Hydrogen Admixture Field Trial | Germany
CONTENT 4 Greenpeace Report on Blue Hydrogen | Germany, Europe
N EWSLETTER 6 PosHYdon - Offshore Production of Hydrogen | Netherlands
#2060 7 Preparations for Storing H; in a Salt Cavern | Germany

8 CertifHy - Certifying Carbon Footprint of Hydrogen | Europe :

9 Certification of ‘GreenHydrogen’ by TUV SUD | Germany
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H2READY - LABORATORY TESTS OF EXISTING HEATING APPLIANCES | GERMANY

In laboratory experiments, DBI tested the hydrogen tolerance
of domestic gas appliances. The aim was to investigate under
real conditions the influence of hydrogen admixtures of up to
40 vol% on existing systems. In particular, fluctuating injection
of hydrogen were analysed.

First, they tested the appliances when running at fixed admix-
tures of 10, 20, 30, and 40 vol% hydrogen. Afterwards, the
devices were operated with different, volatile (fluctuating) hy-
drogen concentrations. The test gas is Russian H-gas, a me-
thane-rich gas, which is very similar to the German standard

test gas.

Increasing hydrogen concentrations have an impact on vari-
ous gas characteristics; the table shows a selection. The anal-
ysis also revealed, each appliance has an individual set of
parameters due to different nozzle geometries, pipe diameter
and air supply.

(1/2)
2. Gas Engine (20 kWel)

Current tests show a suitability of gas engines (CHP) for up to
40 vol% hydrogen in natural gas. Besides an increase in
NOx, an increasing knocking behaviour can be observed.
This is
(recommended range of devices 75 - 80). In principle, natural

related to the decreasing methane number

gas engines can be converted to high maximum hydrogen
quantities by adjusting ignition timing and lambda control. The
upper heating value increases by approx. 5 vol% when the
hydrogen content increases. Due to the increased heating
output, the electric efficiency drops slightly (by approx.
1.5 %). The engine works appropriately up to 10 vol% hydro-
gen without technical adaptations. After adjusting ignition time
and lambda control, the tested engine regulates the burning

Thermodynamic Calculations with CHEMCAD

mixture natural gas / hydrogen [vol%] 100/0 99/1 98/2

95/5 90/10 75/25  50/50 0/100

hydrogen share [vol%)] 0 1 2 5 10 25 50 100
lower heating value [MJ/m?] 36.61 36.36 36.11 35.36 34.12 30.38 24.16 11.74
fuel-air ratio [m*/m3] 9.53 9.46 9.39 9.18 8.82 7.74 5.95 2.38
alteration of lower heating value [%] 0.00 1 1 3 7 17 34 68
flame velocity [cm/s] 38.39 38.63 38.87 39.64 40.92 4595 60.06 200

ignition delay [ms] 46.16

41.01 36.48 25.95 15367 4296 0.933  0.0461

1. Condensing Boilers

The condensing boiler with forced-air burner (20 kWy,) and the
one with matrix burner (100 kWy,) performed without increas-
ing emissions or efficiency losses up to 15 vol% hydrogen.
Due to the higher shares of water vapour in the exhaust gas,
the efficiency slightly increases. With 25-40 vol% hydrogen,
noise emissions went up by 3 dB(A). The flames did not strike
back until 40 vol%. Even without the testing here, the opera-
tion is known to be safe until a concentration of 23 vol% hy-
drogen. Why? According to DIN EN 437, appliances need to
prove, before they are legally permitted to the market (market
approval), that the flames do not strike back with a test gas
containing 23 vol% hydrogen. This

standard applies for all appliances

process automatically up to 40 vol% as the diagram on the
next page shows. The adaptations at the CHP are ‘only’ nec-
essary to decrease NOx emissions to the permitted level and
do not have any impact on safe operations.

The noise increases with rising hydrogen content (see table
below). At first, the noise drops at 10 vol% by 1 dB(A) but
rises by about 2-3 dB(A) at 40 vol%.

Fluctuating hydrogen concentrations affect the energy con-
version efficiency, especially if the hydrogen content changes
rapidly (see diagram next page). Upon minor change rates,
the engine regulates the efficiency and fuel-air ratio smoothly

Results of noise level measurement at CHP with different hydrogen concentrations

which received market approval since

hydrogen concentration [vol%] 0 10 20 30 40
2000, noise level front side [dB(A)] 55 54 55 56 57.3

noise level left side (gas supply) [dB(A)] 59 58 60 60.5 62.4

noise level right side [dB(A)] 54 54.5 54.5 54.8 56
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H2READY - LABORATORY TESTS OF EXISTING HEATING INSTALLATIONS |
GERMANY (2/2)

Summary

The tests did not identify any safe-

ty-related issues upon hydrogen

admixture up to 40 vol%. The in-

vestigations revealed that each

tested unit relies on different con-

trol strategies:

neither compensation of
power/heat output nor air
ratio (condensing boiler 20
kWe))

with  compensation  of
power/heat output but
without compensation of
air ratio (condensing boiler
100 kW)

with  compensation  of
power/heat output and air
ratio (CHP 20 kW)

The different technical control

0

Efficiency and Output of CHP Unit - Fluctuating Hydrogen Concentration
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strategies influence the hydrogen tolerance of the appliances and further tests are recommended to gain a clearer picture. The

exhaust gas measurements proof decreasing CO, emissions which supports decarbonisation in-

tentions.

For further reading: We described the impact on security parameters detailed in newsletter #11
(Sept 2016).

30 voL% HYDROGEN ADMIXTURE FIELD TRIAL | GERMANY (1/2)

The gas network operator in the south of Germany, Netze °

BW, will prove: "Our natural gas distribution network can

transport a natural gas-hydrogen mixture. The gas supply

will remain for the consumer just as conveniently as pure Goal of

natural gas today. For the first time in Germany, a gas mix- °

ture with a hydrogen content of up to 30 percent in real net-

work operation will be used".

In a local area, the hydrogen share in the natural gas net-

work is gradually increased to up to 30 vol%.

Content | Central Questions of the Project

What share of H, can be mixed in a natural gas °
network and operate permanently and stable to

guarantee a secure supply?

Demonstrating and verifying a mixed gas supply in
a real overall system (distribution network and cus-
tomer appliances).

the Project

injection and transport of gas mixtures in the exist-
ing gas distribution network

metering, billing, materials, network operation, safe-
ty engineering

customer acceptance
safe and stable operation

developing a strategy for a future network operation
with increasing hydrogen shares

The test phase of the multi-year project is planned to start

How to equip and convert a natural gas distribution at the end of 2020 within the own property of Netze BW.

network for increasing proportions of hydrogen?
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The testing will then be extended to neighbouring streets
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https://www.dbi-gruppe.de/files/PDFs/Dokumente/191220_Abschlussbericht_GWB_Wasserstoff.pdf

30 voL% HYDROGEN ADMIXTURE FIELD TRIAL | GERMANY (2/2)

and houses. The selected section of the natural gas network
will be decoupled from the surrounding supply infrastructure
and operated as a so-called island network (“Hydrogen lIs-
land”). The hydrogen required for this is generated using a
climate-friendly electrolyser. Changing hydrogen concentra-
tions — fluctuations — are not considered within the project.
The decisive question for Netze BW is not whether, but how
everything works. Before the "hydrogen island" could be-
come a comprehensive solution in the future, the technical
framework and regulatory conditions need adaptions. Netze
BW expects to gain important insights. The project started
2019 and will run until December 2022.

Dr. Heike Grtiner at

7 https://bit.ly/2KIE1li
h.gruener@netze-bw.de

GREENPEACE REPORT ON LIMITED EMISSION REDUCTION BY BLUE HYDROGEN |

GERMANY, EUROPE (1/2)

‘Blue hydrogen’ has a carbon footprint of 143 gcoaxwhand is
not suitable to support German climate targets. With these
clear words, Greenpeace Energy sends an alert to decision
makers in the recently released study. The author acknowl-
edges that green hydrogen is an effective decarbonisation
strategy and can support regenerative electrification.

Let's check the definitions first. The World Energy Outlook
2019 defines low-carbon hydrogen and includes produc-

tion by:
1. electrolysis  using low-
carbon electricity, (also

called ‘green’ hydrogen), or

2. from the gasification of bio-
mass (also called ‘green’
hydrogen), or

3. from natural gas equipped
with CCUS (also called
‘blue’ hydrogen) or,

4. potentially, through
“methane splitting” mean-
ing methane pyrolysis
(also called ‘blue’ hydro-
gen)

NEWSLETTER # 26 APRIL 2020

inall

Greenpeace Energy’s report from January 2020 considers
the production of blue hydrogen (only) when hydrogen is pro-
duced with natural gas and the CO, is captured with CCS.

