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AB Research traditions across the social sciences have explored the drivers of individual behavior and 

proposed different models of de cision making. Four diverse perspectives are reviewed here: conventional 
and behavioral economics, technology adoption theory and attitude-based decision making, social and 
environmental psychology, and sociology. The individual decision models in these traditions differ 
axiomatically. Some are founded on informed rationality or psychological variables, and others emphasize 
physical or contextual factors from individual to social scales. Each perspective suggests particular lessons 
for designing interventions to change behavior. Throughout the review, these lessons are applied to 
decisions affecting residential energy use. Examples are drawn from both intuitive and reasoning-based 
types of decision as well as from a range of decision contexts that include capital investments in 
weatherization and repetitive behaviors such as appliance use. Areas of difference and similarity between 
various theoretical approaches and their practical implications are highlighted. Conclusions are drawn on 
how to develop a more integrated approach to both behavioral research and intervention design in a 
residential energy context. 

C1 Univ British Columbia, Inst Resources Environm & Sustainabil, Vancouver, BC V6T 1Z4, Canada. 
RP Wilson, C (reprint author), Univ British Columbia, Inst Resources Environm & Sustainabil, Vancouver, BC 

V6T 1Z4, Canada. 
EM cwilson@ires.ubc.ca; hadi.d@ubc.ca 
RI feng, tingting/A-9545-2012; Wilson, Charlie/D-4127-2011 
OI Wilson, Charlie/0000-0001-8164-3566 
CR ABELL P, 2003, SOCIO-ECON REV, V1, P1, DOI DOI 10.1093/SOCECO/1.1.1 
   AJZEN I, 1991, ORGAN BEHAV HUM DEC, V50, P179, DOI 10.1016/0749-5978(91)90020-T 
   AJZEN I, 1986, J EXP SOC PSYCHOL, V22, P453, DOI 10.1016/0022-1031(86)90045-4 
   AMANN JT, 2006, AO61 AM COUNC EN EFF 
   Archer D, 1987, ENERGY EFFICIENCY PE, P69 
   Ariely D, 2003, Q J ECON, V118, P73, DOI 10.1162/00335530360535153 
   Armitage CJ, 2001, BRIT J SOC PSYCHOL, V40, P471, DOI 10.1348/014466601164939 
   BANDURA A, 1991, ORGAN BEHAV HUM DEC, V50, P248, DOI 10.1016/0749-5978(91)90022-L 
   BANDURA A, 1977, PSYCHOL REV, V84, P191, DOI 10.1037//0033-295X.84.2.191 
   BARON J, 2004, THINKING DECIDING 
   BECKER LJ, 1978, J APPL PSYCHOL, V63, P428, DOI 10.1037/0021-9010.63.4.428 
   BECKER LJ, 1981, ENVIRON BEHAV, V13, P590, DOI 10.1177/0013916581135004 
   Benders RMT, 2006, ENERG POLICY, V34, P3612, DOI 10.1016/j.enpol.2005.08.005 
   Bin S, 2005, ENERG POLICY, V33, P197, DOI 10.1016/S0301-4215(03)00210-6 
   BLACK JS, 1985, J APPL PSYCHOL, V70, P3, DOI 10.1037//0021-9010.70.1.3 
   Boonekamp PGM, 2006, ENERGY, V31, P2848, DOI 10.1016/j.energy.2006.01.004 
   Brennan TJ, 2007, ENERG POLICY, V35, P1616, DOI 10.1016/j.enpol.2006.04.023 
   Brewer G. D., 2005, DECISION MAKING ENV 
   BROWN MA, 1984, TECHNOL FORECAST SOC, V25, P123, DOI 10.1016/0040-1625(84)90087-8 
   Brown MA, 1998, ANNU REV ENERG ENV, V23, P287, DOI 10.1146/annurev.energy.23.1.287 
   Brown MA, 2001, ENERG POLICY, V29, P1197, DOI 10.1016/S0301-4215(01)00067-2 



Sustainability 2018, 10, x FOR PEER REVIEW  2 of 1272 

   BUCHANAN JM, 1994, J INST THEOR ECON, V150, P123 
   Camerer CF, 2004, ROUNDTABLE SER BEHAV, P1 
   Camerer C, 2003, U PENN LAW REV, V151, P1211, DOI 10.2307/3312889 
   Camerer CF, 2004, ROUNDTABLE SER BEHAV, P148 
   Camerer CF, 2004, ROUNDTABLE SER BEHAV, P3 
   Clemen R. T., 2001, MAKING HARD DECISION 
   Conlisk J, 1996, J ECON LIT, V34, P669 
   Constanzo M., 1986, AM PSYCHOL, V41, P521 
   CRAIG CS, 1978, J CONSUM RES, V5, P82, DOI 10.1086/208718 
   Darby S, 2006, ENERG POLICY, V34, P2929, DOI 10.1016/j.enpol.2005.04.013 
   DARLEY JM, 1981, J SOC ISSUES, V37, P150, DOI 10.1111/j.1540-4560.1981.tb02630.x 
   Dawnay E., 2005, BEHAV EC 7 PRINCIPLE 
   DENNIS ML, 1990, AM PSYCHOL, V45, P1109, DOI 10.1037/0003-066X.45.10.1109 
   DICLEMENTE CC, 1982, ADDICT BEHAV, V7, P133, DOI 10.1016/0306-4603(82)90038-7 
   Dietz T, 2005, ANNU REV ENV RESOUR, V30, P335, DOI 10.1146/annurev.energy.30.050504.144444 
   Dietz T, 1998, ENVIRON BEHAV, V30, P450, DOI 10.1177/001391659803000402 
   Dietz T., 2002, NEW TOOLS ENV PROTEC 
   DILLMAN DA, 1983, J ECON PSYCHOL, V3, P299, DOI 10.1016/0167-4870(83)90008-9 
   Egmond C, 2006, ENERG POLICY, V34, P3464, DOI 10.1016/j.enpol.2005.07.017 
   *EPRI, 1990, EM5908 EL POW RES I 
   Faiers A, 2006, ENERG POLICY, V34, P1797, DOI 10.1016/j.enpol.2005.01.001 
   Farhar B., 1989, SERITR2543386 
   Buhrmann J., 1998, NRELTP55024004 
   FARHAR BC, 2000, NRELTP55028872 
   Festinger Leon, 1989, EXTENDING PSYCHOL FR 
   Festinger L, 1957, THEORY COGNITIVE DIS 
   Finucane ML, 2000, J BEHAV DECIS MAKING, V13, P1, DOI 10.1002/(SICI)1099-

0771(200001/03)13:1<1::AID-BDM333>3.0.CO;2-S 
   Fischhoff B, 2005, HEALTH PSYCHOL, V24, pS9, DOI 10.1037/0278-6133.24.4.S9 
   Fischhoff B., 2005, HDB ENV EC, P937 
   Fishbein M., 1975, BELIEF ATTITUDE INTE 
   Frederick S, 2002, J ECON LIT, V40, P351, DOI 10.1257/002205102320161311 
   Frey BS, 2004, J INST THEOR ECON, V160, P377, DOI 10.1628/0932456041960560 
   Gardner G.T., 1996, ENV PROBLEMS HUMAN B 
   Gatersleben B, 2002, ENVIRON BEHAV, V34, P335, DOI 10.1177/0013916502034003004 
   Gigerenzer G., 1999, SIMPLE HEURISTICS MA 
   GILBOA I, 1995, Q J ECON, V110, P605, DOI 10.2307/2946694 
   Gillingham K, 2006, ANNU REV ENV RESOUR, V31, P161, DOI 10.1146/annurev.energy.31.020105.100157 
   Gintis H, 2000, ECOL ECON, V35, P311, DOI 10.1016/S0921-8009(00)00216-0 
   Goett AA, 2000, ENERGY J, V21, P1 
   Green L. W., 1999, HLTH PROMOTION PLANN 
   GREGORY R, 1993, J RISK UNCERTAINTY, V7, P177, DOI 10.1007/BF01065813 
   GUAGNANO GA, 1995, ENVIRON BEHAV, V27, P699, DOI 10.1177/0013916595275005 
   Denise A Guerin, 2000, FAMILY CONSUMER SCI, V29, P48 
   Halpern D., 2004, PERSONAL RESPONSIBIL 
   HANSON M, 2006, ROLE ENERGY EFFICIEN 
   HARVEY CM, 1994, J PUBLIC ECON, V53, P31, DOI 10.1016/0047-2727(94)90012-4 
   Hawkins D. I., 2004, CONSUMER BEHAV BUILD 
   Heath C, 1996, J CONSUM RES, V23, P40, DOI 10.1086/209465 
   HEBERLEIN TA, 1983, J ECON PSYCHOL, V4, P107, DOI DOI 10.1016/0167-4870(83)90048-X 
   Henning A, 2005, ANTHROPOL TODAY, V21, P8, DOI 10.1111/j.0268-540X.2005.00352.x 
   Herter K, 2007, ENERGY, V32, P25, DOI 10.1016/j.energy.2006.01.014 
   Hines J., 1987, J ENVIRON EDUC, V18, P1, DOI DOI 10.1080/00958964.1987.9943482 
   Holling CS, 1978, ADAPTIVE ENV ASSESSM 
   Hoyer W., 2004, CONSUMER BEHAV 
   IEA, 2004, OIL CRIS CLIM CHALL 
   Intergovernmental Panel on Climate Change (IPCC), 2001, CLIM CHANG 2001 MIT 
   Jaccard M, 2003, ENERGY J, V24, P49 



Sustainability 2018, 10, x FOR PEER REVIEW  3 of 1272 

   Jackson T., 2005, MOTIVATING SUSTAINAB 
   JAFFE AB, 1994, ENERG POLICY, V22, P804, DOI 10.1016/0301-4215(94)90138-4 
   JAFFE AB, 1994, ENERGY J, V15, P43 
   Jager W, 2006, ENERG POLICY, V34, P1935, DOI 10.1016/j.enpol.2004.12.022 
   JOCHEM E, 2000, SOC BEHAV CLIMATE CH 
   Kahneman D, 2003, AM ECON REV, V93, P1449, DOI 10.1257/000282803322655392 
   KAHNEMAN D, 1979, ECONOMETRICA, V47, P263, DOI 10.2307/1914185 
   Kahneman D, 1999, WELL BEING FDN HEDON 
   Kaplan AW, 1999, TECHNOVATION, V19, P467, DOI 10.1016/S0166-4972(98)00128-X 
   Kaplan S, 2000, J SOC ISSUES, V56, P491, DOI 10.1111/0022-4537.00180 
   KATZEV RD, 1987, J ENVIRON SYST, V17, P93, DOI 10.2190/XV00-DD4B-EPEH-EN5R 
   Katzev R. D., 1987, PROMOTING ENERGY CON 
   Keeney RL, 1992, VALUE FOCUSED THINKI 
   Keirstead J, 2006, ENERG POLICY, V34, P3065, DOI 10.1016/j.enpol.2005.06.004 
   KEMPTON W, 1992, AM PSYCHOL, V47, P1213, DOI 10.1037//0003-066X.47.10.1213 
   KEMPTON W, 1992, ENERG BUILDINGS, V18, P171, DOI 10.1016/0378-7788(92)90011-5 
   KEMPTON W, 1982, ENERGY, V7, P817, DOI 10.1016/0360-5442(82)90030-5 
   King C, 2003, PUBLIC UTILITIES FOR, P27 
   Knight R. L., 2006, ACEEE SUMM STUD EN E 
   Kolmuss A., 2002, ENVIRON EDUC RES, V8, P239, DOI DOI 10.1080/13504620220145401 
   KRAUS SJ, 1995, PERS SOC PSYCHOL B, V21, P58, DOI 10.1177/0146167295211007 
   Laitner J. A. S., 2000, SOC BEHAV CLIMATE CH, P1 
   LEVINE MD, 1995, ANNU REV ENERG ENV, V20, P535 
   LOEWENSTEIN G, 1992, Q J ECON, V107, P573, DOI 10.2307/2118482 
   Loughran DS, 2004, ENERGY J, V25, P19 
   Louviere J.J, 2000, STATED CHOICE METHOD 
   Lovins A., 2003, SMALL IS PROFITABLE 
   LUTZENHISER L, 1993, ANNU REV ENERG ENV, V18, P247, DOI 10.1146/annurev.energy.18.1.247 
   LUTZENHISER L, 2006, ACEEE SUMM STUD EN E 
   Lutzenhiser L., 2002, NEW TOOLS ENV PROTEC, P49 
   MAZUR A, 1974, SCIENCE, V186, P607, DOI 10.1126/science.186.4164.607 
   McCalley LT, 2006, ENERG POLICY, V34, P129, DOI 10.1016/j.enpol.2004.08.024 
   McDaniels TL, 2005, GLOBAL ENVIRON CHANG, V15, P9, DOI 10.1016/j.gloenvcha.2004.12.007 
   McFadden D, 1999, J RISK UNCERTAINTY, V19, P73, DOI 10.1023/A:1007863007855 
   MCGUIRE WJ, 1989, PUBLIC COMMUNICATION, P43 
   McKenzie-Mohr D, 2000, J SOC ISSUES, V56, P543, DOI 10.1111/0022-4537.00183 
   McKenzie-Mohr D., 1999, FOSTERING SUSTAINABL 
   McMakin AH, 2002, ENVIRON BEHAV, V34, P848, DOI 10.1177/001391602237252 
   Mitchell Robert, 1989, USING SURVEYS VALUE 
   Moore G.A., 2002, CROSSING CHASM 
   Moore GC, 1991, INFORM SYST RES, V2, P192, DOI 10.1287/isre.2.3.192 
   Moxnes E, 2004, J ECON PSYCHOL, V25, P707, DOI 10.1016/S0167-4870(03)00072-2 
   NADER L, 1978, ANNU REV ENERGY, V3, P1, DOI 10.1146/annurev.eg.03.110178.000245 
   Newhouse N., 1991, J ENVIRON EDUC, V22, P26, DOI DOI 10.1080/00958964.1990.9943043 
   O'Donoghue T, 1999, AM ECON REV, V89, P103, DOI 10.1257/aer.89.1.103 
   olander F., 1995, J CONSUMER POLICY, V18, P345, DOI DOI 10.1007/BF01024160 
   Olli E, 2001, ENVIRON BEHAV, V33, P181, DOI 10.1177/0013916501332002 
   OLSEN ME, 1981, J SOC ISSUES, V37, P108, DOI 10.1111/j.1540-4560.1981.tb02628.x 
   Oskamp S, 2000, J SOC ISSUES, V56, P373, DOI 10.1111/0022-4537.00173 
   Pallak MS, 1980, APPL SOCIAL PSYCHOL, P235 
   Parker P, 2003, CAN GEOGR-GEOGR CAN, V47, P169, DOI 10.1111/1541-0064.00006 
   Parker P, 2005, LOCAL ENVIRON, V10, P173, DOI 10.1080/1354983052000330761 
   Payne J. W., 1993, ADAPTIVE DECISION MA 
   Peter J. P., 2005, CONSUMER BEHAV MARKE 
   Poortinga W, 2004, ENVIRON BEHAV, V36, P70, DOI 10.1177/0013916503251466 
   PROCHASKA JO, 1992, AM PSYCHOL, V47, P1102, DOI 10.1037//0003-066X.47.9.1102 
   RAMESOHL S, 2000, SOC BEHAV CLIMATE CH, P207 
   Reinders AHME, 2003, ENERG POLICY, V31, P139, DOI 10.1016/S0301-4215(02)00019-8 



Sustainability 2018, 10, x FOR PEER REVIEW  4 of 1272 

   Revelt D, 1998, REV ECON STAT, V80, P647, DOI 10.1162/003465398557735 
   Rogers E., 2003, DIFFUSION INNOVATION 
   Rogers EM, 2004, J HEALTH COMMUN, V9, P13, DOI 10.1080/10810730490271449 
   Rokeach M., 1973, NATURE HUMAN VALUES 
   Ruderman H., 1987, ENERGY J, V8, P101 
   SCHIPPER L, 1989, ANNU REV ENERGY, V14, P273, DOI 10.1146/annurev.eg.14.110189.001421 
   Schipper L, 2001, ANNU REV ENERG ENV, V26, P49, DOI 10.1146/annurev.energy.26.1.49 
   Schultz PW, 1996, SOC PSYCHOL QUART, V59, P375, DOI 10.2307/2787078 
   Schultz PW, 1999, BASIC APPL SOC PSYCH, V21, P25, DOI 10.1207/15324839951036533 
   Schultz P.W., 2002, NEW TOOLS ENV PROTEC, P67 
   Schwartz B., 2004, PARADOX CHOICE 
   SCHWARTZ SH, 1973, J EXP SOC PSYCHOL, V9, P349, DOI 10.1016/0022-1031(73)90071-1 
   Schwartz S. H., 1977, ADV EXPT SOCIAL PSYC, V10, P221, DOI [DOI 10.1016/S0065-2601(08)60358-5, 

10.1016/S0065-2601(08)60358-5] 
   SELIGMAN C, 1978, ENERG BUILDINGS, V1, P325, DOI 10.1016/0378-7788(78)90012-9 
   Shefrin HM, 2004, ROUNDTABLE SER BEHAV, P395 
   Shove E, 1998, ENERG POLICY, V26, P1105, DOI 10.1016/S0301-4215(98)00065-2 
   SHOVE E, 1998, HUMAN CHOICE CLIMATE, P291 
   Shove E, 2003, COMFORT CLEANLINESS 
   SIMON HA, 1956, PSYCHOL REV, V63, P129, DOI 10.1037/h0042769 
   SIMON HA, 1997, EMPIRICALLY GROUNDED 
   SIMONSON I, 1993, CALIF MANAGE REV, V35, P68, DOI 10.2307/41166755 
   SKUMATZ LA, 2000, ACEEE SUMM STUD EN E 
   Starmer C, 2000, J ECON LIT, V38, P332, DOI 10.1257/jel.38.2.332 
   STERN PC, 1981, AM PSYCHOL, V36, P329, DOI 10.1037/0003-066X.36.4.329 
   STERN PC, 1986, EVALUATION REV, V10, P147, DOI 10.1177/0193841X8601000201 
   Stern PC, 2000, AM PSYCHOL, V55, P523, DOI 10.1037/0003-066X.55.5.523 
   STERN PC, 1992, AM PSYCHOL, V47, P1224, DOI 10.1037//0003-066X.47.10.1224 
   STERN PC, 1986, J POLICY ANAL MANAG, V5, P200, DOI 10.2307/3323541 
   Stern PC, 1999, J CONSUM POLICY, V22, P461, DOI DOI 10.1023/A:1006211709570 
   Stern P. C., 2000, J SOC ISSUES, V56, P523 
   Stern P. C., 1985, ENERGY EFFICIENCY BU 
   Stern P. C., 1999, HUMAN ECOLOGY REV, V6, P81, DOI DOI 10.2307/2083693 
   Summerton J., 1992, DISTRICT HEATING COM 
   SUNSTEIN CR, 2003, 032 AEI 
   Sutherland R. J., 1991, ENERGY J, V12, P15, DOI DOI 10.5547/ISSN0195-6574-EJ-V0L12-N03-3 
   Swart RJ, 2004, GLOBAL ENVIRON CHANG, V14, P137, DOI 10.1016/j.gloenvcha.2003.10.002 
   Thaler R., 1985, MARKET SCI, V4, P199, DOI DOI 10.1287/MKSC.4.3.199 
   Thaler RH, 1999, J BEHAV DECIS MAKING, V12, P183, DOI 10.1002/(SICI)1099-

0771(199909)12:3<183::AID-BDM318>3.0.CO;2-F 
   THALER RH, 1990, J ECON PERSPECT, V4, P193, DOI 10.1257/jep.4.1.193 
   Thogersen J, 2006, ENVIRON BEHAV, V38, P550, DOI 10.1177/0013916505283832 
   Todd PM, 2003, J ECON PSYCHOL, V24, P143, DOI 10.1016/S0167-4870(02)00200-3 
   TORNATZKY LG, 1982, IEEE T ENG MANAGE, V29, P28, DOI 10.1109/TEM.1982.6447463 
   TRAIN K, 1985, ENERGY, V10, P1243, DOI 10.1016/0360-5442(85)90135-5 
   TVERSKY A, 1981, SCIENCE, V211, P453, DOI 10.1126/science.7455683 
   TVERSKY A, 1992, J RISK UNCERTAINTY, V5, P297, DOI 10.1007/BF00122574 
   TVERSKY A, 1974, SCIENCE, V185, P1124, DOI 10.1126/science.185.4157.1124 
   *US EIA, 2001, RES EN CONS SURV TAB 
   Valente Thomas W., 2002, NEW TOOLS ENV PROTEC, P105 
   van Vliet B, 2005, INFRASTRUCTURES CONS 
   Weber C, 2000, ENERG POLICY, V28, P549, DOI 10.1016/S0301-4215(00)00040-9 
   Wilhelm D, 2005, CHIR GASTROENTEROL, V21, P1, DOI 10.1159/000089341 
   Wilhite H, 1999, ADV CONSUM RES, V26, P281 
   WILHITE H, 2000, SOC BEHAV CLIMATE CH, P109 
   WILHITE HL, 1987, ENERG BUILDINGS, V10, P73, DOI 10.1016/0378-7788(87)90007-7 
   Wirl F, 1998, REV IND ORGAN, V13, P467, DOI 10.1023/A:1007707523605 
   Wirl F, 2000, ENERGY J, V21, P87 



Sustainability 2018, 10, x FOR PEER REVIEW  5 of 1272 

   YATES SM, 1983, AM PSYCHOL, V38, P435, DOI 10.1037/0003-066X.38.4.435 
   Lichtenstein S, 2006, CONSTRUCTION OF PREFERENCE, P1, DOI 10.2277/ 0521542200 
NR 194 
TC 241 
Z9 241 
U1 1 
U2 95 
PU ANNUAL REVIEWS 
PI PALO ALTO 
PA 4139 EL CAMINO WAY, PO BOX 10139, PALO ALTO, CA 94303-0139 USA 
SN 1543-5938 
J9 ANNU REV ENV RESOUR 
JI Annu. Rev. Environ. Resour. 
PY 2007 
VL 32 
BP 169 
EP 203 
DI 10.1146/annurev.energy.32.053006.141137 
PG 35 
WC Environmental Sciences; Environmental Studies 
SC Environmental Sciences & Ecology 
GA 236CJ 
UT WOS:000251280300007 
DA 2018-05-03 
ER 
 
PT J 
AU Fisk, WJ 
AF Fisk, WJ 
TI Health and productivity gains from better indoor environments and their 
   relationship with building energy efficiency 
SO ANNUAL REVIEW OF ENERGY AND THE ENVIRONMENT 
LA English 
DT Review 
DE economics; health; productivity 
ID RESPIRATORY-TRACT INFECTIONS; OFFICE WORKERS; UNITED-STATES; 
   TASK-PERFORMANCE; ALLERGIC DISEASE; ECONOMIC COSTS; ASTHMA; CHILDREN; 
   SYMPTOMS; SATISFACTION 
AB Theoretical considerations and empirical data suggest that existing technologies and procedures can 

improve indoor environments in a manner that significantly increases productivity and health. The 
existing literature contains moderate to strong evidence that characteristics of buildings and indoor 
environments significantly influence rates of communicable respiratory illness, allergy and asthma 
symptoms, sick building symptoms, and worker performance. Whereas there is considerable uncertainty 
in the estimates of the magnitudes of productivity gains that may be obtained by providing better indoor 
environments, the projected gains are very large. For the United States, the estimated potential annual 
savings and productivity gains are $6 to $14 billion from reduced respiratory disease, $1 to $4 billion from 
reduced allergies and asthma, $10 to $30 billion from reduced sick building syndrome symptoms, and $20 
to $160 billion from direct improvements in worker performance that are unrelated to health. Productivity 
gains that are quantified and demonstrated could serve as a strong stimulus for energy efficiency measures 
that simultaneously improve the indoor environment. 

C1 Lawrence Berkeley Natl Lab, Indoor Environm Dept, Environm Energy Technol Div, Berkeley, CA 94720 
USA. 

RP Fisk, WJ (reprint author), Lawrence Berkeley Natl Lab, Indoor Environm Dept, Environm Energy Technol 
Div, Berkeley, CA 94720 USA. 

CR ANTONICELLI L, 1991, ALLERGY, V46, P594, DOI 10.1111/j.1398-9995.1991.tb00629.x 
   ARSHAD SH, 1992, LANCET, V339, P1493, DOI 10.1016/0140-6736(92)91260-F 
   BERMAN SM, 1993, J ILLUM ENG SOC, V22, P150, DOI 10.1080/00994480.1993.10748048 
   BERMAN SM, 1994, J ILLUM ENG SOC, V23, P123, DOI 10.1080/00994480.1994.10748086 



Sustainability 2018, 10, x FOR PEER REVIEW  6 of 1272 

   BORAY PF, 1989, J ENVIRON PSYCHOL, V9, P297, DOI 10.1016/S0272-4944(89)80011-8 
   Brightman HS, 1997, P HLTH BUILD IAQ 97, V2, P453 
   BRUNDAGE JF, 1988, JAMA-J AM MED ASSOC, V259, P2108, DOI 10.1001/jama.259.14.2108 
   *COMM ASS ASTHM IN, 1999, CLEAR AIR ASTHM IND 
   Dales R, 1998, ARCH ENVIRON HEALTH, V53, P190, DOI 10.1080/00039899809605694 
   *DIV RESP DIS STUD, 1984, MMWR-MORBID MORTAL W, V33, P506 
   DIXON RE, 1985, AM J MED, V78, P45, DOI 10.1016/0002-9343(85)90363-8 
   Drinka PJ, 1996, J AM GERIATR SOC, V44, P910, DOI 10.1111/j.1532-5415.1996.tb01859.x 
   *EN INF ADM, 1998, DOEEIA062595 
   EVANS D, 1987, AM REV RESPIR DIS, V135, P567 
   Fireman P, 1997, ALLERGY ASTHMA PROC, V18, P63, DOI 10.2500/108854197778605482 
   Fisk WJ, 1997, INDOOR AIR, V7, P158, DOI 10.1111/j.1600-0668.1997.t01-1-00002.x 
   Fisk WJ, 1993, INDOOR AIR, V3, P246, DOI DOI 10.1111/J.1600-0668.1993.00005.X 
   Fisk WJ, 2000, INDOOR AIR QUALITY H 
   GARIBALDI RA, 1985, AM J MED, V78, P32, DOI 10.1016/0002-9343(85)90361-4 
   HALL JD, 1998, P IAQ 98 US ASHRAE S 
   HARVING H, 1991, ALLERGY, V46, P33, DOI 10.1111/j.1398-9995.1991.tb00647.x 
   HEDGE A, 1995, ERGONOMICS, V38, P260, DOI 10.1080/00140139508925103 
   Heschong Mahone Group, 1999, DAYL SCH INV REL DAY 
   HOFFMAN RE, 1993, AM J PUBLIC HEALTH, V83, P89, DOI 10.2105/AJPH.83.1.89 
   HOGE CW, 1994, NEW ENGL J MED, V331, P643, DOI 10.1056/NEJM199409083311004 
   Husman T, 1996, SCAND J WORK ENV HEA, V22, P5, DOI 10.5271/sjweh.103 
   HUSMAN T, 1993, P 6 INT C IND AIR QU, V1, P171 
   INGRAM JM, 1993, IMMUNOL ALLERGY CLIN, V13, P785 
   *IPMVP IEQ COMM, 1999, IND ENV QUAL INTRO L 
   JAAKKOLA JJK, 1995, OCCUP ENVIRON MED, V52, P709, DOI 10.1136/oem.52.11.709 
   JAAKKOLA JJK, 1995, EUR J EPIDEMIOL, V11, P213, DOI 10.1007/BF01719490 
   JOHNSTON SL, 1995, BRIT MED J, V310, P1225, DOI 10.1136/bmj.310.6989.1225 
   KATZEV R, 1992, ENVIRON BEHAV, V24, P759, DOI 10.1177/0013916592246004 
   KOSKINEN O, 1995, INDOOR AIR, V5, P3, DOI 10.1111/j.1600-0668.1995.t01-3-00002.x 
   Koskinen OM, 1997, INDOOR AIR, V7, P262, DOI 10.1111/j.1600-0668.1997.00005.x 
   KRONER WM, 1992, P IND ENV PROD JUN 2 
   LANGMUIR AD, 1948, AM J HYG, V48, P240, DOI 10.1093/oxfordjournals.aje.a119239 
   MCMENAMIN P, 1995, CHRONIC AIRWAY DIS C 
   MENDELL MJ, 1993, INDOOR AIR, V3, P227 
   Menzies D, 1997, ARCH ENVIRON HEALTH, V52, P360, DOI 10.1080/00039899709602212 
   Menzies D, 1997, NEW ENGL J MED, V337, P1524, DOI 10.1056/NEJM199711203372107 
   Menzies D, 1998, J ALLERGY CLIN IMMUN, V101, P38, DOI 10.1016/S0091-6749(98)70191-5 
   MILTON DK, 2000, IN PRESS INDOOR AIR, V10 
   Myhrvold A., 1997, P HLTH BUILD IAQ 199, V1, P81 
   Myhrvold A. N., 1996, P IND AIR 96 7 INT C, P369 
   *NATL EL MAN ASS, 1989, LIGHT HUM PERF REV 
   NELSON NA, 1995, SCAND J WORK ENV HEA, V21, P51, DOI 10.5271/sjweh.8 
   *NEW YORK STAT COM, 1923, VENTILATION REPORT N, pCH23 
   NUNES F, 1993, P 6 INT C IND AIR QU, V1, P53 
   PLATTSMILLS TAE, 1987, J ALLERGY CLIN IMMUN, V80, P755, DOI 10.1016/S0091-6749(87)80261-0 
   PLATTSMILLS TAE, 1994, ANN ALLERGY, V72, P381 
   POLLART SM, 1987, PRIMARY CARE, V14, P591 
   Pope AM, 1993, INDOOR ALLERGENS ASS 
   PRELLER L, 1990, P IND AIR 90 OTT CAN, V1, P227 
   RAPPAPORT S, 1998, MMWR-MORBID MORTAL W, V47, P1022 
   Raw G. J., 1990, P 5 INT C IND AIR QU, V1, P231 
   RICHARDS AL, 1993, AM J PUBLIC HEALTH, V83, P1326, DOI 10.2105/AJPH.83.9.1326 
   ROMM J, 1994, LEAN CLEAN MANAGEMEN 
   Seppanen OA, 1999, INDOOR AIR, V9, P226, DOI 10.1111/j.1600-0668.1999.00003.x 
   SIEBER WK, 1996, P IND AIR 96 7 INT C, V2, P901 
   SMITH AP, 1990, PHILOS T ROY SOC B, V327, P519, DOI 10.1098/rstb.1990.0095 
   Smith DH, 1997, AM J RESP CRIT CARE, V156, P787, DOI 10.1164/ajrccm.156.3.9611072 



Sustainability 2018, 10, x FOR PEER REVIEW  7 of 1272 

   SMITH JL, 1982, J THEOR SOC BEHAV, V12, P29, DOI 10.1111/j.1468-5914.1982.tb00436.x 
   SMITH MD, 1997, BUS HLTH         OCT, P47 
   SMITH SW, 1979, J ILLUMINATING ENG S, V8, P47 
   SUNDELL J, 1994, INDOOR AIR S, V2, P1 
   TINKER MA, 1952, AM J PSYCHOL, V65, P600, DOI 10.2307/1418042 
   TRAYNOR GW, 1993, P IND AIR 93 HELS 6, V3, P595 
   U.S. Bureau of the Census, 1997, STAT ABSTR US 1997 
   *US DEP HHS, 1994, DHHS PUB 
   U.S. Environmental Protection Agency, 1989, EPA400189001C 
   Veitch JA, 1998, J ILLUM ENG SOC, V27, P107, DOI 10.1080/00994480.1998.10748216 
   VEITCH JA, 1991, J ENVIRON PSYCHOL, V11, P87, DOI 10.1016/S0272-4944(05)80007-6 
   VEITCH JA, 1990, J ENVIRON PSYCHOL, V10, P209, DOI 10.1016/S0272-4944(05)80096-9 
   Wahn U, 1997, J ALLERGY CLIN IMMUN, V99, P763, DOI 10.1016/S0091-6749(97)80009-7 
   WARGOCKI P, 1998, 9803 TU DENM CENT IN 
   WARSHAUER DM, 1989, AM J EPIDEMIOL, V129, P319, DOI 10.1093/oxfordjournals.aje.a115136 
   WEISS KB, 1992, NEW ENGL J MED, V326, P862, DOI 10.1056/NEJM199203263261304 
   WOODS JE, 1989, OCCUP MED, V4, P753 
   WOODS JE, 1987, 4TH P INT C IND AIR, V2, P464 
   WYON DP, 1979, SCAND J WORK ENV HEA, V5, P352, DOI 10.5271/sjweh.2646 
   Wyon DP, 1996, P IND AIR 96 I PUBL, V1, P1067 
   Wyon D., 1996, P IAQ 96 PATHS BETT, V1, P5 
   Wyon D, 1993, P INDOOR AIR 93, V6, P3 
NR 84 
TC 191 
Z9 196 
U1 6 
U2 66 
PU ANNUAL REVIEWS 
PI PALO ALTO 
PA 4139 EL CAMINO WAY, PO BOX 10139, PALO ALTO, CA 94303-0139 USA 
SN 1056-3466 
J9 ANNU REV ENERG ENV 
JI Annu. Rev. Energ. Environ. 
PY 2000 
VL 25 
BP 537 
EP 566 
DI 10.1146/annurev.energy.25.1.537 
PG 30 
WC Energy & Fuels; Engineering, Environmental 
SC Energy & Fuels; Engineering 
GA 396EZ 
UT WOS:000166624500016 
DA 2018-05-03 
ER 
 
PT J 
AU Nguyen, TA 
   Aiello, M 
AF Tuan Anh Nguyen 
   Aiello, Marco 
TI Energy intelligent buildings based on user activity: A survey 
SO ENERGY AND BUILDINGS 
LA English 
DT Review 
DE Building automation; Energy awareness; Activity recognition 
ID OFFICE BUILDINGS; EMBEDDED AGENTS; CONSUMPTION; NETWORKS 



Sustainability 2018, 10, x FOR PEER REVIEW  8 of 1272 

AB Occupant presence and behaviour in buildings has been shown to have large impact on heating, cooling 
and ventilation demand, energy consumption of lighting and appliances, and building controls. Energy-
unaware behaviour can add one-third to a building's designed energy performance. Consequently, user 
activity and behaviour is considered as a key element and has long been used for control of various devices 
such as artificial light, heating, ventilation, and air conditioning. However, how are user activity and 
behaviour taken into account? What are the most valuable activities or behaviours and what is their impact 
on energy saving potential? In order to answer these questions, we provide a novel survey of prominent 
international intelligent buildings research efforts with the theme of energy saving and user activity 
recognition. We devise new metrics to compare the existing studies. Through the survey, we determine the 
most valuable activities and behaviours and their impact on energy saving potential for each of the three 
main subsystems, i.e., HVAC, light, and plug loads. The most promising and appropriate activity 
recognition technologies and approaches are discussed thus allowing us to conclude with principles and 
perspectives for energy intelligent buildings based on user activity. (c) 2012 Elsevier B.V. All rights 
reserved. 
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AB The user-centred approach to heat consumption in housing is a highly relevant, but often neglected, 

aspect of residential energy consumption. The practice-theory approach is presented as a development 
within the socio-technical approach. A detailed analysis of empirical evidence from different households 
living in similar buildings in a suburb of Copenhagen, Denmark, shows significant variation in energy 
consumption due to different usage patterns of both the house and its heating system. An analysis using 
practice-theory finds that technologies, embodied habits, knowledge, and meanings are the main 
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AB The empirical part of this study is based on a survey of 600 Swedish households and a number of 

interviews where questions about residential energy behaviour and possible policy instruments for change 
were raised. The study provides insight into current behavioural patterns and gives a bottom-up 
perspective on the realistic perspective potentials for change and ways to achieve them. Residential energy 
use accounts for a fifth of the total in Northern nations and patterns of behaviour may influence levels of 
energy use to the same extent as choice of appliances. The study revealed those behavioural patterns that 
are efficient and those that need to be improved for energy conservation. Several policy instruments for 
change were identified in the study and they include combinations of information, economic measures, 
administrative measures and more user friendly technology as well as equipment with sufficient esthetic 
quality. Policy instruments that have fostered energy efficient behaviour in Sweden include the massive 
information campaigns during the oil crises in the 1970s as well as energy labelling of appliances. Still, 
many households are "energy-unaware" and several energy efficient behaviours are motivated not by 
energy conservation concern but of a perceived lack of time. This shows that it is important to have a broad 
perspective in energy conservation, to evaluate trends and to use policy instruments timely to support or 
discourage them. (c) 2005 Elsevier Ltd. All rights reserved. 
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AB The energy sector worldwide faces evidently significant challenges that everyday become even more 

acute. Innovative technologies and energy efficiency measures are nowadays well known and widely 
spread, and the main issue is to identify those that will be proven to be the more effective and reliable in 
the long term. With such a variety of proposed measures, the decision maker has to compensate 
environmental, energy, financial and social factors in order to reach the best possible solution that will 
ensure the maximization of the energy efficiency of a building satisfying at the same time the building's 
final user/occupant/owner needs. This paper investigates the feasibility of the application of multi-
objective optimization techniques to the problem of the improvement of the energy efficiency in buildings, 
so that the maximum possible number of alternative solutions and energy efficiency measures may be 
considered. It further shows that no optimal solution exists for this problem due to the competitiveness of 
the involved decision criteria. A simple example is used to identify the potential strengths and weaknesses 
of the proposed approach, and highlight potential problems that may arise. (C) 2008 Elsevier B.V. All 
rights reserved. 

C1 [Diakaki, Christina; Kolokotsa, Dionyssia] Technol Educ Inst Crete, Dept Nat Resources & Environm, 
Khania 73133, Crete, Greece. 

   [Grigoroudis, Evangelos] Tech Univ Crete, Dept Prod Engn & Management, Kounoupidiana 73100, 
Chania, Greece. 

RP Diakaki, C (reprint author), Technol Educ Inst Crete, Dept Nat Resources & Environm, 3 Romanou Str, 
Khania 73133, Crete, Greece. 

EM diakaki@chania.teicrete.gr 
RI Diakaki, Christina/K-2647-2016; Grigoroudis, Evangelos/D-7716-2013 
OI Diakaki, Christina/0000-0003-1724-0193; Kolokotsa, 
   Dionysia/0000-0003-2960-3772 
CR Al-Homoud MS, 2001, BUILD ENVIRON, V36, P421, DOI 10.1016/S0360-1323(00)00026-3 
   Alanne K, 2004, AUTOMAT CONSTR, V13, P377, DOI 10.1016/j.sutcon.2003.12.004 
   Blondeau P, 2002, BUILD ENVIRON, V37, P165, DOI 10.1016/S0360-1323(01)00017-8 
   Chen Z, 2006, ENERG BUILDINGS, V38, P393, DOI 10.1016/j.enbuild.2005.08.001 
   Collette Y., 2004, MULTIOBJECTIVE OPTIM 
   Dascalaki E, 2002, BUILD ENVIRON, V37, P557, DOI 10.1016/S0360-1323(02)00002-1 
   Diakoulaki D, 2005, INT SER OPER RES MAN, V78, P859, DOI 10.1007/0-387-23081-5_21 
   Ehrgott M., 2005, MULTICRITERIA OPTIMI 
   Ehrgott M, 2005, INT SER OPER RES MAN, V78, P667, DOI 10.1007/0-387-23081-5_17 
   Flourentzou F, 2002, ENERG BUILDINGS, V34, P185, DOI 10.1016/S0378-7788(01)00106-2 
   GERO JS, 1983, BUILD ENVIRON, V18, P99, DOI 10.1016/0360-1323(83)90001-X 
   lEA-ISO, 2007, SPEC ISO FOC WORLD E, P5 
   International Organization for Standardization, 2005, 77302005 ISO 
   *ISO, 2004, 137902004 ISO 
   Jaggs M, 2000, ENERG BUILDINGS, V31, P97, DOI 10.1016/S0378-7788(99)00023-7 
   Kellerer Hans, 2004, KNAPSACK PROBLEMS 
   Kolokotsa D, 2005, ENERG BUILDINGS, V37, P93, DOI 10.1016/j.enbuild.2004.05.008 
   KOLOKOTSA D, 2001, P NTUA RENES C REN E 
   Krarti M., 2000, ENERGY AUDIT BUILDIN 
   Kreider JF, 2002, HEATING COOLING BUIL 



Sustainability 2018, 10, x FOR PEER REVIEW  14 of 1272 

   Munda G, 2005, INT SER OPER RES MAN, V78, P953, DOI 10.1007/0-387-23081-5_23 
   *PREN CEN, 2006, PREN152512006 CEN 
   *PREN CEN, 2005, 152172005 PREN CEN 
   Rey E, 2004, ENERG BUILDINGS, V36, P367, DOI 10.1016/j.enbuild.2004.01.015 
   Roulet CA, 2002, BUILD ENVIRON, V37, P579, DOI 10.1016/S0360-1323(02)00005-7 
   SCHRAGE L, 2001, OPTIMIZATION MODELLI 
   Siskos Y, 2005, INT SER OPER RES MAN, V78, P297, DOI 10.1007/0-387-23081-5_8 
   Synnefa A, 2006, SOL ENERGY, V80, P968, DOI 10.1016/j.solener.2005.08.005 
   Wright JA, 2002, ENERG BUILDINGS, V34, P959, DOI 10.1016/S0378-7788(02)00071-3 
NR 29 
TC 134 
Z9 134 
U1 1 
U2 35 
PU ELSEVIER SCIENCE SA 
PI LAUSANNE 
PA PO BOX 564, 1001 LAUSANNE, SWITZERLAND 
SN 0378-7788 
J9 ENERG BUILDINGS 
JI Energy Build. 
PY 2008 
VL 40 
IS 9 
BP 1747 
EP 1754 
DI 10.1016/j.enbuild.2008.03.002 
PG 8 
WC Construction & Building Technology; Energy & Fuels; Engineering, Civil 
SC Construction & Building Technology; Energy & Fuels; Engineering 
GA 322BH 
UT WOS:000257349700015 
DA 2018-05-03 
ER 
 
PT J 
AU Newsham, GR 
   Bowker, BG 
AF Newsham, Guy R. 
   Bowker, Brent G. 
TI The effect of utility time-varying pricing and load control strategies 
   on residential summer peak electricity use: A review 
SO ENERGY POLICY 
LA English 
DT Review 
DE Demand response; Load shedding 
AB Peak demand for electricity in North America is expected to grow, challenging electrical utilities to 

supply this demand in a cost-effective, reliable manner. Therefore, there is growing interest in strategies to 
reduce peak demand by eliminating electricity use, or shifting it to non-peak times. This strategy is 
commonly called "demand response". In households, common strategies are time-varying pricing, which 
charge more for energy use on peak, or direct load control, which allows utilities to curtail certain loads 
during high demand periods. We reviewed recent North American studies of these strategies. The data 
suggest that the most effective strategy is a critical peak price (CPP) program with enabling technology to 
automatically curtail loads on event days. There is little evidence that this causes substantial hardship for 
occupants, particularly if they have input into which loads are controlled and how, and have an override 
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AB This article presents key energy use figures and explores the energy saving potential for electric lighting 

in office buildings based on a review of relevant literature, with special emphasis on a North European 
context. The review reveals that theoretical calculations, measurements in full-scale rooms and simulations 
with validated lighting programs indicate that an energy intensity of around 10 kWh/m(2) yr is a realistic 
target for office electric lighting in future low energy office buildings. This target would yield a significant 
reduction in energy intensity of at least 50% compared to the actual average electricity use for lighting (21 
kWh/m(2) yr in Sweden). Strategies for reducing energy use for electric lighting are presented and 
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lighting, improvement in maintenance and utilization factor, reduction of maintained illuminance levels 
and total switch-on time, use of manual dimming and switch-off occupancy sensors. Strategies based on 
daylight harvesting are also presented and the relevant design aspects such as effects of window 
characteristics, properties of shading devices, reflectance of inner surfaces, ceiling and partition height are 
discussed. (C) 2011 Elsevier B.V. All rights reserved. 
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AB Practice theory has recently emerged within consumer studies as a promising approach that shifts focus 

from the individual consumer towards the collective aspects of consumption, and from spectacular and 
conspicuous dimensions of consumption towards routine and mundane aspects of consumption. Practice 
theory is, however, not a commonly agreed upon theory, but more like an approach, or a turn within 
contemporary social theory. When using practice theory in consumer studies, there are thus several 
conditions that need further clarification. The focus in this article is on how change and continuity in 
practices can be understood in practice theory. Discussions will include the balance between routinization 
and reflectivity as well as ways to understand the role of new technology in introducing change in 
consumer practices. One aspect of this is a discussion on how to include technologies and other types of 
material consumer goods in practice theory. Case studies on household energy consumption are used as an 
empirical basis for these discussions. Looking at household energy consumption through the theoretical 
lens of practice theory necessitates discussion on whether energy consumption should be viewed as one 
single practice or part of several different practices. The latter stimulates questioning on how these 
different consumer practices are related to each other horizontally and vertically, as parallel practices or as 
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AB After undergoing substantial changes during a period of high energy prices, household energy demand 

did not rebound in times of declining energy prices as might have been expected. Hence, other factors, 
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AB Besides technical measures, occupants' behavior is one of the most important issues with respect to 

energy efficiency in households. This paper will discuss the relationship between electricity consumption 
and household lifestyle and evaluate the energy-saving potential by improving occupants' behavior in 
domestic life through energy-saving education. After 124 households in three typical residential buildings 
in Hangzhou city of China being selected as research subjects, a series of surveys were conducted: (1) 
recording of the monthly electricity uses of all subject households from March 2007 to July 2008; (2) 
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AB Buildings are the dominant source of energy consumption and environmental emissions in urban areas. 

Therefore, the ability to forecast and characterize building energy consumption is vital to implementing 
urban energy management and efficiency initiatives required to curb emissions. Advances in smart 
metering technology have enabled researchers to develop ''sensor based'' approaches to forecast building 
energy consumption that necessitate less input data than traditional methods. Sensor-based forecasting 
utilizes machine learning techniques to infer the complex relationships between consumption and 
influencing variables (e.g., weather, time of day, previous consumption). While sensor-based forecasting 
has been studied extensively for commercial buildings, there is a paucity of research applying this data-
driven approach to the multi-family residential sector. In this paper, we build a sensor-based forecasting 
model using Support Vector Regression (SVR), a commonly used machine learning technique, and apply it 
to an empirical data-set from a multi-family residential building in New York City. We expand our study 
to examine the impact of temporal (i.e., daily, hourly, 10 min intervals) and spatial (i.e., whole building, by 
floor, by unit) granularity have on the predictive power of our single-step model. Results indicate that 
sensor based forecasting models can be extended to multi-family residential buildings and that the optimal 
monitoring granularity occurs at the by floor level in hourly intervals. In addition to implications for the 
development of residential energy forecasting models, our results have practical significance for the 
deployment and installation of advanced smart metering devices. Ultimately, accurate and cost effective 
wide-scale energy prediction is a vital step towards next-generation energy efficiency initiatives, which 
will require not only consideration of the methods, but the scales for which data can be distilled into 
meaningful information. (C) 2014 Elsevier Ltd. All rights reserved. 
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AB Although significant improvements in energy efficiency have been achieved in home appliances and 

lighting, the electricity consumption in the European Union household has increased by 2% per year 
during the past 10 years. Some reasons are associated with an increased degree of basic comfort and level 
of amenities and with the widespread utilisation of new types of loads. Wishing to increase the 
understanding of the energy consumption in the EU households for the different types of equipment 
including the consumers' behaviour and comfort levels, and to identify demand trends, an energy 
monitoring campaign, was carried out in 12 geographically representative EU countries, accompanied by a 
lifestyle survey. From the measurements carried out it was concluded that Information Technologies and 
entertainment loads are key contributors to the power demand. in basically all types of loads there is wide 
range of performance levels in the models available in the market. Available technology, associated with 
responsible consumer behaviour, can reduce wasteful consumption. Based on a bottom up approach the 
European residential sector potential electricity savings that can be implemented by existing technologies 
and improved behaviour can reach 48%. The paper presents policy recommendations promoting market 
transformation and behavioural changes in the equipment selection and operation. (C) 2011 Elsevier B.V. 
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AB In China, fuelwood and coal are the most important energy sources for rural households in poor areas. 

Along with population and economic growth, excessive fuelwood collection is a major cause of 
deforestation. Burning coal contributes to environmental problems such as air pollution, acid rain and 
greenhouse gas emissions. The purpose of this article is to analyze factors determining choice of energy 
source and labor input into fuelwood collection in poor, forest-rich regions, and to provide policy 
recommendations on ways to affect these choices. To this end, a nonseparable household model, reflecting 
choices in labor allocation and energy demand of rural households, is estimated from available data for 
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AB This paper examines how energy efficiency fails in the building industry based on many years of research 

into the integration of energy efficiency in the construction of buildings and sustainable architecture in 
Norway. It argues that energy-efficient construction has been seriously restrained by three interrelated 
problems: (1) deficiencies in public policy to stimulate energy efficiency, (2) limited governmental efforts to 
regulate the building industry, and (3) a conservative building industry. The paper concludes that 
innovation and implementation of new, energy-efficient technologies in the building industry requires 
new policies, better regulations and reformed practices in the industry itself. (C) 2008 Elsevier Ltd. All 
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AB With cities accounting for approximately two thirds of the global demand for energy, there is significant 

scope to optimize energy usage of cities, in particular by improving the use of the built form. Large non-
domestic buildings are increasingly the focus of attention, due to their substantial demands and associated 
environmental impacts such as CO2 emissions. Various approaches have been adopted to address building 
energy efficiency, with more recent studies relating consumption patterns to human occupancy. This paper 
proposes a new method to measure activity, using WiFi connections as a proxy for human occupancy. Data 
on the number of WiFi connections and energy consumption (electricity. steam and chilled water) were 
compared for two buildings within the Massachusetts Institute of Technology's campus. The results of the 
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levels did correlate with the occupancy. In order to present possible solutions to address the disconnect 
between the HVAC system and occupancy levels, this paper identifies future steps that could begin to 
improve energy usage. (C) 2011 Elsevier B.V. All rights reserved. 

C1 [Martani, Claudio; Lee, David; Robinson, Prudence; Britter, Rex; Ratti, Carlo] MIT, Senseable City Lab, 
Cambridge, MA 02139 USA. 

RP Martani, C (reprint author), MIT, Senseable City Lab, Cambridge, MA 02139 USA. 
EM martani@mit.edu 
RI Lee, David/N-8988-2017 
OI Lee, David/0000-0003-0447-8573 
FU MITEI at MIT; National Science Foundation; ATT Foundation; MIT SMART; 
   GE; Audi Volkswagen; BBVA; SNCF; ENEL; MIT Senseable City Lab Consortium 
FX Technical advice by Cinzia Talamo and Giancarlo Paganin from the 
   Politecnico di Milano is gratefully acknowledged. The authors also thank 
   the MITEI program at MIT, the National Science Foundation, the AT&T 
   Foundation, the MIT SMART program, GE, Audi Volkswagen, BBVA, SNCF, ENEL 
   and the members of the MIT Senseable City Lab Consortium for supporting 
   the research. 
CR ACEEE (American Council for an Energy-Efficient Economy), 2008, 2008 ACEEE SUMM STUD 
   Agarwal Y.B., 2010, OCCUPANCY DRIVEN ENE 
   Garg V, 2000, ENERG BUILDINGS, V32, P81, DOI 10.1016/S0378-7788(99)00040-7 
   Lindberg R, 2004, ENERG BUILDINGS, V36, P495, DOI 10.1016/j.enbuild.2003.12.009 
   Lo LJ, 2010, ENERG BUILDINGS, V42, P1120, DOI 10.1016/j.enbuild.2010.02.003 
   MIT, MIT EN IN 
   MIT Department of Facilities, 2009, LEED GOLD CERT NW35 
   Perez-Lombard L, 2008, ENERG BUILDINGS, V40, P394, DOI 10.1016/j.enbuild.2007.03.007 
   PETTERSEN TD, 1994, ENERG BUILDINGS, V21, P209, DOI 10.1016/0378-7788(94)90036-1 
   Rea M.S., 1987, LIGHTING RES TECHNOL, V19, P81 
   Sevtsuk A., 2005, 9 INT C COMP URB PLA 
   Sevtsuk A., 2009, HDB RES URBAN INFORM 
   Simpson W., 2003, ENERGY SUSTAINABILIT 
   Stetiu C, 1999, ENERG BUILDINGS, V30, P127, DOI 10.1016/S0378-7788(98)00080-2 
   TIAX LLC, 2005, EN IMP COMM BUILD CO 
   U.S. Energy Information Administration (EIA), 2006, REN EN CONS EL PREL 
   Vrecko D, 2009, ENERG BUILDINGS, V41, P182, DOI 10.1016/j.enbuild.2008.08.007 
   Zhu Y., 2000, 12 S IMPR BUILD SYST 
NR 18 
TC 67 
Z9 67 
U1 4 
U2 17 
PU ELSEVIER SCIENCE SA 
PI LAUSANNE 
PA PO BOX 564, 1001 LAUSANNE, SWITZERLAND 
SN 0378-7788 
J9 ENERG BUILDINGS 
JI Energy Build. 



Sustainability 2018, 10, x FOR PEER REVIEW  49 of 1272 

PD APR 
PY 2012 
VL 47 
BP 584 
EP 591 
DI 10.1016/j.enbuild.2011.12.037 
PG 8 
WC Construction & Building Technology; Energy & Fuels; Engineering, Civil 
SC Construction & Building Technology; Energy & Fuels; Engineering 
GA 914YN 
UT WOS:000301989800065 
DA 2018-05-03 
ER 
 
PT J 
AU Mavrotas, G 
   Diakoulaki, D 
   Florios, K 
   Georgiou, P 
AF Mavrotas, George 
   Diakoulaki, Danae 
   Florios, Kostas 
   Georgiou, Paraskevas 
TI A mathematical programming framework for energy planning in services' 
   sector buildings under uncertainty in load demand: The case of a 
   hospital in Athens 
SO ENERGY POLICY 
LA English 
DT Article 
DE multi-objective programming; energy planning; minimax regret 
ID INTERVAL OBJECTIVE FUNCTION; UTILITY SYSTEMS; MODELS; OPTIMIZATION; 
   REGRET; ENVIRONMENT; STRATEGIES; COSTS 
AB The aim of this paper is to provide an integrated modeling and optimization framework for energy 

planning in large consumers of the services' sector based on mathematical programming. The power 
demand is vaguely known and the underlying uncertainty is modeled using elements from fuzzy set 
theory. The defined fuzzy programming model is subsequently transformed to an equivalent multi-
objective problem, where the minimization of cost and the maximization of demand satisfaction are the 
objective functions. The Pareto optimal solutions of this problem are obtained using a novel version of the 
e-constraint method and represent the possibly optimal solutions of the original problem under 
uncertainty. In the present case, in order to select the most preferred Pareto optimal solution, the minimax 
regret criterion is properly used to indicate the preferred configuration of the system (i.e. the size of the 
installed units) given the load uncertainty. Furthermore, the paper proposes a model reduction technique 
that can be used in similar cases and further examines its effect in the final results. The above methodology 
is applied to the energy rehabilitation of a hospital in the Athens area. The technologies under 
consideration include a combined heat and power unit for providing power and heat, an absorption unit 
and/or a compression unit for providing cooling load. The obtained results demonstrate that, increasing 
the degree of demand satisfaction, the total annual cost increases almost linearly. Although data 
compression allows obtaining realistic results, the size of the proposed units might be slightly changed. (C) 
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AB Indeed, in the recent years, important efforts in applying energy management processes have been 

focused on the building sector, which demonstrates the increasing energy intensity and energy 
consumption indexes. The role of the building energy management systems (BEMS) is known and 
significant in this respect, for the management of the daily energy operations of a typical building. 
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AB Energy use in developing countries is heterogeneous across households. Present day global energy 

models are mostly too aggregate to account for this heterogeneity. Here, a bottom-up model for residential 
energy use that starts from key dynamic concepts on energy use in developing countries is presented and 
applied to India. Energy use and fuel choice is determined for five end-use functions (cooking, water 
heating, space heating, lighting and appliances) and for five different income quintiles in rural and urban 
areas. The paper specifically explores the consequences of different assumptions for income distribution 
and rural electrification on residential sector energy use and CO2 emissions, finding that results are clearly 
sensitive to variations in these parameters. As a result of population and economic growth, total Indian 
residential energy use is expected to increase by around 65-75% in 2050 compared to 2005, but residential 
carbon emissions may increase by up to 9-10 times the 2005 level. While a more equal income distribution 
and rural electrification enhance the transition to commercial fuels and reduce poverty, there is a trade-off 
in terms of higher CO2 emissions via increased electricity use. (C) 2011 Elsevier Ltd. All rights reserved. 
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AB The exposure and diffusion of energy consumption information in building occupant peer networks has 

been shown to influence an individual's energy consumption decisions. In this paper, we develop an 
agent-based computational model for individual energy consumption behavior based on data collected 
during an experiment on residential energy use. We simulate the building occupants' decision making and 
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AB In the context of Sub-Saharan Africa's rapid urbanization, improved insight into urban energy use is 

increasingly important. Based on the predictions of "energy transition" theory, a regional shift from 
biomass to "modern" fuels has long been expected to occur in tandem with urban growth. However, trends 
observed in the region's towns and cities have often not followed such patterns and fuelwood continues to 
be important in most areas. This paper examines the practical relevance of transition theory using a recent 
case study, conducted by the authors in Maun, Botswana, and results previously reported in the literature. 
It finds that, despite the long-term link between socio-economic development and increased modern fuel 
consumption at the national scale, the notion of "transition" does not accurately reflect ongoing energy-use 
patterns at lower levels of aggregation. This is chiefly because its model of household fuel switching 
largely dismisses the importance of active (and strategic) decision making by urban consumers and their 
responsiveness to structural factors such as relative fuel prices. As the Botswana case illustrates, this 
weakness can significantly distort expectations and policies around urban fuelwood use. (C) 2008 Elsevier 
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AB This paper explores the possible evolution of UK electricity demand as we move along three potential 
transition pathways to a low carbon economy in 2050. The shift away from fossil fuels through the 
electrification of demand is discussed, particularly through the uptake of heat pumps and electric vehicles 
in the domestic and passenger transport sectors. Developments in the way people and institutions may use 
energy along each of the pathways are also considered and provide a rationale for the quantification of 
future annual electricity demands in various broad sectors. The paper then presents detailed modelling of 
hourly balancing of these demands in the context of potential low carbon generation mixes associated with 
the three pathways. In all cases, hourly balancing is shown to be a significant challenge. To minimise the 
need for conventional generation to operate with very low capacity factors, a variety of demand side 
participation measures are modelled and shown to provide significant benefits. Lastly, projections of 
operational greenhouse gas emissions from the UK and the imports of fossil fuels to the UK for each of the 
three pathways are presented. (C) 2012 Elsevier Ltd. All rights reserved. 
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AB There is a growing need to reduce building energy consumption to limit greenhouse gas emissions and 

lessen the strain on our electricity grids. Researchers have shown that people are more likely to implement 
conservation practices in response to energy consumption feedback the more socially proximal the norm 
provided in that feedback. It has also been shown that sharing individual room-level electricity usage 
information with peers is more effective in inducing consumption reduction than exposure to generic 
norms. Designers of energy use feedback systems are leveraging social networks to encourage energy-
efficient behavior. Yet, despite growing interest in the role of peer networks to induce energy savings, we 
know little about how properties of peer networks, such as a given user's position in a peer network, 
impact consumption behavior. In a 22-room study group where building residents shared room-level 
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electricity consumption information among peer groups in the same building, we tested the correlation of 
network degree and Eigenvector centrality with percent change in consumption relative to non-
participants. This result shows that energy use feedback is more effective in promoting the implementation 
of energy saving practices as more peers share energy usage information through the feedback system. 
This finding underscores the importance of exploring and exploiting linkages between social structure and 
energy conservation. (C) 2012 Elsevier B.V. All rights reserved. 
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AB In this paper, we present results from a project aiming to develop a new feedback technology to support 

sustainable living in private households. Against the backdrop of a review of the relevant literature and 
based on qualitative family interviews and registration of the households' electricity consumption, we 
evaluate the effects of giving households detailed feedback about their electricity consumption on a small 
liquid crystal display (LCD) screen. Twenty Danish households participated in the study over a 5-month 
period. A new feedback system was developed in a user-involved innovation process. The average 
electricity saving in participating households is estimated to 8.1%, compared with a 0.8% saving in the 
control group. The qualitative interviews revealed that the feedback made household electricity 
consumption more visible and salient, and empowered electricity consumers to take action with respect to 
lowering their energy consumption. In addition, the feedback stimulated social influences processes 
related to energy savings between spouses as well as between (teenage) children and their parents. 
Notably, families with teenage children appear to be particularly receptive to this type of feedback. 
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AB Sharp price fluctuations and increasing environmental and distributional concerns, among other issues, 

have led to a renewed academic interest in energy demand. In this paper we estimate, for the first time in 
Spain, an energy demand system with household microdata. In doing so, we tackle several econometric 
and data problems that are generally recognized to bias parameter estimates. This is obviously relevant, as 
obtaining correct price and income responses is essential if they may be used for assessing the economic 
consequences of hypothetical or real changes. With this objective, we combine data sources for a long time 
period and choose a demand system with flexible income and price responses. We also estimate the model 
in different sub-samples to capture varying responses to energy price changes by households living in 
rural, intermediate and urban areas. This constitutes a first attempt in the literature and it proved to be a 
very successful choice. 
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AB Energy retrofit of buildings represents an important sector for mobilizing investments to address carbon 

mitigation of cities. The identification of the actual energy consumption profile of large building stocks is a 
necessary step to evaluate the impact of retrofit measures, e.g. energy savings, at city scale. 

   The present study introduces a bottom-up statistical methodology based on a Geographical Information 
System (GIS) to estimate the energy consumption of residential stocks across an entire city. 

   The adoption of a multiple linear regression model allows the downscaling of measured natural gas and 
electricity consumption from the aggregated post-code level to single dwellings, based on several 
descriptors, such as dwelling type, period of construction, floor surface and number of occupants. The 
energy consumption is apportioned to different end-uses and corrected for weather, then the energy 
savings potential is estimated by accounting for the implementation of typical refurbishment measures. 
Results are finally aggregated across the whole city for evidence-based decision support in sustainable 
urban planning. 
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variations. Using measured electricity use data from 103 homes in Austin, TX, this analysis sought to (1) 
determine the shape of seasonally-resolved residential demand profiles, (2) determine the optimal number 
of normalized representative residential electricity use profiles within each season, and (3) draw 
correlations to the different profiles based on survey data from the occupants of the 103 homes. Within 
each season, homes with similar hourly electricity use patterns were clustered into groups using the k-
means clustering algorithm. Then probit regression was performed to determine if homeowner survey 
responses could serve as predictors for the clustering results. This analysis found that Austin homes fall 
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AB Assessment of urban energy use may proceed by a number of methods. Here we derive an energy 

account from local statistics, and compare them with an input output (10) analysis as applied to 
Melbourne, Australia. These approaches highlight different aspects of urban energy use and comparable 
outputs are presented together to assess consistency, to identify complementarities and discuss the insight 
each approach brings to understanding urban energy. The 10 method captures the direct and embodied 
primary energy requirements of local household expenditure (235.8 GJ/capita/year) while the regional 
assessment more directly accounts for local production activity (258.1 GJ/capita/year). The parity of these 
results is unexpected for a developed city with a strong tertiary sector. Sectoral detail reveals differences 
between the primary energy required by Melbourne's economic structure and that ultimately required 
through the full supply chain relating to household expenditure. This is accompanied by an 10 analysis of 
the geography of Melbourne's 'energy catchment'. It is suggested that the 10 consumption and regional 
production approaches have particular relevance to policies aimed at consumption behaviour and 
economic, (re)structuring, respectively. Their complementarity further suggests that a combined analysis 
would be valuable in understanding urban energy futures and economic transitions elsewhere. Crown 
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AB Buildings are an important contributor to China's energy consumption and attendant CO2 emissions. 

Measures to address energy consumption and associated emissions from the buildings sector will be an 
important part of strategy to reduce the country's CO2 emissions. This study presents a detailed, service-
based model of China's building energy demand, nested in the GCAM (Global Change Assessment Model) 
integrated assessment framework. Using the model, we explored long-term pathways of China's building 
energy demand and identified opportunities to reduce greenhouse gas emissions. A range of different 
scenarios was also developed to gain insights into how China's building sector might evolve and what the 
implications might be for improved building energy technology and carbon policies. The analysis suggests 
that China's building energy growth will not wane anytime soon, although technology improvement will 
put downward pressure on this growth: In the reference scenarios, the sector's final energy demand will 
increase by 110 -150% by 2050 and 160-220% by 2095 from its 2005 level. Also, regardless of the scenarios 
represented, the growth will involve the continued, rapid electrification of the buildings sector throughout 
the century, and this transition will be accelerated by the implementation of carbon policy. (C) 2012 
Elsevier Ltd. All rights reserved. 

C1 [Eom, Jiyong; Clarke, Leon; Kim, Son H.; Kyle, Page; Patel, Pralit] Pacific NW Natl Lab, Joint Global 
Change Res Inst, College Pk, MD 20740 USA. 

RP Eom, J (reprint author), Pacific NW Natl Lab, Joint Global Change Res Inst, College Pk, MD 20740 USA. 
EM jiyong.eom@pnl.gov 
RI Eom, Jiyong/A-1161-2014 
OI Eom, Jiyong/0000-0002-8092-5921 
CR ANDERSON JG, 1987, J CONSUM AFF, V21, P1, DOI 10.1111/j.1745-6606.1987.tb00185.x 
   Bauen A., 2000, 1 WORLD C BIOM EN IN, P1354 
   Brockett D, 2002, P 2002 AM COUNC EN E, P12 
   CEG, 2008, CHIN EN DAT V7 0 
   Clarke L, 2007, SCENARIOS GREENHOUSE 
   CLARKE JF, 1993, ENERG ECON, V15, P123, DOI 10.1016/0140-9883(93)90031-L 
   Clarke L., 2008, CO2 EMISSIONS MITIGA 
   CSY, 2009, CHIN STAT YB 
   Edmonds J, 2004, ENERG ECON, V26, P517, DOI 10.1016/j.eneco.2004.04.025 
   Edmonds J., 1985, GLOBAL ENERGY ASSESS 
   Edmonds J, 2006, ENVIRON ECON POLICY, V7, P175, DOI 10.1007/s10018-005-0111-1 
   Energy Information Administration (EIA), 2006, INT EN OUTL 
   Eom J, 2012, SCENARIOS FUTURE SOC 
   ERI, 2003, CHIN SUST EN FUT 
   Evans M., 2009, SHAPING ENERGY EFFIC 
   Grubler A, 2007, TECHNOL FORECAST SOC, V74, P980, DOI 10.1016/j.techfore.2006.05.023 
   Guertin C., 2003, DETERMINING DEMAND E 
   Henley A, 1997, OXFORD B ECON STAT, V59, P149, DOI 10.1111/1468-0084.00054 
   Hong TZ, 2009, ENERG BUILDINGS, V41, P426, DOI 10.1016/j.enbuild.2008.11.003 
   Kejuan Jiang, 2001, EVALUATION TECHNOLOG 
   *IEA, 2007, EN BAL OECD NONOECD 
   Kim SH, 2006, ENERG J, P63 
   Krey V, 2012, ENERGY EC IN PRESS 
   Kyle P, 2010, ENERGY J, V31, P131 
   Lang SW, 2004, ENERG BUILDINGS, V36, P1191, DOI 10.1016/j.enbuild.2003.09.014 
   Larson ED, 2003, ENERG POLICY, V31, P1189, DOI 10.1016/S0301-4215(02)00171-4 



Sustainability 2018, 10, x FOR PEER REVIEW  106 of 1272 

   Li J, 2008, ENERG POLICY, V36, P1736, DOI 10.1016/j.enpol.2008.01.029 
   McFadden D, 1980, J BUS, V53, P513 
   Meyer A.S., 2008, CHINA DEV NATL HEAT 
   Swart R., 2000, SPECIAL REPORT EMISS 
   Odyssee, 2009, DAT EN EFF IND EUR 
   OECD, 2011, STAT PORT 
   O'Neill B, 2012, ENERGY EC IN PRESS 
   Sands RD, 2003, CLIMATIC CHANGE, V56, P185, DOI 10.1023/A:1021344614845 
   Sinton J, 2001, ACCURACY RELIABILITY 
   Tonooka Y, 2003, J ASIAN ARCHIT BUILD, V2, P93 
   Train K., 1993, QUALITATIVE CHOICE A 
   UNPD, 2009, WORLD URB PROSP 
   van Ruijven BJ, 2012, ENERGY, V38, P386, DOI 10.1016/j.energy.2011.11.037 
   van Ruijven BJ, 2011, ENERG POLICY, V39, P7747, DOI 10.1016/j.enpol.2011.09.021 
   van Vliet O, 2012, ENERGY EC IN PRESS 
   Vuuren D, 2007, GLOBAL ENVIRON CHANG, V17, P114 
   Wan KKW, 2011, BUILD ENVIRON, V46, P223, DOI 10.1016/j.buildenv.2010.07.016 
   WEO, 2007, WORLD EN OUTL 2007 C 
   Wigley TML, 2002, J CLIMATE, V15, P2945, DOI 10.1175/1520-0442(2002)015<2945:RFLWPI>2.0.CO;2 
   Zhou N, 2007, ENERGY USE CHINA SEC 
   Zhou N, 2008, ENERG BUILDINGS, V40, P2121, DOI 10.1016/j.enbuild.2008.06.009 
NR 47 
TC 40 
Z9 40 
U1 2 
U2 18 
PU PERGAMON-ELSEVIER SCIENCE LTD 
PI OXFORD 
PA THE BOULEVARD, LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, ENGLAND 
SN 0360-5442 
J9 ENERGY 
JI Energy 
PD OCT 
PY 2012 
VL 46 
IS 1 
BP 405 
EP 419 
DI 10.1016/j.energy.2012.08.009 
PG 15 
WC Thermodynamics; Energy & Fuels 
SC Thermodynamics; Energy & Fuels 
GA 047XB 
UT WOS:000311873700044 
DA 2018-05-03 
ER 
 
PT J 
AU Zhang, T 
   Siebers, PO 
   Aickelin, U 
AF Zhang, Tao 
   Siebers, Peer-Olaf 
   Aickelin, Uwe 
TI Modelling electricity consumption in office buildings: An agent based 
   approach 
SO ENERGY AND BUILDINGS 
LA English 



Sustainability 2018, 10, x FOR PEER REVIEW  107 of 1272 

DT Article 
DE Office energy consumption; Agent-based simulation; Energy management 
   technologies; Energy management strategies 
ID SIMULATION; DIFFUSION; BEHAVIOR; RETAIL 
AB In this paper, we develop an agent-based model which integrates four important elements, i.e. 

organisational energy management policies/regulations, energy management technologies, electric 
appliances and equipment, and human behaviour, to simulate the electricity consumption in office 
buildings. Based on a case study, we use this model to test the effectiveness of different electricity 
management strategies, and solve practical office electricity consumption problems. This paper 
theoretically contributes to an integration of the four elements involved in the complex organisational issue 
of office electricity consumption, and practically contributes to an application of an agent-based approach 
for office building electricity consumption study. (C) 2011 Elsevier B.V. All rights reserved. 
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AB Recent advances in ubiquitous technologies facilitate context-aware systems which can offer situation-

based services. Wireless sensor networks (WSNs) have become increasingly important in recent years due 
to their ability to monitor and manage situational information for various intelligent services in ubiquitous 
environments. However, existing energy management systems are not effectively implemented in home 
and building environments due to their architectural limitations, such as static system architecture and a 
finite battery lifetime. Therefore, in this paper, we propose a Self-adapting intelligent system used for 
providing building control and energy saving services in buildings. Our system consists of a gateway (self-
adapting intelligent gateway) and a sensor (self-adapting intelligent sensor). In addition, we also propose 
an energy-efficiency self-clustering sensor network (ESSN) and a node type indicator based routing (NTIR) 
protocol that considers the requirements of WSNs, such as network lifetime and system resource 
management. In order to verify the efficiency of our system, we implemented our system in real test bed 
and conducted experiments. The results show that autonomous power saving using our system is 
approximately 16-24% depending on the number of SIS1. 
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AB Incorporating energy efficiency and sustainable green design features into new/existing buildings has 

become a top priority in recent years for building owners, designers, contractors, and facility managers. 
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one or more isolated technologies. Rather, it can best be obtained using an integrated whole building 
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of interest from a large dataset Case study revealed that data mining based energy modeling help project 
teams discover useful patterns to improve the energy efficiency of building design during the design 
phase. The method developed during this research could be used to guide designers and engineers 
through the process of completing an early design energy analysis based on energy simulation models. (C) 
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AB In order to identify main drivers behind changes in electricity and fuel consumptions in the household 

sector in Jordan, two empirical models are developed based on multivariate linear regression analysis. In 
addition, this paper analyzes and evaluates impacts of introducing some efficient measures, such as high 
efficiency lightings and solar water heating systems, in the housing stock, on the future fuel and electricity 
demands and associated reduction in GHG emissions. It was found that fuel unit price, income level, and 
population are the most important variables that affect demand on electrical power, while population is 
the most important variable in the case of fuel consumption. Obtained results proved that the multivariate 
linear regression models can be used adequately to simulate residential electricity and fuel consumptions 
with very high coefficient of determination. Without employing most effective energy conservation 
measures, electricity and fuel demands are expected to rise by approximately 100% and 23%, respectively 
within 10 years time. Consequently, associated GHG emissions resulting from activities within the 
residential sector are predicted to rise by 59% for the same period. However, if recommended energy 
management measures are implemented on a gradual basis, electricity and fuel consumptions as well as 
GHG emissions are forecasted to increase at a lower rate. (C) 2008 Elsevier Ltd. All rights reserved. 
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AB This article investigates the barriers to energy efficiency at the residential sector within one province in 

China and explores patterns of household electricity consumption. The article presents the results of a 
survey questionnaire distributed to more than 600 households in Liaoning Province, field research at 
various Liaoning government agencies, and research interviews of Liaoning government officials to 
determine the efficacy of their energy efficiency efforts in China. It then investigates the extent that 
electricity consumers have taken advantage of energy efficiency opportunities relating to more efficient 
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use. It concludes by providing recommendations for how to improve efforts to promote conservation and 
reduce electricity load growth in Liaoning Province and beyond. (C) 2009 Elsevier Ltd. All rights reserved. 

C1 [Dianshu, Feng; Sovacool, Benjamin K.; Vu, Khuong Minh] Natl Univ Singapore, Ctr Asia & Globalisat, 
Lee Kuan Yew Sch Publ Policy, Singapore 259772, Singapore. 

RP Sovacool, BK (reprint author), Natl Univ Singapore, Ctr Asia & Globalisat, Lee Kuan Yew Sch Publ Policy, 
Oei Tiong Ham Bldg,469C Bukit Timah Rd, Singapore 259772, Singapore. 

