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Doswiadczalne sprawdzenie poprawnosci
probabilistycznego modelu dyskretnego rozkladu
gestosci warstw w tozu osadzarki

Abstrakt

W niniejszej pracy zostaly przedstawione wyniki badai przeprowadzonych w laboratoryjnej osadzarce wsadowej pozwalajgce poréwnaé
wyniki eksperymentalnego rozwarstwienia wzbogacanego materiatu z wynikami modelowania z uzyciem probabilistycznego modelu
dyskretnego rozktadu gestosci warstw w tozu osadzarki. Szczegélowo poréwnano rozklady polozenia warstw o danych gestosciach
otrzymane z eksperymentu z rozktadami obliczonymi w modelu dla takiego samego sktadu wzbogacanego materiatu. Dwa parametry
tego modelu okreslajgce jakos¢ wzbogacania w kazdym sprawdzonym przypadku mieszczq si¢ w rzeczywistym zakresie znanych
ocen sprawnos¢ osadzarek przemystowych. Sprawdzenie modelu wykazuje bardzo dobre mozliwosci jego dopasowania do danych
eksperymentalnych co potwierdza uzytecznosé modelu jako narzedzia do prognozowania wynikéw pracy osadzarek.

Stowa kluczowe: wzbogacanie wegla kamiennego, osadzarka, rozproszenie ziaren, modelowanie dziatania osadzarki, eksperymentalne

badanie rozproszenia ziaren

1. Wprowadzenie

Doswiadczalna weryfikacja opracowanego modelu pro-
cesu wzbogacania w osadzarce jest ostatnim i koniecznym
etapem jego tworzenia. Ten etap jest bardzo istotny dla mod-
elu (Glowiak 2020) utworzonego bez rozwazenia szczegotow
zjawisk fizycznych zachodzacych w rzeczywistym dzialaniu
modelowanego obiektu. W pracy (Glowiak 2019) zawierajacej
podstawowe zalozenia tego modelu wymieniono takze trudno$-
ci jakie pojawia sie przy probie jego doswiadczanej weryfikacji.
Gléwnym ich zrédlem sg ograniczenia wynikajace ze stworze-
nia w badanym urzadzeniu zjawisk maksymalnie podobnych
do zachodzacych w rzeczywistej osadzarce oraz niedokladno$¢
mozliwych do zastosowania metod pomiarowych. Sprawdze-
nie poprawnosci modelu sprowadza si¢ do znalezienia takich
dwu parametréw modelu, aby modelowany przebieg zmian
polozenia srodka modelowanej warstwy jak najlepiej pokrywat
sie z tym polozeniem zbadanym eksperymentalnie. Przyjmuje
sie ograniczenie dla zmian parametréw modelu takie, aby roz-
proszenia prawdopodobne Ep wszystkich mozliwych krzywych
rozdziatu obliczanych przez model miescilo si¢ w zakresie obser-
wowanych wielkosci rozproszenia prawdopodobnego krzywych
rozdzialu osadzarek przemystowych oraz tych osadzarek dos-
wiadczalnych, ktérych wartos¢ tego parametru opublikowano.
W weryfikowanym modelu przyjeta definicja polozenia $rodka
warstwy jest polozenie polowy wysokoéci warstwy o podanej
$redniej gestosci czastek tworzacych te warstwe. W przeprow-
adzonym eksperymencie warstwa definiowana jest jako plas-
ter materialu o znanej grubosci i $redniej gestosci ziaren (jest
to wysokos¢ jednego pierscienia $cianki aparatu Henry'ego),
a polozenie $rodka warstwy jest polozeniem polowy grubosci
tego plastra. Tak wigc oba poréwnywane polozenia $rodkéw
warstw obliczane w modelu i mierzone doswiadczalnie sa tak
samo zdefiniowane. Istniejaca miedzy nimi réznica sprowadza
sie do jednakowej wysokosci wszystkich warstw w eksperymen-
cie i roznej ich wysokosci w sprawdzanym modelu.

Poniewaz w sprawdzanym modelu nie ma mozliwosci
ustalenia ilo$ci réznych warstw o tej samej wysokosci zgod-
nej z iloscia warstw w eksperymencie koniecznoscia staje
sie poréwnanie danych obliczonych w modelu z wybranymi
punktami eksperymentalnej zaleznoéci polozenia $rodka
warstwy od jej gestosci. Warto zauwazy¢ takze fakt, Ze mod-
el i eksperyment podaja dokladng $rednia gesto$¢ czastek
warstwy, lecz tylko w przyblizeniu pozwalaja ustali¢ potoze-
nia $rodka warstwy. Jest tak dlatego, ze przyjmuje si¢ jako
jej srodek geometryczny srodek warstwy zamiast polozenia
$rodka nieznanego rozkladu mas w warstwie.

2. Opis badanego ukladu pomiarowego

Urzadzenie w wymiarowo matej skali modelujace rzec-
zywiste dzialanie osadzarki jest rodzajem aparatu Henry'ego
(Stepinski 1964) z mimosrodowym napedem zapewniajg-
cym staly (ok. 60 mm) skok ruchomego cylindra i stalg czes-
totliwos¢ (ok. 1 cykl/s). Cylinder tego aparatu, w ktérym
zachodzi rozwarstwianie zréznicowanego gestosciowo ziar-
nistego materiatu sklada si¢ z 20 pierScieni o wysokosci 20
mm kazdy i §rednicy wewnetrznej 200 mm, z ktérych dolny
i gorny pierécient zamkniety jest drucianym sitem. Pierscie-
nie te po napelnieniu uprzednio dokladnie wymieszanym
materiatem sa przy uzyciu specjalnych uchwytéw mocowane
razem i podwieszane do mechanizmu napedowego. Caly cyl-
inder jest zanurzony w naczyniu napelnionym woda, tak ze
jego pionowy ruch posuwisto-zwrotny zachodzi przy pelnym
zanurzeniu cylindra. Czas rozwarstwiania staly we wszystkich
doswiadczeniach réwny 20 minut zostal eksperymentalnie
tak dobrany, aby mogto zaj$¢ rozwarstwienie materiatu na
calej jego wysokosci. Po zakonczeniu procesu rozwarstwiania
zdejmuje si¢ kolejno od gory poszczegdlne pierscienie i przy
uzyciu specjalnej lopatki dokonuje si¢ wydzielenia kazdej
z 20 milimetrowych warstw rozdzielonego materiatu. Cylin-
der byl napelniany do wysoko$ci maksymalnej 16 pierscieni,
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Rys.1. Wyniki wstepnego modelowania dla badanej nadawy tréjskladnikowej (po lewej) i nadawy naturalnej (po prawe;j)

Fig. 1. Initial modeling results for the tested three-component feed (left) and natural feed (right)

Tab.1. Wyniki pomiaréw rozwarstwienia nadawy tréjsktadnikowej

Tab.1. Results of measurements of the stratification of the three-component feed

nr warstwy 1 2 3 4 5 6 7 8 9 10 1 12 13 14] 15
frakcja 1,3 1,000 1,000 1,000 1,000 0,835 0,074 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
frakcja 1,95 0,000 0,000 0,000 0,000 0,165 0,926 1,000 1,000 1,000 0,930 0,192 0,012 0,011 0,002] 0,000
frakcja 2,8 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,070 0,808 0,988 0,989 0,998 1,000
gest.warstwy 1,300 1,300 1,300 1,300 1,376 1,880 1,950 1,950 1,950 1,992 2,584 2,785 2,787 2,798 2,800
$rod. warstwy 96,7 90,0 83,3 76,7 70,0 63,3 56,7 50,0 43,3 36,7 30,0 23,3 16,7 10,0 3.3

aby w trakcie jego ruchu material mial wolne miejsce poz-
walajgce osiggna¢ wilasciwe rozluzowanie. Przy planowaniu
przeprowadzonych eksperymentéw wzigto pod uwage wyniki
podobnych do$wiadczen opisanych w pracach (Jonkers 1998),
(Woolacot 2015) zwigzanych z empirycznym badaniem mod-
elu Kinga oraz pracy (Kowol 2010) przedstawiajacej badania
rozkladu gesto$ci warstw z zastosowaniem plywaka.