Another production path - methane pyrolysis - is mentioned,
but is not analysed since it is still in an early stage of tech-

nical maturity.

COPYRIGHT 2020 | © DBI GAS- UND UMWELTTECHNIK GMBH | ALL RIGHTS RESERVED


https://www.netze-bw.de/unsernetz/netzinnovationen/wasserstoff-insel

GREENPEACE REPORT ON LIMITED EMISSION REDUCTION BY BLUE HYDROGEN |

GERMANY, EUROPE (2/2)

‘Blue hydrogen’ may be produced via two paths, first using a
steam reformer (SMR) und second using autothermal re-
forming (ATR). Autothermal reforming is not as common and
technically more complex than steam reforming but separat-
ing CO,is easier and higher deposition rates are likely. You
may see the difference in the mean emission values in the

diagram below.

Central numbers for the greenhouse gas emissions (including
upstream emissions) in the report are (average values):

for green hydrogen (electrolysis + re-
newable electricity)

for hydrogen production via electrolysis
but using the current German electric-
ity mix

for blue hydrogen (natural gas + CCS) in
modern plants (ATR)

for blue hydrogen (natural gas + CCS) in
retrofitted plants (SMR)

for grey hydrogen with steam reforming

The carbon footprint of blue hydrogen is too high to achieve
climate goals. Around 25 % of the total emissions are gener-
ated by upstream emissions of natural gas before it even
reaches the hydrogen production plant.

NEWSLETTER # 26 APRIL 2020
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Further, hydrogen production generates significant emis-
sions although the CO, is captured (see diagram).

Blue hydrogen shows a clear cost advantage, the average
production costs are 6.3 ct/kWhy,, while green hydrogen
costs 16.5 ct/kWhy,. Green hydrogen has more than two
times higher production costs. However, projects for blue
hydrogen show risks:

e cost risks: Natural gas prices, CO, prices and CCS
prices are difficult to calculate for the long term.

e project risks: The development of a nationwide CO,
infrastructure might likely cause public resistance.

e capacity risks: CCS is only an interim solution be-
cause the storage possibilities for CO, are limited.
High-quality storages would be exhausted after
only a few decades.

The author expects that the production costs for green hy-
drogen will align with blue hydrogen in early 2030. In 2050,
green hydrogen at 6-9 ct/kWh is likely to outstrip blue hy-
drogen (8.4 ct/kWh) at many sites.

The import of hydrogen, e.g. from North Africa or the Per-
sian Gulf, is not likely to be cheaper and is associated with
additional risks.

The report was paid by Greenpeace Energy and written by
EnergyComment. It is a literature review and names its
various sources well. Since the topic blue hydrogen is still
fairly new and has not been subject to many research pro-
jects yet, we can recommend further reading.
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PosHYDON - OFFSHORE PRODUCTION OF GREEN HYDROGEN | NETHERLANDS

The Dutch climate
agreement aims
for a 95 % reduc-
tion in CO, emis-
sions by 2050. A
way to reduce
these emissions is
to create a new,
flexible and inte-
grated energy
system. This is
the aim of the
North Sea Energy
program — a pub-
lic-private research consortium of more than 30 parties from
or related to the energy sector collaborating to develop the
North Sea as a clean source of energy for North West Eu-
rope. One of the options studied is hydrogen production
from offshore wind and transport of hydrogen via existing
pipelines to shore.

The North Sea is the first place in the world where a pilot
project to build an offshore hydrogen plant is planned. This
PosHYdon project will produce green hydrogen from renew-
able electricity fed into the platform. During the first test
phase, the fluctuations in offshore wind production will be
simulated. While currently powered by a subsea cable
providing green electricity from shore, the platform can be
directly powered by offshore wind in the future.

The sea water will be pumped on the oil and gas platform
and desalinised with a reverse osmosis (RO) unit to be con-
verted into demineralised water. This water is used in the
electrolyser which is placed in a 40 inch (12 meter) sea con-
tainer on the platform. The green hydrogen is blended into
the oil and gas export line and transported to land via the
existing gas infrastructure, which has more than enough
capacity.

The PosHYdon project is a follow-up of the 3P2Go project
(Pre-Project Power2Gas Offshore) executed by TNO, Nex-
step and 4 operators, which consisted of a screening and
feasibility analysis for offshore green hydrogen production.

Neptune Energy’s Q13a oil and gas platform was identified
as the most suitable location for implementation. This is
located 13 km from the coast of Scheveningen and it is the
first fully electrified oil and gas platform in the Dutch North
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Sea. TNO devised the concept and will be carrying out the test
programme. The conditions for the offshore production of
green hydrogen are very different to the onshore conditions:
long distances, saltwater, strong winds, higher wear, higher
installation costs and more expensive maintenance.

This pilot project for the offshore production of green hydrogen
brings many advantages:

e Wind energy can be transported from sea to land with-
out investing into expensive cables or other power
infrastructure (cost advantages for transport and stor-
age of wind energy)

e Second life for old platforms because there is a new
business model (many reached the end of their life
cycle and would otherwise have to be demolished).

e Enables long term North Sea offshore gas production

with zero emission platforms

e  Electrolyser manufacturer can develop a new genera-

tion of electrolysers especially for the use at sea

e Intermittent wind power can be stored and balanced
by means of hydrogen

e H, can be used as fuel gas on other nearby platforms

The platform currently
handles 4,000 barrel oil
per day and 40,000 m?
natural gas per day.

The pilot project also
creates environmental
benefits: for every 1 kg
of sustainably pro-
duced hydrogen, 10 kg
of CO, are saved, com-
pared to hydrogen pro-
duced from natural gas
via steam reforming.

Partners: Neptune Energy, Nexstep, TNO, EBN and opera-
tors NAM, TAQA Energy and Total

Timeline: start-up 2021, pilot testing until end 2023

Estimated costs: 12 min EUR incl. EU and national subsidies
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PREPARATIONS OF STORING HYDROGEN IN A SALT CAVERN | GERMANY

Salt caverns are currently used for natural gas storage. The
storage of hydrogen is still subject to several technical and
operational preconditions and challenges.

The project “Hy-Forschungskaverne” translates as “H, Re-
search Cavern” is phase 1 on the way to develop the world's
largest hydrogen filled salt cavern at the Bad Lauchstadt site of
VNG Gasspeicher GmbH (VGS). The aim of phase 1 is to gain
the official permit for the underground gas storage incl. above
ground plant and rededication of an existing natural gas trans-
mission pipeline. Furthermore, the project will develop and de-
fine the system concept as well as process the approval plan-
ning for future field-research operations. This project is scientif-
ically based on the H,-UGS project (see 18" newsletter in Oc-
tober 2018); both are funded under the roof of the HYPOS initi-
ative.

The research project “Hp-Forschungskaverne” includes the
following tasks:
e developing different economic concepts; evaluating
and deciding for a future business model
e drafting a rough basic engineering (for approval sub-
mission) including equipment and operating technolo-
gies for
= large-scale electrolysis (approximately 35 MWy))

= Hjystorage in an underground salt cavern and de-
veloping the above ground storage facility
= Hy transport in an existing natural gas transmission
pipeline
e developing, preparing and submitting of approval docu-
ments to file a request for official approval
e assisting the authorities during the official approval

process e.g. answering questions or public hearings
and adjusting documents
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Technical details H, storage

The chosen underground salt cavern has a storage volume
of 65 million m3. The H, cushion gas volume is about 15
million m® and the working gas volume is about 50 million
m?3. It works at pressures between 30 to 140 bar(g). The
above ground storage facility allows for a maximum feed-in
and exit rate of approx. 11.000 m3h. The installed measur-
ing section for volumetric and gas analytic detection will be
designed for bidirectional operation. Additionally, the system
works with a two-stage reciprocating compressor and a gas
purification, which guarantees a gas purity on 99,96 %.