EM dianshu@nus.edu.sg; bsovacool@nus.edu.sg; sppkmv@nus.edu.sg 
OI VU, Khuong/0000-0001-9807-7003; Sovacool, Benjamin/0000-0002-4794-9403 
CR Bjornstad D. J., 2004, MARKET FAILURES FRAM 
   BROWN MA, 1993, ENERG POLICY, V21, P391, DOI 10.1016/0301-4215(93)90279-O 
   Brown MA, 2001, ENERG POLICY, V29, P1197, DOI 10.1016/S0301-4215(01)00067-2 
   Crompton P, 2005, ENERG ECON, V27, P195, DOI 10.1016/j.eneco.2004.10.006 
   Gielen D, 2001, ECOL ECON, V39, P257, DOI 10.1016/S0921-8009(01)00206-3 
   He JK, 2006, ENERG POLICY, V34, P3702, DOI 10.1016/j.enpol.2004.10.014 
   JAFFE AB, 1994, RESOUR ENERGY ECON, V16, P91, DOI 10.1016/0928-7655(94)90001-9 
   KEMPTON W, 1994, ENERG POLICY, V22, P857, DOI 10.1016/0301-4215(94)90145-7 
   KEMPTON W, 1994, P 1994 ACEEE SUMM ST 
   Li J, 2009, J ENVIRON MANAGE, V90, P2436, DOI 10.1016/j.jenvman.2008.12.015 
   Lu W, 2006, ENERG POLICY, V34, P1583, DOI 10.1016/j.enpol.2004.12.012 
   Lu W, 2007, ENERG POLICY, V35, P1709, DOI 10.1016/j.enpol.2006.05.012 
   LUTZENHISER L, 1992, ENERGY, V17, P47, DOI 10.1016/0360-5442(92)90032-U 
   Min GF, 1997, ENERG POLICY, V25, P77, DOI 10.1016/S0301-4215(96)00070-5 
   Price L, 2002, ENERGY, V27, P429, DOI 10.1016/S0360-5442(01)00095-0 
   Sovacool BK, 2009, ENERG POLICY, V37, P1529, DOI 10.1016/j.enpol.2008.12.016 
   SOVACOOL BK, 2010, DRAGON TIGER CUBS 
   Speed PA, 2009, ENERG POLICY, V37, P1331 
   STERN PC, 1993, SCIENCE, V260, P1897, DOI 10.1126/science.260.5116.1897 
   STERN PC, 1986, J POLICY ANAL MANAG, V5, P200, DOI 10.2307/3323541 
   WILHITE H, 2000, SOC BEHAV CLIMATE CH, P109 



Sustainability 2018, 10, x FOR PEER REVIEW  114 of 1272 

   Yang M, 2008, ENERG POLICY, V36, P561, DOI 10.1016/j.enpol.2007.09.032 
NR 22 
TC 39 
Z9 39 
U1 2 
U2 20 
PU ELSEVIER SCI LTD 
PI OXFORD 
PA THE BOULEVARD, LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, OXON, ENGLAND 
SN 0301-4215 
EI 1873-6777 
J9 ENERG POLICY 
JI Energy Policy 
PD FEB 
PY 2010 
VL 38 
IS 2 
BP 1202 
EP 1209 
DI 10.1016/j.enpol.2009.11.012 
PG 8 
WC Economics; Energy & Fuels; Environmental Sciences; Environmental Studies 
SC Business & Economics; Energy & Fuels; Environmental Sciences & Ecology 
GA 548SD 
UT WOS:000273985700055 
DA 2018-05-03 
ER 
 
PT J 
AU Frederiks, ER 
   Stenner, K 
   Hobman, EV 
AF Frederiks, Elisha R. 
   Stenner, Karen 
   Hobman, Elizabeth V. 
TI The Socio-Demographic and Psychological Predictors of Residential Energy 
   Consumption: A Comprehensive Review 
SO ENERGIES 
LA English 
DT Review 
DE review; energy consumption; energy conservation; household energy use; 
   pro-environmental behavior; psychology; motivation; behavior change 
ID PRO-ENVIRONMENTAL BEHAVIOR; FAMILY-LIFE CYCLE; CONSERVATION PROGRAMS; 
   CONSUMER-BEHAVIOR; MOTIVATION THEORY; PLANNED BEHAVIOR; DECISION-MAKING; 
   HUMAN-VALUES; DETERMINANTS; PATTERNS 
AB This article provides a comprehensive review of theory and research on the individual-level predictors of 

household energy usage. Drawing on literature from across the social sciences, we examine two broad 
categories of variables that have been identified as potentially important for explaining variability in 
energy consumption and conservation: socio-demographic factors (e. g., income, employment status, 
dwelling type/size, home ownership, household size, stage of family life cycle) and psychological factors 
(e. g., beliefs and attitudes, motives and intentions, perceived behavioral control, cost-benefit appraisals, 
personal and social norms). Despite an expanding literature, we find that empirical evidence of the impact 
of these variables has been far from consistent and conclusive to date. Such inconsistency poses challenges 
for drawing generalizable conclusions, and underscores the complexity of consumer behavior in this 
domain. In this article, we propose that a multitude of factors-whether directly, indirectly, or in 
interaction-influence how householders consume and conserve energy. Theory, research and practice can 
be greatly advanced by understanding what these factors are, and how, when, where, why and for whom 
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they operate. We conclude by outlining some important practical implications for policymakers and 
directions for future research. 
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AB High end-user satisfaction levels are key for the acceptance of nearly zero-energy housing. Post-

occupancy evaluation research on highly energy-efficient dwellings can lead to recommendations which 
will influence their performance in the expected future large volume market of such houses. This study 
analysed mainly German, Austrian and Swiss post-occupancy evaluation research results on nearly zero-
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comfort, indoor air quality and acoustics), information provision and control parameters are related to 
positive or negative end-user appraisal, finding that summer comfort design and the quality of - and 
information about - heating and ventilation systems are critical factors which must be addressed to 
improve user satisfaction in nearly zero-energy dwellings. (C) 2012 Elsevier B.V. All rights reserved. 
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AB The development towards higher energy efficiency in the Swedish building sector stagnated in the late 

1980s and 1990s. In new buildings the average specific energy use for heating is twice as high as in the best 
performing buildings 20 years ago. By combining econometric studies and interviews with actors in the 
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building sector we analyse the underlying economic and organisational causes for this development. In the 
stock of buildings, specific energy use for heating (kWh/m(2)/yr) has a high correlation with increasing 
energy prices and price elasticities have not changed markedly over time. This implies that the stagnation 
to a large extent can be explained by energy price trends. On the contrary, in new buildings the correlation 
between energy prices and specific energy use is much weaker. One important cause of low sensitivity to 
price changes is that information about the life cycle cost (LCC) of different investment alternatives is often 
not available to the involved actors. The most common investment criterion is instead the requirements of 
the national building energy standard which has developed into a norm rather than a minimum for energy 
performance. In this paper we also discuss potential improvements in the learning processes within the 
sector. (C) 2008 Elsevier Ltd. All rights reserved. 
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their interest for energy saving technologies. To gain an insight into the specific roles played by 
stakeholders (general contractors, construction firms, architects, users and public governments) in different 
projects, a case study methodology was used. The influence on the adoption of energy-saving technologies 
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saving technologies which are the low influence of highly motivated stakeholders on the decision of 
adoption, and the delay at which the interest in energy-saving technologies emerges. Finally, policies to 
overcome these barriers are suggested. (C) 2013 Elsevier Ltd. All rights reserved. 
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AB Saving energy has become one of the most important issues these days. The most waste of energy is 

caused by the inefficient use of the consumer electronics. Particularly, a light accounts for a great part of 
the total energy consumption. Various light control systems are introduced in current markets, because the 
installed lighting systems are outdated and energy-inefficient. However, due to architectural limitations, 
the existing light control systems cannot be successfully applied to home and office buildings. Therefore, 
this paper proposes an intelligent household LED lighting system considering energy efficiency and user 
satisfaction. The proposed system utilizes multi sensors and wireless communication technology in order 
to control an LED light according to the user's state and the surroundings. The proposed LED lighting 
system can autonomously adjust the minimum light intensity value to enhance both energy efficiency and 
user satisfaction. We designed and implemented the proposed system in the test bed and measured total 
power consumption to verify the performance. The proposed LED lighting system reduces total power 
consumption of the test bed up to 21.9%(1). 
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AB Today's major developments in the production and demand of electricity in domestic areas make it 

increasingly important that domestic electricity demand can respond to the availability of electricity. 
Energy management systems and smart appliances can facilitate this by supporting the user to shift 
electricity demand of appliances to moments in time when electricity is abundantly available. However, 
the benefits resulting from domestic demand response depend on household acceptance and behaviour 
change. This paper explores the real electricity demand shift of households in time and the role of smart 
appliances to bring about this shift. A longitudinal study was conducted among Dutch households over a 
period of one year. The households received a dynamic electricity tariff, an energy management system 
and a smart washing machine. Results show that households shift their usage of the smart washing 
machine mostly to the day when the sun is shining and electricity is produced by their own solar panels. 
Households who regularly used automation of the smart washing machine, which implicates that the use 
of the washing machine is automatically shifted to time periods where electricity supply is abundantly 
available, were more likely to shift their electricity usage. Furthermore, during the course of one year, the 
results remained stable, indicating a structural shift in demand. (C) 2015 Elsevier Ltd. All rights reserved. 
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AB Actions by individuals and households to reduce carbon-based energy consumption have the potential to 

change the picture of U.S. energy consumption and carbon dioxide emissions in the near term. To tap this 
potential, however, energy policies and programs need to replace outmoded assumptions about what 
drives human behavior; they must integrate insights from the behavioral and social sciences with those 
from engineering and economics. This integrated approach has thus far only occasionally been 
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AB Building energy efficiency is strongly linked to the operations and control systems, together with the 

integrated performance of passive and active systems. In new high quality buildings in particular, where 
these two latter aspects have been already implemented at the design stage, users' perspective, obtained 
through post-occupancy assessment, has to be considered to reduce whole energy requirement during 
service life. This research presents an innovative and low-cost methodology to reduce buildings' energy 
requirements through post-occupancy assessment and optimization of energy operations using effective 
users' attitudes and requirements as feedback. As a meaningful example, the proposed method is applied 
to a multipurpose building located in New York City, NY, USA, where real occupancy conditions are 
assessed. The effectiveness of the method is tested through dynamic simulations using a numerical model 
of the case study, calibrated through real monitoring data collected on the building. Results show that, for 
the chosen case study, the method provides optimized building energy operations which allow a reduction 
of primary energy requirements for HVAC, lighting, room-electricity, and auxiliary supply by about 21%. 
This paper shows that the proposed strategy represents an effective way to reduce buildings' energy waste, 
in particular in those complex and high-efficiency buildings that are not performing as well as expected 
during the concept-design-commissioning stage, in particular due to the lack of feedback after the building 
handover. 
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AB Uncertainties in energy demand modelling allow for the development of different models, but also leave 

room for different calibrations of a single model. We apply an automated model calibration procedure to 
analyse calibration uncertainty of residential sector energy use modelling in the TIMER 2.0 global energy 
model. This model simulates energy use on the basis of changes in useful energy intensity, technology 
development (AEEI) and price responses (PIEEI). We find that different implementations of these factors 
yield behavioural model results. Model calibration uncertainty is identified as influential source for 
variation in future projections: amounting 30% to 100% around the best estimate. Energy modellers should 
systematically account for this and communicate calibration uncertainty ranges. (C) 2009 Elsevier Ltd. All 
rights reserved. 
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AB The building area in northern heating areas accounting for 70% of the total land area in China is 

6,500,000,000 m(2). The average heating energy consumption in northern China is 100-200% times more 
than developed countries in the same latitude. This paper introduced firstly the heat metering and energy 
efficiency retrofit background of existing residential buildings in northern heating areas of China 
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AB To foster the transition to more sustainable energy systems, policymakers have been approving measures 

to improve energy efficiency as well as promoting smart grids. In this setting, building managers are 
encouraged to adapt their energy operations to real-time market and weather conditions. Yet, most fail to 
do so as they rely on conventional building energy management systems (BEMS) that have static 
temperature set points for heating and cooling equipment. In this paper, we investigate how effective 
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AB Using portfolio analysis and individual detailed case studies, we studied the energy performance and 

drivers of energy use in 51 high-performance office buildings in the U.S., Europe, China, and other parts of 
Asia. Portfolio analyses revealed that actual site energy use intensity (EUI) of the study buildings varied by 
a factor of as much as 11, indicating significant variation in real energy use in HPBs worldwide. Nearly 
half of the buildings did not meet the American Society of Heating, Refrigerating, and Air Conditioning 
Engineers (ASHRAE) Standard 90.1-2004 energy target, raising questions about whether a building's 
certification as high performing accurately indicates that a building is energy efficient and suggesting that 
improvement in the design and operation of HPBs is needed to realize their energy-saving potential. We 
studied the influence of climate, building size, and building technologies on building energy performance 
and found that although all are important, none are decisive factors in building energy use. EUIs were 
widely scattered in all climate zones. There was a trend toward low energy use in small buildings, but the 
correlation was not absolute; some small HPBs exhibited high energy use, and some large HPBs exhibited 
low energy use. We were unable to identify a set of efficient technologies that correlated directly to low 
EUIs. In two case studies, we investigated the influence of occupant behavior as well as operation and 
maintenance on energy performance and found that both play significant roles in realizing energy savings. 
We conclude that no single factor determines the actual energy performance of HPBs, and adding multiple 
efficient technologies does not necessarily improve building energy performance; therefore, an integrated 
design approach that takes account of climate, technology, occupant behavior, and operations and 
maintenance practices should be implemented to maximize energy savings in HPBs. These findings are 
intended to help architects, engineers, operators, and policy makers improve the design and operation of 
HPBs. (C) 2014 Elsevier Ltd. All rights reserved. 
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AB The UK Government has policy goals for increasing energy efficiency in existing homes. However, there 

are doubts that standard technology and behavioural innovations will be adopted widely enough in time 
to achieve the targets. Diffusion of innovation theory states that the communication of information on 
innovations through a social system encourages adoption. Social capital theory states that interpersonal 
communication is a key means of gaining resources, such as information on energy-efficiency innovations, 
for attaining certain goals. Case study research of three British communities was conducted in 2009 in 
order to understand the influence of social capital on information diffusion regarding the adoption of 
household energy-efficiency measures. The findings show that while standard campaigns may account for 
two-thirds of information-seeking behaviour, they may not be addressing up to one-third of information-
seekers who would prefer to speak to people they know. Findings also indicate that seeking information 
amongst personal contacts is often associated with adoption of energy-efficiency innovations, increasing 
the likelihood of adoption by up to four times, but that there are important differences between types of 
innovations and communities. Tailoring campaigns to communities' communication channels is therefore 
imperative. These findings have important implications for informing community-based energy-efficiency 
programmes. (C) 2012 Elsevier Ltd. All rights reserved. 
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on building energy performance, current policies ignore the importance of human actions and the potential 
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methods that evaluate non-technological drivers of energy use for large stocks of commercial buildings to 
support policy making efforts. Therefore, this study proposes a scientific approach to quantifying the 
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AB Projections of energy demand are important for energy security supply and low carbon futures, and 

usually rely on final energy consumption trends methods, limiting the opportunity for future options. 
Methods supported by energy services are much preferred to estimate future energy demand, since they 
are better suited to accomplish end-users needs. Final energy can then be assessed through complementary 
tools, as technological models, resulting in deeper knowledge on the relation between energy services and 
technology options. 

   This paper presents a bottom-up methodology to project detailed energy end-uses demand in the 
Portuguese residential buildings until 2050, aiming to identify the parameters governing energy services 



Sustainability 2018, 10, x FOR PEER REVIEW  172 of 1272 

demand uncertainty, through a sensitivity analysis. The partial equilibrium TIMES (The Integrated 
MARKAL-EFOM System) model was used to assess technology options and final energy needs for the 
range of parameters variations for each end-use, allowing to conclude on the impact of uncertainty of 
energy services demand in final energy. 

   Main results show that technology can overweight behavioral practices and lifestyle changes for some 
end-uses as in space heating and lighting. Nevertheless, important focus should be given to uncertain 
parameters related with consumer behavior, especially those on heating and other electric end-uses, as 
thermal comfort and equipment's use. (C) 2012 Elsevier Ltd. All rights reserved. 
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AB Understanding and changing household energy consumption behavior are considered as effective ways 

to improve energy efficiency and promote energy conservation. With the increasing penetration of 
conventional and emerging information and communication technologies (ICTs) in energy sector, 
traditional energy systems are being digitized. The energy big data provides a new way to analyze and 
understand individuals' energy consumption behavior, and thus to improve energy efficiency and 
promote energy conservation. We first propose a framework of the interdisciplinary research of energy, 
social and information science, which includes energy social science, social informatics and energy 
informatics. Then, different dimensions and different research paradigms of household energy 
consumption behavior are presented. Household energy consumption behavior can be analyzed in time 
dimension, user dimension and spatial dimension. The economic paradigm (including demand response) 
and the behavior-oriented paradigm (including intervention strategies) are two major research streams of 
household energy consumption behavior. Finally, the "4V" characteristics (i.e., volume, velocity, variety 
and value) of energy big data are discussed. (C) 2015 Elsevier Ltd. All rights reserved. 
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AB The German government has developed a variety of policy instruments intended to reduce national 

CO(2) emissions. These instruments include a programme administered by KfW bank, which aims at 
improving the energy efficiency of buildings. It provides attractive credit conditions or subsidies to finance 
refurbishment measures which improve the energy efficiency of buildings significantly. 

   The refurbishment programme leads to a reduction in energy use, which benefits private investors by 
reducing their energy bills. In order to estimate whether the programme benefits society as a whole, 
additional effects must be taken into account, such as the amount of employment generated and the impact 
on the public budget. 

   The aim of this paper is to evaluate the social benefits of the German CO(2) refurbishment programme for 
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works on public revenue via taxes and social security contributions. The value of avoided CO(2) emissions 
is approximated using a range of marginal damage estimates from the literature. From these social 
benefits, the programme cost is deducted. The net social benefit thus computed turns out to be positive. 
This finding suggests that the refurbishment programme is a reasonable investment of public funds. (c) 
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AB This study examines the economics of energy-efficiency strategies, for reducing CO2 emissions in a 

residential sector in Japan, from the perspective of regional characteristics. For this study, the residential 
sector in the Iwate prefecture was selected as representative of rural areas in Japan. In order to promote the 
purchases of energy-efficient consumer appliances, the prefectural government is presumed to reimburse 
purchasers a part of the cost difference between energy-efficient and conventional appliances. This paper 
begins with a discussion of the prefecture's financial support for purchasers of energy-efficient appliances 
and assumes that the payments come from prefectural government funds. This paper then looks at the 
effect of a carbon-tax refund on the reduction of CO2 emissions. The results show that, if half of the 
households use energy-efficient appliances, then CO2 emissions in the residential sector in the year 2020 
will decreases from the BAU scenario of 0.726 Mt-C to 0.674 Mt-C. However, the Iwate prefectural 
government expends $105 million annually, which is 1.5% of the total tax revenue for the year 2003. The 
carbon-tax refund effectively encourages further reductions in CO2 emissions. Under the $20/tC carbon-
tax, proposed by the Ministry of the Environment, the carbon-tax refund leads to a reduction in residential 
CO2 emissions from 0.726 Mt-C to 0.712 Mt-C. (c) 2007 Published by Elsevier Ltd. 
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AB Commercial buildings account for a significant portion of energy consumption and associated carbon 

emissions around the world. Consequently, many countries are instituting building energy efficiency 
policies to mitigate the negative environmental impacts of building operations. As building owners and 
operators act to address the challenge of increasing energy efficiency, occupant behavior modification 
programs are growing increasingly popular. Recent advances in energy monitoring and control 
technologies have enabled the development of eco-feedback systems that collect, process, and relay high 
resolution, real-time energy consumption information to help building occupants control their energy-use. 
These systems have extended research into the effects of high resolution eco-feedback on building 
occupant behavior and energy efficiency from residential to commercial building settings. However, little 
is understood about how organizational network dynamics impact user-engagement levels with such 
systems and how these network connections may impact the energy conservation behavior of individuals 
inside commercial buildings. In this paper, results are presented from a novel 9-week eco-feedback system 
study which demonstrates that organizational network dynamics can significantly impact energy 
conservation among commercial building occupants. Furthermore, it is shown that exposure to eco-
feedback impacts building occupant energy conservation differently in commercial office buildings than it 
does in residential buildings. (C) 2014 Elsevier B.V. All rights reserved. 
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AB In 1998 the Canadian government introduced the EnerGuide for Houses (EGH) program, essentially 

consisting of home energy audits with financial incentives provided to the homeowner upon verification 
that sufficient auditor-recommended upgrades were undertaken to achieve energy savings. In this study, 
we analyze the EGH data compiled between October 1998 and September 2005 to determine what types of 
households chose to participate and what appear to be the main factors underlying retrofit decisions. In the 
program, homeowners were prescribed specific upgrade types in the first audit. Hence, the decision 
problem involves whether to retrofit at all and how many of the prescribed upgrades to adopt. Moreover, 
the second audit that reveals this decision does not reflect the possibility that some homeowners might 
have undertaken the recommended upgrades but opted not to or have yet to undergo the second audit. 
We adopt an econometric technique that takes these features of the data into account. We find that energy 
cost savings, financial incentives, and costs of retrofits are important factors behind retrofit decisions given 
several other home- and household-specific characteristics. (c) 2012 Elsevier B.V. All rights reserved. 
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AB This study consists of two major parts. The first part deals with the changes in the pattern of sectoral 

energy consumption from 1984 to 1997, when the sectoral share of industry plummeted from 33.2% to 
14.6%, whereas the share of the commercial sector advanced from 20.0% to 29.9%, trailed by smaller rises 
in the transportation and household sectors. Three factors contributed to these developments : First, 
changes in the economic structure, i.e. the decline in the role of manufacturing caused by the northward 
movement of industries into the Mainland, and the accompanying rise in the role of the tertiary activities; 
secondly, government policy and planning issues relating to the spatial development of Hong Kong; 
thirdly, the phenomenal hiking in living standard. 

   The second part analyses household energy consumption in light of the energy transition model. 
Electricity played an increasingly important role in satisfying household energy demand, while LPG and 
kerosene were displaced by towngas as heating fuels. Lastly, ramifications of the study are presented. (C) 
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AB Access to clean, affordable and appropriate energy is an important enabler of development. Energy 

allows households to meet their most basic subsistence needs; it is a central feature of all the millennium 
development goals (MDGs) and, while a lack of access to energy may not: be a Cause of poverty, 
addressing the energy needs of the impoverished lets them access set-vices which in turn address the 
causes of poverty. 

   While much is known about the factors affecting the decisions made when choosing between fuel types 
within a household, few quantitative studies have been carried out in South Africa to determine the extent 
to which these factors affect energy choice decisions, It is assumed that the factors traditionally included in 
economic demand such as price and income of the household affect choice: tastes and preferences as well 
as external factors such as distance to fuel Suppliers are expected to influence preferences. 

   This Study follows two typical low-income rural sites in South Africa, Antioch and Garagapola, where the 
Electricity Basic Services Support Tariff (EBSST) was piloted in 2002. The EBSST is set at 50 kWh/month per 
household for low domestic consumers; this is worth approximately R20' (+/- USS3). This subsidy is a 
lifeline tariff, where households receive the set amount of units per month, free of charge irrespective of 
whether more units are purchased. These data (collected in 2001 and 2002), recently collated with detailed 
electricity consumption data, allow us to determine the drivers of electricity consumption within these 
households. The sample analysed is taken from the initial phase of the study, when no FBE had been 
introduced to the households. This enabled the Study presented here to make use of the well-populated 
datasets to assess what affects the electricity use decision in these households. 

   This paper attempts to assess which factors affected the decision-making process for electricity 
consumption within these households. A brief history of the electricity industry and the electrification is 
provided and the theoretical background for the electricity consumption model is provided. 

   It was found that income, woodfuel usage, iron ownership and credit obtained were significant in 
determining consumption levels within these households. Price and cross-price elasticities were difficult to 
assess due to lack of data within the sample. The results have many possible implications for policy, 
including the effect that easily obtained credit has for low-income households. (C) 2008 Elsevier Ltd. All 
rights reserved. 
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AB This paper provides an analysis of the socio-economic and dwelling factors contributing to high electrical 

energy demand in UK domestic buildings. The socio-economic, dwelling and electricity consumption data 
were collected during a large-scale, city-wide survey, carried out in Leicester, UK, in 2009-2010. Annual 
electrical energy demand was estimated for 315 dwellings and an odds ratio analysis used to identify the 
socio-economic and dwelling factors that led to high electricity consumption. The effects of a number of 
socio-economic and dwelling factors which have not previously been studied for the UK domestic sector 
are included. Thus, for the first time, presence of teenagers, having electric space heating as the primary 
form of heating, portable electric heating and electric water heating were identified as significant drivers of 
high electricity demand in UK homes. The employment status and education level of the Household 
Representative Person, the number of floors in a dwelling, presence of fixed electric heating, and the 
proportion of low-energy lighting were shown to have no effect on high electricity consumption in UK 
homes. Given the impetus to reduce electricity consumption and CO2 emissions from the domestic sector, 
these observations can help shape energy saving campaigns and future energy policy. (C) 2015 The 
Authors. Published by Elsevier BM. 
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AB The residential sector is responsible for approximately a quarter of energy consumption in Europe. This 

consumption, together with that of other buildings, mainly from the tertiary sector, makes up 40% of total 
energy consumption and 36% of CO2 emissions. Artificial lighting makes up 14% of electrical consumption 
in the European Union and 19% worldwide. Through the use of well-designed natural lighting, controlled 
by technologies or systems which guarantee accessibility from all areas inside buildings, energy 
consumption for lighting and air conditioning can be kept to a minimum. The authors of this article carried 
out a state of the art on the technologies or control systems of natural light in buildings, concentrating on 
those control methods which not only protect the occupants from direct solar glare but also maximize 
natural light penetration in buildings based on the occupants' preferences, whilst allowing for a reduction 
in electrical consumption for lighting and cooling. All of the control and/or natural light guidance systems 
and/or strategies guarantee the penetration of daylight into the building, thus reducing the electrical 
energy consumption for lighting and cooling. At the same time they improve the thermal and visual 
comfort of the users of the buildings. However various studies have also brought to light certain 
disadvantages to these systems. (C) 2014 Elsevier Ltd. All rights reserved. 
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AB Small power is a substantial energy end-use in office buildings in its own right, but also significantly 

contributes to internal heat gains. Technological advancements have allowed for higher efficiency 
computers, yet current working practices are demanding more out of digital equipment. Designers often 
rely on benchmarks to inform predictions of small power consumption, power demand and internal gains. 
These are often out of date and fail to account for the variability in equipment speciation and usage 
patterns in different offices. This paper details two models for estimating small power consumption in 
office buildings, alongside typical power demand profiles. The first model relies solely on the random 
sampling of monitored data, and the second relies on a 'bottom-up' approach to establish likely power 
demand and operational energy use. Both models were tested through a blind validation demonstrating a 
good correlation between metered data and monthly predictions of energy consumption. Prediction ranges 
for power demand profiles were also observed to be representative of metered data with minor exceptions. 
When compared to current practices, which often rely solely on the use of benchmarks, both proposed 
methods provide an improved approach to predicting the operational performance of small power 
equipment in offices. (C) 2014 The Authors. Published by Elsevier B.V. 
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AB This paper presents the building heating demand prediction model with occupancy profile and 

operational heating power level characteristics in short time horizon (a couple of days) using artificial 
neural network. In addition, novel pseudo dynamic transitional model is introduced, which consider time 
dependent attributes of operational power level characteristics and its effect in the overall model 
performance is outlined. Pseudo dynamic model is applied to a case study of French Institution building 
and compared its results with static and other pseudo dynamic neural network models. The results show 
the coefficients of correlation in static and pseudo dynamic neural network model of 0.82 and 0.89 (with 
energy consumption error of 0.02%) during the learning phase, and 0.61 and 0.85 during the prediction 
phase, respectively. Further, orthogonal array design is applied to the pseudo dynamic model to check the 
schedule of occupancy profile and operational heating power level characteristics. The results show the 
new schedule and provide the robust design for pseudo dynamic model. Due to prediction in short time 
horizon, it finds application for Energy Services Company (ESCOs) to manage the heating load for 
dynamic control of heat production system. (C) 2013 Elsevier B.V. All rights reserved. 
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AB This article focuses on the impact of the discount rate on cost-benefit assessment of investment options for 

residential building efficiency. An integrated thermal modeling, life cycle costing approach is applied to an 
extensive sample of dominant house designs for Australian conditions. The relative significance of 
predicted thermal performance and the applied discount rate on the Present Value of energy savings from 
alternative investment scenarios is investigated. Costs and benefits are also evaluated at the economy-wide 
scale, including carbon pricing considerations, and for a test-case household faced with alternative 
investment options at the point of construction. The influence of the applied discount rate on produced 
cost-benefit calculations is investigated, as is the interaction between critical cost-benefit input parameters. 
Findings support that the discounting framework is the primary driver of difference in estimates about 
costs and benefits of higher standards of efficiency in the residential sector. Results demonstrate that 
agreement on a low discount rate based on sustainability principals would prioritise those projects with 
significant environmental benefits. (C) 2012 Elsevier Ltd. All rights reserved. 
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AB Despite the enormous potential for savings, there is little penetration of market-based solutions in the 

residential energy efficiency market. We hypothesize that there is a failure in the residential efficiency 
improvement market: due to lack of customer knowledge and capital to invest in improvements, there is 
unrecovered savings. In this paper, we model a means of extracting profit from those unrecovered energy 
savings with a market-based residential energy services company, or RESCO. We use a Monte Carlo 
simulation of the cost and performance of various improvements along with a hypothetical business model 
to derive general information about the financial viability of these companies. Despite the large amount of 
energy savings potential, we find that an average contract length with residential customers needs to be 
nearly 35 years to recoup the cost of the improvements. However, our modeling of an installer knowledge 
parameter indicates that experience plays a large part in minimizing the time to profitability for each 
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AB Due to the rapid economic development, living standards in China are improving fast. Chinese families 

are having more household electrical appliances, among which refrigerators are indispensable. Energy 
consumption of refrigerators is huge in China and causes environmental concerns. China has issued the 
national energy efficiency standards of household refrigerators, GB12021.2-2003 and GB12021.2-2008 to 
promote high-efficiency refrigerator production and use. This study evaluated the impacts of the standards 
on the environment, manufacturers and consumers over a long-term period of 2003-2023. It first evaluated 
the potential electricity conservation and GHG emission reduction resulting from energy efficiency 
improvements driven by the standards. Next, manufacturers' technological and economic concerns about 
complying with the standards were discussed. Some efficiency improving design options were considered 
and the resulting increases in manufacturing cost and retail price were estimated. The return of consumers 
from invest in efficiency was analyzed based on lifecycle cost saving of the improved models. The 
economical viability of the standards was then evaluated by national consumer costs and benefits. Results 
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showed that the considered efficiency standards will potentially save a cumulative total of 588-1180 TWh 
electricity, and reduce emission of 629-1260 million tons of CO(2), 4.00-8.04 million tons of SO(x) and 2.37-
4.76 million tons of NO(x) by 2023, depending on sale share of models by efficiency. In a more 
environmentally optimal case (75% sale share of high-efficiency models), the national consumer benefits 
are 121 billion RMB (discounted), with the benefit/cost ratio of consumer's expenditure being 1.45:1. 
However, the preference to high-efficiency models is substantial influenced by consumer's expectation on 
return from the additional cost on efficiency. (C) 2010 Elsevier Ltd. All rights reserved. 
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AB The Household Energy End-use Study (HEEP) quantified how, where, when, and why energy was used 

in New Zealand houses based on the monitoring of energy and end-uses in a national sample of 400 
houses. Based on these data, space heating was found to average 34% of total household energy use. Three 
issues are highlighted in relation to space heating: firstly, the extent to which low indoor temperatures are 
associated with persistent under-heating; secondly, whether some space-heating sources tend to be 
associated with higher (or lower) winter indoor temperatures than others; and thirdly, what the drivers of 
under-heating might be. An overview of the HEEP research and its complex data set is provided. The 
range of winter indoor temperatures are then compared with international benchmarks and established 
healthy temperature ranges. Occupants' perceptions of winter indoor temperature conditions are 
presented and explored in relation to heating patterns and household energy consumption. The impacts of 
this research have assisted in changing public policy, moving from a narrow focus on energy efficiency 
toward an integrated energy, environmental, and health policy for the building stock and future 
interventions. 
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DE office buildings; energy monitoring; passive cooling; thermal comfort; 
   user behaviour 
ID BLINDS 
AB To gain access to information on energy use in office buildings, the German Federal Ministry for 

Economy launched an intensive research and demonstration programme in 1995. In advance of the 2002 
EU energy performance directive a limited primary energy coefficient of about 100 kW h m(-2) a(-1) as a 
goal for the complete building services technology was postulated (HVAC + lighting) for all demonstration 
buildings to be supported. A further condition was that active cooling be avoided. Techniques such as 
natural or mechanical night ventilation or heat removal by slab cooling with vertical ground pipes as well 
as earth-to-air heat exchangers in the ventilation system were applied. An accompanying research was 
established to keep track of the results and the lessons learned from about 22 demonstration buildings 
realized and monitored until the end of 2005. As one outcome this paper summarises the energy 
performance of a selection of characteristic buildings together with an overview on the summer thermal 
comfort situations achieved. The research program will proceed during the next five years. Detailed 
reports and future results may be downloaded from the internet: www.enbaumonitor.de. (c) 2006 Elsevier 
Ltd. All rights reserved. 
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AB In this paper, we make use of Home Automation techniques to design and implement a remotely 
controlled, energy-efficient and highly scalable Smart Home with basic features that safeguard the 
residents' comfort and security. Our system consists of a house network (sensors and appliance actuators 
to respectively get information from and control the house environment). As a central controller, we used 
an Arduino microcontroller that communicates with an Android application, our user interface. Our house 
network brings together both wireless Zigbee and wired X10 technologies, thus making it a cost-efficient 
hybrid system. Events can be programmed to be triggered under specific conditions, and this can have a 
great role in reducing the total energy consumed by some appliances. On the other hand, the system can 
suggest smart task scheduling. The scheduling algorithm we present is a heuristic for the Resource-
constrained-scheduling problem (RCPSP) with hybrid objective function merging both resource-leveling 
and weighted completion time considerations. 
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AB Considering household appliance automation for reduction of household peak power demand, this study 

explored aspects of the interaction between household automation technology and human behaviour. 
Given a programmable household appliance switching system, and user-reported appliance use times, we 
simulated the load reduction effectiveness of three types of algorithms, which were applied at both the 
single household level and across all 30 households. All three algorithms effected significant load 
reductions, while the least-to-highest potential user inconvenience ranking was: coordinating the timing of 
frequent intermittent loads (algorithm 2): moving period-of-day time-flexible loads to off-peak times 
(algorithm 1); and applying short-term time delays to avoid high peaks (algorithm 3) (least 
accommodating). Peak reduction was facilitated by load interruptibility, time of use flexibility and the 
willingness of users to forgo impulsive appliance use. We conclude that a general factor determining the 
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AB Predictive control technology for heating, ventilation and air conditioning (HVAC) systems has been 

proven to be an effective way to reduce energy consumption and improve thermal comfort within 
buildings. Such methods rely on models to accurately predict the thermal dynamics of a specific building 
to achieve the optimal control. Implementing a predictive control at the building level faces several 
challenges, since buildings' thermal dynamics are nonlinear, time-varying, and contain several 
uncertainties. This paper presents a hybrid model predictive control (HMPC) scheme, which can minimise 
the energy and cost of running HVAC systems in commercial buildings. The proposed control framework 
combines a classical MPC with a neural network feedback linearisation method. The control model for the 
HMPC is developed using a simplified physical model, while the nonlinearity associated with HVAC 
process is handled independently by an inverse neural network model. To achieve the maximum energy 
saving, the proposed MPC integrates several advanced air-conditioning control strategies, such as an 
economizer control, an optimal start-stop control, and a load shifting control. This approach has been 
tested at the check-in hall of the T-1 building of the Adelaide Airport, through simulations and a field 
experiment. The merits of the proposed method compared to the existing control method are analysed 
from both the energy saving and cost saving points of view. The result shows that the proposed HMPC 
scheme performs reasonably well, and achieves a considerable amount of savings without violating 
thermal comfort. (C) 2015 Elsevier Ltd. All rights reserved. 
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AB Two field experiments were carried out to study (a) the effects on energy savings of continuous visual 

feedback via in-home displays, and (b) the motives for responding or not. In study 1.40 participants living 
in separate or semi-detached houses in two different towns participated. All participants received a 
questionnaire and a list of possible energy saving measures. Households were then randomly assigned to 
an experimental condition (display) or a control condition (no display). In study 2, 32 households in rented 
apartments participated. No significant differences between the conditions were found for either of the 
studies. In study 2, semi-structured interviews were conducted among nine of the households. Through an 
analysis of interview transcripts barriers were identified explaining why the feedback intervention was not 
sufficient to change behaviour and reduce consumption. The barriers experienced indicate that there is a 
risk of overconfidence in IHDs. For the development of energy policies and more wide-scale 
implementation, it is important to be aware of the potential obstacles to success. (c) 2014 Elsevier Ltd. All 
rights reserved. 
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AB Using the Bhutan Living Standard Survey (BLSS) data for the year 2007, this paper attempts to identify 

and analyze the factors that are likely to influence household decisions when choosing a particular energy 
source for various uses such as lighting, cooking, and heating. A multinomial logit selection model has 
been applied for this identification and analysis. The results show that a household's choice of cleaner fuels 
for lighting, cooking, and heating is driven by level of income, age, education and gender of the household 
head, access to electricity, and location. Households with a better-educated or female head, those with a 
higher level of income, and urban households, have a higher probability of switching to the use of clean 
energy, while poor households, rural households and those with a low level of education are constrained 
by these factors to continue using dirty energy. The study shows that femaleheaded households are more 
likely to choose cleaner fuels, and that above all the availability of a clean and cost-effective source of 
energy within the proximity is an important factor in the adoption of clean energy. We combined BLSS 
2003 and 2007 and conducted similar analyses and confirmed the robustness of the result. (C) 2014 Elsevier 
Ltd. All rights reserved. 
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AB This paper investigates factors explaining the adoption of energy-efficient heating, cooling, window, and 

lighting technologies in U.S. commercial buildings. It presents multinomial logit models of technology 
adoption using the 2003 Commercial Buildings Energy Consumption Survey microdata set, examining, 
first, fundamental building components, and, second, energy-efficient adaptations. Key findings are that 
the choice of fundamental building components is strongly influenced by locational factors, the activities 
that are expected to take place in the building, and building-specific characteristics. Lighting technologies 
are an exception, and are poorly explained by these factors. By contrast, energy-efficient heating, cooling, 
window, lighting, and control adaptations appear to share common drivers, and are more likely to be 
adopted in newer, larger, more energy-intensive, owner-occupied buildings. These are the buildings that 
can best afford the up-front costs of innovation, which is often a design-intensive process. Absent policy 
interventions, the energy-efficient adaptations are unlikely to diffuse rapidly to the rest of the commercial 
building stock. (C) 2008 Elsevier B.V. All rights reserved. 
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an alternative conceptual framework, the everyday householder-centered approach, is described. The 
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around the world. The demand of energy, as well as the construction materials used in buildings, are 
becoming increasingly problematic for the earth's sustainable future, and thus have led to alarming 
concern. The energy efficiency of buildings can be improved, and in order to do so, their operational 
energy usage should be estimated early in the design phase, so that buildings are as sustainable as 
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possible. An early energy estimate can greatly help architects and engineers create sustainable structures. 
This study proposes a novel method to estimate building energy consumption based on the ELM (Extreme 
Learning Machine) method. This method is applied to building material thicknesses and their thermal 
insulation capability (K-value). For this purpose up to 180 simulations are carried out for different material 
thicknesses and insulation properties, using the EnergyPlus software application. The estimation and 
prediction obtained by the ELM model are compared with GP (genetic programming) and ANNs (artificial 
neural network) models for accuracy. The simulation results indicate that an improvement in predictive 
accuracy is achievable with the ELM approach in comparison with GP and ANN. (C) 2015 Elsevier Ltd. All 
rights reserved. 
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AB The residential sector represents some 30% of global electricity consumption but the underlying 

composition and drivers are still only poorly understood. The drivers are many, varied, and complex, 
including local climate, household demographics, household behaviour, building stock and the type and 
number of appliances. There is considerable variation across households and, until recently, often a lack of 
good data. This study draws upon a detailed household dataset from the Australian Smart Grid Smart City 
project to build a household electricity consumption model. A statistical linear regression model for 
household energy demand was established and tested for both individual households and regional 
aggregations of households. The model showed only reasonable performance in forecasting the 
consumption of individual households - highlighting the influence of factors beyond those surveyed - but 
good performance for aggregated household consumption. Models such as this would seem highly useful 
for a range of stakeholders including individual households trying to understand the potential 
implications of different choices, utilities looking to better forecast the impact of different possible 
residential trends and policy makers seeking to assist households in improving their energy efficiency 
through targeted policies and programs. Crown Copyright (C) 2015 Published by Elsevier B.V. All rights 
reserved. 
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AB This paper presents an investigation into the use of occupancy space electrical power demand to mimic 

occupants' activities in building cooling load prediction by intelligent approach. The occupancy space 
electrical power demand is obtained from an intelligent networked building power monitoring system. It 
works as a prototype advanced metering infrastructure - a key feature in smart grid technology. The 
artificial neural network model adopted is the Levenberg-Marquardt algorithm. The input parameters 
include the usual external climatic data, hour-type/day-type and pretreated air unit operation schedule, 
and the occupancy space electrical power demand. The output is the electrical power demand of the 
building cooling system. Simulation studies are conducted for a university building in Hong Kong. The 
2010 and 2011 yearly data is used to conduct simulations. The performance indices used in evaluating the 
prediction performance are the coefficient of correlation (R), coefficient of variation (CV) and mean 
absolute percentage error (MAPE). It is demonstrated that with the use of occupancy space electrical 
power demand as one of the model input parameters, the prediction accuracy of the building cooling load 
model can be improved. In summer season, the best MAPE and CV is 4.494% and 5.808% respectively for 
hourly prediction, and is 1.935% and 2.345% respectively for daily prediction. On daily peak cooling load 
prediction in summer season, the best MAPE and CV is 2.313% and 2.862% respectively. It is found that the 
variability in the prediction is modest in summer season. (C) 2012 Elsevier B.V. All rights reserved. 
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AB Network connectivity has become nearly ubiquitous, and the energy use of the equipment required for 

this connectivity is growing. Network equipment consists of devices that primarily switch and route 
Internet Protocol (IP) packets from a source to a destination, and this category specifically excludes edge 
devices like PCs, servers and other sources, and sinks of IP traffic. This paper presents the results of a 
study of network equipment energy use and includes case studies of networks in a campus, a medium 
commercial building, and a typical home. The total energy use of network equipment is the product of the 
stock of equipment in use, the power of each device, and their usage patterns. This information was 
gathered from market research reports, broadband market penetration studies, field metering, and 
interviews with network administrators and service providers. We estimate that network equipment in the 
USA used 18 TWh, or about 1% of building electricity, in 2008 and that consumption is expected to grow at 
roughly 6% per year to 23 TWh in 2012; world usage in 2008 was 51 TWh. This study shows that office 
building network switches and residential equipment are the two largest categories of energy use 
consuming 40% and 30% of the total respectively. We estimate potential energy savings for different 
scenarios using forecasts of equipment stock and energy use, and savings estimates range from 20% to 50% 
based on full market penetration of efficient technologies. 
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energy conservation planning and industrial investment. However, they cannot fully achieve the expected 
benefits due to the energy rebound effect. This paper verifies the energy rebound effect in China's urban 
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to the adoption of building energy-saving technologies are of great significance on implementing policies 
related to achieving energy-saving goals. This paper studied 15 barriers with the aid of information 
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more energy-efficient manner. These approaches are validated by using real energy data collected in a set 
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AB To make optimal use of sustainable energy, domestic electricity consumption should shift to match local 

supply conditions. Energy management systems (EMS) are a new sustainable technology that can help to 
disrupt consumers' habits concerning electricity consumption, whilst reinforcing desired behaviours. This 
research examined the factors that influence the likelihood that people will shift their electricity 
consumption to match sustainable supply. Twenty-one interviews were conducted with households who 
had used the EMS Smart Wash' for several months. The findings showed that the likelihood of behaviour 
change is influenced by a combination of the user's motivation, specific contextual factors and the design of 
the EMS. Based on these results, several recommendations are given for the future design of EMSs. 
Practitioner Summary: Energy management systems (EMS) are a new technology that encourages people 
to shift electricity consumption to match local solar supply. Interviews among users of an EMS showed 
that the likelihood of behaviour change is influenced by the combination of the user's motivation, 
contextual factors and the EMS design. 

C1 [Kobus, Charlotte B. A.] Delft Univ Technol, Enexis BV, NL-5201 AW Shertogenbosch, Netherlands. 
   [Mugge, Ruth; Schoormans, Jan P. L.] Delft Univ Technol, Dept Prod Innovat Management, NL-2628 CE 

Delft, Netherlands. 
RP Kobus, CBA (reprint author), Delft Univ Technol, Enexis BV, POB 856, NL-5201 AW Shertogenbosch, 

Netherlands. 
EM Charlotte.CBA.Kobus@Enexis.nl 
CR Abrahamse W, 2005, J ENVIRON PSYCHOL, V25, P273, DOI 10.1016/j.jenvp.2005.08.002 
   Abrahamse W, 2007, J ENVIRON PSYCHOL, V27, P265, DOI 10.1016/j.jenvp.2007.08.002 



Sustainability 2018, 10, x FOR PEER REVIEW  292 of 1272 

   Abrahamse W, 2009, J ECON PSYCHOL, V30, P711, DOI 10.1016/j.joep.2009.05.006 
   BAGOZZI RP, 1982, J MARKETING RES, V19, P562, DOI 10.2307/3151727 
   BANDURA A, 1977, PSYCHOL REV, V84, P191, DOI 10.1037//0033-295X.84.2.191 
   Bauer S. R., 1995, DESIGN MANAGEMENT J, V6, P21 
   Baumeister RF, 2007, PERS SOC PSYCHOL REV, V11, P167, DOI 10.1177/1088868307301033 
   CBS, 2011, MON DUURZ NED 2011 
   Cialdini R. B., 1993, INFLUENCE PSYCHOL PE 
   Darby S, 2010, BUILD RES INF, V38, P442, DOI 10.1080/09613218.2010.492660 
   Derijcke E., 2006, USER BEHAV TECHNOLOG, P119 
   Dey I., 1993, QUALITATIVE DATA ANA 
   Faruqui A, 2010, ENERGY, V35, P1598, DOI 10.1016/j.energy.2009.07.042 
   Fischer C, 2008, ENERG EFFIC, V1, P79, DOI 10.1007/s12053-008-9009-7 
   Fiske S., 1991, SOCIAL COGNITION 
   Fogg B. J., 2003, PERSUASIVE TECHNOLOG 
   Guest G, 2006, FIELD METHOD, V18, P59, DOI 10.1177/1525822X05279903 
   Jeong KA, 2010, ERGONOMICS, V53, P636, DOI 10.1080/00140130903581623 
   Kaiser FG, 2005, J APPL SOC PSYCHOL, V35, P2150, DOI 10.1111/j.1559-1816.2005.tb02213.x 
   Kobsa A, 2002, COMMUN ACM, V45, P64 
   Locke EA, 2002, AM PSYCHOL, V57, P705, DOI 10.1037//0003-066X.57.9.705 
   Lockton D, 2010, APPL ERGON, V41, P382, DOI 10.1016/j.apergo.2009.09.001 
   McCalley LT, 2002, J ECON PSYCHOL, V23, P589, DOI 10.1016/S0167-4870(02)00119-8 
   Muir BM, 1996, ERGONOMICS, V39, P429, DOI 10.1080/00140139608964474 
   Rijsdijk SA, 2003, J PROD INNOVAT MANAG, V20, P204, DOI 10.1111/1540-5885.2003003 
   Rijsdijk SA, 2007, J ACAD MARKET SCI, V35, P340, DOI 10.1007/s11747-007-0040-6 
   Rijsdijk SA, 2009, J PROD INNOVAT MANAG, V26, P24, DOI 10.1111/j.1540-5885.2009.00332.x 
   Rogers EM, 1995, DIFFUSION INNOVATION 
   Sauer J, 2004, ERGONOMICS, V47, P1053, DOI 10.1080/00140130410001686302 
   VANHOUWELINGEN JH, 1989, J CONSUM RES, V16, P98, DOI 10.1086/209197 
   Verplanken B., 1999, EUROPEAN REV SOCIAL, V10, P101, DOI DOI 10.1080/14792779943000035 
   Verplanken B, 2006, J PUBLIC POLICY MARK, V25, P90, DOI 10.1509/jppm.25.1.90 
   Watson A., 2002, MARKETING INTELLIGEN, V20, P394 
   Wilson JR, 2000, APPL ERGON, V31, P557, DOI 10.1016/S0003-6870(00)00034-X 
NR 34 
TC 17 
Z9 17 
U1 0 
U2 28 
PU TAYLOR & FRANCIS LTD 
PI ABINGDON 
PA 4 PARK SQUARE, MILTON PARK, ABINGDON OX14 4RN, OXON, ENGLAND 
SN 0014-0139 
J9 ERGONOMICS 
JI Ergonomics 
PD MAR 1 
PY 2013 
VL 56 
IS 3 
SI SI 
BP 451 
EP 462 
DI 10.1080/00140139.2012.721522 
PG 12 
WC Engineering, Industrial; Ergonomics; Psychology, Applied; Psychology 
SC Engineering; Psychology 
GA 121WH 
UT WOS:000317275100010 
PM 23009607 
DA 2018-05-03 



Sustainability 2018, 10, x FOR PEER REVIEW  293 of 1272 

ER 
 
PT J 
AU Desideri, U 
   Leonardi, D 
   Arcioni, L 
   Sdringola, P 
AF Desideri, Umberto 
   Leonardi, Daniela 
   Arcioni, Livia 
   Sdringola, Paolo 
TI European project Educa-RUE: An example of energy efficiency paths in 
   educational buildings 
SO APPLIED ENERGY 
LA English 
DT Article; Proceedings Paper 
CT 3rd International Conference on Applied Energy (ICAE) 
CY MAY 16-18, 2011 
CL Perugia, ITALY 
DE European project; Educational buildings; Energy efficiency 
ID CONSUMPTION 
AB The aim of Educa-RUE project is to improve energy performance in building sector at local level and with 

particular attention to educational buildings, by promoting the ability of local players to guide and orient 
initiatives, designed to encourage energy saving by means of specific measures and integrated tools. 

   The project is therefore focused to speed up the implementation of European Directive on Energy 
Performance in Buildings, EPBD (2002/91/EC), in Member States at local government level and to ensure its 
operability, within the various national legislations of reference. 

   Educa-RUE lasted 30 months, from January 2008 to June 2010, and involved the following eight partners: 
for Italy, Provinces of Potenza (project leader), Perugia, Rieti and Palermo; for other Countries, Climate 
Energy Ltd. Essex and Energy Solutions North West London (UK), Associacion Aragonesa de Entidades 
Locales ASAEL (Spain), Municipality of Prenzlau (Germany). 

   A number of closely interconnected actions were carried on in eight Work Packages (WPs) to face the 
energy efficiency aspects identified as primary problems by the partners. The project developed a model 
process, known as "Educa-RUE method", to assess possible policies of intervention on educational 
buildings, owned or managed by each Partner. 

   In particular the Province of Perugia, leader of WP 2 and 5, provided guide lines and tools in order to: 
identify the state of the art of EPBD implementation and the main non-technological barriers, which are 
preventing its application at local level; select, within the Province/area patrimony, the most suitable 
educational building, to be used as a shining example to develop the following testing phases of the 
project; carry on an energy check, or audit, of selected buildings, by involving the educational community 
as user and active participant in the whole process; elaborate an executive project, concerning the 
description of all the building elements (structure, roof, heating/cooling plants, etc.) which need to be 
replaced/improved and the application of an energy/environmental assessment; plan refurbishing 
interventions for the rest of the school buildings directly managed by each Partner, according to specific 
priority selection criteria, which represents a guiding and coordinating act for those Administrations 
directly or indirectly interested in the Project. 

   This paper presents the results obtained by testing and proving Educa-RUE method in different regional 
areas. Its findings can be extended to other building typologies in order to create a reference model for 
local planners and responsible. (C) 2012 Elsevier Ltd. All rights reserved. 
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AB The design and implementation of portable, lightweight user-interfaces to provide access to remote 

embedded home-systems and home-networks Is described. This:paper Is focussed on emerging standards 
in the consumer electronics field, including embedded-Java, the handheld device markup language 
(HDML) and remote frame buffer (RFB) technology as implemented in the public-domain virtual network 
computer (VNC.) software. A key goal of the present paper is to provide an objective technical assessment 
of the applicability of each of these technologies to the development of practical consumer applicances and 
handheld terminals providing enhanced user-access to the home environment. 
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AB The adaptation between a building and its automation system can potentially be increased by model-

based controllers with an integrated control model and information about indoor climate disturbances. The 
associated energy savings potential is large but a widespread utilization is typically prevented by high 
complexities. From that point of view, a trade-off technology that combines implementability with an 
overall higher performance than the system of current practice would be a better option at most sites. This 
work presents an experimental evaluation of an alternative controller that follows the same principle as 
model-based, but has gone through a large number of simplification measures for a reduced overall 
complexity and a limited function. The controller was evaluated for indoor climate control by automating 
the ventilation flow rate during a typical office working day that was re-created in a laboratory 
environment. Experiments were conducted in two different office sites, as well as during two weather 
seasons of Swedish summer and winter. From the investigation, it was concluded that despite of the 
reduced complexity, the investigated controller could save between 12% and 19% of indicated energy 
compared to a system of common practice at the same time as the quality of indoor climate was 
maintained. (C) 2015 Elsevier Ltd. All rights reserved. 
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AB Occupancy interventions, which are typically used to diffuse energy conservation practices among 

commercial building occupants, are showing promising but un-sustained energy savings. One possible 
explanation to the observed results is the presence of extreme energy users in the buildings who can have 
an important influence on their moderate peers and revoke the benefits of occupancy interventions. While 
this 'extremism' in human behavior phenomenon has been extensively studied in various social science 
fields, it has yet to be applied on the study of energy conservation from occupancy interventions in 
commercial buildings. Using agent-based modeling and data from actual commercial buildings, this paper 
evaluates the influence of extreme energy users (1) on their peers and on the energy performance of 
commercial buildings and (2) on the effectiveness of commonly implemented occupancy interventions. 
Parametric variations and statistical analyses indicate that extremism can highly affect the effectiveness of 
traditional occupancy interventions. In parallel, a combination of methods has shown to empower 
moderate energy users, helping diffuse and maintain energy conservation practices even in the presence of 
extreme energy users. The demonstrated capability to test and optimize occupancy interventions is 
expected to support and boost their adoption in large-scale energy conservation initiatives. (C) 2015 
Elsevier B.V. All rights reserved. 
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AB In order to initiate economic evaluation of green buildings and foster their development, this article 

conducts the cost-benefit evaluation of energy efficiency technology application (EETA) on green buildings 
in China. Based on the economic evaluation theory of construction project (EETCP), the authors first 
establishes the theoretical framework system of cost-benefit evaluation of the EETA on green buildings and 
then develops the analysis methods of incremental costs and quantitative calculation formula of 
incremental benefits of the EETA on green buildings. Using these theories and methods, this article takes 
the Wanke City project in China as a study case, conducts the cost-benefit empirical analysis of the EETA 
on green buildings, and draws the following important conclusions: (1) the incremental costs of the EETA 
account for a large proportion of total incremental costs of green buildings, which are more than 50% in 
this case; (2) the EETA on green buildings can bring incremental economic benefits, as well as 
environmental benefits; (3) if only consider the incremental economic benefits of the EETA on green 
buildings, the financial evaluation indexes show green buildings do not have market investment potential; 
(4) among all the factors influencing the financial evaluation results of the EETA on green buildings, power 
price is the most sensitive factor, followed by the unit incremental costs, and the lifetime has the smallest 
influence. (C) 2014 Elsevier B.V. All rights reserved. 
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AB A holistic approach to residential water heating systems specification is required to provide optimal 

energy efficiency. The objective of this study is to analyse the performance of residential water heating 
systems for the city of Brisbane in Australia, for different combinations of heating system technologies 
(solar, heat pump, electric), storage tank sizes (1251, 2501, 3251), time-distribution of energy in accordance 
to the tariff selection (all-day, controlled, night off-peak) and washing machine water heating sources 
(internal and external). Performance assessments considered the influence of 54 different water heating 
system configurations on the electricity grid (i.e. power peaks, time-distribution of energy according to 
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recommended hot water temperatures), Empirical water end use data from 27 households was utilised to 
model the performance of water heating systems. The study demonstrated that beyond merely specifying 
the type of technology (e.g. solar hot water), other key criteria such as hot water demand, hot water tank 
size and electricity tariff selection should also be considered in order to systematically optimise the energy 
and service performance of hot water systems in residential buildings. (C) 2014 Elsevier B.V. All rights 
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AB Actual operation energy consumption of the high energy efficiency buildings built and operated in China 

and U.S. has been quite different than expected. This paper compares actual energy consumption to expect 
high energy efficiency office buildings in U.S. and China. Considering the different indoor design 
temperature, climate conditions and operated period between the compared cases in the two countries 
impact on the building energy consumption, correction model was built to eliminate the influence of the 
three factors on the comparison result and put the comparison analysis of high energy efficiency office 
buildings in the two countries into the same level. Regard to building general information and climate 
condition, four pairs of buildings in typical climate zones of China and U.S. were selected to compare the 
building energy conservation technology and building energy consumption based on a large scale of 
investigation and testing. After corrected, the energy consumption data are analyzed, including total 
energy consumption, and sub-metering energy consumption such as heating, cooling, lighting, office 
equipment, etc.. The energy saving technologies applied in these four pairs of buildings was also 
compared to explain energy consumption differences. (C) 2013 Elsevier Ltd. All rights reserved. 
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AB Digital addressable, dimmable lighting controls were introduced to the US market in the early 2000s with 

the promise of energy savings while allowing greater flexibility than their analog counterpart. The New 
York Times Company installed this emerging technology, after thorough pre-procurement testing, in their 
new building in New York, NY. Four years after full occupancy (2007), the owner agreed to participate in 
post-occupancy monitoring of the lighting system to verify actual performance. Annual lighting energy 
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savings from daylighting, setpoint tuning and occupancy controls were determined for the daylit, open-
plan office areas on three typical floors (6th, 11th, and 20th) of the 51-story tower. Energy savings were 
calculated from data recorded by the lighting control system, after calibration through independent energy 
consumption measurements. Savings from dimming controls (daylighting and setpoint tuning) were 12.6 
kWh/m(2) yr for the daylit spaces on the three floors overall, or 20%, relative to ASHRAE 90.1-2007. 
Against the prescriptive code in effect at the time of the building's construction (ASHRAE 90.1-2001), 
savings were 21.0 kWh/m(2) yr or 28%. Annual lighting energy use with all lighting control strategies was 
33.9 kWh/m(2) yr in the daylit, open plan zones on average for the three floors. A simple payback analysis 
was conducted. (C) 2013 Elsevier B.V. All rights reserved. 
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AB Rapid urbanization, climate change and energy security warrant a more detailed understanding of how 

cities today consume energy. Agent-based, integrated microsimulation models of urban systems provide 
an excellent platform to accomplish this task, as they can capture both the short- and long-term decisions 
of firms and households which directly affect urban energy consumption. This paper presents the current 
effort towards developing an urban energy model for the Integrated Land Use, Transportation, 
Environment (ILUTE) modelling system. 

   As a first step, a model for the residential space heating system evolution of the Greater Toronto-Hamilton 
Area was developed. A bottom-up approach, where individual uses are aggregated, was then employed to 
estimate the region's space heating demand. Conventional bottom-up methodologies often suffer from 
insensitivity to either technological or behavioral factors. It is argued that coupling a discrete choice model 
with building energy simulation software solves this problem. A joint logit model of heating fuel and 
equipment choice was developed and estimated using Toronto household microdata. The HOT2000 
software was then used to compute individual dwelling unit space heating use. The entire residential 
energy analysis was performed in tandem with the housing market and demographic evolution processes. 
This allows the endogenous formation of the required inputs as well as adherence to the core ILUTE 
framework of integrated modelling. 

   This residential space heating model is a first step towards a comprehensive urban energy end-use model. 
Further steps include developing similar models for other residential end-uses, such electricity and hot 
water consumption, as well as extensions to the commercial and transportation sectors. The entire effort 
aims to introduce an alternate methodology to modelling urban energy consumption that takes advantage 
of agent-based microsimulation to enhance and address issues with current approaches. (C) 2011 Elsevier 
Ltd. All rights reserved. 
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AB Rapid urbanization in China has resulted in great demands for energy, resources and pressure on the 

environment. The progress in China's development is considered in the context of energy efficiency in the 
built environment, including policy, technology and implementation. The key research challenges and 
opportunities are identified for delivering a low-carbon built environment. The barriers include the 
existing traditional sequential design process, the lack of integrated approaches and insufficient socio-
technical knowledge. A proposed conceptual systemic model of an integrated approach identifies research 
opportunities. The organization of research activities should be initiated, operated and managed in a 
collaborative way among policy-makers, professionals, researchers and stakeholders. More emphasis is 
needed on integrating social, economic and environmental impacts in the short, medium and long terms. 
An ideal opportunity exists for China to develop its own expertise, not merely in a technical sense but in 
terms of vision and intellectual leadership in order to flourish in global collaborations. 
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AB Growing concerns about climate change and energy security have led to a strong focus on energy 

demand reduction and energy efficiency within United Kingdom (UK) energy policy. At the same time, 
information and communication technologies (ICTs) have become pervasive in society and this has 
brought with it new policy options which use them as enabling technologies. One such policy option 
planned for implementation in the UK is the use of smart meters and real-time displays to encourage 
people to become more aware of their energy consumption and possibly change their energy-related 
behaviours. Smart meters and display units by definition link individuals, technologies and society, and 
their effectiveness is influenced by a range of factors. Ten semi-structured stakeholder interviews with 
industry, government and academia and a review of literature were conducted in order to identify which 
factors are most likely to contribute to the effectiveness of implementing smart meters and real-time 
displays in the UK. Further analysis showed a number of key themes and perspectives on behavioural 
change, particularly as they relate to household electricity use and the role of smart meters in the UK 
energy policy, including the role of ICTs in energy demand reduction more generally. 

C1 [Martiskainen, Mari; Coburn, J.] Univ Sussex, Sussex Energy Grp, SPRU Sci & Technol Policy Res, 
Freeman Ctr, Brighton BN1 9QE, E Sussex, England. 

RP Martiskainen, M (reprint author), Univ Sussex, Sussex Energy Grp, SPRU Sci & Technol Policy Res, 
Freeman Ctr, Brighton BN1 9QE, E Sussex, England. 

EM m.martiskainen@sussex.ac.uk 
OI Martiskainen, Mari/0000-0002-3503-9197 
FU EdF Energy and the Economic and Social Research Council 
FX The authors would like to thank Dr. Jim Watson for his valuable 
   comments. The authors also acknowledge the funding support from EdF 
   Energy and the Economic and Social Research Council for two research 
   projects which were used as the basis for this article. 
CR Abrahamse W, 2005, J ENVIRON PSYCHOL, V25, P273, DOI 10.1016/j.jenvp.2005.08.002 
   Bamberg S, 2003, ENVIRON BEHAV, V35, P264, DOI 10.1177/0013916502250134 
   BECKER LJ, 1978, J APPL PSYCHOL, V63, P428, DOI 10.1037/0021-9010.63.4.428 
   BECKER LJ, 1981, ENVIRON BEHAV, V13, P590, DOI 10.1177/0013916581135004 
   *BERR, 2008, EN CONS TABL DOM EN 
   Bertoldi P., 2007, ELECT CONSUMPTION EF 
   BITTLE RG, 1979, BEHAV MODIF, V3, P187, DOI 10.1177/014544557932004 
   BITTLE RG, 1979, J ENVIRON SYST, V9, P275, DOI 10.2190/91AA-P97G-JF92-T7EJ 
   Boardman B., 2005, 40 HOUSE 
   Darby S, 2006, EFFECTIVENESS FEEDBA 
   Department for Communities and Local Government (DCLG), 2008, DEF ZER CARB HOM NON 
   *DEFRA, 2007, UK EN EFF ACT PLAN 
   Department of Trade and Industry (DTI), 2007, M EN CHALL WHIT PAP 
   Ek K, 2010, ENERG POLICY, V38, P1578, DOI 10.1016/j.enpol.2009.11.041 
   *EN RET ASS, 2007, SMART MET 
   Erdmann L, 2004, FUTURE IMPACT ICTS E 
   *EST, 2006, HAB LIF EUR EN US RE 
   Fischer C., 2007, P ECEEE 2007 SUMM ST, P1873 
   Foresight Sustainable Energy Management and the Built Environment Project, 2008, FIN PROJ REP 
   GARLING, 2002, TRANSPORT POLICY, V9, P59 
   Helm Dieter, 2004, ENERGY STATE MARKET 



Sustainability 2018, 10, x FOR PEER REVIEW  311 of 1272 

   HM Government, 2006, CLIM CHANG SUST EN A 
   HM Government, 2009, UK LOW CARB TRANS PL 
   International Energy Agency, 2009, WORLD EN OUTL 
   Jackson T., 2005, MOTIVATING SUSTAINAB 
   KNOWLES H, 2005, MAKING NETWORK REGIO 
   Koomey Jonathan G., 2007, ESTIMATING TOTAL POW 
   LAITNER JA, 2000, INFORM COMMUNICATION 
   LEES E, 2007, SMART METERS COSTS C 
   Marechal K, 2010, ECOL ECON, V69, P1104, DOI 10.1016/j.ecolecon.2009.12.004 
   Martiskainen M., 2007, AFFECTING CONSUMER B 
   Martiskainen M, 2009, ENERG CLIM ENVIRON, P165 
   May T., 2001, SOCIAL RES ISSUES ME 
   *OFG, 2009, EN DEM RES PROJ REV 
   *OPSI, 2008, CLIM CHANG ACT 2008 
   OWEN G, 2007, SMART METERS GREAT B 
   Owen Gill, 2006, SMART METERS COMMERC 
   Owen P., 2007, AMPERE STRIKES BACK 
   Owens S, 2008, ENERG POLICY, V36, P4412, DOI 10.1016/j.enpol.2008.09.031 
   Pamlin D., 2006, SAVING CLIMATE SPEED 
   Patterson W., 1999, TRANSFORMING ELECT C 
   Rip A, 1998, HUMAN CHOICE CLIMATE, P327 
   Roberts S, 2003, EFFECTIVE ENERGY INF 
   Roberts S, 2008, ENERG POLICY, V36, P4482, DOI 10.1016/j.enpol.2008.09.023 
   Steg L, 2008, ENERG POLICY, V36, P4449, DOI 10.1016/j.enpol.2008.09.027 
   Stern PC, 2000, J SOC ISSUES, V56, P407, DOI 10.1111/0022-4537.00175 
   Wilsdon J., 2001, DIGITAL FUTURES AGEN 
   Yin R. K., 2003, CASE STUDY RES DESIG 
   YOUNG S, 2006, CLIMATE CHANGE ICT O 
NR 49 
TC 16 
Z9 16 
U1 2 
U2 21 
PU SPRINGER 
PI DORDRECHT 
PA VAN GODEWIJCKSTRAAT 30, 3311 GZ DORDRECHT, NETHERLANDS 
SN 1570-646X 
J9 ENERG EFFIC 
JI Energy Effic. 
PD MAY 
PY 2011 
VL 4 
IS 2 
BP 209 
EP 221 
DI 10.1007/s12053-010-9094-2 
PG 13 
WC GREEN & SUSTAINABLE SCIENCE & TECHNOLOGY; Energy & Fuels; Environmental 
   Studies 
SC Science & Technology - Other Topics; Energy & Fuels; Environmental 
   Sciences & Ecology 
GA 796RA 
UT WOS:000293068200006 
DA 2018-05-03 
ER 
 
PT J 
AU Biswas, MAR 



Sustainability 2018, 10, x FOR PEER REVIEW  312 of 1272 

   Robinson, MD 
   Fumo, N 
AF Biswas, M. A. Rafe 
   Robinson, Melvin D. 
   Fumo, Nelson 
TI Prediction of residential building energy consumption: A neural network 
   approach 
SO ENERGY 
LA English 
DT Article 
DE Residential buildings; Energy consumption modeling; Neural network 
ID SECTOR; MODELS; DEMAND; SYSTEM; SPACE; ANN 
AB Some of the challenges to predict energy utilization has gained recognition in the residential sector due to 

the significant energy consumption in recent decades. However, the modeling of residential building 
energy consumption is still underdeveloped for optimal and robust solutions while this research area has 
become of greater relevance with significant advances in computation and simulation. Such advances 
include the advent of artificial intelligence research in statistical model development. Artificial neural 
network has emerged as a key method to address the issue of nonlinearity of building energy data and the 
robust calculation of large and dynamic data. The development and validation of such models on one of 
the TxAIRE Research houses has been demonstrated in this paper. The TxAIRE houses have been designed 
to serve as realistic test facilities for demonstrating new technologies. The input variables used from the 
house data include number of days, outdoor temperature and solar radiation while the output variables 
are house and heat pump energy consumption. The models based on Levenberg-Marquardt and OWO-
Newton algorithms had promising results of coefficients of determination within 0.87-0.91, which is 
comparable to prior literature. Further work will be explored to develop a robust model for residential 
building application. (C) 2016 Elsevier Ltd. All rights reserved. 
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AB This study is motivated by the need to increase energy efficiency in existing buildings. Around 33% of the 
energy used in the world is consumed in the buildings. Identifying and investing in the right energy 
saving technologies within a given budget helps the adoption of energy efficiency measures in existing 
buildings. We use a mathematical programming approach to select the right energy efficiency measures 
among all the available ones to optimize financial or environmental benefits subject to budgetary and other 
logical constraints in single- and multi-period settings. We also present a business model to offer energy 
efficiency measures as a service. By using a real case study of a university campus, all the relevant energy 
efficiency measures are identified and their effects are determined by using engineering measurements 
and modelling. Through numerical experiments using the case data, we investigate and quantify the 
effects of using environmental or financial savings as the main objective, the magnitude of benefit of using 
a multi-period planning approach instead of a single-period approach, and also feasibility of offering 
energy saving technologies as a service. We show that substantial environmental and financial savings can 
be obtained by using the proposed method to select and invest in technologies in a multi-period setting. 
We also show that offering energy efficient technologies as a service can be a win-win-win arrangement for 
a service provider, its client, and also for the environment. (c) 2015 Elsevier Ltd. All rights reserved. 
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however it is a huge challenge as owners usually lack of the expertise and resources to conduct detailed 
on-site energy audit to identify and evaluate cost-effective energy technologies. This study presents a 
DEEP (database of energy efficiency performance) that provides a direct resource for quick retrofit analysis 
of commercial buildings. DEEP, compiled from the results of about ten million EnergyPlus simulations, 
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computing clusters to evaluate hundreds of individual and packaged ECMs covering envelope, lighting, 
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and unearthing recommended ECMs, their estimated energy savings and financial payback. (C) 2015 
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AB The increase of people living in large cities and the expansion of new urban areas are keys to defining 

new sustainable models. It is estimated that about 70% of the EU population lives in urban areas, and it is 
expected to reach 80% by 2030. Consequently, it is important to find a new concept of buildings that can 
reduce the total energy consumption. The Solar Decathlon is an international university competition, born 
in 2002, created by the U.S. State Energy Department (DOE). Students are challenged to design and operate 
a full-scale, innovative and sustainable house able to exploit solar radiation as its sole energy source. The 
objective of the competition is to promote research and education in sustainable architecture and solar 
energy fields. This paper presents an overview on the contribution of LIFT (Interdisciplinary Laboratory of 
Technical Physics of Roma Tre University) to the winning project of the Solar Decathlon Europe 2014 
competition: The RhOME for denCity. This project consists of a building properly designed to produce a 
solar-powered house that is cost-effective, energy-efficient, and attractive. 
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AB The environmental concern in light of anthropogenic climate change is directly concerning the building 

sector as one of the major energy consumers and CO2 producers. To reduce the environmental impact of 
new and refurbished buildings, one of the most promising policies is the widespread adoption of Building 
Energy Regulation Codes (BERC), since they have a direct impact on the everyday work of local planners, 
architects, engineers and building companies. This article will look at how BERCs were implemented in 
Italy, where Regions and municipalities have developed in recent years a number of local regulations 
trying to drive the market towards more energy efficient practices. This happened in a legislative vacuum 
because the Italian Government implemented the European Directive on the Energy Performance of 
Buildings (2002/91/EC) only in 2005 and defined the related National Guidelines only in 2009. This article 
provides an overview on EPBD implementation in Europe and a Geocluster Italian distribution of BERCs 
in order to show their geographical distribution and their influence on the construction sector practices, 
focusing in particular on the region of Lombardy. Then the article describes the methodology followed for 
the definition of BERCs in nine municipalities in the same region. In conclusion, the paper presents the 
practical application of one of the nine BERCs to a NZEB residential case study as an example of what the 
EBPD recast define as nZEB. (C) 2014 Elsevier Ltd. All rights reserved. 
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AB Environmental pressure from residential energy use is projected to significantly increase by 2030. 

Different environmental policy measures provide different incentives for "environmentally responsive" 
consumer choices and behavioural responses. There is a great energy saving potential in residential 
buildings of Lithuania. Compared to the other EU countries with similar climate conditions, energy 
consumption for residential heating is approximately 1.8 times higher in Lithuania. About 60% of 
Lithuanian population resides in multi-apartment buildings constructed during 1961-1990. The aim of the 
paper is to define the main drivers of residential energy use in Lithuania and to compare energy saving 
technologies in terms of energy saving potential and costs in Lithuanian residential buildings. Seeking to 
achieve the aim the main tasks of the paper are to analyse theoretical issues of the main drivers of 
residential energy use; to analyse residential energy use trends in Lithuania and to compare these trends 
with other EU member states; to define the main drivers of residential energy use by applying correlation 
analysis; to analyse policies aiming to reduce energy consumption in residential buildings and their 
impacts on GHG emission reduction. 

   The comparative study of residential energy use in Lithuania and several old EU member states showed 
that residential energy use per capita in Lithuania is significantly lower than in old EU member states 
because of the lower income per capita and lower living standards. The economic and technological factors 
are the main driving forces of final energy consumption in all compared EU member states; however the 
impact of different factors varies between countries. The comparative analysis of energy saving and GHG 
emission reduction potential and costs in residential buildings provided by different studies showed that 
the most cost-effective instruments were appliance standards, energy efficiency obligations, Demand Side 
Management programs, public benefit charges and labelling. (C) 2014 Elsevier Ltd. All rights reserved. 
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AB In this paper we introduce a vision for a new type of domestic appliance, a soft-appliance, constructed 

from aggregations of elementary network services. The vision is based on the possibility of 
'deconstructing', logically, conventional home appliances such as TVs into their elemental functions which 
may then be combined in novel ways with other deconstructed services to generate soft-appliance of a 
person's own choosing. Additionally our aim is to describe the computer science challenges involved in 
fulfilling this vision. An essential component of this vision is a concept called a MAp (meta-
appliance/application); a semantic data template that describes the soft or virtual-appliance that can be 
instantiated by manufacturers and end-users in a way that redefines the nature of an appliance and which 
can be created, owned and traded. We also present a socio-technical framework to motivate the discussion 
of this research agenda, especially the use of the agent technology that would be needed to realise this 
vision. 
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percentage, lighting consumption is one of the basic end uses in all households and it may come to 
represents 15-20% of the total electricity bill. This figure can be reduced using advanced control techniques 
or more efficient lighting technologies, requiring previous detailed information about current consumption 
patterns. In this context, bottom-up stochastic models are established as the main tools to study new 
energy savings. In this paper, a high-resolution stochastic model for simulating lighting consumption 
profiles was developed, obtaining both daily active and reactive instantaneous power demand profiles, 
with a 1-min resolution. The model takes into account the number of household residents and 
differentiates between weekdays and weekends. Moreover, the monthly and annual amounts of electricity 
demanded by lighting in Spanish households were simulated. The proposed model was also used to 
quantify the impact of LED technology's penetration into domestic lighting systems on consumption 
patterns. Research has revealed the existence of two consumption peaks matching with morning and 
evening. Although these peaks are hard to shift since they are due to human behavior, they are easy to 
reduce through the improvement of lighting systems. (C) 2014 Elsevier B.V. All rights reserved. 
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AB Clean energy development in rural areas in Cambodia plays an important role in developing the 
economics of the poor. This study was conducted to explore rural household energy consumption in 
Sammeakki Meanchey district in Kampong Chhnang Province and its impact on the economy and 
environment using a quantitative model. The results show that most households consume a variety of non-
conventional energy sources, including traditional biomass (fuelwood, plant waste and etc.), kerosene and 
even LPG (liquefied petroleum gas). Biomass is used for cooking and boiling water, while rechargeable 
batteries are exclusively used for lighting and running home devices. The monthly economic cost under 
the current structure with electricity at $US33.23 is higher than the structure without electricity at 
$US19.11. However, the monthly environmental cost of the structure with electricity is lower than the 
structure without electricity which the environmental cost is the highest. Monthly cash payment for energy 
structure with fossil fuel dominating is placed in the middle. Clear differences in the total cost, 
environmental cost, and economic cost for households are found among the four substitutable structures. 
Both the environmental and economic costs are lower when biogas is used, so this structure should be 
promoted throughout the rural areas in Cambodia. (C) 2012 Elsevier Ltd. All rights reserved. 
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   POLICY 
AB Socioeconomic and behavioural variables that influence the household's adoption of energy efficiency 

measures such as cavity and loft insulation and upgrades to the boiler are identified, contrary to previous 
literature. By extending Brechling and Smith's (1994) and Hassett and Metcalfs (1995) models, it is shown 
that the application of the Energy Act 2011, which contains provisions on the Green Deal, the new Energy 
Company Obligation (ECO) and the private rented sector, needs to follow a tailored strategy to reach the 
low adoption households identified by my model. Moreover, for the current adopters of the analysed 
measures, average monetary and environmental adoption benefits are estimated based on Parti and Parti's 
(1980) demand model. These estimates are smaller than their expected values showing an important 
energy efficiency gap in the sector. Particularly low cost measures can bring important savings that can 
help to meet the "pay as you save" rule (i.e., the Golden rule) of the new regulation. My model also shows 
that a poor state of dwelling repair can reduce the adoption benefits increasing the need of subsidies that 
will be financed through consumer's energy bills. However, this can increase the number of households in 
fuel poverty. (C) 2012 Elsevier Ltd. All rights reserved. 
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obtain technology optimization and fast return of investment. According to the implement sequence, 
evaluation methods can be divided into post evaluation and prediction evaluation. The energy saving 
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used to predict and evaluate energy saving effect of air-conditioning system retrofit to further improve the 
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AB Buildings are the major source of energy consumption in urban areas. Accurate modeling and forecasting 

of the building energy use intensity (EUI) in the urban scale have many important applications, such as 
energy benchmarking and urban energy infrastructure planning. The use of Big Data technology is 
expected to have the capability of integrating a large number of predictors and giving an accurate 
prediction of the energy use intensity of buildings in the urban scale. However, past research has often 
used Big Data technology in estimating energy consumption of a single building rather than the urban 
scale, due to several challenges such as data collection and feature engineering. This paper therefore 
proposes a geographic information system integrated data mining methodology framework for estimating 
the building EUI in the urban scale, including preprocessing, feature selection, and algorithm optimization. 
Based on 216 prepared features, a case study on estimating the site EUI of 3640 multi-family residential 
buildings in New York City, was tested and validated using the proposed methodology framework. A 
comparative study on the feature selection strategies and the commonly used regression algorithms was 
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also included in the case study. The results show that the framework was able to help produce lower 
estimation errors than previous research, and the model built by the Support Vector Regression algorithm 
on the features selected by Elastic Net has the least cross-validation mean squared error. (C) 2016 Elsevier 
Ltd. All rights reserved. 
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fluorescent lamps (CFLs) and light emitting diodes (LEDs). The 'rebound' effect of increased lamp 
luminosity in the transition to energy efficient bulbs is analyzed jointly with the replacement decision to 
account for household self-selection in bulb-type choice. Results indicate that the EU ban on Its accelerated 
the pace of transition to CFLs and LEDs, while storage of bulbs significantly dampened the speed of the 
transition. Higher lighting needs and bulb attributes like energy efficiency, environmental friendliness, and 
durability spur IL replacement with CFLs or LEDs. Electricity gains from new energy efficient lighting are 
mitigated by 23% and 47% increases in luminosity for CR. and LED replacements, respectively. Model 
results suggest that taking the replacement bulb from storage and higher levels of education dampen the 
magnitude of these luminosity rebounds in IL to CFL transitions. (c) 2014 Elsevier B.V. All rights reserved. 
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AB This article investigates the empirical relationship between energy consumption, industry structure, and 

household-number. An empirical model with energy consumption, structure and scale of industry, and 
household-number was built. Using ridge regression analysis and observed data from 1985 to 2007 in 
China, we examine the relationship between each part of energy consumption and the corresponding 
coefficients, including gross domestic production (GDP) in the secondary sector (IGDP), in primary and 
tertiary industries (PTGDP) and number of denizens (NDC). The results show that changing the 
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PTGDP/GDP) or their corresponding coefficients can both lower energy consumption, theoretically. But, in 
fact, it is not suitable to decrease total energy consumption by changing the independent variables for 
China. In order to diminish the parameters, the Chinese government must continue to promote energy 
efficiency by introducing advanced technologies and implementing the policy of saving energy. 
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AB A crucial argument in the debate around smart meter deployment in the EU is the potential for 

households to save energy. One strand of research in this field has investigated the effects on household 
energy consumption of the feed-back provided by smart meters. However, another aspect that deserves 
attention is the motivation for households to use the feed-back to save energy. This paper explores how the 
emerging trend of using complementary currencies for sustainability policies could translate into new 
interventions adapted to the smart meter deployment and capable of promoting more autonomous forms 
of motivation compared to interventions using official currencies. Three systems designs (rewarding, 
regulatory and hybrid) are presented and discussed within the framework of self-determination theory. 
Because the rewarding system S1 can contribute positively people's basic needs for autonomy, competence 
and relatedness, it could lead to more autonomous forms of motivation. The conclusions regarding the 
regulatory system S2 are less clear, although the hybrid variant S3 that integrates mechanisms from the 
rewarding system into the regulatory system could be perceived as more consonant with people's basic 
need for autonomy. (C) 2014 Elsevier B.V. All rights reserved. 
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AB Better methods of characterizing and addressing heterogeneity in preferences and decision making are 

needed to stimulate reductions in household greenhouse gas emissions. Four residential energy efficiency 
programs were delivered consecutively in the Region of Waterloo, Canada, between 1999 and 2011, and 
each offered a unique combination of information, financial reward structure, and price. A natural quasi-
experimental intervention design was employed to assess differences in outcomes across these program 
structures. Participation at the initial (evaluation by an energy advisor) and follow-up (verification of 
retrofit) stages, and the material characteristics (e.g., energy performance) were measured and compared 
between the groups of houses included in each program at each stage. The programs appealed to people 
with different types of material concerns; each phase of the program was associated with houses with a 
different mix of material characteristics and depths of recommended and achieved changes. While a 
performance-based reward attracted fewer houses at each stage than a larger list-based reward, older 
houses with poorer energy performance were included at each stage. The findings support 
experimentation with program designs to target sub-populations of housing stock; future program designs 
should experiment more carefully and with larger performance-based rewards and test parallels with 
potential carbon market structures. (C) 2013 Elsevier Ltd. All rights reserved. 
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AB Economic instruments have received a lot of attention in the literature dealing with water and energy 

demand management. However factors driving households' behaviour/habits and investment in water-
saving and energy-saving equipment have been seldom studied. The main purpose of this article is to 
contribute to this literature by analysing the main determinants of a set of households' conservation habits 
and pro-environmental investment decisions. Using household-level data from Spain, we show that 
conservation habits and the purchase of resource-efficient appliances are not independent. (C) 2013 
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AB A substantial untapped energy saving potential rests in the building sector and is expected to play an 

important role in achieving reduction of environmental impacts of energy. In order to utilise this potential, 
effective policy measures need to be adopted to remove the existing barriers and create incentives. For that 
purpose, the cost effective energy saving options together with an optimal level of savings and expected 
environmental benefits have to be identified. The paper reports on a study that analyses these questions by 
including heat-saving measures in buildings into an energy system optimisation model of the Danish heat 
and power sector. The achieved optimal level of heat savings reaches 11% of projected heat demand in 
2025 under the model assumptions. Moreover, the analysis reveals the importance of considering energy 
conservation options in a system wide perspective. Furthermore, the results suggest that changes in the 
energy generation sector are the prime driver behind the reduction of environmental externalities of 
energy. Heat savings in buildings play only a small role under model assumptions. (C) 2012 Elsevier Ltd. 
All rights reserved. 
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the energy savings provided by this system depend on various factors including local climate, geometry, 
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and other building parameters. Therefore, the objective of this study is to develop a simple estimating tool 
that may be used by homeowners and designers to assess the effectiveness and economic benefits of 
radiant barrier under different climatic conditions in the US. The developed tool is based on transient 
three-dimensional finite element models that were validated based on the results of an experimental field 
study. The results of the finite element models were used to develop a set of regression equations to 
predict the thermal performances of radiant barriers under a wide range of operating conditions. Although 
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friendly to encourage its use among practitioners and homeowners with minimal background about this 
system and heat transfer mechanisms. It is anticipated that the developed tool will facilitate the integration 
of energy efficiency in residential design and construction. (c) 2012 Elsevier B.V. All rights reserved. 