Przeprowadzono rozwarstwianie dwu rodzajow materiatu:

o materialu sztucznie skomponowanego sktadajacego
sie z czastek koncentratu weglowego (gestos¢ 1,3 g/
cm’®, udzial 0,195), czastek skruszonej czerwonej
cegly (gesto§¢ w stanie mokrym 1,95 g/cm®, ud-
zial 0,348) i czastek naturalnego bialego marmuru
(gesto$¢ 2,8 g/cm?, udzial 0,457) o klasie ziarnowe;j
wszystkich skladnikow 8-10 mm. Sklad densymetry-
czny tego materiatu bedacy wynikiem zblizonego do
1/3 objetosciowego udzialu kazdego ze sktadnikéow
podany jest powyzej. Waska klasa ziarnowa i stosun-
kowo duze ziarno zostaly wybrane z powodu jej do-
godnodci dla przeprowadzenia recznej segregacji ta-
kich ziaren wedlug ich koloru istotnej dla tego etapu
eksperymentu;

o  Kklasy ziarnowej 5-10 mm naturalnej nadawy do
osadzarki z jednej z kopali. Zmierzony skltad den-
symetryczny tego materialu podany jest w wynikach
tej cze$ci eksperymentu.

Zgodnie z przyjetymi zalozeniami (Glowiak 2019) zasad-
niczym celem badan jest uzyskanie eksperymentalnej za-
leznoéci potozenia danej warstwy w pionowym przekroju
wszystkich warstw od jej $redniej gestosci i poréwnanie tego
polozenia z polozeniem obliczonym w modelu. Badanie ek-
sperymentalne ma pokaza¢ jak dalece wyniki tych badan
odbiegaja od przedstawionych ponizej wstepnych wynikow
modelowania.

Rysunek 1 przedstawia wyniki wstepnego modelowania
potozenia srodkow warstw w funkeji ich gestosci dla obu dos-
wiadczalnie badanych nadaw. Parametr E modelu okreélajacy

wielko$¢ rozproszenia w procesie wzbogacania zostal przyjety
jako punkt poczatkowy jego zmian dla dopasowania modelu
do wynikéw eksperymentu.

3.  Wyniki rozwarstwienia nadawy tréjskladnikowej

W tabeli 1 przedstawiono udzialy masowe czyli koncen-
tracje poszczegolnych frakcji gesto$ciowych wzbogacanego
materialu we wszystkich warstwach otrzymanych w prze-
prowadzonym eksperymencie oraz $rednie gesto$ci ziaren
poszczegdlnych warstw i polozenie ich $rodkéw. Gestosci
warstw padano w g/cm’, a polozenie §rodkéw warstw w %
sumy wysoko$ci wszystkich warstw. Warstwy numerowane sg
kolejno od najwyzszej w kierunku do sita.

W kazdej z otrzymanych warstw dokonano recznego
rozdzielenia wszystkich ziaren wedtug ich koloru i zwazono
oddzielnie kazdy skladnik warstwy. Znajac mase¢ kazdego
sktadnika warstwy i jego udzial wagowy obliczono $rednig
gestos¢ ziaren, z ktorych sktada si¢ kazda warstwa. Poniewaz
znane jest polozenie i wysokos$¢ kazdej warstwy mozliwe jest
podanie eksperymentalnie otrzymanej zalezno$ci polozenie
$rodka danej warstwy od jej $redniej gestosci. Porbwnywane
wyniki modelowania wzieto z modelu, w ktérym przeprow-
adzono obliczenia dla 32 mozliwych gesto$ci frakcji nadawy
i 32 gesto$ci warstw toza osadzarki.

W weryfikowanym modelu zaleznoé¢ polozenia $rodka
warstwy od jej $redniej gestosci jest obliczana jako poszcze-
golne wartosci wektora Y| i jest funkcjg sktadu densymetry-
cznego nadawy dang wektorem wejéciowym U oraz sprawn-
oéci wzbogacania okreslong liniowg zaleznoscig s= E+ mp.,.
Ta zalezno$¢ zostala wprowadzona do modelu dla zbadania
odchylen krzywych rozdzialu od dystrybuanty rozktadu mod-
elujacego rozproszenie czgstek o réznych gestoéciach w pro-
cesie osadzania. Tak wigc model zostanie pozytywnie zwery-
fikowany, jezeli mozliwe jest dobranie takich wartosci E_i m,
aby krzywa eksperymentalna pokryta sie z krzywa wyliczang
przez model z wymagang dokladnoscig. W przeprowadzane;j
weryfikacji zostala uzyta inna liniowa zalezno$¢ rozproszenia
si od gestosci frakeji p, nadawy w postaci s, = E+ E p (p, -p,)
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Rys. 2. Poréwnanie wynikéw pomiaru potozenia srodkéw warstw jako funkeji gestoéci warstw i wynikéw modelowania dla réznych rozproszen
i takich samych zmian rozproszenia
Fig. 2. Comparison of the measurement results of the position of the layer centers as a function of the layer density and the modeling results for
different dispersions and the same dispersion changes
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Rys. 3. Poréwnanie wynikéw pomiaru potozenia srodkow warstw jako funkeji gestoéci warstw i modelowania dla modelowanych réznych
rozproszen i réznych zmian rozproszenia
Fig. 3. Comparison of the measurement results of the position of the layer centers as a function of the layer density and the modeling results for
different dispersions and different dispersion changes
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Rys. 4. Wyniki modelowania (po lewej) i pomiaru (po prawej) dla koncentracji kazdej frakeji gestosciowej nadawy trojskladnikowej w funkcji
potlozenia $rodkéw poszczegolnych warstw
Fig. 4. The results of modeling (left) and measurement (right) for the concentration of each density fraction of the three-component feed as a func-
tion of the location of the layer centers
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Rys. 5. Wyniki modelowania (po lewej) i pomiaru (po prawej) koncentracji kazdej frakeji gesto$ciowej nadawy trojskladnikowejw funkeji gestosci
poszczegdlnych warstw
Fig. 5. The results of modeling (left) and measurement (right) of concentration of each density fraction of three-component feed as a function of the
density of individual layers
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Tab. 2. Wyniki pomiaréw skladu densymetrycznego nadawy naturalnej