Technical details H, transport

The H; storage cavern is connected to ONTRAS’ natural gas
pipeline, which is to be repurposed. The pipeline has a
length of approximately 20 km (DN500) and the scoped op-
erating pressure for H, is 30 bar(g). It leads to the H; pipe-
line of central Germany’s chemistry triangle (150 km).
Duration: 2 years, May 2019 until mid-2021

Partners: DBI, VGS, ONTRAS, Fraunhofer IMWS, IfG

Funding: German Federal Ministry for Education and
(BMBF) within the HYPOS initiative
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CERTIFHY - CERTIFYING THE CARBON FOOTPRINT OF HYDROGEN IN DUAL
CERTIFICATION SYSTEM UNTIL 2021 | EUROPE (1/2)

The application areas of hydrogen vary widely — as common
feedstock in the chemical industry and refining processes,
as future long-term storage for renewable electricity, gas
supply for heating, cooking etc. or as fuel in fuel cell electric
mobility. The demand of hydrogen is expected to increase in
the future. The production of hydrogen, though, causes dif-
ferent amounts CO, emissions. To abate emissions, the
origin of hydrogen from renewable and low carbon energy
sources, so called “premium hydrogen”, is important for end-
users. A Guarantee of Origin can proof the carbon footprint
of hydrogen transparently and comprehensively. According-
ly, in 2014 a consortium of European companies, research
centres and a broad set of European and global stakehold-
ers initiated the project “CertifHy — Designing the 1% EU-wide
green and low-carbon certification system". The partners
developed a European-wide Guarantee of Origin (GO) for
hydrogen.

CertifHy 1

The first project phase (2014 to 2016) defined definitions for
“green” and “low-carbon” hydrogen and determined how to
design and implement a robust EU-wide GO scheme. The
figure presents a decision tree for green and low-carbon
hydrogen which can be used to check the compliance of a
project with the CertifHy criteria. See HIPS-NET newsletter
#10 and #13 for results of project phase 1. Afterwards, two
further phases were initiated.

CertifHy 2

The second project phase (October 2017 to March 2019) pre-
pared the implementation of an EU-wide GO scheme for green
and low-carbon hydrogen. The partners tested the CertifHy-
system in a pilot and identified open issues. Four hydrogen
producers (Air Liquide, Nouryon/ Air Products, Colruyt Group,
Uniper) with different production pathways lead to the issuance
of GOs to the market. The pilot covered the complete certifica-
tion life cycle of the GO scheme, including auditing hydrogen
production plants, certification of respective hydrogen produc-
tion batches and the issuance, trade and usage of certificates.
The three important components of the second CertifHy pro-
ject are:

1. Set up and run a pilot GO scheme in order to gain practi-
cal experience and lessons learned for a large-scale EU-
wide scheme.

2. Establish a well-functioning Stakeholder platform, acting
as a governance framework.

3. Ensure compatibility with EU legislation, in part. RED II.

The results of the pilot were incorporated to the final system.
Finally, more than 75.000 GOs for green and low-carbon hy-
drogen were included into the register. The first GOs were
issued in December 2018. In March 2019 already ten organi-
sations have been registered as account holders in the registry
service. The first commercial transactions have been publicly
announced by H2Mobility Germany.

91 gco2 /M2 £ 328 geoz /kKWhiz Lhy)

36.4 Jdcoz /M\JH2 2130 Jdco2 /kVVhH2 (LHV)
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CERTIFHY - CERTIFYING THE CARBON FOOTPRINT OF HYDROGEN IN DUAL
CERTIFICATION SYSTEM UNTIL 2021 | EUROPE (2/2)

The figure shows the process of certifying hydrogen. A cen-
tral registry has the authority to issue, transfer and cancel the
GOs. The GO is cancelled upon use, so that it may only be
used once for claiming hydrogen consumed as green or low-
carbon hydrogen. Hydrogen without a GO is classified as
hydrogen from the “residual mix” in the figure. The provided
electronic cancellation statement includes a link for online
access to the full GO content.

CertifHy 3

The overarching ambition for the next CertifHy phase is to
create an EU-wide CertifHy Certification System that covers
both GOs and Certificates. Guarantees of Origin will be used
for disclosure of the origin of hydrogen to end-users
(voluntary market), whereas Certificates will be used to docu-
ment the compliance of EU-wide and/or national require-
ments to state authorities and participants in the supply
chain. Phase 3 further aims to provide a Central European
issuing body and registry, which is capable of interfacing with

The partners foster continuation and will keep pilot plants and
pilot schemes running as this is already working. The pilot
plants should continue operating and keep issuing GOs dur-
ing the third phase of CertifHy, at least initially, until the
scheme is formally implemented. More importantly, the pilot

scheme functionality should be expanded to operate as a
voluntary scheme for demonstrating compliance with targets

on the share of renewables in
transport or heating and cooling,
following the specific requirements

that are applicable in that case.

It further needs a final agreement on
the methods for the allocation of
GHG to the hydrogen produced. At
the moment, there is no consensus
on the footprint calculation method
for hydrogen with CO, capture, due
to differing views on how to handle
carbon capture and utilisation. This
discussion will need to be extended
to a wider group of stakeholders.

It was announced that the third pro-
ject phase will run from 2019 to 2021. But phase 3 has not
been allocated by the EU yet.

With the GO-system, green hydrogen and low-carbon hydro-
gen certification becomes available across the EU inde-
pendently from the site of its production. With acquisition of
CertifHy GOs and/or Certificates consumers can use renewa-
ble energies for their processes and improve their green-
house gas balance.

Matthias Altmann at Matthias.Altmann@Ibst.de https://bit.ly/2Vng1E1

CERTIFICATION OF ‘GREENHYDROGEN’ BY TUV SUD | GERMANY

Besides auditing for the CertifHy-System, TUV SUD certifies
additionally according to its own 'GreenHydrogen’ Standard.
Certain findings from the CertifHy project have been incorpo-
rated into the revision of TUV SUDs standard. One megawatt
certified ‘GreenHydrogen’ is comparable to one CertifHy Guar-
antee of Origin. TUV SUD only certifies green hydrogen
(definition by CertifHy) — low carbon hydrogen cannot be
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certified according to TUV SUD standard. Regarding the per-
TOV SUDs
‘GreenHydrogen’ corresponds to the CertifHy technologies

missible hydrogen generation technologies,

for green hydrogen. According to the TUV, there are only a
few completed certifications, and a few are in process. But
the demand in this sector is increasing.

Dr Thomas Oberst at thomas.oberst@tuev-sued.de

https://bit.ly/3eAbQfQ
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HIPS-NET CORE TOPICS

We gather and disseminate the
latest available knowledge to im-
prove the understanding of hy-
drogen/natural gas blends in pipe-
line systems with emphasis on the
core topics:

We additionally keep a minor fo-
cus on the general development
of power-to-gas, hydrogen net-
works, and further topics around
the utilisation of (renewable) hy-
drogen.

EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS

May 2020

19-20 Renpower Hz Sub-Sahara Africa| online
conference, https://euroconventionglobal.com/
event/renpower-h2-sub-saharan-africa/

June 2020

09 DBI-Workshop Wasserstoff | Freiberg,
Germany, https://www.dbi-gti.de/termine/dbi-
workshop-wasserstoff.html

22-24 8th Workshop on lon Exchange Mem-
branes for Energy Applications - Fuel Cells +
Electrolysers + Flow Batteries | Bad
Zwischenahn, Germany, https://emea-
workshop.de/

22-26 EU Sustainable Energy Week (EUSEW)
| Brussels, Belgium, https://www.eusew.eu/

September 2020
09-10 f-cell+HFC - The Hydrogen and Fuel

Cell Event | Vancouver, Canada, https:/
hyfcell.com/

15-16 DBI-Fachforum Energiespeicher 2020
Berlin, Germany, https://www.dbi-gti.de/termine/
dbi-fachforum-energiespeicher-2020.html

22-23 World Hydrogen Congress| Paris,
France, www.worldhydrogencongress.com/

29-30 f-cell 2020 | Stuttgart, Germany, https://f-
cell.de/

October 2020

08-09 Hydrogen Online Conference | online
conference, https://hydrogen-online-
conference.com/

20-23 14th European SOFC & SOE Forum |
Lucerne, Switzerland, www.efcf.com/2020

November 2020

03-04 6t HYPOS-Forum| Dresden, Germany,
http://www.hypos-eastgermany.de/

04-06 European Hydrogen Energy Confer-
ence | Madrid, Spain, http://ehec.info/

CURRENT PARTNERS

ALLIANDER AG, AREVA HoGEN,
CADENT, DGC, DNV GL, ENAGAS,
ENBRIDGE, ENERGINET.DK, ENGIE,

EWE NETZ, GAS CONNECT AUSTRIA GMBH,
GASNETZ HAMBURG, GASUM QY,
GASUNIE, GRTGAZ, GRZI E.V. (FIGAWA),
INFRASERV GMBH & C0. HOCHST KG,
INERIS, INNOGY SE, ITM POWER,
JOINT RESEARCH CENTRE (JRC), EC,
KOGAS, NAFTA A's,
NATURGY, ONTRAS, OVGW,

OPEN GRID EUROPE GMBH,
POLYMER CONSULT BUCHNER GMBH,
RAG ROHOL-AUFSUCHUNGS AG,
SHELL, SOLAR TURBINES EUROPE S.A.,
STORENGY, SVGW,
SYNERGRID, TEREGA, TNO,
UNIPER ENERGY STORAGE GMBH,
VERBAND DER CHEMISCHEN INDUSTRIE (VCl),

VOLKSWAGEN AG, WINTERSHALL DEA AG.