C1 [Asadi, Somayeh; Hassan, Marwa] Louisiana State Univ, Dept Construct Management, Baton Rouge, LA 
70803 USA. 

   [Beheshti, Ali] Louisiana State Univ, Dept Mech Engn, Baton Rouge, LA 70803 USA. 
RP Hassan, M (reprint author), Louisiana State Univ, Dept Construct Management, 3130A Patrick Taylor 

Hall, Baton Rouge, LA 70803 USA. 
EM marwa@lsu.edu 
RI Hassan, Marwa/D-8803-2015; Beheshti, Ali/B-8959-2011 
OI Hassan, Marwa/0000-0001-8087-8232; Beheshti, Ali/0000-0001-9806-611X 
FU Industry Ties Research Program; Board of Regents, State of Louisiana 
   (ITRS); RoyOMartin Company 
FX The authors would like to acknowledge the Industry Ties Research Program 
   with the Board of Regents, State of Louisiana (ITRS) and RoyOMartin 
   Company for their funding and support of this research. 
CR AlAsmar HR, 1996, ASHRAE TRAN, V102, P297 
   Asadi S., 2011, ASCE P 
   Asadi S., 2012, 48 ASC ANN INT C P B 
   Asadi S., 2012, J BUILDING PHYS 
   Baldinelli G, 2010, BUILD ENVIRON, V45, P1016, DOI 10.1016/j.buildenv.2009.10.009 
   ABAQUS, 2009, ABAQUS US MAN VERS 6 
   Fairey P., 1985, 19 INT THERM COND C, P481 
   Freund R, 2000, SAS SYSTEM REGRESSIO 
   Law A. M., 2007, SIMULATION MODELING 
   Medina MA, 2000, ENERG BUILDINGS, V33, P31, DOI 10.1016/S0378-7788(00)00065-7 
   Medina MA, 1998, J SOL ENERG-T ASME, V120, P39, DOI 10.1115/1.2888045 
   Medina MA, 1998, J SOL ENERG-T ASME, V120, P32, DOI 10.1115/1.2888044 
   Medina MA, 2006, BUILD ENVIRON, V41, P1767, DOI 10.1016/j.buildenv.2005.07.018 
   Michels C, 2008, ENERG BUILDINGS, V40, P445, DOI 10.1016/j.enbuild.2007.03.013 
   Miranville F, 2003, ENERG BUILDINGS, V35, P997, DOI 10.1016/S0378-7788(03)00035-5 
   Miranville F, 2008, SOL ENERGY, V82, P399, DOI 10.1016/j.solener.2007.10.012 
   Miranville F, 2012, ENERG BUILDINGS, V48, P79, DOI 10.1016/j.enbuild.2012.01.013 
   Miranville F, 2011, J SOL ENERG-T ASME, V133, DOI 10.1115/1.4003730 
   National Renewable Energy Laboratory, 1995, NRELSP4637668 
   Petrie T.W., 2000, ASHRAE T, P1175 
   Soubdhan T, 2005, SOL ENERGY, V79, P311, DOI 10.1016/j.solener.2004.10.009 
   ULI-The Urban Land Institute, 2008, 7 ULI URI 
   U. S. Department of Energy, EN EFF REN EN 
   Zhu L, 2009, ENERG BUILDINGS, V41, P303, DOI 10.1016/j.enbuild.2008.10.003 
NR 24 
TC 13 
Z9 13 
U1 1 
U2 8 
PU ELSEVIER SCIENCE SA 
PI LAUSANNE 
PA PO BOX 564, 1001 LAUSANNE, SWITZERLAND 
SN 0378-7788 
J9 ENERG BUILDINGS 
JI Energy Build. 



Sustainability 2018, 10, x FOR PEER REVIEW  354 of 1272 

PD NOV 
PY 2012 
VL 54 
BP 12 
EP 21 
DI 10.1016/j.enbuild.2012.07.037 
PG 10 
WC Construction & Building Technology; Energy & Fuels; Engineering, Civil 
SC Construction & Building Technology; Energy & Fuels; Engineering 
GA 059ZU 
UT WOS:000312745200002 
DA 2018-05-03 
ER 
 
PT J 
AU Korjenic, A 
   Bednar, T 
AF Korjenic, Azra 
   Bednar, Thomas 
TI Transformation of Fundamental Parameters for Energy Demand and Indoor 
   Temperature from Room Level to Building Level 
SO JOURNAL OF BUILDING PHYSICS 
LA English 
DT Article 
DE climate surfaces; heating energy demand; cooling energy demand; summer 
   indoor temperatures; change of location; window size and orientation; 
   storage capacity 
ID CLIMATE 
AB Because the thermal optimization of a new building must be done in the planning phase, possible thermal 

optimizations are sought for the building by varying several parameters. This research article is based on 
the research of 'climate surfaces' by Prof. Keller and Dr Burmeister at the Federal Institute of Technology in 
Zurich ( Burmeister and Keller, 1998). The question should be resolved whether this simplified method 
using climate surfaces is applicable to the entire building. The most important parameters of the building 
have been systematically changed and their impact on energy performance during different outdoor 
climate changes was observed. As a result, the impacts on the following are presented and discussed: Heat 
energy demands, Cooling energy demands, and Summer indoor temperatures. 

   The results of these investigations showed that the 'multizone climate surface' method is a very practical 
and clear strategy for estimating the thermal behavior of a building by the correct selection of three 
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studies deal with the optimization of the most important construction assembly parameters of a building 
for specific climates. The results of the optimization studies are presented in this article. 
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AB Energy use in homes represents 21% of US total energy demand in 2004. Managing this sector is an 

important priority for addressing global warming, conserving resources and improving energy security. 
Much energy is wasted in delivering energy services not actually used by residents. Two examples include 
heating/cooling and lighting of unoccupied houses and rooms, and overheating or overcooling to make up 
for temperature variations. IT-enabled monitoring and control technologies have played an important role 
in eliminating similar kinds of inefficiencies in other sectors, so it is natural to think that these systems 
could have an important role in the home as well. The technology level of energy control in most homes is 
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at least 20 years old, with simple programmable thermostats still in only about a quarter of US homes. 
Networked thermostats, power meters and switches, and zone heating are technologies that can provide 
information on energy use and allow it to be controlled for distribution only when needed. In addition to 
direct energy savings, there is also a demand to reduce indirect needs for energy infrastructure through 
peak shifting, or redistributing of electricity demand more evenly throughout the day. In addition to 
surveying these energy management issues, this article also relates the experience of a pilot project setting 
up monitoring/control systems in three Sacramento homes. The design specifications of these systems 
combine capabilities for web-based monitoring and control and peak shifting via precooling, and load 
shedding. The pilot has shown that such a monitoring and control system satisfying the design parameters 
can be implemented via mainly off-the-shelf parts. Much work remains to be done however, to develop 
low-cost user friendly systems attractive to typical homeowners. 
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AB Rapid urbanization has exerted substantial pressure on China's energy system and contributed to climate 
change. To find the key drivers of urban residential energy consumption and CO2 emissions, this paper 
uses an extended Stochastic Impacts by Regression on Population, Affluence and Technology (STIRPAT), 
model that employs city-level data to examine the influences of population scale, income level, population 
compactness and price on house-based residential energy consumption, energy-related CO2 emissions and 
private vehicle ownership. The empirical results indicate that factors such as population scale, affluence, 
and population compactness can lead to increases in residential energy consumption and CO2 emissions. 
In terms of transportation, income and population scale positively drive the growth of private vehicle 
ownership, while the fuel price negatively influences private vehicle ownership. Moreover, population 
scale is the most important factor in residential energy consumption and CO2 emissions. Finally, policy 
recommendations are suggested for China's urban development strategy and urban design and to 
encourage technology innovations that reduce residential energy consumption and CO2 emissions. (C) 
2016 Elsevier Ltd. All rights reserved. 
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AB In an effort to accurately plan for investment on energy production and distribution, this paper proposes 

a long-term electricity consumption forecasting model for buildings' cooling by employing a high energy 
conservative scenario. Tile key aspect of the high energy conservative scenario is to adopt an innovative 
adsorbent-based dehumidifier and an indirect evaporative cooling (AD-IEC) technology as opposed to 
conventional mechanical vapor compression system. Bottom-up equations were developed to identify the 
cooling load and electricity consumption of both residential and non-residential buildings for the period 
2002-2013. Based on the time-series electricity consumption, a multiple linear regression model is 
developed to forecast electricity demand for the future period of 2014-2030. It is found that the electricity 
demands for cooling in the building sectors account for31 +/- 2% of the total electricity consumption in 
Singapore, This study concluded that the high conservative scenario realizes the best potential of electricity 
saving of 21,096 GWh until 2030. Using a CO2 emission factor of 4.49 x 10(-4) metric tons CO2/kWh, the 
total carbon footprint saving from all power plants is estimated to be 9491,264t of CO2. This work evolves 
a new forecasting methodology to predict buildings' cooling energy consumption involving the use of 
novel cooling technologies. (C) 2016 Elsevier B.V. All rights reserved. 
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renovation practice are hard to change. 
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AB This paper presents the development, evaluation and application of a spatially referenced domestic 

building level framework (i.e. address level) to estimate domestic energy end-use demand baseline in sub-
city areas. The paper core idea and conclusion is that unless knowledge and model estimating is available 
at an appropriate level, future UK local energy infrastructure planning will not be effective. Our 
framework innovatively combines a dataset, which includes detailed building surveys of 60,977 out of a 
total of 139,257 dwellings, with a normalised national dataset (i.e. the English Housing Survey) and 
applied to a BRE Domestic Energy Model (i.e. Cambridge Housing Model) so as to establish an energy 
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results show a poor alignment with existing observed data as published by the Department of Energy and 
Climate Change (DECC), particularly at neighbourhood scale. Our belief is that as spatial resolution is 
increased, local building and urban socio-economic and physical characteristics play a more important part 
in the estimation of dwelling energy consumption. Thus, we propose a taxonomy to holistically deal with 
the sources of uncertainty arising from these issues and the components of our framework. (C) 2015 
Elsevier B.V. All rights reserved. 
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AB This article presents the results of the research project financed by the Polish Ministry of Science and 

Higher Education (N N309 078138) and coordinated by the Wood Technology Institute in Poznan. A key 
point of this project was LCA study performed for four detached single-family dwellings with a particular 
emphasis on the use stage. The life-cycle assessment involved various types of activity made within a 
hundred years of use and related to: operation (energy and water consumption), replacements and repairs, 
renovations and maintenance, land occupation, waste transport and waste management. Two of the four 
analyzed buildings met passive house standards and their energy demands in the use stage were several 
times lower than those of their conventional counterparts. The aim of the studies was to demonstrate 
whether lower nominal energy consumption is sufficient to get the best results of the environmental 
impact of passive buildings, or whether a type of energy used to cover the demand also plays an important 
role. (C) 2013 Elsevier B.V. All rights reserved. 
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AB Smart metering and various consumption-feedback systems can be used as applicable technology to 

encourage end-use energy efficiency in the residential sector. Many studies have demonstrated the positive 
influence of socially contextualized feedback on the energy consumption of households, but not many such 
studies dealt with the specifics of low-income households. This paper evaluates the effect of customized 
consumption feedback and other information interactions on energy-behaviour patterns and energy 
savings in low-income households. The experimentation process was accompanied by an interactive 
awareness campaign, with the emphasis being on a proper understanding of the consumption feedback 
and other complementary energy services provided to low-income households. The feedback actions were 
customized to tackle the recognised needs of each specific target household, considering both the social 
aspects and the typology of the dwelling. The results clearly confirmed the importance of customized 
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information and efficiency indicators for specific household groups, with a potential to increase knowledge 
and develop awareness with respect to established habits and their relevance to energy behaviour. (C) 2016 
Elsevier Ltd. All rights reserved. 
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AB The paper investigates the introduction of a MCHP (Micro Combined Heat and Power) system in 

buildings with low energy demand with respect to the current building stock. A load sharing approach 
between a multifamily residential building and an office one is taken into account. Dynamic simulations 
are carried out in order to evaluate the thermo-economic performance of the analyzed system. Particular 
attention is given to the estimation of the electric load of the different users, as the economic profitability of 
a MCHP system is strongly influenced by the amount of self-consumed electricity. In order to analyze the 
influence of climatic conditions, two different geographical locations in Italy (Naples and Turin, having 
1034 and 2617 heating degree days, respectively) are considered. The results of this study indicate that the 
installation of MCHP systems in buildings with low energy demand allows to increase the percentage of 
self-consumed electricity reducing the bidirectional electricity flow between the users and the external 
grid, as well as the impact on the grid itself due to the large diffusion of distributed generation systems. 
Moreover this study shows that the load sharing approach between users with different load profile leads 
to better energy, environmental and economic results with respect to a conventional system. The climatic 
conditions play an important role on the MCHP operational hours and hence on the thermo-economic 
performance of the system. The primary energy saving of the system located in Turin is equal to 8.8% with 
respect to 6.2% of the system located in Naples. Also the environmental performance, evaluated in terms of 
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shows acceptable values of the pay-back period in presence of economic support mechanisms. The 
findings of this study show that the introduction of a MCHP system in load sharing approach leads to 
thermo-economics advantages even considering the lower heating needs of well-insulated buildings. (C) 
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AB This paper offers a novel method to rank residential appliance energy efficiency utilizing energy 

efficiency frontiers. The method is validated using a real-world case study of 4231 buildings in Ireland. 
Our results show that structural factors have the largest impact on energy efficiency, followed by 
socioeconomic factors and behavioral factors. For example, households with high penetration of efficient 
lightbulbs and double-glazed windows were on average 4 and 3.5% more efficient than others. Households 
with the head of household having higher education are on average 1.3% more efficient than their peers. 
Finally, households that track their energy savings are on average 0.4% more efficient than others. 

   Furthermore, installing heater timers, wall insulation, and living in owned residences were correlated 
with higher efficiency. Generally, families with kids who have full-time employment and are highly-
educated are more efficient compared to families with no kids, or families with retirees or unemployed 
members. This result has important implications for both targeting and messaging of energy efficiency 
programs. 

   Some behavioral factors demonstrated significant impact on appliance energy efficiency. For instance, 
households that expressed interest in making major energy-saving lifestyle changes scored higher 
efficiency ranks on average. Conversely, households that expressed doubt about their motivation to save 
energy ranked lower in efficiency. This finding validates the role of educational programs to increase 
awareness about energy efficiency and its importance. 

   In short, our results show that a data-driven analysis of a population is needed to develop a balanced view 
of the drivers of energy efficiency, and to devise a targeted approach to improve homes' energy efficiency. 
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AB Energy behaviours represent an important underexploited resource in the context of promoting end-use 

energy efficiency, namely in the residential sector. However, addressing the multidimensional nature of 
energy behaviours is a complex task and more effective behaviour change interventions and policies 
grounded on comprehensive approaches are required. An integrative intervention to explore the influence 
of usage energy behaviours on energy consumption was developed through an innovative combination of 
modelling techniques. A real-world case study was utilised to generate contextualised understanding. This 
intervention supported problem structuring methods as pertinent tools to be utilised in complex human-
centred energy research, such as energy behaviours, by enabling the development of tailored 
methodologies which minimise the human bias. It further confirmed real-world behaviour change 
interventions should involve the different energy stakeholders and be designed to be flexible and adaptive. 
Results confirmed variables associated with different dimensions significantly impact energy 
consumption. In this case study the promotion of residential energy efficiency includes both structural and 
energy behavioural actions, namely a better insulation of the dwellings and encouraging specific usage 
energy behaviours. These results support the need to consider an integrative perspective when addressing 
energy behaviours and designing effective behavioural change interventions and energy efficiency 
policies. (C) 2015 Elsevier Ltd. All rights reserved. 

C1 [Lopes, Marta A. R.; Antunes, Carlos Henggeler] INESC Coimbra, Rua Antero Quental 199, P-3000 
Coimbra, Portugal. 

   [Lopes, Marta A. R.] ESAC Polytechn Inst Coimbra, Dept Environm, P-3045 Coimbra, Portugal. 
   [Antunes, Carlos Henggeler] Univ Coimbra, Dept Elect Engn & Computers, P-3030 Coimbra, Portugal. 
   [Martins, Nelson] Univ Aveiro, Dept Mech Engn, Campus Santiago, P-3810 Aveiro, Portugal. 
RP Lopes, MAR (reprint author), INESC Coimbra, Rua Antero Quental 199, P-3000 Coimbra, Portugal.; 

Lopes, MAR (reprint author), ESAC Polytechn Inst Coimbra, Dept Environm, P-3045 Coimbra, Portugal. 
EM mlopes@esac.pt; ch@deec.uc.pt; nmartins@ua.pt 
OI Henggeler Antunes, Carlos/0000-0003-4754-2168; Martins, 
   Nelson/0000-0002-9985-2806; Lopes, Marta/0000-0002-7413-1295 
FU Energy and Mobility for Sustainable Regions Project 
   [CENTRO-07-0224-FEDER-002004]; Fundacao para a Ciencia e a Tecnologia 
   (FCT) [SFRH/BD/51104/2010, UID/MULTI/00308/2013] 
FX The authors would like to express their gratitude to Dr. Paulo Peixoto 
   for his contributions to the development of this study and to ISA - 
   Intelligent Sensing Anywhere for the technical support in energy 
   monitoring. This work has been developed under the Energy for 
   Sustainability Initiative of the University of Coimbra and partially 
   supported by the Energy and Mobility for Sustainable Regions Project 
   (CENTRO-07-0224-FEDER-002004) and by Fundacao para a Ciencia e a 
   Tecnologia (FCT) under grant SFRH/BD/51104/2010 and project grant 
   UID/MULTI/00308/2013. The paper benefited from the constructive comments 
   of the anonymous reviewers on an earlier version. 
CR Abrahamse W, 2005, J ENVIRON PSYCHOL, V25, P273, DOI 10.1016/j.jenvp.2005.08.002 
   Ackermann F, 2012, EUR J OPER RES, V219, P652, DOI 10.1016/j.ejor.2011.11.014 
   AJZEN I, 1991, ORGAN BEHAV HUM DEC, V50, P179, DOI 10.1016/0749-5978(91)90020-T 
   Armenia S, 2009, 27 INT C SYST DYN SO 
   Bagozzi R. P., 2002, SOCIAL PSYCHOL CONSU 
   BANDURA A, 1991, ORGAN BEHAV HUM DEC, V50, P248, DOI 10.1016/0749-5978(91)90022-L 



Sustainability 2018, 10, x FOR PEER REVIEW  394 of 1272 

   Barr S, 2005, ENERG POLICY, V33, P1425, DOI 10.1016/j.enpol.2003.12.016 
   Bedir M, 2013, ENERG BUILDINGS, V58, P194, DOI 10.1016/j.enbuild.2012.10.016 
   BLACK JS, 1985, J APPL PSYCHOL, V70, P3, DOI 10.1037//0021-9010.70.1.3 
   Breukers SC, 2011, ENERGY, V36, P2176, DOI 10.1016/j.energy.2010.06.027 
   Cayla JM, 2011, ENERG POLICY, V39, P7874, DOI 10.1016/j.enpol.2011.09.036 
   Crosbie T., 2006, ENERGY ENV, V17, P735, DOI DOI 10.1260/0958-305X.17.5.735 
   DHOLAKIA RR, 1983, J ECON PSYCHOL, V3, P231, DOI 10.1016/0167-4870(83)90004-1 
   Ackermann F., 2001, RATIONAL ANAL PROBLE, P21 
   EEA, 2013, ACH EN EFF BEH CHANG 
   European Environment Agency, 2008, EN ENV REP 2008 
   Ehrhardt-Martinez K, 2011, ENERGY SUSTAINABILIT, P598 
   Ek K, 2010, ENERG POLICY, V38, P1578, DOI 10.1016/j.enpol.2009.11.041 
   Elias AA, 2008, ENERG POLICY, V36, P3278, DOI 10.1016/j.enpol.2008.05.005 
   ERSE, 2011, PPEC PORT TEND MECH 
   European Comunities, 2004, EUR SPEND THEIR TIM 
   Fishbein M., 1975, BELIEF ATTITUDE INTE 
   Fri RW, 2014, ENERGY RES SOC SCI, V1, P183, DOI 10.1016/j.erss.2014.03.010 
   Gardner GT, 2002, ENV PROBLEMS HUMAN B, P371 
   Geelen D, 2013, ENERG POLICY, V61, P151, DOI 10.1016/j.enpol.2013.05.107 
   Goldblatt DL, 2005, ENERG POLICY, V33, P257, DOI 10.1016/S0301-4215(03)0239-8 
   Gynther L, 2011, ENERGY EFFICIENCY, P1, DOI DOI 10.1007/S12053-011-9115-9 
   Haas R, 1997, ENERG POLICY, V25, P789, DOI 10.1016/S0301-4215(97)00069-4 
   Han Q, 2013, ENERG POLICY, V52, P706, DOI 10.1016/j.enpol.2012.10.031 
   HITCHCOCK G, 1993, ENERG BUILDINGS, V20, P151, DOI 10.1016/0378-7788(93)90006-G 
   Hori S, 2013, ENERG POLICY, V52, P354, DOI 10.1016/j.enpol.2012.09.043 
   INE DGEG, 2010, RES SECT EN CONS SUR 
   Jefferson M, 2014, ENERGY RES SOC SCI, V4, P42, DOI 10.1016/j.erss.2014.08.006 
   Jetter A, 2011, FUTURES, V43, P52, DOI 10.1016/j.futures.2010.05.002 
   Karlin B, 2014, ENVIRON BEHAV, V46, P423, DOI 10.1177/0013916512467532 
   Kavgic M, 2010, BUILD ENVIRON, V45, P1683, DOI 10.1016/j.buildenv.2010.01.021 
   Kavousian A, 2013, ENERGY, V55, P184, DOI 10.1016/j.energy.2013.03.086 
   Keirstead J, 2006, ENERG POLICY, V34, P3065, DOI 10.1016/j.enpol.2005.06.004 
   Kok G, 2011, ENERG POLICY, V39, P5280, DOI 10.1016/j.enpol.2011.05.036 
   Kowsari R, 2011, ENERG POLICY, V39, P7505, DOI 10.1016/j.enpol.2011.06.030 
   Lopes M, 2014, 3 EUR C BEH EN EFF U 
   Lopes MAR, 2012, RENEW SUST ENERG REV, V16, P4095, DOI 10.1016/j.rser.2012.03.034 
   Madlener R, 2009, ENERGY, V34, P370, DOI 10.1016/j.energy.2008.10.011 
   Marechal K, 2010, ECOL ECON, V69, P1104, DOI 10.1016/j.ecolecon.2009.12.004 
   Martinsson J, 2011, ENERG POLICY, V39, P5182, DOI 10.1016/j.enpol.2011.05.046 
   Mingers J, 1997, OMEGA-INT J MANAGE S, V25, P489, DOI 10.1016/S0305-0483(97)00018-2 
   Mingers J., 2001, RATIONAL ANAL PROBLE 
   Moezzi M, 2014, ENERGY RES SOC SCI 
   Moezzi M., 2010, 2010 ACEEE SUMMER ST 
   Nair G, 2010, ENERG POLICY, V38, P2956, DOI 10.1016/j.enpol.2010.01.033 
   Nassen J, 2009, ENERG EFFIC, V2, P221, DOI 10.1007/s12053-009-9046-x 
   Neves LP, 2009, EUR J OPER RES, V199, P834, DOI 10.1016/j.ejor.2009.01.053 
   Neves LMP, 2004, J OPER RES SOC, V55, P968, DOI 10.1057/palgrave.jors.2601763 
   OECD/IEA AFD, 2008, PROM EN EFF INV CAS 
   OECD/IEA, 2008, WORLDW TRENDS EN US, P94 
   Oikonomou V, 2009, ENERG POLICY, V37, P4787, DOI 10.1016/j.enpol.2009.06.035 
   Ozesmi U, 2004, ECOL MODEL, V176, P43, DOI 10.1016/j.ecolmodel.2003.10.027 
   PARK KS, 1995, INT J HUM-COMPUT ST, V42, P157, DOI 10.1006/ijhc.1995.1007 
   Richardson I, 2010, ENERG BUILDINGS, V42, P1878, DOI 10.1016/j.enbuild.2010.05.023 
   Rosenhead J., 2001, RATIONAL ANAL PROBLE 
   Sanquist TF, 2012, ENERG POLICY, V42, P354, DOI 10.1016/j.enpol.2011.11.092 
   Schultz M, 1996, ACAD MANAGE REV, V21, P529, DOI 10.2307/258671 
   SCHWARTZ SH, 1994, J SOC ISSUES, V50, P19, DOI 10.1111/j.1540-4560.1994.tb01196.x 
   Seem JE, 2005, ENERG BUILDINGS, V37, P127, DOI 10.1016/j.enbuild.2004.04.004 



Sustainability 2018, 10, x FOR PEER REVIEW  395 of 1272 

   Sovacool BK, 2014, ENERGY RES SOC SCI, V1, P1, DOI 10.1016/j.erss.2014.02.003 
   Sovacool BK, 2014, NATURE, V511, P529, DOI 10.1038/511529a 
   Stephenson J, 2010, ENERG POLICY, V38, P6120, DOI 10.1016/j.enpol.2010.05.069 
   Sterman J. D., 2000, BUSINESS DYNAMICS SY 
   Stern PC, 2000, J SOC ISSUES, V56, P407, DOI 10.1111/0022-4537.00175 
   Stern PC, 2014, ENERGY RES SOC SCI 
   Swan LG, 2009, RENEW SUST ENERG REV, V13, P1819, DOI 10.1016/j.rser.2008.09.033 
   Taylor PG, 2014, ENERGY RES SOC SCI, V4, P32, DOI 10.1016/j.erss.2014.08.007 
   Thogersen J, 2002, J ECON PSYCHOL, V23, P605, DOI 10.1016/S0167-4870(02)00120-4 
   van der Werff E, 2015, ENERGY RES SOC SCI, V6, P8, DOI 10.1016/j.erss.2014.11.002 
   VANRAAIJ WF, 1983, J ECON PSYCHOL, V3, P39, DOI 10.1016/0167-4870(83)90057-0 
   Venkatesh V, 2003, MIS QUART, V27, P425 
   Virkki-Hatakka T, 2013, ENERG POLICY, V60, P499, DOI 10.1016/j.enpol.2013.04.052 
   Westcombe M, 2006, J OPER RES SOC, V57, P776, DOI 10.1057/palgrave.jors.2602161 
   Widen J, 2009, ENERG BUILDINGS, V41, P753, DOI 10.1016/j.enbuild.2009.02.013 
   Wilk R, 2002, GLOBAL ENVIRON CHANG, V12, P5, DOI 10.1016/S0959-3780(01)00028-0 
   Yearworth M, 2014, EUR J OPER RES, V237, P932, DOI 10.1016/j.ejor.2014.02.015 
   Yucel G, 2011, 29 INT C SYST DYN SO 
NR 82 
TC 11 
Z9 11 
U1 1 
U2 2 
PU ELSEVIER SCIENCE BV 
PI AMSTERDAM 
PA PO BOX 211, 1000 AE AMSTERDAM, NETHERLANDS 
SN 2214-6296 
EI 2214-6326 
J9 ENERGY RES SOC SCI 
JI Energy Res. Soc. Sci. 
PD MAY 
PY 2015 
VL 7 
BP 84 
EP 98 
DI 10.1016/j.erss.2015.03.004 
PG 15 
WC Environmental Studies 
SC Environmental Sciences & Ecology 
GA V3Y4B 
UT WOS:000218700000009 
DA 2018-05-03 
ER 
 
PT J 
AU Papachristos, G 
AF Papachristos, George 
TI Household electricity consumption and CO2 emissions in the Netherlands: 
   A model-based analysis 
SO ENERGY AND BUILDINGS 
LA English 
DT Article 
DE Households; Electricity consumption; Bottom up modelling 
ID ENERGY-CONSUMPTION; RESIDENTIAL SECTOR; BUILDING STOCK; FEEDBACK; 
   BEHAVIOR; INTERVENTION; TECHNOLOGIES; PERSPECTIVE; TRANSITION; IMPACTS 
AB Twenty percent of the total energy consumption in the Netherlands comes from household electricity 

consumption. This comes from household electric appliances whose number has grown in recent years. 
The paper explores the effect of smart meter introduction, appliance efficiency and consumer behaviour on 



Sustainability 2018, 10, x FOR PEER REVIEW  396 of 1272 

reducing electricity consumption in the Netherlands. It does so by combining two perspectives: a 
sociotechnical approach and a bottom up simulation approach. The range of scenarios explored through 
simulation in the paper provides an understanding of the interplay between efficiency, smart meter 
diffusion and consumer behaviour. The results show their effect on electricity consumption and suggest 
that further effort is required to control and reduce it. Insights from the paper suggest that future studies 
should disaggregate with respect to a number of factors. (C) 2014 Elsevier B.V. All rights reserved. 

C1 Delft Univ Technol, Fac Technol Policy & Management, Policy Anal Sect, NL-2600 GA Delft, Netherlands. 
RP Papachristos, G (reprint author), Delft Univ Technol, Fac Technol Policy & Management, Policy Anal Sect, 

Postbus 5015, NL-2600 GA Delft, Netherlands. 
EM G.Papachristos@tudelft.nl 
OI Papachristos, George/0000-0001-7622-3364 
FU NWO [434-09-250] 
FX This research was funded under NWO project number 434-09-250. The author 
   would like to thank Pieter Bots and two anonymous reviewers for comments 
   that improved the paper. 
CR Abrahamse W, 2005, J ENVIRON PSYCHOL, V25, P273, DOI 10.1016/j.jenvp.2005.08.002 
   Abrahamse W, 2009, J ECON PSYCHOL, V30, P711, DOI 10.1016/j.joep.2009.05.006 
   Antal M, 2014, ENERG POLICY, V68, P585, DOI 10.1016/j.enpol.2013.11.016 
   Atkinson R.D., 2013, JUST FACTS EC BENEFI 
   Attali S., 2010, FACTORS INFLUENCING 
   Cooke D., 2011, EMPOWERING CUSTOMER 
   Crosbie T, 2008, ENERG POLICY, V36, P2191, DOI 10.1016/j.enpol.2008.02.010 
   Cuijpers C., 2012, EUROPEAN DATA PRODUC, P269 
   Darby Sarah, 2006, REV DEFRA LIT METERI, V486, P2006 
   Darby S, 2010, BUILD RES INF, V38, P442, DOI 10.1080/09613218.2010.492660 
   de Jong A.H., 2004, LANGE TERMIJN BEVOL 
   Delmas M.A., 2013, THESIS DELFT TU 
   Dineen D, 2011, ENERG BUILDINGS, V43, P166, DOI 10.1016/j.enbuild.2010.09.004 
   Energy Research Centre of the Netherlands (ECN), 2012, EN EFF POL MEAS NETH 
   European Environmental Agency (EEA), 2010, TOT FIN EN CONS SECT, P1990 
   European Environmental Agency (EEA), 2013, NO52013 EEA 
   Ehrhardt-Martinez K., 2010, E105 AM COUNC EN EFF 
   European Parliament, 2010, OFFICIAL J EUROPEA L, V153, P1 
   Farag S, 2007, TRANSPORT RES A-POL, V41, P125, DOI 10.1016/j.tra.2006.02.003 
   Faruqui A., 2009, UNLOCKING E53 BILLIO 
   Faruqui A, 2010, ENERGY, V35, P1598, DOI 10.1016/j.energy.2009.07.042 
   Fischer C, 2008, ENERG EFFIC, V1, P79, DOI 10.1007/s12053-008-9009-7 
   Fraunhofer Institute for Systems and Innovation Research ISI, 2009, STUD EN SAV POT EU M 
   Gleerup M., 2010, ENERGY J, V31, P111 
   Gram-Hanssen K, 2013, ENERG EFFIC, V6, P447, DOI 10.1007/s12053-012-9184-4 
   Gram-Hanssen K, 2011, J CONSUM CULT, V11, P61, DOI 10.1177/1469540510391725 
   Gram-Hanssen K, 2010, J IND ECOL, V14, P150, DOI 10.1111/j.1530-9290.2009.00194.x 
   Gram-Hansen K., 2004, HOUSING THEORY SOC, V21, P17, DOI DOI 10.1080/14036090410025816 
   Grin J., 2010, ROUTLEDGE STUDIES SU 
   Gronhoj A, 2011, INT J CONSUM STUD, V35, P138, DOI 10.1111/j.1470-6431.2010.00967.x 
   Han Q, 2013, ENERG POLICY, V52, P706, DOI 10.1016/j.enpol.2012.10.031 
   Hargreaves T, 2013, ENERG POLICY, V52, P126, DOI 10.1016/j.enpol.2012.03.027 
   Hargreaves T, 2010, ENERG POLICY, V38, P6111, DOI 10.1016/j.enpol.2010.05.068 
   Harmsen R, 2013, ENERG POLICY, V60, P803, DOI 10.1016/j.enpol.2013.05.059 
   Houde S, 2013, ENERG J, V34, P87, DOI 10.5547/01956574.34.1.4 
   IEA, 2013, EN EFF MARK REP MARK 
   IEA, 2009, GADG GIG POL EN EFF 
   Jensen J.O.K., 2009, C P ECEEE SUMM STUD 
   Kavgic M, 2010, BUILD ENVIRON, V45, P1683, DOI 10.1016/j.buildenv.2010.01.021 
   Kuijpers G.M., 2013, THESIS DELFT TU DELF 
   Lee T, 2013, ENERG POLICY, V52, P363, DOI 10.1016/j.enpol.2012.09.048 
   Lukszo Z., 2009, 4 INT C CRIT INFR LI 
   Mahalingam A., 2013, THESIS DELFT TU DELF 



Sustainability 2018, 10, x FOR PEER REVIEW  397 of 1272 

   Marechal K, 2009, J ECON ISSUES, V43, P69, DOI 10.2753/JEI0021-3624430104 
   Martinsson J, 2011, ENERG POLICY, V39, P5182, DOI 10.1016/j.enpol.2011.05.046 
   Martiskainen M., 2008, C SUST CONS RES EXCH 
   McKenna E, 2012, ENERG POLICY, V41, P807, DOI 10.1016/j.enpol.2011.11.049 
   Melody W.H., 2007, OXFORD HDB INFORM CO, P55 
   Owen P., 2007, AMPERE STRIKES BACK 
   Paetz A.G., 2011, P 6 INT C EN EFF DOM 
   Pierce J., 2010, P 28 INT C HUM FACT 
   Pittini A., 2012, HOUSING EUROPE REV 2 
   Polder M., 2012, CAED C 2012 NUR 
   Press M, 2009, J PUBLIC POLICY MARK, V28, P102, DOI 10.1509/jppm.28.1.102 
   Ropke I, 1999, ECOL ECON, V28, P399, DOI 10.1016/S0921-8009(98)00107-4 
   Ropke I, 2012, TELEMAT INFORMAT, V29, P348, DOI 10.1016/j.tele.2012.02.001 
   Ropke I, 2012, RES POLICY, V41, P1631, DOI 10.1016/j.respol.2012.04.002 
   Ropke I, 2010, ENERG POLICY, V38, P1764, DOI 10.1016/j.enpol.2009.11.052 
   Santin OG, 2009, ENERG BUILDINGS, V41, P1223, DOI 10.1016/j.enbuild.2009.07.002 
   Schleich J, 2013, ENERG POLICY, V61, P1097, DOI 10.1016/j.enpol.2013.05.012 
   Silverstone Roger, 1993, TIME SOC, V2, P283 
   Sterman J. D., 2000, BUSINESS DYNAMICS SY 
   Strengers Y., 2010, ENERG POLICY, V39, P7312 
   Strengers Y, 2012, ENERG POLICY, V44, P226, DOI 10.1016/j.enpol.2012.01.046 
   Swan LG, 2009, RENEW SUST ENERG REV, V13, P1819, DOI 10.1016/j.rser.2008.09.033 
   Sweeney JC, 2013, ENERG POLICY, V61, P371, DOI 10.1016/j.enpol.2013.06.121 
   Thogersen J, 2010, ENERG POLICY, V38, P7732, DOI 10.1016/j.enpol.2010.08.025 
   Tselekis K., 2012, THESIS UTRECHT U UTR 
   United Nations, 2012, WORLD POP PROSP 2012 
   Vale B, 2010, BUILD RES INF, V38, P578, DOI 10.1080/09613218.2010.481438 
   van Dam S., 2013, THESIS DELFT TU 
   van Elburg H., 2011, 6 INT C EN EFF DOM A 
   Vine D., 2013, OPEN J ENERGY EFFICI, V2, P7, DOI DOI 10.4236/0JEE.2013.21002 
   von Hippel Eric, 2005, DEMOCRATIZING INNOVA 
   Wesseling A., 2010, ECOFYS FRAUNHOFER I 
   Williams E, 2011, NATURE, V479, P354, DOI 10.1038/nature10682 
   WINETT RA, 1975, AM J COMMUN PSYCHOL, V3, P123, DOI 10.1007/BF00877787 
   Yao RM, 2005, ENERG BUILDINGS, V37, P663, DOI 10.1016/j.enbuild.2004.09.007 
   Yucel G, 2013, ENERG BUILDINGS, V56, P134, DOI 10.1016/j.enbuild.2012.09.022 
   Herring H, 2009, ENERG CLIM ENVIRON, P1, DOI 10.1057/9780230583108 
   [Anonymous], 2009, OFFICIAL J EUROPEA L, V211, P55 
   [Anonymous], 2012, EL PRIC SCEN UNT LEA 
   [Anonymous], 2009, OFFICIAL J EUROPEA L, V40, P16 
NR 83 
TC 11 
Z9 12 
U1 1 
U2 29 
PU ELSEVIER SCIENCE SA 
PI LAUSANNE 
PA PO BOX 564, 1001 LAUSANNE, SWITZERLAND 
SN 0378-7788 
EI 1872-6178 
J9 ENERG BUILDINGS 
JI Energy Build. 
PD JAN 
PY 2015 
VL 86 
BP 403 
EP 414 
DI 10.1016/j.enbuild.2014.09.077 



Sustainability 2018, 10, x FOR PEER REVIEW  398 of 1272 

PG 12 
WC Construction & Building Technology; Energy & Fuels; Engineering, Civil 
SC Construction & Building Technology; Energy & Fuels; Engineering 
GA AY3PI 
UT WOS:000347494900038 
DA 2018-05-03 
ER 
 
PT J 
AU Feng, YP 
   Wu, Y 
   Liu, CB 
AF Feng Yan-ping 
   Wu Yong 
   Liu Chang-bin 
TI Energy-efficiency supervision systems for energy management in large 
   public buildings: Necessary choice for China 
SO ENERGY POLICY 
LA English 
DT Article 
DE Energy efficiency; Public buildings; Supervision 
AB Buildings are important contributors to total energy consumption accounting for around 30% of all 

energy consumed in China. Of this, around two-fifths are consumed within urban homes, one-fifth within 
public buildings, and two-fifths within rural area. Government office buildings and large-scale public 
buildings are the dominant energy consumers in cities but their consumption can be largely cut back 
through improving efficiency. At present, energy management in the large public sector is a particular 
priority in China. Firstly, this paper discusses how the large public building is defined, and then energy 
performance in large public buildings is studied. The paper also describes barriers to improving energy 
efficiency of large public buildings in China and examines the energy-efficiency policies and programs 
adopted in United States and European Union. The energy-efficiency supervision (EES) systems developed 
to improve operation and maintenance practices and promote energy efficiency in large public sector are 
described. The benefits of the EES systems are finally summarized. (C) 2009 Elsevier Ltd. All rights 
reserved. 

C1 [Feng Yan-ping] Beijing Jiaotong Univ, Sch Econ & Management, Beijing 100044, Peoples R China. 
   [Wu Yong] Minist Housing & Urban Rural Dev, Beijing 100835, Peoples R China. 
   [Liu Chang-bin] Beijing Inst Civil Engn & Architecture, Beijing 100044, Peoples R China. 
RP Feng, YP (reprint author), Beijing Jiaotong Univ, Sch Econ & Management, Jiaoda Donglu 18,5-803, Beijing 

100044, Peoples R China. 
EM fengyanping10@sohu.com 
CR *CC, 2005, TUT PUBL BUILD DES C, P78 
   *EEB MIN HOUS URB, 2007, BUILD EN EFF HDB, P5 
   *EPC, 2003, OFFICIAL J EURO 0401, P65 
   *EST, 2004, EU DIR EN PERF BUILD 
   *IEA, 2006, IEA PUBL, P15 
   JIANG Y, 2004, HEATING VENTILATING, V34, P17 
   KANG YB, 2007, CHALLENGE OPPORTUNIT 
   Lang SW, 2004, ENERG BUILDINGS, V36, P1191, DOI 10.1016/j.enbuild.2003.09.014 
   *NBS, 2006, CHINA STAT YB 2006, P145 
   *SC, 2006, 11 5 YEAR GUID 2006 
   *STSB, 1994, NAT STAND PEOPL REP 
   WU Y, 2007, EC INCENTIVE POLICY, P45 
   XUE ZF, 2005, STUDIES APPL MECH AP, P25 
NR 13 
TC 11 
Z9 11 
U1 0 
U2 14 
PU ELSEVIER SCI LTD 



Sustainability 2018, 10, x FOR PEER REVIEW  399 of 1272 

PI OXFORD 
PA THE BOULEVARD, LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, OXON, ENGLAND 
SN 0301-4215 
J9 ENERG POLICY 
JI Energy Policy 
PD JUN 
PY 2009 
VL 37 
IS 6 
BP 2060 
EP 2065 
DI 10.1016/j.enpol.2008.12.033 
PG 6 
WC Economics; Energy & Fuels; Environmental Sciences; Environmental Studies 
SC Business & Economics; Energy & Fuels; Environmental Sciences & Ecology 
GA 448AK 
UT WOS:000266233300003 
DA 2018-05-03 
ER 
 
PT S 
AU Williams, ED 
   Matthews, HS 
AF Williams, Eric D. 
   Matthews, H. Scott 
TI Scoping the potential of monitoring and control technologies to reduce 
   energy use in homes 
SO PROCEEDINGS OF THE 2007 IEEE INTERNATIONAL SYMPOSIUM ON ELECTRONICS & 
   THE ENVIRONMENT, CONFERENCE RECORD 
SE IEEE International Symposium on Electronics and the Environment-ISEE 
LA English 
DT Proceedings Paper 
CT 15th International Symposium on Electronics and the Environment (ISEE) 
CY MAY 07-10, 2007 
CL Orlando, FL 
SP IEEE Comp Soc TCEE 
DE energy use; residences; monitoring and control technologies 
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systems in residences could play a role in mitigating energy use. Managing the residential sector is an 
important priority for addressing energy use, as use in homes represents 21 % of US total energy demand, 
up 16% from 1994. Much energy is apparently wasted in delivering energy services not actually used by 
residents. These include heating/cooling of unoccupied houses and rooms, overheating or overcooling to 
make up for temperature variations, leakage current due to appliances in standby or off mode, and 
purchase of needlessly energy intensive models of appliances. The results of our initial rough estimate is 
that around 40% residential energy use is used to deliver these types of "unused" energy services. IT-
enabled monitoring and control technologies have played an important role in eliminating similar kinds of 
waste in other sectors, so it is natural to think that these systems could have an important role in the home 
as well. The technology level of energy control in homes is at least 20 years old, with simple programmable 
thermostats still in only about a quarter of US homes. Networked thermostats, power meters and switches, 
and zone heating are technologies that can provide information on energy use and allow energy use to be 
controlled for distribution only when needed We estimate that monitoring and control systems could save 
from 3-26% of residential energy use. The lower end corresponds to use of a programmable thermostat and 
the upper to an integrated system including monitoring and control of appliances, plus zone 
heating/cooling. We propose that these results provide renewed motivation to investigate the promotion of 
smart home energy technologies. 
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AB With the cost of consuming resources increasing (both economically and ecologically), homeowners need 

to find ways to curb consumption. The Almanac of Minutely Power dataset Version 2 (AMPds2) has been 
released to help computational sustainability researchers, power and energy engineers, building scientists 
and technologists, utility companies, and eco-feedback researchers test their models, systems, algorithms, 
or prototypes on real house data. In the vast majority of cases, real-world datasets lead to more accurate 
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characteristics for electricity. No other such datasets from Canada exist. Each meter has 730 days of 
captured data. We also include environmental and utility billing data for cost analysis. AMPds2 data has 
been pre-cleaned to provide for consistent and comparable accuracy results amongst different researchers 
and machine learning algorithms. 
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AB Energy efficiency improvement policies have special significance for carbon emissions reduction and the 

mitigation of the effects of climate change. However the energy rebound effect caused by technological 
progress will indirectly increase energy consumption. The magnitude of the rebound effect largely 
determines the effectiveness of energy efficiency in mitigating energy consumption. This study reviews the 
main theory behind estimated methods of energy rebound effect measurement, focuses on constructing a 
double logarithm energy demand model and an error correction model of the asymmetric demand 
responses of electricity price changes to empirically analyse the direct rebound effect on residential 
electricity use in Beijing. It integrates consumer's demand theory with the embodied electricity of 
household spending from a seven-sector environmental energy-input-output (E-I-O) analysis to estimate 
the indirect rebound effect. The three income-elasticity, weight change, and proportional re spending 
scenario simulation results show that: residential electricity use in Beijing exhibits a partial rebound effect, 
and the long-term direct and indirect rebound effects are 46% to 56%, and the short-term direct rebound 
effect is 24% to 37%. Finally, the direct and indirect energy rebound effect for various income groups needs 
further research. An appropriate policy mix should be adopted to mitigate effectively the rebound effect in 
China's current lower energy price and lower energy efficiency market. (C) 2015 Elsevier Ltd. All rights 
reserved. 
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AB An efficient lighting control systems (LCS) should take advantage of the natural light available, but this 

presents some technical challenges as well as user related issues. So far, the assessment of lighting energy 
consumption of LCS has been based on technical features rather than the occupants' acceptance. This 
article presents the results of a monitoring study in a real life setting. It provides some recommendations 
based on the human and technical aspects of LCS in small scale applications. Four identical peripheral 
office rooms located in Lund, Sweden, were equipped with four different LCS: manual switch at the door, 
presence detector, daylight dimming with absence detector and LED task lamp. Each occupant performed 
ordinary office tasks for two weeks in each room in April May 2013. A subjective evaluation concerning 
the general lighting experience and the appreciation of the LCS was carried out. The results indicate that 
the manual switch with absence detector was greatly appreciated and it accomplished good energy 
performances (75% savings compared to the presence detector). The daylight-linked LCS achieved only 
slightly higher savings (79%), due to relatively high standby losses. The desk lamp achieved 97% savings, 
but the lighting conditions were considered unacceptable by the office workers. In general, the participants 
in this study perceived all automatic controls as stressful. (C) 2016 Elsevier Ltd. All rights reserved. 
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AB This paper uses data from three Bhutan Living Standard surveys (BLSS 2003, BLSS 2007, and BLSS 2012) 

to examine the trends and patterns of household energy consumption, and identify and analyze the factors 
that influence household energy choices, consumption intensity and the per capita household expenditure 
on energy, sources in Bhutan. During the last decade significant numbers of Bhutanese households have 
switched to cleaner energy sources. Empirical results show that a household's choice of cleaner energy 
sources is driven by income level and household wealth, the age, gender and education of the household 
heads, access to electricity, and location. Education and income have a differential role on the choice of 
clean or dirty fuel; wealthier and more educated households use and rely more on clean sources of energy 
like electricity and liquid petroleum gas while poorer households use and rely on dirty fuel such as 
fuelwood and kerosene. The study shows that female-headed households are more likely to choose cleaner 
fuels and, above all, the availability of a clean and cost-effective source of energy within proximity to the 
household is an important factor in the adoption of clean energy. Several models using a variety of 
alternative independent variables, such as proxies for education and wealth, were estimated and 
confirmed the robustness of the results. (C) 2015 Elsevier Ltd. All rights reserved. 
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AB In spite of the large potential and existing efforts to foster energy efficiency in the residential sector, much 

remains to be achieved. This may be partially due to the many barriers and market failures faced by energy 
efficiency, which are even greater in this sector. In particular, informational failures seem to be pervasive 
and relevant in this area, Addressing these issues requires specific policy instruments and strategies. This 
paper reviews the empirical evidence on the effectiveness of such instruments, focusing on energy 
certificates, feedback programs, and energy audits. Results show that energy certificates and feedback 
programs can be effective, but only if they are carefully designed, whereas the evidence about the 
effectiveness of energy audits is mixed. In addition, the paper points out the large potential for new 
instruments as well as combinations of existing ones. 
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AB Smart grids, smart metering and in-home displays (IHD) are expected to contribute to demand side 

management partly by increasing user knowledge whilst improving comfort, safety and the ability to cope 
with increasing costs. With an increasingly ageing population, the awareness and views of older people on 
energy use, technology, smart meters, smart grids are becoming progressively more important. Their 
behaviours regarding energy and technology use differ from the majority as they are usually living on low 
incomes and are at risk of fuel poverty. It is therefore important to understand their acceptance, 
engagement or resistance to smart metering, IHDs and external control of home appliances and heating. 
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Their willingness and capacity to change time- use behaviours and reduce consumption is crucial. A study 
of older tenants in rural Scotland is presented. Sensors and IHDs were installed to measure and display 
electricity costs and consumption of large appliances and the electricity supply for each house, and show 
internal household and external temperatures. Householder's use of energy, habits and routine, strategies 
for keeping warm and attitudes towards technology, smart metering, IHDs and direct external control of 
appliances and heating were explored through interviews. Conclusions identify significant implications for 
future research and policy. (C) 2015 Elsevier Ltd. All rights reserved. 
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AB This paper examines the factors determining household adoption of energy efficiency eco-innovations. 
We do so by testing hypotheses grounded in diffusion and finance theory and the literature on the barriers 
to energy efficiency. Using two large surveys of UK households, we explore the adoption of nine 
technologies. Our results indicate 'investment inefficiency' amongst household adopters occurs for two 
reasons. First, contrary to notions of rational choice, we find a negative relationship between the 
investment return of technologies and their level of diffusion. Second, we show adopters of these 
technologies display characteristics broadly consistent with diffusion theory, contradicting the prediction 
of finance theory that investment return, not individual characteristics, should drive adoption. We also 
find that policy has played a role in inducing the diffusion of these technologies and that tenure and spill-
over effects are important in adoption. Finally, adoption is motivated more by a desire to save money than 
by environmental concern. We conclude by giving examples of how our research can lead to better policy 
timing and targeting. (c) 2015 Elsevier Ltd. All rights reserved: 
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AB Retrofitting existing residential buildings has been claimed as one crucial way to reduce energy 

consumption and greenhouse gas emissions within the Chinese residential sector. In China's government-
dominated retrofitting projects, the participation of residents is often neglected. The objective of this paper 
is to assess the influence level of public participation (before, during and after retrofit) on energy saving by 
comparing three Beijing neighborhoods with different retrofitting models: a central government-led 
model, a local government-led model, and an old neighborhood retrofit Model. In the three cases data 
were collected through interviews with neighborhood workers and residents. The results show that 
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greatly among the three cases. This study concludes that in order to improve the effectiveness of energy 
saving interventions, the motives, intentions and living habits of residents need to be given more 
consideration when designing and implementing retrofitting. By highlighting the importance of public 
participation this paper contributes to energy saving policy development in China. (C) 2015 Elsevier Ltd. 
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AB Smart cities provide citizens with information on various urban services and allow them to track the 

impact of their resource consumption on the overall sustainability of their city. The premise of smart cities 
is that with improved access to information on resource consumption, residents make better use of those 
resources, resulting in increased sustainability of the city. 

   This paper explores the influence of the smart city technologies on individuals' resource consumption 
behavior, in particular on energy consumption, aiming at achieving environmentally sustainable 
development. This approach combines systems thinking with existing social science theories, such as 
cognitive and learning theories, to explore the impact of smart city information on individual decision-
making and behavioral change. Using a CLIOS (complex, large-scale, interconnected, open, and 
sociotechnical) model, a conceptual soft systems model, the paper explores the impact of smart city 
technologies on behavioral change of households with regards to energy consumption. (C) 2014 The 
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AB Within the field of sustainable development, collaborative and interdisciplinary actions are imperative for 

the development and implementation of proactive holistic renovation solutions. In an attempt to enhance 
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authors have followed the development and implementation of this knowledge arena over a period of 
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groups and practices may be facilitated: in this case between various research organisations, municipal 
housing companies, energy suppliers and governmental organisations. Specific focus has been on 
identifying mechanisms for interaction and knowledge sharing between actors that normally do not meet 
in their everyday practice. The theoretical approach adopted concerns social processes related to the 
sharing of knowledge in and between organisations and professional groups and individuals. Findings 
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motivation to share knowledge was related to their expectations of, and invested interest in, various arena 
activities. By empirically highlighting the facilitators and hindrances for knowledge-sharing in an arena for 
cleaner production, the paper contributes to increased understanding of inter-disciplinary communication 
and collaborative interaction. (C) 2012 Elsevier Ltd. All rights reserved. 
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AB The paper presents a methodology that has been developed and implemented for the simulation of 

electricity use (kWh) as well as electricity pricing (c(sic)/kWh) in buildings. In the simulation, electricity 
pricing has been treated as dependent on electricity use as energy pricing tariffs usually discriminate 
between specific electricity consumption zones, time periods, etc. Pricing and electricity use, together, may 
then provide an estimation of the building electric energy cost (sic). The simulation runs on an hourly 
resolution allowing to highlight some potential wasteful and costly practices in energy use and 
management and providing insight to user behavior, which has been a key driver for its development. The 
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key aspects of the simulation approach are presented and its use is demonstrated in two different 
buildings in Greece and Italy. The methodology is now adapted to allow for neural network based, real 
time training, which will also be briefly introduced. (C) 2012 Elsevier B.V. All rights reserved. 
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AB Awareness of global warming and the extent of greenhouse gas emissions have focused more attention 

upon energy efficiency in building. Moreover, the inventory of "green" office space in the United States has 
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regression (STR) model. For comparison purposes, the application was also extended to standard linear 
models. During the empirical presentation of both models, significant nonlinear effects were found and 
linearity was rejected. The SETAR model was found out to be relatively better than the linear 
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electricity consumption in Ethiopia. (C) 2009 Elsevier B.V. All rights reserved. 
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AB Energy consumption and indoor environment of buildings are proved to be largely influenced by the 

presence and behaviors of occupants. The uncertainty caused by occupant behaviors accounts. for a 
significant discrepancy between the predicted and actual energy usage. In a real world, building system 
operations and control will be directly affected by occupant behavior, which may lead to over thirty 
percent waste against building's designed performance. Therefore, the capability to seamlessly integrate 
occupant behavior in energy simulation tools and building management systems in the future is clearly 
important to optimize building energy use while maintaining the same level of services. However, 
research has not reached the phase that occupant behaviors could be effectively modeled. Thus, the 
traditional schedule based approach is not adequate to satisfy the needs of building efficiency. In this 
paper, a thorough survey of occupant behavior modeling and simulation state-of-the-art technologies and 
methodologies for building energy efficiency is conducted. The paper first identifies and discusses the 
significance and application scale of building occupant behavior model. Based on the information 
collected, some recent data acquisition technologies for behavior-related research and occupant behavior 
modeling approaches are summarized. The advantages and limitations of these modeling methods are 
compared and analyzed, as well as appropriate recommendations are made for the future research. The 
paper finally outlines the findings and potential development areas in the field of occupant behavior 
modeling for energy efficient buildings. 
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AB Residential resource use efficiency and management is a subject of interest to a number of fields spanning 

the physical and social sciences. Energy use for residential water heating in Australia is some five to eleven 
times more than the energy required to deliver urban water services. However, little is known about which 
activities within households contribute most significantly to water-related energy use (WRE). This work 
quantifies WRE use in individual households, and identifies household characteristics which contribute 
significantly to variation. Empirical data were collected through in-home audits, interviews and high-
resolution end-use water flow meters for five households in Melbourne, and two in Brisbane, Australia. 
This was used to characterise 139 parameters describing household occupancy characteristics, behaviours, 
technologies, and structural and environmental aspects of influence. Mathematical material flow analysis 
(MMFA) modelling was conducted for individual water and energy use subsystems within each 
household. WRE use ranged from 7 to 21 kWh hh(-1) d(-1) (13-24% of total household energy use in 
Melbourne and 76-79% in Brisbane). Detailed end use analysis of the five Melbourne households showed 
that shower use (11-61% WRE), hot water system efficiency losses (8-31% WRE) and clothes washer usage 
(4-17% WRE) contributed most to differences in WRE between households. Findings highlighted shower 
use as a consistent influence on WRE across households, and suggest further investigation of shower 
programs as a potentially effective demand management measure for both water and energy in 
households. The work highlights the importance of consistent messaging for both water and energy 
efficiency, and suggests that a focus on both human and technical characteristics of households is needed 
for effective management of combined water and energy use. (C) 2016 Elsevier Ltd. All rights reserved. 
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AB The energy efficiency of existing commercial buildings is more challenging to regulate and improve than 

the energy efficiency of new constructions. In 2011 and 2012, the Chinese Government selected four cities- 
Shanghai, Tianjin, Shenzhen, and Chongqing- to implement pilot commercial building energy efficiency 
retrofit program. Based on site surveys and expert interviews in these pilot cities, this research conducted a 
comparative analysis on incentive policies of local city level. The analysis results show that policy designs 
of existing commercial buildings should be further improved. The aspects that influence the 
implementation effect in the future, such as subsidy level, installments, and business model promotion, 
should be specified in the policy clauses. Referring to the technical solution and cost-benefit in Chongqing, 
we found that lighting system is the most common retrofit objects while envelope system is the least 
common one. And the subsidy incentive is greatest for educational buildings, followed by office buildings. 
In the end, we further discussed the problems and obstacles in commercial building retrofit market, and 
provided a series of recommendations. (C) 2015 Elsevier Ltd. All rights reserved. 
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AB DHS (District Heating System) is one of the most efficient technologies which has been used to meet 

residential thermal demand. In this study, the most accurate forecasting of the residential heating demand 
is investigated via soft computing method. The objective of this study is to obtain the most accurate 
prediction of the residential heating consumption to employ forecasting result for designing optimum 
DHS system as a possible substitute of a pipeline natural gas in BAHARESTAN Town. For this purpose, 
three Support Vector Machine (SVM) models namely SVM coupled with the discrete wavelet transform 
(SVM-Wavelet), the firefly algorithm (SVM-FFA) and using the radial basis function (SVM-RBF) were 
analyzed. The estimation and prediction results of these models were compared with two other soft 
computing methods (ANN (Artificial Neural Network) and GP (Genetic programming)) by using three 
statistical indicators i.e. RMSE (root means square error), coefficient of determination (R-2) and Pearson 
coefficient (r). Based on the experimental outputs, the SVM-Wavelet method can lead to slightly accurate 
forecasting of the monthly overall natural gas demand. (C) 2015 Elsevier Ltd. All rights reserved. 
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AB This paper presents a novel bottom up approach to modelling the energy savings potential of energy 

efficiency improvement measures to be applied through retrofit of the existing dwelling stock. It takes 
advantage of a newly available, rich dataset on the construction characteristics of the 2011 housing stock in 
Ireland. The methodological innovation centres on the use of wall construction type in the modelling and 
analysis. While Ireland is the focus, this approach is applicable to any EU member state for which data on 
dwelling characteristics exists from surveys carried as part of Energy Performance Certificate calculations. 
The model is calibrated to the national energy balance for 2011 by varying the internal temperature 
assumptions. Sensitivity analysis is performed on the effects of internal temperature and rebound. The 
paper also highlights some limitations posed by data availability on the accuracy and sophistication of 
models that can currently be developed, specifically in the Irish case. (C) 2015 Elsevier Ltd. All rights 
reserved. 
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AB The embodied and operating energy consumption of the civil building sector accounts for more than 30% 

of the national consumption. It is of great significance to probe the energy saving potential of the building 
sector and to explore the critical factors responsible for its energy saving practice, which may greatly 
benefit carbon emission reduction in the process of urbanization. In this paper, we develop a series of 
formulations to calculate both embodied and operating energy based on hybrid energy input-output 
model. Taking 2011-2050 as the study period, we combined the embodied and operating energy and 
designed six scenarios to comprehensively quantify the impacts of three factors: new building floor areas, 
energy efficiency standards and its implementation rate on the energy saving potential. Furthermore, 
sensitivity analysis was conducted to dissect the influence of the corresponding factors. The results show 
that improved standards and less new building floor areas will be the most effective ways to reduce energy 
consumption and that the best energy saving practice can save up to 20 billion tons of coal equivalent (tce) 
during the study period. The focus of policy reforms may be varied according to the times and regions. 
Energy saving technology development and more emphasis on key areas will reduce building energy 
consumption significantly in the short term, while household lifestyle changes, as well as improved 
building energy efficiency, should be given a higher priority in the long run. (C) 2014 Elsevier Ltd. All 
rights reserved. 
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AB Artificial lighting has allowed the decoupling of human activities from natural daylight hours. Electricity 

utilized for artificial lighting accounts for 18.8% of U.S. electricity consumption. Compact fluorescent lamp 
(CFL) and light-emitting diode (LED) options are more efficient and have longer lifetimes than 
conventional incandescent bulbs, but the question remains about the actual energy savings likely to be 
realized through more efficient lighting delivery systems. This uncertainty influences the rate of adoption 
and use of efficient lighting technology (and thus the extent and time lags of efficiency gains). Once 
adopted, gains in efficiency can lead to rebound effects that eliminate these gains and, paradoxically, lock 
society into increased use of energy. In this study, an agent-based model and complex systems approach is 
used to understand how available information and perceptions of different lighting options influence 
adoption and use, and the potential impact of the rebound effect to reduce the energy savings of energy-
efficient lighting options in a residential setting. Individual households and their decisions are modeled to 
create overall population-level consumption data. The multifunctionality of LED lighting may cause 
consumers to use significantly more light, creating the potential for both rebound and backfire to occur. 
The results indicate that the adoption of CFL and LED lighting will decrease residential energy 
consumption if consumers continue to use the same amount or slightly more light; however, when an 
expansion of lit spaces is included or a large increase in lighting usage occurs, energy consumption will 
increase and, over time, reduce or completely erode energy savings. 
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AB Monitoring, analysis and optimization of buildings' energy consumption is of central importance for the 

renovation and energy-efficient operation of buildings since it allows the identification and correction of 
inefficient energy usage. However, the monitoring and control systems adoption for building management 
and control applications is hampered by the unavailability of appropriate tool environments. This paper 
addresses the need for integration concepts, holistic monitoring, analysis methodologies, multi 
dimensional decision support and scenario based control strategies through the seamless integration of 
ubiquitous sensing infrastructures, service oriented architectures, BIM tools and Data Warehouse 
technologies. The developed system is demonstrated and validated in the Environmental Research 
Institute (ERI) building located on the campus of National University of Ireland-University College Cork. 
(C) 2013 Elsevier B.V. All rights reserved. 
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AB Recent developments in feedback technologies and smart meters have advanced the introduction of 

energy consumption displays in the home. This could facilitate a significant amount of energy saving for 
the maximum number of homeowners. But empirical studies show that achieved savings in electricity 
consumption from in-house displays range approximately from 0 to 20%. In order to qualitatively explore 
the factors underlying such variation in the achieved saving, this paper studies how a small sample of 
householders interacted with the feedback from an energy consumption display. Following a heuristic 
model based on prior energy-related behavioral research, we explore the effects of the in-home display on 
household electricity. Results indicate that saving might be moderated by the level of users engagement 
with the display, preceded by user's motivation to save energy, prior attitudes and, importantly, the level 
of involvement generated by the intervention. (C) 2013 Elsevier Ltd. All rights reserved. 
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AB It is well known that poor rural households in low-income economies are reliant on traditional fuels to 

meet basic domestic energy needs, but little is known about the specific underlying socio-economic drivers 
of residential fuel choices in Ethiopia. I used the linear approximation almost ideal demand system 
(LAAIDS) with normalized prices to compute expenditure elasticity and a multinomial logit model (MLM) 
to examine household fuel use. The LAAIDS model result showed that expenditure was elastic for modern 
fuels, but inelastic for traditional fuels. Regression results from the MLM indicated that fuel choice 
behaviour of rural households could be more accurately described as 'fuel stacking' behaviour as opposed 
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to commercial fuels and efficient cook stoves, supply dependency and affordability, consumer preferences 
and a web of other intricate factors. Rural households had less incentive for fuel switching due to 
underlying factors and the availability of fuel wood without direct financial cost. With continued 
deforestation and receding forests, households are expected to develop inter fuel substitution and 
switching behaviour conditional on access to modern energy technologies. (C) 2012 Elsevier Ltd. All rights 
reserved. 
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AB This study examines the economics of energy-efficiency strategies for reducing CO2 emissions in the 

residential sector in Japan from the perspective of regional characteristics. For this study, the residential 
sector in Iwate prefecture was selected as representative of rural areas in Japan. In order to promote 
purchases of energy-efficient consumer appliances, the prefectural government is presumed to reimburse 
purchasers a part of the cost difference between energy efficient and conventional appliances. This paper 
begins with a discussion of the prefecture's financial support for purchasers of energy efficient appliances 
and assumes that the payments come from prefectural government funds. This paper then looks at the 
effect of a carbon-tax refund on the reduction Of CO2 emissions. The results show that, if half of the 
households use energy-efficient appliances, then CO, emissions in the residential sector in the year 2020 
will decreases from the BAU scenario, 0.726 Mt-C to 0.674 Mt-C. However, the Iwate prefectural 
government expends $105 million annually, which is 1.5% of the total tax revenue in the year 2003. The 
carbon-tax refund effectively encourages further reductions in CO2 emissions. Under the $20/tC carbon 
tax, proposed by the Ministry of the Environment, the carbon-tax refund leads to a reduction in residential 
CO2 emissions from 0.726 Mt-C to 0.712 Mt-C. (C) 2007 Elsevier Ltd. All rights reserved. 
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commercial sectors in Ukraine. (C) 2016 Published by Elsevier Ltd. 
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AB The residential building sector is a major driver of current and future energy consumption and associated 

emissions, which can be potentially mitigated through significant energy-efficiency (EE) improvements in 
both emerging and developed countries. Yet, there are several persistent barriers that hinder the 
attainment of EE improvements in this area. Using data from a 2008 national representative survey of 
Spanish households, this paper is interested in the determinants of EE-related decisions. In particular, a 
discrete-choice model empirically analyzes whether pro-environmental households are more likely to 
invest in EE and to adopt daily energy-saving habits. We show that households with eco-friendly 
behaviors are more likely to investment in well-differentiated EE measures as well as to steer daily habits 
towards energy savings. However, no effects are found for households with environmental attitudes based 
on stated willingness to pay to protect the environment. In addition to this, households belonging to 
higher income groups and education levels are more likely to invest in EE but not to adopt energy-saving 
habits; while households with older members are less likely to invest in EE and show fewer eco-friendly 
habits. 
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AB Considering the insufficient results achieved so far by energy-saving policies, the stance of this paper is to 

depart from an 'expert' view and base the analysis on those energy-related practices that are meaningful to 
practitioners (e.g., showering, cooking, listening to music). The framework described in this paper builds 
on the concept of habitual practices. Its rationale is to provide a precise characterisation of household 
energy-related practices allowing for a good understanding of their content together with a clearer picture 
of how they are formed and sustained over time. This constitutes a necessary step prior to reflecting on the 
type of interventions that could influence practices towards more sustainable configurations. The notion of 
'grips' is then introduced with the aim of putting this characterisation into a form that is more operational 
for policy-makers. Grips are elements that have to be '(de-) activated' for supporting a targeted behavioral 
change. Identifying grips can enrich the characterization of consumption profiles and then be used as a 
dialogue interface between those profiles and the design of innovative energy-saving tools. This scheme is 
then applied within a dynamic perspective of the change process whereby a new practice has to be 
triggered, sustained and stabilized. (C) 2015 Elsevier Ltd. All rights reserved. 
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AB To reduce the continuously increasing energy consumption in the household sector, including residential 

and private transport sectors, it is important to design a proper policy scheme to regulate household 
energy demand. However, determining how to evaluate the collective effect of multiple countermeasures 
in one policy scheme on household energy related behavior is very challenging; furthermore, the potential 
interactions between policies due to the timing effect cannot be overlooked. Under these concerns, this 
study provides a quantitative methodology by developing a DAEDMS (dynamic active energy demand 
management system) that can evaluate the overall effects of urban planning, soft policies for improving 
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household/individual awareness, technology-improvement/rebate policies, market end-use diffusion 
control, and social-interaction oriented policies. The timing effect is directly incorporated by allowing the 
free setting of the execution period for each policy. Building on this demand management system, the 
quantified policy schemes and the pathways that can reach the target of energy conservation become 
straightforward, providing helpful support for policy planning. Besides, the variant effectiveness of policy 
schemes due to different policy timings admonishes the policy makers to realize that the current 
fragmented regime of policy making between different departments is undesirable for capturing the 
genuine effect of all of the policies. (C) 2015 Elsevier Ltd. All rights reserved. 
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AB In recent years, many cities have adopted action plans to become climate neutral in the coming decades. 

Hereby, a strong motivational factor has been the goal to realize a win-win situation in the long term: 
climate neutrality and sustainable functioning are not only beneficial for the environment, but are equally 
beneficial for society and for the economy if well-integrated trajectories are adopted. Nevertheless, as 
actors across the fields start to implement these plans, many practical obstacles have arisen. These barriers 
are typical of a systemic transition: dominant practices are characterized by path dependencies, vast 
institutional frameworks and vested interests that are hard to break through. At the same time, relevant 
initiatives typically show some elements of uncertainty and a long term return, factors that make it difficult 
to attract financial investments. The present article addresses the state of the art for current transition 
experiments in the region of Flanders, Belgium, focusing on actions related to energy and buildings in 
cities. A brief overview of the state of affairs in several cities and provinces is presented, and some 
important opportunities and bottlenecks are identified. The resultant findings are tested against the 
framework of transition theory and related literature on the subject. Subsequently, a set of possible 
strategies to overcome the above mentioned barriers is formulated. These strategies focus on effectively 
mobilizing actors and investments. 
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stock. This paper presents the results of a pilot study that investigated whether and how property and 
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AB The continuous developments of Building Information Modelling.(BIM) in Architecture, Engineering and 

Construction (AEC) industry supported by the advancements in material resourcing and construction 
processes could offer engineers the essential decision-making procedures to leverage the raising demands 
for sustainable structural designs. This article brings together the theory of Life Cycle Assessment (LCA) 
and the capabilities of BIM to survey the current developments in the energy efficiency of structural 
systems. In addition, the article explores the engineering dimensions of common decision-making 
procedures within BIM systems including optimisation methods, buildability and safety constraints and 
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AB In this paper, the design of an event-driven usercentric middleware for monitoring and managing energy 

consumption in public buildings and spaces is presented. The main purpose is to increase energy efficiency 
in buildings and public spaces, thus reducing consumption. To achieve this, the proposed service-oriented 
middleware has been designed to be event based, also exploiting the user behavior patterns of people who 
live and work in buildings. Furthermore, it allows an easy integration of heterogeneous technologies in 
order to enable a hardwareindependent interoperability between them. Moreover, a heating ventilation 
and air conditioning (HVAC) control strategy has been developed, and the whole infrastructure has been 
deployed in a real-world case study consisting of a historical building. Finally, the results will be presented 
and discussed. 
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AB During technical evaluations of cooling systems in residential buildings, it is necessary to consider the 

influence of the household air-conditioning (AC) use modes. In other words, how the occupants control 
the AC, for instance, when it is turned on, what the temperature setting is, and how long it is used. Field 
measurements and spot interviews indicate that AC usage by residents should be environmental, event 
and random related. A reduced-order AC conditional probability (CP) model was developed in this study 
to describe AC usage. The AC CP model was integrated with a building energy modeling program (BEMP) 
to reflect the interaction of the AC operation and the indoor environment. With consideration of stochastic 
AC use modes, the uncertainty of user compositions was studied. Additionally, simulation results revealed 
that AC use modes and user compositions can cause up to a 4.5-fold difference in the system efficiency of 
district cooling systems. The Lorenz curve and Gini coefficient were applied in this study to describe the 
load distribution in a quantitative manner. Through a comparison with the constant schedule definition 
model, the study also identified inclusion of the stochastic feature of AC use modes and their compositions 
in simulations as being important to the technical evaluation of district cooling systems. 
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AB Peak residential electricity demand takes place when people conduct simultaneous activities at specific 

times of the day. Social practices generate patterns of demand and can help understand why, where, with 
whom and when energy services are used at peak time. The aim of this work is to make use of recent UK 
time use and locational data to better understand: (i) how a set of component indices on synchronisation, 
variation, sharing and mobility indicate flexibility to shift demand; and (ii) the links between people's 
activities and peaks in greenhouse gases' intensities. The analysis is based on a recent UK time use dataset, 
providing 1-min interval data from GPS devices and 10-min data from diaries and questionnaires for 175 
data days comprising 153 respondents. Findings show how greenhouse gases' intensities and flexibility to 
shift activities vary throughout the day. Morning peaks are characterised by high levels of synchronisation, 
shared activities and occupancy, with low variation of activities. Evening peaks feature low 
synchronisation, and high spatial mobility variation of activities. From a network operator perspective, the 
results indicate that periods with lower flexibility may be prone to more significant local network loads 
due to the synchronisation of electricity-demanding activities. 

C1 [Torriti, Jacopo; Hanna, Richard] Univ Reading, Sch Construct Management & Engn, Reading RG6 6AW, 
Berks, England. 

   [Anderson, Ben] Univ Southampton, Energy & Climate Change Div, Sustainable Energy Res Grp, 
Southampton, Hants, England. 