Tab. 2. Results of measurements of the density composition of the natural feed

gestosé frakji | -1,3[1,3-1,4{1,4-1,5|1,5-1,6/1,6-1,7|1,7-1,8/1,8-1,8]+1,88 |suma
masa material| 469| 1250( 509,2| 141,6| 956| 872 70,2| 1525 4148
udziat 0,113| 0,301| 0,123| 0,034| 0,023] 0,021| 0,017| 0,388 1,0
érednia gestosd 1,278| 1,335| 1,455 1,573| 1,666| 1,780 1,867 2,321| 1,630

Tab. 3. Wyniki pomiaréw gestosci i pofozenia srodkéw warstw osadzania nadawy naturalnej

Tab. 3. Results of the density measurements and the position of the middle layers of the natural feed

numer warstwy 1 2 3 4 5 6 7 8 El 10 11 12 13 14 15 16
gestos warsywy 1320| 1,335| 1,345| 1,356| 1,361 1367 1,387 1395| 1,426 1471| 1,564| 1,720 1,841| 2,233 2,330 2,369
potozenie warstwy 98,4 935 871 806 742 67,7 613 548 484| 419 355 290/ 226 161 9,7 3,2

majaca te zalete, ze dla przyjetego E i dla p z zakresu 0-1
umozliwia obliczenia dla kazdego p, z zakresu gestosci frak-
cji nadawy. W tej zaleznosci E jest rozproszeniem dla frakeji
o gestosci p, iloczyn pE jest zmiang rozproszenia na jednostke
gestosci frakcji nadawy, a p jest gestoscig tej wybranej frakcji
nadawy, ktorej rozproszenie wynosi E. Obliczenia dopasowan-
ia parametréw modelu do danych empirycznych prowadzone
s3 metoda préb i bledéw ze wzgledu na iteracyjny, dyskretny
i nieliniowy charakter modelu i w kazdym przypadku muszg
by¢ powadzone od poczatkowych wartoéci dla obliczen itera-
cyjnych. Ponadto wysokosci polozenia srodka warstwy od jej
gestosci z modelu jest obliczana dla innych wartosci gestosci
warstw niz wartoéci otrzymane do$wiadczalnie. Zatem dla ich
poréwnania w tych samych punktach wymagane jest odczy-
tanie wartoéci polozenia $rodka wysokoéci warstwy z za-
lezno$ci empirycznej, poniewaz jest ona okreslona w wiekszej
ilo$ci istotnie réznigcych sie punktéw niz zalezno$¢ z modelu.
Wyniki takich obliczen przedstawiajg rysunki 2 i 3 w sumie
pokazujace 4 rozne przypadki dopasowania. Jako najlepsze
dopasowanie przyjmuje sie sytuacje, gdy pierwiastek z sumy
kwadratow réznic warto$ci wysokosci z modelu i ekspery-
mentu podzielonej przez liczbe poréwnywanych punktow
osigga najmniejsza warto$¢. Tak przyjety wskaznik dopaso-
wania jest odchyleniem standardowym bledu pojedynczego
pomiaru obliczonym metoda najwigkszej wiarygodnosci.
Ocenie podlegaja takze otrzymane wartosci E i p, poniewaz
musza by¢ one zblizone do wartoéci wystepujacych w rzeczy-
wistych procesach wzbogacania. Stad 0,03<E<0,35 i 0<p<l.
Fizyczng interpretacja tak ocenianej zgodnosci eksperymen-
tu i modelu jest $rednia réznica miedzy zmierzonym i oblic-
zonym polozeniem $rodkiem warstwy wyrazona w % sumy
wysokos$ci wszystkich warstw.

W  przedstawianych wynikach modelowania przyjeto
p, = 2,0. Zastosowana metoda nie pozwala na proste i szyb-
kie znalezienie najlepszego dopasowania danych modelu
i eksperymentu, lecz umozliwia wybranie dopasowania
wystarczajaco dobrego.

Oznaczenia na rysunkach pokazujacych dopasowanie
wynikéw modelowania i eksperymentu:
E - rozproszenie frakcji nadawy o gestosci p,
p - parametr okreélajacy zmiane rozproszenia frakcji na jed-
nostke jej gestosci
s, —odchylenie standardowe pojedynczego pomiaru obliczone
metodg najwigkszej wiarygodnosci
hm - modelowane polozenie $rodkéw warstw
heks - zmierzone polozenie $rodkéw warstw

Dla nadawy tréjsktadnikowej znany jest takze ekspery-
mentalny skiad gesto$ciowy kazdej warstwy. Pozwala to na
dodatkowa mozliwo$¢ oceny modelu poprzez pordéwnanie
rozkladéw poszczegélnych frakeji gestosciowych otrzy-
manych z eksperymentu i wyliczonych z modelu.

Wyniki tego pordéwnania przedstawiaja rysunki 4 i 5
podajace koncentracje czastek poszczegélnych frakeji w ut-
worzonych warstwach w funkeji wysokoséci potozenia $rod-
ka warstwy i w funkeji $redniej gesto$ci warstwy. Dla tego
poréwnania istotne znaczenie ma przypomnienie, Ze model
tworzy znacznie mniejszg iloé¢ istotnie réznigcych sie warstw
niz ilo§¢ warstw otrzymanych eksperymentalnie. W wyniku
tego warstwy zmierzone do$wiadczalnie odpowiadajace danej
warstwie z modelu sg suma kilku warstw eksperymentalnych
Z ta uwaga, Ze pierwsza i ostatnia z tej sumy warstw moze by¢
takze w czesci skladnikiem tej sumy.

4. Wyniki pomiaru rozwarstwienia nadawy naturalnej

Z pobranej w jednej z kopali nadawy do osadzarki wysia-
no klase ziarnowg 5-10 mm. Masa tej klasy wynosita ok. 10
kg. Z tego materialu pomniejszajac probke otrzymano probke
ok. 5 kg. Material ten podano rozdzialowi w cieczach ciezkich
dla okreslenia wychodu poszczegdlnych frakeji gestoscio-
wych. Dla kazdej frakeji zmierzono takze $rednig gesto$c.
ziaren tworzgcych te frakcje. Otrzymane wyniki przedstawia
tabela 2.

Nastepnie material ten zostal poddany procesowi
rozwarstwienia. Polozenie srodka danej warstwy jest znane
z numeru kolejnej warstwy i mierzona byla tylko $rednia
gesto$¢ ziaren warstwy, pomijajac rozdzial kazdej warstwy na
frakcje gestosciowe jak to zrobiono dla calej nadawy.

Wiersze 2 i 3 powyzszej tabeli 3 przedstawiaja otrzymang
zalezno$¢ potozenia srodka danej warstwy od $redniej gestos-
cijej ziaren.

Wybrane wyniki prob dopasowania tej zaleznosci mod-
elowanej zestawionej z zaleznoscig otrzymang eksperymen-
talnie przedstawiajg rysunki 6 i 7.