Gert Miiller-Syring
Karl-Heine-Strale 109/111

04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gruppe.de

Anja Wehling
Karl-Heine-Strale 109/111
04229 Leipzig, Germany
+49 341 24571 40
anja.wehling@dbi-gruppe.de
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

Dear HIPS-NET Partners,

the volume of power-to-gas projects worldwide has tripled in the last five months (as of March 2020), Wood Mackenzie claims.
The consultants identified power-to-gas projects with a total capacity of 8.2 GW,, worldwide. The 17 largest projects, each with at
least 100 MWy, are planned in Europe, Australia, Paraguay and the USA. Although, the rapid increase in the figures is also likely
to include the visionary, albeit very long-term plans. source/

The studies around hydrogen are popping up faster than we can sometimes summarise them. The newsletter happens to be
longer than intended because we did not want to withhold recent information. The 27™ edition includes articles, which introduce

e 5 years’ experience of hydrogen admixture with 10 vol% in a gas distribution network
e Laboratory results on the hydrogen tolerance of appliances

e  Two studies pushing the market scale up of hydrogen

e National Hydrogen Strategy of Germany

e Information about the hydrogen tolerance and its integration in the Netherlands

e And last but not least a brief introduction of the recently started THyGA project

We hope you find interesting information and enjoy reading.

Your HIPS-NET Team

Gert, Anja, and Josephine

PS: We will look at the study “Infrastructure Outlook 2050 published in 2019 aiming to understand future designs of the integrated energy system

for Germany and the Netherlands in the year 2050 and the follow-up study: Pathways to 2050 (Phase Il) in the next newsletter. Just to let you
know that they are published — in case you can'’t wait — have a look.

The study “Impact of the use of the biomethane and of the hydrogen potential on trans-European infrastructure” is now published after
acceptance by DG Energy.

Not enough yet? The study “The role of Trans-European gas infrastructure in the light of the 2050 decarbonisation targets” is out now. Four
interesting topics we will summarise keeping a special eye on the hydrogen tolerance of the gas network including future expectations.

2 Anniversary - 5 Years of Experience with 10 Vol% H, | Germany
] H2, Admission to Emission Reduction for Gas Engine Plants | Germany

5 2x40 GW in 2030 - Green Hydrogen Initiative | Europe

CONTENT |

6 Study ‘Gas Decarbonisation Pathways 2020-2050’ | Europe
NEWSLETTER

] National Hydrogen Strategy | Germany
#2171 1

8 Adjusting the Dutch Gas Network to Hydrogen | Netherlands

10 THyGA: Clearing the Way for the Use of Hydrogen | Europe
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ANNIVERSARY - 5 YEARS OF EXPERIENCE WITH 10 vOoL% H, | GERMANY (1/2)

The municipal energy supplier in Mainz / Germany is sup-
plying 972 houses with hydrogen enriched natural gas
since 2015, for five years by now.

Three PEM electrolysers (with 1,3 MW, capacity each) are
directly connected to a local wind park and producing renewa-
ble hydrogen. The hydrogen supplies an existing local gas grid
and trailer with gas cylinders on a regular basis. The gas in the
cylinders requires an increased degree of pureness. Impurities
stay below 0.0002 % oxygen and 0.0005 % water.

Some technical details of the “Energiepark (energy park)
Mainz”:

e 20 KV electricity voltage level

e 4 x2 MW electric capacity wind park

e 3 x1,3 MWy electric capacity of the electrolyser

e 35 bar(g) output pressure of the electrolyser

e 780 kg (26 MWh) @ 80 bar(g) storage capacity

e 200 bar(g) operating pressure — trailer

e 300-600 kg @ 200 bar(g) storage capacity for trailer

e 3 hrs approximate filling time

hydrogen compatibility of the gas network section

The project examined all essential elements of the gas net-
work for their hydrogen compatibility in distribution, measure-
ment and control, as well as gas utilisation. The investigations
did not reveal any need to adapt this section of the gas net-
work. Steel pipelines are endangered by stress induced corro-
sion cracking. This occurs primarily at hydrogen concentra-
tions > 50 vol%, high pressures and with steels of high hard-
ness (HV > 400). The natural gas pipelines in the Mainz’
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network consist of steel grades with lower degrees of hard-
ness (e.g. L245NB HV = 250). Further, typical pipeline steels
for high pressures (e.g. X42, X70) show only marginal chang-
es in the crack growth rate at hydrogen concentrations of up
to 50 vol%. The risk of stress induced corrosion cracking
therefore remains low in the selected network for blends with
up to 10 vol% hydrogen.

live experience for hydrogen blending

Mainz is the biggest pilot site for hydrogen injection with 972
households in Germany (and maybe even worldwide). With a
constant share of almost 10 vol% hydrogen they feed-in
quantities between 0 - 1130 m? hydrogen per hour. The cho-
sen gas grid section is an existing one with a wide variety of
heating and cooking appliances. The colleagues in Mainz did
not examine every single appliance but only tested a few of
them, i.e. gas boilers and cogeneration units (CHP). They
further informed the gas customers and established a cus-
tomers office to handle complaints. The customers office did
not receive any reports about malfunctions or irregularities
and was eventually closed after 3 years.

feed-in / gas billing / calibration

The feed-in station receives hydrogen from the gas storage
with inlet pressure of 24 — 80 bar(g). It is blended there with
natural gas. A calorimeter determines the calorific value in the
station. Further, the data of the gas volume is calculated as
monthly mean value according to the DVGW standard G 685.
The office of weights and measures approved the measuring
approach. The gas leaves the feed-in station with an outlet
pressure of 6 — 8 bar(g).

ionic compressor

The project includes an ionic compressor. These are primarily
used for filling stations but found advantageous to work with a
PEM electrolyser especially because of its wide load range
and high efficiency in the partial load range. It can compress
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ANNIVERSARY - 5 YEARS OF EXPERIENCE WITH 10 vOL% H, | GERMANY (2/2)

Jonas Aichinger at jonas.achinger@mainzer-stadtwerke.de

.energiepark-mainz.de/en/
it.ly/3dUFV2F (report, in German only)

moist hydrogen and dries it in the process of compression so that the
hydrogen is dry enough for gas grid feed-in without adsorptive drying.
The compression of high-purity hydrogen to very high pressures was
previously only possible with dry-running or diaphragm compressors,
which have disadvantages in CAPEX, OPEX and dynamics/variability.

The compression with an integrated drying proves to be a viable con-
cept, especially for stations that only supply the gas grid, because dry-
ness is sufficient for this purpose and the adsorption dryer is not needed.
However, ionic compressors require additional effort such as the process
-related separation of the water at various points, the necessary thermal
insulation and additional heating of the pipelines. For stations that supply
partly or exclusively high-purity hydrogen (e.g. for trailer filling or filling
stations), a conventional drying concept is recommended.

The project idea was born in 2012; the research started in 2015 for 2
years; afterwards the site entered commercial operation in 2017. In
2019, the project partners agreed to continue the production for a longer
term despite the currently insufficient market design for renewable hydro-
gen. Greenpeace Energy supports selling the hydrogen with their prod-
uct ‘windgas’.

Partners: Stadtwerke Mainz, Linde, Siemens, Hochschule RheinMain

EFFECT OF HYDROGEN ADMISSION TO EMISSION REDUCTION FOR GAS ENGINE

PLANTS | GERMANY (1/2)

The European Directive EU 2015/2193 requires na-
tional emission limits for combustion plants in particu-
lar for carbon monoxide (CO), ammonia (NH3), nitro-
gen oxides (NOy), sulphur oxides (SOy), formalde-
hyde (CH,0), and hydrocarbons (HC). The limits are
stricter than the technical guidelines on air quality
control (TA Luft 2002) that have been in place before
in Germany (see table beside).