   [Yeboah, Godwin] Univ Aberdeen, Sch Geosci, Ctr Transport Res, Aberdeen, Scotland. 
   [Druckman, Angela] Univ Surrey, Ctr Environm Strategy, Surrey, England. 
RP Torriti, J (reprint author), Univ Reading, Sch Construct Management & Engn, POB 219, Reading RG6 

6AW, Berks, England. 
EM j.torriti@reading.ac.uk 
OI Druckman, Angela/0000-0002-2515-0369; Yeboah, 
   Godwin/0000-0003-4618-3175; Torriti, Jacopo/0000-0003-0569-039X; 
   Anderson, Ben/0000-0003-2092-4406 
FU Engineering and Physical Sciences Research Council as part of the RCUK 



Sustainability 2018, 10, x FOR PEER REVIEW  494 of 1272 

   Energy Programme [EP/K011723/1]; EDF as part of the R&D ECLEER Programme 
FX This work was supported by the Engineering and Physical Sciences 
   Research Council [grant number EP/K011723/1] as part of the RCUK Energy 
   Programme and by EDF as part of the R&D ECLEER Programme. 
CR Abrahamse W, 2005, J ENVIRON PSYCHOL, V25, P273, DOI 10.1016/j.jenvp.2005.08.002 
   Anable J, 3 DEMAND CTR 
   Anderson B, 2014, SPATIAL VARIATION EN 
   Anderson T, 2010, NATL TRAVEL SURVEY G 
   Bonke J, 2005, SOC INDIC RES, V70, P349, DOI 10.1007/s11205-004-1547-6 
   Clarkberg M, 2001, AM BEHAV SCI, V44, P1115, DOI 10.1177/00027640121956683 
   COSTANZA R, 1980, SCIENCE, V210, P1219, DOI 10.1126/science.210.4475.1219 
   DECC, 2013, UK HOUS EN FACT FIL 
   De Jong R., 2003, ITSWP0302 
   Department of Energy and Climate Change, 2009, EN CONS UK 
   Department of Trade and Industry, 2006, DIG UK EN STAT DUKES 
   Dill J, UNDERSTANDING MEASUR 
   Druckman A, 2012, ECOL ECON, V84, P153, DOI 10.1016/j.ecolecon.2012.09.008 
   Druckman A, 2009, ECOL ECON, V68, P2066, DOI 10.1016/j.ecolecon.2009.01.013 
   Eibl-Eibesfeldt I., 1970, ETHOLOGY BIOL BEHAV 
   Ellegard K, 2014, BEHAVE EN C 3 4 SEPT 
   ELLEGARD K, 1999, GEOJOURNAL, V48, P167, DOI DOI 10.1023/A:1007071407502 
   Geller H, 2006, ENERG POLICY, V34, P556, DOI 10.1016/j.enpol.2005.11.010 
   Halvorsen B, 2001, RESOUR ENERGY ECON, V23, P1, DOI 10.1016/S0928-7655(00)00035-X 
   HEBERLEIN TA, 1983, J ECON PSYCHOL, V4, P107 
   Ipsos-RSL and Office for National Statistics, 2000, UK TIM US SURV 
   Jacobsen GD, 2012, EUR ECON REV, V56, P946, DOI 10.1016/j.euroecorev.2012.02.008 
   Jenkins SP, 1997, SCOT J POLIT ECON, V44, P153, DOI 10.1111/1467-9485.00050 
   Kan Man Yee, 2007, 200703 ISER U ESS 
   Lopez-Rodriguez MA, 2013, ENERG POLICY, V62, P742, DOI 10.1016/j.enpol.2013.07.095 
   Lutzenhiser L., 1993, ANNU REV ENERG ENV, V18, P259 
   Miranda V, 2011, OECD SOCIAL EMPLOYME, V116 
   Neutens T, 2011, TRANSPORT REV, V31, P25, DOI 10.1080/01441647.2010.484153 
   Office for National Statistics, 2005, ONS OMN SURV TIM US 
   Office for National Statistics, 2014, UK ENV ACC 
   Office for National Statistics, 2008, ENV ACC 
   PALMBORG C, 1986, ENERGY, V11, P643, DOI 10.1016/0360-5442(86)90144-1 
   PARIKH JK, 1995, ENERG POLICY, V23, P745, DOI 10.1016/0301-4215(95)00056-O 
   Raty R, 2010, ENERG POLICY, V38, P646, DOI 10.1016/j.enpol.2009.08.010 
   Richardson I, 2008, ENERG BUILDINGS, V40, P1560, DOI 10.1016/j.enbuild.2008.02.006 
   Richardson I, 2010, ENERG BUILDINGS, V42, P1878, DOI 10.1016/j.enbuild.2010.05.023 
   Ricotta C, 2002, ECOL MODEL, V152, P1, DOI 10.1016/S0304-3800(01)00468-9 
   Shipworth David, 2013, Perspectives on Science, V21, P250, DOI 10.1162/POSC_a_00098 
   Shove E, 2010, ENVIRON PLANN A, V42, P1273, DOI 10.1068/a42282 
   Southerton D, 2005, SOCIOL REV, V53, P215, DOI 10.1111/j.1467-954X.2005.00511.x 
   Southerton D, 2003, TIME SOC, V12, P5, DOI 10.1177/0961463X03012001356 
   Southerton D., 2012, TIME SOC, V22, P335, DOI DOI 10.1177/0961463 
   STRBAC G, 2010, BENEFITS ADV SMART M 
   Strengers Y, 2012, ENERG POLICY, V44, P226, DOI 10.1016/j.enpol.2012.01.046 
   Suganthi L., 2011, RENEW SUST ENERG REV, V16, P1223 
   Swan LG, 2009, RENEW SUST ENERG REV, V13, P1819, DOI 10.1016/j.rser.2008.09.033 
   Torriti J, 2014, ECON ENERGY ENV POL, V3, P32 
   Torriti J, 2014, RENEW SUST ENERG REV, V37, P265, DOI 10.1016/j.rser.2014.05.034 
   Torriti J, 2012, ENERGY, V44, P576, DOI 10.1016/j.energy.2012.05.043 
   Vrotsou Katerina, 2011, Human Interface and the Management of Information. Interacting with 

Information. Proceedings Symposium on Human Interface 2011. Held as Part of HCI International 2011, 
P170, DOI 10.1007/978-3-642-21793-7_21 

   Walker G, 2014, ENERGY RES SOC SCI, V1, P49, DOI 10.1016/j.erss.2014.03.012 
   Warren P, 2014, RENEW SUST ENERG REV, V29, P941, DOI 10.1016/j.rser.2013.09.009 



Sustainability 2018, 10, x FOR PEER REVIEW  495 of 1272 

   Wilke U, 2012, BUILD ENVIRON, V60, P254 
   Yeboah G, 2015, GEOTECH ENVIRON, V13, P185, DOI 10.1007/978-3-319-11469-9_8 
NR 54 
TC 7 
Z9 7 
U1 0 
U2 11 
PU SAGE PUBLICATIONS LTD 
PI LONDON 
PA 1 OLIVERS YARD, 55 CITY ROAD, LONDON EC1Y 1SP, ENGLAND 
SN 1420-326X 
EI 1423-0070 
J9 INDOOR BUILT ENVIRON 
JI Indoor Built Environ. 
PD NOV 
PY 2015 
VL 24 
IS 7 
SI SI 
BP 891 
EP 912 
DI 10.1177/1420326X15600776 
PG 22 
WC Construction & Building Technology; Engineering, Environmental; Public, 
   Environmental & Occupational Health 
SC Construction & Building Technology; Engineering; Public, Environmental & 
   Occupational Health 
GA CU0KF 
UT WOS:000363204300004 
DA 2018-05-03 
ER 
 
PT J 
AU Revel, GM 
   Arnesano, M 
   Pietroni, F 
   Frick, J 
   Reichert, M 
   Schmitt, K 
   Huber, J 
   Ebermann, M 
   Battista, U 
   Alessi, F 
AF Revel, Gian Marco 
   Arnesano, Marco 
   Pietroni, Filippo 
   Frick, Juergen 
   Reichert, Manuela 
   Schmitt, Katrin 
   Huber, Jochen 
   Ebermann, Martin 
   Battista, Umberto 
   Alessi, Franck 
TI COST-EFFECTIVE TECHNOLOGIES TO CONTROL INDOOR AIR QUALITY AND COMFORT IN 
   ENERGY EFFICIENT BUILDING RETROFITTING 
SO ENVIRONMENTAL ENGINEERING AND MANAGEMENT JOURNAL 
LA English 
DT Article; Proceedings Paper 



Sustainability 2018, 10, x FOR PEER REVIEW  496 of 1272 

CT 18th International Conference on Trade Fair of Material & Energy 
   Recovery and Sustainable Development 
CY NOV 05-08, 2014 
CL Ecomondo, Rimini, ITALY 
HO Ecomondo 
DE energy efficiency; gas sensor; HVAC control; indoor air quality; thermal 
   comfort 
ID SPORTS FACILITIES; ENVIRONMENTS; RISK 
AB This paper presents a toolset for the efficient control of the indoor air quality and thermal comfort in 

retrofitted buildings. The refurbishment of existing buildings, compliant to actual regulations, often leads 
to airtightness and the consequent poor conditions for the occupants that could cause low productivity and 
even sickness. For this reason, the CETIEB (Cost Effective Tools for Better Indoor Environment in 
Retrofitted Energy Efficient Buildings) project developed innovative low-cost solutions to monitor and 
control the indoor air quality and thermal comfort. Among the technologies developed, this paper presents 
ad-hoc sensors for the monitoring of Total Volatile Organic Components (TVOC), CO2 and thermal 
comfort together with a control logic that, using measured data, provides the optimal rules to actuate the 
control devices (ventilation, heating/cooling, windows opening, shutters operation and so on). The 
application and validation of the integrated solution, monitoring plus control logic, was performed in a 
laboratory building to compare the performance of the proposed solution with the traditional system 
employed in buildings. The results turned out to show sensors performances comparable with commercial 
solutions but with a significant reduction of costs. Moreover, the application of the integrated solution 
showed an improvement of the indoor air quality and comfort with a 15% of energy saving, compared to 
the traditional thermostatic control. 
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AB Energy-efficient renovation of existing residential buildings is an important energy policy in China, but 

financing difficulties seriously hinder the promotion of the policy. In this article, novel indices based on 
benefit-cost analysis are presented to overcome the barriers. Firstly, benefit-cost analysis is expanded to 
include the ratio of energy-saving benefit to investment cost (EnIR), the ratio of environmental benefit to 
investment cost (EvIR), and the ratio of economic benefit to investment cost (EcIR). The above ratios are 
applied to determine the optimum plans with the highest cost-effectiveness for the buildings to be 
renovated. Secondly, according to the actual situation regarding both the government and residents, EnIR 
is modified to the ratio of energy-saving benefit from the retrofit plan to the part of the investment cost 
undertaken by the government (EnIgR), EvIR to the ratio of environmental benefit from the retrofit plan to 
the part of the investment cost undertaken by the government (EvIgR), and EcIR to the ratio of economic 
benefit from the retrofit plan to the part of the investment cost undertaken by residents (EcIrR). The 
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modified ratios can increase awareness of residents in respect of their individual benefits from the 
adoption of the optimum plans, and can attract them to co-invest. Through these two steps, financing 
difficulties could be eased or even no longer considered as obstacles to some extent. The ratios are applied 
to a case study building in Hangzhou. Based on the results, a "win-win" model, consistent with market 
principles, is developed, in which both the government and residents can co-invest and co-benefit. The 
model has proven to be an effective decision-making tool in promoting the building renovation policy in 
China. (C) 2014 Elsevier Ltd. All rights reserved. 
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AB Frontier methods quantify the energy efficiency of buildings by forming an efficient frontier (best-practice 

technology) and by comparing all buildings against that frontier. Because energy consumption fluctuates 
over time, the efficiency scores are stochastic random variables. Existing applications of frontier methods 
in energy efficiency either treat efficiency scores as deterministic values or estimate their uncertainty by 
resampling from one set of measurements. Availability of smart meter data (repeated measurements of 
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energy consumption of buildings) enables using actual data to estimate the uncertainty in efficiency scores. 
Additionally, existing applications assume a linear form for an efficient frontier; i.e.,they assume that the 
best-practice technology scales up and down proportionally with building characteristics. However, 
previous research shows that buildings are nonlinear systems. This paper proposes a statistical method 
called stochastic energy efficiency frontier (SEEF) to estimate a bias-corrected efficiency score and its 
confidence intervals from measured data. The paper proposes an algorithm to specify the functional form 
of the frontier, identify the probability distribution of the efficiency score of each building using measured 
data, and rank buildings based on their energy efficiency. To illustrate the power of SEEF, this paper 
presents the results from applying SEEF on a smart meter data set of 307 residential buildings in the 
United States. SEEF efficiency scores are used to rank individual buildings based on energy efficiency, to 
compare subpopulations of buildings, and to identify irregular behavior of buildings across different time-
of-use periods. SEEF is an improvement to the energy-intensity method (comparing kWh/sq.ft.): whereas 
SEEF identifies efficient buildings across the entire spectrum of building sizes, the energy-intensity method 
showed bias toward smaller buildings. The results of this research are expected to assist researchers and 
practitioners compare and rank (i.e.,benchmark) buildings more robustly and over a wider range of 
building types and sizes. Eventually, doing so is expected to result in improved resource allocation in 
energy-efficiency programs. 
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AB Researchers have only recently begun to investigate the role of the norms of the household or family 

group in energy-efficiency decisions. These researchers have demonstrated that these norms can influence 
the behaviour and attitudes of children within the household. We contribute to their findings by providing 
a characterization of the use of household norms in household decisions about electricity efficiency. For 
our qualitative research, we conducted focus groups with three different household types: (1) share 
houses/young couples with no children; (2) households with children; and (3) empty nest/elderly 
households in three regional centres in New South Wales, Australia (total of 76 respondents in nine focus 
groups). Specifically, we found that household norms were evident in the decision-making process 
through rules and expectations about behaviour and the use of sanctions to enforce or shaped that 
behaviour. We identified several drivers of household norms including a household member taking the 
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role of efficiency champion' and the occurrence of critical incidents in the household. In addition, we found 
that household members try to establish household norms to socialize household members with the goal of 
the intergenerational transmission of desirable behaviours. Based on these observations, we conclude that 
household members employ norms to regulate and reduce their electricity consumption, and as a 
mechanism for consumer socialization. As such, our findings are important for marketers and policy 
makers tasked with regulating household consumption. 
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AB In this paper, we report a methodology, developed in the context of Smart Energy Efficient Middleware 

for Public Spaces European Project, aimed at exploiting ICT monitoring and control services to reduce 
energy usage and CO2 footprint in existing buildings. The approach does not require significant 
construction work as it is based on commercial-off-the-shelf devices and, where present, it exploits and 
integrates existing building management systems with new sensors and actuator networks. To make this 
possible, the proposed approach leverages upon the following main contributions: (a) to develop an 
integrated building automation and control system, (b) to implement a middleware for the energy-efficient 
buildings domain, (c) to provide a multi-dimensional building information modelling-based visualisation, 
and (d) to raise people's awareness about energy efficiency. The research approach adopted in the project 
started with the selection, as case studies, of representative test and reference rooms in modern and 
historical buildings chosen for having different requirements and constraints in term of sensing and 
control technologies. Then, according to the features of the selected rooms, the strategies to reduce the 
energy consumptions were defined, taking into account the potential savings related to lighting, heating, 
ventilation, and air conditioning (HVAC) systems and other device loads (PC, printers, etc.). The strategies 
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and energy consumption. In the paper, the energy savings estimated through simulation, for both HVAC 
and lighting, are presented to highlight the potential of the designed system. After the implementation of 
the system in the demonstrator, results will be compared with the monitored data. 
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AB In Sweden, where district heating accounts for a significant share of residential heating, it has been 

argued that improvements in end-use energy efficiency may be counter-productive since such measures 
reduce the potential of energy efficient combined heat and power production. In this paper we model how 
the potential trade-offs between energy supply and end-use technologies depend on climate policy and 
energy prices. The model optimizes a combination of energy efficiency measures, technologies and fuels 
for heat supply and district heating extensions over a 50 year period. We ask under what circumstances 
improved end-use efficiency may be cost-effective in buildings connected to district heating? The answer 
hinges on the available technologies for electricity production. In a scenario with no alternatives to basic 
condensing electricity production, high CO2 prices result in very high electricity prices, high profitability 
of combined heat and power production, and little incentive to reduce heat demand in buildings with 
district heating. In contrast, in a scenario where electricity production alternatives with low CO2 emissions 
are available, the electricity price will level out at high CO2 prices. This gives heat prices that increase with 
the CO2 price and make end-use efficiency cost-effective also in buildings with district heating. (c) 2013 
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AB Thailand is a developing country whose energy demand is continuously increasing. However, Thailand 

has limited energy resources, and half of the energy consumed is imported. Buildings account for the 
largest sector, which shares 53% of total electrical energy consumption in Thailand. Over half of this 
consumption is due to the large commercial buildings. This study aims to propose energy conservation 
programs focusing on these large commercial buildings. The energy consumption data were extracted 
from various sources to develop the building performance models, which were then employed to project 
its energy consumption for the next 20 years (2030). The analysis shows that the energy consumption from 
the large commercial buildings in 2030 will nearly double the consumption in the base year (2010) if there 
is no energy conservation program implemented. However, implementation of the proposed programs of 
building energy code (BEC) and building energy labeling (BEL) integrated with a rolling plan of the 
program revision show technically a high potential for savings of electrical energy up to 50% from the total 
consumption in 2030. Implementation of a program for high efficiency stove and burner can help save 
additional LPG for cooking and fuel oil for water heating 40% from the total fuel demand in 2030. (C) 2011 
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AB Chinese kangs are an integrated system for cooking, sleeping and heating in rural Northern China with 

more than 2000 years history. In 2004 there were 67 million Chinese kangs used by 44 million rural families 
or 174 million people. Chinese kangs store surplus heat from stove during cooking and releases it later for 
both home heating and localized bed heating. Such a widely used heating system has been rarely studied. 
Understanding kangs is important for developing new effective home heating systems for better energy 
efficiency and improving indoor air quality in Northern China. In this paper, we review and present some 
preliminary results from our field measurement and mathematical modeling, and discuss the development 
of Chinese kangs as related to future energy consumption in rural homes, and building energy 
consumption in China in general. We suggest that transition and new technologies for rural home heating 
in Northern China, i.e. the future of Chinese kangs, should be considered as the top priority in managing 
future building energy consumption in China. 
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AB Mature technologies exist to reduce the heating, ventilation, and air-conditioning (HVAC) energy 

associated with ventilation and use ventilation proactively to save energy. This study investigated the 
energy use impacts in U.S. office buildings of multiple alternative ventilation strategies that combined: 
economizing, demand controlled ventilation (DCV), supply air temperature reset (SR), and/or a doubled 
ventilation rate. We used energy simulations in a Monte Carlo analysis, sampling 17 building inputs and 
varying locations to match the climate zone distribution of the U.S. office stock. Results indicated the 
possibility for significant savings compared to a baseline that ventilated constantly at a minimum rate in 
both a small office type with a constant air volume (CAV) HVAC system and a medium office type with a 
variable air volume (VAV) system. In 95% of instances, HVAC source energy savings were 5-25% in the 
small-CAV office (median: 11%) and 6-42% in the medium-VAV office (median: 27%). In the small-CAV 
office, DCV typically saved the most energy, usually from heating, and heating degree days and occupant 
density were decisive influences. In the medium-VAV office, economizing and SR were most important, 
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of the total number of buildings in the United States. Though these buildings currently account for less 
than 50% of total energy consumption in the U.S., this statistic is expected to change as larger commercial 
buildings become more efficient and thus account for a smaller percentage of commercial building energy 
consumption. This paper describes the efforts of a multi-organization collaboration and their 
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and retrofit measures. This paper discusses the process of developing the library and case study template. 
Finally, the paper presents next steps for the library and explores energy savings potential its widespread 
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AB The deployment of innovative energy management (EM) approaches based on systematic modelling and 

optimisation techniques has received an increasing amount of attention in the last decade. This has been 
often prompted by more stringent energy policy objectives aiming at reducing carbon emissions, phasing 
out nuclear plants and promoting overall energy efficiency, while containing both capital and operating 
costs. In this respect the energy hub concept has proven to be a popular approach for operating 
technologies and units comprising diversified energy carriers, small-scale production units, storage 
devices and converter systems. Additionally, developments in communication network and control 
infrastructure afford the possibility, at least in principle, to actively steer and adjust the load on the 
demand side of the energy balance, leading to the formulation of demand side management (DSM) 
techniques. This paper proposes an EM solution that combines the features and advantages of both of the 
aforementioned approaches, i.e. the energy hub framework and DSM methods. The key idea is to combine 
the supply-side characteristics of energy hubs with the demand side flexibility yielded by the deployment 
of DSM schemes. This combined approach is validated on an existing building complex by formalizing its 
energy supply system as an integrated hub and by modelling its heating demand based on thermodynamic 
principles. Numerical results based on this experimental setup are presented, illustrating that the 
combined approach can lead to overall savings typically exceeding 10% compared to a baseline scenario 
where no EM solution is applied, i.e. where only a rule-based heuristic is employed to control the available 
energy assets, and underscoring the advantages brought by a systematically integrated modelling and 
optimisation approach. The proposed solution is thus of interest for a broad host of installations in the 
residential and commercial domain, and for the latter a specific real-world example has been explicitly 
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considered and analysed. The obtained results are encouraging and warrant further analysis and 
investigation. (C) 2016 Elsevier B.V. All rights reserved. 
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AB This paper explores opportunities for effective policy intervention for residential energy savings in 

southern China, by analyzing achievable potential of residential energy savings in the city of Xiamen as a 
case study. In contrast to static technical and economic potential analyses, the achievable potential analysis 
is based on dynamic energy consumption projections, which consider two real-world factors: (1) gradual 
ramping-up adoption process of advanced technical measures; and (2) consumers' adoption of these 
measures. A bottom-up type Residential Energy Consumption (REC) projection model specifically tailored 
for southern China was developed in this paper, based on the general logic and calculation principles 
utilized in the U.S. EIA's "National Energy Modeling System (NEMS)," and the adoption theory of 
advanced technical measures proposed by Kastovich. This REC projection model was then used as a policy 
analysis tool to quantitatively evaluate the impact of various policies on residential energy savings in the 
case study city of Xiamen. The analysis of the Xiamen case shows that although there is a significant 
technical potential for residential energy savings in the city (about 20.9-24.9%), the maximum achievable 
potential (MAP) in 2020 is only about 8.3-8.4% of that year's business-as-usual baseline consumption. 
Moreover, with existing policies only about one-fourth to half of the calculated MAP is likely to be 
achieved by 2020. These findings indicate that in order to realize a larger share of achievable potential for 
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residential energy savings in China, additional and more effective polices are needed. (C) 2016 Elsevier 
Ltd. All rights reserved. 
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AB This paper provides an analysis of the appliance ownership and use factors contributing to high electrical 
energy demand in UK homes. The data were collected during a large-scale, city-wide survey, carried out in 
Leicester, UK, in 2009-2010. Annual electricity consumption and appliance ownership and use were 
established for 183 dwellings and an odds ratio analysis used to identify the factors that led to high 
electricity consumption. Many of the appliance ownership and use factors have not previously been 
studied for the UK domestic sector. The results of this study should be of key interest to government policy 
makers and energy supply companies interested in the underlying drivers of the highly positively skewed 
distribution of UK domestic electricity use. The study identifies those appliances that could be targeted for 
technical improvements or subjected to campaigns to encourage more energy efficient use in order to 
reduce electricity consumption among high demand households. This paper builds on earlier work by the 
current authors which identified the households (socio-demographic and dwelling characteristics) most 
likely to be high electricity consumers. The current work provides the basis for advice and guidance to 
those households that would enable them to, over time, reduce their electricity use. (C) 2016 The Authors. 
Published by Elsevier B.V. 
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AB Today, as a consequence of the growing installation of efficient technologies, e.g. micro-combined heat 

and power (micro-CHP), the integration of traditionally separated electricity and natural gas networks has 
been attracting attentions from researchers in both academia and industry. To model the interaction among 
electricity and natural gas networks in distribution systems, this paper models a residential customer in a 
multi-energy system (MES). In this paper, we propose a fully automated energy management system 
(EMS) based on a reinforcement learning (RL) algorithm to motivate residential customers for participating 
in demand side management (DSM) programs and reducing the peak load in both electricity and natural 
gas networks. This proposed EMS estimates the residential customers' satisfaction function, energy prices, 
and efficiencies of appliances based on the residential customers' historical actions. Simulations are 
performed for the sample model and results depict how much of each energy, i.e. electricity and natural 
gas, the residential customer should consume and how much of natural gas should be converted in order 
to meet electricity and heating loads. It is also shown that the proposed RL algorithm reduces residential 
customer energy bill and electrical peak load up to 20% and 24%, respectively. (C) 2016 Elsevier Ltd. All 
rights reserved. 
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AB The effect of electricity peak demand reduction by electricity saving measures in the Japanese residential 

sector on the power system scale during summer was evaluated through the use of a simulation model 
developed by the, authors. In order to simulate the electricity peak demand on the power system scale, the 
model was improved so as to (1) represent the household distribution and residential stock on the power 
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system scale and (2) improve the temporal resolution of the simulation. The proposed model is a bottom-
up type model that simulates residential electricity demand based on occupant behavior considering 
numerous factors, such as family composition, residence floor area, and building insulation level. 
Therefore, the proposed model can be used to evaluate both occupant behavioral changes and energy 
conservation technologies. As a result, we determined that the most influential behavioral measure in 
reducing summer peak demand is turning off the lights. The peak demand reduction effect when 5% of 
households turned off the lights was 13 MW, which is equivalent to approximately 0.2% of the residential 
electricity demand during the daytime in summer in the Kansai region. The model also clarified 
differences in the electricity savings for each countermeasure among several family composition 
categories. (C) 2015 Elsevier B.V. All rights reserved. 
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AB Energy saving in commercial office buildings is often frustrated by the complex organisational nature of 

the communities with a stake in building energy performance. While policy support and landlords' 
sustainability aspirations can give impetus towards energy saving, most consumption and savings 
potential is in the hands of the tenant firms. Relevant research is often framed in terms of barriers and 
drivers of energy saving, where reasons for lack of saving are explored. This study takes an alternative 
approach. It offers two case studies of central London office buildings owned by different firms with large 
international building fleets, both of whom have a core business commitment to sustainability and are 
reporting significant energy savings in these buildings. Using qualitative interviews with the top-down 
agents who are charged with making savings happen, the study explores the reasons savings are being 
made despite the kinds of barriers found more generally. It finds sustainability agendas are being driven 
by highly motivated agents, skilled in the art of persuasion, with strong personal relationship skills, an 
indefatigable positive attitude, and the flexibility to change strategies where needed. The metaphor of 
'selling energy savings' is coined to frame this approach. (C) 2015 Elsevier Ltd. All rights reserved. 
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investigating energy consumption and related topics have recently turned to theories of practice - 
especially that proposed by Shove and colleagues which treat humans as 'carriers'. In contrast, this article 
uses realist social theory to afford a pivotal role to reflexivity in practice. Individual case studies, derived 
from in-depth interviews, are used to explore Archer's communicative, autonomous and meta-reflexive 
modes. And, at the same time, Archer's distinction between natural, practical and social orders of reality is 
used to show the importance of embodied and practical knowledge in HEE practices. As such, this article 
takes the theoretical focus in this research area beyond dispositions and attitudes, and argues that the way 
artefacts are domesticated in the course of householders' pursuit of that which matters most to them may 
have significant social implications that contemporary forms of practice theory seem unable to account for. 
Sustainability policy, therefore, should be sensitive to the concerns of householders and the 
indispensability of reflexivity to home energy efficiency practices. 
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AB Sustainable energy production and consumption is one of the issues for the sustainable development 

strategy in China. As China's economic development paradigm shifts, household energy consumption 
(HEC) has become a focus of achieving national goals of energy efficiency and greenhouse gas reduction. 
The information entropy model and LMDI model were employed in this study in order to analyse the 
structural evolution of HEC, as well as its associated critical factors. The results indicate that the 
information entropy of HEC increased gradually, and coal will be reduced by clean energies, such as 
natural gas and liquefied petroleum gas. The information entropy tends to stabilize and converge due to 
rapid urbanization. Therefore, from the perspective of environmental protection and natural resource 
conservation, the structure of household energy consumption will be optimized. This study revealed that 
residents' income level is one of the most critical factors for the increase of energy consumption, while the 
energy intensity is the only driving force for the reduction of HEC. The accumulated contribution of these 
two factors to the HEC is 240.53% and -161.75%, respectively. It is imperative to improve the energy 
efficiency in the residential sector. Recommendations are provided to improve the energy efficiency-
related technologies, as well as the standards for the sustainable energy strategy. 
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AB Greater emphasis on the individual consumers' engagement in energy efficiency has been integrated into 

the concept of a comprehensive European energy policy. Households, as well as the people living there are 
very different and one of the important factors is to assess a consumer's behavioral aspects. Conducting 
surveys is the most common way to obtain this type of information. Our research is based on JSC 
"Latvenergo" pilot project "Promoting energy efficiency of household using smart technologies" (further - 
pilot project) where 500 Latvian households were installed with smart meters at the beginning of 2013. The 
first results have shown that the average electricity consumption in the target group decreased by 23 %. In 
order to explain the results, research was carried out by analyzing 1) what kind of behavioral and 
motivation factors influenced changes in electricity consumption; and 2) to what extent changes in 
electricity consumption were affected by smart meters. Three multiple linear regression models were 
tested on the basis of first survey data of 430 households and 8 selected households, who were re-
interviewed in March - April, 2014. The results show that changes in electricity consumption are not 
influenced only by technical aspects, but also by users' psychological aspects, such as subconscious and 
belonging to the social group. (C) 2015 The Authors. Published by Elsevier Ltd. 
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AB The UK's housing stock generates approximately 27% of the country's total annual carbon emissions. In 

light of the legally binding targets to reduce carbon emissions, new housing is subject to a tightening of 
regulations governing energy demand and efficiency resulting in a gradual improvement in carbon 
emissions. The question is how to achieve the deep carbon emission reductions from existing domestic 
properties, of which 75% will still be in use in 2050. Government has sought to provide incentives to 
homeowners to improve the energy efficiency of their households, and mandate improvements in socially 
rented housing using a range of fiscal measures, most recently the 'Green Deal'. There has however been 
little consideration of the 18% of UK households who privately rent their home, a tenure that is growing 
fast. The aim of this research is to investigate the factors that influence private sector landlords when 
considering energy efficiency improvements to their tenanted homes. The results indicate that government 
policy has consistently failed to engage private sector landlords in the issue of energy efficiency and thus 
measures must be taken to understand the motivations of landlords in order to design effective incentives 
and interventions. (C) 2014 Elsevier Ltd. All rights reserved. 
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AB It is widely recognized that the adoption of energy saving innovations can induce an increase in the usage 

of the corresponding technologies and thus can possibly increase energy consumption. Among other 
concerns is that uncertainties regarding the magnitude of this "rebound effect" can deter policy makers 
from promoting energy efficiency. This paper analyzes the rebound effects of the adoption of energy 
efficient technologies in commercial buildings. Based upon a structural model of technology adoption and 
subsequent energy demand at the building level, the empirical results are that energy efficiency can reduce 
electricity use by about 35 % and natural gas consumption by about 50 %. 
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AB Historic buildings are a distinctive and invaluable characteristic of numerous European cities, and living 

symbols of Europe's rich cultural heritage. However, today, EU cultural heritage buildings are contributing 
huge percentage to the greenhouse gas emissions. This has led to the increasing of wireless sensor network 
(WSN) deployments aimed at monitoring and improving the energy efficiency of these historic buildings. 
In this chapter we show a long term, low cost, passive distributed environmental monitoring system that 
promotes energy-efficient retrofitting in historic buildings. We focus on the design and implementation of 
an innovative technological framework, and on the hardware and software development of the solution. 
The presented system provides real-time feedback for the civil engineers for prompt intervention via 
remote interfaces. 
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AB Residential energy consumption contributes up to one-fifth of total greenhouse gas emissions in 

Australia. Low-income households could benefit from energy efficiency behaviour change programs with 
anticipated "bridge sustainability" outcomes of environmental and financial benefits and increased well-
being, but participation rates from this demographic are often low. The EnergySavers energy behaviour 
change program was designed for Australian low-income households. A variety of information materials 
were delivered in structured discussions over a five month period in 2012, with 139 low-income 
participants in two Australian cities in different climate zones. This article identifies which energy-saving 
actions low income households are already undertaking and, after completing the program, which actions 
were most commonly adopted. Participants reported that their participation in the program increased their 
energy-saving actions, increased their control over energy consumption, and that they disseminated their 
new knowledge through their social networks. Findings identified the importance of group discussion 
within demographic groups for information uptake and adoption of new energy behaviours. The housing 
situation, home population and language background were found to have a significant influence on the 
uptake of new behaviours. The results also suggest that the program would benefit from amendments to 
the actions and assessment prior to national roll-out to ensure that effective and long term bridge 
sustainability can be achieved. 
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AB Buildings account for almost 40% of the total energy usage and 30% of the total CO2 emissions in Europe. 

Environmental, legislative and economical drivers require more efficient and accurate energy management 
of buildings. Current building management systems do not have the capabilities of energy specific 
monitoring and management. In order to address these issues, in this paper, the Holistic Multi-
Dimensional Information Management System will be described with its components: Data Warehouse 
Core, Extraction, Transformation and Loading (ETL) tool and Information Representation tools. The 
purpose of the developed system is to store, integrate, analyse complex data sets from multiple data and 
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information sources such as wired/wireless sensing devices (e.g. sensor and meter readings) and Building 
Information Modelling (BIM) Tools (e.g. Autodesk Revit Architecture and MEP). The developed system is 
demonstrated and validated in the Environmental Research Institute (ERI) Building located on the campus 
of National University of Ireland-University College Cork. (C) 2012 Elsevier B.V. All rights reserved. 
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AB In this paper, we examine how occupants and their dwellings adapt to reduce home energy consumption. 

Our analysis is informed by recent studies which emphasize the materiality of the home, as well as the 
impact of technological change within the home. Such approaches are important in clarifying the 
relationship between home design and home practices, as well as understanding processes of change such 
as sustainable home adaptation. Drawing on people's experiences of installing solar hot water systems, we 
found that sustainable home adaptation was not a straightforward process whereby occupant aspirations 
were delivered through building adaptation, but rather adaptation arose from the differing capacities and 
practices of occupants and their buildings, and how these were negotiated over time. In particular, we 
found that successful adaptations were dependent on the integration of the occupant's "folk knowledge" of 
their home along with the "technical knowledge" provided by tradespeople, suppliers or the occupant 
themselves. In contrast to mid-century Australian housing new sustainable modes of living demand: 
working knowledge of the dwelling, reflection on home practices, and case-specific adjustments of 
dwellings that reflect the needs and capacities of occupants. 
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AB As a first step towards developing efficient building energy management techniques, in this paper, we 

first study the energy consumption patterns of heating, ventilation and cooling (HVAC) systems across the 
KTH Royal Institute of Technology campus and we identify some possible areas where energy 
consumption can be made less wasteful. Later, we describe a test-bed where wireless sensor networks are 
used to collect data and eventually control the HVAC system in a distributed way. We present some of the 
data, temperature, humidity, and CO2 measurements, that are collected by the aforementioned network 
and compare them with the measurements collected by the legacy sensors already in place. In the end we 
present a preliminary result on modelling the dynamics of the temperature, humidity, and CO2 using the 
data gather by the sensor network. We check the validity of the model via comparing the out put of the 
system with measured data. As a future work we identify the possibility of using the models obtained here 
for model based control, and fault detection and isolation techniques. 
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AB Background, aim and scope Tank-to-Wheels (TtW) makes the largest contribution to the total Well-to-

Wheels (WtW) energy consumption and greenhouse gas (GHG) emissions from fossil-derived 
transportation fuels. The most commonly adopted TtW methodologies to obtain vehicle energy 
consumption, energy efficiency, and GHG emissions used to date all have significant limitations. A new 
TtW methodology, which combines micro-scale virtual vehicle simulation with macro-scale fleet modeling, 
is proposed in this paper. The models capabilities are demonstrated using a case study based on data from 
the passenger car sector in Great Britain. 

   Methods A simplified internal combustion engine model was developed in-house to simulate engine 
behaviors across a wide range of engine capacities and technologies. Vehicle simulation was then carried 
out using the efficiency map output by the simplified engine model for any given gasoline or diesel engine; 
the simulation was validated for 37 vehicles available on the UK market in terms of their vehicle-
certification fuel consumption, with a discrepancy generally within 3%. Real-world fleet and driving data 
from the Great Britain's car fleet was extracted from the Transport Statistics Great Britain (TSGB) database 
between 2001 and 2007TSGB 2001-2007. A virtual fleet was constructed with the validated virtual vehicles 
to represent the real-world passenger car fleet in terms of its composition and operating characteristics. 
This fleet model was shown to match the real-world fleet-averaged fuel consumption within 3% for the 
gasoline fleet and within 6% for the diesel fleet. Finally, several scenarios were analyzed using the 
validated fleet model, covering a projection for 2008, driving pattern, lubrication, and fuel. The vehicle-to-
vehicle variation was found to be significant in some scenarios, indicating that a fleet-based methodology 
would be more rigorous and flexible. 

   Discussion Energy consumption and CO2 emission figures from previous, well-recognized Europe-
oriented studies (e.g., the 2008 JRC/EUCAR/CONCAWE study) were significantly lower than the TSGB 
real-world results based on the new TtW methodology. It is apparent that using a single vehicle to 
represent the whole fleet could be misleading; in particular, the relative energy efficiency and CO2 
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emission of diesel over gasoline cars might follow a different trend with time for the real-world fleet from 
that shown in previous studies. 

   Conclusions Future WtW studies can benefit from the modeling toolset and methodology reported herein 
in a number of ways: 

   TtW analysis can be carried out 
   thoroughly-on a fleet basis 
   independently-involving less proprietary information 
   impartially-not concentrating on a specific vehicle model 
   and flexibly-allowing detailed analysis of physics, chemistry, and vehicle component performance. 
   When comparing different WtW energy pathways, e.g., gasoline vs. diesel passenger cars or natural gas 

vs. bio-diesel fuelled busses, the absolute aggregate fleet impact can be investigated-conclusions based on a 
single vehicle may overlook vehicle-to-vehicle variations and potentially mislead policy making. 

   Using the virtual fleet database as a platform, a large number of scenarios can be analyzed and detailed 
impact of fuels properties, vehicle technologies and driving patterns on WtW results investigated. The 
models will evolve in time together with the researchers' knowledge base and data base. 

   Recommendations and perspectives The virtual engine/vehicle/fleet model developed in this work can 
readily be expanded and upgraded in the future, in terms of model details, coverage, and data quality. The 
methodology itself is generically applicable to any defined fleet (passenger cars, commercial vehicles, etc.) 
with any operating characteristics at any given timeframe from any geographic region. Various subjects 
and their implications for fleet energy consumption and GHG emissions could be studied including, but 
not restricted to, the following: 

   Fuels-injector/valve cleanliness, anti-knock properties, dieselization, bio-components, gaseous fuels etc. 
   Engine/vehicle technology-friction and weight reduction, advanced combustion, hybridization etc. 
   Driving pattern-vehicle loading, gear-shifting schedule, tire maintenance, cold start, etc. 
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AB The supervision of energy efficiency in government office buildings and large-scale public buildings is 

the main embodiment for government implementation of Public Administration in the fields of resource 
saving and environmental protection. Aimed at improving the current situation of lack of government 
administration in building energy efficiency, this paper proposes the concept of "change and redesign of 
governmental supervision in building energy efficiency", repositioning the role of government 
supervision. Based on this theory and other related theories in regulation economic and modern 
management, this paper analyzes and researches the action and function of all level governments in 
execution of the supervisory system of building energy efficiency in government office buildings and 
large-scale public buildings. This paper also defines the importance of government supervision in energy-
efficiency system. Finally, this paper analyzes and researches the interaction mechanism between 
government and owners of different type buildings, government and energy-efficiency service institution 
with gambling as main features. This paper also presents some measurements to achieve a common benefit 
Community in implementation of building energy-efficiency supervisory system. (C) 2009 Elsevier Ltd. All 
rights reserved. 
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commodities. This paper first presents a conceptual framework for describing and analysing the direct and 
indirect energy use of households. The framework is based on material flux analysis and differentiates 
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demand will offset efficiency gains achieved by technological improvements in the economic and domestic 
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residential energy and usage behavior. A total of 4964 Chinese urban households participated in the 
survey, answering questions about their family composition, buildings, energy use and conservation 
behaviors, and reactions to specific energy conservation policies. The results suggest that the general trend 
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AB When designing buildings, it is a challenge to take into account Energy Efficiency in the early design 

stage. This is especially difficult for hospital designs, because these buildings comprise many different 
room types and functions. This greatly increases the number of design directions available. Choices made 
early on in the design process have a large impact on the final performance of the building. However, the 
lack of detailing available in early designs makes it hard to evaluate them in terms of Key Performance 
Indicators. The Semantic Labels developed as part of the STREAMER project provide a way to address this 
problem, by allowing structured capture of the most relevant aspects of the Program of Requirements. 
Using this method, design rules can be applied to early building designs to detect and correct 
inconsistencies or suboptimal solutions. Also, using default values for label values, an early design can 
already be evaluated using simulation tools. The Semantic labels describe standard values for Construction 
(floor height and strength, accessibility), Hygiene class (from public spaces to operational theatres), 
Equipment (electric power requirements, safety), User profile (when the room is used), Comfort class (like 
daylight) and Access security (who can enter). Design rules may express conditions like the preferred 
spatial separation between rooms, or whether rooms should be placed at outer walls, but may also 
highlight incompatibilities in e.g. access requirements and user profiles. The Early Design Configurator, 
also under development as part of the STREAMER project, uses the Semantic Labels to allow automatic 
conversion of a Programme of Requirements, into an initial Building Information Modeling (BIM) design 
proposal that respects the design rules. 
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AB Industrial buildings demand higher amount of energy than other building typologies, thus powerful 

modelling and simulation tools for energy-optimisation and identification of synergies-potentials between 
the building envelope, building services and production systems are needed. 

   Building Information Modelling (BIM), as emerging technology, bears promise to support processes 
integration thus enabling life-cycle management of buildings. BIM model serves as a joint knowledge 
database where data transfer between various models is possible; thereby enabling follow up studies, such 
as cost, thermal and structural analysis. 

   Adoption of BIM to BEM (building energy modelling) approach is particularly interesting for optimisation 
of industrial facilities. Multiple layers of interacting complex systems (building, services and machine floor 
layout) require careful modelling and control of geometry in terms of collisions, various adaptions due to 
the short product-life-cycles, as well as integrated energy performance analysis along interacting systems. 

   This paper explores the potentials and deficits of the modelling, analysis and optimisation of energy 
efficient industrial buildings using BIM to BEM methodology, by means of case study research of two 
industrial facilities. Varying needs concerning the Level of Development and semantic differences in the 
modelling procedures of part-taking disciplines (architecture, structural engineering or analysis) were 
identified as problems; as well as time pressure as one of the main reasons for defects of building models. 
The identified deficits represent various types of uncertainties related to the integrated energy modelling, 
as BIM to BEM can be referred to. We conclude that as a first step of integrated modelling, an uncertainty-
analysis should be carried out, and strategies how to deal with these developed. In order to minimise BIM 
to BEM uncertainties, not only interoperability issues of the software has to be improved (modelling 
uncertainty), but moreover, the redefinition of the design process and enhancement of individual 
capabilities is necessary (process uncertainty). (C) 2016 Elsevier Ltd. All rights reserved. 
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AB As buildings are constructed to be more energy-efficient and environmental friendly, the building 

construction industry, which is a basic and leading industry of the national economy development, has 
become one of the key sectors for energy conservation and emission reduction in China. This paper aims at 
quantifying both inter-factor and inter-energy substitution for China's building construction industry and 
investigate the main driving forces behind energy efficiency changes as well as the CO2 abatement effect of 
a uniform carbon tax in this sector. The model is established employing provincial pooled data over 2003-
2012 in China by regions; hence, results between different regions are compared. The main findings 
indicate that: (i) energy and non-energy are substitutes whereas individual energy inputs are 
complementary in China's building construction industry. The substitution effect varies across regions due 
to different factor endowments and marketization levels. (ii) Energy price increase and construction scale 
expansion leads to energy efficiency improvement while substitution and technology present negative 
influences on energy efficiency. (iii) Approximately 3% of the CO2 emissions in China's building 
construction industry can be reduced by carbon taxation based on the integrated own-and cross-price 
elasticities of each energy. (C) 2016 Elsevier Ltd. All rights reserved. 
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AB Interventions to mitigate household air pollution (HAP) from cooking with solid fuels often fail to take 

into account the role of access to freely available woodfuels in determining fuel choice and willingness to 
adopt clean cooking technologies, key factors in mitigating the burden of HAP. Weuse national-scale 
remote sensing data on land use land cover change, and population representative data from two waves of 
the Malawi Living Standards Measurement Survey to explore the relationship between land use change 
and the type of fuel households use, time spent collecting fuel, and expenditures on fuel, hypothesizing 
that land use dynamics influence household-level choice of primary cooking fuel. Wefind considerable 
heterogeneity with respect to regeneration and deforestation/ degradation dynamics and evidence of 
spatial clustering. Wefind that regeneration of forests and woodlands increases the share of households 
that collect fuelwood, whereas deforestation and degradation lead households to purchase fuelwood. 
Wealso find that a relatively large share of land under woody savannah or degraded forest (versus fully 
stocked forest) increases fuel collection time. Areas with regeneration happening at broader scale 
experience increases in fuel expenditures. Our findings have implications for the spatial targeting of 
interventions designed to mitigate HAP. 
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task lights) collected in a California office building over two years, and the effects of a behavior-based 
intervention on a subset of these devices to reduce plug load energy consumption. An analysis of the data 
reveals that desktops consume the most power per person and demonstrate the widest range of power 
consumption, and that occupants are more likely to turn equipment off before a longer break from the 
office than overnight during the week. Much of the literature on reducing commercial plug loads is 
focused on technology-based solutions, while the literature on changing occupant behavior is focused on 
residential occupants. Multiple studies show that non-financial incentives, such as games, can motivate 
behavior change. An online sustainability game, Cool Choices, was initiated on-site with 30 occupants, 
where players competed on teams to earn points for completing resource-saving actions. The analysis 
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equipment off at the end of the day), there was limited opportunity for further behavior-based reductions. 
This study highlights the need for additional research in commercial buildings examining how to motivate 
occupant behavior change through non-financial incentives. (C) 2016 Elsevier B.V. All rights reserved. 
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AB This study examined the use of thermal imaging as a communication tool that allows householders to 

'see' where a building is losing heat. We tested the effect of tailored and non-tailored thermal images on 
energy beliefs, behavioural intentions and a simple self-report behaviour question in an English field 
study. Householders received tailored thermal images of their home, thermal images of other homes with 
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intentions and reporting energy efficiency behaviour compared to non-tailored reports. This is a promising 
approach integrating technology and social science knowledge and methods. (C) 2016 Elsevier Ltd. All 
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AB An increasing block tariff (IBT) has been implemented nationwide in the residential sector in China since 

2012. However, knowledge about IBT design is still limited, particularly how to determine the electricity 
volume for the first block of an IBT scheme. Assuming the first block should be set based on some measure 
of electricity poverty; we attempt to model household electricity demand such that the range of basic needs 
can be established. We show that in Chinese households there exists a threshold for electricity 
consumption with respect to income, which could be considered a measure of electricity poverty, and the 
threshold differs between rural and urban areas. For rural (urban) families, electricity consumption at the 
level of 7th (5th) income decile households can be considered the threshold for basic needs or a measure of 
electricity poverty since household electricity demand in rural (urban) areas does not respond to income 
changes until after 7th (5th) income decile. Accordingly, the first IBT block for some provinces (e.g., 
Beijing) appears to have been set at a level that is too high. Over time however, given continued rapid 
growth, the IBT will begin to better reflect actual basic needs. (C) 2015 Elsevier Ltd. All rights reserved. 
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AB The aim of this paper is crystallized around the research of the energy saving measures adoption's 

determinants in the residential sector. Using data from the latest survey of the Tunisian Company of 
Electricity and Gas, we study the specifications of discrete choice models to the characteristics of three 
different electrical purposes: the Solar Water Heaters, the Low-Energy Bulbs and the classes of energy 
efficient refrigerators. The results suggest the strong heterogeneity of households, making the effect of 
energy policies a bit obvious. However, by adopting a perfect rationality, these households give 
importance to the enrichment of electricity prices and gains in energy savings, as far as the importance of 
the changes in equipments' price. Subsequently, we urge policy makers to create mechanisms of balancing 
the grants of conventional energies by increasing the grants on energy efficient equipments' purchasing 
prices. (C) 2015 Elsevier B.V. All rights reserved. 
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AB Energy efficiency in buildings will play a major role in responding to EU climate change and energy-

saving policies, if sustainable actions are to be trigged at large scale involving EU, all Member States and 
their regional and local authorities. 

   The objective of this paper is to explain the Geocluster methodology developed within the European 
"GE20" project aimed at developing a general framework for the assessment of the effectiveness of building 
technologies for energy efficiency. The research aimed to locate similarities across the EU countries by 
combining parameters and indicators structures in homogeneous layers and sub-layers (i.e. building 
technology, context, policies and regulations, climatic conditions, social aspects) in order to develop a 
repository to be used as source of data for a dynamic geo-database web service. The assessment has been 
performed on two selected technologies, thermal insulation for envelope retrofitting and solar cooling, 
respectively, for two pilot areas: Benelux and Mediterranean arc. The final goal was to create an Open 
Source geo-portal named GeoCluster Mapping Tool, based on international standards in the GIS domain, 
which implements the methodology developed and becomes a decision-making tool for private or public 
parties. (C) 2015 Elsevier Ltd. All rights reserved. 
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and socio-demographic influences. Even when attitudes are measured, usually, the attitudes of just one 
household member are measured even though household energy consumption is the result of actions of all 
household members. This research explored first whether attitudes could help explain heating usage and 
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the homes in 2007-2008. The results showed that attitudes helped explain heating temperatures and 
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Gainesville, Florida, in our sample (n = 7091). For this we use Princeton Scorekeeping Method (PRISM) 
which processes historical weather data and monthly utility usage data as inputs using an iterative 
regression approach to compute three energy efficiency parameters: (1) baseload consumption for enduses 
which do not change with weather, e.g., lighting, refrigerator, water heater; (2) heating/cooling slope which 
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make up the normalized annual consumption (NAC). We then proceed to regress these parameters against 
the publicly available data to study the extent we can extract statistical insight for residential energy 
efficiency profiling using publicly available information (n = 5243). These regression models are to pave a 
path to creating energy efficiency "reservoir maps" across individual homes and reducing the information 
barrier to energy efficiency adoption. (C) 2015 Elsevier B.V. All rights reserved. 
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AB This study investigates factors that may influence users' perspectives in utilizing energy management 

system. An extended model of the Technology Acceptance Model (TAM) with two external factors, 
compatibility (C) and technology complexity (TC), was developed to evaluate the implementation of the 
Building Energy Management System (BEMS) in Indonesia's manufacturing industries. 258 questionnaires 
were analyzed via the structural equation modeling and the result shows that both C and TC influence 
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AB To achieve reduction in electricity consumption, it is vital to have current information about household 

electricity use. This allows to draw user behaviour profile based on household electricity demand for a 
specific time of the day. Activities involving the use of electricity for certain purposes, time of use survey 
and smart metering data of a four people family were analysed in this study. Household energy efficiency 
performance till 2020 was evaluated based on increase of equipment energy efficiency driven by 
technological progress. The results of energy efficiency evaluation for particular household shows that 
1219 kWh savings can be achieved due to improvements of energy performance of some mostly used 
appliances until 2020 (i.e., reduction in electricity consumption of 13 % if compared to present scenario). 
However, the results imply that user behaviour change is also important to implement the measures 
associated with energy efficiency improvements in households. (C) 2015 The Authors. Published by 
Elsevier Ltd. 
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AB Improving the level of energy efficiency required by building codes for refurbishments and new 

construction is a powerful lever for reducing greenhouse gas emissions. This paper explores how 
technological, social, political, and economic factors interact and shape the evolution of the energy 
efficiency in building codes. Existing approaches to the evolution of standards focus primarily on adopting 
individual or multiple technologies or products, but only peripherally explore the feedback dynamics 
between innovation, diffusion, and standardization (IDS.)(2) To fill this void, I draw on the revelatory case 
of Switzerland, because the Swiss standards have continuously improved since 1970, whereas in many 
other countries improvements have stagnated after the recovery from peaks in energy prices. The paper's 
contribution is, first, a qualitative, structural model which endogenously formalizes the IDS-dynamics of 
standard improvement. I find that the co-evolution of voluntary and legal building codes have enabled a 
continuous improvement of the standards even in the absence of economic pressures. And second, I use 
the model for policy analysis, which indicates that several obvious policies might cause policy resistance 
and could result in uneconomical, counter-intuitive outcomes. Policy interventions have to dynamically 
balance the speed of innovation and the ability of system agents to change. (C) 2014 Elsevier Inc. All rights 
reserved. 
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AB The need for energy efficient technological solutions is becoming ever more prevalent in today's world. 

However, current advances are failing to offer end-consumers with a flexible solution that can be widely 
implemented in domestic or business environments. This is particularly relevant at the user interface level 
where energy consumers should be allowed to easily engage in effective energy saving technology. With 
the help of semantically linked data, we aim to actively assist end-consumers in making well-informed 
decisions in order to successfully control their energy consumption. By integrating smart metering and 
home automation functionality, our SESAME system offers end-consumers energy-efficient and cost-
cutting options for their homes or businesses. The developed SESAME system conceptualizes, 
demonstrates and evaluates a variety of innovative end-consumer services, here focusing specifically on 
their user interface paradigms. In this paper, we present three types of interactive participatory user 
interfaces, all of which enable users to interact with the house automation settings modelled as semantic 
rules, as well their evaluation in user studies based on the demonstrator system. We show that the 
proposed interfaces have the potential for broad acceptance, and provide a detailed analysis of the 
effectiveness of their varying design principles and features. 
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in the US and elsewhere. Comparisons of the relative effectiveness of measures aimed at reducing 
residential energy consumption are made challenging, however, by the endogeneity of technology and 
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AB Buildings have been defined as one of the major contributors to environmental problems in construction 
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using alternative sustainable construction technologies and operation approaches in order to reduce 
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efficiency programs to the commercial and industrial sectors in Thailand is presented, and the 
corresponding impacts on power-generation expansion planning and emissions are discussed The 
reference building models were simulated to capture energy consumption patterns of the medium and 
large commercial buildings in Thailand. Nine subsectors in the industrial sector classified according to the 
international standard codes, are modeled and analyzed through the technoeconomic approach. Scenarios 
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investigate the potential of energy savings. Control technologies of airborne emissions from the utilization 
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AB The building sector in Romania is dominated by residential buildings that are old and have poor thermal 

performance. As a member of the European Union, Romania has to reach the objectives imposed by the 
Directive 2009/28/EC and to fulfill the requirements of the Energy Performance of Buildings Directive 
(EPBD) by year 2020. The implementation of these concepts in Romania consists into thermal rehabilitation 
of the existing buildings, applying the latest thermal performance characteristics in new buildings and 
establishing the certificate of energy performance. The following paper presents the literature review of the 
state of building energy performance in Romania. The purpose of the literature review analysis is to 
provide a snapshot on the existing building energy efficiency and future perspectives on the 
implementation of high performance buildings in Romania. The implementation of concepts such as the 
Passive House (PH), nearly Zero Energy Buildings (nZEB) and Net Zero Energy Buildings (NZEB) are 
discussed in order to help the decision makers to achieve the 2020 objectives. The results of the reviewed 
publications and case studies are classified under three categories: policy and regulations, technology and 
feasibility. Finally a holistic perspective on the Strength, Weakness, Opportunities and Threats (SWOTs) of 
energy efficiency in Romania's residential building sector is presented. 
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AB A large amount of energy is wasted through inefficient operation of heating, ventilation, and air 

conditioning (HVAC) system due to the lack of reliable building occupancy measurement and prediction. 
To mitigate this problem, an innovative change-point logistic regression model is developed to provide an 
accurate forecast of building occupancy. A novel building HVAC control algorithm is then developed by 
embedding the occupancy prediction model into the model predictive control (MPC) framework. The 
occupancy-based MPC algorithm tries to minimize building electricity consumption and maximize 
building occupants' comfort at the same time. A penalty factor is introduced which allows building 
occupants to determine the optimal trade-off between comfort and energy efficiency. Numerical 
simulation results show that the proposed HVAC control strategy with real-time occupancy prediction not 
only reduces electricity consumption but also improves building occupants' comfort. Published by Elsevier 
Ltd. 
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reports an empirical study aimed at identifying the relationship between building technology and resident 
behavior and the joint effects on energy consumption in residential buildings. Unlike previous work that 
isolated effects of technology or behavior on energy consumption, this study investigates their interactions. 
The researchers collected technical and behavioral data from more than 300 residential units and 
performed data analysis using energy simulation and multivariate regression techniques. Results identify 
the interaction effects between building technology and resident behavior and provide quantifiable 
evidence supporting the hypothesis that "building technology and resident behaviors interact with each 
other and ultimately affect home energy consumption." Findings indicate four important resident 
behaviors that directly correlate to energy consumption and two that indirectly correlate to energy 
consumption. The research also indicates that only 42% of technological advances directly contribute to 
home energy efficiency, suggesting that the achievable impact on energy savings depends on both 
technical advances and behavioral plasticity. (C) 2016 Elsevier B.V. All rights reserved. 
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might better be tied to social practices than to consumption itself. 
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past thirty years. Computers are now used in most homes, almost every day and laptop ownership has 
overtaken traditional desktop computers. Mobile devices give access to services that in the past required 
desktops, and they are usually more energy efficient. Today's computers usually rely on wireless routers 
that are often run all day. The effect of these changes on electricity use in the home has been profound. At 
least 60% more electricity was used for UK home computing in 2012 than in 1990. The implications of 
recent changes in information technology use are assessed for domestic electricity use and carbon 
emissions, using data from the Household Electricity Survey (HES) - the most detailed survey of electricity 
consumption in UK homes. On average, routers use twice as much energy per day as the laptops they 
serve. Laptops also draw power at a different time of day compared with desktop computers - which has 
implications for generation. Policy and practical recommendations are made for reducing energy use for 
information technology, including the estimated energy savings that could be achieved if UK routers met 
the US Energy Star standard for energy efficiency. 
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driven by different factors than sellers of newly constructed homes. Adoption coincided with multistory 
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The modern society is information oriented, technology dependent and collaborative-network active. The 
paper discusses the existing conditions of the transition period from the old meters to the smart meters, in 
terms of its impact and considering the different types of electricity consumers. It also addresses the future 
perspectives of the smart meters implementation in the context of actual technological changes. As the 
young Web 2.0 generation is moving into adulthood, smart metering systems will be more easily accepted 
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AB Purpose - This paper aims to propose an energy efficiency plan (with technical and behavioural 

improvement measures) for a Portuguese higher education building - the Teaching Building of the Faculty 
of Economics of the University of Coimbra (FEUC). 

   Design/methodology/approach - The study was developed in the context of both the "Green Campus - 
Challenge for Energy Efficiency in Higher Education" and the Energy for Sustainability Initiative of the 
University of Coimbra, Portugal. An energy audit was conducted based on the analysis of the energy 
consumption profiles. A monitoring campaign was carried out to measure and disaggregate the electricity 
consumption. The consumption of natural gas and water were also assessed. The building envelope and 
the heating and lighting systems were also evaluated. Some patterns of energy-environmental behaviours 
of the academic community were investigated through a Web-based survey. 

   Findings - The energy efficiency plan contemplates short-term tangible/intangible actions. It also considers 
the investment and payback period of the tangible measures. The implementation of three improvement 
measures in the lighting system would lead to a consumption reduction of about 26,123 kWh/year, 
avoiding the emission of 3,704 KgCO2/year, for an initial cost of (sic)9,920 (payback period of 3.7 years). 

   Research limitations/implications - Results are restricted to the case study and there are limitations in their 
generalisation outside of their context. However, they show some broadly implications and trends that 
have relevance for the higher education sector. This paper highlights the importance of engaging students, 
faculty and technical staff for working together on the assessment of the energy efficiency of the buildings 
where they study and work. 

   Social implications - The higher education sector holds important functions in educating the next 
generation of professionals for a sustainable culture. The categories of activities described in this paper are 
good examples of what can be done within the academic community for acting towards sustainability. The 
results also pointed out that making users aware of their energy consumption is a priority towards the 
energy efficiency in higher education buildings. 

   Originality/value - Reductions on energy consumption are expected if the energy efficiency plan would be 
implemented. The results of the behavioural study were presented to the FEUC's board of directors to be 
integrated in the "Good Practices Manual on Water and Energy Management". 
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AB This paper presents a case study that relates the energy efficiency of a building, its construction costs and 

its energy consumption. The variation of the energy performance of the dwellings -and its energy rating- is 
made through changes in the envelope and the energy production systems. This theoretical study was 
conducted during the years 2009-2010 on the project of a residential block of apartments located in Madrid. 

   The paper develops a methodology to evaluate the energy efficiency variations in a project and its 
economic implications. This will enable developers and architects to assess how the adoption of active and 
passive solutions affects the energy rating of a building, its energy consumption and its construction costs. 
The relationship between the orientation of housing and its energy rating, and the characteristics of the 
calculation programs used is also analyzed. 
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AB Over the last twenty years, energy conservation has always been of great importance to individuals, 

societies and decision makers around the globe. As a result, IT researchers have shown a great interest in 
providing efficient, reliable and easy-to-use IT services which help users saving energy at home by making 
use of the current advances in Information and Communications Technology (ICT). Driven by the 
aforementioned motivation, we developed SMARTENERGY.KOM, our framework for realizing energy 
efficient smart homes based on wireless sensor networks and human activity detection. Our work is based 
on the idea that most of the user activities at home are related to a set of electrical appliances which are 
necessary to perform these activities. Therefore, we show how it is possible to detect the user's current 
activity by monitoring his tine-grained appliance-level energy consumption. This relation between 
activities and electrical appliances makes it possible to detect appliances which could be wasting energy at 
home. Our framework is organized in two components. On one hand, the activity detection framework 
which is responsible for detecting the user's current activity based on his energy consumption. On the 
other hand, the EnergyAdvisor framework which utilizes the activity detection for the purpose of 
recognizing the appliances which are wasting energy at home and informing the user about optimization 
potential. 
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AB An efficient lighting control systems (LCS) should take advantage of the natural light available, but this 

presents some technical challenges as well as user related issues. So far, the assessment of lighting energy 
consumption of LCS has been based on technical features rather than the occupants' acceptance. 

   This article presents the results of a monitoring study providing some recommendations based on the 
human and technical aspects of LCS in small scale applications. 

   Four identical peripheral office rooms located in Lund, Sweden, were equipped with four different LCS: 
manual switch at the door, presence detector, daylight dimming with absence detector and LED task lamp. 
Each occupant performed ordinary office tasks for two weeks in each room in April-May 2013. A 
subjective evaluation concerning the general lighting experience and the appreciation of the LCS was 
carried out. 

   The results indicate that the manual switch was greatly appreciated and it accomplished good energy 
performances (75% savings compared to the presence detector). The daylight-linked LCS achieved only 
slightly higher savings (79%), due to relatively high parasitic losses, but did not guarantee an optimal light 
environment. The desk lamp achieved 97% savings, but the lighting conditions were considered 
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unacceptable by the office workers. In general, the participants in this study perceived all automatic 
controls as stressful. (C) 2014 The Authors. Published by Elsevier Ltd. 
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AB The emergence of Information Technology (IT) based sensing has received increasing attention and 

acceptance in buildings due to its noninvasive nature and its ability in delivering real-time and potentially 
highly personalized feedback to building energy and comfort management. This study presents results of a 
pilot deployment experiment on such an IT-based sensing system - Personal Office Energy Monitor 
(POEM) developed by Intel Labs. 

   The pilot study shows that with appropriate analytic methods the POEM sensor data could be transferred 
into valuable inputs to building management system (BMS). This study applies building science principle 
based models as the first step to calculate intermediate building performance indices based on raw 
measurement data. The intermediate performance indices are then further analyzed in order to reveal 
potential means to improve a building's operational energy efficiency and occupant comfort. Results 
demonstrate that POEM sensor data could lead to energy saving opportunities through localized comfort 
management, plug load sensing and scheduling, and occupancy based building control. As an IT platform-
integrated and occupant centered sensing system, POEM provides a convenient, low-cost, and efficient 
sensing solution to the next generation of smart buildings, featured by its ability in assisting BMS to 
improve operational building energy efficiency without compromising occupants' thermal comfort and 
indoor environmental quality. 
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energy efficient thermal comfort control (EETCC) algorithm, which is based on the cyber-physical systems 
(CPS) approach. By optimizing the actuators; air-conditioner, window and curtain, our proposed 
algorithm can acquire the desired comfort level with high energy efficiency. Through the raw data from 
experiments, we evaluate and verify our proposed algorithm in the cyber-physical home system 
environment by using MATLAB/Simulink software. 
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AB The assessment of integrated multi-energy systems in buildings may require the knowledge of the energy 

use for building space heating and cooling with a temporal precision of at least 1 h. To assist the overall 
system optimisation, a parameter estimation procedure, which allows to restore the hourly space heating 
and cooling loads from the monthly energy consumption is here presented. The innovative aspect of the 
suggested approach lies in the possibility offered by a steady-state inverse modelling procedure to restore 
the short term heating and cooling loads of a building by using as input aggregated energy consumption 
data and the short term behaviour of the climatic variables. The effectiveness of the procedure, based on a 
non-linear multivariate regression approach, has been assessed with synthetic data calculated by means of 
the TRNSYS 16 software. Climatic data from Meteonorm assisted the simulations for four European 
locations. Wall construction, glazing portion, internal both sensible and latent heat gain, air change rate, 
time scheduling of plant operation have been considered. The hourly space heating or cooling loads were 
restored with a coefficient of determination included between 0.74 and 0.96. The satisfactory results 
obtained suggest that the estimation procedure can be extended to restore the hourly energy use for space 
heating and cooling from the utility bills of existing buildings. (c) 2012 Elsevier B.V. All rights reserved. 
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AB Globally, residential energy consumption continues to rise due to a variety of trends such as increasing 

access to modern appliances, overall population growth, and the overall increase of electricity distribution. 
Currently, residential energy consumption accounts for approximately one-fifth of total U.S. energy 
consumption. This research analyzes the effectiveness of a range of energy-saving measures for residential 
houses in semi-arid climates. These energy-saving measures include: structural insulated panels (SIP) for 
exterior wall construction, daylight control, increased window area, efficient window glass suitable for the 
local weather, and several combinations of these. Our model determined that energy consumption is 
reduced by up to 6.1% when multiple energy savings technologies are combined. In addition, pre-
construction technologies (structural insulated panels (SIPS), daylight control, and increased window area) 
provide roughly 4 times the energy savings when compared to post-construction technologies (window 
blinds and efficient window glass). The model also illuminated the importance variations in local climate 
and building configuration; highlighting the site-specific nature of this type of energy consumption 
quantification for policy and building code considerations. Published by Elsevier Ltd. 
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the fragmented building retrofit environment into a systems solution industry while boosting energy 
efficiency, creating jobs, and stimulating private investment. GPIC is unique in that it is researching not 
only cutting-edge technology and tools but also the policies, financial models, workforce training 
programs, and intellectual property agreements to support the technology. Both the technology and the 
accompanying frameworks will be demonstrated and deployed regionally and nationally 
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AB The rising costs of energy and world-wide desire to reduce CO2 emissions has led to an increased 

concern over the energy efficiency of information and communication technology. Whilst much of this 
concern has focused on data centres, office environments (and the computing equipment that they contain) 
have also been identified as a significant consumer of energy. Office environments offer great potential for 
energy savings, given that computing equipment often remains powered for 24 h per day, and for a large 
part of this period is underutilised or idle. This paper proposes an energy-efficient office management 
approach based on resource virtualization, power management, and resource sharing. Evaluations indicate 
that about 75% energy savings are achievable in office environments without a significant interruption of 
provided services. A core element of this office management is a peer-to-peer network that interconnects 
office hosts, achieves addressing and mediation, and manages energy efficiency within the office 
environment. Several peer-to-peer approaches are suggested and discussed in this paper. Two of the 
approaches are evaluated, based on a discrete-event simulation. (C) 2010 Elsevier B.V. All rights reserved. 
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electricity demand could assist in better managing peak demand growth through options including 
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network peaks. The analysis and model quantify how different factors drive residential peak demand on 
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the potential aggregate network peak implications of changes in household demographics and appliance 
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AB Information programs are promising strategies to encourage investments in energy efficiency in 

commercial buildings. However, the realized effectiveness of these programs has not yet been estimated on 
a large scale. Here we take advantage of a large sample of monthly electricity consumption data for 178,777 
commercial buildings in Los Angeles to analyse energy savings and emissions reductions from three major 
programs designed to encourage efficiency: the US Department of Energy's Better Buildings Challenge, the 
US Environmental Protection Agency's Energy Star program and the US Green Building Council's 
Leadership in Energy and Environmental Design (LEED) program. Using matching techniques, we find 
energy savings that range from 18% to 30%, depending on the program. These savings represent a 
reduction of 210 million kilowatt-hours or 145 kilotons of CO2 equivalent emissions per year. However, we 
also find that these programs do not substantially reduce emissions in small and medium sized buildings, 
which represent about two-thirds of commercial sector building emissions. 
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AB Low-income households comprise an important, but often-neglected, target population for energy 

reduction in the U.S. residential sector. Previous research of this population tends to emphasize 
demographic and economic factors with little consideration of social-psychological variables. This paper 
utilized the theory of planned behavior (TPB) to investigate how demographics, climate zones, and a set of 
social-psychological variables, including energy concern, bill consciousness, frugality attitude, and thermal 
comfort (needs for coolness and warmness) influenced energy conservation intentions among 248 low-
income households across the U.S. Results indicated that the three TPB variables alone (attitudes toward 
energy-conservation, subjective norms, and perceived behavioral control) had positive effects on energy 
conservation intentions. Attitudes toward energy-conservation and perceived behavioral control remained 
as the strongest predictors after accounting for other variables. Meanwhile, bill consciousness positively 
predicted energy conservation intentions, whereas needs for warmness and coolness negatively predicted 
intentions. Gender and climate zones predicted intentions when other variables were not included in the 
model. This study provides important insights on low-income households' energy-conservation intentions, 
as well as the antecedents and potential barriers, which provide useful recommendations for future energy 
policy initiatives. Published by Elsevier Ltd. 
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AB Two residential Smart Grid pilots, PowerMatching City, Groningen (NL) and Pecan Street, Austin Texas 

(USA) have been compared regarding their energy performance and the experiences of users in these 
pilots. The objective of the comparison was to gain new insights that could support the successful 
deployment of future residential Smart Grids. 

   Measured data on electricity generation and electricity consumption of households in 2013 and 2014 were 
evaluated. Existing reports with results of surveys of users were also analyzed. 

   The energy performance revealed that the average domestic electricity consumption of households in 
PowerMatching City was lower compared to Pecan Street (2.6 GW h versus 10.1 GW h). At the same time, 
households in Pecan Street generated a higher amount of electricity compared to PowerMatching City (6.8 
GW h versus 1.14 GW h). Households in Pecan Street consumed on average, 8% less electricity with respect 
to the USA average household domestic electricity consumption of 10.9 GW h; while households in 
PowerMatching City consumed 19% less electricity compared to the Dutch average household domestic 
electricity consumption of 3.1 GW h. 

   Households in PowerMatching City appeared to have a higher potential to contribute to electricity 
demand and supply balancing, because their electricity consumption from the grid was largely reduced 
with increased self-generation. 

   User experiences revealed that end-users in both pilots preferred technologies that automatically shift 
their energy use, since this requires minimal effort from them. 

   We conclude that the pattern of households' electricity generation and consumption in Smart Grid pilot 
projects, and their contribution to peak load balancing in the electricity network is largely influenced by 
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existing Smart Grid set-ups, local climate and related needs for heating and cooling, the average capacity 
of installed energy generating technologies and the prevailing energy behavior. (C) 2017 The Authors. 
Published by Elsevier Ltd. This is an open access article under the CC BY license (http:// 
creativecommons.orgflicenses/by/4.0/). 
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AB With the increasing penetration of information and communication technologies (ICTs) in energy 

systems, traditional energy systems are being digitized. Advanced analysis of the energy production and 
consumption data and data-driven decision support can be combined to promote the fortnation and 
development of smart energy systems. Smart grids are a specific application of smart energy systems. 
Different electricity consumption patterns of residential users can be discovered and extracted by 
clustering analysis of the electricity consumption data collected by smart meters and other data acquisition 
terminals in a smart grid. This research explores daily electricity consumption patterns of low-voltage 
residential users in China. The service architecture of smart power use and the structure of electric energy 
data acquisition system of the State Grid Corporation of China (SGCC) are introduced and a process model 
for mining daily electricity consumption data is presented. The analysis is based on the fuzzy c-means 
(FCM) clustering method and a fuzzy cluster validity index (PBMF). A case study of Kunshan City, Jiangsu 
Province, China is presented, using the daily electricity consumption data of 1312 low-voltage users within 
a month. (C) 2017 Elsevier Ltd. All rights reserved. 
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AB This study examined the impact of electricity generation by fuel source type and electricity consumption 

on carbon emissions to assess the role of climatic variability and energy efficiency (EE) in the United States. 
Despite high levels of greenhouse gas emissions, residential electricity consumption continues to increase 
in the United States and fossil fuels are the primary fuel source of electricity generation. 97.2% of the 
variability in carbon emissions in the electricity industry was explained by electricity generation from coal 
and residential electricity consumption. The relationships between residential electricity consumption, 
short-term climatic variability, long-term climatic trends, short-term reduction in electricity from EE 
programs, and long-term trends in EE programs was examined. This is the first study of its nature to 
examine these relationships across the 48 contiguous United States. Inter-year and long-term trends in 
cooling degree days, or days above a baseline temperature, were the primary climatic drivers of residential 
electricity consumption. Cooling degree days increased across the majority of the United States during the 
study period, and shared a positive relationship with residential electricity consumption when findings 
were significant. The majority of electricity reduction from EE programs was negatively related to 
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residential electricity consumption where findings were significant. However, the trend across the majority 
of states was a decrease in electricity reduction from EE while residential electricity consumption 
increased. States that successfully reduced consumption are discussed, in addition to the potential use of 
communication theory to design interventions aimed at improving EE program success. (C) 2016 
Published by Elsevier Ltd. 
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AB This study examines ten programmes to advance energy efficiency and retrofitting of existing, private 

sector buildings in C40 cities in Asia-Pacific and USA. We set out to identify differing policy approaches, 
together with potential impacts and implementation challenges for each. Findings unearthed six policy 
models - both mandatory and voluntary - with unique impacts and challenges. We demonstrate that 
innovation occurs without new policy inventions and largely by necessity, as new features are added and 
generic models are adapted to local circumstances. Our sample demonstrated experimentation with 
benchmarking in the USA, comprehensive regulation in Asia, and voluntary approaches in Australia. 
Overall, environmental impacts are particularly slow to emerge and plagued with attribution challenges. 
We found limited evidence of benchmarking programme effectiveness in reducing energy consumption in 
the short-term, but some indication of mid-term outcomes. Driven by unique local circumstances, the cap-
and-trade model stood out by fostering large, sustained and attributable GHG emission reductions and 
retrofitting. Market and social impacts are highly significant across all programmes, highlighting needs to 
consider non-environmental impacts in policy evaluation. We emphasise the complementary potential of 
voluntary and regulatory approaches to advancing energy efficiency and climate resilience. We also 
underscore the potential for reporting or benchmarking programmes to later transition to models 
mandating performance improvements, such as cap-and-trade. (C) 2016 Elsevier Ltd. All rights reserved. 
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AB Maximizing energy efficiency within HHFs (hospitals and healthcare facilities) is a major challenge in the 

field of energy conservation. This paper studies the key barriers to the implementation of energy efficient 
technologies in China's public HHFs. For this purpose, a preliminary survey was conducted at the Beijing 
Municipal Health Bureau in order to assess the energy conservation efforts being made at 20 public HHFs. 
In the survey, a list of specific barriers to energy efficiency was created and HHF staffs were asked to rank 
these barriers in the order of importance. The results show that the economic incentives, appropriate 
technology, as well as enforceable laws and regulations are insufficiently supported by the government, 
have become the most significant obstacles to the improvement of energy efficiency. To remedy this, 
policymakers should take a multipronged approach which addresses the hospitals, projects, and technical 
and operating procedures in order to encourage the full participation and support of all stakeholders 
involved. Specifically, the government should offer multilevel economic incentives and reward policies; 
establish practical mandatory targets for building energy efficiency; provide demonstrable best practices in 
terms of the project, techniques, and operating procedures; and promote awareness of the importance of 
property risk management. (C) 2016 Elsevier Ltd. All rights reserved. 
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AB Home energy management system technology can provide a smart and efficient way of optimizing 

energy usage in residential buildings. This paper presents a home energy management system algorithm 
that monitors and controls household appliances based on time-of-use (TOU) energy pricing models while 
accounting for multiple inhabitants sharing a home and its appliances. This algorithm helps to manage and 
schedule usage by prioritizing multiple users with preferred usage patterns. Two different scenarios will 
be implemented to develop and test the influence of a multiple-users and load priority (MULP) algorithm 
on reducing energy consumption, energy cost and carbon footprint. In the first scenario, TOU pricing and 
different demand limits are used, while the second scenario focuses on the TOU pricing with different 
demand limits combined with the MULP model. Simulation results show that the combination of the 
MULP model and the TOU pricing leads to significant reductions in user payments and total energy 
consumption. Copyright (C) 2015 John Wiley & Sons, Ltd. 
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AB This paper aims to improve our knowledge of energy use and well-being in energy efficient office 

buildings. It explores the interrelations between forms and patterns of energy use on the one hand and 
user satisfaction, comfort, and well-being on the other hand. Findings are derived from qualitative and 
quantitative data collected in a recently finished research project in Austria. Fieldwork consisted of two 
qualitative case studies as well as an online-based survey amongst users of energy efficient office 
buildings. In addition, secondary data from energy-monitoring research was used to underpin the 
analysis. The results show that extremely low levels of energy use in office buildings can be aligned with 
high levels of well-being. Based on empirical findings the paper argues that both well-being and energy 
performance in office buildings are the result of a complex, on-going and intertwined process that involves 
various material and social elements. (C) 2016 Elsevier B.V. All rights reserved. 
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AB The "Smart Cities & Communities Initiative" of the Strategic Energy Technology Plan is the strategic 
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AB Rural household energy consumption is an important component of the national total energy 

consumption. This has major implications for rural society, economy, and the environment. Jiangsu 
province is located in the economically developed coastal area, and assuming further social and economic 
development in its rural regions, commercial energy will become increasingly essential for rural 
households. By studying and analyzing change across time and region in southern, central and northern 
Jiangsu, we hope to contribute to the understanding of the change in rural household energy consumption 
in both China and the developing countries in general. Using questionnaires, household energy 
consumption and related problems were investigated in nine typical counties in Jiangsu province to show 
the large differences in the level of per capita rural household consumption and the structure of useful 
energy consumption in the typical areas. The current household consumption per capita is 396.93 kgce in a 
typical rural areas, with straw consumption contributing 38.73%, and electricity 32.96%. The structural 
differences of energy consumption and the percentage of commercial energy of useful heat in southern, 
central and northern Jiangsu were also investigated, as was the relationship between energy consumption 
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and household net income. The study should help in building a balanced system of energy demand and 
supply and utilizeing biomass resources on a large scale. 
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AB Purpose - The purpose of this paper is to investigate the level of energy saving behaviour between green 

and conventional office buildings in Malaysia to determine if people in green buildings perform better 
energy saving behaviour than people in conventional buildings. The paper specifically focused on use of 
technology, computer usage and potential energy savings from that use. The paper then examines what 
strategies are used to encourage energy saving behaviour for building occupants. 

   Design/methodology/approach - Questionnaires were distributed to occupants in the buildings to evaluate 
the extent of energy saving behaviour practiced, and identify potential strategies to encourage energy 
saving behaviour. 

   Findings - The findings show better energy saving behaviour practice in green buildings and the paper 
show why this is the case. The recommended strategies to encourage energy saving behaviour are 
discussed, and include means of raising education awareness on energy efficiency among the occupants. 
This can be done through distribution of guidelines, posters, pamphlets and e-mails. Occupants can also be 
given live updates on the energy usage of the building. Briefing on the objectives and goals of the 
organisation's commitment to energy efficiency can be given to newly employed staff. As seen in this 
paper, these multiple strategies have shown to be successful in encouraging energy saving behaviours. 

   Originality/value - To date, energy saving behaviour has been given less focus in improving green 
building performance. There is limited research that compares energy saving behaviour between green 
and conventional commercial buildings in Malaysia. The findings provide a better understanding on 
occupants' behaviour in energy conservation and suggest strategies for future recommendation. 
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AB Subtropical Regions in Australia are associated with high demand for air conditioning throughout the 

long Summer which leads to a high energy consumption and consequently high greenhouse gas (GHG) 
emissions which has a high negative impact on the environment. Using conventional controllers in 
Building Management Systems (BMS) whose functions are based on ON/OFF, temperature control and in 
some cases humidity control is not the ultimate solution to save energy. The reason behind the above fact 
is that, conventional controllers do not take into account real time events such as the number of occupants, 
indoor air quality (IAQ), natural light illuminations and etc dislike Fuzzy logic based controllers. In the last 
decade there is a high interest in researching Fuzzy logic based controllers as they have the ability to save 
energy while maintaining indoor comfort level. In this article a general review on Fuzzy logic based 
controllers is presented, focusing on the role of technology in saving energy, and its potential in 
subtropical Central Queensland, Australia. The issues of past and present techniquesare highlighted and 
discussed accordingly. Crown Copyright (C) 2014 Published by Elsevier Ltd. This is an open access article 
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/). 
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AB In this paper, a survey was conducted on a residential condominium to estimate energy use by different 

household appliances along the lighting energy estimation in public areas. It has been found that about 
2.17 GWh of energy is used in the condominium annually by different types of household appliances and 
lightings in public areas. As there is significant potential to reduce the energy used, different energy 
savings measures have been applied and energy savings, bill savings, life cycle cost analysis have been 
estimated and presented in this paper. It has been found that a cumulative amount of 2.4 GWh of energy 
can be saved for about 10 years with the implementation of different energy savings strategies proposed 
for appliances and lighting in public areas. However, good maintenance practices and good energy 
management practices should be employed continuously to maintain high energy efficiency and high 
performance of the equipment used and the entire building. It has been found that some of the measures 
like reducing air conditioning load and reducing heat gain through window tinting are economically very 
viable as payback period is very short. More advantageously, some of the measures can be implemented 
without investing significant cost. Ultimately, a key driver in the success of energy efficiency is the 
education and attitude of the stakeholders in the building industry, and end users who are committed to 
practice energy saving measures. 
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higher performances and offer new energy-control services. However, data must be not only retrieved but 
also translated into significant information and related to interoperable tasks. This paper focuses on smart 
home energy control and defines a methodology to improve smart home information management in 
order to create an extended energy-efficient network comprehending the distributed manufacturing 
enterprise as well as the energy utility and the consumers. The case study focuses on a sub-set of 
interoperable smart devices and shows how to apply the proposed information management model to 
make an extended virtual enterprise provide energy-control services. 
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AB Energy modelling serves as a crucial tool for informing both energy policy and strategy development. But 

the modelling process is faced with both sectoral energy data and structural challenges. Among all the 
sectors, the residential sector usually presents a huge challenge to the modelling profession due to the 
dynamic nature of the sector. The challenge is brought by the fact that each an every household in a region 
may have different energy consumption characteristics and the computing power of the available models 
cannot incorporate all the details of individual household characteristics. Even if there was enough 
computing power within the models, energy consumption is collected through surveys and as a result only 
a sample of a region is captured. These challenges have forced energy modellers to categorise households 
that have similar characteristics. Different researchers choose different methods for categorising the 
households. Some researchers choose to categorise households by location and climate, others choose 
housing types while others choose quintiles. Currently, there is no consensus on which categorisation 
method takes precedence over others. 

   In these myriad ways of categorising households, the determining factor employed in each method is 
what is assumed to be the driver of energy demand in that particular area of study. Many researchers 
acknowledge that households' income, preferences and access to certain fuels determine how households 
use energy. Although many researchers recognise that income is the main driver of energy demand in the 
residential sector, there has been no energy modelling study that has tried to categorise households by 
income in South Africa. This paper chose to categorise households by income because income is taken to be 
the main driver of energy demand in the urban residential sector. Gauteng province was chosen as a case 
study area for this paper. The Long-range Energy Alternatives Planning System (LEAP) is used as a tool 
for such analysis. 

   This paper will further reveal how the dynamics of differing income across the residential sector affects 
total energy demand in the long run. The households in Gauteng are classified into three income categories 
high, middle and low income households. In addition to different income categories, the paper further 
investigates the energy demand of Gauteng's residential sector under three economic scenarios with five 
energy demand scenarios. The three economic scenarios are first economic scenario (ECO1), second 
economic scenario (ECO2) and third economic scenario (ECO3). The most distinguishing factor between 
these economic scenarios is the mobility of households from one income band to the next. 