Wyraznie widoczna gorsza zbieznos¢ modelu dla wyso-
kich gestoéci warstw z wynikami doswiadczenia dla nad-
awy naturalnej daje si¢ tatwo wytlumaczy¢ niskg precyzjg
wyznaczenia eksperymentalnego skladu gestosciowego tej
nadawy dla wysokich gestosci spowodowang brakiem bez-
piecznych cieczy ciezkich o gestoéci powyzej 1,9. Sprawa ta
pokazuje takze jak wazna jest dla poprawnego prognozowa-
nia wynikow wzbogacania pelna charakterystyka skladu
densymetrycznego wzbogacanego materialu. Zdecydowana
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Rys. 6. Poréwnanie wynikow pomiaréw polozenia srodkéw warstw jako funkcji gestosci warstw i wynikéw modelowania dla réznych rozproszen
i zmian rozproszenia

Fig. 6. Comparison of the measurement results of the position of the layer centers as a function of the layer density and the modeling results for
different dispersions and different dispersion changes
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Rys. 7. Poréwnanie wynikéw pomiaréw polozenia srodkow warstw jako funkgji gestosci warstw i modelowania tej zaleznosci dla jednakowych
rozproszen i réznych zmian rozproszenia

Fig. 7. Comparison of the measurement results of the position of the layer centers as a function of the layer density and the modeling results for the
same dispersions and different dispersion changes

wiekszos$¢ znanych autorowi tej pracy charakterystyk nie zaw-
iera danych dla gestosci powyzej 2,0.

Na podstawie przedstawionych powyzej poréwnan mozna
uznad, ze dla nadawy naturalnej takze jest potwierdzona do-
bra zbieznos¢ wynikéw modelowania z pomiarem. Zauwazal-
ny jest fakt wystepowania wigkszego rozproszenia w procesie
wzbogacania dla tej nadawy spowodowany niewiele szersza
klasg ziarnowsa tego materiatu.

5. Wnioski

1.  Bardzo dobra zbiezno$¢ otrzymanych z modelu
i eksperymentu zalezno$ci potozenia danej warstwy od jej
gestosci moze by¢ potwierdzeniem tezy, ze opracowany mod-
el spelnia zalozenia przyjete do jego opracowania i w zwiazku
z tym wyniki obliczen rozwarstwienia materialu w modelu
bardzo dobrze przyblizajg stan rzeczywistego rozwarstwienia.

2. Srednie
go pomiaru od wyniku modelowania na poziomie ponizej

odchylenie standardowe pojedyncze-
1,5% w przypadku najlepszego dopasowania dla tego typu
modelowania mozna uzna¢ jako wynik wystarczajaco dob-
ry, szczegélnie uwzgledniajac podane zastrzezenia odno$nie
doktadnos$ci pomiaru i modelowania polozenia §rodka warst-
wy oraz maksymalng wielko$¢ ziarna wynoszaca 10 mm.

3. Z przeprowadzonych eksperymentéw wynika,
ze przyjeta w modelu zalezno$¢ rozproszenia danej frakeji
gestosciowej od jej gestosci jest istotna, poniewaz dopasowan-
ie modelu dwuparametrowego wyraznie pokazuje zaleznos¢
doktadnos$ci dopasowania od przyjetej wartosci wskaznika
zmiany rozproszenia p. Dopasowanie jest w przypadkach

obydwu nadaw lepsze dla modelu, w ktérym rozproszenie
frakeji jest zmienne.

4. Biorac pod uwage takze inne proby dopasowania
parametréw modelu do wynikéw przeprowadzonych ek-
sperymentéw, nie przedstawione w tym opracowaniu, mozna
zauwazy¢, ze uwzglednienie w modelu zmiany rozproszenia
dla frakeji o réznych gesto$ciach jest zasadne. Dokladniejsze
uzasadnienie moze jednak wymaga¢ dodatkowych badan
z uwzglednieniem zastrzezen podanych w zatozeniach mod-
elu oraz jego opisie. W ewentualnych badaniach trzeba wzia¢
pod uwage takze wplyw na ten parametr skladu ziarnowego
wzbogacanego materialu jak i niska doktadno$¢ wyznaczania
empirycznych krzywych rozdziatu.

5. Przyjmujac zasady stosowane w fizyce do uznania
modelu za w pelni dobrze do$wiadczalnie sprawdzony po-
trzeba jednak aby podobne wyniki zostaly uzyskane przez
przynajmniej jeszcze jednego niezaleznego badacza tych za-
gadnien. W tym miejscu pojawia si¢ istotny problem wyni-
kajacy ze znikomego zainteresowania rozwojem i badaniem
osadzarek spowodowany uznaniem tej technologii, przynajm-
niej dla wzbogacania wegla, jako schylkowej i zastegpowania
jej cyklonami z cieczg cigzka.
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Experimental Verification of the Correctness of the Probabilistic Model of the Discrete Density
Distribution of Layers in the Jig Bed

This paper presents the results of tests carried out in a laboratory batch jig that allows to compare the results of the experimental
stratification with the modeling results using the probabilistic model of the discrete density distribution of the layers of the jig bed.
The distributions of the layers with the given densities obtained from the experiment were compared in detail with the distributions
obtained in the model for the same composition of the tested material. Two parameters of this model, determining the quality of
enriching in each proven case, fall within the actual range of assessments of known ratings of industrial jigs. Checking of the model
shows a very good possibility of its adjustment to the experimental data, which confirms the usefulness of this model as a good tool for
forecasting the enrichment results in jigs.

Keywords: hard coal enrichment, jig, dispersion of grains, modeling of the jig operation, experimental testing of grains dispersion in the jig
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Zmiany w obrazie wzbogacania osadowego
wynikajace z analizy probabilistycznego modelu
rozkladu gestosci warstw loza osadzarki

Abstrakt

Wyniki modelowania i doswiadczalnego sprawdzenia probabilistycznego modelu rozktadu gestosci warstw w fozu osadzarki pozwalajg
zauwazy¢ istotne réznice w obrazie procesu wzbogacania w osadzarce wynikajgce z tego modelu i dotychczasowym rozumieniu
tego procesu. Zauwazone réznice majg duze znaczenie zarowno dla jego teoretycznego opisu jak i dla praktyki wzbogacania wegla.
Pozwalajg takze na wskazanie wlasciwego kierunku wprowadzenia zmian w konstrukcji osadzarki. Niniejsza praca jest opisem
szczegblow zauwazonych roznic i ich znaczenia dla poprawnego rozumienia procesu osadzania. Wsréd tych szczegotow duze
znaczenie majg niezauwazone do tej pory zmiany rozktadoéw gestosci warstw foza i rozkladéw mas w poszczegdlnych warstwach
zwigzane z rozpraszaniem sig czgstek wzbogacanego materiatu.