The tougher emission limits, especially for formalde-
hyde emissions, present considerable technical and
economic challenges for electricity producers with
existing combustion engines.

The question occurred: Can hydrogen admixture
lower the emissions? And could this replace three-
way catalytic converters for emission reduction? DBI
tested two gas driven engines (see table beside).

The measurements of CHP 1 were taken first, after
the combustion and before the catalytic converters
and second, after the catalytic converters. The small-
er CHP 2 was only tested after the catalysator. The
CHP 2 was simply too small, the components too
narrow to place measuring instruments between the
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Emission Limits for Combustion Plants since 2019 | Germany

thermal

) o) NH; NO SO CH.0
capacity s [mgme]  [mg/md  [mg/md  [mgimd]
[Mw]

new emission
limits 21to<50 100 10 100 10 20
(44. BImSchV)
pre_vio_us
emission >3 300 500* 10 60
limits

(TA Luft 2002)

*Does not apply to engines with thermal capacity below 3 MW. Limit is 1,000 mg/m* NOx.

Combustion Engine (CHP 1)
689 kW vy
224 kW

thermal capacity 50 kW ny

electric capacity 22 kWg

straight (inline engine), 24 cylinders
type (lambda (A) = 1)

measurement field experiment

hydrogen admixture 0,6,9, 10 vol%

131
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Combustion Engine (CHP 2)

straight (inline engine), 4 cylin-
ders (lambda (A) = 1)

laboratory experiment

0, 10, 20, 30, 40 vol%


https://www.energiepark-mainz.de/en/

EFFECT OF HYDROGEN ADMISSION TO EMISSION REDUCTION FOR GAS ENGINE

PLANTS | GERMANY (2/2)

Carbon monoxide emissions:

Hydrogen generally helps lowering CO emissions
with the catalytic converter and in the small CHP.

Methane emissions:

The impact on CH, emissions varies — rising and
dropping. A clear statement can only be given for
the small CHP with dropping emissions.

The findings of the measurements show that hydro-
gen admixture influences combustion properties
(including a shorter extinguishing distance, higher
combustion temperature, higher combustion speed,
diffusion-related higher mixing). Hydrogen further
reduces emissions CO, CH4, NH3, and CH,O but
does not substitute secondary measures such as
oxidation catalytic converter or 3 'way catalytic con-
verter. It may, however support measures for emis-
sion reduction especially for NH3.

combustion unit and the catalysator. The emission
limits apply to CHP 1 but not to CHP 2, since the latter
is below the threshold of 1 MW.

Conclusion: Hydrogen admixture leads to emission
reductions (CO, CHs, NHj3;, CH,0) but does not re-
place the three-way catalytic converter. Please have a
look at the following diagrams for further details.

Formaldehyde emissions:

Hydrogen admixture lowers the formaldehyde emis-
sions, but not under the required limits. Keeping the
limits needs a catalytic converter.

Ammonia emissions:

Hydrogen admixture lowers the emissions. Especially
with the catalytic converter, the emissions are higher
than the regulatory threshold permits. Hydrogen low-
ers ammonia emissions in this case significantly.

Nitrogen oxide emissions:

The influence of hydrogen admixture differs clearly.
There is hardly any influence without the catalytic
converter. With the catalytic converter of the large
CHP, hydrogen supports dropping NO, emissions.
The opposite effect happens in the small CHP unit,
where hydrogen increases the NOy emissions. This is
caused by thermal NO, emissions.

e St https://bit.ly/2Yo4Xaa (in German)

chris.schaaf@dbi-gruppe.de
P
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2x40 GW IN 2030 - GREEN HYDROGEN INITIATIVE | EUROPE

Hydrogen Europe is calling for 2x40 GW electrolyser capacity
in 2030 to realise a European green hydrogen market and
push Europe to become a global industrial leader. Govern-
mental support is crucial for the electrolyser market and need-
ed as soon as possible. Time to act is now, to reach the goal
in 2030.

The paper postulates 40 GW electrolyser capacity in the EU
by 2030. This includes 6 GW in a captive market (hydrogen
production at the demand location i.e. in steel plant) and 34
GW hydrogen market (hydrogen production close to electricity
production). This 40 GW electrolyser capacity will produce 4.4
million ton or 173 TWh hydrogen in 2030, representing 25% of
the total EU hydrogen market in 2030.

Further 40 GW electrolyser capacity are required in North
Africa and Ukraine by 2030. This includes 7.5 GW hydrogen
production for the domestic market and a 32.5 GW hydrogen
production capacity for export. The domestic market is mainly
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for ammonia production, while the export market is mainly
done via pipelines to the EU, about 3 million ton or 118
TWh hydrogen in 2030, representing 17 % of the total EU
hydrogen market in 2030.

The storyline is clear and simple:

e Renewable hydrogen and electricity are both
carbon free energy carriers. Both will be neces-
sary and they are complementary to each other.

e Hydrogen can play a crucial role in achieving a
clean and prosperous economy.

e Building 2x40 GW electrolyser capacity reduces
about 82 million tonnes CO; per year, has a total
investment of 25-30 billion Euro, and creates
140,000-170,000 jobs in the electrolyser manufac-
turing and maintenance sector.

e The industry needs the European Union and its
member states to design, create and facilitate a
hydrogen market, infrastructure, and economy.

e Crucial is the design and realisation of new,
unique, and long-lasting mutual cooperation
mechanisms on political, societal, and econom-
ic levels between the EU, North Africa, Ukraine,
and other neighbouring countries.

With this initiative, renewable (green) hydrogen will become
cost competitive with fossil (grey) hydrogen. GW-scale
electrolysers at wind and solar hydrogen production sites
will produce renewable hydrogen at costs competitive with
low-carbon hydrogen for 1.5-2.0 €/kgy, in 2025 and with
grey hydrogen 1.0-1.5 €/kgn, in 2030. The authors predict a
rigorous drop in production costs (see table).

Partners: Ukrainian Hydrogen Council, Clean Energy
Technology Network, African Hydrogen Partnership, Dii
Desertenergy

COPYRIGHT 2020 | © DBI GAS- UND UMWELTTECHNIK GMBH | ALL RIGHTS RESERVED


https://bit.ly/2C01gQs

STUDY 'GAS DECARBONISATION PATHWAYS 2020-2050’ | EUROPE (1/2)

ScALING UP BIOMETHANE, GREEN HYDROGEN, BLUE HYDROGEN

The Paris Agreement goal to limit global
temperature increase to well below 2
degrees requires deep decarbonisation.
So far, the energy transition has mainly
been an electricity transition. While
there is increased awareness about the
valuable role hydrogen and biomethane
will play in the future, the potential of
renewable and low carbon gases has
yet to be unleashed. A noticeable
amount of biogas (around 170 TWh/yr)
is already being produced. However,
blue and green hydrogen and bio-
methane are not available in large quantities today.

The Gas for Climate consortium has undertaken several
large studies that analyse the future role and value of gas
and gas infrastructure. In March 2019, the consortium pub-
lished ‘The optimal role for gas in a net zero emissions ener-
gy system’ (see newsletter #24). The new study — on the
pathways — targets the ’optimised gas 2050’ energy system
as described in the earlier study. It develops gas decarboni-
sation pathways from 2020 to 2050, and identifies what in-
vestments and actions are needed across the energy sys-
tem along the way.

With the right climate and energy policies in place, the ener-
gy sector will be able to massively scale-up the produc-
tion of biomethane and green and blue hydrogen, initially
to 10 % of total gas demand by 2030 and to 100 % renewa-
ble and low carbon gas by 2050.

Blue hydrogen refers to conventional steam reforming (SMR) retrofitted with
CCS or the recent autothermal reforming (ATR) technology combined with

CCS. Further technologies as pyrolysis are mentioned but not subject of the
roadmap.

The supply of green hydrogen could drive up to 50 TWh/yr
with an installed capacity of 20-25 GW, by 2030, while blue
hydrogen would be scaled up more rapidly with up to 85
TWh/yr. In the early 2040s, cheap green hydrogen would
surpass the production of blue hydrogen, targeting at vol-
umes around 1,590 TWh/yr (green) and 620 TWh/yr (blue)
by 2050, including demand for aviation fuels and petrochem-
icals. Blue hydrogen production grows moderately from 2040
(555 TWh/yr) to 620 TWh/yr in 2050.