   The model results show that electricity demand will be high in all the three economic scenarios. The 
reason for such high electrical energy demand in all the economic scenarios compared to other fuels is due 
to the fact that among all the provinces, Gauteng households have one of the highest electricity 
consumption profiles. ECO2 showed the highest energy demand in all the five energy demand scenarios. 
This is due to the fact that the share of high income households in ECO2 was very high, compared to the 
other two economic scenarios. The favourable energy demand scenarios will be the Energy Efficiency and 
MEPS scenarios due to their ability to reduce more energy demand than other scenarios in all the three 
economic scenarios. 
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AB The purpose of automatic controllers for building services (air conditioning system, lighting and blinds 

system) is to save energy in the whole building while keeping occupants' comfort. Nevertheless, most of 
automatic controllers don't optimally operate from the viewpoint of total energy efficiency and occupants' 
satisfactions. The main reason is that each controller operates, neglecting states of other controllers and 
therefore, control point of each controller always doesn't correspond to best control point in the whole 
building system. In this study, we propose an innovative controller that communicates with other 
controllers to control building equipments optimally from the viewpoint of total energy efficiency and 
occupants' satisfactions. The developed controller functions as an agent in the control system, which can 
voluntarily collect available information from other controllers and decide set points to enhance total 
efficiency in cooperation with one another. Therefore, this controller is called as "cooperative controller". 
Several types of cooperative controllers have been developed and experimentally applied to an actual 
building located in Japan (Sogo et. al. 2002, Honma et. al. 2002, Terano et. al. 2002). In this paper, 
cooperative control using daylight, major example in series of cooperative control system, is reported. 
Daylight is useful to reduce energy consumption of lighting, however, it has not been widely used. The 
main reason is that as incoming daylight has complex effects on thermal and visual environment, it is 
difficult to optimally control amount of daylight. To solve this problem, we propose cooperative control 
system that can control amount of daylight effectively to optimize total energy efficiency and occupants' 
comfort. A series of numerical experiments was conducted to confirm effect of cooperative control system 
on improvement of total energy efficiency and indoor environment. The results showed that this 
cooperative control system could save energy use rate of almost 10% compared with no cooperative 
control system. In addition, in order to use in practice, cooperative controller is designed to apply an actual 
building easily and keep stability even in the other controllers' troubles. 
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AB In Norway, the system engineering model MARKAL and the macroeconomic model MSG-EE are both 

used in studies of national CO2 controlling strategies, MARKAL is a linear programming model that 
calculates a composite set of technologies necessary to meet demand and environmental constraints at 
minimised total energy expenditure. MSG-EE is an applied general equilibrium model including the link 
between economic activity, energy demand and emissions to air. MSG-EE has a theory consistent 
description of the link between income, prices and energy demand, but the representation of technological 
improvements is simple. MARKAL has a sophisticated description of future energy technology options, 
but includes no feedback to the general economy. A project for studying the potential for a coordinated use 
of these two models was initiated and funded by the Norwegian Research Council (NFR). This paper gives 
a brief presentation of the two models. Results from independent model calculations show that MARKAL 
gives a signficant lower residential energy demand than MSG-EE does. This is explained by major 
differences in modelling approach. A first attempt of coordinating the residential energy demand in the 
models is reported. This attempt shows that implementing results from MARKAL in MSG-EE for the 
residential sector alone gives little impact on the general economy. A further development of an iteration 
procedure between the models should include all energy using sectors. 
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AB Household lifestyles, and activity patterns in particular, greatly influence household energy use. In this 

paper we analyse the disparities in current activity patterns and related energy consumptions and 
expenditures of households, for a comprehensive set of everyday activities covering 24 h. Thanks to 
detailed data on energy consumption by end use, we are able to allocate the total of household energy 
consumptions to the appropriate activities. We comment on average energy and expenditure intensities of 
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subgroups. Income, an obvious driver of energy and expenditure intensities, is revealed to influence time 
use as well. Household composition and housing type are also associated with substantial variations in 
activity patterns and in the energy and expenditure intensities of activities, even within a given income 
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group. Indeed, sometimes the variations associated with income are smaller than the variations associated 
with other variables. We therefore underline the importance of household disaggregation in household 
energy analyses, to properly account for such disparities. 
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AB The heating energy demand stated in energy performance certificates (EPC) and in other instruments 

used in the of evaluation of building's energy performance is usually determined assuming very specific 
(reference) indoor behavioral/heating patterns. Particularly, they tend to assume that households heat 
(nearly) the entire house to a "comfort" temperature during (nearly) all the heating season. However, 
several field studies have shown that there are major niches of the housing stock which do not follow this 
pattern (even the majority, in some geographical areas). Considering this matter, it would be interesting to 
build models able to estimate heating energy use values resultant from occupation and heating patterns 
different from those considered as "reference". 

   This work aimed at producing tools to assess the relationship between heating energy use and indoor 
temperatures at different levels of occupant behavior (in terms of where, when and at what temperature 
households heat their dwellings). This relationship was expressed through models while still takes 
advantage of the information from the certificates. 

   The work developed artificial neural networks (ANN) that characterize the relationship between heating 
energy use, indoor temperatures and the heating energy demand under reference conditions (typically 
available from energy rating/certificates) in the residential buildings, for different occupant behaviors 
heating patterns. Theoretically, these models can be applicable to any national geographical context. 

   The data for building the ANNs was obtained from dynamic thermal building simulations using ESP-r, 
considering a large number of housing types and hypothetical occupation and heating patterns (i.e., which 
parts of the house are heated, when and at what temperature). From the analysis performed, it was 
possible to conclude that the developed ANN models proved to perform well (R-2 > 0.93) in estimating 
either heating energy use or indoor temperature, both at an individual and at the building stock level. 

   This work may have important contributions in the energy planning practices regarding the residential 
building stock. (C) 2017 Elsevier B.V. All rights reserved. 
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   BARRIERS; INVESTMENTS; MARKET; INDUSTRY; FIRMS; CONSERVATION 
AB To implement an energy saving measure, companies must first decide to investigate the options available. 

Representative survey data shows that almost half of companies in the Irish commercial sector do not take 
this step. This paper explores the barriers and drivers of this. Two logit models are fit to data to estimate 
the influence of variables, representing company and building characteristics, on the likelihoods of a 
company investigating either a fabric upgrade or a behaviour change measure. 

   Companies are more likely to investigate a fabric upgrade that: own the building they operate from, make 
energy related decisions locally, have more than 10 employees, have had a recent renovation, accept longer 
paybacks, and apply a case by case approach to budget decisions. Hotels and offices were found to have a 
higher likelihood of investigating fabric options. Lack of knowledge of building floor area reduced the 
likelihood of investigation of both fabric upgrade and behavioural options. Much of the previous research 
is concerned with the final adoption of measures; this analysis adds additional insights by identifying the 
factors that determine if a company is likely to investigate the options available. (C) 2017 Elsevier B.V. All 
rights reserved. 
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AB Fast and easy advanced model-based control design for energy-efficient multi-zone buildings is crucial 

for optimal energy savings, and this strongly depends on the availability and capability of advanced 
simulation and control design software and tools. In this paper, first a state-of-the-art review of the 
commonly used major software and tools by the community is done with respect to the barriers they 
present to advanced model-based control design for energy-efficient buildings. Next, the relevant novel 
concept of Functional Moke-up Interface is reviewed and the associated advances up to date are 
summarized. Finally, a set desired control-oriented features for new generation tools are given towards 
better solutions for energy-efficient building control designs. 
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AB In this paper, an optimal energy management strategy for a cooperative multi-microgrid system with 

combined cooling, heat and power (CCHP) is proposed and has been verified for a test case of building 
microgrids (BMGs). Three different demand types of buildings are considered and the BMGs are assumed 
to be equipped with their own combined heat and power (CHP) generators. In addition, the BMGs are also 
connected to an external energy network (EEN), which contains a large CHP, an adsorption chiller (ADC), 
a thermal storage tank, and an electric heat pump (EHP). By trading the excess electricity and heat energy 
with the utility grid and EEN, each BMG can fulfill its energy demands. Seasonal energy demand 
variations have been evaluated by selecting a representative day for the two extreme seasons (summer and 
winter) of the year, among the real profiles of year-round data on electricity, heating, and cooling usage of 
all the three selected buildings. Especially, the thermal energy management aspect is emphasized where, 
bi-lateral heat trading between the energy supplier and the consumers, so-called energy prosumer concept, 
has been realized. An optimization model based on mixed integer linear programming has been developed 
for minimizing the daily operation cost of the EEN while fulfilling the energy demands of the BMGs. 
Simulation results have demonstrated the effectiveness of the proposed strategy. 
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AB Analyzing the impact of pricing policies such as time-of-use (TOU) is challenging in the presence of 

confounding factors such as weather. Motivated by a lack of consensus and model selection details in prior 
work, we present a methodology for modelling the effect of weather on residential electricity demand. The 
best model is selected according to explanatory power, out-of-sample prediction accuracy, goodness of fit 
and interpretability. We then evaluate the effect of mandatory TOU pricing in a local distribution company 
in southwestern Ontario, Canada. We use a smart meter dataset of over 20,000 households which is 
particularly suited to our analysis: it contains data from the summer before and after the implementation 
of TOU pricing in November 2011, and all customers transitioned from tiered rates to TOU rates at the 
same time. We find that during the summer rate season, TOU pricing results in electricity conservation 
across all price periods. The average demand change during on-peak and mid-peak periods is 2.6% and 
2.4% respectively. Changes during off-peak periods are not statistically significant. These TOU pricing 
effects are less pronounced compared to previous studies, underscoring the need for clear, reproducible 
impact analyses which include full details about the model selection process. 
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comparison of the different policy types reveals a particularly strong influence from financial subsidies 
and energy labels. The results indicate that policies supporting early market adoption of energy-efficient 
technologies are effective in fostering innovation. 
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AB Previous research often regard household and individual as synonymous actors, although the overall 

household electricity consumption is the aggregate of diverging actions by individual household members. 
We disentangle the impact of actor-specific predictors on household and individual electricity 
consumption, employing regression models to data of 204 Austrian multi-person households. Predictors 
add more to the explained variance of household and individual electricity consumption if they are located 
at the same actor level as the dependent variable. While household electricity consumption is best 
predicted by the household context and value/knowledge factors, individual electricity consumption 
depends foremost on habit and whether a person stays at home during the day. The study exemplifies that 
future research and interventions need to decompose actor levels to better understand and target the 
drivers of private electricity consumption. Methodological challenges in measuring individual and 
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AB Ground source heat pump (GSHP) systems are significantly more energy efficient than conventional 

heating and cooling systems, but they have suffered from low market penetration. This study analyzes the 
implications of and barriers to nation-wide GSHP retrofits in U.S. single-family houses based on national 
databases of housing units and home energy use. Our model estimates maximum annual savings of 1.26 
quads (1.33 EJ) of energy, $7.1 billion in energy costs, and abatement of 64.8 million tons of CO(2)eq. 
Economics is the major barrier as typical GSHPs cost $164 less to operate annually but cost $8990 more to 
install than the conventional alternative HVAC systems. Spatial and economic constraints exclude 7.7% 
and 89% of homes respectively, leaving only 10% of homes suitable for retrofit. Applying these two 
constraints, savings reduce to 0.15 quads (0.16 EJ), $3.0 billion in energy costs, and abatement of 12.1 
million tons of CO2eq. A 30% federal tax credit helps increase the percentage of GSHP-suitable homes 
from 10% to 30% while reducing the average payback period from 9.1 to 4.8 years among those homes. 
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More effective policies to lower high cost premiums would be needed to promote large-scale GSHP 
implementations. (C) 2016 Elsevier B.V. All rights reserved. 
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AB The workplace offers opportunities for energy savings, but few studies have evaluated the effect of 

energy feedback in offices. This paper reports a case study of an energy visualisation intervention among 
social care staff. The research examined the role of feedback design (simple graphs vs. visualisation) and 
discusses the feasibility of implementing a near real-time visual feedback intervention into a work setting 
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with staff keenly aware of their primary job roles. The findings show a staff sample with positive beliefs 
towards energy saving, but bounded by low feelings of self-efficacy, weak social norms, and perceived 
barriers in the office. Feedback may have supported feelings of collective efficacy and encouraged staff to 
talk with colleagues about ways to save energy. But engagement with feedback - and energy use in general 
- was limited. Energy use was embedded in other concerns and issues, such as a strong team culture and 
wider problems in the building. The case study highlights the complexities of energy-related behaviours in 
the workplace and the role visualising energy could play in this context. Engagement will be a key 
challenge in achieving successful feedback initiatives; we provide recommendations to tackle this 
challenge and identify areas for future research. (C) 2016 Elsevier Ltd. All rights reserved. 
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AB Even though environmental innovations are generally considered a key element towards a green growth 

strategy, especially for the case of energy efficiency innovations, the impact on climate goals has been 
subject to a long-running debate. On the one hand, energy efficiency innovations provide a huge cost-
effective CO2 reduction potential. On the other hand, increasing energy efficiency implies cost reductions 
which in turn may lead to increased consumption due to the so-called rebound effect. Our study 
investigates the long-term environmental impact of energy efficiency innovations on the EU-27 residential 
electricity demand (excluding heating systems) using a detailed bottom-up modelling approach. Assuming 
a rebound effect of 10 %, we show that the diffusion of energy efficiency technologies with current policy 
levels provides savings of around 140 TWh and additional 270 TWh may be saved through additional 
policy measures accelerating the diffusion and development of new technologies until 2030. By contrast, 
assuming a (rather pessimistic) rebound effect of 40 %, the savings are reduced to around 95 and 180 TWh 
until 2030, respectively. We conclude that there is a clear case for ambitious policies to support energy 
efficiency innovations for the residential sector, which ideally should be complemented by measures to 
limit the rebound effect. 
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AB Residential buildings in the United States are responsible for the consumption of approximately 38% of 

electricity, and for much of the fluctuations in the power demands on the electric grid, particularly in hot 
climates. Residential Heating, Ventilation, and Air Conditioning (HVAC) systems are one of the largest 
electricity users of homes in these regions. "Smart" technologies, including electric grid-connected devices 
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data-driven methodologies for the operation of smarter, more sustainable building systems. This research 
investigates the use of residential energy use data and smart connected thermostat data to continuously 
monitor the health and performance of residential HVAC systems. Using field-collected HVAC energy 
consumption and performance data to develop a process-history based model, the results of this research 
suggest that the use of this methodology can save up to 6% of annual energy use of residential buildings. 
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AB A third of Sweden's two million single-family houses were built in the period 1961-1980, and many of 

them are in need of renovation. These houses have a high energy use and are in technical terms fairly 
homogenous. This investigation evaluates the theoretical energy savings potential of renovating houses 
from this period. Four reference houses were selected and simulated using common renovation measures. 
The results indicate that most of the existing single-family housing stock will likely not be able to attain the 
passive house standard after renovation and using today's technology. This is explained by the fact that 
some house characteristics impose a limiting factor on the energy renovation. Such examples are the shape, 
foundation and composition of the building envelope. Nevertheless, it is still possible to drastically reduce 
the final energy use by approximately 65-75 %. (C) 2016 The Authors. Published by Elsevier Ltd 
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consumption. This paper describes the efforts of a multi-organization collaboration and their 
demonstration partners in developing a library of case studies that promote and facilitate energy efficiency 
in the small commercial buildings market as well as a case study template that standardized the library. 
Case studies address five identified barriers to energy efficiency in the small commercial market, 
specifically lack of: 1) access to centralized, comprehensive, and consistent information about how to 
achieve energy targets, 2) reasonably achievable energy targets, 3) access to tools that measure buildings' 
progress toward targets, 4) financial incentives that make the reduction effort attractive, and 5) effective 
models of how disparate stakeholders can collaborate in commercial centers to reach targets. The case 
study library can be organized by location, ownership type, decision criteria, building type, project size, 
energy savings, end uses impacted, and retrofit measures. This paper discusses the process of developing 
the library and case study template. Finally, the paper presents next steps in demonstrating the efficacy of 
the library and explores energy savings potential from broad implementation. (C) 2015 Published by 
Elsevier Ltd. 
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AB This paper presents a study that linked demographic variables with motivations for the adoption of 

domestic energy efficiency measures in UK cities. This study complements a previous paper that identified 
barriers, and together, the two papers aim to improve understanding of the 'energy efficiency gap' and 
improve the effectiveness of future energy efficiency initiatives. The data for this study were collected from 
149 general population interviews (1.5-10 min) carried out across multiple locations in Manchester and 
Cardiff. The demographic variables were statistically linked to the identified motivations using a modified 
chi-square test of association (first order Rao-Scott corrected to compensate for multiple response data), 
and the effect size was estimated with an odds ratio test. The results revealed that strong associations exist 
between demographics and motivations, specifically that saving money was associated with incomes 
greater than [SIC]40 000, married individuals and semi/detached homes; while the motivation of resource 
efficiency was associated with incomes less than [SIC]40 000, single individuals and flats/terraced homes. 
The results and recommendations are aimed at policy makers, local councils and members of the 
construction/retrofit industry who are all working to improve the energy efficiency of the domestic built 
environment. 
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consumption, this research tries to modify Pareto Ant Colony Algorithm (PACA), making it fit the needs of 
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identifies passive and low energy techniques which can improve the thermal comfort in buildings for the 
different climate zones of Ghana, and consequently reduce electricity demand and environmental effects 
due to air conditioning. The potential for various passive and low energy cooling techniques was 
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data acquiring servers are linked with a double control disk array subsystem, which ensures the stability of 
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developed by different technology. Based on the sufficient energy monitoring data, MSBEC could provide 
technical support for later energy retrofit. 
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AB Economic principles have been applied to elicit the conditions under which there will be benefit to power 

companies in offering rebates to consumers to encourage them to adopt energy saving measures. The 
analysis also provides an answer to how rebate rate should be determined to maximise social benefit. 
However, the analysis of the rebate-based demand side management (DSM) programmes launched by the 
two power companies in Hong Kong in the year 2000 showed that the prerequisite conditions that would 
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permit the power companies to derive benefits from the programmes were unlikely to exist. This suggests 
that use of this economic instrument for promoting energy efficiency requires governmental influence; it 
will not emerge solely as a commercial decision of the power companies in Hong Kong. (c) 2004 Elsevier 
Ltd. All rights reserved. 
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AB Population dynamics has been acknowledged as a key concern for projecting future emissions, partly 

because of the huge uncertainties related to human behaviour. However, the heterogeneous shifts of 
human behaviour in the process of demographic transition are not well explored when scrutinizing the 
impacts of population dynamics on carbon emissions. Here, we expand the existing population-economy-
environment analytical structure to address the above limitations by representing the trend of 
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Furthermore, biased pictures of changing emissions will emerge if the time effect is disregarded. 
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AB In this study, we investigate the driving forces behind the changes in residential energy consumption 
(REC) in China's urban and rural areas over the 2001-2012 period. Based on the logarithmic mean Divisia 
index method, the REC changes are decomposed into seven driving forces, which are climate change, 
energy price, energy expenditure mix, energy cost share (in total expenditure), expenditure share (in 
income), per capita income and population effects. According to the results, climate effect due to increasing 
days with abnormal temperature, energy cost share effect characterized by more expenditure to be paid for 
energy use, income effect describing constant income growth in the residential sector definitely increase 
REC in both urban and rural areas. In contrast, energy prices and energy expenditure mix effects 
negatively contribute to the REC increase, respectively because of the increase in energy prices and the 
transition from the low-priced energy to high-priced energy. Expenditure share and population effects 
play opposite roles in urban and rural areas, and the reasons and implications are analysed in depth. (C) 
2017 Elsevier Ltd. All rights reserved. 
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residential sector in Switzerland, requiring 4.1 PJ electricity in 2015 or 6.4% of the sector's total electricity 
demand. Currently, incandescent bulbs (sales were prohibited in 2014) and halogen bulbs (to be banned in 
2018) jointly represent nearly 60% of the installed lighting capacity in Swiss households. In the past few 
years, the price of light emitting diodes (LEDs) dropped dramatically, offering largely unexploited 
opportunities for energy efficiency improvement. To assess the energy efficiency potential in household 
lighting, a dynamic model is developed that accounts for the change of the lighting stock per technology 
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opportunity to increase demand response. With a focus on household electricity consumption, we analyse 
the contribution of appliances and new services, such as individual heat pumps and electric vehicles, to 
peak consumption and the need for demand response incentives to reduce the peak. 

   Initially, the paper presents a new model that represents the hourly electricity consumption profile of 
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AB The emergence of smart grid technologies and applications has meant there is increasing interest in 

utilising smart meters. Smart meter penetration has significantly increased over the last decade and they 
are becoming more widespread globally. Companies such as Google, Nest, Intel, General Electric and 
Amazon are amongst those companies which have been developing end use applications such as home 
and battery energy management systems which leverage smart meter data. In addition, utilities and 
networks are becoming more aware of the potential benefits of using-household smart meter data in 
demand side management strategies such as energy efficiency and demand response. Motivated by this 
fact, the amount of research in this area has grown considerably in recent years. This paper reviews the 
most recent methods and techniques for using smart meter data such as forecasting, clustering, 
classification and optimization. The study covers various applications such as Home and Battery Energy 
Management Systems and demand response strategies enabled by the analysis of smart meter data. From a 
comprehensive review of the literature, it was observed that there are remarkable discrepancies between 
the studies, which make in-depth comparison and analysis challenging. Data analysis and reporting 
guidelines are suggested for studies which use smart meter data. These guidelines could provide a 
consistent and common framework which could enhance future research. 
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AB Since 1995, the residential sector has been a fast-growing energy consumption sector in Thailand. This 
sector contributes dramatically to the growth of Thailand's electricity and oil demand. Our study analysed 
Thailand's residential energy consumption characteristics and the seven underlying factors affecting the 
growth in energy use of five demographic regions using an energy input-output method. Embodied 
energy decomposition revealed that direct energy consumption accounted for approximately 30% of total 
residential energy use, whereas indirect energy consumption was at 70%. During the studied period, the 
growth in indirect energy use for all household groups was primarily the result of higher consumption of 
commerce', air transport', manufacturing', food and beverages' and agriculture' products. Moreover, each 
influencing driver contributes differently to each household's growth in energy demand. The number of 
households was the leading factor that dominated the increases in residential energy use in the Greater 
Bangkok and Central regions. Growth in residential energy consumption in the Northern, Northeastern 
and Southern regions was strongly dominated by changes in income per capita. Consumption structure 
and using energy-efficient products had a moderate impact on all regions' energy consumption. Thus, our 
findings provide additional energy-saving strategies to restrain further growth in residential energy 
demand. 
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AB Rising energy demands place pressure on domestic energy consumption, but savings can be delivered 

through home automation and engaging users with their heating and energy behaviours. The aim of this 
paper is to explore user experiences (UX) of living with an automated heating system regarding 
experiences of control, understanding of the system, emerging thermal behaviours, and interactions with 
the system as this area is not sufficiently researched in the existing homes setting through extended 
deployment. We present a longitudinal deployment of a quasi-autonomous spatiotemporal home heating 
system in three homes. Users were provided with a smartphone control application linked to a self-
learning heating algorithm. Rich qualitative and quantitative data presented here enabled a holistic 
exploration of UX. The paper's contribution focuses on highlighting key aspects of UX living with an 
automated heating systems including (i) adoption of the control interface into the social context, (ii) how 
users' vigilance in maintaining preferred conditions prevailed as a better indicator of system over-ride than 
gross deviation from thermal comfort, (iii) limited but motivated proactivity in system-initiated 
communications as best strategy for soliciting user feedback when inference fails, and (iv) two main 
motivations for interacting with the interface managing irregularities when absent from the house and 
maintaining immediate comfort, latter compromising of a checking behaviour that can transit to a system 
state alteration behaviour depending on mismatches. We conclude by highlighting the complex socio-
technical context in which thermal decisions are made in a situated action manner, and by calling for a 
more holistic, UX-focused approach in the design of automated home systems involving user experiences. 
(C) 2017 The Authors. Published by Elsevier Ltd. 
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AB Modern ways of exploring the diagnostic knowledge provided by data mining and machine learning 

raise some concern about the ways of evaluating the quality of output knowledge, usually represented by 
information systeins. Especially in district heating, the stationarity of efficiency models, and thus the 
relevance of diagnostic classification system, cannot be ensured due to the impact of social, economic or 
technological changes, which are hard to identify or predict. Therefore, data mining and machine learning 
have become an attractive strategy for automatically and continuously absorbing such dynamics. 

   This paper presents a new method of evaluation and comparison of diagnostic information systems 
gathered algorithmically in district heating efficiency supervision based on exploring the evolution of 
information system and analyzing its dynamic features. 

   The process of data mining and knowledge discovery was applied to the data acquired from district 
heating substations' energy meters to provide the automated discovery of diagnostic knowledge base 
necessary for the efficiency supervision of district heating-supplied buildings. The implemented algorithm 
consists of several steps of processing the billing data, including preparation, segmentation, aggregation 
and knowledge discovery stage, where classes of abstract models representing energy efficiency constitute 
an information system representing diagnostic knowledge about the energy efficiency of buildings 
favorably operating under similar climate conditions and supplied from the same district heating network. 

   The authors analyzed the evolution of a series of information systems originating from the same 
knowledge discovery algorithm applied to a sequence of energy consumption-related data. Specifically, 
the rough sets theory was applied to describe the knowledge base and measure the uncertainty of machine 
learning predictions of current classification based on a past knowledge base. Fluctuations of diagnostic 
class membership were identified and provided for the differentiation between returning and novel fault 
detections, thus introducing the qualities of information system uncertainty and its sustainability. The 
usability of the new method was demonstrated in the comparison of results for exemplary data mining 
algorithms implemented on real data from over one thousand buildings. (C) 2017 Elsevier Ltd. All rights 
reserved. 
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AB The energy used to construct, operate and eventually demolish buildings has accounted for 40% of total 

energy used globally and 9% of the world's greenhouse emissions. When examining major energy 
consumers such as Europe or the United States, the amounts of energy used for buildings is even higher. 
The use of energy-efficient technologies (EETs), such as low-energy windows and programmable 
thermostats, have had many positive results, including long-term energy reductions, a healthier living 
environment, the creation of jobs, and better quality housing. Unfortunately, there continue to be barriers 
to the use of EETs. While there are dozens of strategies for overcoming these barriers, many have gotten 
overlooked or lost. This paper provides a review of the literature that has focused on barriers to the use of 
EETs and strategies for overcoming these barriers. The method used for identifying relevant literature was 
a systematic search of scholarly publications addressing barriers and/or strategies for EET use. A 
theoretical framework is presented as a means of organizing the literature. The framework includes three 
broad groups of barriers: knowledge of EETs, access to EETs, and desire to use EETs. Strategies for 
overcoming the barriers are likewise organized and described. (C) 2017 Elsevier Ltd. All rights reserved. 
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AB This paper developed an agent-based model (ABM) to explore the energy saving potentials (ESPs) of 

various types of appliances in offices under different pricing mechanisms. The model included four types 
of commonly used appliances in office buildings: an air conditioner (AC), computers, lights and a basic 
load. The total ESPs of the entire office are 6.7% and 17.4% on the second and the third price tier of the 
tiered pricing mechanism (TEP), while the ESPs are 11.8% and 14.2% under the peak-valley pricing (PVP) 
and critical peak pricing (CPP), respectively. Within different types of appliances, AC consumes the largest 
amount of electricity, over 50%, while the ESPs of the AC under different pricing mechanisms are only 6.9-
12.1%. In contrast, the lights have the biggest ESP, be. 14.1-53.4%, under various pricing levels. Both the 
pricing mechanisms of PVP and CPP only have the effect of peak clipping and do not have a significant 
effect of valley filling, since there is no people working in the office during the valley price period. The 
maximum ESP, which is based on people's maximum-saving behavior, is much larger than the ESPs on the 
basis of people's ordinary consumption patterns. This implies the importance of improving people's 
awareness of energy saving and refining their behaviors. Lastly, the model developed in this study 
provides a generic platform for simulating many types of energy systems and is very effective for handling 
the complicated relations between different types of technology and the way how they are used and 
interacted with each other. ABMs have very good adaptability and capacity in simulating energy systems. 
(C) 2017 Elsevier Ltd. All rights reserved. 
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AB In China, the commonly used energy-saving technologies (ESTs) include the external insulation for roof 

and external wall, shading technology and natural ventilation. It is well known that the same EST 
demonstrates different effects in different climatic regions. In this study, the contribution rates of building 
envelopes in annual load and that of ESTs in energy saving are quantitatively investigated with the Finite 
Volume Method under unsteady-state conditions. A representative individual building is selected as the 
case model. Four typical cities of Shenyang, Beijing, Chengdu and Guangzhou are selected to represent 
different climatic regions of China. Results show that the critical parts where the energy-saving measures 
should be taken are roof and exterior wall. The contribution of external insulation dominates in the energy 
saving of the building models in all of the four climatic regions. In addition, shading device should be 
applied based on the climatic conditions. Natural ventilation is worth using in building design as it 
requires no capital investment except in severe cold zones in China. (c) 2017 Elsevier Ltd. All rights 
reserved. 
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AB The present study employs patent data on three groups of large energy-efficient appliances (i.e. 

freezers/refrigerators, washing machines and dishwashers) and provides a methodology for (i) mapping 
components related to energy efficiency improvements, (ii) mapping their evolution over time and (iii) 
testing the technological fungibility of these components. Our analysis model exploits an original patent 
selection process and the concept of technological relatedness using co-occurrence analysis of patent 
classes as input for self-organising maps (SOMs), an unsupervised artificial neural network able to 
represent high-dimensional data in a visually attractive and two-dimensional distance-based map. The 
results confirm the pervasive nature of energy efficiency to be nested in many technological components. 
In addition, we show that a dematerialisation process has affected the evolution of energy efficiency 
technologies over time, in a technology space characterised by a high level of complexity and variety. 
Energy efficiency has links with information technologies embodied in the appliances, which are far from 
their maturity path. Consequently, innovation and information policies are of utmost importance in order 
to achieve more ambitious energy efficiency targets in the groups of appliances analysed. 
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based on interviews with regular home workers, provides a more in-depth perspective on how and why 
energy is used compared with quantitative models of household consumption. Ethnographic research data 
is analysed using insights from practice theory. Placing the practice at the heart of analysis, it explores 
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AB Consumer behavior is complex and is difficult to represent in traditional economic theories of decision-

making. This paper focuses on the development of an agent-based approach to analyze people's behavior 
in consuming electricity using a behavioral economics framework, where the consumer is the main agent 
of power systems. This approach may bring useful insights for distribution companies and regulatory 
agencies, helping to shift thinking to a more user-centric approach. The emergent properties of electricity 
consumption are modeled by the means of consumer's heuristics, taking into account the electricity price, 
consumer's satisfaction level, willingness to invest in new technologies, social interactions, and marketing 
strategies by the power utility. Analysis on the emergent behavior of this approach through simulation 
studies showed that it is indeed valuable, as does not require in-depth data of all details on human 
behavior. However, it contributes to the understanding of relations among various objects involved in 
electricity consumption. 
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AB Climate change could significantly affect consumer demand for energy in buildings, as changing 

temperatures may alter heating and cooling loads. Warming climates could also lead to the increased 
adoption and use of cooling technologies in buildings. We assess residential electricity and natural gas 
demand in Los Angeles, California under multiple climate change projections and investigate the potential 
for energy efficiency to offset increased demand. We calibrate residential energy use against metered data, 
accounting for differences in building materials and appliances. Under temperature increases, we find that 
without policy intervention, residential electricity demand could increase by as much as 41-87% between 
2020 and 2060. However, aggressive policies aimed at upgrading heating/cooling systems and appliances 
could result in electricity use increases as low as 28%, potentially avoiding the installation of new 
generation capacity. We therefore recommend aggressive energy efficiency, in combination with low-
carbon generation sources, to offset projected increases in residential energy demand. 
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AB The adoption of energy efficient electrical appliances by households has a great potential to reduce 

electricity consumption in Nigeria. A well-formulated and implemented policy (mix) to spur adoption is 
said to be required to drive this process. This article presents an assessment of policies that aim to spur 
adoption among households, and the related governance system. The analytical framework used for this 
analysis is the Governance Assessment Tool (GAT). Data collection involved semi-structured interviews, a 
review of policy documents, and secondary quantitative data. The results show that policies in Nigeria had 
little effect in meeting pre-set goals. The governance system was found to be weakly developed due to a 
lack of policy, the overlapping work of different governmental organizations, a lack of appropriate 
resources, and a lack of householders' involvement in agenda-setting and decision-making processes. 
Current actions mostly depend on local programmes that run via donor aid. They include the free 
exchange of CFL bulbs and metering studies of end user energy consumption. The results add further 
insight in the fields of governance and policy on energy efficiency issues in developing countries. This 
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article also provides suggestions for the design of policies that target the adoption of energy efficient 
electrical appliances among households in Nigeria. 
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AB Demographic urbanization caused great changes in scale of residents' consumption and residents' 

lifestyle and then impacted changes of regional household energy consumption. This paper expanded 
Logarithmic Mean Decomposition Index method through introducing variables of urbanization and 
residential consumption into the model. It also analyzed the influences of six factors as energy structure, 
energy intensity, population scale, urbanization, residential consumption, and consumption inhibit on 
regional household energy consumption. Results showed that in 2003-2012, impact of urbanization on 
regional household energy consumption of Chinese three areas was significantly higher than population 
size. The "population gathered in eastern region" phenomenon caused eastern region getting the largest 
population scale effect. Driving force of residential consumption on regional household energy 
consumption was much higher than the other five effects. Due to the comparative advantage of residential 
consumption compared with government consumption, investment, and net export, the decrease of 
consumption ratio promoted the growth of regional household energy consumption. Energy intensity in 
Chinese three regions kept reducing in 2003-2012. The progress of energy utilization technology slowed 
the growth of regional household energy consumption, and energy intensity effect was most significant in 
the central region. 
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AB Reducing carbon emission and energy consumption in buildings is becoming an important priority on 

global level. Buildings consume significant amount of energy for heating or air-conditioning in most 
countries. The drive to enhance the understanding of building insulation and its effect on energy use, is 
critical for improving public engagement to achieve reduce carbon emission towards more sustainable 
future. This paper presents the design and the development an educational and research simulation tool to 
study and understand the thermal performance and energy efficiency of buildings. The novel design 
includes small-scale multi-layered model of buildings where insulation layers can be added to or removed 
from the building model in a modular and interchangeable manner to allow changes to the thermal 
performance. The results show that this novel model will provide a new educational tool to enhance the 
understanding of energy consumption and insulation in buildings. The design can be used to engage the 
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young generation regarding building insulation and energy efficiency. It also could provide an advanced 
research and teaching tool for energy in buildings, instrumentation and infrared thermography. (C) 2017 
The Authors. Published by Elsevier Ltd. 

C1 [Hawas, Allan; Al-Habaibeh, Amin; Medjdoub, Benachir] Nottingham Trent Univ, Sch Architecture 
Design & Built Environm, Burton St, Nottingham NG1 4BU, England. 

RP Al-Habaibeh, A (reprint author), Nottingham Trent Univ, Sch Architecture Design & Built Environm, 
Burton St, Nottingham NG1 4BU, England. 

EM Amin.Al-Habaibeh@ntu.ac.uk 
CR Al-Habaibeh A., 2010, 7 JORD INT MECH ENG, V2, P27 
   Camilleri M. F. L. I. N., 2008, BRANZ, V130, P1 
   [Anonymous], 2010, OFF J EUR UNION, V153, P13, DOI DOI 10.3000/17252555.6.2010.153.ENG 
   [Anonymous], 2008, EU EN TRANSP INF STA 
   Goodhew J., 2014, ENV BEHAV 
   Haglund J, 2016, INFRARED PHYS TECHN, V75, P150, DOI 10.1016/j.infrared.2015.12.009 
   Jonsson A, 1997, BUILD ENVIRON, V32, P245 
   Kim J., 2009, BUILD SIMUL, V2009, P674 
   La Rosa AD, 2014, CONSTR BUILD MATER, V55, P406, DOI 10.1016/j.conbuildmat.2014.01.054 
   Tettey UYA, 2014, ENERG BUILDINGS, V82, P369, DOI 10.1016/j.enbuild.2014.07.009 
   Xie C., 2010, ENG DES ED RES SUMMI, VP-12, P1 
   Yu JH, 2009, APPL ENERG, V86, P2520, DOI 10.1016/j.apenergy.2009.03.010 
NR 12 
TC 1 
Z9 1 
U1 0 
U2 0 
PU ELSEVIER SCIENCE BV 
PI AMSTERDAM 
PA SARA BURGERHARTSTRAAT 25, PO BOX 211, 1000 AE AMSTERDAM, NETHERLANDS 
SN 1876-6102 
J9 ENRGY PROCED 
PY 2017 
VL 105 
BP 2615 
EP 2622 
DI 10.1016/j.egypro.2017.03.753 
PG 8 
WC Energy & Fuels 
SC Energy & Fuels 
GA BI0MH 
UT WOS:000404967902112 
OA gold 
DA 2018-05-03 
ER 
FN Clarivate Analytics Web of Science 
VR 1.0 
PT B 
AU Hoosain, MS 
   Paul, BS 
AF Hoosain, Mohamed Sameer 
   Paul, Babu Sena 
GP IEEE 
TI Smart homes: A domestic demand response and demand side energy 
   management system for future smart grids 
SO PROCEEDINGS OF THE 2017 TWENTY FIFTH INTERNATIONAL CONFERENCE ON THE 
   DOMESTIC USE OF ENERGY (DUE) 
LA English 
DT Proceedings Paper 
CT 25th Annual International Conference on the Domestic Use of Energy (DUE) 



Sustainability 2018, 10, x FOR PEER REVIEW  819 of 1272 

CY APR 04-05, 2017 
CL Cape Town, SOUTH AFRICA 
SP Cape Peninsula Univ Technol, IEEE lAS, IES, PELS and Power & Energy Soc Chapters, S African Assoc 

Energy Serv Co, S African Inst Elect Engineers, Assoc Municipal Elect Undertakings, So Assoc Energy 
Efficiency, Sustainable Energy Soc So Africa, Natl Energy Efficiency Agcy, Univ Stelienbosch, Univ Cape 
Town, N W University, Eskom 

DE Demand side management (DSM); demand response (DR); energy efficiency; 
   smart grid; smart homes 
AB Smart homes or the homes of the future will be equipped with advanced technologies for user comfort 

and entertainment. Intelligent systems will be available to ensure this comfort and reliability. With these 
technological advancements comes further energy management. The concept of domestic energy efficiency 
is a concern at present and will be, in the future. So how do we optimize homes and users as to how they 
conserve energy? Domestic user's energy usage represents a large amount of total electricity demand. 
Typical home energy systems utilize a rudimentary form of energy efficiency and management. In this 
paper we look at a Demand Response and Demand side management system model to curb this situation. 
The demand response system is achieved by the utility turning on/off smart power plugs wirelessly 
throughout the home based on peak and off peak periods via communication through its smart grid. To 
help consumers shift their loads during these times, appliance power sources that can act autonomously 
based on wired or wireless signals received from the utility via its smart grid is required. Users in response 
to this, connect their appliances to these plugs by generating their own hierarchy system by prioritizing 
their appliance usage. Whereas the demand side management system allows users to manually conflgnre 
dates and times for the turning on/off of the smart power plugs wirelessly through the user's smart user 
interface. Therefore, an energy efficient future smart home that can save the user on monthly expenditure 
and save on energy simultaneously. 
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AB The residential sector accounts for the second or third share of final energy consumption and CO2 

(carbon dioxide) emissions in both The Republic of Korea and in China. Energy service demand in the 
residential sector in these countries is influenced by climate and economic circumstances. However, in 
previous studies, such regional disparities are often overlooked, hence this study analyzes 6 Korean sub-
national and 31 Chinese provincial levels while taking into consideration of reginal disparities. In this 
study principal socio-economic drivers such like GDP (Gross domestic product) and population are taken 
from used Shared Socioeconomic Pathways (SSPs). The impact of efficient technologies on future CO2 
emissions is evaluated using the AIM (Asia-Pacific Integrated Model)/Enduse, a technology bottom-up 
optimization model integrated with bottom-up service demand models. Three future scenarios are also 
designed to conduct future evaluation on CO2 emissions growth and potential mitigation measures to 
meet the emissions target. From the results, impact of each technology was shown to vary across regions. 
Heating devices, water-heaters and cooking ranges with higher efficiencies are the most effective efficient 
technologies for both countries. Achieving a 30% CO2 emissions reduction goal requires the combination 
of various technologies across various regions due to differences in climate and economic circumstances. 
(C) 2017 The Authors. Published by Elsevier 
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AB A 7 story social housing apartment building in Athens, Greece has been renovated following a holistic 

energy efficient retrofit process. The retrofit plan, resulting from tenant surveys, environmental parameters 
monitoring and extensive energy simulations, included commercially available technologies like insulation 
and energy efficient windows, innovative technologies like energy efficient lighting and smart coatings, 
passive techniques like night ventilation as well as RES, aiming to transform this inefficient building into a 
near zero energy one, achieving a reduction of the energy consumption and CO2 emissions by 80% and 
significant improvement of thermal comfort conditions. An experimental campaign has been executed in 
order to measure and validate the energy savings and indoor comfort conditions before and after the 
retrofit. The results of this monitoring procedure are reported and analyzed. Measurements include air 
leakage and thermal imaging for determining leakage rate and heat loss through the building fabric, smart 
meters to record energy consumption and indoor and outdoor environmental measurements. The opinion 
of the occupants is taken into account through pre- and post-retrofit surveys. (C) 2017 The Authors. 
Published by Elsevier 
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AB Building energy information systems (EIS) are a powerful customer-facing monitoring and analytical 

technology that can enable up to 20 % site energy savings for buildings. Few technologies are as heavily 
marketed, but in spite of their potential, EIS remain an underadopted emerging technology. One reason is 
the lack of information on purchase costs and associated energy savings. While insightful, the growing 
body of individual case studies has not provided industry the information needed to establish the business 
case for investment. Vastly different energy and economic metrics prevent generalizable conclusions. This 
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paper addresses three common questions concerning EIS use: what are the costs, what have users saved, 
and which best practices drive deeper savings? We present a large-scale assessment of the value 
proposition for EIS use based on data from over two-dozen organizations. Participants achieved year-over-
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practices use of EIS associated with greater energy savings. 

C1 [Granderson, Jessica; Lin, Guanjing] Lawrence Berkeley Natl Lab, Bldg Technol & Urban Syst Div, 
Berkeley, CA 94720 USA. 

RP Granderson, J (reprint author), Lawrence Berkeley Natl Lab, Bldg Technol & Urban Syst Div, Berkeley, 
CA 94720 USA. 

EM jgranderson@lbl.gov 
FU Building Technologies Program of the US Department of Energy 
   [DE-AC02-05CH11231] 
FX The work described in the paper was supported by the Assistant Secretary 
   for Energy Efficiency and Renewable Energy, Building Technologies 
   Program, of the US Department of Energy under Contract No. 
   DE-AC02-05CH11231. 
CR Brandstom G., 2014, ENERGY SAVINGS WINDO 
   California Energy Commission, 2002, 40002005 FPDF CAL EN 
   Capehart B.L., 2011, HDB WEB BASED ENERGY 
   Cohen J, 1988, STAT POWER ANAL BEHA 
   EIA (U.S. Energy Information Administration), 2003, COMM BUILD EN CONS S 
   Energy Information Administration (EIA), 2013, AV RET PRIC EL ULT C 
   Energy Information Administration (EIA), 2013, US NAT GAS PRIC 
   Eto J. H., 1985, P ASHRAE DOE BTECC C, P109 
   Federal Energy Management Program (FEMP), 2011, MET BEST PRACT GUID 
   Field A., 2009, DISCOVERING STAT USI 
   Price P., 2009, LBNL2899E 
   Granderson J., 2011, LBNL5272E 
   Granderson J, 2011, ENERG EFFIC, V4, P17, DOI 10.1007/s12053-010-9084-4 
   Henderson P, 2013, REAL TIME ENERGY MAN 
   Institute for Market Transformation (IMT), 2015, COMP BUILD EN BENCHM 
   Kramer H., 2013, E13264 PORTL EN CONS 
   MANN HB, 1947, ANN MATH STAT, V18, P50, DOI 10.1214/aoms/1177730491 
   Mills E., 2005, P NAT C BUILD COMM 
   Motegi N., 2003, INT C ENH BUILD OP 
   New Building Institute (NBI), 2009, ADV MET EN INF SYST 
   NSTC, 2011, SUBM BUILD EN WAT US 
   Owen T., 2010, P ACEEE SUMM STUD EN 
   Pacific Gas and Electric (PG&E), 2011, ASS EN INF SYST GROC 
   Smith D., 2011, ENERGY SMART BUILDIN 
   Smothers F. J., 2002, P ACEEE SUMM STUD EN 
   United States Environment Protection Agency (US EPA), 2012, BENCHM EN SAV 
   Zind T., 2013, SUBMETERING TRENDS C 
NR 27 
TC 1 
Z9 1 
U1 1 
U2 19 
PU SPRINGER 
PI DORDRECHT 
PA VAN GODEWIJCKSTRAAT 30, 3311 GZ DORDRECHT, NETHERLANDS 
SN 1570-646X 



Sustainability 2018, 10, x FOR PEER REVIEW  825 of 1272 

EI 1570-6478 
J9 ENERG EFFIC 
JI Energy Effic. 
PD DEC 
PY 2016 
VL 9 
IS 6 
BP 1369 
EP 1384 
DI 10.1007/s12053-016-9428-9 
PG 16 
WC GREEN & SUSTAINABLE SCIENCE & TECHNOLOGY; Energy & Fuels; Environmental 
   Studies 
SC Science & Technology - Other Topics; Energy & Fuels; Environmental 
   Sciences & Ecology 
GA DY5PX 
UT WOS:000385154300009 
DA 2018-05-03 
ER 
 
PT J 
AU Kern, AP 
   Antoniolli, CB 
   Wander, PR 
   Mancio, M 
   Gonzalez, MAS 
AF Kern, Andrea Parisi 
   Antoniolli, Cibele Bossa 
   Wander, Paulo Roberto 
   Mancio, Mauricio 
   Stumpf Gonzalez, Marco Aurelio 
TI Energy and water consumption during the post-occupancy phase and the 
   users' perception of a. commercial building certified by Leadership in 
   Energy and Environmental Design (LEED) 
SO JOURNAL OF CLEANER PRODUCTION 
LA English 
DT Article 
DE Building certification system; Energy consumption; Water consumption; 
   Post-occupancy; Role of user 
ID CERTIFICATION; PERFORMANCE; EFFICIENCY 
AB Building certification performance has been on the research agenda, and studies from all over the world 

present different results. Some authors state that the certified buildings are more efficient, while some 
argue they are not. In Brazil, little is known about the performance of certified buildings, since relatively 
few are the buildings actually certified, most of them from the private sector. This study analyzed the first 
years of post-occupancy phase of a Brazilian commercial building, certified by LEED/gold level, version 
2.2. Besides energy consumption, the research covered water consumption and the commitment of users' 
in the adoption of sustainable practices and their perception of the certified building, as well. As main 
results, the study points that: measured consumption are quite higher than predicted at the design, 
however show a reduction trend over time; some of the credits scored due to design solution are not 
effective during the post-occupancy; the majority of the interviewed users are satisfied with thermal and 
lightning comfort and think that the certification promotes work quality. (C) 2016 Elsevier Ltd. All.rights 
reserved. 
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AB Energy efficiency upgrades of privately owned homes like adding to the insulation layers in the walls, 

roof or floor, or replacing windows with more efficiently insulated versions can contribute significantly to 
reducing the energy impact of the building sector and thus also the CO2 footprint of a household. 
However, even in countries like Norway that have a rather high rate of renovation, energy upgrades are 
not always integrated into such a refurbishment project. This study tests which structural and internal 
psychological barriers hinder and which drivers foster decision-making to implement such measures, once 
a renovation project is planned. With a theoretical background in stage-based models of decision-making 
24 barriers and drivers were tested for their specific effect in the stages of decision-making. The four stages 
of decision-making assumed in this study were (1) "not being in a decision mode," (2) "deciding what to 
do," (3) "deciding how to do it," and (4) "planning implementation." Based on an online survey of 3787 
Norwegian households, it was found that the most important barriers toward deciding to implement 
energy efficiency upgrades were not owning the dwelling and feeling the right time had not come yet. The 
most important drivers of starting to decide were higher expected comfort levels, better expected living 
conditions, and an expected reduction of energy costs. For the transition from deciding what to do to how 
to do it, not managing to make a decision and feeling the right point in time has not come yet were the 
strongest barriers, easily accessible information and an expected reduction of energy costs were the most 
important drivers. The final transition from deciding how to do the upgrades to planning implementation 
was driven by expecting a payoff within a reasonable time frame and higher expected comfort levels; the 
most important barriers were time demands for supervising contractors and-again-a feeling that the right 
point in time has not come yet. Implications for policy-making and marketing are discussed. 
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AB Utility demand response (DR) programs and time-of-use (TOU) tariffs are designed to reduce customers 

loads as well as energy costs during peak periods in commercial and residential buildings. While TOU 
tariff is structured based on dividing a day into several periods with different corresponding electricity 
prices, the concept can be expanded for developing day-of-use (D-TOU) tariff, where different days in a 
week are treated differently, as experienced for industrial loads. Further, the advantages of such tariffs can 
be realized when demand side management technologies such as thermal energy storage (TES) in 
conjunction with heat pump systems are utilized. The goal of this study is to evaluate the effects of D-TOU 
tariff with four day types in a week on DR programs operation for an industrial customer with TES 
charged by an electric heat pump. The four day types considered in a week include Monday as start-up 
working day, Tuesday to Friday as regular working days, Saturday as half-day working day, and Sunday 
as weekend day. To achieve the goal, TOU and D-TOU tariffs are modeled and the TES system equipment 
capacities and operation with cooling and heating tanks are optimized based on particle swarm 
optimization for an industrial building load. The results for various pricing scenarios show that D-TOU 
tariff can be beneficial to the utility company and customer, as peak loads for electricity in day types 1, 2, 3 
and 4 are reduced by 54, 52, 47 and 44% and customer costs for electricity cooling are lowered by 14, 13, 11 
and 8%. (C) 2016 Elsevier B.V. All rights reserved. 
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TI Assessment of energy-saving technologies retrofitted to existing public 
   buildings in China 
SO ENERGY EFFICIENCY 
LA English 
DT Article 
DE Commercial building; Energy simulation; Energy-saving retrofit; Economic 
   assessment 
AB This study compared and analyzed both the energy savings and cost-effectiveness of various energy-

saving technologies retrofitted to common buildings in China. Base models for an office and store building, 
set in representative climate zones of China-Beijing, Shanghai, and Guangzhou-were established and 
calibrated in EnergyPlus, a building energy simulation software program. Various energy-saving 
technologies were then applied to these models in EnergyPlus to calculate the overall energy savings 
under different climate conditions. In addition, a payback analysis was performed to determine the cost-
effectiveness of each technology. The final results of this study can serve as a preliminary reference for 
selecting effective and economical energy-saving technologies to retrofit existing public buildings. 
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AB Occupancy (presence and number of occupants) is one of the most important factors impacting energy 

efficiency of HVAC systems as occupancy determines heating/cooling loads on the demand side by 
varying conditioning periods and settings. Despite the high volume of research activities in demand-
driven HVAC controls, how and when occupancy should be linked with heating/cooling loads for 
sustained and maximum efficiency are still not clear as occupancy is stochastic in nature, and there exists 
heat transfer and balance among zones, as well as heat gain and loss through a building's envelope. There 
is no solution to date that can be directly applied in different buildings with different HVAC systems and 
occupancies. This paper systematically investigates how the occupancy influences the energy efficiency of 
HVAC systems. Specifically, the influence is analyzed from three perspectives of occupancy transitions, 
variations, and heterogeneity. The results demonstrated the energy significance of the three perspectives 
and provided the general ways of quantifying the influences of occupancy. (C) 2016 The Authors. 
Published by Elsevier ltd. 

C1 [Yang, Zheng; Becerik-Gerber, Burcin] Univ Southern Calif, Dept Civil & Environm Engn, Innovat 
Integrated Informat Lab, 3620 Sourth Vermont Ave, Los Angeles, CA 90089 USA. 



Sustainability 2018, 10, x FOR PEER REVIEW  840 of 1272 

RP Yang, Z (reprint author), Univ Southern Calif, Dept Civil & Environm Engn, Innovat Integrated Informat 
Lab, 3620 Sourth Vermont Ave, Los Angeles, CA 90089 USA. 

RI Becerik-Gerber, Burcin/D-6897-2013 
OI Becerik-Gerber, Burcin/0000-0001-8648-0989 
CR Duarte C, 2013, ENERG BUILDINGS, V67, P587, DOI 10.1016/j.enbuild.2013.08.062 
   Erickson VL, 2009, 1 ACM BUILDSYS INT C 
   Hoes P, 2009, ENERG BUILDINGS, V41, P295, DOI 10.1016/j.enbuild.2008.09.008 
   Martani C, 2012, ENERG BUILDINGS, V47, P584, DOI 10.1016/j.enbuild.2011.12.037 
   Wang C, 2011, BUILDING SIMULATION, V4, P169 
   Yang Z, 2015, 1 INT S SUST HUM BUI 
   Yang Z, 2015, APPL ENERG, V149, P415, DOI 10.1016/j.apenergy.2015.03.048 
   Yang Z, 2014, SIMUL-T SOC MOD SIM, V90, P960, DOI 10.1177/0037549713489918 
   Yang Z, 2014, ENERG BUILDINGS, V78, P113, DOI 10.1016/j.enbuild.2014.04.002 
NR 9 
TC 1 
Z9 1 
U1 2 
U2 3 
PU ELSEVIER SCIENCE BV 
PI AMSTERDAM 
PA SARA BURGERHARTSTRAAT 25, PO BOX 211, 1000 AE AMSTERDAM, NETHERLANDS 
SN 1876-6102 
J9 ENRGY PROCED 
PY 2016 
VL 88 
BP 775 
EP 780 
DI 10.1016/j.egypro.2016.06.111 
PG 6 
WC Energy & Fuels 
SC Energy & Fuels 
GA BG3KS 
UT WOS:000387975200121 
OA gold 
DA 2018-05-03 
ER 
 
PT J 
AU Shatat, M 
   Tetlow, D 
   Riffat, S 
AF Shatat, Mahmoud 
   Tetlow, David 
   Riffat, Saffa 
TI The retrofitting of an old style semi-detached house for energy 
   reduction and carbon savings under the UK climate 
SO INTERNATIONAL JOURNAL OF LOW-CARBON TECHNOLOGIES 
LA English 
DT Article 
DE climate change; building retrofit; energy consumption; greenhouse gases 
AB The impact of climatic change through greenhouse gas emission is a recognized major global crisis. 

Energy use in residential and commercial buildings is a major part of the total consumption in European 
countries and is estimated to be similar to 40% of the total load. Currently, the concept of building retrofit 
has become a top priority for the UK government in order to meet the national plans for reducing CO2 
emissions by 80% compared with 1990 levels by 2050. This study presents the simulation results for a case 
study of energy and CO2 emission savings of a nineteenth century semi-detached building in the UK. The 
building was refurbished to high standards of energy efficiency, with four simulation scenarios developed 
for analysis: As-built, As-built 1965, As-reality and post-retrofit. DesignBuilder software was used to 
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simulate the annual energy consumption and carbon emissions in all cases. In addition to this, thermal 
imaging and airtightness tests were conducted and the results were used to validate the models. The post-
retrofit results showed there is a significant reduction in energy consumption that exceeded 80% with 
carbon emissions being reduced above 70%. Economic analysis of each retrofit scenario was then 
undertaken, and results showed payback varied between 9 and 40 years due to the fluctuation in fuel 
prices and construction retrofit materials. The models indicate performance of the building post-retrofit 
can be significantly improved in terms of energy reduction and CO2 emission savings. Further research is 
being performed to improve performance through field monitoring and installation of innovative retrofit 
technologies. 
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   programs 
AB Historical residential electricity data and natural gas consumption data were collected for, respectively, 

1,200 and 178 residences in a small town in the USA. These data were merged with local building and 
weather databases, and energy consumption models were developed for each residence, revealing 
substantial variation in heating and cooling intensity. After estimating approximate physical building 
characteristics, energy profiles for each residence were calculated, and savings from adoption of the most 
cost-effective energy-efficiency measures for each residence were estimated. Effectively, we wish to 
leverage commonly available data sets to infer characteristics of building envelopes and equipment, 
without the need for detailed on-site audits. This study evaluates the potential energy savings for the 
residences studied and, by extrapolation, for the entire town, as a function of cost if the savings measures 
were to be implemented in rank-order of cost effectiveness to show that savings penetration for the 
community comes with nonlinearly increasing cost. The results show that nearly a 32 % collective savings 
in HVAC energy use could be achieved with a collective levelized cost for energy-saving measures of 
$10/mmBTU saved if the most cost-effective measures among the entire community are implemented first. 
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AB To better understand the observed performance of demand-side approaches on residential electricity use, 

we develop and apply a mixed regression model of electricity consumption that includes marginal, joint 
technical change for multiple residential electricity end-uses (air conditioning, appliances, devices, and 
electric vehicles). Results indicate that the relative technical state of a home can significantly influence the 
performance of demand-side interventions, particularly the presence of a programmable thermostat. 
Within air conditioning, we generally find that "enough" consistent technical improvement is needed to 
realize energy savings, which could be due to engineering building performance or a declining marginal 
rebound effect as householders become thermally comfortable. Results indicate that homeowners do not 
leverage efficiency gains for appliance services but demonstrate mixed results when considering the 
expansion of electricity services. Householders may rebound into device loads, albeit such results are not 
statistically significant. However, results indicate that householders do not leverage efficiency gains for 
electric vehicles. These results demonstrate that the net effect of technological change in households is 
relative to a home's baseline technical efficiency and the degree to which homeowners seek new and 
existing energy services, challenging empirical assessments that do not control for the technical state of 
multiple end uses. (C) 2015 Elsevier B.V. All rights reserved. 
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AB In Brazil, the electricity consumption of the commercial class has been growing more than the 

consumption of the other classes, e.g. residential, industrial, and others. Understanding why this is 
happening and how it would progress is essential for policy makers and for agents of the electrical sector. 
Bottom-up models consider a detailed and disaggregated representation of a region's economy, and allow 
the incorporation of technological changes and policy impacts in its forecasts. In this context, the paper 
presents the first results of the long-term bottom-up modelling of Brazilian commercial class electricity 
consumption. The bottom-up model used in this work is the FORECAST model adapted for Brazil. It 
differentiates the five regions of the country, 8 subsectors of the tertiary sector, and 14 building and end 
user related energy services, such as lighting in buildings, street lighting, ventilation and air conditioning, 
and others. Despite the lack of consolidated information at the required level of disaggregation in Brazil, 
the first results show proximity to the official long-term forecasts. The results are analyzed and discussed. 
(C) 2015 Published by Elsevier B.V. 
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AB The number of tall buildings is increasing as a result of the advances in construction technologies and the 

rising land prices. These buildings are characterised by their high energy consumption compared to other 
building types as they rely intensively on mechanical HVAC systems due to the extreme weather 
conditions associated with the increase in height. However, they present a great opportunity for energy 
savings. In recent years, it has been noticed the increasing interest in geometry and form of tall buildings, 
as a result of the evolution of parametric modelling and 3D visualisation tools, on the expense of the 
environmental aspect. This paper discusses factors affecting the energy consumption in the tall buildings. 
Through an extensive analysis of Literature, active and passive energy efficient strategies adopted in tall 
building at various building stages are identified. In addition, the role of architectural design parameters, 
such as building form, orientation and envelope on the tall building energy performance are highlighted. 
Finally, a set of guidelines and environmental design strategies to be considered in different phases in 
order to achieve energy-efficient tall buildings are proposed. These strategies have been categorised into 
four stages namely early design, conceptualisation, and documentation and operational. A 3D modelling 
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approach was used to visualise and illustrate the proposed strategies in different stages. (C) 2015 The 
Authors. Published by Elsevier Ltd. 
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AB In the UK the existing domestic building stock accounts for 30 % of the total carbon dioxide emissions 

[Domestic energy fact file, BRE, 2008]. The UK Government has set ambitious targets for reducing UK 
carbon dioxide emissions by 80% by 2050. These targets will require significant changes to the existing 
buildings. To understand and quantify the benefits of refurbishment solutions, it is vital to monitor 
exemplar buildings and to bring them to an energy efficiency standard with lower associated carbon 
emissions, by finding the most efficient way to refurbish them. A 1930's replica three bed semi-detached 
house analyzed in this study is located in the University of Nottingham campus and is fully monitored, 
including monitoring of the occupants patterns, environmental monitoring, electricity use and energy 
associated with space and hot water heating. This paper analyses techniques used for tracking computing 
technologies in everyday domestic settings. A Real Time Occupancy Monitoring System using ultra 
wideband (UW) radio frequency (RF) is used in this study to track person's location within the research 
house. The results presented in this paper shows that energy consumption profiles are related to the 
occupants and their profiles. The data also depends on the outside weather conditions and occupants' 
behaviour. The study shows that it is not enough just to improve building performance in order to 
improve energy efficiency; it is also important to understand and influence occupant behaviour, due to the 
fact that in domestic buildings the occupants exert complete control of the appliances, lights, heating, and 
ventilation. The results of this study suggest that general behavioural trends and patterns can be extracted 
from long-term collected data. This systematic study could benefit the existing housing stock in the UK by 
applying the same methods used in the research house. 
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AB The challenge that sustainable buildings movement faces is, "how to maintain the intended sustainable 

performance with regards to low energy use, indoor comfort and projected operating costs savings over 
the long term use of the building" Rapid decline in sustainable performance of a few high-profile buildings 
affects credibility of the High Performance buildings initiatives, reinforces doubts amongst climate-change 
non-believers and slows down the enthusiasm of the investors. Examining the lifecycle performance and 
costs, raising the awareness of building owners and tenants, adopting the best operational and 
maintenance practices by trained and skilled operating staff, and incorporating measurements, verification 
and automation technologies to automatically track and optimize the performance of all key buildings 
systems needs to become an essential part of property management culture to avoid pitfalls. 

   Emergence of Building Energy Labeling Program and Building Information modeling techniques coupled 
with energy use sub- metering can alert of issues during commissioning, building occupancy, tenant-fit 
ups, building-use changes or of decline in performance due to poor operations and maintenance 
management. Building Heating, Ventilation and Air Conditioning systems are significant users of energy 
as well as their operations and maintenance impacts the health and security of tenants. Therefore, proper 
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design, configuration, commissioning, operations and maintenance of such systems continues to offer 
opportunities for reducing the emission of greenhouse gases, and any lapses in monitoring and correcting 
deficiencies creates shortfall in sustainable performance over the life of a building. As the largest single 
landlord in the United States, the Federal Government oversees about 500,000 federal buildings. With 
additional resources being made available under the Recovery Act funding, new tools are emerging to 
allow monitoring and control of energy use. 

   This paper outlines various qualitative and quantitative measures that can be practiced to improve and 
sustain performance of all building systems and infrastructure elements. Amongst all the measures, having 
trained and motivated operations and maintenance staff involved from concepts stage through design, 
construction, commissioning, and operations not only facilitates meeting the original design intent, but 
also allows to make adaptive changes with changes in occupancy, functionality, codes, standards or 
security requirements. Such general practices can assure sustenance of energy and environmental 
performance over the life cycle of systems and buildings. This paper also emphasizes how industry 
professional and trade organizations can guide towards standards and guidelines that can be more easily 
assimilated by the operations and maintenance staff and can help modify human behavior towards not 
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rapidly with the growth of a matter of primary concern about extreme climate change. Especially, in the 
home network environments where only its functional aspects have been focused on without considering 
energy consumption, it is urgent to develop new energy-efficient technologies specialized in the home 
network environments. 

   In this paper, architecture of home energy saving system (HESS) based on energy-awareness and its basic 
functional requirements are designed and proposed for real-time home energy monitoring service, 
reducing or cutting off standby power caused by home appliances, and intelligent home energy 
management service. 
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AB Development barriers of building energy efficient market (BEEM) in China mainly centralize on unitary 

construction capital source channel and deficient effective capital supply. To the key problems of capital 
financing in BEEM, this study takes the incremental investment and financing (IIF) as research object. 
Establish two-stage leader-followers game model based on Stackelberg with government and other 
investors during the course of IIF for BEEM, and prove that government's participant degree and mode 
have important influence on market investment efficiency and proposed policy path improving IIF 
influence factors. Propose three types of policy path including CAC, MBI and market standardization 
policy type (MSP). On the basis of research result, propose three IIF modes suit for this stage in China, 
which include IIF mode combining market admittance and energy efficient label, IIF mode based on 
existing residential building energy efficient retrofit mode and IIF mode under energy efficient supervision 
framework. 
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AB For the past decade, politicians have applied different shades of "green-wash" to global environmental 
issues in order to help juggle their positions in the political spectrum. This has created the illusion that 
effective measures are being pursued in the public interest for both this and future generation(s). The 
reality is, however, that nearly of all these initiatives are "input focused" and the various States of the 
Environment reports confirm that, despite decades of endeavour and large financial investment, there is 
little return on investment and that the rate of environmental degradation, particularly of the global 
atmosphere, continues to increase. Despite fierce posturing from the global warming sceptics, it seems that 
finally, the long term data indices of global warming are being accepted seriously and politicians around 
the world are responding by investing public funds in the quest for the search for options. This paper 
contends that with global warming, humans will need to embrace uncertainty and manage change and 
that innovation and cooperation across all disciplines and the cooperation of the entire political and social 
spectrum will be required to solve the ecological disasters that have already begun to unfold and accelerate 
in frequency. It looks from a strategic viewpoint at how specialist education can catalyse change and play 
an important role in managing the change. The case study used in this analysis is the RISE Master of 
Science Course in Environmental Architecture. It explores the implications of linking to converging 
interests from other emerging course streams for Engineering and other Built Environment disciplines 
such as Planning, Project Management and Interior design as well as socio-economic disciplines and the 
integrative discipline of Systems Dynamics. 
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AB Recently, some studies attempt to modelize control behavior for architectural heat transfer simulation. 

However, few of these studies consider cross ventilation. In this paper, we devised a control behavior 
model including cross ventilation. First, we performed surveys to study the relationship between indoor 
temperature and air conditioner On control. Then, the control behavior model applying the transition 
probability of air conditioner Off-to-On state based on the survey results was devised. Moreover, it was 
incorporated into the model we proposed before to estimate air conditioning energy consumption 
considering cross ventilation. Finally, the simulation results with our method were compared to those with 
the typical method. Consequently, our method estimated air conditioner operation time by about 20% less 
and cooling energy consumption by about 5% less compared to the typical method. This suggested that the 
typical method could overestimate air conditioner operation time and cooling energy consumption. 

C1 Osaka Univ, Dept Environm Engn, Suita, Osaka 5650871, Japan. 
RP Habara, H (reprint author), Osaka Univ, Dept Environm Engn, 2-2 Yamadaoka, Suita, Osaka 5650871, 

Japan. 
EM habara@ees.env.eng.osaka-u.ac.jp 



Sustainability 2018, 10, x FOR PEER REVIEW  883 of 1272 

CR FRITSCH R, 1990, BUILD ENVIRON, V25, P173, DOI 10.1016/0360-1323(90)90030-U 
   Gagge A. P., 1976, ASHRAE T, V82, P234 
   HABARA H, 2003, 582 AIJ, P107 
   ISHIDA K, 1996, SHASE S 
   Lechner N., 1991, HEATING COOLING LIGH 
   TANIMOTO J, 1998, T SHASE, P37 
   UDAGAWA M, 1985, 15 HEAT TRANS S, P22 
NR 7 
TC 1 
Z9 1 
U1 0 
U2 1 
PU TSINGHUA UNIVERSITY PRESS 
PI BEIJING 
PA TSINGHUA UNIVERSITY HAIDIANQU, BEIJING 100084, PEOPLES R CHINA 
BN 978-7-89494-830-4 
PY 2005 
BP 1179 
EP 1183 
PG 5 
WC Construction & Building Technology; Engineering, Environmental; Public, 
   Environmental & Occupational Health 
SC Construction & Building Technology; Engineering; Public, Environmental & 
   Occupational Health 
GA BDJ55 
UT WOS:000233831201094 
DA 2018-05-03 
ER 
 
PT J 
AU Jaffar, B 
   Oreszczyn, T 
   Raslan, R 
   Summerfield, A 
AF Jaffar, Badria 
   Oreszczyn, Tadj 
   Raslan, Rokia 
   Summerfield, Alex 
TI Understanding energy demand in Kuwaiti villas: Findings from a 
   quantitative household survey 
SO ENERGY AND BUILDINGS 
LA English 
DT Article 
DE Household survey; Residential energy demand; Kuwait; Energy efficiency 
   policy 
ID BUILDING CHARACTERISTICS; OCCUPANTS BEHAVIOR; RESIDENTIAL SECTOR; 
   CONSUMER-BEHAVIOR; CONSUMPTION; SPACE; ELECTRICITY; DETERMINANTS; 
   EFFICIENT; PATTERNS 
AB Residential buildings in Kuwait account for almost 60% of the country's national electrical power 

generated, considerably greater than all other sectors or building types. This paper identifies key drivers of 
energy use in Kuwaiti villas based on a survey of 250 households undertaken throughout the six districts 
of Kuwait. The survey consists of a cross-sectional interviewer-administered questionnaire designed to 
gather detailed information about building physical characteristics, occupants' socio-demographic 
background and energy-use behaviours. Survey data is analysed using both statistical descriptive methods 
and multiple linear regression analysis to identify key determinants of energy consumption in a sample of 
Kuwaiti villas. Analysis indicates that an occupant driven cooling behaviour (air-conditioning thermostat 
temperature set points) is the major driver of energy use, followed by the number of rooms and the 
number of occupants. Together, such drivers significantly explain 32% of the variability in energy 
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consumption Survey findings provide descriptive information about Kuwaiti households and insights into 
the key drivers of energy use to better inform further research and policy interventions in this field. (C) 
2018 Elsevier B.V. All rights reserved. 
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both differences in country energy use behavior and the factors that shape behavior. This paper employs 
an Oaxaca-Blinder decomposition to analyze factors underlying differences in residential energy use 
behavior in Germany and the USA. We focus on three household decisions: purchasing energy-efficient 
appliances, employing energy-saving measures like turning off lights when leaving a room, and 
purchasing fuel-efficient vehicles. For all of these decisions, US household adoption is significantly lower 
than German household adoption. These differences in observed energy use behavior are decomposed into 
components arising from differences in country mean characteristic and from differences in adoption 
propensities for given characteristics. Both country characteristics and propensities contribute to observed 
energy use behavior differences in German and US households. In particular, perceptions of the human 
role in climate change, financial advantages of energy savings, and effectiveness of energy savings in 
combating climate change play significant roles in generating observed country difference. 
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AB The objective of this paper is to identify the socio-demographic, dwelling, and environmental factors that 

have the strongest influence on the daily energy-saving behaviours, the adoption of energy efficient 
appliances and the energy efficient retrofit investments made by British households. This study uses 
British household data from the "Survey of Public Attitudes and Behaviours towards the Environment" 
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collected in 2009, and employs nonlinear principal components analysis (NLPCA), ordinary least squares 
(OLS) regression, and probit models. The results show different household profiles with specific features 
driving daily energy-saving behaviours and energy efficiency investments. Environmental variables are a 
good predictor of both energy-saving behaviours and investment in energy efficient appliances but not of 
energy efficient retrofit measures. Results of income and dwelling type variables with regard to energy-
saving behaviours and energy efficient retrofit investments significantly diverge; in addition, interesting 
patterns emerge with respect to the respondents' age, sex, and marital status. By evaluating and 
understanding the household and dwelling characteristics that affect energy-saving behaviours and energy 
efficiency investments, it is possible to obtain a clearer idea of where and how energy and emissions 
savings can be made, and to propose effective and targeted policies that promote energy-responsible 
lifestyles. 
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hour resolution. Residential and commercial buildings are responsible for a significant fraction of the 
overall energy consumption in the U.S. With advances in sensors and smart technologies, there is a need 
for medium to longterm prediction of electricity consumption in residential and commercial buildings at 
hourly intervals to support decision making pertaining to operations, demand response strategies, and 
installation of distributed generation systems. The modeler may have limited access to information about 
building's schedules and equipment, making data-driven machine learning models attractive. The energy 
consumption data that is available may also contain blocks of missing data, making time-series predictions 
difficult. Thus, the main objectives of this paper are: (a) Develop and optimize novel deep recurrent neural 
network (RNN) models aimed at medium to long term electric load prediction at one-hour resolution; (b) 
Analyze the relative performance of the model for different types of electricity consumption patterns; and 
(c) Use the deep NN to perform imputation on an electricity consumption dataset containing segments of 
missing values. The proposed models were used to predict hourly electricity consumption for the Public 
Safety Building in Salt Lake City, Utah, and for aggregated hourly electricity consumption in residential 
buildings in Austin, Texas. For predicting the commercial building's load profiles, the proposed RNN 
sequence-to-sequence models generally correspond to lower relative error when compared with the 
conventional multi-layered perceptron neural network. For predicting aggregate electricity consumption in 
residential buildings, the proposed model generally does not provide gains in accuracy compared to the 
multi layered perceptron model. 
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AB The purpose of this paper is to propagate the input uncertainties of the degree-day method to estimate 

the building heating energy consumption as numerical intervals. While it is common to use average or 
expected values (e.g., Typical Meteorological Year) to address the input uncertainties, this practice can only 
yield the best estimates as single-point values without informing the possible range of variations. After 
classifying two types of uncertainty as weather variability and imprecision in the degree-day method, this 
paper proposes the adoption of fuzzy numbers and their arithmetic as the theoretical approach to handle 
uncertainty. As the degree-day method mainly involves elementary arithmetic (e.g., addition and 
multiplication), fuzzy number arithmetic can be directly applied to formally process numerical intervals. 
The proposed method is demonstrated and verified via a building example in Canada, and the interval 
results are comparable to the variation of heating energy consumption based on the data of outdoor 
ambient temperatures in 52 years. 
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AB The paper investigates the factors influencing households' energy choices, and the drivers of switching 

toward cleaner energy. We first present a theoretical framework to determine the factors that explain 
households' energy consumption and highlight the motivations underlying their transition towards less 
polluting sources, including their environmental preference. Using French household data from ADEME, 
we provide an econometric test of qualitative variables following studies by Dubin and McFadden (1984). 
Our results show that income and prices are the main determinants of household energy consumption. 
Environmental considerations seem to influence the choice of energy sources more than consumption. We 
also find evidence that income and relative capital cost are the most important variables for household 
energy switching. 
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AB In addition to a growing and aging population, Canada has experienced large shifts in its residential 

sector. There are more households, homes are larger with less people in them, and there are more 
appliances per household, all of which contribute to increased energy consumption. The present work 
explores the demographic determinants of residential energy efficiency adoption using the 2013 
Households and Environment Survey. With binary logistic regressions, we predicted the odds of 
households adopting three energy-efficient actions: energy-saving lights, programmable thermostats, and 
changes to a dwelling following an energy audit. Although it was found that Canadian households are 
participating in energy efficiency, not all groups are participating equally. Similar to previous research, 
seniors appear to be more inclined to adopt less challenging measures such as energy-saving lights, as 
opposed to more intensive dwelling upgrades. Additionally, levels of education and income were 
positively related to the adoption of energy efficiency measures. However, the results showed household 
income to be less of a contributing factor for decisions regarding dwelling changes compared to the 
financial incentives offered via government grants. The results suggest a need to increase energy efficiency 
education and to continue offering financial incentives as the country increases its residential energy 
efficiency. 
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AB Merida, Mexico, is a city that spends 17% of its electricity for lighting purposes. This electricity comes 

from thermal power plants that use fossil fuels. These emit a large amount of particulate matter, around 2.5 
micrometers (PM2.5), which can penetrate deepest lung parts (alveoli), causing cardiovascular disease. 
Mexico has a policy (NOM-028-ENER-2010) that establishes the minimum efficiency for lighting in 
buildings. However, lighting is often used inappropriately (e.g. daytime or when there are no people using 
them). One solution for this problem is to use control device technology of multiple types (combination of 
daylight, motion and presence sensors). However, these strategies have not been fully implemented in 
Mexico, mainly due to the high cost of commercial control devices. This study aims to know the lost co-
benefits when control devices are not implemented for lighting cost reduction, such as: energy saving (kw-
h/yr), electricity bill reduction (USD/yr), PM2.5 emission reduction (mu g/m(3)), cardiovascular death 
reduction (death/yr) and cardiovascular death cost reduction (USD/yr). For those reasons, it is 
recommended that energy policy decisions regarding building lighting efficiency include the 
implementation of control devices. Moreover, such policies should be preceded by research studies 
focused on detailed device cost, co-benefits and socio-economic analysis. 
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AB This study analyzes the nexus issues of energy use, agricultural production, income and employment 

among heterogeneous and interdependent rural households in Uttar Pradesh, India. We use an 
agricultural household dynamic programming model that includes two types of households differentiated 
by their socio-economic characteristics and that are linked through agricultural contracts. Households are 
also differentiated by their membership in terms of men, women and children. The model simulates the 
effects of policies such as state subsidies for the purchase of solar panels, improvement in non-agricultural 
employment opportunities, and combinations of the two, as they are suggested to improve energy supply 
and reduce trade-offs in energy use. The model results indicate that households improve energy use 
patterns by using solar panels; yet, adoption of such technology is conditional on state subsidy levels of 
50% and 80% for the purchase of solar panels for farming and domestic purposes respectively. Subsidies 
for solar panels together with improvement of off-farm work increases off-farm employment levels and 
income of the poorer household, however, this policy reduces agricultural production. In addition, the 
wealthier household incurs losses from improvement in non-agricultural employment opportunities due 
to reduced labor availability for farm operations. 
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inadequate service has enabled the residential sector to gradually improve its energy efficiency over time. 
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in residential buildings, a deeper systematic approach is required. The house as a system approach to 
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actions taken by participants followed the house as a system approach. The findings are encouraging in 
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particular, a higher number of recommendations were associated with households arranging follow-up 
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what had been recommended. Furnaces and windows, which should have been upgraded in combination 
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persistence of the traditional model in some households. Time-limited grants do not appear compatible 
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to encourage deep retrofits and achieve low-carbon housing. 
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AB Residents have different acceptance levels of household energy-saving measures and heterogeneous 

preferences for energy-saving attributes. Using questionnaire method, this paper studies the residents' 
acceptance of and preferences for 24 energy-saving measures in Beijing, China. Conjoint and variance 
analysis are used to examine preferences for attribute levels of energy-saving measures and the 
heterogeneity in preferences, respectively. The results show that energy-saving measures are relatively 
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people with high environmental concern, their average acceptance levels of energy saving measures are 
65% and 80% higher than those of their counterparts, respectively. Home energy-saving measures are 
more favored by households without elders over 60 years old, individuals with low educational level, and 
residents with low environmental concern, compared with their counterparts. Currently, effective policy 
tools targeting at behavioral energy conservation are scarce. Publicity about energy-saving measures 
contributes to improving residents' familiarity with these measures and environmental concern. 
Customized incentive policies are needed. 
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AB Developing energy independent and sustainable communities has gained a high level of global interest in 
recent times. The Federal Sustainable Development Strategy for Canada (FSDS) has defined the addressing 
of climate change and the shrinking of the environmental footprint as priority themes in its sustainable 
development approach. In the pursuit of planning net-zero to net-positive community energy systems, 
reducing the energy demand of the residential buildings is the first priority, particularly as the residential 
sector accounts for 17% of the secondary energy use in Canada. Various technical, behavioural, and policy 
level interventions are available for reducing residential energy consumption. In this review, demand 
reduction interventions have been categorised as efficiency, saving and conservation measures. The 
benefits, limitations and challenges present in adopting those strategies are discussed for various regions 
in Canada. Even though there is an advanced level of knowledge available on energy demand reduction, 
the scattered information needs to be brought together to develop a combined and inclusive approach for 
residential demand management. Collected knowledge will inform decision makers engaged in the design 
of residential buildings and planning of sustainable communities to identify the interventions which can 
be implemented in a given locality. This review aims to address the above gaps through a comprehensive 
review on potential energy demand reduction methods, especially for Canada. The implications of the 
findings to Canadian residential energy sector as a whole are discussed in the final part of the review. 
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considerable; however the building energy and water retrofit market potential has been diminished by a 
number of barriers, especially financial. In contrast, in other advanced economies there are several 
reported financing strategies that have been shown to accelerate retrofit projects implementation. In this 
study, a coupled Bayesian Network System Dynamics model was developed with the core aim to assess 
the likely influence of those novel financing options and procurement procedures on public building 
retrofit outcomes scenarios in the Australian context. A particular case-study focusing on Australian public 
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showed that a revolving loan fund supporting an energy performance contracting procurement procedure 
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greatest number of viable retrofit projects over the long term. The results indicated that such a financing 
scheme would lead to substantial abatement of energy and water consumption, as well as carbon 
emissions. The strategic scenario analysis approach developed herein provides evidence-based support to 
policy-makers advocating novel financing and procurement models for addressing a government's 
sustainability agenda in a financially responsible and net-positive manner. 
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AB Building operations account for the largest proportion of energy use throughout the building life cycle. 

The energy saving potential is considerable taking into account the existence of a wide variety of building 
operation deficiencies. The advancement in information technologies has made modern buildings to be not 
only energy-intensive, but also information-intensive. Massive amounts of building operational data, 
which are in essence the reflection of actual building operating conditions, are available for knowledge 
discovery. It is very promising to extract potentially useful insights from big building operational data, 
based on which actionable measures for energy efficiency enhancement are devised. 