Stowa kluczowe: wzbogacanie surowcéw mineralnych, osadzanie, wodna osadzarka pulsacyjna

1. Wprowadzenie

Niniejszy artykul jest ostatnig z pieciu prac tworzacych
pewna calo$¢ zogniskowang na zagadnieniu rozktadu gestos-
ci i mas warstw w tozu osadzarki. Pierwsza z nich (Glowi-
ak 2019) przedstawia krytyczny przeglad prac zwigzanych
z teorig krzywych rozdziatu i zwigzku tej teorii z rozprasza-
niem sie czastek wzbogacanego w warstwach toza osadzarki
opisywanych pojeciami uzywanymi w rachunku prawdo-
podobienstwa. Wynika z niej koniecznos¢ znacznej korekty
teoretycznego opisu tych zagadnien w istniejacej literaturze.
Aby ta korekta zostala poprawnie wykonana konieczne jest
skonstruowanie modelu matematycznego wlasciwie opisu-
jacego rozpraszanie si¢ czastek wzbogacanego w warstwach
toza osadzarki. Opis zalozen do takiego modelu przedstawia
druga z tych prac (Glowiak 2020). Szczegétowo przedstawio-
no w niej wszystkie pojawiajace si¢ ograniczenia istotne dla
poprawnoéci dzialania tworzonego modelu. Dokltadny opis
tego modelu jest zawarty w trzeciej pracy (Glowiak 2020) po-
dajacej interpretacj¢ zastosowanych w nim pojec¢ z rachunku
prawdopodobienstwa na gruncie teorii wzbogacania grawita-
cyjnego. Znaczna rozbieznos¢ wynikéw z modelu z opisem
powszechnie przyjmowanym w literaturze jako poprawny
byta istotnym powodem powstania czwartej pracy (Glowiak
2022) przedstawiajacej wyniki eksperymentalnego sprawdze-
nia poprawno$ci modelu. Dobra zgodnos¢ modelu z wyn-
ikami eksperymentu spowodowala konieczno$¢ szerszego
wyjasnienia réznic z wynikami istniejacych prac i stala sie
zrédiem innego spojrzenia na proces wzbogacania w wodnej
osadzarce pulsacyjnej przedstawionego w niniejszej pracy.

2. Poréwnanie zalozen i realizacji modelu

Jedynym ogélnym zalozeniem przedstawionego probabi-
listycznego modelu rozkladu warstw w tozu osadzarki maja-
cym podstawy fizyczne jest przyjecie, ze czastka o gestosci p,_
znajdujgca si¢ w warstwie o $redniej gestosci p  znajduje sig

w stanie rOwnowagi tylko wtedy, gdy $rednia gesto$¢ warstwy
réwna jest gesto$ci czastki. W kazdym innym przypadku ist-
nieje sita wypadkowa dzialajaca na te czastke powodujaca jej
ruch w kierunku innych warstw. Fizycznym uzasadnieniem
tego stwierdzenia sg rozwazania Zapaly (Zapala 1988) opar-
te na istnieniu hipotetycznej cieczy cigzkie o gestosci rowne;j
$redniej gestosci czastek w warstwie toza osadzarki Probabi-
listyczny charakter modelu wynika z zauwazenia, ze proces
rozdziatu czastek w tozu osadzarki nie moze przebiega ide-
alnie co powoduje, ze czastka nie zawsze trafia do warstwy
réwnowagi. Pewnos¢ trafienia jest obrazem wzbogacania ide-
alnego nieosiagalnego w rzeczywistym procesie wzbogacania.
Wszystkie inne zalozenie szczegélowo przedstawione w pra-
cy (Glowiak 2020) dotycza tylko ograniczen zapewniajacych
zachowanie bilansu mas rozpraszanych czastek oraz usunigciu
z tworzonego modelu fizycznie nie uzasadnionych ograniczen
gesto$ci warstw istniejacych w modelach Zapaly i Kinga (King
1987). Takim ograniczeniem jest przyjecie w zalozeniach
tych modeli stalych $rednich gestos$ci warstw. Istotne jest tez
zauwazenie, Zze w obu wspomnianych modelach ogranicze-
nia gesto$ci warstw zostaly prawdopodobnie nie§wiadomie
wprowadzone przez autoréow w wyniku nie do$¢ dokfadnie
sprecyzowanych zalozen do tych modeli. Trzeba takze dodac,
ze dziatanie tych modeli byto zgodne z nie do korca prawdzi-
wym obrazem wzbogacania rzeczywistego wprowadzonym
przez prace Trompa i Terra'y (Tromp1937, Terra 1038). War-
to takze zauwazy¢, ze zmienng losowa w modelu Zapaly jest
gestos$¢ czastki trafiajacej do warstwy o stalej gestosci, pod-
czas gdy w omawianym w tej pracy modelu zmienng losowa
jest gestos¢ warstwy, do ktorej trafiaja czastki o z gory ust-
alonej gestosci. Stad wynika wzmozona troska o poprawne
pokazanie wszystkich, nawet pozornie nieistotnych, szcze-
golow dzialania modelu mogacych wynikac z przyjecia zbyt
ogdlnych i w rezultacie niewlasciwych zalozen. Poprawne
wyniki dzialania modelu w stanach kranicowych to jest wzbo-
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Rys. 1. Charakterystyki gestosciowe wybranych nadaw
Fig. 1. Density characteristics of selected feeds
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Rys. 3. Zmiana rozproszenia przyjeta do modelowania
Fig. 3. Modification of dispersion adopted for modeling

gacania idealnego i calkowitego braku wzbogacania nie daja
absolutnej pewnosci, ze model dziata dobrze w kazdej sytu-
acji mozliwej dla wzbogacania rzeczywistego. Pewnym testem
dla poprawnego dzialania modelu w takich warunkach moze
by¢ wystepowanie w obliczeniach maksymalnych wartosci
koncentracji czastek frakcji gestosciowych nadawy w poszc-
zegblnych warstwach loza osadzarki. Ta koncentracja jest szc-
zegolnie widoczna w macierzy C modelu podajacej zawarto$é
danej frakeji nadawy w poszczegélnych warstwach. W wyn-
iku sprawdzenia jaka frakcja gesto$ciowa nadawy posiada
maksymalng koncentracje w danej warstwie w losowo wy-
branych z kilkudziesieciu obliczonych rozkladéw okazalo
sie, ze jest to zawsze frakcja o gestosci najbardziej zblizonej
do $redniej gestoéci warstwy, lecz z dwoma wyjatkami wyn-
ikajacymi z ograniczen mozliwosci rozproszenia si¢ frakcji
w warstwie najciezszej i najlzejszej. Przy istnieniu odpow-
iednio duzego rozproszenia frakcje o gestosciach réznych
od minimalnej i maksymalnej gestosci nadawy musza za-
wsze trafi¢ tylko w czedci do warstw najlzejszej i najciezszej,
poniewaz istniejace w algorytmie obliczen ograniczenia nie
pozwalaja im rozproszy¢ sie w nieistniejacych warstwach.
Ponadto sprawdzany jest w kazdym cyklu obliczen bilans mas
wszystkich warstw, ktory zawsze wynosi 100 % masy frakeji
nadawy oraz $rednia gesto$¢ utworzonych warstw, ktora po-
winna by¢ réwna $redniej wazonej wszystkich gestoéci frakcji
nadawy. Dodatkowym kryterium sprawdzenia poprawnosci
modelu moze by¢ energia potencjalna czastek foza mozli-
wa do obliczenia z rozkladu gestosci czastek i mas poszcze-
golnych warstw. Zmiana energii potencjalnej toza wynikaja-
ca z hipotezy Mayera ma miejsce w wyniku startu obliczen
iteracyjnych z punktu gestosci $rednich warstw réwnych
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Rys. 2. Zaleznoé¢ zawartosci popiotu od gestosci frakcji
przyjeta dla wszystkich nadaw