Substantial quantities of natural gas will remain to be trans-
ported through Europe’s gas grids, but after 2030 the role for
natural gas dwindles rapidly. Industrial consumers and the
buildings sector will significantly reduce their natural gas
consumption. This means that gas transmission capacity will
become increasingly available for hydrogen transport while
gas distribution grids will largely continue to carry gas to
existing buildings, initially natural gas but increasingly bio-
methane to hybrid heating systems. Due to gas demand
reduction, capacity will become available that can be used to
convert pipeline segments to hydrogen transport.
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Blending natural gas with a limited amount of injected hydro-
gen can be an effective temporary solution to boost hydrogen
production and facilitate CO, emission reductions during the
2020s.

However, the volumes of hydrogen needed to reach a net-zero
emission energy system in 2050 will require a separate region-
al and national pure hydrogen infrastructure around 2030, as
well as trans-EU hydrogen flows around 2040. Such infrastruc-
ture can be largely based on existing gas infrastructure which
can be retrofitted cost-effectively.

By 2050, just over 1,700 TWh would flow through the hydro-
gen grid. The transport of this quantity of hydrogen requires
more pipeline capacity per unit of energy compared to natural
gas because an energy unit of hydrogen has about 3 times
more volume than methane. However, hydrogen flows much
faster through gas grids. The net effect of both elements is that
transport of hydrogen requires at least 20% more pipeline ca-
pacity per unit of energy compared to natural gas.

Accelerated Decarbonisation scenario in 2050
Blue hydrogen 620 TWh/yr
Green hydrogen 1,590 TWh/yr

By-product hydrogen 60 TWh/yr
Total hydrogen 2,270 TWh/yr

Hydrogen blending

Blending hydrogen into natural gas grids requires upgrades to
the current infrastructure above specific thresholds and could
raise issues at the end user side as certain appliances, burn-
ers, and especially industrial consumers of feedstock have
limitations in what share of hydrogen they can handle, and the
(unpredicted) variations they can accept. Directing blended
hydrogen to applications that can accept a blend will be highly
complex for gas operators; separating the hydrogen and me-
thane into finer grids closer to the demand centres using mem-
branes is being considered.
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STUDY 'GAS DECARBONISATION PATHWAYS 2020-2050’ | EUROPE (2/2)

ScALING UP BIOMETHANE, GREEN HYDROGEN, BLUE HYDROGEN

Blending hydrogen in the existing gas grid is often consid-
ered as a way to quickly scale-up hydrogen supply, while
limiting the need for hydrogen pipeline and end-user invest-
ments. Studies report blending percentages of between 5
and 20 vol% to be technically feasible in current grids with
minimal investments.

The report recommends the EU Green Deal needs to
include various cross-sectoral policy measures. We se-
lected a few focussing on the gas network:

First, adapting the EU regulatory framework to
make gas infrastructure future proof in an inte-
grated energy system. It will be a key asset for the
sustainable and cost-efficient decarbonisation of
the European economy. Planning of energy infra-
structure should be more integrated considering the
overall energy system and the advantages offered
by existing infrastructure. TEN-E and CEF regula-
tions should facilitate and support the integration of
renewable gas.

A binding mandate for 10% gas from renewable
sources by 2030 will mainly stimulate sustainable
biomethane production.
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® Further, fostering cross-border trade of hydrogen
and biomethane, by amongst others a well-
functioning Guarantee of Origin system. Clarify
market rules for green and blue hydrogen including
for hydrogen transport. Harmonise gas quality
standards and standards for biomethane injection in
gas grids and set standards and definitions for hydro-
gen and blended gases to enable their transport
through gas infrastructure and across borders. This
should consider a current state blend level and varia-
bility in blend levels during the year or a ramp up
towards the future.

e Strengthening and broadening the EU Emissions
Trading System (ETS) combined with targeted and
time-bound Contracts for Difference will mainly push
blue hydrogen production in the medium term but fur-
ther the production of green hydrogen in the early
2040s. An assumed EU ETS price of around €55/tco,
in 2030, gradually increasing to €150/tco> by mid-
century will allow deep decarbonisation in all industrial
processes.

‘Sustainable biomethane’ includes the responsible use of biomass waste and
residues plus biomass from sequential cropping and carbon farming, mainly in
the southern half of the EU.

The authors see that imports of green hydrogen from North
Africa by upgrading existing gas import pipelines may enter the
picture, and possibly blue hydrogen imports from regions with
large gas reserves like Russia may start playing a role as well.
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NATIONAL HYDROGEN STRATEGY | GERMANY (1/2)

The German National Hydrogen
Strategy was issued in June 2020
and sends clear intentions: The
German Government expects a
considerable increase in the de-
mand for hydrogen in the medium
to long term. In order to harness
the full potential of hydrogen tech-
nology, the next steps need to be
taken to speed up the rollout of this
technology together with the pri-
vate sector. Time to act is now, which the strategy markedly
shows with 38 actions announced for 2020 and beyond.

The Government seeks to use green hydrogen, promote its
rapid market rollout, and establish the necessary value
chains. It believes that both a global and European hydrogen
market will emerge in the coming ten years and that carbon-
free (incl. blue) hydrogen will be traded.

The German Government expects that around 90 to 110
TWh/yr of hydrogen will be needed by 2030. Domestic hy-
drogen consumption currently amounts to roughly 55 TWh/
yr. In order to cover part of the future demand, Germany
plans to establish up to 5 GW hydrogen generation capacity
including the offshore and onshore electricity generation
facilities needed for this. This corresponds to 14 TWh/yr of
green hydrogen production and will require 20 TWh/yr of
renewables-based electricity.

However, the domestic generation of green hydrogen will not
be sufficient to cover all new demand, which is why most of
the hydrogen will have to be imported. There are several
places across the EU where large quantities of renewables-
based electricity are being generated. These offer great po-
tential for producing green hy-

drogen. The Government will

work to ensure that this poten-

tial is tapped and that the gen-

eration capacities are further

expanded. To this end, it will

intensify its cooperation with

other European Member

States, particularly those bor-

dering the North and Baltic Sea,

but also with the countries of

southern Europe. The use of

offshore wind energy will play

an important role. Further,

countries currently producing

and exporting fossil fuels also

have attractive opportunities to

convert their supply chains to

the use of renewable energy

and hydrogen, and
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thus to become potential suppliers of hydrogen. The Govern-
ment aims to further diversify energy sources and transport
routes and is looking also at new partners for international
cooperation i.e. with developing countries.

In future, a part of the gas infrastructure will be reused for hy-
drogen as well. Further networks are to be created exclusively
for the transport/distribution of hydrogen. Important options for
transporting hydrogen include PtX downstream products or
LOHCs (Liquid Organic Hydrogen Carriers).

Governance Structure

The Strategy explains the hydrogen governance structure
(see figure below). A State Secretaries’ Committee on hydro-
gen, composed of the relevant ministries, will provide continu-
ous support for the activities under the National Hydrogen
Strategy and ensure that the Strategy remains in line with mar-
ket developments and delivers on its overall targets. The Na-
tional Hydrogen Council is made up of 26 high-level experts
from business, science, and civil society. The Hydrogen Coun-
cil is to advise and support the State Secretaries’ Committee
through proposals and recommendations for action. The
‘Green Hydrogen’ Innovation Officer of the Federal Ministry of
Education and Research (BMBF) supports both groups. The
Hydrogen Coordination Office assists the implementation of
the Strategy and the Council in coordinating and drafting rec-
ommendations for actions. It is also responsible to monitor the
Strategy.

In order to drive forward technological progress and econo-
mies of scale and promptly obtain the critical mass of hydro-
gen needed for some initial sectors to switch to the new tech-
nology, the production and use of hydrogen need to be sped
up globally.
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NATIONAL HYDROGEN STRATEGY | GERMANY (2/2)

A particular focus is being placed on areas that are already
close to commercial viability and where major path depend-
encies can be avoided, or which cannot be decarbonised in
other ways, as is the case for process-related emissions in
the steel or chemicals industry, or in certain parts of the
transport sector. Heat market: In the long run, hydrogen and
its downstream products can help in various ways to decar-
bonise parts of the heat market. Efficiency and electrification
potentials for process heat and the building sector have

clear priority.