   Data mining is an advanced technology for analyzing big data. It consists of two main types of data 
analytics, i.e., supervised and unsupervised analytics. Despite of the power of supervised analytics in 
predictive modeling, unsupervised analytics are more practical and promising in discovering novel 
knowledge given limited prior knowledge. This paper provides a comprehensive review on the current 
utilization of unsupervised data analytics in mining massive building operational data. The commonly 
used unsupervised analytics are summarized according to their knowledge representations and 
applications. The challenges and opportunities are elaborated as guidance for future research in this multi-
disciplinary field. (C) 2017 Elsevier B.V. All rights reserved. 
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AB The design of sustainable constructions also resilient to climate change has become a challenging issue 

given the increasing greenhouse emissions rate imputable to the built environment in urban areas. In this 
context, dynamic simulation models represent a suitable tool to support the design from very preliminary 
phases, since they allow an accurate prediction of the constructions requirements, their environmental 
performance, and indoor comfort conditions for their occupants. Therefore, starting from specific inputs, 
that is, weather conditions, construction technologies, materials, energy systems, operation settings, 
occupancy, and so forth, it is possible to estimate the realistic building energy performance. Moreover, the 
calibration procedures allow making the model even more representative of the field conditions of a 
construction. Given the massive progress carried out by the scientific community during the last decades, 
this paper presents a comprehensive review of the different building dynamic simulation approaches and 
available tools. While previous review studies focused on single separated aspects of dynamic simulations 
approaches, that is, calibration methods, software, simulation of single building energy systems, the aim of 
the present review is to propose a more holistic approach by investigating the recent scientific progress in 
simulating realistic dense urban environments. In this view, the review focus bridges the gap between the 
simulation at single-building level and simulation at the increasingly important neighborhood scale by 
showing the multiple benefits deriving from using dynamic simulation tools at district level, for a more 
reliable investigation of building performance in their urban context, where more than 50% of the global 
population worldwide currently lives. (C) 2017 Wiley Periodicals, Inc. 
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AB Approaches that attempt to influence resource use in the home often consider the building system alone, 

without due consideration of occupants and their practices. However, occupants interact with technology 
and ultimately affect energy and water metabolism in the home. This research used an explanatory design 
mixed method approach to investigate the energy and water use in eight homes over a two-year period, 
before and after an intervention based on persuasive behaviour change. Each home was considered as a 
system of practice and results were analysed in terms of overall resource reduction, changes in practice 
and changes made to the building systems. It was revealed that five of the homes succeeded in reducing 
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interlocked routines and can be considered an effective solution to influence resource use in the home. (C) 
2017 Elsevier B.V. All rights reserved. 
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and greenhouse gas emissions. We have consistently evaluated global residential thermal demand and 
energy consumption up to the year 2050 under different climate change scenarios. We first constructed 
energy service demand intensity (energy service demand per household) functions for each of three 
services (space heating, space cooling, and water heating). The space heating and cooling demand in 2050 
in the world as a whole become 2.1-2.3 and 3.8-4.5 times higher than the figures for 2010, whose ranges are 
originated from different global warming scenarios. Cost-effective residential energy consumption to 
satisfy service demand until 2050 was analyzed keeping consistency among different socio-economic 
conditions, ambient temperature, and carbon dioxide (CO2) emission pathways using a global energy 
assessment model. Building shell improvement and fuel fuel-type transition reduce global final energy 
consumption for residential thermal heating by 30% in 2050 for a 2 degrees C target scenario. This study 
demonstrates that climate change affects residential space heating and cooling demand by regions, and 
their desirable strategies for cost-effective energy consumption depend on the global perspectives on CO2 
emission reduction. Building shell improvement and energy efficiency improvement and fuel fuel-type 
transition of end-use technologies are considered to be robust measures for residential thermal demand 
under uncertain future CO2 emission pathways. 
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AB Based on a household energy use survey, this paper explores the technical and economic potential of 

residential energy savings in a Chinese city, Xiamen. The survey adopted a similar questionnaire used by 
the U.S. EIA's Residential Energy Consumption Survey (RECS), covering the end-uses of cooking, water 
heating, plug-in appliances, lighting and space cooling. The analysis shows that the technical potential of 
energy savings in Xiamen's residential buildings is significant, around 20%. Of the technical potential, 
about two-thirds to four-fifths are cost-effective from a whole society perspective. The cost-effectiveness 
was evaluated by comparing the Levelised Cost of Conserved Energy (LCOCE) of advanced technical 
measures with the actual cost of conserved energy. The actual cost of energy is defined by adding the 
carbon emission cost and hidden government subsidies over the retail prices of energy. About three-
quarters of the technical energy-saving potential in Xiamen come from adopting efficient household 
appliances, therefore, further tightening the energy efficiency standards for key household appliances and 
promoting wide diffusion of efficient models of appliances by various effective financial incentives are 
essential for achieving residential energy savings in China's "Hot Summer and Warm Winter" region 
where Xiamen locates. (C) 2017 Elsevier Ltd. All rights reserved. 
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AB Residential buildings may be described as complex social-technological systems. expressing component 

interdependence and chaotic temporal variability. As such, we characterized the dynamics and multiscale 
relationships of hourly electricity consumption data for 13 occupied Florida houses from calendar year 
2013. Statistical approaches included: (1) exploratory data analyses with distribution-based descriptive 
statistics; (2) normality testing; (3) spectral and monofractal analyses; (4) multifractal detrended fluctuation 
analyses (MFDFA) with surrogate testing; and (5) Ward's minimum variance method for hierarchical 
agglomerative clustering. Results suggested the energy-use patterns were non-normal, nonlinear, and 
exhibited predominantly anti -persistent fractal complexities. Thus, classical descriptive statistics 
presuming Gaussian probability density function (PDF) distributions neither well fit, nor well described, 
the data and their interdependent characteristics. Notably, clusters of comparable houses were 
categorically and statistically different when using descriptors based on normality (e.g., mean, variance, 
skewness, kurtosis) versus those based on fractality (e.g., Hurst exponent, multifractal spectrum width). 
We believe MFDFA statistical outputs may serve as novel indicators of residential building dynamics as 
they better characterize the complex, nonlinear asset and occupancy interactions and they require no 
assumptions regarding the PDF distribution shape. We offer guidance on the data management, 
transformation, parameterization, and interpretation processes necessary to apply MFDFA to whole-house, 
short-interval, electricity consumption time series data. Multifractal quantification of building performance 
time series data may be useful on multiple fronts: (1) detecting under-performing households; (2) 
improving segmentation, targeting, and pre/post analyses of energy efficiency interventions; (3) 
diagnosing building system failure risks; and (4) improving smart grid supply and load balancing. (C) 2017 
Elsevier B.V. All rights reserved. 
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AB Building energy efficiency labeling programs are promising strategies to encourage investments in green 

buildings. It is necessary to explicitly measure the value of energy efficient labels from an economic 
perspective that is more understandable to both developers and buyers. This research not only documents 
evidence on whether a sales premium exists for energy-certified homes but also investigates the effects Of 
market characteristics on the magnitude of the added value of building energy efficiency labeling 
programs. A hedonic pricing model of 1679 single-family home sales in the metropolitan Atlanta area in 
the U.S. is developed, with numerous explanatory variables (such as location, time of sale, green features, 
and other housing characteristics) taken into account. Results indicate that: (i) Homes that earn energy 
certificates demonstrate a sales price premium of 11.7%, which equates to a dollar value of over $47,000 in 
Atlanta's housing market; (ii) The regional energy labels certificated by the EarthCraft House receives 
higher recognition in the marketplace than that by national Energy Star programs. (iii) The certified homes 
that are located in the top school districts (i.e., with the top 50 schools) enjoy a substantially higher increase 
in the home sales premium, compared to green homes in districts with the low-quality schools. A random 
sampling method is further used to ensure the quality of the regression results with the limited size of the 
dataset by eliminating stochastic effects of the selected dataset. This research contributes to (i) the body of 
knowledge by analyzing the market value of building energy efficiency labels in the residential housing 
market and (ii) the state of practice by shedding light on the information asymmetry problem between 
home developers and buyers in the housing market to facilitate the adoption of energy labels in building 
products. (C) 2017 Elsevier B.V. All rights reserved. 
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AB Research background: Most of the studies and their authors focus on the social and economic impacts of 

energy-saving behavior. However, they do not focus on the psychological factors affecting the efficiency of 
energy consumption in households. Lithuania has a lack of a unified and justified opinion on 
psychological factors that affect the energy efficiency of households. 

   Purpose of the article: The main objective of the article is to identify the psychological factors that 
influence energy efficiency in households and to identify the appropriate measures to change the 
individual's energy consumption behavior. 

   Methods: The article was based on analysis of scientific literature and expert evaluation, when experts 
selected the most influencing psychological factors. Expert valuation allowed to set the right conditions in 
which individuals are more easily assimilated by means of energy saving. 

   Findings: In most cases, economic and technological factors significantly influence household energy 
consumption. Increased energy-efficient equipment production and supply is causing an energy 
consumption growth in households, because they are more inclined to buy and use more efficient electrical 
equipment. An investigation has showed that the energy consumption is strongly influenced by some 
cultural and psychological factors: with greater public openness to innovation, the households tend to use 
energy more efficiently. Also, some psychological indicators have significant impact on energy 
consumption has - frequently the more pronounced neuroticism or extraversion rate. Since the research 
was performed only in Lithuania, in the future it will seek to carry out an investigation in several countries 
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AB This paper proposes a novel Case Based Reasoning (CBR) application for intelligent management of 

energy resources in residential buildings. The proposed CBR approach enables analyzing the history of 
previous cases of energy reduction in buildings, and using them to provide a suggestion on the ideal level 
of energy reduction that should be applied in the consumption of houses. The innovations of the proposed 
CBR model are the application of the k-Nearest Neighbors algorithm (k-NN) clustering algorithm to 
identify similar past cases, the adaptation of Particle Swarm Optimization (PSO) meta-heuristic 
optimization method to optimize the choice of the variables that characterize each case, and the 
development of expert systems to adapt and refine the final solution. A case study is presented, which 
considers a knowledge base containing a set of scenarios obtained from the consumption of a residential 
building. In order to provide a response for a new case, the proposed CBR application selects the most 
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similar cases and elaborates a response, which is provided to the SCADA House Intelligent Management 
(SHIM) system as input data. SHIM uses this specification to determine the loads that should be reduced in 
order to fulfill the reduction suggested by the CBR approach. Results show that the proposed approach is 
capable of suggesting the most adequate levels of reduction for the considered house, without 
compromising the comfort of the users. (C) 2017 Elsevier B.V. All rights reserved. 
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AB District heating systems were gradually improved with the development of generation, storage, 

distribution technologies, and the demands continued to expand significantly. The percentage of houses 
supplied by district heating systems were fast grown up, and it was reported that the global market for the 
systems would expand by about 6% in the period between 2016 and 2024. 

   However, most studies for district heating models focused on fuel use in plants, energy distribution, and 
carbon reduction. Many simulations adopting computing technologies dealt with mechanical 
performances in the systems. Also, recent statistical analyses overlooked zone-scaled thermal comfort 
directly affecting users' workability in buildings. 

   This research proposes an intelligent controller to improve thermal comfort and reduce peak energy 
demands in a district heating system. An artificial intelligence based model with temperature and thermal 
comfort detectors optimizes supply air conditions to maintain desired room temperature responding to 
users' characteristics in four different building types. The model reduces peak demands for cooling and 
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heating to optimize plant and distribution capacity. Comparative analyses describe the model's 
effectiveness that it improves thermal comfort level by 27%, and that it reduces peak energy demands by 
30% in comparison with a conventional on/off controller. The model has an advantage that it properly 
responds to temperature changes with high performance to mitigate thermal dissatisfaction and energy 
loss. In spite of the sensitive controls to ensure human comfort, it is confirmed that the model can 
contribute to design optimization for energy supply systems in urban scaled models. (C) 2017 Elsevier Ltd. 
All rights reserved. 
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AB Increased energy efficiency of the building sector is high on the list of priorities for energy policy since 

better energy efficiency would help to reduce impact on climate change and increase security of energy 
supply. One aim of the present study was to find a relative effect of growth of demand for energy services 
due to changes in income, energy consumption per unit of demand due to technological development, 
changes in electricity price and household income on household electricity consumption in Latvia. The 
method applied included system dynamics modeling and data from a household survey regarding the 
relationship between electricity saving activities and the electricity cost-income ratio. The results revealed 
that, in direct contrast to the expected, a potential reduction of the electricity consumption is rather 
insensitive to electricity price and electricity cost-income ratio, and that the efficiency of technologies could 
be the main drivers for future electricity savings. The results suggest that support to advancement of 
technologies and faster replacement of inefficient ones rather than influencing the energy price could be 
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effective energy policy measures. The model, developed in the study could be used in similar assessments 
in other countries. 
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AB The paper describes the transformation that has taken place over the last 15 years in the energy efficiency 

of new office buildings constructed in Australia and considers if and how the UK could follow suit. The 
success in Australia has been greatest for the base building': the energy performance of the HVAC services 
in tenanted spaces and of all end uses in the common parts. It embraces a design for performance' culture, 
supported by the NABERS Commitment Agreement', where developers and their teams sign up to an in-
use performance target. The process is underpinned by advanced simulation, strategic sub-metering and 
fine-tuning post occupation to help eliminate wasteful deviations. The paper considers the opportunity for 
the UK to introduce a Commitment Agreement process for new office buildings, integrated with the Soft 
Landings Framework. It is argued that from a technical perspective base building energy performance in 
new UK offices could be as good as it is in Australia. However, there are non-technical drivers missing in 
the UK. To compete with their Australian peers, the UK property and construction industries need a base 
building energy measurement and rating system, creating the ability to set a performance target and 
disclose the outcome.Practical application: Design for performance uses a much more realistic building 
simulation model at the design stage. Although this requires a lot more inputs (details of the building's 
proposed chillers, AHUs, ducts and valves, etc. and their controls), it enables the designers to capitalise 
from computer-aided-design to improve energy efficiency. This process deploys the technology 
improvement template by which much of the modern world has progressed so fast, and enables 
innovation to flourish. The more advanced HVAC model can predict target energy budgets for each sub-
system (boilers, chillers, fans, pumps, etc.) against which the actual energy used, as measured with sub-
meters, can be compared to inform fine tuning during early operation. Although a model's predictions can 
be considered the ideal energy performance of the as-built system, there's an expectation that the base 
building's real performance should turn out to be within around 10% of that anticipated from the 
modelling. 
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AB A deep understanding of household appliance standby energy use (SEU) and associated saving potentials 
in Chinese rural areas is vitally important due to the huge amounts of households and appliances. 
However, to date, few study has been conducted and very little is known about the SEU. Meanwhile, 
existing methods of estimating such saving potentials have two limitations. Firstly, they primarily 
evaluated it through upgrading appliances while a more practical way of improving behavior should also 
be considered. Secondly, they do not take the impact of its influential factors into account simultaneously, 
and tend to significantly decrease the estimation accuracy. To address the above issues, an investigation on 
the appliance SEU and its influential factors in Chinese rural homes was first conducted. Then, a data 
mining-based method for estimating the saving potentials was proposed, and improving occupant 
behavior pertaining to SEU was also considered in the estimation. The method was further applied under 
three typical scenarios: appliance upgrades, behavior change and the combination of both. In addition, 
barriers to promote standby energy reductions have been analyzed and corresponding recommendations 
have been made. Main contributions of this study include: (1) providing SEU of Chinese rural homes and 
estimating saving potentials caused by various ways including behavior change and, (2) a new method of 
estimating energy-saving potentials with improved accuracy. (C) 2017 Elsevier B.V. All rights reserved. 
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AB In the last decades, it has been recognized that energy consumption in low power modes for electrical and 

electronic products is an important issue. There is a need to expand energy efficiency efforts beyond 
simple standby modes into the new more complex area of networks, thus tackling the new paradigm of 
living based on the Internet of Things. The European project SELINA carried out a large scale in store 
monitoring campaign, measuring about 6300 different equipment. Since then, there is no reference to other 
similar market surveillance studies being carried out in Europe. In Asia, a market surveillance campaign 
performed by the Asia Pacific Partnership with measurements on a regular basis has been very successful. 
SELINA results show that 18.5% of the measured products present power values higher than the 2010 EC 
1275/2008 regulation threshold in off-mode, and for standby this value reached 31%. When a comparison is 
made with the 2013 EC 1275/2008 regulation threshold, these values increase twice. The Asia Pacific 
Partnership results alert policy makers that low passive standby does not guarantee low active standby. 
Several studies indicate that consumer electronic products are becoming more efficient and their energy 
consumption is decreasing. However, because the ownership of appliances is also increasing, these 
improvements in energy efficiency do not seem to have significant impact in the overall consumption of 
the households. In addition, there is evidence that not all appliances in the market reach the performance 
announced by the manufacturers. Recent measurements carried out by the Natural Resources Defense 
Council on flat screen TVs revealed that their real energy consumption seems to be higher than announced 
in the label. This shows the urgent need for measurement campaigns, since no market surveillance is being 
carried out on regular basis, and trusting the manufacturer's data seems to be unreliable. 
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AB Worldwide the lighting sector demands around 1/5 of total electricity used. While the diffusion of new 

lighting technologies occurs quickly and prices for these technologies drop, at the same time around 1/3 of 
households in developed European countries continue to choose incandescent light bulbs. This phenomena 
shows a large potential for saving electricity. Therefore, the aim of our research is to model the diffusion of 
innovation for energy efficiency solutions in households in Latvia. The methodology combines an 
empirical study with system dynamics modelling. The model showed that electricity consumption in 
households decreased by 14% from the year 2015 until the year 2040. The sensitivity analysis shows that 
changes in the parameters used in this analysis caused expected behaviour, where the uncertainly in 
electricity consumption in households accounted for +/- 16% in the year 2040. Although this developed 
system dynamics model was based on a specific process of diffusion of innovation, its general application 
to other products and services is possible, since the developed model serves as a white-box. The structure 
of the model can be used for other studies; the model can be enhanced with the newest results or adapted 
for other case studies. 

C1 [Timma, Lelde; Bazbauers, Gatis; Bariss, Uldis; Blumberga, Andra; Blumberga, Dagnija] Riga Tech Univ, 
Inst Energy Syst & Environm, Azenes Iela 12-1, LV-1048 Riga, Latvia. 

RP Bazbauers, G (reprint author), Riga Tech Univ, Inst Energy Syst & Environm, Azenes Iela 12-1, LV-1048 
Riga, Latvia. 

EM gatis.bazbauers@rtu.lv 
FU National Research Program 
FX The work has been supported by National Research Program "Energy 
   efficient and low-carbon solutions for a secure, sustainable and climate 
   variability reducing energy supply (LATENERGI)". 
CR Aman MM, 2013, ENERG POLICY, V52, P482, DOI 10.1016/j.enpol.2012.09.068 
   Baibauers G., 2016, ENERGETIKA, V61 
   Barlas Y, 1996, SYST DYNAM REV, V12, P183, DOI 10.1002/(SICI)1099-1727(199623)12:3<183::AID-

SDR103>3.3.CO;2-W 
   BASS FM, 1969, MANAGE SCI, V15, P215, DOI 10.1287/mnsc.15.5.215 
   Chappin EJL, 2013, ENVIRON INNOV SOC TR, V7, P16, DOI 10.1016/j.eist.2012.11.005 
   CSB, 2016, STAT DAT 
   De Almeida A, 2014, RENEW SUST ENERG REV, V34, P30, DOI 10.1016/j.rser.2014.02.029 



Sustainability 2018, 10, x FOR PEER REVIEW  967 of 1272 

   D. E. A. E. P. C. European, 2015, EUR LED MARK EV POL 
   Forrester J. W., 1961, INDUSTRIAL DYNAMICS 
   Franceschini S, 2015, TECHNOL FORECAST SOC, V92, P69, DOI 10.1016/j.techfore.2014.11.007 
   Frederiks ER, 2015, RENEW SUST ENERG REV, V41, P1385, DOI 10.1016/j.rser.2014.09.026 
   GREASLEY P, 2008, QUANTITATIVE DATA AN 
   Hosmer David W., APPL LOGISTIC REGRES 
   Karakaya E, 2014, RENEW SUST ENERG REV, V33, P392, DOI 10.1016/j.rser.2014.01.083 
   Kaulina A., 2014, LATVIJAS RADIO 
   Khan N, 2011, RENEW SUST ENERG REV, V15, P296, DOI 10.1016/j.rser.2010.07.072 
   Mills B, 2014, ENERG ECON, V46, P151, DOI 10.1016/j.eneco.2014.08.022 
   Mylan J, 2015, J CLEAN PROD, V97, P13, DOI 10.1016/j.jclepro.2014.01.065 
   Nordhaus William D., 1996, EC NEW GOODS, P27 
   Perlaviciute G, 2015, RENEW ENERG, V77, P259, DOI 10.1016/j.renene.2014.12.020 
   Reveiu A, 2015, PROCEDIA COMPUT SCI, V52, P812, DOI [10.1016/j.procs.201.5.05.137, 

10.1016/j.procs.2015.05.137] 
   Ringel M, 2003, RENEW SUST ENERG REV, V7, P485, DOI 10.1016/S1364-0321(03)00069-8 
   Rogers EM, 1995, DIFFUSION INNOVATION 
   Sterman J. D., 2000, BUSINESS DYNAMICS SY, P928 
   Vigants E., 2015, J CLEAN PROD, P1 
   Wall R, 2009, ENERG POLICY, V37, P1021, DOI 10.1016/j.enpol.2008.10.045 
NR 26 
TC 0 
Z9 0 
U1 16 
U2 16 
PU ELSEVIER SCI LTD 
PI OXFORD 
PA THE BOULEVARD, LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, OXON, ENGLAND 
SN 0301-4215 
EI 1873-6777 
J9 ENERG POLICY 
JI Energy Policy 
PD OCT 
PY 2017 
VL 109 
BP 545 
EP 554 
DI 10.1016/j.enpol.2017.07.030 
PG 10 
WC Economics; Energy & Fuels; Environmental Sciences; Environmental Studies 
SC Business & Economics; Energy & Fuels; Environmental Sciences & Ecology 
GA FI5OT 
UT WOS:000412034400053 
DA 2018-05-03 
ER 
 
PT J 
AU Al-Hinti, I 
   Al-Sallami, H 
AF Al-Hinti, I. 
   Al-Sallami, H. 
TI Potentials and Barriers of Energy Saving in Jordan's Residential Sector 
   through Thermal Insulation 
SO JORDAN JOURNAL OF MECHANICAL AND INDUSTRIAL ENGINEERING 
LA English 
DT Article 
DE Thermal insulation; building codes; residential buildings; energy saving 
ID CONSUMPTION; IMPACT 



Sustainability 2018, 10, x FOR PEER REVIEW  968 of 1272 

AB The residential sector in Jordan accounts for 21% of final energy consumption and 43% of total electricity 
consumption. More than 60 % of energy consumed in households is used for space heating and cooling. 
Thermal insulation of building is a decisive factor in reducing residential heating and cooling energy 
needs. Although thermal insulation codes have been adopted since the early eighties, enforcement of these 
codes has been limited. This resulted in sporadic implementation of thermal insulation in residential 
buildings that varies according to the ownership type, income and education levels. This paper presents an 
analysis of potential energy savings that can be achieved through retrofitting Jordanian households to 
comply with the existing thermal insulation codes. In addition, the legal, social, economic, and technical 
barriers of the use of thermal insulation are discussed in an attempt to bring a better understanding of how 
the projected savings can be assured. (C) 2017 Jordan Journal of Mechanical and Industrial Engineering. 
All rights reserved 
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AB The aim of this research is to model the market penetration of energy efficient appliances in the 

residential sector. The analysis focuses on six major appliances refrigerators, freezers, clothes washers, 
clothes dryers, and ranges to forecast their market penetration and market share during the years 2012 -
2050. Models were developed for each category using 22 years of historical data related to population, 
household income, immigration, and appliance price. These variables were selected based on the statistical 
tests of twelve macroeconomic variables. The market shares of high efficiency appliances were analyzed 
based on the related capital costs, operating costs, lifetime, and incentive. The results show that in Alberta 
the market penetration growth rate of dishwashers is higher than that of all other appliances, with a 
projected 30.52% increase between 2012 and 2050. The modeling results also indicate that the average 
annual energy consumption by refrigerators will decrease from 560.9 kWh in 2012 to 460.8 kWh in 2050, 
and this decrease indicates an annual energy efficiency improvement of 0.47%. In addition, the effect of an 
incentive on adopting high energy efficiency appliances and ultimately on energy efficiency improvement 
in Alberta is more effective for dishwashers and clothes washers. (C) 2017 Elsevier Ltd. All rights reserved. 
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AB The building of houses with low energy consumption or even a negative energy balance with the massive 

building construction methods commonly used in Europe has been a usual and acknowledged practice for 
some decades. Massive building construction was a driving factor that could not be ignored in the first 
attempts toward low-energy houses. Monolithic external walls, which undertake the tasks both of bearing 
the loads and of resisting fire, and keeping noise and vapour out of the interior rooms, were particularly 
challenged, since they were to do without outside "assistance" in the form of insulation layers. This 
challenge seems greater than ever with the path to zero-energy buildings in Europe. It has been 
demonstrated on many "beacon" projects that even extreme requirements do not have to mean the end of 
monolithic construction and certainly not of massive construction, given the right building services 
technology. The presented building projects are only a few, more are being added daily. Nonetheless, a 
critical note about the developing principle seems justified. Independent of the demand to always keep an 
eye on the economic benefit of a measure, some developments seem suitable to change the monolithic 
approach in European building to a background to be fulfilled alone with insulation to facades or in 
constructions. The projects presented in this article should also deliver sufficient arguments to permit the 
existing range of technology to still act in an unrestrained manner instead of restricting it. 
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AB Buildings are one of the major energy consumers. Thus, it is crucial to develop new solutions in order to 

retrofit existent buildings especially for public buildings), achieving both energy saving and environmental 
protection. The proposed solutions are in many cases expensive and it is necessary to evaluate them case 
by case. The present analysis focuses on the development of a methodology useful to select and evaluate 
different energy retrofitting solutions and it is applied to energy simulations of the Monoblocco Pavilion at 
the San Martino Hospital in Genova, Italy. The model allows to evaluate the building heating and cooling 
loads and to predict the energy requests associated to different retrofit scenarios. The selected retrofit 
technologies include some innovative solutions such as facade super insulated void panel, smart rotating 
windows with different emissivity glass and sunlight carrying optic-fiber coupled with dimmed LED 
lighting system. Results have been analyzed in terms of hourly values of selected variables and the 
different effects related to the retrofit strategies have been compared in terms of energy saving. The 
comparison included also the Simple Pay Back Period SPB) of the investment in order to identify the best 
technologies combination also from an economic point of view. 
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AB Technological progress is considered an important means of decreasing energy consumption. However, 

rebound effects caused by energy efficiency improvements directly affect the realization of energy savings 
and emission reduction. This paper focuses on the main theory and methodology of direct and indirect 
rebound effects. Using 30 sets of provincial panel data and national input-output data for China from 2007, 
this paper builds a co-integrating equation, a panel error correction model, and an 8-sector energy-input-
output model. We subsequently estimate the direct and indirect rebound effects of urban residential 
electricity use. The results indicate that in the long term the direct plus indirect partial rebound effect is 
0.79; in the short term it is 0.78. Thus, the majority of the expected electricity reduction in Chinese urban 
residential energy consumption arising from efficiency improvement may be offset. These rebound effects 
impair the functioning of energy efficiency policies. Therefore, the Chinese government should not 
improve energy efficiency alone-they must also take into consideration the relevant energy-pricing reforms 
when formulating energy policies. 
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AB In this paper we analyse the electricity consumption of a set of four traditional 'white goods' in a panel of 

ten EU countries observed over the period 1995-2013 with the aim of disentangling the amount of technical 
efficiency from overall energy saving using a stochastic frontier approach. The efficiency trend is modelled 
as a function of energy efficiency policies and innovation dynamics that combines invention and adoption 
processes using specific patents weighted by granular production data and worldwide bilateral import 
flows. Our model also accounts for potential endogeneity arising when innovation processes and economic 
growth are considered. With this replicable approach, the stochastic frontier framework allows for explicit 
modelling of innovation processes. Our results show that the efficiency component is related to changes in 
the energy efficient technological content of appliances. The 'international' component represents a 
predominant share of technological advancement and exerts a significant influence on the transient 
efficiency. Our evidence calls for an active role to be played by policy makers in focusing on innovation 
and trade policies in order to achieve more ambitious energy efficiency targets. (C) 2017 Elsevier B.V. All 
rights reserved. 
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AB Using large-sample high temporal resolution data from a smart metering field trial, we econometrically 

estimate the effects of providing feedback in addition to smart metering devices. We compare consumption 
levels and patterns between a pilot group that received feedback in addition to smart metering devices and 
a control group with only smart metering devices. We investigate, in particular, the persistence of the 
effects and whether the effects differ between periods of high and low household occupancy, i.e. between 
morning and evening periods, and between weekdays and weekend days. The findings show that 
feedback is effective, leading to about 5% electricity consumption reduction that is persistent over an 
eleven month period. Furthermore, our results show that this reduction affects both low and high 
occupancy periods, suggesting that feedback is associated with rather permanent changes in habitual 
behavior and/or investments in energy-efficient technologies. 
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AB The household sector consumes roughly 30% of Earth's energy resources and emits approximately 17% of 

its carbon dioxide. As such, developing appropriate policies to reduce the CO2 emissions, which are 
associated with the world's rapidly growing urban population, is a high priority. This, in turn, will enable 
the creation of cities that respect the natural environment and the well-being of future generations. 
However, most of the existing expertise focuses on enhancing the thermal quality of buildings through 
building physics while few studies address the social and behavioral aspects. In fact, focusing on these 
aspects should be more prominent, as they cause between 4% and 30% of variation in domestic energy 
consumption. Premised on that, the aim of this study was to investigate the effect in the context of the UK 
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AB Policy makers have realized that without significant increases in the energy efficiency and notable 

reductions in the energy use of the household sector, it will be impossible to lower carbon dioxide 
emissions and mitigate the risks of climate change at the global level. The energy demand in residential 
buildings is influenced by several parameters, such as national economic growth, climate and weather, 
demographic structure, and technological development. In this paper, we analyze the determinants of 
electricity and natural gas consumptions in Italy during the period from 2004 to 2013. We provide 
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estimates of price and income elasticities of the demand for both the energy sources in the residential 
sector. The role played by both energy price and household income is worth attention because it provides 
evidence for the occurrence of the direct rebound effect. Therefore, the economic drivers of the energy 
demand are important to improve the policies meant to reduce greenhouse gas emissions and contrast the 
global warming. (C) 2017 Elsevier B.V. All rights reserved. 
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AB Drawing on agency theory and absorptive capacity literature, this paper empirically analyzes factors of 

adoption and barriers to adoption of four crosscutting, ancillary energy efficiency measures (EEMs) for 
non-residential buildings (efficient lighting, building insulation, heating system replacement, and 
optimization of heating system operations). The empirical analysis employs a large representative sample 
of organizations in the German trade, commerce and services sector. Results from econometric analyses 
provide evidence for a negative effect of principal agent relationships (landlord-tenant; owner-user of 
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adoption. The most relevant barriers for all EEMs are rented spaces, high investment costs, and other 
priorities; least relevant are technical risk to production and risk to product quality. Finally, we find little 
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non-manufacturing organizations. These findings are robust to alternative model specifications.(C) 2017 
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AB This study provides understanding of the influence of outside temperature on intuitional buildings in an 

urban landscape. We derive heating and cooling degree days for each of the buildings by identifying an 
appropriate choice of balance point temperatures and perform multiple linear regression seasonally to 
characterize the temperature-electricity use relations. 

   Our study reveals considerable differences in temperature-electricity relationships based on building use 
and characteristics. In addition to outside temperature, the weekday effect has large influences on 
electricity consumption of buildings. Summer months have greater influence of outside temperature on 
electricity consumption followed by transition months and winter as an increase in one cooling degree day 
(CDD) increases daily electricity consumption by 0.124 kW/m2 whereas during winter, one heating degree 
day (HDD) increases daily electricity consumption by 0.025 kW/m2 and by 0.099 kW/m2 during transition 
months. We apply two kinds of models to project electricity demand for projected temperature profiles in 
2030. Both cases strongly suggest higher electricity demand not just in summer months but also during 
transition periods in spring and fall. Overall, electricity demand increases by 0.95% under a low emission 
scenario (RCP 4.5) and 2.03% under a high emission scenario (RCP 8.5), which is likely to put immense 
pressure on the United States electric grid system and an overall increase in the energy cost by 2030. (C) 
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AB Energy efficiency plays a key role in reducing global energy consumption, especially in the industrial 

sector, with an indirect positive impact on the competitiveness of industrial firms. Although a cultural shift 
toward recognizing the strategic importance of energy efficient and environmental friendly solutions is 
diffusing among industrial companies, also pushed by the evolution of local and international regulatory 
frameworks, strong barriers hampering the adoption of energy efficiency measures (EEMs) still exist. 
These barriers, and in particular those linked to behavioral issues, may be overcome by the use of a well-
designed energy audit methodology. However, how energy audit can help overcome behavioral barriers to 
industrial energy efficiency remains an under-researched topic in literature. This paper presents and 
discusses a novel methodology for energy audit developed and implemented by a large manufacturing 
company. The methodology is built around four phases, and it pays special emphasis to the initial step of 
the audit, where the strongest resistance to the implementation of EEMs is typically found due to a lack of 
awareness and commitment which hampers the identification of needs and opportunities associated with 
the adoption of EEMs. The proposed methodology has been able to overcome in practice the typical 
behavioral barriers that affect the implementation of EEMs in the manufacturing sector and has strong 
applicability in other firms and industries. 
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AB Residential energy efficiency is an important strategy for reducing greenhouse gas emissions. There are 

many technologies that help improve residential energy efficiency, and in fact, increased energy efficiency 
has already helped reduce global greenhouse gas emissions significantly in the past. However, with 
greater innovation, further improvements can be made and improving energy efficiency is an ongoing 
activity. Policymakers around the world are putting strategies in place to speed up the adoption of energy 
efficient technologies and practices, but ultimately this process is based on choice by residents themselves. 
Human decision making and choice however is a very complex issue, and complex computational tools are 
required in order to analyse and/or predict the impact of various policies. Traditionally, equation-based 
models such as Bass and Choice models have been used to describe the diffusion of technologies in a 
population, but certain limitations have been identified. This article explores what these limitations are in 
the context of energy efficient residential technologies and how an alternative computational and empirical 
paradigm, Agent-Based Modelling (ABM), can help resolve some of these limitations. As such, this is a 
review article into how ABM can support analysis of strategies to catalyse greater uptake of energy 
efficiency in the residential sector. Crown Copyright (C) 2017 Published by Elsevier Ltd. All rights 
reserved. 
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AB In this article we empirically study the notion of 'The Resource Man' put forward by Strengers (2014): a 

motivated and knowledgeable micro-resource manager, who uses domestic smart grid innovations to 
manage energy demand in a sustainable, affordable and grid-friendly way. To explore this notion, we 
analyse a case study where energy cooperative members engaged with an ICT-based monitoring platform 
focussing on three domestic energy-managing activities - energy monitoring, planning and sharing. We 
find that although this case provided the best prerequisites for the Resource Man to emerge, none of these 
activities was sustained during the project. This outcome underlines that the Resource Man perspective 
held by many actors in the energy industry has a narrow understanding of energy consumption and how it 
can be changed or made more flexible. We suggest that it is easier to understand householders' 
engagement with energy through the concept of energy practice or "e-practices". E-practices go beyond 
managing energy with smart devices, and can include being actively involved in an energy collective, 
generating, trading, storing or discussing energy. We argue that in general, domestic smart grid 
technology can play a potential but limited role in effecting changes to complex and interlinked daily 
practices. (C) 2017 The Authors. Published by Elsevier Ltd. 
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AB According to engineering analyses, energy-intensive commercial buildings have ample opportunities to 

reduce energy use while saving money, but many seemingly profitable strategies go unadopted. This 
study explores potential barriers to energy- and refrigerant-reducing investments in supermarket 
refrigeration. While supermarkets are large energy users, energy and refrigerant account for a relatively 
small proportion of expenditures. However, due to the intensely competitive nature of the industry, 
reducing refrigeration costs could have a sizable impact on supermarkets' bottom lines. Given the scarcity 
of empirical data in this context, we conducted focus groups and interviews with U.S. supermarket 
representatives to elicit information about potential barriers to investment and used content analysis to 
qualitatively evaluate results. Participant statements suggest that the rate at which they adopt specific 
energy- reducing refrigeration technologies and practices correlates fairly well with estimates of expected 
payback. Uncertainty and imperfect information about the performance of new technologies, high 
opportunity costs of capital, and tradeoffs with other valued system attributes such as reliability and 
customer appeal were the most pervasive potential barriers discussed by participants, although split 
incentives between firms and contractors or employees also played a role for some firms. Our assessment 
is that these factors have moderately limited or slowed investments in energy- saving refrigeration 
technologies for many firms; only in the cases of uncertainty/imperfect information and split incentives 
between firms and contractors or employees are these barriers potentially indicative of market failures. In 
addition, in several instances we identify ways in which analysts could improve engineering-based net 
present value calculations to make them more consistent with actual firm decisions. 
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AB Due to the wide use of incandescent lighting, residential sector has much lower energy efficiency 

comparing to commercial sector. However, adoption of compact fluorescent (CFL) and light-emitting 
diode (LED) technology in residential sector has been slow because of several obstacles such as high price 
tag, poor public information, and additional cost to achieve favorable lighting features. A deep 
understanding on consumer's behavior is needed to support policy development in order to speed up the 
penetration of CFL and LED in the residential sector. Agent-based modeling (ABM) has been used to 
capture the dynamics of complex socio-technical systems, and represent a suitable tool. Previous work on 
ABM of consumer adoption of CFL and LED rely heavily on multi-criteria decision making of the agents. 
Since light bulbs are not a significant purchase for most households, it is highly possible that customers 
will not go through complex decision making mechanics. This research establishes an ABM of residential 
lighting purchase and usage within a hypothetical community and tries to illustrate possible adoption 
paths under different scenarios. Agents are divided into three groups with different simple decision 
heuristics when making purchase. Energy consumption and greenhouse gas (GHG) emission from each 
scenario are calculated and compared. Results of the simulation show that incandescent lamps will 
eventually fade out of the market even with no policy implemented. After 25 years, annual energy 
consumption can be reduced by roughly 30% compared to Year 2010. Under best case where incandescent 
bulbs are banned, the energy consumption reduction can be up to 70%. Among scenarios, incandescent 
ban and energy saving campaign yield best energy consumption and GHG emission reduction results. 
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AB A major goal concerning the energy transition in Germany is the reduction of energy usage. In Germany 

in 2011, private households consumed 2194 PJ and have been identified as a sector with high energy 
reduction potential. The energy demand of this sector is dependent on many linked quantitative and 
qualitative factors (e.g., number of persons and demographic structure, expenditures, cost of energy saving 
measures, willingness to invest, and level of coordination in international climate policy). In our study, we 
introduce a multilevel cross-impact approach which allows for the definition and quantification of data for 
scenario analysis while taking the interdependences between different factors on the global, national and 
sectoral levels into account. This approach makes it possible to overcome limitations that conventional 
energy models are usually confronted with. By applying a trend analysis in combination with information 
on the interdependence of relevant factors on the global and national levels, consistent sectoral views of 
the private household's future are created. (C) 2016 Elsevier Ltd. All rights reserved. 
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AB Recent research into the determinants of household energy consumption has aimed to incorporate 

findings from economics, sociology and psychology in order to obtain a more comprehensive 
understanding of the factors determining energy demand. The current paper contributes to this nascent 
stream of literature by studying the relationship between risk attitudes, trust propensity and energy 
consumption at the household level. Drawing on the British Household Panel Survey, a well-known data 
set in the context of energy studies, I show that trust is negatively correlated with household energy 
demand, while higher risk tolerance leads to increases in residential energy use. Potential explanations for 
these findings are investigated, suggesting that risk preferences may be related with overall appliance 
stock and the size of the rebound effect. (C) 2016 Elsevier B.V. All rights reserved. 
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AB The expansion of Higher Learning Institution (HLI) is a global concerns on energy demand due to 

campus act like a small city. Intensive mode of operation of a building is correlated to the energy 
utilization. Improvement in the current energy efficiency is crucial effort to minimize the environmental 
effect through minimisation of energy in operation by retrofitting and upgrade the existing building 
system or components to be more efficient. Basically, there are three recommended steps for the 
improvement known as lean initiatives, green technology and clean energy in response to becoming zero 
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energy solutions for building. The deliberation of this paper is aimed to highlight the criteria affecting in 
retrofitting of existing building in HLI with lean initiatives in order to achieve energy efficiency and 
reduction of energy comsumption. Attention is devoted to reviewing the lean energy retrofitting initiatives 
criteria for daylighting (side lighting), daylighting (skylight) and glazing. The questionnaire survey was 
employed and distributed to the architects who has an expertise in green building design. Factor analysis 
was adopted as a method of analysis by using Principal Component with Varimax Rotation. The result is 
presented through summarizing the sub-criteria according to its importance with a factor loading 0.50 and 
above. The result found that majority of the criteria developed achieved the significant factor loading value 
and in accordance with the protocal of analysis. In conclusion the results from analysis of this paper assists 
the stakeholders in assessing the significant criteria based on the desired lean energy retrofitting initiatives 
and also provides a huge contribution for future planning improvement in existing buildings to become an 
energy efficient building. 
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AB Purpose - The purpose of this paper is to review the concept of occupant behavior and its relation with 

indoor environmental quality (IEQ) and building energy consumption. The behavior is referred to any 
direct or indirect action, which is selected by an occupant to manage the unpleasant indoor environmental 
conditions. Thermal comfort, indoor air quality, aural comfort and visual comfort are the key factors of 
IEQ evaluation. Human behavior significantly interacts with energy consumption in buildings. 

   Design/methodology/approach - Each IEQ parameter was reviewed separately and the overall IEQ 
acceptance was considered. In addition, this paper reviews the methods that were used to measure and 
simulate the IEQ factors, energy consumption and human behavior. Finally, the lack of knowledge in this 
field is based on the review demonstrated. 

   Findings - Most studies considered one or two IEQ factors to evaluate IEQ acceptance in buildings. 
Further, weakness of simulating all IEQ factors at the same time is the deficiency of IEQ simulation, based 
on reviews. In the case of occupant behavior simulation, the uncertainly of human psychological 
parameter is a drawback to predict behavior. 

   Originality/value - Energy consumption, occupant health and productivity are related to IEQ. Human 
behavior affects building energy consumption directly. Simulation software and methods can predict IEQ 
factors and human behavior. Therefore, reviewing the existing studies is critical to find new methods for 
measuring and simulating IEQ, energy consumption and human behavior in buildings. 
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AB Context-awareness is crucial for leveraging energy-efficient buildings by developing intelligent control 

approaches in which sensing and actuation tasks are performed according to the contextual changes. This 
could be done by including the users' actions and behaviours in up-to-date context taking into account the 
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technical comparison between those five curriculums is presented. The driving mechanism to implement 
those five curriculums including barriers are also raised. (C) 2017 The Authors. Published by Elsevier Ltd. 
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   Findings - The results of all drivers (i.e. RII = 71.43 per cent, mean = 3.57) indicated that the respondents 
agreed about which drivers were affecting water and energy consumption. The sign Test-value was a 
positive 4.55 and the p-value was 0.000 (i.e. smaller than the level of significance a = 0.050). The means of 
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AB The peak demand placed on an electricity network can be reduced using a demand-based tariff, in which 

part of a customer's electricity bill is dependent on their maximum demand reached over a period of time. 
This paper reviews the state of the associated technologies, and it offers a smart grid hardware and 
software solution to achieve a home energy management system to assist electricity users to reduce their 
maximum demand. The method uses the application of the standards for demand response capabilities of 
electrical products, in combination with plug-in switching modules placed between any mains-powered 
appliance and the power point. The software system uses a heuristic algorithm that takes actions to achieve 
the target limit while causing the least inconvenience possible to the user. A prototype system has been 
developed and demonstrated using a simulated data that the maximum demand in a simulated household 
can be reduced significantly. 
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ID BIM 
AB In this article one examine the topic of Building Information Modeling (BIM) from the perspective of the 

residential building' owners. We present a novel approach to estimate of energy consumption through the 
identification of the relevant parameters and the application of Soft Computing techniques. 

   The residential buildings must be capable of not only providing mechanisms to minimize their energy 
consumption, but also integrating their own energy sources to ensure their energy sustainability. 

   We characterize the building in terms of its contextual features and energy consumption, and then select 
the most appropriate techniques to generate the most accurate model charged with energy rationalization. 

   The innovative technologies would need to ensure that the owners achieve management tool to provide 
advanced energy management of intelligent built environment, where smart objects, as well as distributed 
energy resources are installed. 
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AB Purpose - Nowadays, an extra consumption of electric energy in the Colombian houses is generated due 

to electric or electronic elements plugged into the electric network. This fact produces a cost overrun in the 
user's electricity bills. To reduce this extra cost, and also with a plus of reducing greenhouse gas emission, 
a monitoring system for the consumption of electric energy in a household will be designed and 
implemented to make electricity users realize how much money and energy is being wasted due to the 
unnecessary electric elements plugged into the network. This paper aims to show a monitoring system that 
allows the client to supervise the consumption of some appliances inside his/her home, remotely. It is also 
considered the HMI to be able to log in, choose the intervals of data and generate reports and graphics. The 
monitoring system is based on the integration of several technologies that are already used and 
implemented in houses and buildings, such as: measuring and treatment of data electronically using 
microcontrollers, Wi-Fi technology and dynamic graphic interface (website). 

   Design/methodology/approach - The methodology consists of several tasks, starting from documentation 
of the variables, instrumentation and methods for getting to the solution; the first part of the methodology 
focuses on selecting the electric and/or electronic elements to be monitored, so the instrumentation is able 
to monitor. Then, the power stage was implemented in this stage to measure signals from the sensors 
while sensing the electric nodes are adjusted, so does the transmission and reception. In the third stage, the 
design information system was implemented; this is where the received data from the sensors are stored 
and managed for further organization and visualization. Activities included the following: Analysis of the 
model of use cases: Identification of actors and actions that are involved in the system. Server selection: 
Study of the different server to manage the database. Design of the database: The variables, tables, fields, 
profiles are determined for managing the information. Connection between sensors and database: Correct 
data transmission and managing to the database from the sensors. Finally, the system is validated in a 
rural house for a month. 

   Findings - The monitoring system satisfies the main objective of making a tracing of the behavior of some 
appliances inside a house, showing graphically the instant current generated while connected, the 
cumulated energy consumed and the cost in Colombian pesos of the energy consumed so far, in real time. 

   Research limitations/implications - The monitoring system requires the correct functioning of the sensors 
connected to each household appliance in the home. 

   Practical implications - The main approach in the monitoring platform is the real-time measurement of 
energy consumption by nodes (in each appliance) that allows the user to control the money. The 
innovative impact of the project will be based on the use of hardware and information systems in the 
measurement of electrical consumption. 

   Social implications - This research has a direct impact on the economic aspects of the low-income 
population by allowing them to manage their energy consumption through the proposed system. 

   Originality/value - The main approach in the monitoring platform is the real-time measurement of energy 
consumption by nodes (in each appliance) that allows the user to control the money. 
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AB Beintranfsing enemy use can help building, owners and managers to assess building energy performance 

and to identify energy egfficiency opportunities. With the advanced information technologies, many 
countries have provided databases. tools, and evaluation frameworks to compare building to standards or 
peer-group and to assess energy performance based on real energy data collection. Energy consumption 
data make It easy to understand the energy use characteristics of each building, and can promote 
occupants awareness of building energy efficiency when providing an energy performance developed 
from these data. As a way of improving energy efficiency in the building sector, the Korean government 
has developed a nation-wide integrated energy consumption database with more than 6 million building 
records. The purpose of this paper is to introduce the framework of the national building energy 
consumption database and to analyze energy use characteristics of office buildings across the couantry. We 
conducted a multiple regression anarysis to analyse relationships between the office building energy 
consumption and the independent variable Including building size, building age, etc. in order to identify 
variable that have a significant influence to energy consumption. Several multiple regession models were 
developed and then we selected the best model for predicting energy consumption in an building. The 
regression model shows that a building's gross area, building height and building age have a significant 
impact on builsing energy consumption. The developed prediction model was used as an equation to 
calculated predicted energy consumption of existing office buildings in Korea. the prediction model shows 
a high explanatory power of 93.7%. We compared the actual energy consumption with the predicted 
energy consumption using the prediction model, and as a result, the error rate shows 18.4%. The 
prediction model derived from this study could be used to review the effects of energy policies and set a 
benchmarking for energy performance. 

C1 [Jo, Haeng Pil; Kim, Hye Gi; Kim, Sun Sook] Ajou Univ, Dept Architecture, Suwon, South Korea. 
RP Jo, HP (reprint author), Ajou Univ, Dept Architecture, Suwon, South Korea. 
FU Architecture & Urban Development Research Program - Ministry of Land, 
   Infrastructure and Transport (MOLIT) of Korea government 
   [17AUDP-b079104-04]; Korea Agency for Infrastructure Technology 
   Advancement (KAIA) 
FX This research was supported by a grant (17AUDP-b079104-04) from 
   Architecture & Urban Development Research Program funded by Ministry of 
   Land, Infrastructure and Transport (MOLIT) of Korea government and Korea 
   Agency for Infrastructure Technology Advancement (KAIA) 
CR Ahn J, 2016, APPL ENERG, V179, P488, DOI 10.1016/j.apenergy.2016.06.065 
   Aranda A, 2012, ENERG BUILDINGS, V49, P380, DOI 10.1016/j.enbuild.2012.02.040 
   Baker KJ, 2008, APPL ENERG, V85, P475, DOI 10.1016/j.apenergy.2007.09.004 
   Bianco V, 2009, ENERGY, V34, P1413, DOI 10.1016/j.energy.2009.06.034 
   Chung W, 2006, APPL ENERG, V83, P1, DOI 10.1016/j.apenergy.2004.11.003 
   Jung H.M., 2015, KIAEBS J, V9, P12 
   Kontokosta CE, 2015, J REAL ESTATE FINANC, V51, P288, DOI 10.1007/s11146-014-9481-0 
   Morris J, 2016, ENERG EFFIC, V9, P723, DOI 10.1007/s12053-015-9393-8 
   Park D.J., 2016, THESIS 
   Ramesh N, 2016, ECOTOX ENVIRON SAFE, V134, P350, DOI 10.1016/j.ecoenv.2015.08.027 
   Wang SW, 2012, ENERG BUILDINGS, V55, P873, DOI 10.1016/j.enbuild.2012.08.037 
   Yoo J.H., 2012, LHI J, V3, P263 
NR 12 
TC 0 
Z9 0 
U1 0 
U2 0 
PU AMER SOC HEATING, REFRIGERATING AND AIR-CONDITIONING ENGS 
PI ATLANTA 
PA 1791 TULLIE CIRCLE NE, ATLANTA, GA 30329 USA 



Sustainability 2018, 10, x FOR PEER REVIEW  1034 of 1272 

SN 2378-2129 
J9 ASHRAE CONF PAPER 
PY 2017 
PG 8 
WC Thermodynamics; Construction & Building Technology 
SC Thermodynamics; Construction & Building Technology 
GA BJ3WJ 
UT WOS:000424438600052 
DA 2018-05-03 
ER 
 
PT S 
AU Kashani, A 
   Ozturk, Y 
AF Kashani, Atieh 
   Ozturk, Yusuf 
GP IEEE 
TI Residential Energy Consumer Behavior Modification via Gamification 
SO 2017 IEEE 6TH INTERNATIONAL CONFERENCE ON RENEWABLE ENERGY RESEARCH AND 
   APPLICATIONS (ICRERA) 
SE International Conference on Renewable Energy Research and Applications 
LA English 
DT Proceedings Paper 
CT 6th IEEE INTERNATIONAL CONFERENCE on RENEWABLE ENERGY RESEARCH and 
   APPLICATIONS (ICRERA 2017) 
CY NOV 05-08, 2017 
CL San Diego, CA 
SP IAS IEEE Ind Applicat Soc, IES, IEEJ, IEICE Commun Soc, KBSoftware, IEEE, IJRER, PELS 
DE Demand response; customer behavior modification; energy monitoring; 
   energy economics 
AB This paper aims to present an integrated platform to explore the role of society, culture, and behavior in 

energy efficiency uptake, and identify specific marketing techniques that may result in user behavior 
modification. We developed a consumer behavior modification framework which monitors consumer 
energy usage through the SDG&E Green Button API and make recommendations to the consumer. 
Behavior change is entbrced through energy pricing and showing the impact of the individual consumer's 
CO2 emissions when using energy at peak hours versus at non-peak hours. The foucs is to improve the 
homeowner's "know" and "care", aiming to influence actions through transformation of moral in addition 
to monetary savings. Following an engineering and economics model the system provides the tools for 
research in social variability, as well as the social and cultural context that shapes our habits and practices 
in energy consumption. 
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AB Green building is a system of interaction between climate, and the natural source has energy property, 

harmony with nature. Due to the cold climate of Kazakhstan, the issue of energy consumption of 
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residential buildings is more important. Energy consumption of buildings in this region is more than half 
of the total. The system optimizes, must apply the theoretical analysis of research related to current 
problems. 

   More efficient use of the construction of residential buildings and reduce energy consumption. To expand 
and develop creative, original architectural design ideas, principles, and methods. Application of green 
technology in the territory of Kazakhstan in the first step can be carried out by passive energy 
conservation. 

   The results, theoretical model, adapt to green standards in Kazakhstan and planned development model. 
The adaptation of green technology is possible to represent framework. For a more detailed analysis and 
further research. (C) 2017 The Authors. Published by Elsevier Ltd 

C1 [Kim, Yuliya; Sun, Cheng] Harbin Inst Technol, Sch Architecture, Heilongjiang Cold Reg Architectual Sci 
Key Lab, Harbin 150001, Heilongjiang, Peoples R China. 

RP Kim, YY (reprint author), Harbin Inst Technol, Sch Architecture, Heilongjiang Cold Reg Architectual Sci 
Key Lab, Harbin 150001, Heilongjiang, Peoples R China. 

EM yuliyakim8610@yahoo.com 
FU National Natural Science Foundation of China [51578172] 
FX The paper supported by National Natural Science Foundation of China 
   (51578172) 
CR Aksoy U., 2005, BUILD ENVIRON, V41, P1742 
   Barbosa R, 2016, INT J CLIMA IN PRESS 
   Berardi Umberto, 2008, SUSTAINABLE CONSTRUC 
   Chiu M.L., 2005, INSIGHTS SMART ENV, P17 
   Coley DA, 2002, BUILD ENVIRON, V37, P1241, DOI 10.1016/S0360-1323(01)00106-8 
   Emmerich S J, 2016, INT J VENT, V12, P331 
   Kalyanmoy D, 2001, MULTIOBJECTIVE OPTIM 
   Lu YH, 2015, ENERG BUILDINGS, V89, P61, DOI 10.1016/j.enbuild.2014.12.032 
   Mcarthur J J, 2016, SUSTAINABLE CITIES S 
   Papamichael K., 1999, BUILDING RES INFORM 
   Penna P., 2016, MULTIOBJECTIVES OPTI 
   Shaikh PH, 2013, AUSTR J BASIC APPL S, V7, P137 
   Sinopoli J., SMART BUILDINGS MAKE 
   Tokbolat S, 2013, J SOL ENERG-T ASME, V135, DOI 10.1115/1.4025427 
   Yan CC, 2016, RENEW ENERG, V85, P880, DOI 10.1016/j.renene.2015.07.023 
NR 15 
TC 0 
Z9 0 
U1 0 
U2 0 
PU ELSEVIER SCIENCE BV 
PI AMSTERDAM 
PA SARA BURGERHARTSTRAAT 25, PO BOX 211, 1000 AE AMSTERDAM, NETHERLANDS 
SN 1876-6102 
J9 ENRGY PROCED 
PY 2017 
VL 118 
BP 28 
EP 34 
DI 10.1016/j.egypro.2017.07.005 
PG 7 
WC GREEN & SUSTAINABLE SCIENCE & TECHNOLOGY; Energy & Fuels 
SC Science & Technology - Other Topics; Energy & Fuels 
GA BJ2DW 
UT WOS:000419168400004 
OA gold 
DA 2018-05-03 
ER 
 
PT J 



Sustainability 2018, 10, x FOR PEER REVIEW  1037 of 1272 

AU Kneifel, J 
   O'Rear, E 
AF Kneifel, Joshua 
   O'Rear, Eric 
TI Reducing the impacts of weather variability on long-term building energy 
   performance by adopting energy-efficient measures and systems: a case 
   study 
SO JOURNAL OF BUILDING PERFORMANCE SIMULATION 
LA English 
DT Article 
DE low-energy; net-zero energy; weather variability; sensitivity analysis; 
   whole-building simulation; EnergyPlus 
ID CLIMATE-CHANGE; NET-ZERO; CONSUMPTION; DESIGN; HOUSE 
AB This case study uses whole-building simulation software to investigate the ability of alternative sets of 

energy conservation measures to limit the sensitivity in energy use and heating, ventilation, and air-
conditioning (HVAC) peak electricity demands by residential buildings due to weather variability. Four 
alternative building designs are considered: a net-zero energy design based on the National Institute of 
Standards and Technology (NIST) net-zero energy residential test facility (NZERTF), a comparable, yet less 
efficient design built according to the 2015 International Energy Conservation Code (IECC), and two low-
energy designs at varying levels of energy-efficiency. The findings from this study reveal which measures 
best ensure robust annual energy performance and occupant comfort by low- and net-zero energy homes 
given weather variability, as well as how much resulting energy performances vary across the sets of 
conservation measures considered in this work. 
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assessing a building's energy efficiency, it is unfortunately common to monitor significant differences 
between designed and achieved energy savings in practice. This is a problem that in extremis may lead to 
contractual and even legal claims, but in any case sheds doubt on the whole energy efficiency approach 
and finally presents one of the barriers for investments in energy efficiency projects. It should therefore be 
addressed and in order to achieve this, one has to understand the problem: Numerous and often 
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in the paper. 

   Furthermore, a novel building evaluation methodology will be presented; its conceptual approach 
addresses the different influences addressed and taken into account, as they can significantly affect the 
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AB Governments are increasingly seeking low-cost ways to curb residential energy use. This article examines 

the effect of one such innovative approach to energy savings in Bogor, Indonesia: a prepaid electricity 
meter system. The Bogor prepaid system requires households pay up front for their electricity as the meter 
tracks consumption and credit. By enabling users to see the relationship between energy use and costs, the 
metering system is intended to promote energy savings behaviour. However, the system in Bogor is 
introduced on a voluntarily opt-in basis. Further, it is still uncertain whether those joining the program 
will actually save energy. Identifying which kinds of households are most likely to join the program and 
then save energy are important considerations as policymakers contemplate further reforms to Bogor's 
prepaid system. A survey was conducted of 600 Bogor households to determine whether certain kinds of 
households were more inclined to join the voluntary program and self-report energy-relevant behaviour. A 
seemingly unrelated regression equation (SURE) model was then used to estimate the possible correlation 
between a series of covariates familiar to the energy savings literature and the decision to initially join and 
then saving energy through the program. The result shows the family size and recent income changes 
(during the last five years) were more likely to join voluntary program, while senior citizens were less 
likely to join. The results also reveal that education level play significant role in changing behaviour of 
households in the program. The results suggest that the program needs to be made convenient for low-
income and elderly households. Accompanying the program with additional information on energy 
savings might also help make the program more effective. (c) 2017 The Authors. Published by Elsevier Ltd. 
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AB Power engineers are expected to play a pivotal role in transforming buildings into smart and energy-

efficient structures, which is necessary since buildings are responsible for a considerable amount of the 
total energy consumption. To fulfil this role, a holistic approach in education is required, tackling subjects 
traditionally related to other engineering disciplines. In this context, USE Efficiency is an inter-institutional 
and interdisciplinary educational programme implemented in nine European Universities targeting energy 
efficiency in buildings. The educational programme effectively links professors, students, engineers and 
industry experts, creating a unique learning environment. The scope of the paper is to present the 
methodology and the general framework followed in the USE Efficiency programme. The proposed 
methodology can be adopted for the design and implementation of educational programmes on energy 
efficiency and sustainable development in higher education. End-of-course survey results showed positive 
feedback from the participating students, indicating the success of the programme. 
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AB Many studies indicate that energy consumption in commercial buildings is highly related to occupants' 

energy-use behaviors, and improving these behaviors is regarded as the most cost-effective approach 
toward enhancing commercial building energy efficiency. Effective behavior-interventions rely on the 
availability of occupant-specific energy-use information, which is extremely expensive to capture with 
existing intrusive load monitoring (ILM) technologies. On the other hand, non-intrusive load monitoring 
(NILM) approaches have proven cost effective for monitoring appliance-specific energy consumption. In 
order to extend the concept of NILM to occupant energy-use monitoring in commercial buildings, this 
paper examines the importance of two occupancy-related energy-use variables-delay interval and energy-
load variation-in identifying occupant-specific energy-use information. The results from implementing a k-
Nearest Neighbors classifier into aggregate energy consumption data collected over the course of one 
month from a small office space reveal that these variables are effective in developing sophisticated NILM-
based approaches for obtaining occupant energy consumption information. By providing this information 
at minimal cost, such approaches could make a great contribution to behavior-related energy research. 
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AB During the past decade, the significant increase in the adoption of consumer electronics has caused a rise 

in energy demand within the residential and household sectors globally. Since these electronics are 
dependent on electricity, the impact of these sectors on the environment is also deteriorating and it 
becomes important to take remedial action. For this, various websites and mobile applications have 
emerged that provide information to household users on energy consumption of devices and as well as 
reduction mechanisms. However, since these platforms are limited in various ways in their endeavor to 
promote self-learning on energy consumption reduction, awareness still remains an important barrier thus 
giving rise to the need for further investigation on innovative technologies and platforms. Even though 
Near Field Communication (NFC) could potentially be used, limited work has been conducted in relation 
to energy consumption of consumer electronics. As such, this paper delves into the application and 
usability of NFC for promoting self-learning on energy consumption of household electronic appliances 
through an Android based application called NFC Energy Tracker (NET). 
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AB Given the objectives countries set to realise energy savings and decrease greenhouse gas emissions, an 

understanding of the main factors driving household energy consumption is crucial in formulating 
effective policy measures. The objective of this study is to identify the main determinants of household 
energy consumption in French residences. The model uses a discrete-continuous decision framework that 
allows for interactions between decisions about the heating system (discrete choice) and about energy 
consumption (continuous choice). The results show that the intensity of energy used per square metre is 
almost completely determined by the technical properties of the dwelling and the climate. The role of 
socio-demographic variables is shown to be particularly small. The paper shows that to be effective, 
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environmental policy must strongly encourage households to renovate and adopt energy-saving 
appliances. 
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AB Smart Cooling in the Tropics (SCIT) was a project whose main goals were to create energy savings and 

improve human thermal comfort in low income households located in Darwin, Australia. The project was 
funded through the Australian Government's Low Income Energy Efficiency Program (LIEEP). The 
attitudes and behaviours of the 476 participants were investigated through a series of surveys. Each 
participant was allocated a single, focused treatment based on the results from a home energy assessment. 
The impediments to energy savings were found to be diverse among participants, so having an 
individualized treatment plan was necessary to ensure it was appropriate for each participant. One 
particular aspect of the project that is examined here was the energy savings brought about using 
education to initiate behaviour changes in participants to reduce their electricity usage. The data collected 
showed that participants were already actively trying to reduce their consumption through common 
energy-saving practices before joining SCIT, which were the main energy-saving practices proposed 
through SCIT, and so further significant reductions through behaviour changes were not likely. At the 
conclusion of the project, over half of the participants identified a range of barriers still preventing them 
from additional savings and are described herein. The project was successful in improving thermal comfort 
levels in participating homes, as demonstrated by over 76% of participants saying they felt cooler/more 
comfortable because of their involvement. Furthermore, it was found that non-energy benefits were valued 
higher than energy savings, and improvements in comfort were the most identified and highest rated of all 
benefits. (C) 2017 The Authors. Published by Elsevier Ltd. 
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AB Household appliances and lighting devices are the main terminals of electric energy in residential area. 

The demand of end-use electric energy is increasing with the development and innovation of household 
appliances. This paper analyzes the main factors influencing the terminal power consumption, provides a 
new method to estimate residential end-use electric energy consumption based on the purchase probability 
model of household appliances and lighting demand model, and optimizes the model according to the 
survey results in Fujian province, finally through the historical data of Fujian province to verify the model. 
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attracted extensive attention. According to the characteristic of severe cold climate in Hailar, Inner 
Mongolia, and the structure of rural residential buildings in Taohai Pasture and the energy use customs in 
these houses, the energy efficiencies of passive energy-saving technologies which are applied to 
demonstration houses in Taohai Pasture are analyzed. Based on BIM, the calculation models of three types 
of houses, including the demonstration house applied passive energy-saving technologies, the traditional 
house and the energy-saving standard model based on local rural residential energy-saving design 
standard, are established. Then energy simulation software is used to calculate dynamic heating loads of 
these houses. Furthermore some indexes such as heating load and annual energy consumption per unit 
building area are compared. The calculated results show that the heating load of the demonstration house 
in Taohai Pasture is decreased obviously through the passive energy-saving strategies of the thermal 
insulation of building envelopes, the effective setting of a solar room and the reasonable distribution of 
indoor functional zones. Compared to the annual heating loads of the traditional house and the energy-
saving standard model, that of the demonstration house is reduced about 74.8 % and 28.9%, respectively. 
The investment increase of the envelope of the demonstration house can be recovered within 11.4 years 
through the reduction of annual energy use for heating. (c) 2017 The Authors. Published by Elsevier Ltd. 
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AB This paper addresses possible effects of the growing focus on global warming on households' 

domestication of energy and the dynamics of energy consumption by comparing data pertaining to the 
domestication of energy within Norwegian households from two time periods: first, 1991-1995, when 
climate change was given little public attention, and, second, 2006-2009, after climate change became a 
major public concern. In the first period, we observed that the domestication of energy resulted in an 
energy culture emphasizing comfort and convenience with respect to everyday life and the abundant 
supply of clean hydropower. In the second period, this culture seemed to have changed, making 
households more concerned about their energy consumption. Consumption of energy was linked to 
climate change, and many interviewees claimed to save energy. However, the dominant expectation was 
still to be able to manage everyday life in a convenient and comfortable way. Thus, climate change 
concerns produced some but not very radical changes in the practical domestication of energy, including 
energy saving. A main effect was feelings of guilt, tempered by arguments regarding why change is 
difficult and complaints about political inaction. Thus, public engagement with climate change issues may 
facilitate energy efficiency policy but to succeed, wider climate policy measures seem to be needed. (C) 
2016 Elsevier Ltd. All rights reserved. 
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AB As the analysis of electrical loads is reaching data measured from low voltage power distribution 

networks, there is a need for the main agents involved in the operation and management of the power 
grids to segment the end users as a function of their shapes of daily energy consumption or load profiles, 
and to obtain patterns that allow to classify the users in groups based on how they consume the energy. 

   However, this analysis is usually limited to the analysis of single days. Since the smart metering data are 
time series formed by sequential measurements of energy through each hour or quarter of hour of the day, 
and also through each day, thanks to the implementation of Advanced Metering Infrastructure (AMI) and 
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the Smart Grid technologies, it becomes clear that the analysis of the data needs to be extended to consider 
the dynamic evolution of the consumption patterns through days, weeks, months, seasons, and even years. 

   This is the objective of the present work. A new framework is presented that addresses the dynamic 
clustering, visualization and identification of temporal patterns in load profiles time series, fulfilling the 
detected gap in this area. The present development is a generic framework that allows the clustering and 
visualization of load profiles time series applying different classical clustering algorithms. A novel 
dynamic clustering algorithm is also presented, based on an initial segmentation of the energy 
consumption time series data in smaller surfaces, and the computation of a similarity measure among 
them applying the Hausdorff distance. Following, these developments are presented and tested on two 
dataset of energy consumption load profiles from a sample of residential users in Spain and London. (C) 
2016 Elsevier B.V. All rights reserved. 
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AB The reduction in electricity consumption by private households is an important factor in the process of 
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AB In the changing environment of the Internet of Things, optimal energy management in smart spaces 

requires intelligent and reliable energy-aware-based context sensing and technologies that are capable of 
recognizing and analyzing the big-data user pattern. In this article, we propose an intelligent and reliable 
standby power management system. The system uses physical and virtual user behavioral pattern analysis 
based on energy-aware management to cut-off the standby power of office appliances in the office 
environment. We propose a two-step priority power-aware method. The first step entails physical 
perception and management that controls devices through user recognition and device relationship 
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system was applied to three locations (offices A, B, and C) in the university test-bed. Power consumption 
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was reduced to 23% of the original consumption through the elimination of unnecessary standby power 
consumption. 
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AB Given the ability of a Building Information Model (BIM) to serve as a multi-disciplinary data repository, 

this paper seeks to explore and exploit the sustainability value of Building Information Modelling/models 
in delivering buildings that require less energy for their operation, emit less CO2 and at the same time 
provide a comfortable living environment for their occupants. This objective was achieved by a critical and 
extensive review of the literature covering: (1) building energy consumption, (2) building energy 
performance and analysis, and (3) building information modeling and energy assessment. The literature 
cited in this paper showed that linking an energy analysis tool with a BIM model helped project design 
teams to predict and create optimized energy consumption. To validate this finding, an in-depth analysis 
was carried out on a completed BIM integrated construction project using the Arboleda Project in the 
Dominican Republic. The findings showed that the BIM-based energy analysis helped the design team 
achieve the world's first 103% positive energy building. From the research findings, the paper concludes 
that linking an energy analysis tool with a BIM model helps to expedite the energy analysis process, 
provide more detailed and accurate results as well as deliver energy-efficient buildings. The study further 
recommends that the adoption of a level 2 BIM and the integration of BIM in energy optimization analyse 
should be made compulsory for all projects irrespective of the method of procurement (government-
funded or otherwise) or its size. 
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DE zero carbon; experimental energy home; LZC; biomass boiler; sustainable 
   home 
AB In the UK, finances and resources are invested into the application of new technologies, construction 

materials and control systems for homes, with the aim of improving energy efficiency. One such example 
is the experimental BASF house, built to study the thermal performance to achieve a comfortable home 
that uses energy efficiently. The house includes low to zero carbon (LZC) technologies that are promoted 
to reach a higher level within the UK Code for Sustainable Homes (CSH). For this study a mixed-methods 
sequential explanatory design (Creswell JW. Research Design. Qualitative, Quantitative, and Mixed 
Methods Approaches, 3rd edn. Sage Publication, 2009; Nataliya VI, Creswell JW, Stick SL. Using mixed-
methods sequential explanatory design: from theory to practice. Field Methods 2006; 18: 3) that has been 
developed in the field of social and behavioural sciences has been applied, consisting of two distinctive 
phases: quantitative and qualitative. The rationale behind is for the quantitative data and its analysis is 
used to understand system performances while the qualitative data explain the numerical results in-depth, 
through the subjects in study, the occupants' perceptions. This article presents conclusions from an 
investigation into the use and performance of a biomass boiler and passive design features, derived from a 
live-in experience in a well-insulated and airtight CSH Level 4 home over two consecutive winter periods 
(2008-9 and 2009-10), which is part of on-going research project. The study also discusses a number of 
issues regarding the effective efficiency and appropriateness of the systems, which were selected based on 
a desire to comply with regulations for a better rated home rather than on their user friendliness and 
comfort for the occupants of a sustainable home; jeopardizing people's safety in times. 
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AB The use of sustainable assessment methods in the UK is on the rise, anticipating the future regulatory 

trajectory towards zero carbon by 2016. The indisputable influence of sustainable rating tools on UK 
building regulations conveys the importance of evaluating their effectiveness in achieving true sustainable 
design, without adversely effecting human health and well-being. This paper reviews indoor air-quality 
(IAQ) issues addressed by UK sustainable assessment tools, and the potential trade-offs between building 
energy conservation and IAQ. The barriers to effective adoption of IAQ strategies are investigated, 
including recommendations, suggestions, and future research needs. The review identified a fundamental 
lack of IAQ criteria in sustainable assessment tools aimed at the residential sector. The consideration of 
occupants' health and well-being should be paramount in any assessment scheme, and should not be 
overshadowed or obscured by the drive towards energy efficiency. A balance is essential. 
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AB Technology has played a vital role in our living lifestyle. Today Technology is monotonically increasing 

our comfort level. Using very much efficient Technology that could save energy is what we are looking for. 
SELSA (Sustainable Energy Efficient Low Power Smart Home Application) is a solution to cut off Energy 
Wastage and provide users with multiple benefits like Remote Management, Intrusion Detection, Safety 
Solution and much more. At the same time SELSA uses ESP8266 which is extremely low power consuming 
hardware and MQTT which is very much lightweight publish-subscribe based messaging protocol to 
connect to Internet, this makes it very much reliable solution to cut off Energy Wastage and provide other 
benefits like Remote Management etc. Thus SELSA saves more energy and delivers secure, smart and 
connected solutions for a home. 
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AB Indoor Environmental Quality (IEQ) is an important topic which impacts on occupant health, 

productivity and also energy consumption in buildings. The four main parameters for IEQ evaluation are: 
Thermal comfort, indoor air quality, visual comfort and aural comfort. The occupant behavior in buildings 
defines as any direct or indirect act which an occupant selects to change the displeasure environmental 
condition into the comfort conditions. The selected behavior by human has a significant impact on the 
energy consumption in buildings. This paper reviews the methods which used to simulate IEQ parameters, 
energy consumption and human behavior in buildings. It aims to promote the idea of more consideration 
about the relation between occupant behavior and energy usage in buildings. This summary of existing 
studies about the importance of human behavior factor in energy simulation software helps to identify 
new methods and strategies for simulating IEQ, Energy and behavior. 
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AB In modern smart green buildings, sensors can detect various physical status of a building such as 

temperature, humidity, motion, and light, which can be used for smart living services. This paper presents 
an energy-efficient vertical transportation by making use of indoor sensor technologies. Specifically, 
sensors detect elevator users before they push the call button, and then inform to the elevator control 
system through building networks. By using this information, our system generates a reservation call and 
controls the moving time and direction of each elevator efficiently. Simulation experiments with a variety 
of traffic situations show that our elevator control system exhibits significantly better performance than the 
conventional system that does not use sensor information with respect to passengers' waiting time and 
energy consumption. 
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AB As reported in the IEA's report "Energy Technology Perspectives: Scenarios & Strategies to 2050 - IEA 

2010", considering the building sector it is expected that the global final energy demand will increase up to 
60% and the CO2 emissions will be nearly doubled in 2050. Following the current trends, the global 
average temperature is expected to rise of 3.6 degrees C in the long-term, as the World Energy Outlook 
2014 shows. To reduce the environmental concerns related to the heating and cooling needs in the building 
sector, the heat pumps represent a valid option. 

   Being the indirect emissions for these appliances over the 90% of the total one, the improvement of the 
performance is of primary importance combined to the use of low GWP refrigerants, as the natural ones. 
Here the potential energy savings and emissions reduction is presented for propane air-to-water heat 
pumps in comparison to HFC ones, for several final users (apartment block and school building) and 
climates (warm, cold and average). For a fixed climate condition, changing the fluid and the final user 
type, through the modeling of the heat pump balanced with the same bivalent temperature, the 
performance maps are carried out; hence, a model in TRNSYS allows the integration of the energy 
consumption over the whole year accounting for real climatic data. Finally, the energy consumptions are 
adjusted with a factor accounting for the partial load operation and the TEWI parameter is used to 
measure the reduction of the total environmental impact. 
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AB Architectural constraints are a crucial aspect in energy retrofitting of historic buildings. Usual global 

interventions are often not allowed since preserving historical values of the building stock is mandatory. In 
this paper, the authors provide an alternative procedure by identifying the most profitable local 
interventions in order to maintain the architectural values during the restoration and energy retrofitting 
operations. So, thermal zones prioritization is the key element considered in this study. Its aim is to analyse 
which energy efficiency measures could be applied to a listed building, but at certain technological 
elements rather than a unique choice for the entire building envelope. Thus it will prove that you can work 
with individual elements of the building without compromising the protection of architectural good. The 
attention was placed in promoting single measures and improving the quality of the built environment. 
The case study is an historical building in Rome, currently used for university purposes. The analysis was 
carried out through a building simulation model so that to assess the building energy performance before 
and after the selected interventions. The chosen software is TRNSYS. This approach shows how 
interventions, usually not applicable at the building scale, would be beneficial if applied at local scale such 
as a single thermal zone or a single technological unit. The authors built a reference scenario and, for each 
identified thermal zone, tested the energy efficiency improvement in terms of heating demand reduction 
coming from the hypothesized local intervention. (C) 2016 The Authors. Published by Elsevier Ltd. 
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AB One of the critical tasks of the International Energy Agency's Energy Conservation in Buildings and 
Communities Program's (IEC ECBC's) Annex 61 Business and Technical Concepts for Deep Energy Retrofit 
(DER) of Public Buildings is to develop bundles of core technologies (measures), which, when applied in 
major renovation projects to older, pre-1980 buildings, allow site energy reduction by 50% or better 
compared to the pre-renovation baseline. A short list of these technologies has been generated through 
analysis of DER projects (Zhivov et al. 2015). Characteristics of some of these "core technologies" depend 
on technologies available on an individual nation's market, minimum requirements of national standards, 
and life-cycle cost (LCC) analysis. In addition to these factors, requirements for building envelope-related 
technologies (e.g., insulation levels, windows), depend on specific climate conditions. This paper presents 
the results of computational modeling analysis conducted by the U.S. Army Engineer Research and 
Development Center team to determine the performance potential of the core technologies for two 
categories of buildings with relatively low internal loads in 15 U.S. climates using the net zero planner tool. 
This tool enabled simultaneous simulation of multiple building types and multiple technology bundles of 
energy efficiency measures in different climate zones. This research supported development of 
requirements for building envelope characteristics and typical equipment best practices for DER projects. 
Information presented in the paper along with results of similar studies conducted in Denmark, Estonia, 
Austria, Germany, China, and the UK (Riel et al. 2016; Yao et al. 2016; Zhivov 2016) for their nation-specific 
climate conditions have been used to develop general guidelines for technology bundles to be used in DER 
projects (Zhivov et al. 2016). Results of these studies show that 50% of site energy use reduction can be 
achieved in most climate conditions using a limited number of technologies readily available on the 
market. It is easier to reduce energy consumption in heating-dominated climates than in climates requiring 
cooling and humidity control. Additional energy efficiency technologies and measures specific to the 
building type and use, as well as to specific climate conditions, can further reduce energy use intensity of 
the building and allow achievement of even higher performance buildings (e.g., passive house standard or 
even net zero energy). 
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AB Increasing environmental concerns are encouraging new building energy efficiency (EE) concepts defined 

as reductions in net consumption of electricity, heat, gas and/or other energy vectors. Thanks to the smart 
grid paradigm, this is increasingly being achieved via the installation of low carbon technologies. 
However, this approach can be severely limited due to the physical and technical constraints of particular 
buildings (e.g., limited space to install technologies and limited energy network connection capacity). This 
paper proposes a more effective approach by explicitly including all relevant multi-energy flows in the EE 
concept and extending its scope to the district level. This paradigm shift allows energy flows to be 
produced and consumed in the most effective locations. The benefits from extending the scope of different 
EE concepts (e.g., based on electricity, electricity and heat, and all vectors) from the building to the district 
level are illustrated with a real UK multi-energy system. 
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AB As China goes through the present phase of rapid urbanisation, there is an urgent need to reduce the 

energy consumption per unit area in buildings in order to mitigate a sudden surge in total energy usage in 
buildings. At the same time, buildings are expected to last longer, so they will also need to account for 
effects of future climate change. Much of China's existing buildings are not considered energy-efficient, 
and retrofitting these buildings to perform in the future would be a much less energy-intensive strategy 
than demolishing them and building new replacements. This paper aims to investigate the feasibility of 
retrofitting existing office buildings in three different climate regions of China. These include the "Cold" 
region in the north, which includes Beijing; the "Hot Summer Mild Winter" region in the south, which 
includes Guangzhou, and two regions from the "Hot Summer Cold Winter", which includes cities such as 
Shanghai and Nanjing. Using data from the climate model, HadCM3, Test Reference Years are generated 
for the 2020s, 2050s and 2080s, for various IPCC future scenarios for these cities, and using computer 
simulation, the feasibility of retrofitting office buildings to perform in the face of climate change in these 
regions is investigated. For the "Cold" region, simulation results suggest that energy reductions of up to 
30% with improvements to the building enclosure is possible by retrofitting current existing office 
buildings to the current Chinese National Standard for the region. Retrofitting in the ""Hot Summer Mild 
Winter" region could reduce energy consumption by 45%, but the effects of retrofitting in the "Hot Summer 
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Cold Winter" region are less profound. Requirements for combating possible increases in energy 
consumption from heating and cooling demands due to future climate change was also investigated, and it 
was found that with the exception of Shanghai, by simply improving U-Values of the building envelope to 
the new national standards, the effects of future climate change can be nullified up to the 2080s. Further 
improvements to having similar standards as developed countries such as England and Wales will have 
less significance and may not be able to nullify the effects of climate change from the newly retrofitted 
office buildings. However, this could be achieved by involving other energy-saving strategies and 
installing suitable energy-saving technologies for the regions. 
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AB High energy consumption problem has become increasingly acute human needs. Domestic heating in 

winter involves considerable expenses, so the idea of energy conservation and the need to implement 
reliable and innovative solutions in the field of energy in constructions emerged. Given these constrains, a 
judicious approach of the built environment is the study of energy consumption starting from the concept 
phase. This paper presents a parametric study regarding impact on energy consumption for different 
factors and the weighing associated. The analysis has been performed using an energy simulation 
program, which is able to provide a complex analysis of the thermal behavior of the building for different 
cases. The thermal behavior of a building should be the result of a multi-criteria optimization, considering 
both thermal comfort and energy savings. The purpose was to determine for each climatic zone when it is 
ineffective to increase the thermal resistance of the envelope element and the gain in energy economy 
begins to be insignificant. From these results we have chosen the optimal case for certain characteristics of 
glazed and opaque elements analyzing which is the best orientation for this case, considering both, heating 
and cooling load. The study indicated an optimal configuration of the envelope elements and optimal 
orientation of the building in order to reach the passive house level, demonstrating the necessity of such a 
step from the design phase. (C) 2015 The Authors. Published by Elsevier Ltd. 