Fig. 2. Dependence of ash content on fraction density adopted for all feeds
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Rys. 4. Profil poziomych predkosci warstw toza osadzarki
Fig. 4. Profile of the horizontal velocity of layers of the jig beds

gestosci poszczegolnych frakeji gestosciowych, co odpowi-
ada wzbogacaniu idealnemu, a wiec takze najmniejszej en-
ergii potencjalnej czastek loza. Tak prowadzone obliczenia
potwierdzaja tez¢ modelu zakladajaca, ze warto$cia $rednia
rozkladu okreslajacego rozpraszanie czastek danej frakeji
w powstalych warstwach jest $rednia gesto$¢ czastek tej frak-
¢ji. W modelu Zapaly ma miejsce calkowita zgodnos¢ $red-
niej gestosci warstwy z rzeczywista gesto$cia warstwy, lecz
to nie wynika z dziatania modelu, lecz jest skutkiem przy-
jetych zalozen, ktére powoduja, ze w tozu moga istniec¢ ty-
lko warstwy o z géry wybranej gestosci zgodnej z gesto$cia
rozpraszanych czastek. Dalsza konsekwencja tak przyjetego
zalozenia modelu Zapaly jest brak konieczno$ci obliczen it-
eracyjnych. Powyzsze uzasadnienie istotnych cech modelu
pojawia sie w tym miejscu, poniewaz ta sprawa nie zostala
pokazana wystarczajaco dokladnie w opisie zalozenn modelu
jak i w przedstawieniu samego modelu i w dalszym etapie
prowadzonych rozwazan nie powinna budzi¢ zadnych wat-
pliwosci.

Dzialanie osadzarki wynikajace z przedstawionego mod-
elu pozostaje takze w wyraznej sprzecznosci z opracowanym
w pierwszej polowie XX wieku i obecnie jeszcze uzywanym
kryterium oceny wzbogacalnosci wegla opisanym tylko dla
wzbogacania idealnego. Kwestia ta zostanie takze szerzej
przedstawiona w niniejszej pracy.

Istotna uwaga: wzbogacanie idealne (tylko E=0) w tym
i wezeéniejszych opracowaniach autora nie oznacza rozumi-
enia tego pojecia jak w pracy Drzymaly (Drzymala 2009),
gdzie jako idealne przyjmuje sie takie prowadzenie wzboga-
cania wegla, aby uzyska¢ tylko frakcje gesto$ciowa o najmnie-
jszej zawartosci popiolu, ktora to frakcje uwaza sie jako czysty
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Rys. 5. Dwuwymiarowe rozktady mas foza dla wzbogacania idealnego

Fig. 5. Two-dimensional mass distributions of the bed for
ideal enrichment
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Rys.7. Dwuwymiarowy rozktad mas foza dla granicznej sprawnosci
wzbogacania ofilpoziomych predkoéci warstw toza osadzarki

Fig. 7. Two-dimensional mass distribution for the boundary
upgrading efficiency

pozyskiwany mineral. Takie rozumienie idealnego wzbogaca-
nia wynika ze znacznie szerszego rozpatrywania procesu wz-
bogacania mieszaniny réznych mineratéw niz w przypadku
wzbogacana wegla kamiennego.

3. Rozklady gestosci warstw i mas warstw w lozu
osadzarki dla réinych sprawnosci stratyfikacji warstw
i réznych skladow densymetrycznych nadawy

Przedstawiony model rozkladu gestosci warstw i mas
zgromadzonych w tych warstwach jest silnie nieliniowy, co
powoduje, Ze jego analiza wymaga sprawdzenia wynikow we
wszystkich interesujacych przypadkach. Lacznie wykonano
obliczenia dla ponad 100 réznych rozkladéw obejmujacych
18 roznych sktadow densymetrycznych nadawy, obrazujacych
szeroki zakres jej zmian spotykany w praktyce wzbogaca-
nia. Z tego materialu do pokazania wynikajacych z modelu
whnioskow wybrano tylko te przypadki, ktore najlepiej ilustru-
ja réznice miedzy obrazem procesu osadzania wynikajacym
z modelu i obecnym rozumieniem przebiegu tego procesu.
Wszystkie przedstawione dalej wyniki obliczen dotycza nad-
aw, ktorych charakterystyki sa przedstawione na Rys.1.

W trakcie prowadzonych obliczen kontrolowane byly wy-
chody produktéw oraz ich jako$¢ mierzona zawartoscia pop-
iolu. We wszystkich obliczeniach przyjeto stala zalezno$¢ za-
wartosci popiolu od gestosci. Te zaleznos¢ przedstawia Rys 2.

Gdyby bardzo wnikliwy czytelnik tej pracy zechcial
sprawdzi¢ poprawno$¢ obliczen autora to dla dokonania tego
beda mu potrzebne dwie charakterystyki podane na Rys. 3.
i 4. Te charakterystyki sg takze state dla wszystkich obliczen
podanych w niniejszej pracy.
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Rys. 6. Dwuwymiarowe rozklady mas foza dla bardzo dobrego
wzbogacania
Fig. 6. Two-dimensional bed mass distributions for very good enrichment
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Rys. 8. Dwuwymiarowy rozklad mas toza dla przecietnej
sprawnos$ci wzbogacania
Fig. 8 .Two-dimensional mass distribution for average
upgrading efficiency

Jest oczywiste, ze rozklady gestosci warstw w lozu
osadzarki musza zaleze¢ od skladu gestosciowego wzboga-
canego materialu i sprawnosci jego stratyfikacji. Aktualnie
obowigzujace spojrzenie na wage obu tych zaleznosci jed-
noznacznie wskazuje na wigksze znaczenie skladu nadawy
przypisujac jednocze$nie jako$ci stratyfikacji niewielki wplyw
na wynik rozwarstwienia. Tymczasem w przypadku wzboga-
cania wegla w osadzarkach mamy zwykle do czynienia z cal-
kowicie inng waga obu zaleznosci, szczegélnie jezeli w tych
rozwazaniach uwzgledni¢ takze wplyw skladu ziarnowego na-
dawy znacznie zmieniajacego jako$¢ procesu rozwarstwiania.

Istotny wplyw zmian rozproszenia najwyrazniej widoc-
zny jest w dwuwymiarowych rozktadach mas poszczegélnych
frakcji gesto$ciowych nadawy, bedacych graficznym przed-
stawieniem wartoéci elementéw aij podstawowej macier-
zy A modelu. Trzeba zauwazy¢, ze empiryczny pomiar tych
elementéow w przemystowej osadzarce nie jest mozliwy. Na
Rys. 5.1 6. przedstawione sg te rozklady dla tej samej nadawy
oznaczonej N3 (Rys. 1.) i dla wzbogacania idealnego (E=0)
oraz dla dobrze pracujacego wzbogacalnika z cieczag cigzka
lub osadzarki laboratoryjnej (E=0,02).

Wyraznie widoczna jest niewielka zmiana rozkladu przy
wzroscie rozproszenia z E=0 do E=0.02. Takie zmiany w ak-
tualnie istniejagcym obrazie osadzania przyjmowane sa jako
prawdziwe takze dla wigkszych zmian rozproszenia. Tymcza-
sem zmiany te dla wigkszych rozproszen wygladaja catkowicie
inaczej i sa przedstawione na Rys.7. i 8.