38 MEASURES

The measures cover a wide range of activities on national,
EU level and beyond. The German EU Council Presidency
offers a good opportunity in the second half of 2020 to pro-
actively progress key hydrogen-related dossiers, e.g. in the
context of the preparations for the legislative package on
sector coupling and gas market design. These particularly
include the Hydrogen Action Plan envisaged by the Europe-
an Commission and the strategy on Smart Energy System
Integration. On national level, reducing the EEG surcharge
(levy), hydrogen quotas for transport, industrial products,
and CO, pricing for fossil fuels used in transport and the
heating sector are important elements and many more are
described in the the Strategy in page 16ff. Have a read if
you are curious.

ADJUSTING THE DUTCH GAS NETWORK TO HYDROGEN | NETHERLANDS (1/2)

To what extent is the current gas distribution network re-
sistant to renewable gases? What adjustments are needed to
adapt the existing gas networks? What are the costs of the
conversion? These questions are addressed in an older re-
port from Kiwa, ordered by Netbeheer Nederlands, the na-
tional association for gas and electricity network operators.

“The gas network of the future can remain largely the same
as the current natural gas network” for save and reliable hy-
drogen (and biomethane) supply.

The gas characteristics of hydrogen differ from natural gas’.
In comparison with natural gas, hydrogen has a lower ignition
temperature, wider explosion limits and a higher rate of as-
cent. When burning hydrogen, the flame is poorly or not visi-
ble and the combustion rate is higher. In addition, like natural
gas, hydrogen cannot be smelled from itself. Existing appli-
ances are not simply suitable for 100% hydrogen. Virtually
none of the existing appliances at the end users are suitable
for use with pure hydrogen. The combustion of hydrogen in
existing boilers may result in flames and damage to the burn-
er. Further, the protection principle (ionisation current) in the
current appliances is not applicable for 100% hydrogen. This
also applies to most gas boilers. An increased safety risk with
cooking appliances is that combustion of hydrogen does not
produce a visible flame. An important advantage of hydrogen
is that carbon monoxide poisoning no longer occurs. In addi-
tion, the volatility of hydrogen reduces the risk of fire or explo-
sion. On the other hand, the wider explosion limits, lower
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ignition temperature and lower ignition energy increase the
risk. A practical study in the United Kingdom into the leakage
of hydrogen in a test farm showed that it was not possible to
create an explosive mixture under normal conditions. In
short, there are arguments that lead to an increased risk and
others that point to a lower risk compared to natural gas.

The question of what measures are needed to adequately
control the risk of fire or explosion in the event of hydrogen
leakage cannot yet be answered conclusively. Further, there
are two other phenomena that are often associated with hy-
drogen. These are the permeation of hydrogen through plas-
tic pipes and hydrogen embrittlement of steel. Both effects
are negligible under the conditions prevailing in distribution
networks and do not significantly degrade or increase the
safety risk.

All studies published so far have shown no degradation of
plastics and rubber gas distribution materials by hydrogen.
For steel, stainless steel and cast iron, used in gas distribu-
tion, it can be concluded that the main failure mechanism
(hydrogen embrittlement) will not occur in practice. Copper,
brass and aluminum do not seem to be influenced by hydro-
gen. Therefore, it can be concluded that the existing gas dis-
tribution networks are suitable for the transport of hydrogen.
The findings above suggest that the applied construction and
design techniques can also be used for the construction of
new gas pipelines.
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*WEQ is not an officially determined parameter. The translation is “residential
equivalent”, meaning one average Dutch flat/dwelling. Commercial buildings
with 150 m2 floor space is set equal to one WEQ.

ADJUSTING THE DUTCH GAS NETWORK TO HYDROGEN | NETHERLANDS (2/2)

The current costs for maintaining the gas network are 100 -150 €/yr per
WEQ*. Many of the adjustment measures under consideration require pay-
ments only once. Upon deprecation over a longer period, the costs are in
the order of a few euros per WEQ/yr as far as gas distribution is con-
cerned. The largest cost item is probably the replacement of the gas meter
and the development and implementation of any other type of billing proce-
dure. The costs of measuring variations in the calorific value at the level of
a separate house are high and uncertain. It is therefore not expected that
calorific value meters will be installed. The one-off costs associated with
the (premature) replacement of gas appliances at the end user are much
higher than any additional gas grid maintenance costs (calculated back
tens of euros per WEQ/yr). Of the recurring costs, the items relating to any
inspections are the highest. Additional inspection for excavation work is
costly. A 100% inspection makes gas (hydrogen) supply 20 €/WEQ/yr
more expensive. The alternative of sectioning the grid is not much cheaper
and is a partly untried technique. Whether these measures are necessary
in the long term is uncertain and depends on practical experience.

one-off

one?ff costs frequent fre?uent
Action CeRS, per costs costs per
basis WEQ WEQ
k€ €/WEQ k€ljr €/(r WEQ)
Secure transport and distribution
Educating of mechanics ++ + 0 0
Adjusting work procedures for
construction and maintenance 0 0 0 10
Adapting standards
and regulations ++ 0 0 0
Supervising excavation work 0 0 0 +
Dynamic/automatic sectioning of
the gas network ++ + 0 +
Security of supply and
maintenance
Adjustments measuring instruments 0 + 0 0
Injection of hydrogen or other sus-
tainable gas
Additional pollution control
(S,CO, N2, 02, etc.) 0 0 0 +(++)
Safety of distribution and end-use
Information campaign ++ +
Adjusting odoration ++ +
Additional odoration control 0 0 + +
Adjusting standards for gas
indoor installation (leak- o 0 0 0
tightness)
Adapting working procedures
for construction and mainte-
nance of gas indoor installa- 0 0 0 +
tion
Replacing open flame cookers 0 ++ 0 0
Adjusting installations
of end-users
Replacing gas meters (larger size) 0 + 0 0
Replacing gas meters (ultrasonic) 0 + 0 0
Additio_nal mon_itoring of gas
indoor installations (once a 0 0 0 o,
year)
Replacement or conversion of
other appliances 0 ++ 0 0
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An annual inspection of the indoor gas installa-
tion and/or gas sensors in the house is expen-
sive (order of magnitude 100 €/ WEQ/yr). This too
is debatable. The overall conclusion is that the
costs of maintaining the gas network will in-
crease by less than 50%. Depending on the use-
fulness to be substantiated by practical experi-
ence and the need for inspections, the best
guess is that the additional conservation
costs will ultimately amount to approximately
5% of the current costs (5 to 10 €/ WEQ/yr).

The total costs of switching and adapting the
distribution networks (0-8 bar(g)) in the Nether-
lands can amount to up to € 700 million. The
network costs will increase roughly by 10 to 50 %
per household per year. The largest cost item
included in the switch to hydrogen is the replace-
ment of the gas meter and the new approach to
determine the energy content for gas billing due
to differences in gas composition. A significant
periodic cost item is associated with stricter su-
pervision of excavation activities. Incidentally,
these additional network operator costs are lim-
ited compared to the expected adjustment costs
of appliances at end users.

The study raised further important steps; we
quote some of them:

e Investigating measuring and offsetting
approaches/methods

e Organizing and drawing of (international)
standards through out the entire gas
chain from production to use

e  Setting up training courses and public
awareness campaigns

The table indicates the magnitude of additional
costs of the relevant measures when using the
existing gas infrastructure for the transport of
hydrogen.

++: higher additional cost,
+: limited additional cost,
0: no action and/or no additional cost

For further detail, please see page 54f of the
report.

We will read and summarise the recent Dutch
report ‘Phase Il — Pathways to 2050”, a joint
study by Gasunie and TenneT in the upcoming
newsletter. Have a glance if you are curious
here.
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THYGA: CLEARING THE WAY FOR THE USE OF HYDROGEN - NATURAL GAS BLENDS

FOR EUROPEAN CONSUMERS | EUROPE

AUTHORS: ALEXANDRA KOSTEREVA, ROBERT JuDD | BOTH GERG, PATRICK MILIN | ENGIE

Blending hydrogen with natural gas can help to decarbonise
the energy mix while taking advantage of existing infrastruc-
ture assets. Understanding and mitigating any end-user im-
pacts are vital elements to realise the blending opportunity.
The FCH 2 JU funded project THyGA, Testing Hydrogen
admixtures for Gas Appliances, aims at supporting a wide
adoption of hydrogen and natural gas (H2NG) blends by
assessing their technical impact on a wide selection of resi-
dential and commercial gas appliances.

The project consortium brings together nine partners with
complementary strengths. In addition, an extensive advisory
panel including manufacturers, European and international
associations, and DSOs will ensure a constant challenge of
the processed results and a great opportunity for a wide
communication of the findings.