C1 [Croitoru, Cristiana; Nastase, Ilinca; Sandu, Mihnea; Lungu, Catalin] Tech Univ Civil Engn Bucharest, Fac 
Bldg Serv, CAMBI Res Ctr, Bucharest, Romania. 

RP Croitoru, C (reprint author), Tech Univ Civil Engn Bucharest, Fac Bldg Serv, CAMBI Res Ctr, Bucharest, 
Romania. 

EM cristiana.croitoru@cambi.ro 
CR BPIE (Buildings Performance Institute Europe), 2011, EUROPES BUILDINGS MI 
   Croitoru C., 2014, 14 SGEM GEOCONFERENC, V1 
   E. Comission, 2009, LOW EN BUILD EUR CUR, P18 
   Fang ZS, 2014, ENERG BUILDINGS, V77, P197, DOI 10.1016/j.enbuild.2014.03.030 
   F.f.e.e.b. (FEBY), 2009, SPEC PASS HOUS 
   Feist J. S. W., 2005, ENERGY BUILD, V37, P1186 
   Feist J. W. Wolfgang, 1994, ENERGIEKENNWERTE PAS 
   Feist Wolfgang, 2007, WHAT IS PASSIVE HOUS 
   Giacobbe M, 2015, COMPUT NETW, V91, P438, DOI 10.1016/j.comnet.2015.08.031 
   Ioannou A, 2015, ENERG BUILDINGS, V92, P216, DOI 10.1016/j.enbuild.2015.01.055 
   Janson U., 2010, PASSIVE HOUSES SWEDE 
   TURISMULUI M. C. S., 2005, NORM PRIV CALC TERM 
   P. H. Institute, 2015, PASS HOUS PLANN PACK 
   Rong AY, 2016, RENEW SUST ENERG REV, V53, P363, DOI 10.1016/j.rser.2015.08.060 
   Schnieders J, 2015, ENERG BUILDINGS, V105, P71, DOI 10.1016/j.enbuild.2015.07.032 
   [Anonymous], 190711997 SR 
   Zhao M, 2015, ENERG BUILDINGS, V96, P64, DOI 10.1016/j.enbuild.2015.03.007 
NR 17 
TC 0 
Z9 0 
U1 0 
U2 6 
PU ELSEVIER SCIENCE BV 
PI AMSTERDAM 
PA SARA BURGERHARTSTRAAT 25, PO BOX 211, 1000 AE AMSTERDAM, NETHERLANDS 
SN 1876-6102 
J9 ENRGY PROCED 
PY 2016 



Sustainability 2018, 10, x FOR PEER REVIEW  1092 of 1272 

VL 85 
BP 141 
EP 148 
DI 10.1016/j.egypro.2015.12.284 
PG 8 
WC Energy & Fuels 
SC Energy & Fuels 
GA BE9NY 
UT WOS:000377911100017 
OA gold 
DA 2018-05-03 
ER 
 
PT J 
AU Furtuna, TF 
   Reveiu, A 
   Dardala, M 
   Smeureanu, I 
AF Furtuna, Titus Felix 
   Reveiu, Adriana 
   Dardala, Marian 
   Smeureanu, Ion 
TI IDENTIFYING CONSUMERS' PROFILES CONCERNING RESIDENTIAL LIGHTING 
SO ECONOMIC COMPUTATION AND ECONOMIC CYBERNETICS STUDIES AND RESEARCH 
LA English 
DT Article 
DE correspondence analysis; classification; clusters; types of consumers; 
   bulbs 
ID ENERGY; ROMANIA 
AB Reducing electricity consumption, by decreasing residential lighting, falls in the range of measures aimed 

to save 20% of primary energy consumption in European Union, up to 2020, and further to improve energy 
efficiency after 2020. Public lighting and appliances is about 14 % of total electricity consumption, in 
Romania. New energy efficient lighting technologies might contribute to a substantial decreasing of 
household electricity consumption. Data set used to apply the scientific methodology presented in the 
paper was gathered in a survey research, aiming to investigate Romanians attitude and behavior about 
lighting consumption in households. The goals of this research paper are both to identify the factors 
associated with the replacement of old incandescent lamps, with the new energy efficient compact 
fluorescent lamps and light emitting diodes, and to identify Romanian typologies of consumers and the 
patterns of their behavior. In order to accomplish the research goals, a model of analysis, based on Cluster 
Analysis and Multiple Correspondence Analysis methods has been proposed in the paper. 
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AB Recent technological advancements have enabled energy efficiency building through automation, 

equipment upgrade, and material improvement. These enhancements are mostly focused on centrally 
controllable units such as HVAC, lighting systems, and equipment, while miscellaneous energy loads (e.g., 
plug loads) that are mostly controlled by occupants, are not as efficiently managed. Various energy rating 
systems, such as LEED (R) grade the mechanical and electrical equipment in buildings. However, the fact 
that people spend more than 90% of their time indoors, suggests a great opportunity to help buildings 
reach a higher level of efficiency by monitoring and quantifying occupants' energy-use. In this paper, we 
review the existing literature on occupant energy efficiency programs in residential and commercial 
buildings, and benchmark the potential of such programs to impact LEED rating systems. The main 
contribution of this paper is comparing the current occupant energy efficiency programs' potential against 
standard industry measures (i.e., LEED (R)). The results report a possible potential impact for residential 
building occupant energy efficiency, while indicating the lack of adequate reference and reliable 
measurement for the commercial sector. The details of the methodology, data analysis, and results are 
discussed in the paper along with future avenues of occupant-oriented energy efficiency research. 
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AB Commercial buildings account for 18% of the total annual energy use in the United States, which makes 

energy conservation efforts in office environments crucial to meeting future energy-reduction goals. As 
existing building stock renews and future buildings become "smarter," occupant-driven loads such as plug 
loads become more important in regulating energy use. Previous studies have focused on adopting sensors 
and informatics to benchmark and reduce plug load usage and modeled the impacts of various energy 
interventions on occupant loads by using standard occupant schedules over relatively short periods of 
time. However, wireless network disruptions and manual plug load data management for technology 
driven interventions, variability of individual occupant schedules, and lack of occupant engagement have 
all been identified as challenges to both accurately quantifying and further reducing the energy use on 
campus. In this paper, we discuss the aforementioned challenges in the light of our experiences in 
installing plug load management systems to 86 work desks in a high-performance office building on the 
University of Washington campus. The installation process is discussed both from occupants' and research 
team's point of view. As a conclusion, we propose a set of recommendations for the technical realization of 
future energy intervention studies. 
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AB The goal of the study is to analyze the pattern and the change of household energy consumption and 

determinant factors in Indonesia in 2008-2011 by using National Economic Survey (SUSENAS) data of 
household budget survey. The concept of energy ladder and fuel stacking (multi fuel) are used to make a 
model of household energy consumption. The result of study shows that there was an increase in energy 
consumption, both for modern and traditional energy in the period of 2008-2011. Income elasticity of 
energy consumption is positive, meaning that there was an increase in consumption of modern energy 
together with traditional energy in line with the income growth. Household income is the main 
determinant factor of energy consumption along with others non-economic factors. 
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AB Most energy efficiency (EE) measures implemented (or yet to be implemented) in Malaysia involve 

technological interventions, but it will rely on consumer behaviour including their awareness in energy 
consumption. This paper highlight the energy-saving awareness among consumers for residential houses 
which involves two main components: i) knowledge and ii) practice. The method for this study is using the 
questionnaires of 408 respondents from four zones in Peninsular Malaysia. Pearson Correlation analysis 
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technologies of conversion and harness of the solar energy into the classic heating systems: saving 
important quantities of fossil fuels, reducing associated CO2 emissions, reducing the concentration of 
pollutants in urban areas, increasing the energy efficiency of the buildings, increasing the energy 
autonomy at the level of the district heating system. Harnessing the solar-thermal energy in crowded 
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urban areas for heating spaces and preparing domestic hot water in decentralized technical systems of 
producing heat is, most of the times, hard to implement given the restrictive conditions resulted from the 
local urban regulations, the limited available space for mounting the collectors fields and the operating 
regimes of the existing district heating systems. In this regard, the purposes of this paper are: identifying 
and analyzing the specific performance indicators applicable to urban consumers (buildings) equipped 
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The computational modeling and setting of the operational frames of heating systems' simulations for the 
suggested working scenarios was achieved. The simulations were carried out during a calendar year. 
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AB This paper focuses on how recently announced modern programmable and smart residential thermostats 

for smart homes can contribute to better energy usage in households. It explores people's motivation for 
using these technologies, how they actually use them and how much energy they can save based on the 
producer's experimental measurements. 
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AB This paper focused on the influence of using position of thermal insulation materials in exterior walls on 

the indoor thermal comfort and building energy consumption of residential building in Chongqing. In this 
study, four (4) typical residential building models in Chongqing were established, which have different 
usage of thermal insulation layer position in exterior walls. Indoor thermal comfort hours, cooling and 
heating energy consumption of each model were obtained by using a simulation tool, Energyplus. Based 
on the simulation data, the influence of thermal insulation position on indoor thermal comfort and 
building energy consumption in each season was analyzed. The results showed that building with internal 
insulation had the highest indoor thermal comfort hours and least cooling and heating energy 
consumption in summer and winter. In transitional season, the highest indoor thermal comfort hours are 
obtained when thermal insulation is located on the exterior side. 
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AB On the one hand, energy consumption forecasting in buildings is of great practical interest due to the 

large amount of energy that is consumed in buildings and therefore the big energy saving potential. 
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Improving the prediction accuracy has attracted more and more attentions in recent years but still remains 
an open question. On the other hand, recent advances in technology has provided various economically 
affordable ways to obtain the location of the occupant. In this work, we focus on how to improve the 
prediction accuracy of building energy consumption using location of occupant. Three major contributions 
have been made. First, we formulate the energy consumption prediction problems as Markov decision 
processes. Second, we develop a platform including a lab, an apartment, and one occupant. The location of 
the occupant as well as the energy consumption in the lab and the apartment are monitored in the 
platform. Third, we show that the prediction accuracies of the energy consumption of both the buildings 
and the occupant can be improved using the location of the occupant. We hope that this work sheds some 
light on improving the energy efficiency of buildings in the near future. 
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AB The article addresses the issues of energy efficiency of public buildings through application of dynamic 

simulation of the building energy demand. The main object of the Research is the influence of the entrance 
vestibule of the public building on the building's energy demand. By means of the computer programs 
Design Builder and EnergyPlius, the energetic simulation has been done in order to determine the energy 
demand. For the public building, two different simulations of the building premises' layout and changes of 
their use purposes have been done. We have presented the Research results and conclusions. (C) 2016 P. 
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AB The diversity and complexity of large public buildings, our country's local climate, economy, life habits 

variation result in a lack of basic data to support energy-saving operation standard, energy saving 
technology for the reconstruction of the applicability and the lack of practical test, which leads to a 
phenomenon. Operating standards is still derived from the design standards and a small number of 
measured data, energy-saving technological transformation in a project or place successfully is 
popularized in the whole country, the engineering application and theory of scientific research confusion is 
not clear, management of government departments, public building owners is at a loss. 
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AB Background: Reducing energy consumption and CO2 emissions in order to address climate change 

requires behavioral changes by the citizens, who will have to adopt more environmentally friendly and 
energy-saving practices. 

   Methods: We present a system and corresponding practices for gathering energy consumption data from 
public school buildings over the Internet, processing them to identify hidden correlations and produce 
actionable advice and presenting the results in real-time to its occupants over the Web. We describe the 
metering infrastructure installed at schools for energy consumption monitoring and the related actions 
carried out in order to motivate local school communities towards an environmentally friendly behavior. 
The introduction of IPv6 was found to be a key enabling technology for setting up such a system in a 
simple, secure, and efficient way. 

   Results: The proposed system and processes are put under test in a pilot installation composed of about 50 
IPv6-enabled schools of the Greek School Network (GSN). These are also combined with appropriate 
educational and social engagement tools. In this way, energy consumption, operating costs, and 
greenhouse effects can be reduced in the area of educational and public administration buildings in 
general. Thus, people become almost instantly aware of the energy and environmental implications of their 
actions, which motivates them towards behavioral changes and the adoption of environmentally friendly 
practices. 

   Conclusions: The pilot provides a good example of collaboration between the ICT sector, the smart 
building and automation vendors, and the public authorities. 
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AB In the last ten years, the increase in installed electricity capacity in consumption sectors has surpassed 

electricity generation capacity, thereby causing Argentina to become an energy-dependent country. One of 
the relief measures for the associated environmental, social and economic consequences involves reducing 
energy consumption in the buildings sector. People spend more than 30% of their time in work spaces, in 
climate-controlled indoor environments. The aim of this study is to find strategies to improve the energy 
efficiency of buildings without decreasing quality of life for users. To this end, a field study was carried 
out in the Obras Sanitarias Sociedad del Estado (OSSE) (State Sanitary Works Company) building, in the 
city of San Juan, Argentina, using an experimental approach that took into consideration functional and 
technological aspects of the building as well as its equipment. The results show high energy demand 
values for the heating and cooling system and the electric devices in offices. The implementation of 
minimum investment intervention strategies would enable a 42% reduction in energy consumption and 
the recovery of more than 70% of the total investment during the first year of operation. 
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AB The paper present the model based on smart sensors network system for building efficiency monitoring 

based on machine to machine (M2M) technologies. The system is based on temperature sensors, a 
mainboard, a transceiver and a power source. The sensors are integrated in experimental model for 
receiving and send wireless data. The data storage is made on cloud (PaaS) and the users may access data 
by using a web based interface (SaaS). Cloud computing and grid computing are oriented in sharing 
distributed resources in a network environment and this allow a large number of users to send and receive 
information. The resources shared are systems like CPUs, storage, data, and memory. By using cloud 
computing is possible to storage data received from sensors, analyze data and provide charts. Data from 
cloud computing services (PaaS) can be used in IoT projects. 
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AB The EU funded collaborative research project STREAMER aims on Energy-efficient Buildings (EeB), 

focusing on mixed-use healthcare districts. Besides innovations in EeB technology, special emphasis is laid 
on improving methodologies and tools used in the design process of new or retrofitted hospital buildings. 
STREAMER follows a model-based, holistic approach by integrating design data on both building and 
district level. Advanced ICT methods like Semantic Web, Ontologies, Parametric Modelling or Knowledge 
Based Systems, will be reviewed, adapted, and improved to use them during the energy-efficient-buildings 
design process. The project not only aims on developing theoretical concepts, but also on practical case 
studies: based on already existing software, a number of interoperable software tools shall be developed 
and evaluated in four demonstration projects. The paper describes the system architecture and provides a 
functional spectrum of the design tools, focusing on interoperability issues. 
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AB Recent initiatives towards the reduction of domestic energy consumption largely depend upon the 

availability of thorough information to enable focalised interventions and a posteriori impact assessment. 
This is a significant issue in developing countries, as informality of fuel markets and lack of intelligent 
technologies can undermine the capacity of policy makers to effectively target consumer behaviour. This 
study explores an alternative approach to inform such measures using energy forecasting before 
occupancy. Accordingly, a secondary analysis of publicly available datasets was conducted to assess 
general patterns of operational energy consumption in Chilean social housing and to develop a set of 
forecasting models which accuracy was later evaluated with the results of an on-site survey. Although the 
forecasting capabilities of the proposed models is not yet conclusive, the results of this study suggest that 
discrete socio-demographic factors can predict general patterns of operational energy consumption and 
therefore increase the accuracy of future energy efficiency measures. 
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AB Is it possible to design near zero energy buildings without the use of technologically advanced but costly 

solutions? Or the other way around - is the use of expensive technical solutions effective from the point of 
view of the energy balance of the building? Can the overall environmental costs of a home, meeting the 
tightening up standards of energy consumption in buildings, be higher than anticipated savings? The 
paper answers these questions, basing on an analysis of the results of measurements of thermal properties 
of real objects and computer simulation models of buildings. The paper also shows the results of analyzing 
the energy embodied in economic value indicator (a development of the concept of energy intensity) as an 
estimate of the impact of the investment on the environment, basing on statistical data. 

   Examples of existing passive residential buildings, indicate that it is possible to design an object in which 
the combined energy of solar radiation and energy coming from internal gains are sufficient to heat the 
entire building. However, this also requires the use of modern building materials and infrastructure for 
instance heat recovery and IT control of home functions. 

   Studies have shown that there is an optimal form, structure and equipment of buildings, above which, the 
desire to further improve energy efficiency, in fact increases the demand for energy. This may result from 
not taking into account the global environmental costs of investment, and perhaps - as encouraged by 
advanced technology - with the departure from the best practices of low-tech architecture, such as 
temperature zoning inside the building. 

   The paper points out the benefits of taking into account these problems as well as areas of research that 
still need to be developed. 
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standard Internet of things systematically optimize and improve existing building energy consumption 
monitoring theory, network architecture and implementation of technology, the concept of building 
energy system of things, network architecture, hardware and software key technology and engineering 
application technology implementation, to facilitate things in the construction sector energy saving 
application development, improve building energy efficiency and building levels, and promote the 
development of industries of things, to promote China's construction development of energy-saving and 
emission reduction has important practical and long-term significance. 
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AB Building in operational use energy consumption including energy consumption of buildings in the course 

of the lighting, refrigeration equipment, power equipment and services, gas, water, elevators and the like. 
In energy-efficient buildings, not only to emphasize energy conservation technology, but also need to dig 
the whole building energy monitoring and management, so as to form the overall building energy 
consumption of energy-saving programs. ODBC and web-based technologies to enable the effective 
monitoring and building energy management. Web-based building energy monitoring and energy services 
platform can make full use of networking technology, will affect building energy consumption data 
management system as well as larger storage devices and management, analysis and processing, and use, 
from the point of view of energy efficiency optimization, to achieve the overall operation of building 
intelligent online monitoring, processing, and energy-saving models predict that provide openness energy 
services, greatly enhance the operation and management level of the entire building and energy efficiency 
utilization levels. 
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off-peak hours, which is the major reason for inefficiency in generation capacity. Introduction of smart grid 
technology in Demand Side Management programs provides an alternative to installation of new 
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Formulation and Solution methodology of residential energy consumption scheduling is presented with 
simulation results illustrating the working of the model. 
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AB On the fast actual demographic trend and increasing comfort level, consumers are becoming more and 

more demanding in the areas of heating, cooling, ventilation, air conditioning, and lighting. Heating, 
Ventilating and Air Conditioning (HVAC) is one of most studied systems in energy efficient buildings 
within the aim to keep occupants' comfort with desired temperature ranges, a suitable level of humidity, 
and good air quality. Recent studies showed that using information and communication technologies will 
have a significant impact on improving energy efficiency in real buildings. The main aim of these studies is 
to develop energy control approaches to improve energy performance and occupant comfort in buildings. 
In this paper, a CO2-based strategy using a state feedback technique for controlling mechanical ventilation 
systems in energy-efficient building is proposed. The principal objective of the developed controller is to 
improve optimal balance between energy efficiency and indoor air quality by maintaining the indoor CO2 
concentration at the comfort set point with an efficient ventilation rate while reducing energy 
consumption. The ventilation system is analysed, modeled, and simulated. The simulation results are 
reported to show the efficiency of the proposed control approach compared to the traditional On/Off and 
the PI ventilation control. 
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AB This study outlines a methodology for assessing changes in household electricity consumption and CO2 

emissions. The method is proposed to analyse large datasets of residential electricity consumption in the 
case study of the first smart metering pilot project in Latvia. The goal of the project is to achieve a 
reduction of electricity consumption in households by 10%. In order to do so project aims to increase 
household user's awareness of smart technologies, as well as to promote households' involvement in 
energy efficiency measures. The proposed methodology is based on several steps, including: 1) baseline 
situation analysis; 2) normalisation of electricity consumption data; 3) identification of the factors affecting 
household electricity consumption; 4) an empirical analysis of households' electricity consumption using 
regression analysis; 5) assessment of changes in electricity consumption at the end of evaluation period 
and 6) calculation of CO2 emissions. Finally, the first results of the smart metering pilot project in nine-
month period have been presented. The recommendations for policy development on promoting smart 
metering have been raised at the end of this paper. 
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AB The continuous growth of energy consumption has become a critical issue globally. According to the 

international energy agency, the energy consumed in residential and commercial buildings contributed 
about 40% of the total energy consumption in 2014. In recent years, building energy management has 
become a popular research topic. The techniques used in automatic control have evolved from static 
schedules specified manually into real-time sensing through wireless sensor network. The demand for a 
dedicated platform for building energy management systems has emerged later. Many proposed platforms 
focused on the high-level architecture and were based on existing standards and technologies. However, 
there was little research about the fundamental aspects of the infrastructure. In this paper, we propose a 
scheduling mechanism for the fundamental infrastructure based on the distributed pinwheel model. It 
addresses the issues of distributed real-time computing, and provides a more predictable system behavior 
for potential improvement of energy consumption of the infrastructure itself. Unlike the original 
distributed pinwheel model, we also take network delay into account, and present an adaptive method to 
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mitigate the effects of variable network delay. The simulation results suggest that the total end-to-end 
delay can be reduced to 20% or lower for more than half of the input task sets without the presence of 
variable network delay. The adaptive method shows an improvement of 10.06% to 61.16% with the 
presence of variable network delay. 
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AB The low uptake of cost effective, energy efficient retrofits for commercial buildings suggests that 

economic considerations are not the sole determinant for their adoption. Socio-psychological surveys 
provide additional insights into consumption behaviour reflecting important lifestyle, attitudinal, risk, 
familiarity of technology, cultural and other forms of demographic preferences. There is a need for an 
evidence based tool that can forecast the effectiveness of intervention options for commercial buildings 
whilst removing the confounding effects of business-as-usual strategies. This paper describes a framework 
for evaluating the uptake of building retrofits under various government policy and behaviour program 
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of intervention programs, especially those involving direct subsidies (e.g. rebate to upfront costs, tax 
deductions) to facilitate the uptake of low carbon living practices. This framework is implemented in the 
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scenario) for comparison. The Tool uses agent-based modeling and simulation (ABMS) to encapsulate the 
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presents preliminary results from application of the agent-based model to the State of Victoria building 
stock, in a case study to understand the potential of the Energy Efficient Office Buildings Program in the 
uptake of energy efficient retrofits. The analysis indicates that the proposed policy options offered by 
EEOB have very little impact when we consider small building owners and limit the application to 
building tuning only. There is improvement in uptake when we expand the eligibility to all technologies 
(excluding lighting) and this is dominated by HVAC (Chiller) upgrades. 
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through the use of Personas stereotypes. Contextual information is collected via wireless ambient sensors, 
such as temperature and humidity ones, but can also include Smart City sensors and services. This 
contextual information is further related to each user's model through the enforcement of home rules, 
expressed in a high level language. Knowledge representation is supported through Semantic Web 
technologies that also ensure the interoperability between all the actors of the ecosystem. Preliminary 
experimental results have been carried in a small scale Smart Home setting, but also in a larger scale using 
the FIWARE(1) framework provided by the SmartSandander testbed. 
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example, using an air conditioner on a hot summer afternoon as the power grid is strained necessitates the 
use of more polluting sources to meet demand. In this paper, we analyze end-user response to two utility-
driven conservation programs in Ontario, Canada: Time-of-Use pricing and the peaksaver program. We 
find that time-of-use pricing encourages shifting some electricity demand, but only when it is convenient. 
We also find that while potentially effective at a larger scale, the peaksaver program in its current form is 
unattractive to participants. These results are discussed in the context of Fogg's Behavior Model for 
Persuasive Design, which allows us to explore the design space for improvement to these programs and 
ground our design implications for the design of technologies to encourage reduction of peak electricity 
demand. 
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building information model. This information can provide necessary basis for the green building design 
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AB The increase in data center operating costs is driving innovation to improve their energy efficiency. 

Previous research has investigated computational and physical control intervention strategies to alleviate 
the competition between energy consumption and thermal performance in data center operation. This 
study contributes to the body of knowledge by proposing a cyber-physical systems (CPS) approach to 
innovatively integrate building information modeling (BIM) and wireless sensor networks (WSN). In the 
proposed framework, wireless sensors are deployed strategically to monitor thermal performance 
parameters in response to runtime server load distribution. Sensor data are collected and contextualized in 
reference to the building information model that captures the geometric and functional characteristics of 
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AB Modeling buildings' energy use is an effective strategy for identifying energy saving potential and 

seeking for energy efficient building solutions. However, there exist significant challenges for such 
modeling, particularly of high-rise buildings. The aim of this paper is to examine such challenges drawing 
on the case of high-density high-rise office buildings in the hot and humid climate of Hong Kong. The 
challenges are examined in relation to four aspects, namely, modeling approach, modelling tools, data 
availability and atmospheric conditions. A framework of strategies is developed for addressing the 
challenges. The strategies are then illustrated through a case study with a hypothesized high-rise office 
building in Hong Kong. Essential to achieving accuracy of modeling buildings' energy use are found to be 
the collection and verification of building information and specification of thermal zones and schedules for 
modeling. The lack of usable data of energy use in high-rise buildings is considered to be a major barrier to 
verifying modeled results. To establish an integrated model with energy modelling and CFD software 
should effectively address the challenges. (C) 2015 The Authors. Published by Elsevier Ltd. 

C1 [Yu, Cong; Pan, Wei; Zhao, Yisong] Univ Hong Kong, Dept Civil Engn, Hong Kong, Hong Kong, Peoples 
R China. 

   [Li, Yuguo] Univ Hong Kong, Dept Mech Engn, Hong Kong, Hong Kong, Peoples R China. 
RP Pan, W (reprint author), Univ Hong Kong, Dept Civil Engn, Hong Kong, Hong Kong, Peoples R China. 
EM wpan@hku.hk 
OI Li, Yuguo/0000-0002-2281-4529 
CR Buildings Department, 1996, MONTHL DIG 1975 1995 
   Eskin N, 2008, ENERG BUILDINGS, V40, P763, DOI 10.1016/j.enbuild.2007.05.008 
   [Anonymous], 2014, WORLD POP DAT SHEET 
   Housing Department, 2003, HONG KONG SAR GOV 
   Kofoworola OF, 2009, ENERG BUILDINGS, V41, P1076, DOI 10.1016/j.enbuild.2009.06.002 
   Lam JC, 2003, BUILD ENVIRON, V38, P493, DOI 10.1016/S0360-1323(02)00132-4 
   Lam JC, 1996, BUILD ENVIRON, V31, P27, DOI 10.1016/0360-1323(95)00031-3 
   Langner MR, 2012, J BUILD PERFORM SIMU, V5, P313, DOI 10.1080/19401493.2011.590607 
   Li DHW, 2008, BUILD ENVIRON, V43, P1446, DOI 10.1016/j.buildenv.2007.07.002 
   Niu JL, 2004, ENERG BUILDINGS, V36, P1259, DOI 10.1016/j.enbuild.2003.07.005 
   Pan YQ, 2007, ENERG BUILDINGS, V39, P651, DOI 10.1016/j.enbuild.2006.09.013 
   Pasquay T, 2004, ENERG BUILDINGS, V36, P381, DOI 10.1016/j.enbuild.2004.01.018 
   Population Reference Bureau (PRB), 2012, WORLD POP DAT SHEET 
   Rating & Valuation Department, 2000, HONG KONG PROP REV 2 
   WONG NH, 2005, ENERG BUILDINGS, V37, P563 
   Yu PCH, 2007, ENERGY, V32, P83, DOI 10.1016/j.energy.2006.03.019 
   Zhang S., 2014, INT J ENERGY SECTOR, V8, P456 
NR 17 
TC 0 
Z9 0 
U1 0 
U2 4 
PU ELSEVIER SCIENCE BV 
PI AMSTERDAM 



Sustainability 2018, 10, x FOR PEER REVIEW  1142 of 1272 

PA SARA BURGERHARTSTRAAT 25, PO BOX 211, 1000 AE AMSTERDAM, NETHERLANDS 
SN 1877-7058 
J9 PROCEDIA ENGINEER 
PY 2015 
VL 121 
BP 513 
EP 520 
DI 10.1016/j.proeng.2015.08.1100 
PG 8 
WC Construction & Building Technology; Engineering, Multidisciplinary 
SC Construction & Building Technology; Engineering 
GA BF2TP 
UT WOS:000380499000071 
OA gold 
DA 2018-05-03 
ER 
 
PT S 
AU Yuan, ZF 
AF Yuan, Zhifen 
BE Liang, Z 
   Li, X 
TI Research on Decision Model of Building Energy Efficiency 
SO PROCEEDINGS OF THE 4TH INTERNATIONAL CONFERENCE ON MECHATRONICS, 
   MATERIALS, CHEMISTRY AND COMPUTER ENGINEERING 2015 (ICMMCCE 2015) 
SE ACSR-Advances in Comptuer Science Research 
LA English 
DT Proceedings Paper 
CT 4th International Conference on Mechatronics, Materials, Chemistry and 
   Computer Engineering (ICMMCCE) 
CY DEC 12-13, 2015 
CL Xian, PEOPLES R CHINA 
DE Existing building energy efficiency retrofitting (EBEER); Decision 
   model; Uncertainty; Multi-objective optimization 
AB Following the overall building energy-saving situation in China and reflecting the rationality and 

flexibility, the paper aims to investigate the decision methods of existing building energy efficiency 
retrofitting (EBEER) projects under uncertainty to facilitate comprehensive and objective assessment in 
such projects. In this paper, the internal and external uncertainties affecting energy efficiency are identified 
and their random fluctuation characteristics are qualified and introduced into the analysis of decisions. By 
taking into account life-cycle costs, energy savings, carbon emission and thermal comfort, a project 
revenue optimization model under uncertainty is established to explore the dynamic quantitative 
relationship between energy-saving technology solutions and the costs and benefits over a long horizon for 
EBEER projects. By means of optimizing analysis, the multi-stage optimal scales and energy-saving 
technology solutions for EBEER projects are achieved. This paper will provide a new perspective for 
solving EBEER projects' and financing fatigue to contribute to the returns and the smooth implementation 
of EBEER projects in China. 
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AB With the rapid development of artificial intelligence, intelligent agent techniques have provided a new 

way for intelligent buildings to a higher level. Although the multi- agentsystem application in intelligent 
buildings, especially for energysaving application is just in its initial stage, it has drawn more and more 
attention. With the advance of agent technology, wireless sensor network and open standards in building 
automation systems, it is now feasible to build an intelligent multi- agent system for energy conservation. 
In this paper, we present a building control system architecture based on multiagent and the way to realize 
energy efficiency without compromising occupants' comfort. 
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ID CONSUMPTION 
AB In this paper, a comprehensive comparison of the commercial building energy efficiency standard 

between the previous 2005 version and the new proposed version is conducted, including the energy 
efficiency analysis and cost-benefit analysis. To better understand the tech-economic performance of the 
new Chinese standard, energy models were set up based on a typical commercial office building in 
Chinese climate zones. The building energy standard in 2005 is used as the baseline for this analysis. Key 
building technologies measures are analyzed individually, including roof, wall, window, lighting and 
chiller and so on and finally whole building cost-benefit analysis was conducted. Results show that the 
new commercial building energy standard demonstrates good cost-effective performance, with whole 
building payback period around 4 years (C) 2015 Published by Elsevier Ltd. 
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AB India, as a rising economic power, has undergone significant macro-economic and structural changes in 

recent decades. The accelerated economic growth in recent times has brought wide-ranging changes in life 
styles and behaviors of its growing population. At the same time, the population is undergoing a structural 
change and as this continues in the future, the country has the potential to reap the population dividend. 
As a consequence of these changes, the country is experiencing increased migration to urban areas, visible 
signs of consumerism in the fast-growing middle-class segment of the population, and an increasing trend 
of mimicking international styles. This paper provides an overview of the macro-economic and structural 
changes in India and considers the implications of such changes on India's residential energy needs. It 
suggests that life-style changes will have a significant implication on Indian future energy demand but 
there is a window of opportunity to follow a low-carbon pathway by adopting 'smart' technologies and 
creating efficient infrastructure. However, it requires a coordinated effort at various levels. (C) 2014 John 
Wiley & Sons, Ltd. 
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energy policies of developed countries. In particular, it has been demonstrated that energy efficiency in 
residential buildings is one of the keys to reducing overall energy consumption and greenhouse emissions. 
In this work, we propose an innovative system for monitoring and managing energy consumption in 
"Smart Home Environments" (SHEs), according to the needs of users and to the particular state conditions 
of the considered environment. 

   Design/methodology/approach - The paper focuses on a methodological approach to design a SHE based 
on the following steps: 

   Identify and apply technological solutions to provide additional intelligence and connectivity services to 
existing heterogeneous home devices. 

   Define an architecture of SHE, supported by a centralized management system featuring a smart Central 
Control Unit (CCU) and different peripheral devices of sensing and actuating. 

   Define a data management model in order to handle machine-to-machine and machine-to-human 
interactions. 

   Define a set of decision algorithms and interoperability rules to perform energy-control services, basing on 
quantitative forecasting methodologies for analysis of historical data. 

   Originality/value - Different approaches to the design of SHEs are emerging in literature, emphasizing the 
importance of such a type of applications as a mean to guarantee energy and cost saving. However, most 
of these approaches are essentially focused on the technological issues, relying primarily on the 
architectural characteristics of the Home Energy Management Systems (HEMS). In this work, we intend to 
highlight how a knowledge-based management model can support the design of innovative HEMSs, 
providing the energy performance improvements of the considered environment and the adaptability to 
the user's habits and needs. 

   Practical implications - In line with the goals of Europe 2020 strategy, energy resource saving represent a 
key issue for sustainable development. Among the various technological solutions for reducing energy 
consumption in home environments, the so called "Building Automation and Control Systems" (BACS) 
represent high performance and low impact solutions for energy efficiency. In this context, the proposed 
system, whose development is ongoing, offers in prospect the opportunity to improve the energy 
performance and electricity cost saving of residential buildings, featuring at the same time a low 
architectural impact due to the use of wireless and/or powerline technologies. 

C1 [De Rose, Raffaele; Felicetti, Carmelo; Raso, Cinzia] Nuova Tecnol Efficienza Energet & Qualita Vita, I-
87036 Arcavacata Di Rende, CS, Italy. 

   [Felicetti, Alberto Michele] Univ Calabria, Dept Mech Energy & Management Engn, I-87036 Arcavacata Di 
Rende, CS, Italy. 

RP Raso, C (reprint author), Nuova Tecnol Efficienza Energet & Qualita Vita, Smart Bldg,Pedro Alvares 
Cabral 18, I-87036 Arcavacata Di Rende, CS, Italy. 

CR Ahmad AS, 2014, RENEW SUST ENERG REV, V33, P102, DOI 10.1016/j.rser.2014.01.069 
   Al-Ghandoor A, 2008, ENERG POLICY, V36, P258, DOI 10.1016/j.enpol.2007.09.020 
   Atzori L, 2010, COMPUT NETW, V54, P2787, DOI 10.1016/j.comnet.2010.05.010 
   Aydinalp M, 2002, APPL ENERG, V71, P87, DOI 10.1016/S0306-2619(01)00049-6 
   CHEN CY, 2009, 7 IEEE INT C IND INF, P273 
   Cottet R, 2003, J AM STAT ASSOC, V98, P839, DOI 10.1198/016214503000000774 
   D& R International Ltd., 2012, 2011 BUILD EN DAT BO 
   Das SK, 2005, LECT NOTES COMPUT SC, V3776, P80 
   Elmenreich W., 2012, Proceedings of the 2012 10th Workshop on Intelligent Solutions in Embedded 

Systems (WISES 2012), P76 
   Feinberg EA, 2005, POWER ELECTRONICS P, P269, DOI 10.1007/0-387-23471-3_12 
   Hahn H, 2009, EUR J OPER RES, V199, P902, DOI 10.1016/j.ejor.2009.01.062 
   Han DM, 2010, IEEE T CONSUM ELECTR, V56, P1417, DOI 10.1109/TCE.2010.5606278 
   HARRIS JL, 1993, INT J FORECASTING, V9, P437, DOI 10.1016/0169-2070(93)90072-U 
   Hippert HS, 2001, IEEE T POWER SYST, V16, P44, DOI 10.1109/59.910780 
   Mohamed Z, 2005, ENERGY, V30, P1833, DOI 10.1016/j.energy.2004.08.012 
   Moreno MV, 2014, T EMERG TELECOMMUN T, V25, P41, DOI 10.1002/ett.2771 
   Niyato D, 2011, IEEE COMMUN MAG, V49, P53, DOI 10.1109/MCOM.2011.5741146 
   Perumal T, 2008, SITIS 2008: 4TH INTERNATIONAL CONFERENCE ON SIGNAL IMAGE 

TECHNOLOGY AND INTERNET BASED SYSTEMS, PROCEEDINGS, P177, DOI 10.1109/SITIS.2008.94 
   Sayuti H, 2014, INT J DIGITAL INFORM, V4, P114 
   Soares LJ, 2008, INT J FORECASTING, V24, P630, DOI 10.1016/j.ijforecast.2008.08.003 
   Son YS, 2010, IEEE T CONSUM ELECTR, V56, P1380, DOI 10.1109/TCE.2010.5606273 



Sustainability 2018, 10, x FOR PEER REVIEW  1156 of 1272 

   Taylor JW, 2007, IEEE T POWER SYST, V22, P2213, DOI 10.1109/TPWRS.2007.907583 
   Viani F, 2013, P IEEE, V101, P2381, DOI 10.1109/JPROC.2013.2266858 
   Weiser M, 1999, IBM SYST J, V38, P693, DOI 10.1147/sj.384.0693 
   Zhao HX, 2012, RENEW SUST ENERG REV, V16, P3586, DOI 10.1016/j.rser.2012.02.049 
NR 25 
TC 0 
Z9 0 
U1 1 
U2 7 
PU IKAM-INST KNOWLEDGE ASSET MANAGEMENT 
PI MATERA 
PA VIA D SCHIAVONE 1, MATERA, MT 75100, ITALY 
BN 978-88-96687-04-8 
PY 2014 
BP 3567 
EP 3579 
PG 13 
WC Social Sciences, Interdisciplinary 
SC Social Sciences - Other Topics 
GA BD0JD 
UT WOS:000357262304015 
DA 2018-05-03 
ER 
 
PT B 
AU Dirienzo, TP 
   Krishnan, NA 
   Srija 
   Santos, JR 
AF Dirienzo, Thomas P. 
   Krishnan, Nathan A. 
   Srija 
   Santos, Joost R. 
GP IEEE 
TI Effects of Smart Appliances on Residential Consumption Patterns 
SO 2014 SYSTEMS AND INFORMATION ENGINEERING DESIGN SYMPOSIUM (SIEDS) 
LA English 
DT Proceedings Paper 
CT IEEE Systems and Information Engineering Design Symposium (SIEDS) 
CY APR 25, 2014 
CL Univ Virginia, Charlottesville, VA 
SP IEEE, IEEE Syst Man & Cybernet Soc 
HO Univ Virginia 
DE behavioral patterns; energy consumption; smart appliance; scenario 
   analysis 
AB Despite the growing attention on environmental sustainability and technological advances to create new 

ways to reduce energy use, the U.S. remains the largest global energy consumer. Changing individuals' 
patterns of consumption is crucial to addressing the issue. While smart appliances are becoming prominent 
in the consumer market, only a few studies have been focused on their ability to influence individual 
decision-making. Smart appliance technologies have data storage capabilities that can be remotely 
accessed through modern user interfaces. This affords the ability for data-driven decision making through 
visual analytics. When given quantitative results, consumers tend to be more aware of their consumption 
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AB Energy consumed by buildings accounts for one third of the world's total primary energy use. Associated 

with the conscious of energy savings in buildings, High Performance Buildings (HPBs) has surged across 
the world, with wide promotion and adoption of various performance rating and certification systems. It is 
valuable to look into the actual energy performance of HPBs and to understand their influencing factors. 

   To shed some light on this topic, this paper conducted a series of portfolio analysis based on a database of 
51 high performance office buildings across the world. Analyses showed that the actual site Energy Use 
Intensity (EUI) of the 51 buildings varied by a factor of up to 11, indicating a large scale of variation of the 
actual energy performance of the current HPBs. Further analysis of the correlation between EUI and 
climate elucidated ubiquitous phenomenon of EUI scatter throughout all climate zones, implying that the 
weather is not a decisive factor, although important, for the actual energy consumption of an individual 
building. On the building size via EUI, analysis disclosed that smaller buildings have a tendency to 
achieving lower energy use. Even so, the correlation is not absolute since some large buildings 
demonstrated low energy use while some small buildings performed opposite. Concerning the 
technologies, statistics indicated that the application of some technologies had correlations with some 
specific building size and climate characteristic. However, it was still hard to pinpoint a set of technologies 
which was directly correlative with a group of low EUI buildings. 

   It is concluded that no a single factor essentially determines the actual energy performance of HPBs. To 
deliver energy-efficient buildings, an integrated design taking account of climate, technology, occupant 
behavior as well as operation and maintenance should be implemented. 
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AB Both the current state of technology as well as emerging trends in home/office automation and energy 
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effectively. This paper outlines the software architecture of an Energy Information Gateway, which is the 
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Sustainability 2018, 10, x FOR PEER REVIEW  1174 of 1272 

C1 [Arnold, Daniel; Sankur, Michael; Auslander, David M.] Univ Calif Berkeley, Dept Mech Engn, Berkeley, 
CA 94720 USA. 

RP Arnold, D (reprint author), Univ Calif Berkeley, Dept Mech Engn, Berkeley, CA 94720 USA. 
CR Arnold D., 2012, P IEEE POW EN SOC GE 
   LeMay M., 2008, P 41 HAW INT C SYST 
   McParland C., 2011, P IEEE POW EN SOC GE 
   Pal A., 2011, 2011 2 INT C INT SYS 
   Piette M. A., 2009, J COMPUTING SCI INFO, V9 
   Pipattanasomporn M., 2012, P 2012 IEEE POW EN S 
   US Energy Information Administration, 2012, DOEEIA03842011 
   Weng Thomas, 2011, P ACM WORKSH EMB SEN 
NR 8 
TC 0 
Z9 0 
U1 0 
U2 1 
PU IEEE 
PI NEW YORK 
PA 345 E 47TH ST, NEW YORK, NY 10017 USA 
SN 1944-9925 
BN 978-1-4799-1303-9 
J9 IEEE POW ENER SOC GE 
PY 2013 
PG 5 
WC Energy & Fuels; Engineering, Electrical & Electronic 
SC Energy & Fuels; Engineering 
GA BA0LX 
UT WOS:000331874302031 
DA 2018-05-03 
ER 
 
PT S 
AU Bajada, J 
   Fox, M 
   Long, D 
AF Bajada, Josef 
   Fox, Maria 
   Long, Derek 
GP IEEE 
TI Load Modelling and Simulation of Household Electricity Consumption for 
   the Evaluation of Demand-Side Management Strategies 
SO 2013 4TH IEEE/PES INNOVATIVE SMART GRID TECHNOLOGIES EUROPE (ISGT 
   EUROPE) 
SE IEEE PES Innovative Smart Grid Technologies Conference Europe 
LA English 
DT Proceedings Paper 
CT 4th IEEE/PES Innovative Smart Grid Technologies Europe (ISGT EUROPE) 
CY OCT 06-09, 2013 
CL Lyngby, DENMARK 
SP IEEE PES 
DE load modelling; stochastic systems; computer simulation; power demand 
AB In order to evaluate the effectiveness of demand-side management techniques, mechanisms to simulate 

electricity consumption activities at a granular level are required. A bottom-up approach that uses a non-
homogeneous Markov chain to model each appliance within each household is proposed. This model is 
time-aware and captures the variability of the transition probabilities as they change throughout the day. 
A simulator was developed based on this model and it was configured with data obtained from a 
household electricity survey conducted in the UK. The resultant load curves from a simulation of a 
thousand households are compared with the average hourly load reported in the survey, with significant 



Sustainability 2018, 10, x FOR PEER REVIEW  1175 of 1272 

similarities observed between the two. The same model can be parametrised to simulate hypothetical 
scenarios, such as a future where electric vehicles are more popular. The simulation framework also 
supports a plug-in mechanism through which demand control policies can be integrated into the system 
such that the effects and performance of demand-side management strategies can be evaluated. 
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theories strengths and to pay attention to their limitations. 
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AB Based on the structure feature and energy consumption situation of high-rise reinforced concrete 

residential buildings which built in end of last century, it discussed the main energy-saving renovation 
technologies and methods. Demonstrating high-rise reinforced concrete residential building of Taiyuan as 
a case, it analyzed its heat loss problems and defects of original design. Energy-saving renovation plan 
proposed and put reconstruction technologies of building envelope and heating system in practice. It 
discusses energy-saving renovation effects, energy efficiency. Indoor thermal environment improved 
significantly after energy-saving renovation on building envelope and heat system. 
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AB Passive building energy efficiency refers to utilizing ecological building design principles with natural 

climate resources to realize building energy efficiency, which is greener, more conducive to the sustainable 
development of the human living environment, and will actively advocate building energy efficiency. This 
paper will analysis the adaptability of six passive building energy efficiency technologies including passive 
solar heating, natural ventilation, thermal storage wall, induced and night ventilation, direct evaporative 
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AB Students learn best when there is interest in the topic and what better way to induce interest than to 

couple classroom theory with real-world application in the form of a competition. Senior engineering 
students at Robert Morris University established a design team to compete in the 2011 Energy Efficient 
Building Technologies Challenge which is sponsored by the Mascaro Center for Sustainable Innovation. 
The students were not only excited to be a part of a design competition that rewarded a cash prize, but 
there was a remarkable level of enthusiasm associated with the sustainability aspect of the design project. 

   The Energy Efficient Building Technologies Challenge was held over the fall and spring semesters of the 
2010-2011 school year. During the fall semester the design team developed an idea for the competition and 
submitted a proposal. After being accepted into Stage 2 of the competition, the students designed, 
analyzed and fabricated the "TurboFlow" generation device for their Integrated Engineering and Design 
course. This prototype was demonstrated for the competition and the design team won first place, with a 
$5000 cash prize. Because of the competition, the design team went above and beyond the classroom 
expectations to design, analyze, fabricate and demonstrate a device with considerable market potential. 
The students not only analyzed the TurboFlow from an engineering standpoint, but from economic and 
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sustainability standpoints as well. The famous saying, "Competition Breeds Excellence," could not be more 
true for this group of students. 
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AB With the proliferation of digital contents and the expanding variety of connected and IP-enabled 

consumer electronics (CE) devices, consumers are increasingly seeking ways to efficiently integrate their 
mobile devices with home networked devices. Expanding wireless coverage is enabling exciting new set of 
consumer-focused applications between CE devices, mobile handsets, home appliances and personal 
computers. In this paper, we discuss an architectural framework for mobile device interaction with 
consumer home network appliances and devices. A number of technological elements such as service 
discovery, addressing and numbering, control and data transport protocols and security requirements are 
presented and discussed. A realization of this framework will allow mobile devices to interact with home 
appliances and other consumer electronic devices in a heterogeneous network from remote locations. 
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was accepted in many countries. There are a lot of innovation in energy saving. In this paper, we believe 
that TRIZ can solve these problems in energy saving. Then, we constructed a model of energy-saving 
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applied more in this field. 
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AB Advances in smart grid technologies have been proven to improve energy efficiency. These technologies 

will drive significant changes of energy consumption operation, energy management, energy using 
patterns, and customer services. In order to achieve energy saving efficiently and provide smart services 
automatically for users, the architecture of a smart energy monitoring and management system is 
proposed in this paper. By monitoring the power consumption information, environment information and 
users' situation information, the system based on the architecture can calculate the proportion of wasted 
energy consumption based on the energy consumption statistic, provide smart services based on the 
person-device interaction, and forecast the energy consumption based on the user energy consumption 
behaviors. The system is combined with cloud computing for data storage and processing. This paper 
describes the design and partial implementation of the system architecture. 
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AB Energy performance contracting plays a key role in improving the building energy-efficiency in China. 

This paper introduces the current situation of energy-efficiency of large-scale public building in China and 
provides an overview of energy performance contracting, and then puts forward an innovative energy-
efficiency running mode. This paper tries to offer theoretical references for the development of EMC in 
energy-saving field of large-scale public buildings. 
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AB Incorporating full spectrum energy efficiency retrofits into average sized commercial buildings requires 

significant change in assessment and modeling tools. Ills necessary to reduce assessment cost and time, 
and improve ease of use and accuracy of models while reducing economic risk. Existing small and 
medium sized building energy efficiency retrofits are often problematic because high assessment cost and 
degree of uncertainty. Market insertion of decision level analytical tools that provide practitioners with 
user friendly, accurate, verified, and cost effective energy assessments is an essential first step in gaining 
market acceptance of energy retrofits. Integrated system design for building renovation, similar to the 
automotive and aerospace system design practice, is conceptually easy for most engineers to understand. 
In practice, it remains the most challenging effort to achieve improved building energy retrofits. The 
system performance driven approach to building renovation requires: selecting component technologies, 
subsystem architectures and dynamically coordinated controls to meet internal and envelope loads while 
producing a measurably improved indoor environment for a given cost constraint. The systems 
performance approach requires a change in assessment and modeling tools and equipment selection 
evaluated with whole building performance metrics rather than component efficiencies. Finally, new 
integrated hardware and software is not enough to move this complex market. Public policy and even 
human behavior' will need to change, education and workforce transformation must occur and new 
business models must be developed. This paper focuses on the strategy to deliver these near-term cost 
effective retrofit solutions to the market. 
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AB A new evaluation method was proposed for hot -summer and cold -winter zone, which based on 

domestic and foreign energy-saving standard and evaluation technology as well as the current situation. 
The residential building energy-saving system evaluation model was established by referencing the AHP 
method model, its weight of each evaluation index came from the experts' investigation method, and was 
modified by entropy technology to index. The results show that, this method can not only simplified the 
qualitative and quantitative evaluation index quantification process but also improve the whole evaluation 
system operability. At last, we made a empirical analysis and evaluation of comprehensive of a small unit 
residential in Lu'an, the result shows that although the residential building energy conservation in the 
basically meet the national building energy efficiency requirements,it still needs to be improved in some 
other aspects. 
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AB Residential and commercial water heating in the United States consumed nearly 3,700 trillion British 

Thermal Units (BTUs) of primary energy in 2010. Nearly half of this primary energy was lost as waste heat 
at the point of power generation to provide electricity for electric water heaters. In the residential sector 
alone, water heating accounted for 17% of total 2010 onsite energy, use or about 1,960 trillion BTUs. Of this 
amount, about 22%, or 440 trillion BTUs, was consumed by residential electric water heaters. However, 
1,380 trillion BTUs of primary energy was required to produce this retail electric power at the power 
station, indicating that electricity generation is much less efficient than directly burning fuels for water 
heating. 
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   This study analyzes 2010 baseline primary energy consumption for water heating in the US by considering 
energy conversions and end-use efficiencies in the residential and commercial sectors. In order to assess 
more energy and carbon-efficient means of heating water, we defined four additional scenarios in order to 
quantify potential energy savings by replacing electric water heaters with more efficient, commercially 
available technologies. The scenarios ranged in scope and technology deployment, and resulted in energy 
savings of 10-25% and carbon dioxide emission reductions of 10-20%. Although future deployment of 
water heating technologies is not likely to replicate any specific scenario, the conclusions drawn from this 
study are useful in guiding policy incentives and consumer behavior in regards to choosing between water 
heating technologies. 

C1 [Twomey, Kelly M.; Conover, Susan; Webber, Michael E.] Univ Texas Austin, Dept Mech Engn, Austin, 
TX 78712 USA. 

RP Twomey, KM (reprint author), Univ Texas Austin, Dept Mech Engn, Austin, TX 78712 USA. 
EM kmt@mail.utexas.edu 
CR ACEEE, 2011, WAT HEAT, V2011 
   Biaou AL, 2005, ENVIRONMENT, V43, P651 
   Dharuman C, 2004, ENERG BUILDINGS, V38, P214 
   Dieckmann J, 2009, ASHRAE J, V51, P117 
   Diem A, 2011, EGRID FAQ 
   DOE, 2011, 2010 COMM EN END US 
   DOE (Dept. of Envt), 2011, 2010 RES EN END US S 
   EIA, 2011, VOL REP GREENH GAS P, V2011 
   EIA, 2010, ANN EN REV 
   Energy Information Administration (EIA), 2009, ANN EN REV 
   Hepbasli A, 2009, RENEW SUST ENERG REV, V13, P1211, DOI 10.1016/j.rser.2008.08.002 
   Hiller CC, 2011, ASHRAE TRAN, V117, P727 
   Klein G, 2010, SOLAR 2010 C P, P1 
   Lekov A, 2009, ENERGY EFFICIENCY, V3, P203 
   Schoenbauer B, 2010, ASHRAE T, V117, P657 
   US Census Bureau, 2011, 2010 CENS BUR STAT 
NR 16 
TC 0 
Z9 0 
U1 0 
U2 2 
PU AMER SOC MECHANICAL ENGINEERS 
PI NEW YORK 
PA THREE PARK AVENUE, NEW YORK, NY 10016-5990 USA 
BN 978-0-7918-4481-6 
PY 2012 
BP 1155 
EP 1162 
PG 8 
WC Energy & Fuels; Engineering, Mechanical 
SC Energy & Fuels; Engineering 
GA BA4HE 
UT WOS:000335710300133 
DA 2018-05-03 
ER 
 
PT S 
AU Wang, L 
AF Wang Li 
BE Ren, N 
   Che, LK 
   Jin, B 
   Dong, R 
   Su, H 
TI A Study on Building Energy Efficiency and Low-Carbon Building 



Sustainability 2018, 10, x FOR PEER REVIEW  1204 of 1272 

SO RENEWABLE AND SUSTAINABLE ENERGY II, PTS 1-4 
SE Advanced Materials Research 
LA English 
DT Proceedings Paper 
CT 1st International Conference on Energy and Environmental Protection 
   (ICEEP 2012) 
CY JUN 23-24, 2012 
CL Hohhot, PEOPLES R CHINA 
SP Inner Mongolia Univ 
DE building energy efficiency; low-carbon buildings; CO2 emission reduction 
AB Resource shortage and people's concern about carbon emissions will greatly influence building energy 

efficiency. Building energy efficiency is the basis for achieving carbon reduction and it should develop into 
low-carbon building. After introducing the concept of low-carbon buildings, this paper analyzes the 
important role technology plays in low-carbon building development and proposes several energy-
efficiency measures concerning new building construction, old building transformation and low carbon 
lifestyle. The paper aims to be of help in promoting the development of low-carbon buildings. 
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ID DESIGN 
AB BIM (Building Information Model) technology is the foundation to realize the computer simulation of 

design and construction of buildings. It is great important to improve the development of construction 
industry informatization. At present, its application in collaborative design, green buildings, building 
components prefabrication and so on is successful in developed countries. In order to simplify the 
currently complicated situation of the energy consumption calculation of public buildings, this paper 
discusses how to make use of the information in BIM of the given public building to calculate its total 
energy consumption in its lifecycle to simplify its energy consumption simulation in the design phase and 
to improve the collaboration of architectural design and energy consumption control. 

C1 [Xu, Gang; Ding, Gefei] Soochow Univ, Gold Mantis Sch Architecture & Urban Environm, Suzhou 215123, 
Peoples R China. 

EM bufengman@yahoo.com.cn; dgf1977@126.com 
CR International Alliance for Interoperability (IAI), 2000, IFC TECHN GUID 
   Khanzode A., 2008, ELECT J INFORM TECHN, V13, P205 
   National BIM Standards Committee (NBSC), 2012, NAT BIM STAND 
   Sanguinetti P, 2012, ADV ENG INFORM, V26, P317, DOI 10.1016/j.aei.2011.12.001 
   Suermann Patrick C., 2009, J ITCON, V14, P574 
   Yuan Y, 2011, PROCEDIA ENGINEER, V15, DOI 10.1016/j.proeng.2011.08.987 
NR 6 
TC 0 
Z9 0 
U1 1 
U2 7 
PU CHINA ARCHITECTURE & BUILDING PRESS 
PI BEIJING 
PA BAIWANZHUANG XICHENGGU, BEIJING, 10037, PEOPLES R CHINA 
BN 978-7-112-14631-4 
PY 2012 
BP 424 
EP 427 
PG 4 
WC Business, Finance; Construction & Building Technology; Engineering, 
   Industrial; Management 
SC Business & Economics; Construction & Building Technology; Engineering 
GA BGY26 
UT WOS:000324566700089 
DA 2018-05-03 
ER 
 
PT S 
AU Xue, JH 
   Li, HM 
AF Xue Jianhua 
   Li Huimin 
BE Li, H 
   Liu, YF 
   Guo, M 



Sustainability 2018, 10, x FOR PEER REVIEW  1206 of 1272 

   Zhang, R 
   Du, J 
TI Firms and government behaviors for sustainable buildings energy-saving 
SO SUSTAINABLE DEVELOPMENT OF URBAN ENVIRONMENT AND BUILDING MATERIAL, PTS 
   1-4 
SE Advanced Materials Research 
LA English 
DT Proceedings Paper 
CT 4th International Conference on Technology of Architecture and Structure 
   (ICTAS 2011) 
CY SEP 22-24, 2011 
CL Xian Univ Architecture & Technol, Xian, PEOPLES R CHINA 
SP Chinese Acad Engn, Div Civil Hydraulic & Architecture Engn, China Civil Engn Soc 
HO Xian Univ Architecture & Technol 
DE Buildings energy-saving; Sustainable development; Government behaviors; 
   Transparadox 
AB Both firms and government characterized dual and simultaneous behaviors about sustainable buildings 

energy-saving. This study will formulate 2*2 matrixes to construct four different interactive types about 
firms and government behaviors such as reaction, leadership, acceptance, and transparadox. In addition, 
we also analyze that how different types impact sustainable buildings energy-saving. This study not only 
makes important theoretical contributions on analyzing and exploring firms' and governmental behavior 
portfolios for sustainable buildings energy-saving, but also makes significant managerial implication on 
transferring other three portfolios into transparadox type in order to growing sustainable buildings 
energy-saving. 

C1 [Xue Jianhua; Li Huimin] Xian Univ Architecture & Technol, Sch Civil Engn, Xian, Shaanxi, Peoples R 
China. 

RP Xue, JH (reprint author), Xian Univ Architecture & Technol, Sch Civil Engn, 13 YanTa S Rd, Xian, Shaanxi, 
Peoples R China. 

EM xuejianhua6810@sohu.com; liudan7622@163.com 
CR DeCanio SJ, 1998, ENERG POLICY, V26, P441, DOI 10.1016/S0301-4215(97)00152-3 
   Oliver C, 2008, ACAD MANAGE REV, V33, P496 
   Peng MW, 2003, ACAD MANAGE REV, V28, P275, DOI 10.5465/AMR.2003.9416341 
   Shen L Y, 2002, INT J PROJ MANAG, V20, P535, DOI DOI 10.1016/S0263-7863(01)00054-0 
   Xie Y, 2011, ADV MATER RES-SWITZ, V201-203, P2466, DOI 10.4028/www.scientific.net/AMR.201-

203.2466 
   Yik FWH, 2004, BUILD RES INF, V32, P235, DOI 10.1080/0961321042000189653 
NR 6 
TC 0 
Z9 0 
U1 2 
U2 5 
PU TRANS TECH PUBLICATIONS LTD 
PI STAFA-ZURICH 
PA LAUBLSRUTISTR 24, CH-8717 STAFA-ZURICH, SWITZERLAND 
SN 1022-6680 
BN 978-3-03785-279-8 
J9 ADV MATER RES-SWITZ 
PY 2012 
VL 374-377 
BP 14 
EP 17 
DI 10.4028/www.scientific.net/AMR.374-377.14 
PN 1-4 
PG 4 
WC Engineering, Civil; Materials Science, Multidisciplinary 
SC Engineering; Materials Science 
GA BBZ57 
UT WOS:000309192500003 



Sustainability 2018, 10, x FOR PEER REVIEW  1207 of 1272 

DA 2018-05-03 
ER 
 
PT S 
AU Zhang, GQ 
   Zhang, L 
   Wang, M 
   Shen, B 
   Li, CD 
   Yan, Q 
AF Zhang Guiqing 
   Zhang Lin 
   Wang Ming 
   Shen Bin 
   Li Chengdong 
   Yan Qiao 
BE Fan, W 
TI Design of Building Heating Supply Energy-Saving Control System Based on 
   Information Fusion 
SO MANUFACTURING SCIENCE AND TECHNOLOGY, PTS 1-8 
SE Advanced Materials Research 
LA English 
DT Proceedings Paper 
CT International Conference on Manufacturing Science and Technology (ICMST 
   2011) 
CY SEP 16-18, 2011 
CL Singapore, SINGAPORE 
SP Singapore Inst Elect 
DE Information Fusion; Building Heating Supply System; Energy Saving 
   Control 
AB An energy-saving control system for building heating supply system is presented in this paper. Its design 

and implementation are on the basis of occupancy detection in buildings. By taking advantage of the 
information fusion technology, the control system will determine human's location and control the heating 
equipments automatically according to non-human zone and human zone to realize the energy saving. The 
information fusion technology fuses three categories of information, which are the people counting 
information, the infrared sensors information and the RFID information. How to design and implement 
the heating energy-saving control system is described explicitly in this paper. Since the system has 
developed with platform concept based on the wireless network and the Internet, it can be used to other 
building electrical equipment systems with less modification. 

C1 [Zhang Guiqing; Zhang Lin; Wang Ming; Li Chengdong; Yan Qiao] Shandong Jianzhu Univ, Sch Informat 
& Elect Engn, Jinan, Peoples R China. 

   [Zhang Guiqing; Zhang Lin; Wang Ming; Shen Bin; Li Chengdong; Yan Qiao] Shandong Key Lab 
Intelligent Bldg Technol, Jinan, Peoples R China. 

   [Shen Bin] Shandong Jianzhu Univ, Sch Comp Sci & Technol, Jinan, Peoples R China. 
RP Zhang, GQ (reprint author), Shandong Jianzhu Univ, Sch Informat & Elect Engn, Jinan, Peoples R China. 
EM qqzhang@sdjzu.edu.cn 
FU Natural Science Foundation of China [61074149] 
FX This work is supported by Natural Science Foundation of China(61074149). 
CR BOYLE DANIEL K., 1998, PASSENGER COUNTING T, P1 
   Feldmann S., 2003, INT C WIR NETW 
   Hashiiinoto Kazuhiko, 1997, INT C SOL STAT SENS, P1291 
   Lin Yan, 2003, Control Engineering China, V10, P539 
   LIU Wenqi, 2004, J DALIAN U TECHNOLOG, V44, P563 
   Reuter Lawrence G., 2003, PASSENGER COUNTING S, P1 
   Fan Qifu, 2008, J COMPUTER APPL, V24, P16 
   XUE Aijun, 2004, DYNAMICS RES NETWORK 
   [??? ZHOU Shoujun], 2008, [??????. ???, Journal of Shandong University. Engineering Science], V38, P93 
NR 9 



Sustainability 2018, 10, x FOR PEER REVIEW  1208 of 1272 

TC 0 
Z9 0 
U1 0 
U2 3 
PU TRANS TECH PUBLICATIONS LTD 
PI DURNTEN-ZURICH 
PA KREUZSTRASSE 10, 8635 DURNTEN-ZURICH, SWITZERLAND 
SN 1022-6680 
BN 978-3-03785-295-8 
J9 ADV MATER RES-SWITZ 
PY 2012 
VL 383-390 
BP 5484 
EP + 
DI 10.4028/www.scientific.net/AMR.383-390.5484 
PG 2 
WC Computer Science, Interdisciplinary Applications; Engineering, 
   Manufacturing; Engineering, Mechanical; Materials Science, 
   Multidisciplinary 
SC Computer Science; Engineering; Materials Science 
GA BBY99 
UT WOS:000309016402272 
DA 2018-05-03 
ER 
 
PT B 
AU Zhao, GM 
AF Zhao Guomin 
GP IEEE 
TI The Research of the Application of Energy Saving Technology in Rural 
   House in Cold Region 
SO 2012 WORLD AUTOMATION CONGRESS (WAC) 
LA English 
DT Proceedings Paper 
CT World Automation Congress (WAC) 
CY JUN 24-28, 2012 
CL Puerto Vallarta, MEXICO 
SP TSI Enterprises Inc 
DE cold regions; rural house; new energy; energy-saving technologies 
AB Energy-efficient housing construction village is a complex systematic project, involving political, 

economic, social, cultural, environmental, technological and other aspects of the content. By stage of 
development and economic conditions, towns and villages residential building energy efficiency-related 
technology development is very slow. Although China has carried out some basic research, but the village 
due to lack of systematic energy-saving technology and with the support of key technologies, towns and 
villages to promote energy-saving technologies falter. In this paper, according to China's towns and 
villages in the northern cold regions technology development status and energy saving technology to carry 
out the actual needs of towns and villages, Taking Tianjin, Maojiayu village construction project as a 
example, the paper research the energy-saving technologies and new energy in our villages in northern 
cold regions construction applications. 

C1 [Zhao Guomin] Tianjin Univ, Tianjin Inst Urban Construct, Energy Technol & Mech Engn Dept, Tianjin 
300384, Peoples R China. 

RP Zhao, GM (reprint author), Tianjin Univ, Tianjin Inst Urban Construct, Energy Technol & Mech Engn 
Dept, Tianjin 300384, Peoples R China. 

EM guominzhao@163.com 
CR Dong hairong, 2005, ENERGY SAVING LAND I, P12 
   Ge cuiyu, 2004, EXPLORE RURAL RESIDE, P8 
   Liu yuan, 2007, THESIS XIAN U ARCHIT 
   Wang bing, 2005, THESIS TIANJIN U 



Sustainability 2018, 10, x FOR PEER REVIEW  1209 of 1272 

   Wu yanlin, THESIS BEIJING FORES 
   Xiao zhongyu, 2008, THESIS TIANJIN I URB 
   Zhang zhigang, 2010, SOLAR AIR COMBINED H, P1 
NR 7 
TC 0 
Z9 0 
U1 0 
U2 0 
PU IEEE 
PI NEW YORK 
PA 345 E 47TH ST, NEW YORK, NY 10017 USA 
BN 978-1-4673-4497-5 
PY 2012 
PG 4 
WC Automation & Control Systems; Engineering, Electrical & Electronic 
SC Automation & Control Systems; Engineering 
GA BCJ87 
UT WOS:000310335801099 
DA 2018-05-03 
ER 
 
PT S 
AU Addy, P 
   Webb, D 
AF Addy, Pat 
   Webb, Dave 
BE Howlett, RJ 
   Jain, LC 
   Lee, SH 
TI Energy Saving Technologies for Conventional Dwellings - A 'Whole House' 
   Concept 
SO SUSTAINABILITY IN ENERGY AND BUILDINGS 
SE Smart Innovation Systems and Technologies 
LA English 
DT Proceedings Paper 
CT 2nd International Conference on Sustainability in Energy and Buildings 
   (SEB 2010) 
CY MAY 06-07, 2010 
CL Brighton, ENGLAND 
AB The concept of a 'whole house' is rarely applied to individual dwellings because each is generally 

regarded as a loosely connected collection of stand-alone systems that are provided by different 
manufacturers with hardly any account being given to interconnectability within the overall concept of a 
house as a single entity. Most houses have very basic systems for the control of major energy sources 
including heating and lighting. Electronic control systems requiring only basic skills to install and service 
can give occupants an ongoing overview of their energy use and facilitate minor changes in habit! lifestyle 
to allow further savings. The effects and lifetime of these control systems will be improved if they include 
the ability to be reprogrammed by the user to take into account future improvement projects such as 
upgrades in insulation or the fitting of double glazing or a change in energy supply. Lifestyle and 
occupation patterns will have a major effect on energy saving within domestic premises. Any proposed 
system must be adaptable to suit different living patterns. Interfaces between various components 
therefore need to be as simple as possible to allow 'mixing' of different technologies and possible future 
developments. It is concluded that a whole house control system that is practical, cost effective, future 
proof and easy to use is viable but that it could not utilise a single processor design. Instead, a hierarchical 
system is proposed that presents the possibility of a simple, future proof whole house control system that 
will accept inputs that are not specified at the time of installation. 

C1 [Addy, Pat; Webb, Dave] Leeds Metropolitan Univ, Leeds LS1 3HE, W Yorkshire, England. 
RP Addy, P (reprint author), Leeds Metropolitan Univ, Leeds LS1 3HE, W Yorkshire, England. 
CR Addy P., 2006, ELECTOMECHANICAL BUI 



Sustainability 2018, 10, x FOR PEER REVIEW  1210 of 1272 

   Anderson W., 2006, DIARY ECOBUILDER 
   Broome J., 2007, GREEN SELF BUILD BOO 
   Department of Communities and Local Government, 2008, COD SUST HOM 
   Department for Communities and Local Government, 2008, GREEN HOM FUT 
   Gadre D.V., 1998, PROGRAMMING PARALLEL 
   Hymers P., 2006, CONVERTING ECOFRIEND 
   Martin C., 2001, DTI PUBLICATION, V01/1292 
   National Statistics Online, 1999, SOCIAL TRENDS, V31 
   SENFT J. R., 1996, INTRO LOW TEMPERATUR 
   Smith D. W., 2006, PIC PRACTICE 
   Turner R., 2003, WHICH GUIDE ENERGY S 
   Wilson A., 2007, CONSUMER GUIDE HOME 
NR 13 
TC 0 
Z9 0 
U1 0 
U2 2 
PU SPRINGER-VERLAG BERLIN 
PI BERLIN 
PA HEIDELBERGER PLATZ 3, D-14197 BERLIN, GERMANY 
SN 2190-3018 
BN 978-3-642-17386-8 
J9 SMART INNOV SYST TEC 
PY 2011 
VL 7 
BP 45 
EP 55 
PG 11 
WC Construction & Building Technology; Energy & Fuels; Engineering, Civil 
SC Construction & Building Technology; Energy & Fuels; Engineering 
GA BBM02 
UT WOS:000307329200005 
DA 2018-05-03 
ER 
 
PT B 
AU Cowan, KR 
   Daim, TU 
AF Cowan, Kelly R. 
   Daim, Tugrul U. 
BE Kocaoglu, DF 
   Anderson, TR 
   Daim, TU 
TI Understanding Adoption of Energy Efficiency Technologies: Applying 
   Behavioral Theories of Technology Acceptance & Use to Understand the 
   Case of LED Lighting for Commercial, Residential, and Industrial 
   End-Users 
SO 2011 PROCEEDINGS OF PICMET 11: TECHNOLOGY MANAGEMENT IN THE ENERGY-SMART 
   WORLD (PICMET) 
LA English 
DT Proceedings Paper 
CT Portland International Center for Management of Engineering and 
   Technology (PICMET) Conference on Technology Management in the 
   Energy-Smart World 
CY JUL 31-AUG 04, 2011 
CL Portland, OR 
SP Portland State Univ, Maseeh Coll Engn & Comp Sci, Dept Engn & Technol Management, Portland State 

Univ, Off Informat Technol, IKON Off Solut 



Sustainability 2018, 10, x FOR PEER REVIEW  1211 of 1272 

ID FLUORESCENT LAMPS; BUILDINGS; PROGRAMS; DESIGN 
AB What factors are most significant in understanding adoption behavior for energy efficiency technologies 

by commercial, residential, and industrial customers? The case of energy efficient lighting technologies is 
specifically examined. Several types of lighting technologies are compared to indoor LED lighting to 
determine how the technology meets the needs the various user types. What factors are most significant in 
motivating technology adoption for such technologies, and preventing subsequent technology 
disadoption? This is particularly important for energy efficient lighting technologies, as both technology 
adoption and technology disadoption can be extremely rapid, and ongoing user involvement is often 
required to recognize full benefits from these technologies. The Unified Theory of Acceptance and Use of 
Technology (UTAUT) is useful in explaining adoption behavior related to stakeholder expectation and 
buy-in for the new technologies. UTAUT contains four elements that can be adapted to fit this research: (1) 
Performance Expectancy; (2) Effort Expectancy; (3) Social Influences; and (4) Facilitating Conditions. In the 
case of energy efficient lighting adoption, and LED adoption in particular, performance expectancy and 
effort expectancy can be related to factors such as future energy price expectancies, actual savings results, 
and ease of energy savings. Factors involving social influences include perceptions of environmental 
friendliness among different user groups, and facilitating conditions include policies, incentives, and 
educational programs to encourage adoption. Some conclusions are then drawn regarding adoption factors 
for emerging energy efficient lighting technologies. 

C1 [Cowan, Kelly R.; Daim, Tugrul U.] Portland State Univ, Dept Engn & Technol Management, Portland, 
OR 97207 USA. 

RP Cowan, KR (reprint author), Portland State Univ, Dept Engn & Technol Management, Portland, OR 97207 
USA. 

CR Ajzen I., 1991, ORG BEHAV HUMAN DECI, V50, P33 
   Anderson ST, 2004, RESOUR ENERGY ECON, V26, P27, DOI 10.1016/j.reseneeco.2003.07.001 
   Andrews CJ, 2009, ENERG BUILDINGS, V41, P287, DOI 10.1016/j.enbuild.2008.09.009 
   Azevedo IL, 2009, P IEEE, V97, P481, DOI 10.1109/JPROC.2009.2013058 
   Bammidi V. S., 2009, ZERO GEN CAMPUSES DE, P2999 
   Barr S, 2005, ENERG POLICY, V33, P1425, DOI 10.1016/j.enpol.2003.12.016 
   BASS FM, 1969, MANAGE SCI, V15, P215, DOI 10.1287/mnsc.15.5.215 
   Bohlen J, 1957, RURAL SOCIOL, V22, P3 
   BUSCH JF, 1993, ENERGY, V18, P197, DOI 10.1016/0360-5442(93)90104-L 
   Caird S, 2008, ENERG EFFIC, V1, P149, DOI 10.1007/s12053-008-9013-y 
   Chirarattananon S, 2010, ENERGY, V35, P1741, DOI 10.1016/j.energy.2009.12.027 
   Cowan K., 2010, EXPLORING IMPACT TEC 
   Daim TU, 2010, INT J ENERGY SECT MA, V4, P146, DOI 10.1108/17506221011058678 
   Davis F. D., 1985, TECHNOLOGY ACCEPTANC 
   DiLouie C., 2005, Electrical Construction and Maintenance, V104, P14 
   DOE, 2009, DOE SOL STAT LIGHT C 
   EERE, 2009, SOL STAT LIGHT 
   EIA, 2006, COMM BUILD EN CONS S 
   EIA, 2008, ANN EN OUTL 2008 PRO 
   *EIA, 2009, INT EN OUTL 2009 
   Fishbein M., 1975, BELIEF ATTITUDE INTE 
   Forstater M., 2007, ACCOUNTABILITY 
   Goel M., 2008, RECENT DEV TECHNOLOG, P71 
   Harmon RR, 2009, TECHNOL FORECAST SOC, V76, P204, DOI 10.1016/j.techfore.2008.03.026 
   Hinnells M, 2008, ENERG POLICY, V36, P4427, DOI 10.1016/j.enpol.2008.09.029 
   Howarth RB, 2000, ENERG POLICY, V28, P477 
   IEA, 2005, 30 KEY EN TRENDS IEA 
   International Energy Agency IRA, 2010, EN TECHN PERSP 2010 
   Kafle N, 2009, ENERG BUILDINGS, V41, P133, DOI 10.1016/j.enbuild.2008.08.001 
   Khan N., 2010, RENEW SUST ENERG REV, V15, P296 
   Khan S., 2008, ENERGY SAVING PROGRA, P753 
   Kumar A, 2003, ENERG POLICY, V31, P259, DOI 10.1016/S0301-4215(02)00038-1 
   Kwartin R. M., 1992, ENERGY ENG J, V89, P70 
   Lee S.-H., 2008, HIGHLY EFFICIENT GRE, P496 
   LEVINE MD, 1995, ENERGY, V20, P37, DOI 10.1016/0360-5442(94)00055-8 
   Liu T., 2010, AS PAC POW EN ENG C 



Sustainability 2018, 10, x FOR PEER REVIEW  1212 of 1272 

   Long X, 2009, IET OPTOELECTRON, V3, P40, DOI 10.1049/iet-opt:20070076 
   Mehta R., 2008, LEDS COMPETITIVE SOL 
   Menanteau P, 2000, RES POLICY, V29, P375, DOI 10.1016/S0048-7333(99)00038-4 
   Mills B. F., 2009, RESOUR ENERGY ECON, V32, P363 
   Mills E., 1996, ENERGY, V21, p[d]707 
   Nair G, 2010, ENERG POLICY, V38, P2956, DOI 10.1016/j.enpol.2010.01.033 
   Newsham G., 1998, IMPACT ADOPTION EFFI, P286 
   Panasonic, 2010, PAN SPIR FLUOR 
   Plastow JW, 2001, POWER ENG J, V15, P239, DOI 10.1049/pe:20010506 
   Qureshi S. A., 2003, ENERGY CONSERVATION, P369 
   Ray A., 2004, J I ENG INDIA ARCHIT, V85, P21 
   Rogers E. M, 2003, DIFFUSION INNOVATION 
   Rogers EM, 1962, DIFFUSION INNOVATION 
   Scheidt P., 2008, ELECT PRODUCTS GARDE, V50 
   Shively B., 2008, UNDERSTANDING TODAYS 
   TAYLOR S, 1995, INFORM SYST RES, V6, P144, DOI 10.1287/isre.6.2.144 
   UCSB, 2010, FAST TRACK WID AD LE 
   Van Gorp J.C., 2005, STRATEGIC PLANNING E, V24, P57 
   Veitch JA, 2001, ERGONOMICS, V44, P255, DOI 10.1080/00140130121241 
   Venkatesh V, 2000, ORGAN BEHAV HUM DEC, V83, P33, DOI 10.1006/obhd.2000.2896 
   Venkatesh V, 2003, MIS Q, V27 
   WBCSD, 2008, EN CLIM TRIL FACTS T 
   Weber A., 2007, ASSEMBLY, V50, P46 
   Yang JP, 2007, APPL ENERG, V84, P99, DOI 10.1016/j.apenergy.2006.02.007 
   Yang JP, 2006, INT J GREEN ENERGY, V3, P239, DOI 10.1080/01971520500439534 
   ZORPETTE G, 1991, IEEE SPECTRUM, V28, P42, DOI 10.1109/6.83437 
   ZORPETTE G, 1991, IEEE SPECTRUM, V28, P34, DOI 10.1109/6.67282 
NR 63 
TC 0 
Z9 0 
U1 4 
U2 14 
PU IEEE 
PI NEW YORK 
PA 345 E 47TH ST, NEW YORK, NY 10017 USA 
BN 978-1-890843-23-6 
PY 2011 
PG 9 
WC Engineering, Electrical & Electronic; Operations Research & Management 
   Science 
SC Engineering; Operations Research & Management Science 
GA BYF23 
UT WOS:000298384400270 
DA 2018-05-03 
ER 
 
PT B 
AU Huang, ZY 
   Shen, LY 
AF Huang, Zhiyu 
   Shen, Liyin 
GP EBM Org Comm 
TI A Study to the Application of Energy Saving Measures in Urban 
   Residential Buildings: A Chongqing Case Study 
SO INTERNATIONAL CONFERENCE ON ENGINEERING AND BUSINESS MANAGEMENT 
   (EBM2011), VOLS 1-6 
LA Chinese 
DT Proceedings Paper 



Sustainability 2018, 10, x FOR PEER REVIEW  1213 of 1272 

CT 2nd International Conference on Engineering and Business Management 
CY MAR 22-24, 2011 
CL Wuhan, PEOPLES R CHINA 
SP Wuhan Univ, Zhejiang Univ, Chung Hua Univ, James Madison Univ, Sci Res Publishing, Engn Informat 

Inst, Chongqing VIP Informat Co Ltd 
DE residential building; energy-saving measures; application level; 
   Chongqing 
AB Energy saving in urban residential buildings is one of the essential means for implementing and 

promoting low carbon living environment and sustainable urban development. Therefore, adopting 
effective energy saving measures is very important. In line with the world-wide promotion and appeal for 
saving natural resources and protecting the environment, significance progress has been made in saving 
energy and utilizing the energy effectively by adopting advanced technologies and management methods. 
Various energy saving technologies have been developed and progressively applied to residential 
buildings particularly in urban areas. Nevertheless, it appears that little has been investigated on the 
effectiveness of these technologies in practice. In this paper, taking Chongqing as an example, 
questionnaire survey was carried out among relevant experts in Energy Conservation Association, 
Architectural Design Unit as well as Construction Unit considering energy-saving measures of residential 
building. It was aimed to understand the application level of various energy-saving measures in urban 
residential building and analyze the difference statistically. Based on the questionnaire survey results, it 
discussed the deficiencies of energy-saving measures in urban residential building, and the results would 
provide important reference material for further research to improve the residential building's energy-
saving. 