Graniczna warto$¢ rozproszenia E=0,04 zostala przyje-
ta na podstawie pracy (Kowol 2010) jako najlepsza z moz-
liwych do osiagnigcia dla nieidealnego procesu osadzania,
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Rys. 9. Rozklady gestosci warstw dla nadawy N3 i réznych rozproszen
Fig. 9. Distributions of layer density for feed N3 and different dispersions
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Rys. 11. Rozklady mas w warstwach toza dla réznych nadaw i tego
samego rozproszenia

Fig. 11. Mass distributions in the bed layers for different feeds and the
same dispersion

natomiast E=0,15 jest wartoscig rozproszenia przyjmowanag
w praktyce przemyslowej jako wynik wystarczajagco dobry.
Na Rys. 7. i 8. wyraznie widoczna jest radykalna zmiana roz-
ktadu mas w tozu osadzarki dla zakresu rozproszen E>0,04,
przynoszaca bardzo powazne skutki dla wyniku wzbogacania.
W tym zakresie diagonalny charakter rozktadu mas zmienia
sie na rozklad, w ktérym istniejg dwie warstwy o skrajnych
gestosciach i wysokiej koncentracji mas oraz pojawia si¢ kilka
warstw o bardzo zréznicowanych gestosciach gromadzacych
wiegkszo$¢ catej masy toza wszystkich warstw poza warstwa-
mi skrajnymi. Jednocze$nie powstaje znaczna ilo§¢ bardzo
cienkich warstwo o bardzo malym zréznicowaniu gestoscio-
wym i gromadzacych znikome ilo$ci masy loza. Szczegoty tej
sytuacji zostang ponizej pokazane na podstawie obliczonych
z modelu zmian rozkladéw gestosci warstw i mas poszcze-
gélnych warstw oraz ich polozenia w pionowym przekroju
toza osadzarki dla réznych skladéw densymetrycznych nad-
awy i réznych rozproszen w procesie wzbogacania.

Dla wyjaénienia szczeg6léw zmian zachodzacych w tozu
osadzarki przy zmianach jakosci stratyfikacji i zmianach skta-
du densymetrycznego nadawy wprowadza sie dwie funke-
je wiazace podane w opisie modelu wektory i dajace wglad
w zmiany rozkladu warstw loza.

W prowadzonych w modelu obliczeniach dla kazdego
kroku obliczen iteracyjnych znany jest sktad densymetryczny
nadawy dany wektorami R_i U, parametry okreslajace jakos¢
stratyfikacji E i m oraz gesto$¢ kazdej powstalej warstwy i czesé¢
masy wzbogacanego materialu zgromadzong w tej warstwie
okreslong wektorem B . Zestawiajac gestosci poszczegolnych
frakeji gestosciowych nadawy R i gestosci utworzonych warstw
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Rys. 10. Rozklady gestosci warstw dla rozproszenia E=0,15 i réznych nadaw
Fig. 10. Distributions of layer density for dispersion E=0,15 and different feeds
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Rys. 12. Rozktady mas w warstwach loza dla tej samej nadawy
i réznych rozproszen
Fig. 12. Mass distributions in the bed layers for the same feed and
different dispersions

R, mozemy okresli¢ dyskretng funkcje R =f(R T) pokazujacy
jaka gestosc p - powstalej warstwy odpowiada gestosci frakeji
p,, nadawy. Zaleznos¢ ta zostaje nazwana rozkladem gestosci
warstw. Zestawienie mas czastek zgromadzonych w poszcze-
golnych warstwach dane wektorem B_ i gestosci frakcji nadawy
(wektor R ) pozwata utworzy¢ inng dyskretng funkcje B =f(R 7)
taczacy te wielkosci nazwang rozktadem masy warstw. Zwraca
sie uwage na istotny fakt, ze obie funkcje sa funkcjami przed-
stawionymi w liniowej skali na osi odcietych, ktdra jest skalg
przyjeta dla pokazania charakterystyk nadawy. Oba te rozktady
moga by¢ przedstawiony takze inaczej jako funkcja Sredniej
gestosci warstw. Wtedy skala na osi odcietych jest skalg nielin-
iowg mniej korzystng dla pokazania zachodzgcych zmian.

Rysunki 11 i 12 przedstawiajg zmiany zachodzace w roz-
kladach mas warstw loza dla roznych skladéw gesto$ciowych
nadawy i réznych rozproszen w procesie wzbogacania odpo-
wiadajacych zmianom rozktadow gestosci warstw pokazanych
narys. 91i10.

Na podstawie tych rysunkéw mozna zauwazy¢, Ze zmiany
rozproszenia nie powodujg proporcjonalnych do nich zmian
w obu tych rozktadach.

Podane wyzej zalezno$ci maja duze znaczenie dla teorety-
cznych rozwazan, natomiast dla praktyki wzbogacania wegla
wigksze znaczenie maja polozenia poszczegdlnych warstw.
Rozwazany model powala wyliczy¢ polozenie tych warstw
w pionowym przekroju toza. Takie wyliczenia zostaly uzyte
do eksperymentalnego sprawdzenia poprawnosci dzialania
modelu, (Glowiak 2022). Rys. 13. i 14. pokazujg zamiany
zachodzace w polozeniu geometrycznych srodkéw warstw dla
réznych skladow gestosciowych nadawy, zmiany rozproszenia
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Rys. 13. Potozenie srodkéw warstw dla roznych nadaw i statego
rozproszenia

Fig. 13. Layer center location for different feeds and constant dispersion
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Rys. 15. Polozenie srodkow warstw dla nadawy N3 i niskich rozproszen
Fig. 15. Layer center location for feed N3 and low dispersions

i wplywu predkos$ci poziomej warstw na uksztaltowanie pro-
filu gestosci foza.

Jak wida¢ z powyzszych wykreséw zmiany polozen warstw
sa wzglednie niewielkie przy znacznych zmianach rozproszenia
i duze dla zmian sktadu nadawy i zmian predkosci poziomej
poszczegdlnych warstw. Na Rys. 14. widoczna jest znaczna zmi-
ana polozenia warstw generowana przez zmiany poziomych
predkosci poszczegdlnych warstw zwigzanych z ich profilem
predkosci. Na tym rysunku pokazano sytuacje, gdy wszystkie
warstwy maja jednakowe predkosci i gdy ich predkosc jest
zréznicowana i zgodna z profilem z Rys. 2. Waznym wnioskiem
z pordéwnania zmian polozenia poszczegélnych warstw jest
koniecznos$¢ stabilizowania poziomu warstwy o ustalonej
gestosci dla poprawnego dzialania ukladu regulacji odprow-
adzania produktu cigzkiego. Ten wniosek wymaga dokladnego
empirycznego sprawdzenia, poniewaz rozklad poziomych
predkoséci warstw jest zjawiskiem niewystarczajaco zbadanym.
Z drugiej strony widoczne jest pojawienie si¢ ograniczenie dla
mozliwosci regulacji jakosci wybranego produktu wzbogacania
zwigzane z ograniczeniem mozliwosci precyzyjnego podziatu
warstw gromadzacych znaczne ilosci materiatu, ktérych sklad
gestosciowy jest silnie zalezny od rozproszenia czastek w warst-
wach w procesie stratyfikacji.

Zmiany rozproszenia powoduja takze duze zmiany kon-
centracji poszczegolnych frakcji nadawy w wybranych warst-
wach. Jak duze sa te zmiany pokazujg Rys. 17. i 18. pozwala-
jace takze wyjasni¢ przyczyny roéznic w potozeniach $rodkéw
wysoko$ci warstw jakie widoczne sg na Rys. 15. i 16.