Project Goals & Main Working Steps

THyGA will investigate how the end-use appliances behave
when fuelled with H2NG blends, evaluating safety, efficien-
cy, lifetime, and environmental performance. The project
consortium will then identify and recommend appropriate
codes and standards that must be adapted in response, and
finally develop a mitigation strategy for new and existing
appliances. It will do this by:

® Screening and segmenting the portfolio of appliance
technologies in the domestic and commercial sec-
tors to select a representative sample of appliances
for the testing.

® Developing a generic protocol that can be adapted
to test the hydrogen tolerance of virtually any appli-
ance.

® Testing up to 100 residential gas appliances through
a generic protocol and assessing the impact of hy-
drogen admixtures (up to 60 vol% Hy).

® Evaluating the acceptable hydrogen tolerance of the
natural gas system with the current stock of residen-
tial and commercial end use appliances.

® Evaluating the acceptable hydrogen tolerance of the
natural gas system with new technologies.

® Theoretical specification of test gases, development
of new testing procedures for certification purpose
and validation on selected appliances.

® Evaluating mitigation solutions for installed applianc-
es and new appliances, taking into account both
technological and economic aspects for the best
compromise between environmental / societal bene-
fits and cost.

® Making recommendations for manufacturers and
decision makers along the gas value chain for appli-
ance design, manufacture, and certification.
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First Results

Currently in month 5 of the project, the partners found more
than 100 references on hydrogen tolerance in the literature for
boilers, water heaters, fires, cookers and catering, decentral-
ized heating, gas heating pumps (GHP) and cogeneration
units (CHP). The partners defined four categories to summa-
rise the knowledge on the impact of varying H, admixture:
safety (H, leakages, CO, flashback, overheating), appliance
reliability (lifetime and impact on materials), efficiency, and
emissions (CO,, NOx).

Dissemination / Communication

THyGA also aims to increase the awareness of all stakehold-
ers about H2NG blends and will work closely in alignment with
other initiatives. To support this effort, a series of webinars is
being organised to discuss specific topics such as state of the
art of standards, leakages, materials science related to H2NG
blends, combustion theory, and more. All deliverables of the
project (except internal project documents) will be made pub-
lic. The first public workshop gathered around 100 stakehold-
ers; the diagrams give an impression of the views of the partic-
ipating experts.

Project duration and budget: 36 months and FCH JU subsidy
of 2.5 million €

Partners: BDR Thermea Group, CEA, DGC, DVGW-EBI, Elec-
trolux, Engie, Gas.be, GERG and GWI

Supported by the European Union’s Horizon 2020 research and
innovation programme, Hydrogen Europe and Hydrogen Europe
research. FCH JU grant agreement No. 874983.
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HIPS-NET CORE TOPICS

We gather and disseminate the
latest available knowledge to im-
prove the understanding of hy-
drogen/natural gas blends in pipe-
line systems with emphasis on the
core topics:

We additionally keep a minor fo-
cus on the general development
of power-to-gas, hydrogen net-
works, and further topics around
the utilisation of (renewable) hy-
drogen.

EVENTS AND PARTNERS

SELECTION OF APPOINTMENTS

June/July 2020

23-24 7t Energy Symposium | online confer-
ence, https://www.energy-symposium.eu/

30-03 14t European SOFC & SOE Forum |
Luzern, Switzerland, https:/www.efcf.com/2020

08 July “H2-NETZ”: 4t open day | Chemical
Park Bitterfeld-Wolfen, Germany, https:/
bit.ly/3e9233c

September 2020

09-10 f-cell+HFC - The Hydrogen and Fuel
Cell Event | Vancouver, Canada, https:/
hyfcell.com/

15-16 DBI-Fachforum Energiespeicher 2020
Berlin, Germany, https://www.dbi-gti.de/termine/
dbi-fachforum-energiespeicher-2020.html

22-23 World Hydrogen Congress| Paris,
France, www.worldhydrogencongress.com/

29-30 f-cell 2020 | Stuttgart, Germany, https:/f-
cell.de/

October 2020

08-09 Hydrogen Online Conference | online
conference, https://hydrogen-online-
conference.com/

20-23 14t European SOFC & SOE Forum |
Lucerne, Switzerland, www.efcf.com/2020

November 2020

03-04 6t HYPOS-Forum| Dresden, Germany,
http://www.hypos-eastgermany.de/

04-06 European Hydrogen Energy Confer-
ence | Madrid, Spain, http://ehec.info/

10-11 DBI-Fachforum Wasserstoff &
Brennstoffzellen | Duisburg-Oberhausen,
Germany, https://bit.ly/3011585

24-25 Update: FCH JU Stakeholder Forum |
Brussels, Belgium, https://bit.ly/3hvMvoP

CURRENT PARTNERS

ALLIANDER AG, AREVA HoGEN,
CADENT, DGC, DNV GL, ENAGAS,
ENBRIDGE, ENERGINET.DK, ENGIE,

EWE NETZ, GAS CONNECT AUSTRIA GMBH,
GASNETZ HAMBURG, GASUM QY,
GASUNIE, GRTGAZ, GRZI E.V. (FIGAWA),
INFRASERV GMBH & C0. HOCHST KG,
INERIS, INNOGY SE, ITM POWER,
JOINT RESEARCH CENTRE (JRC), EC,
KOGAS, NAFTA A's,
NATURGY, ONTRAS, OVGW,

OPEN GRID EUROPE GMBH,
POLYMER CONSULT BUCHNER GMBH,
RAG ROHOL-AUFSUCHUNGS AG,
SHELL, SOLAR TURBINES EUROPE S.A.,
STORENGY, SVGW,
SYNERGRID, TEREGA, TNO,
UNIPER ENERGY STORAGE GMBH,
VERBAND DER CHEMISCHEN INDUSTRIE (VCl),

VOLKSWAGEN AG, WINTERSHALL DEA AG.

Gert Miiller-Syring
Karl-Heine-Strale 109/111

04229 Leipzig, Germany

+49 341 24571 33
gert.mueller-syring@dbi-gruppe.de

Anja Wehling
Karl-Heine-Strale 109/111
04229 Leipzig, Germany
+49 341 24571 40
anja.wehling@dbi-gruppe.de
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HIPS-NET

“ESTABLISHING A PAN-EUROPEAN UNDERSTANDING
OF ADMISSIBLE HYDROGEN CONCENTRATION IN THE NATURAL GAS GRID”

Dear HIPS-NET Partners,
European Commission is opting for an integrated energy system for a climate-neutral Europe

“.... Electricity and gas networks are planned and managed independently from each other. Market rules are also largely specific
to different sectors. This model of separate silos cannot deliver a climate neutral economy. It is technically and economically
inefficient, and leads to substantial losses in the form of waste heat and low energy efficiency.” (source, p. 2)

The need for joint planning of electricity and gas networks is something we are hearing for years from gas network operators, but
the planning authority denied joint planning due to a missing political mandate. (This applies to Germany, maybe to further
countries as well?) Now there is a strong political signal from the EU. Is this the one the planning authorities were waiting for?

This 28" edition summarises articles around

e Long-term test with 15 mole% hydrogen in a Danish gas network

e  Process of Increasing the European Emission Target 2030 from 40 % to maybe even 60 %
e EU Strategy for Energy System Integration (short)

e EU Hydrogen Strategy with more detail

e Dutch Hydrogen Strategy
And it includes a summary of the HIPS-NET workshop with brief information about the presentations of Néstor, Alfons, Eva,
William. All four presentations raised a lot of interest during the HIPS-NET workshop. And Gert’s presentation

e HIPS-NET organisational matters — looking back and planning future activities
We hope you find interesting information and enjoy reading.

Your HIPS-NET Team
Gert, Anja, and Josephine

2 Long-Term Test with 15 mole% Hydrogen in Gas Network | Denmark
3 Rising the European Emission Reduction Target in 2030 to 60 % | EU
4 EU Strategy for Energy System Integration | European Commission :
4 EU Hydrogen Strategy | European Commission
CONTENT 6 Government Strategy on Hydrogen | Netherlands
NEWSLETTER 9  HIPS-NET Workshop
9 HIPS-NET Organisational Matters | Gert Miiller-Syring
#28 9 Hydrogen Embrittlement | Alfons Krom |
10 Importance of Blending - How to Convince Sceptics? | Eva Hennig
10 Hydrogen Offshore Inline