C1 [Huang, Zhiyu] Chongqing Univ Sci & Technol, Chongqing, Peoples R China. 
   [Shen, Liyin] Hong Kong Polytech Univ, Hong Kong, Hong Kong, Peoples R China. 
RP Huang, ZY (reprint author), Chongqing Univ Sci & Technol, Chongqing, Peoples R China. 
EM cqhzy2966@163.com 
CR Dai Hong, 2007, SCI TECH INFORM DEV, V17, P268 
   Gong Wei, 2009, JIANGXI BUILDING MAT, P14 
   Huang Chen, 2003, REFRIGERATION AIR CO, V24, P1 
   KANO Zelong, 2008, SCI TECHNOLOGY INFOR, P139 
   Li Yanbo, 2005, WALL MAT INNOVATION, P18 
   Tan Wenjuan, 2009, RES ENERGY SAVING EF, P4 
   Wang Jidong, 2007, CHINA HIGH TECHNOLOG, P183 
   Wu Jianping, 2009, J INNER MONGOLIA FOR, P28 
   Xiao Yuejun, 2007, ANHUI ARCHITECTURE, p[11, 15] 
NR 9 
TC 0 
Z9 0 
U1 0 
U2 2 
PU SCI RES PUBL, INC-SRP 
PI IRVIN 
PA 5005 PASEO SEGOVIA, IRVIN, CA 92603-3334 USA 
BN 978-1-935068-19-8 
PY 2011 
BP 3103 
EP + 
PG 3 
WC Business; Computer Science, Information Systems; Engineering, 
   Industrial; Management 
SC Business & Economics; Computer Science; Engineering 
GA BUL45 
UT WOS:000289742701064 
DA 2018-05-03 
ER 
 
PT B 
AU Huang, ZY 



Sustainability 2018, 10, x FOR PEER REVIEW  1214 of 1272 

   Huang, Y 
AF Huang, Zhiyu 
   Huang, Yin 
BE Xu, M 
   Shen, L 
   Fang, Y 
TI A Study to the Application of Energy-saving Measures in Urban 
   Residential Buildings 
SO PROCEEDINGS OF THE 16TH INTERNATIONAL SYMPOSIUM ON ADVANCEMENT OF 
   CONSTRUCTION MANAGEMENT AND REAL ESTATE (CRIOCM2011) 
LA English 
DT Proceedings Paper 
CT 16th International Symposium on Advancement of Construction Management 
   and Real Estate (CRIOCM 2011) 
CY SEP 23-25, 2011 
CL Chongqing, PEOPLES R CHINA 
DE Residential building; energy-saving measures; application level 
AB Energy saving in urban residential buildings is one of the essential means for implementing and 

promoting low carbon living environment and sustainable urban development. Therefore, adopting 
effective energy saving measures is very important. Various energy saving technologies have been 
developed and progressively applied to residential buildings particularly in urban areas. Nevertheless, it 
appears that little has been investigated on the effectiveness of these technologies in practice. In this paper, 
taking Chongqing as an example, questionnaire survey was carried out among relevant experts, 
considering energy-saving measures of residential building. It was aimed to understand the application 
level of various energy-saving measures in urban residential building. Based on the questionnaire survey 
results, it discussed the deficiencies of energy-saving measures in urban residential building, and the 
results would provide important reference material for further research to improve the residential 
building's energy-saving. 

C1 [Huang, Zhiyu; Huang, Yin] Chongqing Univ, Chongqing 630044, Peoples R China. 
EM zhuyahui613@126.com 
CR Dai Hong, 2007, SCI TECH INFORM DEV, V17, P268 
   Gong Wei, 2009, JIANGXI BUILDING MAT, P14 
   Huang Chen, 2003, REFRIGERATION AIR CO, V24, P1 
   KANG Zelong, 2008, SCI TECHNOLOGY INFOR, P139 
   Li Yanbo, 2005, WALL MAT INNOVATION, P18 
   Tan Wenjuan, 2009, RES ENERGY SAVING EF, P4 
   Wang Jidong, 2007, CHINA HIGH TECHNOLOG, P183 
   Wu Jianping, 2009, J INNER MONGOLIA FOR, P28 
   Xiao Yuejun, 2007, ANHUI ARCHITECTURE, p[11, 15] 
   Xiao Yuejun, 2007, ANHUI ARCHITECTURE, P15 
NR 10 
TC 0 
Z9 0 
U1 0 
U2 1 
PU HONG KONG POLYTECHNIC UNIV 
PI KOWLOON 
PA INST TEXTILES & CLOTHING, YUK CHOI RD, HUNG HOM, KOWLOON, 00000, PEOPLES 
   R CHINA 
BN 978-962-367-721-9 
PY 2011 
BP 324 
EP 328 
PG 5 
WC Business; Urban Studies 
SC Business & Economics; Urban Studies 
GA BAF35 
UT WOS:000304017000069 



Sustainability 2018, 10, x FOR PEER REVIEW  1215 of 1272 

DA 2018-05-03 
ER 
 
PT S 
AU Poess, M 
   Nambiar, R 
AF Poess, Meikel 
   Nambiar, Raghunath 
BE Castellanos, M 
   Dayal, U 
   Markl, V 
TI Building Enterprise Class Real-Time Energy Efficient Decision Support 
   Systems 
SO ENABLING REAL-TIME BUSINESS INTELLIGENCE 
SE Lecture Notes in Business Information Processing 
LA English 
DT Proceedings Paper 
CT 36th International Conference on Very Large Databases 
CY SEP 13, 2010 
CL Singapore, SINGAPORE 
DE Real-Time Decision Support Systems; Lessons learned from large practical 
   applications of real-time Business Intelligence; Industrial experience 
   and challenges 
AB In today's highly competitive marketplace. companies have an insatiable need for up-to-the-second 

information about their business' operational state, while generating Terabytes of data per day [2]. The 
ability to convert this data into meaningful business information in a timely, cost effective manner is 
critical to their competitiveness. For many, it is no longer acceptable to move operational data into 
specialized analytical tools because of the delay this additional step would take. In certain cases they prefer 
to directly run queries on their operational data. To keep the response time of these queries low while data 
volume increases. IT departments are forced to buy faster processors or increase the number of processors 
per system. At the same time they need to scale the I/O subsystem to keep their systems balanced. While 
processor performance has been doubling every two years in accordance with Moore's Law, I/O 
performance is lagging far behind. As a consequence, storage subsystems not only have to cope with the 
increase in data capacity, but, foremost, with the increase in I/O throughput demand, which is often 
limited by the disk drive performance and the wire bandwidth between the server and storage. 

   A solution to this problem is to scale the I/O subsystem for capacity and to cache the database in main 
memory for performance. This approach not only reduces the I/O requirements, but also significantly 
reduces power consumption. As the database is physically located on durable media just like traditional 
databases, all ACID requirements are met. 

   While such an in-memory solution is feasible today for small data amounts using custom built systems, 
such a solution seems unfeasible for Multi-Terabyte systems running main-stream relational database 
management systems (RDBMS) simply because today's systems use CPUs with built-in memory 
controllers that support only a limited number of memory channels per CPU. In this paper we discuss the 
viability of building an enterprise class real-time Multi-Terabyte decision support infrastructure by 
combining the power of Oracle's RDBMS technologies and Cisco's extended memory technology [4]. We 
believe that Oracle and Cisco combined can deliver effective enterprise class real-time data warehouse 
infrastructure can deliver value by helping companies to respond to competitive pressures and new 
opportunities. 

C1 [Poess, Meikel] Oracle Corp, 500 Oracle Pkwy, Redwood Shores, CA 94065 USA. 
   [Nambiar, Raghunath] Cisco Sys Inc, San Jose, CA 95134 USA. 
RP Poess, M (reprint author), Oracle Corp, 500 Oracle Pkwy, Redwood Shores, CA 94065 USA. 
EM meikel.poess@oracle.com; rnambiar@cisco.com 
CR Azvine B., 2006, 29 CECEEE 
   Poess M, 2000, SIGMOD RECORD, V29, P64 
   Poess M., 2007, VLDB 2007, P1138 
   Poess M., 2010, ICDE 2010 
   Poess M., 2010, WOSP SIPEW 2010 P 1, P147 
   Poess M., 2005, VLDB, P1055 



Sustainability 2018, 10, x FOR PEER REVIEW  1216 of 1272 

   Poess M., 2010, EE ENERGY, P131 
   Poess M, 2008, PROC VLDB ENDOW, V1, P1229 
NR 8 
TC 0 
Z9 0 
U1 0 
U2 2 
PU SPRINGER-VERLAG BERLIN 
PI BERLIN 
PA HEIDELBERGER PLATZ 3, D-14197 BERLIN, GERMANY 
SN 1865-1348 
BN 978-3-642-22969-5 
J9 LECT NOTES BUS INF P 
PY 2011 
VL 84 
BP 36 
EP + 
PG 3 
WC Computer Science, Hardware & Architecture; Computer Science, Information 
   Systems 
SC Computer Science 
GA BZL82 
UT WOS:000301963000004 
DA 2018-05-03 
ER 
 
PT S 
AU Qiu, L 
   Li, Q 
AF Qiu Lin 
   Li Qiang 
GP IEEE 
TI Analysis on Video Behavior Analysis in Building Energy Saving 
   Applications 
SO 2011 30TH CHINESE CONTROL CONFERENCE (CCC) 
SE Chinese Control Conference 
LA Chinese 
DT Proceedings Paper 
CT 30th Chinese Control Conference 
CY JUL 22-24, 2011 
CL Yantai, PEOPLES R CHINA 
DE Video Behavior; Building Energy-Saving; Air-Conditioning; Building 
   Automatic Control 
AB By the video behavior analysis technology, it can be access from the video screen according to the study 

area reached the required target information and changes, which provided a feasible method. for the 
energy saving to run of building air conditioning systems In this paper proposed the idea that target 
detection method using air-conditioning system to adjust the run load with actual load time to time and 
discussed the realized process of video behavior analysis applications in air conditioning systems control. 
It can obtained the increase or decrease of actual personnel number to monitoring the area to adjust the air 
conditioning load, and will play a positive role for air-conditioning system make reasonable adjustments to 
achieve both environment comfort and energy saving effect. 

C1 [Qiu Lin; Li Qiang] Beijing Univ Civil Engn & Architecture, Beijing 100044, Peoples R China. 
RP Qiu, L (reprint author), Beijing Univ Civil Engn & Architecture, Beijing 100044, Peoples R China. 
EM qiulin@bucea.edu.cn 
CR DALAL N, 2008, HISTOGRAMS ORIENTED 
   PARAGIOS N, 2008, MRF BASED APPROACH R 
   RABAUD V, 2008, COUNTING CROWDED MOV 
   VAPNIK V, 2000, NATURE STAT LEARNING, P136 



Sustainability 2018, 10, x FOR PEER REVIEW  1217 of 1272 

NR 4 
TC 0 
Z9 0 
U1 0 
U2 1 
PU IEEE 
PI NEW YORK 
PA 345 E 47TH ST, NEW YORK, NY 10017 USA 
SN 2161-2927 
BN 978-988-17255-9-2 
J9 CHIN CONTR CONF 
PY 2011 
BP 5205 
EP 5207 
PG 3 
WC Automation & Control Systems; Engineering, Electrical & Electronic 
SC Automation & Control Systems; Engineering 
GA BDC62 
UT WOS:000312652105062 
DA 2018-05-03 
ER 
 
PT J 
AU Rubinova, S 
AF Rubinova, Stela 
TI REACTION OF HOUSEHOLD ENERGY DEMAND TO IMPROVEMENTS IN ENERGY 
   EFFICIENCY: THEORY AND ITS IMPLICATIONS FOR THE CONSTRUCTION OF 
   EMPIRICALLY TESTED MODELS 
SO POLITICKA EKONOMIE 
LA Czech 
DT Article 
DE rebound effect; energy efficiency; energy demand; household demand 
ID CONSUMPTION; FALLACIES 
AB Energy efficiency improvements have become a major hope for decoupling the energy demand from 

economic growth and for achieving environmental goals. Nevertheless, the effectiveness of policies based 
on promoting energy efficiency may be undermined by behavioral responses. A more efficiently produced 
energy service becomes cheaper and economic theory then suggests that consumers should demand more 
of it, which will cause a loss of the potential technological saving. The phenomenon is called the rebound 
effect and it has become a focus of energy economists since early 80s. However, even today there is no 
clear consensus on its importance. Quantification of the rebound effect is mainly hampered by poor data 
availability and the comparison of results is not straightforward due to methodological differences. Our 
study concentrates right on the economic theory of the demand for energy services, definitions and their 
applicability to empirical estimation. It summarizes the state of knowledge and elaborates on plausible 
models for empirical quantification of the rebound effect which should bear consistent results. 

C1 [Rubinova, Stela] Charles Univ Prague, Charles Univ Environm Ctr, CH-1211 Geneva 21, Switzerland. 
   [Rubinova, Stela] Grad Inst Int & Dev Studies, CH-1211 Geneva 21, Switzerland. 
RP Rubinova, S (reprint author), Charles Univ Prague, Charles Univ Environm Ctr, Geneva Rue Lausanne 

132,POB 136, CH-1211 Geneva 21, Switzerland. 
EM stela.rubin@gmail.com 
CR BECKER GS, 1965, ECON J, V75, P493, DOI 10.2307/2228949 
   Berkhout PHG, 2000, ENERG POLICY, V28, P425, DOI 10.1016/S0301-4215(00)00022-7 
   Binswanger M, 2001, ECOL ECON, V36, P119, DOI 10.1016/S0921-8009(00)00214-7 
   BROOKES L, 1990, ENERG POLICY, V18, P199, DOI 10.1016/0301-4215(90)90145-T 
   Brookes L, 2000, ENERG POLICY, V28, P355, DOI 10.1016/S0301-4215(00)00030-6 
   DUBIN JA, 1984, ECONOMETRICA, V52, P345, DOI 10.2307/1911493 
   FRONDEL M, 2008, ENERGY J, V4, P154 
   Frondel M, 2009, ENVIRON RESOUR ECON, V43, P81, DOI 10.1007/s10640-008-9246-4 
   Koujianou Goldberg P., 1996, 5673 NBER 



Sustainability 2018, 10, x FOR PEER REVIEW  1218 of 1272 

   Greene DL, 1999, ENERGY J, V20, P1 
   Greene D.L., 1992, ENERGY J, V13, P117 
   Greening LA, 2000, ENERG POLICY, V28, P389 
   Haas R, 1998, ENERG ECON, V20, P421, DOI 10.1016/S0140-9883(98)00003-6 
   HAUSMAN JA, 1979, BELL J ECON, V10, P33, DOI 10.2307/3003318 
   HECKMAN JJ, 1978, ECONOMETRICA, V46, P931, DOI 10.2307/1909757 
   Khazzoom J. D., 1989, ENERGY J, V10, P157 
   Khazzoom J., 1987, ENERGY J, V8, P85 
   Khazzoom J. D, 1980, ENERGY J, V1, P21 
   McFadden D. L., 1978, SPATIAL INTERACTION 
   Nesbakken R, 2001, SCAND J ECON, V103, P165, DOI 10.1111/1467-9442.00236 
   SMALL KA, 2006, 050603 UC DEP EC 
   SORREL S, 2009, ENERG POLICY, P1356 
   SORREL S, 2007, UKERCWPTPA2007010 
   Sorrell S., 2008, ECOLOGICAL EC, P636 
   van den Bergh JCJM, 2011, ENVIRON RESOUR ECON, V48, P43, DOI 10.1007/s10640-010-9396-z 
   West SE, 2004, J PUBLIC ECON, V88, P735, DOI 10.1016/S0047-2727(02)00186-X 
NR 26 
TC 0 
Z9 0 
U1 1 
U2 6 
PU VYSOKA SKOLA EKONOMICKA 
PI PRAGUE 
PA NAM W CHURCHILLA 4, PRAGUE 13067, CZECH REPUBLIC 
SN 0032-3233 
J9 POLIT EKON 
JI Polit. Ekon. 
PY 2011 
VL 59 
IS 3 
BP 359 
EP 378 
DI 10.18267/j.polek.796 
PG 20 
WC Economics; Political Science 
SC Business & Economics; Government & Law 
GA 795RL 
UT WOS:000292993400005 
OA gold 
DA 2018-05-03 
ER 
 
PT S 
AU Sun, Y 
   Feng, LF 
AF Sun Yan 
   Feng Lifang 
BE Zhang, W 
TI Influence of psychological, family and contextual factors on residential 
   energy use behaviour: An empirical study of China 
SO 2010 INTERNATIONAL CONFERENCE ON ENERGY, ENVIRONMENT AND DEVELOPMENT 
   (ICEED2010) 
SE Energy Procedia 
LA English 
DT Proceedings Paper 
CT International Conference on Energy, Environment and Development (ICEED) 
CY DEC 08-09, 2010 



Sustainability 2018, 10, x FOR PEER REVIEW  1219 of 1272 

CL Kuala Lumpur, MALAYSIA 
DE Residential energy use behaviour; Influencing factors; Psychological 
   factors; Family; Contextual factors 
ID ENVIRONMENTAL BEHAVIOR 
AB The study is reported on the effect of psychological, family and contextual factors on residential energy 

use behaviour. A survey of 1376 residents was carried out in Dalian, a coastal city in the northeast of 
China. Results show that energy concern, biospheric value, barriers to behaviour, money saving and 
personal norm are the most powerful predictors for residential energy use behaviour. It is of Chinese 
characteristics that the aged has a positive impact on household energy conservation. The paper argues 
that government and society should make effective instruments to guide residents live in a low carbon 
lifestyle. (C) 2011 Published by Elsevier Ltd. Selection and peer-review under responsibility of RIUDS 

C1 [Sun Yan; Feng Lifang] Dalian Univ Technol, Dalian 116024, Peoples R China. 
RP Sun, Y (reprint author), Dalian Univ Technol, 2 Linggong Rd, Dalian 116024, Peoples R China. 
EM sunyan@dlut.edu.cn 
CR Abrahamse W, 2009, J ECON PSYCHOL, V30, P711, DOI 10.1016/j.joep.2009.05.006 
   Linden AL, 2002, ENERG POLICY, V30, P897, DOI 10.1016/S0301-4215(02)00003-4 
   Parker P, 2005, LOCAL ENVIRON, V10, P173, DOI 10.1080/1354983052000330761 
   Poortinga W, 2004, ENVIRON BEHAV, V36, P70, DOI 10.1177/0013916503251466 
   [?? Qu Ying], 2009, [????, Management Review], V21, P108 
   SCOTT D, 2000, ENVIRONMENTS, V28, P73 
   Steel BS, 1996, J ENVIRON MANAGE, V47, P27, DOI 10.1006/jema.1996.0033 
   Steg L, 2009, J ENVIRON PSYCHOL, V29, P309, DOI 10.1016/j.jenvp.2008.10.004 
   Steg L, 2008, ENERG POLICY, V36, P4449, DOI 10.1016/j.enpol.2008.09.027 
   Stephenson J, 2010, ENERG POLICY, V38, P6120, DOI 10.1016/j.enpol.2010.05.069 
   Stern P. C., 1999, HUMAN ECOLOGY REV, V6, P81, DOI DOI 10.2307/2083693 
   Tanner C, 1999, J ENVIRON PSYCHOL, V19, P145, DOI 10.1006/jevp.1999.0121 
   Tanner C, 2003, PSYCHOL MARKET, V20, P883, DOI 10.1002/mar.10101 
   Thogersen J, 1996, ENVIRON BEHAV, V28, P536, DOI 10.1177/0013916596284006 
NR 14 
TC 0 
Z9 1 
U1 0 
U2 7 
PU ELSEVIER SCIENCE BV 
PI AMSTERDAM 
PA SARA BURGERHARTSTRAAT 25, PO BOX 211, 1000 AE AMSTERDAM, NETHERLANDS 
SN 1876-6102 
J9 ENRGY PROCED 
PY 2011 
VL 5 
BP 910 
EP 915 
DI 10.1016/j.egypro.2011.03.161 
PG 6 
WC Energy & Fuels; Environmental Sciences 
SC Energy & Fuels; Environmental Sciences & Ecology 
GA BYE95 
UT WOS:000298299400161 
OA gold 
DA 2018-05-03 
ER 
 
PT S 
AU Wang, LY 
   Hao, QS 
AF Wang, Liying 
   Hao, Qiushi 
BE Sun, D 



Sustainability 2018, 10, x FOR PEER REVIEW  1220 of 1272 

   Sung, WP 
   Chen, R 
TI The Existing Architecture Energy-saving Technologies' Application in the 
   Residential Community's Transformation 
SO FRONTIERS OF GREEN BUILDING, MATERIALS AND CIVIL ENGINEERING, PTS 1-8 
SE Applied Mechanics and Materials 
LA English 
DT Proceedings Paper 
CT International Conference on Green Building, Materials and Civil 
   Engineering (GBMCE 2011) 
CY AUG 22-23, 2011 
CL Shangri La, PEOPLES R CHINA 
SP Control Engn & Informat Sci Res Assoc, Int Frontiers Sci & Technol Res Assoc, Trans Tech Publicat, 

Chongqing Xueya Conf Cater Co Ltd 
DE Shield machine; Carrier; Finite Element method; Strength 
AB In this thesis, it starts from the status of China's energy consumption and energy efficiency application, 

analysis our country's existing architecture common problems and causes, combined with engineering 
practice, put forward the technological measures to the existing architecture energy-saving's 
transformation. 

C1 [Wang, Liying] Changchun Inst, Changchun Coll Architecture & Design, 3066 Comrade St, Changchun, 
Jilin Province, Peoples R China. 

   [Hao, Qiushi] Haerbin Inst Technol, Harerbin, Heilongjiang, Peoples R China. 
RP Wang, LY (reprint author), Changchun Inst, Changchun Coll Architecture & Design, 3066 Comrade St, 

Changchun, Jilin Province, Peoples R China. 
EM Wly_3358@sohu.com 
CR Li Jiancheng, 2006, ARCHITECTURAL DESIGN 
   [Anonymous], RES INT BUILD DES BU 
   Zhang Hai-Wen, 2007, JILIN ARCHITECTURAL 
NR 3 
TC 0 
Z9 0 
U1 2 
U2 3 
PU TRANS TECH PUBLICATIONS LTD 
PI DURNTEN-ZURICH 
PA KREUZSTRASSE 10, 8635 DURNTEN-ZURICH, SWITZERLAND 
SN 1660-9336 
BN 978-3-03785-203-3 
J9 APPL MECH MATER 
PY 2011 
VL 71-78 
BP 82 
EP + 
DI 10.4028/www.scientific.net/AMM.71-78.82 
PN 1-8 
PG 2 
WC Construction & Building Technology; Engineering, Civil; Materials 
   Science, Multidisciplinary 
SC Construction & Building Technology; Engineering; Materials Science 
GA BBJ20 
UT WOS:000307034500016 
DA 2018-05-03 
ER 
FN Clarivate Analytics Web of Science 
VR 1.0 
PT B 
AU Xiao, J 
   Lin, BR 



Sustainability 2018, 10, x FOR PEER REVIEW  1221 of 1272 

   Zhu, YX 
AF Xiao, J. 
   Lin, B. R. 
   Zhu, Y. X. 
BE Zhang, X 
   Li, Z 
   Gao, N 
   Zhou, X 
TI THE OPERATION ENERGY CONSUMPTION AND ENERGY-SAVING TECHNOLOGIES OF THREE 
   GREEN BUILDINGS IN CHINA 
SO 7TH INTERNATIONAL SYMPOSIUM ON HEATING, VENTILATING AND AIR 
   CONDITIONING, PROCEEDINGS OF ISHVAC 2011, VOLS I-IV 
LA English 
DT Proceedings Paper 
CT 7TH International Symposium on Heating, Ventilating and Air 
   Conditioning, ISHVAC 2011 
CY NOV 06-09, 2011 
CL Shanghai, PEOPLES R CHINA 
SP TONGJI UNIV, Tsinghua Univ, Univ Hong Kong 
DE Green buildings; Energy-saving technologies; Operation energy 
   consumption; Air-condition system perfoimance 
AB Although amounts of green buildings have been built in China in recent 8 years, there lacks systematized 

research on their operation performances. An on -site investigation and measurement of 3 green office 
buildings in China has been carried out in this paper, covering study of envelope thermal performance, 
comparison of application of energy -efficient technologies and the actual operation energy consumption 
data, evaluation on the performance of the temperature and humidity independent control air-condition 
systems in the buildings. The conclusion is that the green office buildings concerned in the study are 
energy-efficient, but with quite low occupancy rate. Passive technologies such as natural ventilation and 
natural lighting perform quite well. Based on the value of coefficient of performance (COP), the air-
condition systems for building SH and building BJ perform better than that of building SZ. 

C1 [Xiao, J.; Lin, B. R.; Zhu, Y. X.] Tsinghua Univ, Dept Bldg Sci, Beijing 100084, Peoples R China. 
RP Xiao, J (reprint author), Tsinghua Univ, Dept Bldg Sci, Beijing 100084, Peoples R China. 
EM xiao_Juan.rain@yahoo.com.cn 
CR Cathy T., 2008, ENERGY PERFORMANCE L 
   Thomsen KE, 2005, ENERG BUILDINGS, V37, P111, DOI 10.1016/j.enbuild.2004.01.036 
   THUBERC, 2009, 2009 ANN REP CHIN BU, P133 
NR 3 
TC 0 
Z9 0 
U1 0 
U2 0 
PU TONGJI UNIV PRESS 
PI SHANGHAI 
PA EDITORIAL BOARD 1239 SIPING RD, SHANGHAI, PEOPLES R CHINA 
BN 978-962-85138-0-2 
PY 2011 
BP 64 
EP 69 
PG 6 
WC Construction & Building Technology 
SC Construction & Building Technology 
GA BH0EE 
UT WOS:000394721200011 
DA 2018-05-03 
ER 
 
PT S 
AU Yang, J 



Sustainability 2018, 10, x FOR PEER REVIEW  1222 of 1272 

   Tang, ZH 
   Song, Y 
AF Yang, Jie 
   Tang, Zhonghua 
   Song, Yu 
BE Li, G 
   Huang, Y 
   Chen, C 
TI Probe into the Problem of Water-Saving and Energy-Saving in Building 
SO ADVANCED BUILDING MATERIALS, PTS 1-4 
SE Advanced Materials Research 
LA English 
DT Proceedings Paper 
CT 1st International Conference on Civil Engineering, Architecture and 
   Building Materials (CEABM 2011) 
CY JUN 18-20, 2011 
CL Haikou, PEOPLES R CHINA 
SP Hainan Univ, Coll Civil Engn & Architecture, Guizhou Univ, Coll Civil & Architecture Engn, Hainan Soc 

Theoret & Appl Mech 
DE water supply and drainage; Energy-saving; water-saving 
AB With the fast development of economy in China, some questions have come out gradually, and more and 

more obviously. For instance the energy in short supply, the water resource exhausted. I have made a 
simple analysis on the issue that some extant energy is wasted and the water resource wasted in the water 
supply and sewerage engineering in China, and have put forward some corresponding measures, such as 
full use of available municipal water supply network head, reasonable control of the flow of overpressure 
and decompression cost saving measures, promotion of the technology of water reuse and rainwater reuse 
and other measures. These measures can effectively reduce the energy and water waste in the water 
supply and sewerage engineering. 

C1 [Yang, Jie; Tang, Zhonghua; Song, Yu] SW Univ Sci & Technol, Sch Civil Engn & Architecture, Mianyang 
621010, Sichuan, Peoples R China. 

RP Yang, J (reprint author), SW Univ Sci & Technol, Sch Civil Engn & Architecture, Mianyang 621010, 
Sichuan, Peoples R China. 

EM chyangjie2006@126.com; tangzhonghua@126.com; cbe0520@126.com 
CR Cheng Hongwei, 2007, FUJ PROV WAT SUPPL D, P1301 
   He Qiang, 2008, ENV ENG J, P63 
   Jiang Huimin, 2005, WATER SUPPLY DRAINAG, P109 
   Hong Yan, 2010, SCI TECHNOLOGY INNOV, P37 
   Sun Ying, 2010, NEW TECHNOLOGIES PRO, P148 
NR 5 
TC 0 
Z9 0 
U1 0 
U2 15 
PU TRANS TECH PUBLICATIONS LTD 
PI STAFA-ZURICH 
PA LAUBLSRUTISTR 24, CH-8717 STAFA-ZURICH, SWITZERLAND 
SN 1022-6680 
BN 978-3-03785-127-2 
J9 ADV MATER RES-SWITZ 
PY 2011 
VL 250-253 
IS 1-4 
BP 3275 
EP 3278 
DI 10.4028/www.scientific.net/AMR.250-253.3275 
PG 4 
WC Construction & Building Technology; Engineering, Environmental; 
   Engineering, Civil 



Sustainability 2018, 10, x FOR PEER REVIEW  1223 of 1272 

SC Construction & Building Technology; Engineering 
GA BAF47 
UT WOS:000304018401230 
DA 2018-05-03 
ER 
 
PT B 
AU Yoshino, H 
   Hu, T 
   Levine, M 
   Jiang, Y 
   Pietilainen, J 
   Corgnati, S 
   Ghiaus, C 
   Andre, P 
   van der Aa, A 
AF Yoshino, H. 
   Hu, T. 
   Levine, M. 
   Jiang, Y. 
   Pietilainen, J. 
   Corgnati, S. 
   Ghiaus, C. 
   Andre, P. 
   van der Aa, A. 
BE Zhang, X 
   Li, Z 
   Gao, N 
   Zhou, X 
TI OVERVIEW OF IEA/ECBCS/ANNEX 53 "TOTAL ENERGY USE IN BUILDINGS - ANALYSIS 
   AND EVALUATION METHODS-" 
SO 7TH INTERNATIONAL SYMPOSIUM ON HEATING, VENTILATING AND AIR 
   CONDITIONING, PROCEEDINGS OF ISHVAC 2011, VOLS I-IV 
LA English 
DT Proceedings Paper 
CT 7TH International Symposium on Heating, Ventilating and Air 
   Conditioning, ISHVAC 2011 
CY NOV 06-09, 2011 
CL Shanghai, PEOPLES R CHINA 
SP TONGJI UNIV, Tsinghua Univ, Univ Hong Kong 
DE Overview; IEA/ ECBCS/Annex 53; Subtasks; Present status 
AB One of the most significant barriers for achieving the goal of substantially improving energy efficiency of 

buildings is the lack of knowledge about the factors determining the real energy use. There is often a 
significant discrepancy between the designed and the real total energy use in buildings, in which a 
complex array of factors play a significant role, including the user/occupant behavior. The reasons for this 
discrepancy are generally poorly understood, and often have more to do with the role of human behavior 
than the building design. For that, the IEA/ECBCS/Annex entitled as "Total Energy use in Buildings -
Analysis and evaluation methods-" was initiated in the November 2009 and started on first of January, 
2010 as working phase. The ultimate outcome of this annex is to strengthen the robust prediction of energy 
usage in buildings, thus enabling the proper assessment of short- and long-term energy measures, policies, 
and technologies. This paper deals with Annex 53 research works, present status and expected outcomes. 

C1 [Yoshino, H.; Hu, T.] Tohoku Univ, Grad Sch Engn, Sendai, Miyagi 9808579, Japan. 
   [Levine, M.] Lawrence Berkley Natl Lab, Berkeley, CA USA. 
   [Jiang, Y.] Tsinghua Univ, Beijing, Peoples R China. 
   [Pietilainen, J.] VTT Tech Res Ctr Finland, Espoo, Finland. 
   [Corgnati, S.] Politecn Torino, Turin, Italy. 
   [Ghiaus, C.] INSA Lyon, CETHIL, Lyon, France. 
   [Andre, P.] Univ Liege, Liege, Belgium. 



Sustainability 2018, 10, x FOR PEER REVIEW  1224 of 1272 

   [van der Aa, A.] Cauberg Huygen Consulting Engineers, Maastricht, Netherlands. 
RP Yoshino, H (reprint author), Tohoku Univ, Grad Sch Engn, Sendai, Miyagi 9808579, Japan. 
EM yoshino@sabine.pln.archi.tohoku.ac.jp 
OI Ghiaus, Christian/0000-0001-5561-1245 
FU IEA/ECBCS (International Energy Agency/Energy Conservation in Buildings 
   and Community Systems) 
FX This search was supported by IEA/ECBCS (International Energy 
   Agency/Energy Conservation in Buildings and Community Systems). Authors 
   also would like to give many thanks to executive committee members of 
   ECBCS and participants from different countries involved in this 
   project. 
CR Yoshino H, 2010, NEWSLETTER IEA ECBCS, V53 
NR 1 
TC 0 
Z9 0 
U1 1 
U2 1 
PU TONGJI UNIV PRESS 
PI SHANGHAI 
PA EDITORIAL BOARD 1239 SIPING RD, SHANGHAI, PEOPLES R CHINA 
BN 978-962-85138-0-2 
PY 2011 
BP 77 
EP 82 
PG 6 
WC Construction & Building Technology 
SC Construction & Building Technology 
GA BH0EE 
UT WOS:000394721200013 
DA 2018-05-03 
ER 
 
PT B 
AU Du Bois, E 
   Horvath, I 
   Van Doorsselaer, K 
AF Du Bois, Els 
   Horvath, Imre 
   Van Doorsselaer, Karine 
BE Horvath, I 
   Mandorli, F 
   Rusak, Z 
TI CRITICAL REVIEW OF SMART ENERGY SAVING IN HOUSEHOLD ELECTRONICS 
SO TOOLS AND METHODS OF COMPETITIVE ENGINEERING, VOLS 1-2 
LA English 
DT Proceedings Paper 
CT 8th International Symposium on Tools and Methods of Competitive 
   Engineering (TMCE 2010) 
CY APR 12-16, 2010 
CL Ancona, ITALY 
DE Design of household electronics; smart energy saving; ubiquitous 
   controllers; forecasting software tool; trade-off calculation 
ID ELECTRICITY CONSUMPTION; DOMESTIC APPLIANCES; PRODUCT DEFINITION; 
   DESIGN; SYSTEMS; METHODOLOGY; INTEGRATION; INTERFACES; SIMULATION; 
   EQUIPMENT 
AB This research combines the necessity of energy saving and the opportunities of applying ubiquitous 

technologies. More precisely, its objective is to use ubiquitous technologies to provide smart control 
functions in electronic consumer products to save energy. This paper investigates the status of knowledge 
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related to the development of software tools that are able to assist designers in making decisions on smart 
energy saving. This paper brings together five seemingly not interrelated knowledge domains and 
synthesizes a concept for a trade-off forecasting software tool. Trade-off calculation is important because, 
on the one hand, smart controllers increase the cost of the product, and on the other hand, they consume 
extra energy. If there are no direct economic advantages, designers should not apply ubiquitous 
technologies for energy saving in electronic appliances. A major finding of the completed literature study 
is that the research efforts into this direction are scarce, and just very few system concepts have been 
proposed. Based on the aggregated knowledge, this paper tries to circumscribe a predictive theory with the 
intention to underpin the functional and structural framework of the sought software tool. The compiled 
theory explains not only how the tool can forecast, but also how designers can use it. The follow-up 
research will further refine and extend the theory, and will transform it to a comprehensive specification of 
the technical framework. 
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AB The conflicting demands of growing building energy use against targets for reducing carbon emissions 
coming from the building sector has gained widespread attention. Energy efficiency is one of the few 
techniques which has been used to tackle the great concern of increased energy use and carbon emissions 
in many countries. Energy effic:.ency is considered a key element of energy conservation and a contributor 
to the reduction of carbon emission in many countries throughout the world, not least because of the high 
proportion of the total energy used by the buildings the building sector. Some countries have now 
introduced building regulations concerning energy conservation and the use of energy efficiency 
measures. 

   In the UK, the government has introduced the Building Regulations Approved Document Part L 
regarding the conservation of fuel and power. This paper presents a showcase of a newly built office 
buildings in the UK and demonstartes how the energy efficiency technology in buildings might contribute 
towards energy conservation and fully comply with the building regulations. A large array of energy 
efficiency solutions are used such as a ventilation system with an efficient high heat recovery system, 
lighting controls linked to daylighting, etc. Using energy efficiency technology the office building in case 
study has shown compliance with the building regulations and has also conserved energy. This paper will 
demonstrate that energy conservation and compliance with building regulations are achieved through 
early incorporation into the building design. 

   The show case of an office building in this paper brings practical applications to building services 
engineers and consulting engineers who might want to design an office building that conserves the energy. 
Certainly, Part L of the Building Regulations has statutory standing as legislation in the UK, however this 
regulation has been amended and synchronised with the Directive on the Energy Performance of Buildings 
(EPBD) set up by the European Parliament and Council on energy efficiency of buildings. So this study 
will not be only useful for building engineers in the UK but also in the EU as well as any part of the globe 
which use EPBD as the basis to develop local energy codes. 

C1 [Hartungi, Rusdy; Pye, Chris] Univ Cent Lancashire, Sch Built & Nat Environm, Preston PR1 2HE, Lancs, 
England. 

RP Hartungi, R (reprint author), Univ Cent Lancashire, Sch Built & Nat Environm, Preston PR1 2HE, Lancs, 
England. 

EM RHartungi@uclan.ac.uk; CJPyel@uclan.ac.uk 
CR Khudhair Amar M, 2004, ENERGY CONV MANAGE, V45, P263 
   Balaras CA, 2003, ENERG BUILDINGS, V35, P1105, DOI 10.1016/j.enbuild.2003.09.006 
   Balaras CA, 2002, ENERG BUILDINGS, V34, P135, DOI 10.1016/S0378-7788(01)00107-4 
   Canbay CS, 2004, ENERG BUILDINGS, V36, P587, DOI 10.1016/j.enbuild.2004.01.031 
   Chirarattananon S, 2003, ENERG CONVERS MANAGE, V44, P743, DOI 10.1016/S0196-8904(02)00082-1 
   Fayaza R., 2009, APPL ENERGY 
   HARTUNGI R, 2009, J BUILDING APPRAISAL, V4, P287 
   HARTUNGI R, 2009, P 1 INT EX LIF CYCL 
   Heidari S, 2002, ENERG BUILDINGS, V34, P607, DOI 10.1016/S0378-7788(02)00011-7 
   Khan KH, 2004, APPL ENERG, V77, P15, DOI 10.1016/S0306-2619(03)00100-4 
   Long ES, 2005, BUILD ENVIRON, V40, P537, DOI 10.1016/j.buildenv.2004.06.013 
   Loveday DL, 2002, ENERG BUILDINGS, V34, P573, DOI 10.1016/S0378-7788(02)00007-5 
   Markis T, 2007, ENERG BUILDINGS, V39, P404, DOI 10.1016/j.enbuild.2006.08.006 
   Priambodo A, 2001, ENERG CONVERS MANAGE, V42, P1335, DOI 10.1016/S0196-8904(00)00127-8 
   Santamouris M, 2002, BUILD ENVIRON, V37, P575, DOI 10.1016/S0360-1323(02)00004-5 
   Tzikopoulos AF, 2005, ENERG BUILDINGS, V37, P529, DOI 10.1016/j.enbuild.2004.09.002 
   Warnken J, 2004, ECOL ECON, V48, P125, DOI 10.1016/j.ecolecon.2003.08.007 
NR 17 
TC 0 
Z9 0 
U1 0 
U2 9 
PU CZECH TECHNICAL UNIV PRAGUE 
PI PRAGUE 6 
PA ZIKOVA 4, PRAGUE 6 166 35, CZECH REPUBLIC 
BN 978-80-247-3624-2 
PY 2010 
BP 259 
EP 262 



Sustainability 2018, 10, x FOR PEER REVIEW  1228 of 1272 

PG 4 
WC Construction & Building Technology; Ecology; Energy & Fuels; 
   Engineering, Civil; Environmental Sciences 
SC Construction & Building Technology; Environmental Sciences & Ecology; 
   Energy & Fuels; Engineering 
GA BTY08 
UT WOS:000288408300056 
DA 2018-05-03 
ER 
 
PT B 
AU Li, C 
   Li, ZR 
   Yao, WX 
AF Li, Cui 
   Li, Zheng Rong 
   Yao, Wan Xiang 
BE Liu, Q 
   Ou, Y 
   Qu, M 
   Sun, K 
   Tang, L 
   Tao, L 
   Wang, Y 
   Zeng, C 
   Zhang, Y 
TI STUDY INFLUENCES OF INDIVIDUAL BEHAVIOR CONSCIOUS ON ENERGY-SAVING IN 
   BUILDING 
SO PROCEEDINGS OF THE SECOND INTERNATIONAL POSTGRADUATE CONFERENCE ON 
   INFRASTRUCTURE AND ENVIRONMENT, VOL 1 
LA English 
DT Proceedings Paper 
CT 2nd International Postgraduate Conference on Infrastructure and 
   Environment 
CY JUN 01-02, 2010 
CL Hong Kong Polytechn Univ, Hong Kong, PEOPLES R CHINA 
SP Hong Kong Polytechn Univ, Fac Construct & Land Use 
HO Hong Kong Polytechn Univ 
DE energy-saving; awareness; individual behavior; energy consumption 
ID CONSERVATION; POLICY; CONSUMPTION; HOUSEHOLDS; DESIGN 
AB Energy-saving has become more and more important as rapid economic growth and urbanization 

development, Electric appliances, plant management and people's energy usage habits have an effect on 
energy consumption in buildings. All the people of society take part in using the building directly, 
therefore, the behavior of all people who utilize the energy should be take into account. The behavioral 
consciousness of the individual has an immense impact on energy-saving. This paper will discuss public 
knowledge of energy-saving related information in buildings. Take Shanghai, for example. Awareness of 
energy-saving and the stimulating factors of individual behavior were investigated through questionnaire 
survey. Of the total random sample of 400 people, 364 were found availably. The results of the survey 
indicate that public knowledge and awareness of energy-saving in buildings is not good enough, and the 
lack of such awareness leads to a low acceptance of energy efficiency policy. The reason that the public 
pays attention to energy-savings in buildings is often because of home energy bills. Media and colleagues 
are ways the public gets energy-efficiency related information. Compelling policies are good for 
implementing energy-savings in buildings. The purpose of this study is to enhance the public people 
awareness of energy efficient, and can help the government to carry out energy-saving plans. 
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AB An occupant behavior model is suggested to improve building energy efficiency and safety. This paper 

provides a generic outline of the model, which includes occupancy behavior abstraction, model framework 
and primary structure, input and output, computer simulation results as well as summary and outlook. 

   Using information technology, now it's possible to collect large amount of information of occupancy. Yet 
this can only provide partial and historical information, so it's important to develop a model to have full 
view of the researched building as well as prediction. We used the infrared monitoring system which is set 
at the front door of the Low Energy Demo Building (LEDB) at Tsinghua University in China, to provide 
the time variation of the total number of occupants in the LEDB building. This information is used as input 
data for the model. While the RFID system is set on the 1(st) floor, which provides the time variation of the 
occupants' localization in each region. The collected data are used to validate the model. The simulation 
results show that this presented model provides a feasible framework to simulate occupants' behavior and 
predict the time variation of the number of occupants in the building. Further development and 
application of the model is also discussed. 
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AB During the past few years, U.S. Army Corps of Engineers' Engineer Research and Development Center 

(ERDC) has led energy and process optimization initiatives to help Department of Defense installations to 
meet energy efficiency and environmental compliance requirements and to create an improved work 
environment. Thia effort was also a part of the IEA-ECBCS "International Energy Agency-Energy 
Conservation in Buildings and Community Systems" Annex 46, "Holistic Assessment Tool-kit on Energy 
Efficient Retrofit Measures for Government Buildings-EnERGo." 

   One of the important tasks of both programs was to analyze a series of international experiences of 
retrofitted industrial buildings and based on these best practice examples to develop a database of 
Promising energy saving technologies and measures (current, proven, well known or underused). The 
database includes technologies/measures that relate to building envelope, internal load reduction, lighting, 
HVAC systems, energy consuming processes in the building, supplemental energy systems (e.g., 
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compressed air steam system), etc. The listed technologies and measures cover a wide spectrum, from 
proven operations and maintenance procedures to installation of technologies that have recently entered 
the market and are not yet well understood by end users, engineers, and decision makers. They also span a 
wide range of capital investment costs, from no cost/low cost measures to installations that may require 
several hundred thousand dollars of investment. Applicability and savings from using some energy 
conservation technologies and measures are not affected by outdoor climate conditions, while others are 
climate dependent. 

   Careful evaluation of candidate energy conservation measures for applicability and cost efficiency is 
critical to building energy managers, engineers, contractors, and decision makers in crafting and 
implementing successful energy conservation building retrofits. This paper presents a simulation based 
methodology for screening energy conservation technologies and measures for representative conditions 
(building type, climatic conditions, energy costs, etc.) The study demonstrates the feasibility of applying 
the methodology using an example of heated and ventilated (not air-conditioned) industrial buildings for 
six selected energy conservation measures. A simple payback is calculated using electricity and gas savings 
throughout a year-round operation cycle. Also, a cost/saving analysis shows that application of internal 
load reducing technologies in non-air-conditioned facilities affect their thermal environment and has a 
significant impact on worker's productivity. Consideration of worker's productivity improvement as a 
component of operating cost reduction has a significant impact on the overall pay-back calculation results. 
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DE Night ventilation; cooling energy saving; simplified method; theoretical 
   model 
AB In this paper, a detailed simulation-based analysis is conducted to assess the impact of adopting Daylight-

Saving Time (DST) on the electrical energy use and peak demand in Kuwait. The analysis focused on the 
impact of DST in the building sector since it represents 90% of electrical energy usage of Kuwait. 

   The simulation results indicate that the adoption of DST has mixed impacts for Kuwait. While the 
commercial and the governmental sectors may benefit from the DST, the private residences and apartment 
buildings can see both their annual energy use and peak demand increase slightly by adopting DST. The 
overall impact of the DST implementation is rather minimal with a slight increase energy use of about 
0.07% and a slight reduction in peak demand of 0.14% or about 12 MW based on 2005 electrical peak 
demand for Kuwait. 
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AB Reducing energy use is a great target of the energy policies for solving the problems of high oil price and 

CO2 emission, and the authorities have applied energy efficiency standards to principal appliances such as 
air conditioners and refrigerators in order to reduce energy consumption. In this paper the distribution of 
residential air conditioners is estimated using the Bass diffusion model and then economic analysis 
corresponding to enhancement of energy efficiency is performed more precisely than existing methods. 
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AB Public buildings include office building, schools, hotels, hospitals, retails and others. This paper selects 

two types of existing public buildings office and hotel to conduct research. It firstly introduces and 
analyzes the feasible energy saving retrofitting strategies and technologies for existing public buildings in 
Shanghai, mainly about building envelope, HVAC system and lighting system. Then it builds up 
prototypical models, with whole building energy analysis software Energy Plus, for office and hotel 
respectively to simulate and calculate the annual energy saving and payback period of the various 
strategies. Therefore the different features of the two types of buildings and the energy saving effects of 
various strategies used on them are studied. 

   The results show that the energy saved by each one strategy may be different for different types of existing 
buildings. For office buildings, such ECMs (energy conservation measures) as external shading, energy 
efficient lighting system, daylighting in perimeter area and variable pumps have short payback period. 
While for hotels, external shading, variable pumps and temperature reset have short payback period. 
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AB Residential thermostats are sensor-limited devices, but low-cost wireless sensor network technology is 

enabling new spatially distributed sensing capabilities. This paper evaluates the energy and comfort 
performance of three multi-sensor control strategies that use wireless temperature and humidity sensors in 
each room and that can be applied to existing on-off residential central systems. The multi-sensor control 
strategies adjust the temperature set point of a thermostat to control the average of all room temperatures 
using a temperature threshold logic, minimize aggregate discomfort of all rooms, or maximize the number 
of rooms within a comfort zone. The strategies were tested using a custom wireless sensor network control 
system in a seven room, 2,100 square foot single-story house located in Pleasanton, CA during August and 
September. Performance was benchmarked against an implementation of a single-sensor constant 
temperature set point control logic using the custom control system and against a constant temperature set 
point using the original thermostat. Results show multi-sensor strategies may produce simultaneous 
improvements in energy consumption, room-to-room temperature distributions, and average comfort, 
compared to the single-sensor constant temperature set point threshold logic. 
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relations in the database. Three methods for missing data handling as well as outlier inspection are used 
for data processing. The software SAS is used as the tool for data processing and data mining. An optimum 
regression model of building energy consumption is made for each missing data element. Through 
comparing the three optimum regression models and their prediction results of building energy 
consumption, it is found that the Regression Imputation Method was the best method to handle missing 
data, and a regression model with operation time of HVAC system, cooling capacity, ratio of office area to 
total gross area, and hotel area to total gross area was the most reasonable prediction model of the energy 
consumption of commercial buildings in Shanghai. 
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AB The authors present a comparative study on effectiveness of energy policies for the building sector that 

are presently implemented in selected countries in Europe versus selected states in the U.S. Socio-economic 
factors affecting energy consumption on both sides of the Atlantic are identified from a human behavior 
perspective. Various identified factors known to affect energy efficiency and consumption have been 
positioned in diagrams based on four primary directions: lifestyle, economy, environment, and technology. 
In a second step various programs and incentives are positioned in the same diagram to demonstrate how 
well these strategies address the factors identified before. This is done for selected countries and continents 
in sub-diagrams to allow a comparison of effectiveness and provide a tool for predicting the effectiveness 
of a possible policy or program transfer to other nations. The research conducted so far suggests that 
energy efficiency policies and measures implemented in the United States do not always target the factors 
that have been identified to most significantly influence energy consumption. The results indicate that 
there might be a significant gap between parameters that arc guiding factors affecting energy 
consumption, and parameters targeting a proper implementation of energy efficient policies. The authors 
strive to provide a tool that will help policy makers and other decision makers to evaluate and compare 
their incentives and programs against those from other countries and benefit from lessons learned by 
mapping various policies towards specific efficiency parameters. 
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AB The large public building consumes huge amounts of electricity, heat, gas and other resources. 

Completely gathered statistics of energy consumption status of large public buildings in China is the 
foundation to implement public building energy conservation management. Through methods of research 
and develop large public building energy consumption on-line monitoring system and conduct real-time 
statistic on public building energy use efficiency and consumption level, is enabled to report energy 
consumption statue every hour and day, and supply necessary data basis for energy conservation 
managers. This paper has brought out the online monitoring system of the energy consumption of the 
public buildings, based on the mature auto technology and information technology, according to the 
principles of accuracy, real-time and continuous. 

   The online monitoring system includes the energy subitem metering and collection system, energy 
consumption data remote transmission systems, energy data management center. Energy subitem 
metering and collection is the focus of on-line monitoring system, through the current situation analysis of 
electricity supply, gas supply and heat supply system in public buildings to create energy consumption 
model. It aims to probe the installation requirements of the metering equipments, and to implement 
subitem and real-time collection function of building energy consumption; In aspect of energy 
consumption data remote transmission systems, transmit energy consumption data to energy conservation 
management center through Internet; Energy data anagement center mainly gathers up and analyzes real-
time data sent back by every subitem metering device, to provide feedback information to building energy 
conservation management department and project owner. Therefore, relevant management measures can 
be taken to reduce energy consumption total volume of large public building. 

   Take one large public building of Tangshan city as example, realty administrative bureau and conducted 
systematic analysis and studies on the approach and method to create large public building energy 
consumption on-line monitoring system, and also made relevant statements on energy subitem metering 
and collection system, energy data management center and other relevant points of focus. 

   Promotion of the large public building energy consumption on-line monitoring system, creation of the 
rapid, efficient and comprehensive energy consumption and collection channels will meet the demands of 
building data collection and application from building energy conservation management department and 
users. This will make public building operation system develop to the direction of efficient and saving 
energy usage, and reach the goal of saving building operation energy consumption. 
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AB Buildings have a significant environmental impact. It is estimated that buildings are responsible for 40 

per cent of the total energy consumption in the European Union. In this respect it should be taken into 
account that the major demand for housing and primary market area for eco-efficient construction is 
single-family housing. A practical goal of a low energy building is to try to achieve the highest energy 
efficiency with the lowest possible need for energy within the economic limits of reason. In the last 15-20 
years, a number of projects have been carried out aiming. at energy-efficient and environmentally friendly 
housing. Also, technological possibilities to reduce a building's energy consumption have been available 
for a long time. However, despite the existing vast amount of information, no clear market change has 
happened. Therefore, special measures are needed to promote commercialization. They should target both, 
the demand and supply sides. On the demand side there is a need for pilot projects and case studies that 
should demonstrate that the higher initial construction costs of an energy efficient house can be offset in a 
short period of time by energy consumption savings. To these end, cost-benefit analyses are needed, that 
would take into account, beside the direct financial results, also the impact on the environment. This article 
considers a range of variables that should be included in such analyses. The article is part of a scientific 
project titled Evaluation of the correlation between investment projects and the environment financed by 
the Ministry of Science, Education and Sport of the Republic of Croatia. 
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ID PERFORMANCE 
AB The need to optimize the energetic performances of buildings without compromising indoor comfort 

conditions has induced in the past few years a technological improvement of material typologies used in 
the building industry. Particular attention, indeed, was dedicated by researchers to transparent materials 
with the aim of improving the energetic and optical performances of windows through an optimal 
utilization of solar radiation. In this context, the present work analyzes the behaviour of electro-chromic 
windows with respect to their visual and energetic performances shown in two typical Italian climates. For 
two Italian cities the influence of the glasses on energy savings and indoor visual conditions has been 
investigated and compared with the performances of a simple double panel windows. In addition, an 
analysis of the influence of window surface on energetic and visual features has been carried out. 
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SP IEEE 
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AB in this paper, we propose the system reducing the power consumption based on the Energy-aware 

Control Elements (ECE). ECE refers to the minimum unit Module providing a service within the single 
system. For example, the home gateway system provides the visitor identification service. If it is the case, 
the main processor, the Ethernet module, the MPEG encoding module built-in camera, and etc. are needed. 
We classify the main ECE, the Ethernet ECE, the mpeg encoder ECE, and etc. 

   The home gateway system provides the service like not only the visitor identification service but also 
internet service, VoIP service, IPTV service and the home automation service. This kind of services can be 
independently carried out and be performed together with other devices. The home gateway system can 
save the power consumption by activating only ECE which it is necessary according to the performed 
service. Also, we suggest the method for saving the power consumption by controlling only ECE required 
based on the communication traffic. We implement the technology monitoring the communication traffic 
in the home gateway system through FPGA. This FPGA monitors the communication traffic and 
distinguishes between the user valid packet and invalid packet The software embedded in FPGA notifies 
so that the high layer application can control required ECE according to the user valid packet We show the 
marvelous effect for power saving through the ECE base power saving system implementation. 
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AB To assess the demand "what kinds of home equipment will be unveiled in the future?", this paper 

presents an experimental analysis for consumers preference. The experimentation consists of four steps: (1) 
based on the seeds map of technology for energy consumption, six services and their related products for 
future home are drawn, (2) For the services, questionnaire which collects consumers' preference is 
designed, (3) to clarify the causal relation among the preference, personal demography and value sense, 
three kinds of methods (VS-map, VAUD-table, Stepwise Bayesian Network) are proposed, (4) The methods 
are applied to the collected 1,030 responses to the questionnaire. For example, the experimentation has 
found the preference such that the unmarried persons make points of convenience in daily life rather than 
other classes of persons. 
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AB This study was geared at optimizing the applications of low energy technologies in office buildings. 

Energy and resource saving measures were extracted from existing high performance buildings practices 
through a subjective survey among building professionals, which provided guidelines for further 
optimization work on adapting building parameters and components. The two reference buildings were 
conceived to meet the requirements of the Canadian Model National Energy Code for Buildings. The path 
taken for optimization divided the problem into three phases. First, TRNSYS models were developed to 
predict the energy performance of the two buildings, and the simulation outputs were compared to the 
results in literature for accuracy confirmation. Then, building characteristics and components were varied 
in the TRNSYS models to build a database, for training and testing Artificial Neural Network (ANN) 
models for Response Surface Approximations (RSA). Finally, the ANN model was invoked inside Genetic 
Algorithm loops, in an attempt to search for the best combination of building parameters that could reduce 
the energy consumption of the target buildings to the most. The final optimization results demonstrated 
that up to 39% energy saving could be achieved in both buildings by upgrading the building envelop, 
enhancing the ventilation regulation, reducing lighting power density, and improving the efficiency of 
electrical appliance and HVAC systems. 
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AB Modelling and simulation of energy consumption in Information Technology (IT) building on the 

Rockhampton campus of Central Queensland University, Australia is presented. Design Builder, 
commercially available software, was used for the prediction of energy consumption. All the possible 
sources and uses of energy in building were accounted in the modelling and simulation. The operation of 
the Heating, Ventilation and Air Conditioning (HVAC) system and the lighting energy consumption of the 
whole building has been studied in detailed. The factors that affect building energy performance and 
thermal comforts of the occupants during summer and winter have been identified. Further studies are 
being carried out to evaluate whole building annual thermal performance and retrofit decision making. 
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AB Energy saving of buildings is an important part of energy saving strategic planning for our country, and 

choosing the energy-saving technology scientifically is one of the core works in such process. Reasonable 
energy-saving technology for buildings will bring great influence in the aspect of effect and profit, and it is 
also the foundation of establishing feasible economic prompting policy. This paper will analyze the 
choosing principle of applicable energy-saving technology for buildings, put for-ward the evaluation mode 
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with the guidance of sustainable development theory and environment economics theory, and give some 
advice to the work of energy saving of buildings. 
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AB With more attentions to environment and energy, building energy efficiency (BEE) becomes the 

consequential selection to protect global environment and realize sustainable development. BEE service is 
the important part of BEE market and it can directly affect the healthy development of total market. 
Nowadays, the market is in the initial stages and capital is scare. The research is little and centralized on 
qualitative analysis and index appraisement. Therefore, this study mainly analyzes financing environment 
for BEE service market adopting the research method combining with qualitative and quantitative 
analysis, identify the main influence factors for BEE service market through questionnaires, make concept 
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model for participants of BEE service market by strategic thought and dynamic actor network analysis 
(DANA) software platform. Construct the relevant relationships between different agents based on 
attribute and behavior. Finally, improve the analysis model on financing model for BEE service market and 
explore the effective ways to improve financing environment. The research result proves that government 
promulgating economic incentive policy, establishing building energy efficient supervision management 
system, improving building energy efficient service content and strengthening knowledge diffusion mode 
can promote BEE service market development. 
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AB In the era of knowledge-based economy, innovation has become a key factor for enterprise to gain 

international competitiveness. In this paper, we made an in-depth empirical study which based on the 
Japanese information household appliance enterprises, and analyzed the success and failure of how their 
information household appliance products could obtain an international competitiveness. Study found 
that Japanese information household appliance enterprises in the raw material areas of the upstream of 
industry and the components areas of the middle-stream of industry have greater national 
competitiveness, but have lower competitiveness in the final products areas of the downstream of 
industry. It is apparent that the Japanese information household appliance enterprises have strong capacity 
in running the holistic products. However the power of assembling the module products is very weak, as 
we studied, which is the typical dual-pattern of the Japanese enterprises. From the paradigm of matching 
product architecture and organizational capability, we divided product architecture into two categories, 
that is, the modularization product and the integrity product. Then, we classified the modularization 
product into the stable-type product and the variable-type product. In addition, we indicated that different 
types of product architecture need enterprise to build suitable organization capability, whether the product 
architecture matches the organizational capability or not plays the crucial endogenous role for innovation. 
Finally, the strategic model of matching product architecture and organizational capability has been made 
in detail. 
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AB In order to gain insight into the relationship between Directive 2002/91/EC of the EU about energy 

performances of buildings, Directive 2006/32/EG of the European Parliament for efficient use of energy and 
the Technical regulation of the Republic of Croatia about rational use of heath energy in the buildings, 
these acts are briefly presented in the paper. Emphasis is on the role of energy certificates in 
accomplishment of goals and application in the Republic of Croatia. Possibilities of rational use of electrical 
energy are shown on particular objects: on the model of a hotel 85,71 kWh/m(2) year on 54,64 
kWh/m(2)/year, and on the family house 220 kWh/m(2)/year at unshaded construction up to 50 
kWh/m(2)/year, where new technologies are used in construction, as well as in the use of energy. 
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DE household energy; indoor air pollution; technology diffusion; knowledge 
AB Indoor air pollution from household use of biomass and coal is a leading environmental health risk in 

many developing nations, and directly or indirectly linked to a number of the Millennium Development 
Goals, such as environmental sustainability, reducing child mortality, and gender equity. We use data 
from four poor provinces in China (Gansu, Guizhou, Shaanxi, and Neimeng) to assess the knowledge of 
hazards associated with indoor air pollution. Using this detailed comparative study in these four Chinese 
provinces, we conclude that broad health education - which simply provides information on the hazards of 
risk and available interventions - is insufficient for successful risk mitigation. Rather, there should be 
emphasis on the economic and infrastructure needs of technology dissemination, coupled with 
understanding the details of behaviors that affect exposure and presenting users with alternative 
behaviors. 
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AB The present status of development of building energy efficiency (BEE) in China has been introduced in 

this paper, and the necessity of implementing the strategy of sustainable development and constructing the 
energy-efficient-and-land-saving buildings is proposed. By analyzing the present status, the main 
problems are raised out, including: (1) lack of corresponding stimulating policies and administrative 
regulations and rules; (2) slow development of BEE market, and incomplete system of energy efficiency 
technologies; (3) scarcity of special channels for financing; and (4) poverty of consciousness about BEE, etc. 
Aiming at the above-mentioned problems, with the reference to advanced concepts and experiences from 
developed countries, it is emphasized on promoting the development of BEE in China through integrating 
the market adjustment system, government control system and social adaptation system. The detailed 
measures include: to improve policies, rules and regulations; to realize financing for BEE by market; to 
cultivate the BEE industry, to develop BEE technologies, and to establish the BEE certificating and labeling 
system; and to strengthen dissemination, education. and training of BEE. 
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AB E2-PA (Eco-Efficiency Potential Assessment) quantitatively evaluates eco-efficiency by evaluating the 

environmental performance as the potential environmental impacts of the product. Proposed by Professor 
Katsuya Nagata of Waseda University, E2-PA was co-developed by Professor Nagata and Environmental 
Management for Sustainability. Inc.(EMSI) at the Inverse Manufacturing Forum (sponsored by 
Manufacturing Science and Technology Center). 

   E2-PA can be used to evaluate products, set-vices and society. Material Intensity, Energy Intensity, 
Hazardous Material Intensity, Recovery Intensity, and Duration Intensity are the factors that are taken into 
account within the evaluation using E2-PA. In addition, computer software is currently tinder 
development, commissioned by Japan Small and Medium Enterprise Corporation. 

   In this research, E2-PA was used to quantitatively evaluate the environmental-consciousness of plastic 
bottles and electrical home appliances. The reduction of environmental load was compared between the 
appliances and then their environmental-consciousness improvements were evaluated. 
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DE energy retrofitting of buildings 
AB In the paper an energy-retrofitting study of an existing building in Ljubljana is presented, which was 

carried out during a research project of rehabilitation of large neighbourhoods in Slovenia that were 
constructed in the period between 1945 and 1965. In the first phase of the project, the state-of-the-art was 
established via a poll carried out among the residents of several neighbourhoods and via expert inspection. 
In the second phase, a method was applied to an existing neighbourhood in Ljubljana. According to the 
technology of that period, the buildings were made of brick walls, mont panels, fibre-cement roofing and 
box windows all of which does not comply with the present quality of living or technical standards. The 
energy refurbishment project comprises use of better thermal insulation and low-E windows, glazing of 
balconies and active solar systems. The case study shows that energy consumption can be lowered by more 
than 60%, compared to the present state, not taking into account electricity savings. The project presents a 
model for future energy revitalizations of multi-storey residential buildings. A similar method can be 
applied to holiday apartment buildings and small hotels from the same period, which need to be 
renovated. 
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DE energy performance; degree-day; experimental building 
AB The paper describes tools and techniques mainly based on the full-scale testing facilities available at ITC, 

which make up the assessment methodologies of envelope and plant components. In fact, experimental 
buildings have been arranged and used to assess the energy performances of HVAC plants and their 
components and innovative dynamic envelope systems which allow to heat and cool the indoor 
environment in a sustainable way, also using solar energy. Some case studies are presented, together with 
relative data analysis methods. The common study methods used to carry out the experimental campaigns 
consist in analysing the response of the devices under test to the endogenous and exogenous load in a real 
working condition. The energy saving was assessed also by developing original data analysis, such as 
degree-day analysis and others, conceived to evaluate the building energy performance based on the 
availability of short period data. 

   The results of the experimentation were the assessment of the energy behaviour of several heating plant 
configurations (boiler with small or big technologic contents, cast iron radiator compared with radiant 
panel, high or low flow temperature that means high or low energy), obtaining in some cases, in spite of a 
sophisticated plant, but much oversized, a higher energy consumption and ambient discomfort compared 
with a cheaper one. Again novel boiler control systems have been tested, whose development was 
promoted by the EU, reaching energy saving from about 10% if compared with the control systems at 
present available on the market. Finally, tests were performed on several envelope systems whose energy 
contribution allows integrating traditional plants with a beneficial effect on the indoor comfort. 
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AB With increasing globalisation of the economy, income distribution and consumer preferences are 

changing. This may impact upon the possibility for low-income families to purchase and utilise energy 
efficient home appliances. 

   The aim of the study is to access the present degree of difficulty that low income families in Italy have in 
purchasing high efficiency refrigerator/freezers and clothes washers. 

   Results show that, given their substantially lower level of expenditure for household appliances, the 
higher prices of energy efficient models represent an obstacle for these families in Italy to overcome energy 
inefficiency and energy poverty. an important input to energy policy. Over two million 600 thousand 
families, 11.9 percent of the total families in 1999 are estimated to be below the poverty threshold based 
upon consumption. An independent survey shows that these families possess less technologically 
advanced models, keeping them for a much longer period of 36 years, more than double the recommended 
lifetime of 15 years, and four times the national average of nine years. This technical disadvantage is 
aggravated by the additional operating costs of the more inefficient models. The higher prices of the more 
efficient models make it difficult for the poor families to afford them. Even at the annualised price of the 
average refrigerator - belonging to the energy efficiency C class - the annual expenditure of the poor 
families in Italy is less than half that necessary to purchase this model, consistent with the longer turnover 
rates. According to latest statistics in 1999, the B model is priced 70% above the C model in Italy, making it 
very difficult for poor families to purchase the more efficient models. Extrapolating the relative 
consumption data to other European countries and comparing it to local prices indicates that the situation 
may be similar in other EU Member States. 

   The implications for energy and social policy are clear: without some form of public incentive it is unlikely 
that poor families in Italy will purchase the energy efficient models, remaining in an energy poverty trap 
for many years to come. 
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AB This article describes the implementation of a new method of designing state buildings in the state of 

Louisiana to cut energy consumption in several large state office buildings, as well as provide a 
demonstration of energy efficient design of large office buildings which will be accessible to the public. 
Included in this article are discussions of the proposed energy conservation measures and the 
determination of their energy and cost savings. It is apparent from the analysis that the initial costs 
associated with the installation of the energy conservation measures are far outweighed by the benefits 
gained over the life of the measures. 

   Some of the cases presented are standard practice construction items currently used in Louisiana, and 
some are innovative technologies. They are simulated using new state-of-the-art building energy 
simulation software and compared to the ASHRAE 90.1-1989 base case, which Louisiana has adopted as a 
minimum standard for all new commercial construction in the state. These buildings are expected to 
demonstrate the effectiveness of the energy saving measures and will hopefully change the way future 
buildings for the state of Louisiana are designed. 
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AB This paper introduces the combination methods of energy-efficient design and sustainable technologies 
for improving living environment of Chinese Folk Dwellings, Yaodong Dwelling Community. A 
demonstration project having been built in Yan'an City will be used as an initial, sustainable, prototype in 
suburban regions in Northwestern China. The experimental research and objective sense investigation of 
occupants have been carries out to evaluate the design strategies. It is hope that this method will bring to a 
new sense and concept for the architectural design. 
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AB This paper describes the implementation of a new method of designing state buildings in the state of 
Louisiana, designed to cut energy consumption in several large state office buildings, as well as provide a 
demonstration of energy efficient design of large office buildings, which will be accessible to the public. 
Included in this paper are discussions of the proposed energy conservation measures and the 
determination of their energy and cost savings. It is apparent from the analysis that the initial costs 
associated with the installation of the energy conservation measures are far outweighed by the benefits 
gained over the life of the measures. 

   Some of the cases presented are standard practice construction items currently used in Louisiana, and 
some are innovative technologies. They are simulated using new state-of-the-art building energy 
simulation software, and compared to the ASHRAE 90.1-1989 base case, which Louisiana has adopted as a 
minimum standard for all new commercial construction in the state. These buildings are expected to 
demonstrate the effectiveness of the energy saving measures, and will hopefully change the way future 
buildings for the state of Louisiana are designed. 
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AB Key drivers in our global economy are mainly cost. The growing importance of environmental themes 

does not change this view. Today very often economic performance and environmental friendliness are 
considered to be non-compatible. 

   The reasoning for this is mainly, that environmental protection is seen defensive and end-of-pipe oriented. 
If an organizations emphasis is only legal compliance, such arguments are especially true. Here filters, 
sewage plants and waste management are real cost drivers. In order to overcome this non-beneficial 
situation, new approaches are inevitable. Offensive approaches are required to meet both, economic and 
environmental targets. 

   LCA has in the past only been used to assess a systems environmental system performances. Therefore 
many information were collected and assessed, but only from an environmental standpoint. However, this 
time and cost intensive data collection has also significantly contributed to a arguments against the use of 
LCA. 

   The authors propose a different solution. The high quality LCA data on substance and energy flow, could 
easily be used to better describe to cost drivers within the manufacturing operations. Very often, these data 
are not available (therefore LCA's are so expensive!) and not available for cost accounting. A proper data 
collection and analysis could substantially improve the cost-relevant data processing. 

   On this basis, improvements can not only be achieved form the environmental perspective. Major 
improvements can be found on the economic side, too. The systematic analysis of processes gives access to 
activity based costing approaches. 

   The aim of this paper is to show cases for the private household heating systems, where such methods 
have been used beneficially. Systems like natural gas, fuel oil, solar, and combinations thereof have been 
examined und studied and assessed. The optimization of the system requires the more holistic perspective. 
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AB This papers describes an energy-saving Study in office buildings using neural network technology. Ln 

order to control its temperature, several actuators and sensors were installed and connected to data 
acquisition and control system based on PC 586. Several experiments showed the various effects of 
different methods. Feedback signals such as room temperatures, room occupation and its duration, status 
of air condition system are converted to digital code. The software development is based on visual C++ 
with support from Matlab, and its fuzzy toolbox. various Feedback. 
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ID DEMAND 
AB Along with industry, transport, and services, residences are one of the major energy consuming sectors in 

all OECD countries. In no other sector did such dramatic changes in the energy consumption patterns and 
the fuel mix take place, which was mainly influenced by two important and opposing trends. A huge 
growth if household income led to a huge increase of energy service. This expansion of energy services per 
se would have multiplied energy consumption in all countries, but instead actual final household 
consumption rose by 25% to 75% (except Japan) and even fell in Denmark from 1970 to 1995. Some of this 
development occurs, because more efficient heating systems, appliances, better thermal quality and 
saturation effects. In the case of CO2 emissions the fuel switching effect in addition helped to stabilize 
emissions. This paper studies these developments of total residential energy- and electricity demand in 
five selected OECD countries (Austria, Denmark, Japan, Western Germany and the US)(2) After an 
introducing chapter an extensive econometric analysis with special focus on non-linear income aspects is 
done, since the augmentation of the standard dynamic demand equations with non-linear (quadratic terms 
as a proxy) terms of income leads to better model characteristics. The major conclusion of this investigation 
is that the theory of constant income elasticities has to be rejected. Income, one of the major driver of 
residential energy- and electricity demand has become less important with regard to energy (but NOT to 
service) demand in comparison with the 1970s and 1980s because of efficiency improvements and some 
saturation effects. 
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DT Proceedings Paper 
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CL FLORENCE, ITALY 
SP Commiss European Communities 
AB In Italy, over 200,000 dwellings are re-structured every year. Rehabilitation according to bio-building 

criteria provides a better guarantee of duration and therefore greater financial advantages in time. Often 
indeed, rather than eliminating the causes of deterioration, new and synthetic components and materials 
worsen these problems. 

   In "bio-ecological architecture", houses are defined as a "third skin" for man, that is to say they must allow 
an exchange with the outside air and allow cosmic radiation to pass through the walls, This exchange is 
essential for the health of human beings. Indeed, man spends about three quarters of his time, on the 
average, in enclosed environments. 

   The: air inside buildings is often worse than that outside, the so-called sick building syndrome. Pollution 
due to electromagnetic fields is aggravated by the presence of considerable quantities of metal in the load-
bearing structures. Historical buildings and those erected using traditional technologies are healthier and 
more comfortable. This is the philosophy underlying the training course for "Bio-building technical 
experts" in accordance with with a definition of health provided by the World Health Organisation: 
"Health is a state of profound well-being of the body, of the: psyche and of social life". 
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AB In 1990, Pacific Gas & Electric Company initiated a Research & Development project entitled the 
Advanced Customer Technology Test for Maximum Energy Efficiency (ACT(2)) to determine the 
maximum energy savings achievable in a customers' facility, at or below utility supply cost, using 
integrated packages of state-of-the-art energy efficient measures. The theory is that much more energy can 
be saved through the synergistic interaction of individual energy efficient measures, packaged expressly 
for that purpose, than would be realized if the measures were implemented individually. For example, a 
superior building shell and/or glazing will decrease the required size of an air conditioning system such 
that a smaller, more efficient system can be installed for the same or lower cost than the larger less efficient 
system. By combining the two energy efficient measures (glazing and a new A/C system), the resulting 
energy consumption is less than it would be if the measures were evaluated and implemented separately. 
Nine facilities were ultimately investigated as part of the project, both new construction and retrofit, 
residential and commercial, with one rear of pre-retrofit (retrofit sites) energy monitoring, implementation 
of the energy efficient measures and one year of post retrofit energy monitoring. Data collection was 
completed by the end of 1996. The evaluations of the sites were completed in early 1997. Energy savings 
ranged from 40% to 509/0 of baseline energy consumption for the retrofit projects to 70% of the projected 
energy consumption for the new construction sites had they been built to satisfy California's Title 24 
energy standards. Although the pending electric industry deregulation has watered down the economic 
assumptions used, many valuable lessons were learned in the areas of implemented technologies, building 
and construction industry barriers and energy efficient measure installation techniques as well. This paper 
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discusses some of the major lessons learned in the hope that these barriers and deficiencies can be 
overcome to create ultra-efficient buildings in the future. 
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AB We attempted to measure the effects of information on residential time-of-day (TOD) electricity demand 
in summer, using data from a residential TOD electricity pricing experiment in Kyushu. During the 
experiment, only TOD groups were offered information on their load profiles and monthly electricity 
usage. electricity use monitor at home. TOD groups could also receive incentive payments if they reduce 
their peak usage share. The estimation results based on an econometric model indicate that both monitor-
provided electricity information and incentive payment significantly affected time-of-day usage of 
electricity. Information provision to households was found to enhance load shifting from the peak to off-
peak period. However it was also found to have an adverse impact on load shifting by reducing household 
response to incentive payment. The adverse impact increased along with incentive payments. 
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AB The aim of this research is to increase the diffusion of energy. efficient housing which, to date, has been a 

slow process. 
   The neighborhood effect of nord of mouth does not greatly increase the diffusion of energy efficient 

housing as it is taking place. People moving into a nea neighborhood often do not know. the people there, 
nor do energy efficient houses look different than energy inefficient houses; therefore, energy. efficient 
houses. when they do not have exterior solar collectors, do not make good status symbols to relative 
strangers. 

   Small to moderate economic incentives aimed at getting people to buy energy efficient houses have not 
been extremely effective. Consumers of neu houses are not extremely rational about the economics of 
owning energy efficient houses For several reasons. Heat loss is not readily. apparent, so buying a house to 
avoid it is not a primary concern to most people. Furthermore, most home owners do not consider paying 
for heat to be difficult. Also most homeowners think their houses are more energy efficient than they 
actually are. A final negative perception many people have of energy efficient houses is that energy 
efficient houses have poor indoor air quality and will rot and deteriorate faster than non-energy efficient 
houses. These ideas are incorrect. 

   By currently sampling, with a written questionnaire, New England owner occupants of recently 
constructed energy efficient and energy. inefficient homes, characteristics unique to each group are being 
delineated. The resultant profile of an early adopter of an innovation who owns an energy efficient house 
could he used with a similar questionnaire, in the future, to find among people in the market for newly 
constructed houses, the early adopter type of potential homeowners. These early adopter type of potential 
homeowners could be contacted face to face by change agents - many of whom might be satisfied owners 
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of energy efficient homes who would promote energy efficient houses, and serve as surrogate consumers 
to help the homebuyers choose energy efficient products and services of quality. 
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AB The Unites States has the highest per capita energy use in the world and this extremely large demand for 

energy results in numerous negative environmental impacts. Home energy use accounts for about 20 
percent of the total energy used in the United States; Thus, this program is designed to educate the 
homeowner, renter, apartment dweller, and other interested parties on various ways to reduce energy 
consumption; while maintaining the same desired level of comfort in the home. in addition, the program 
addresses the monetary savings, pollution prevention benefits and the possible indoor air quality impacts 
of implementing certain energy efficient practices and technologies. The program was developed in 
conjunction with U.S. EPA, who provided much of che graphics and information contained in the 
program. The program uses the hypertext based Knowledge Pro for windows interface, so that both 
textual and high resolution graphics can be presented at the same time. The program is available from U.S. 
EPA, the Center for Technology Transfer and Pollution Prevention at Purdue University, and from several 
public domain bulletin boards. 
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