Powyzsze wykresy pozwalaja zauwazy¢, ze warstwy
o bardzo malej masie czastek majg prawie identyczny skfad
gestosciowy czastek nadawy w tych warstwach, a tylko
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Rys. 14. Potozenia srodkéw warstw dla statych i zmiennych predkosci
warstw

Fig. 14. Layer center locations for constant and variable velocity of layers
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Rys. 16. Potozenia srodkéw warstw dla nadawy N3 i wysokich rozproszen
Fig. 16. Layer center locations for feed N3 and high dispersions

warstwy gromadzace wigksze masy czastek maja wyraznie
zroznicowany skiad gesto$ciowy.

4. Zmiany w spojrzeniu na proces wzbogacania
w osadzarce istotne dla teorii wzbogacania grawitacyjnego

Rozproszenie prawdopodobne Ep zostalo wybrane w tej
pracy jako podstawowy wskaznik oceny sprawnosci osadza-
nia gléwnie ze wzgledu na powszechno$¢ jego stosowania.
Sprawnos$¢ procesu osadzania oceniana wskaznikami sto-
sowanymi w przerdbce kopalin zalezy wedlug omawianego
modelu tylko od procesu stratyfikacji wzbogacanego mate-
rialu jezeli urzadzenie rozdzielajace rozwarstwiony materiat
na dwa produkty dziata prawidtowo.

Zmiana gesto$ci rozdzialu wynikajaca z nieidealnego
dzialania urzadzenia rozdzielajacego zmienia wprawdzie
ocene jakosci calego procesu, ale w proporcji jak Si zalezy
od wspotczynnika m rozwazanego rozkladu gestosci warstw
(Glowiak 2020), a wigc wzglednie malo. Naturalna zmiana
rozproszenia od gestosci czastki nadawy, wyraznie widoczna
w zmniejszaniu si¢ nachylenia krzywej rozdziatu, nie jest
wynikiem istnienia fluktuacji gestosci rozdzialu powodowa-
nymi przez to urzadzenie.

Istnienie w modelu sprzezenia zwrotnego zmieniajacego
$rednig gestos¢ tworzacych si¢ warstw uzasadnia konieczno$¢
obliczen iteracyjnych, poniewaz zmiana gestosci warstwy zmienia
prawdopodobienstwo trafienia do niej czastek o danej gestosci.

Istotne zmiany wynikajace z nowego modelu zawarte sa
w ponizszych uwagach.

Ilo§¢ rozréznialnych gesto$ciowo warstw dla osadzarek
przemyslowych jest niewielka i wynosi 3-6 warstw przy mod-
elowaniu od 16 do 48 frakcji gestosciowych nadwy.
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Rys. 17. Udzialy frakgji gestosciowych nadawy N3 w réznych warst-
wach powstalych przy rozproszeniu E=0,02

Fig. 17. Shares of density fractions of the N3 feed in different layers
formed at the dispersion E= 0.02

Istnieja dwa zasadniczo rézne jako$ciowo procesy wz-
bogacania opisywane przez wskaznik E modelu. Dla zakresu
0<E<0,04, osiggalnym tylko w laboratoryjnych osadzarkach
wsadowych gtéwnie dzieki odpowiednio dtugim trwaniu wz-
bogacania obraz wzbogacania jest zbiezny do aktualnie istnie-
jacych pogladéw przyjmujacych, ze rozproszenie ma wzgled-
nie niewielki wplyw na rozklad warstw, ktory jest gtéwnie
zalezny od skladu gestosciowego nadawy. W zakresie E>0,04
przebieg wzbogacania zmienia si¢ radykalnie z powodu zmia-
ny rozkladu gestosci warstw i przestaje by¢ zgodny ze znany-
mi opisami teoretycznymi. Zmiany te nie sa dobrze widoczne
na wykresach wysokosci potozenia warstw o danej gesto$ci
(Rys. 15.1 16.), lecz wida¢ je bardzo wyraznie w skladach den-
symetrycznych poszczegdlnych warstw (Rys. 17. i 18.). Pod-
kresla sie, ze wszystkie przemystowe osadzarki wzbogacajace
wegiel pracujg wladnie w tym zakresie sprawnosci.

Granicg migdzy tymi dwoma typami procesu wzbogacania
dostrzegalng w modelu jest diagonalny charakter macierzy A,
Generalnie dla E<0,04 macierze te majg charakter diagonalny
(Rys. 5.1 6.) i o rozkladzie gestosci warstw wtedy gtéwnie de-
cyduje skfad densymetryczny nadawy. Taki sam charakter ma-
cierzy widoczny jest takze w innych macierzach modelu.

Diagonalny charakter macierzy A ma miejsce, gdy zdecy-
dowang wigkszo$¢ masy kazdej warstwy toza tworzg frakcje
gestosciowe nadawy polozonych blisko przekatnej glownej
macierzy A.

Mozna przypuszczaé na podstawie rozwazanego modelu,
ze obraz wzbogacania w innych niz osadzarka wzbogacalnik-
ach moze by¢ podobny mimo braku warstwowej interpretacji.
Dla cyklonu z cieczg cigzka taka interpretacja istnieje i jest nig
rozklad gesto$ci na promieniu cyklonu. W szerszym spojrze-
niu na calo$¢ zagadnienia istotne jest takze konieczne duze
usrednianie probek nadawy i produktéw wzbogacania do
empirycznej oceny sprawnosci procesu przynoszace zmiany
w ocenie pracy ukladu odbioru produktu ci¢zkiego i w oce-
nie wplywu zmian nadawy na zmiane stratyfikacji. Zmiany te
powodujg réznice miedzy empiryczng oceng procesu wzbog-
acania i jego rzeczywistym przebiegiem. Powodem stosowan-
ia znacznego usredniania w empirycznych badaniach efekty-
wnos$ci wzbogacania jest bardzo duza zmienno$¢ wszystkich
parametréw nadawy. Wedlug badan Zapaly (Zapata 1988) ud-
zial szumu biatego w calkowitej zmiennoéci udziatéw poszc-
zeg6lnych frakeji gestosciowych nadawy i zawartosci popiotu
w tych frakcjach wynosi 70-90%. Obecny stan techniki pomi-
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Rys. 18. Udzialy frakgji gestosciowych nadawy N3 w réznych warstwach
powstatych przy rozproszeniu E=0,15

Fig. 18. Shares of density fractions of the N3 feed in different layers formed at
the dispersion E =0.15

arowej stosowanej w przerobce wegla nie pozwala wlasciwie
oceni¢ wplywu uéredniania probek na wynik pomiaru.

Z dziatania modelu wynika, ze ilo$¢ réznigcych sie od sie-
bie krzywych rozdziatu jest niewielka i réwna ilo$ci pomiar-
owo rozréznialnych warstw. Krzywe te wyznacza wzglednie
duza ilo$¢ punktow réwna iloéci frakeji gesto$ciowych nad-
awy w zwykle wykonywanych pomiarach mieszczacych sie
w zakresie 8-12 frakcji. Niewielka ilo$¢ istotnie réznigcych
sie krzywych rozdziatu jest takze skutkiem braku mozliwos-
ci dokonania w modelu racjonalnego podzialu warstwy gro-
madzacej wzglednie duzg czg$¢ wzbogacanego materiatu na
dwie lub wiecej cienszych warstw. W dzialaniu osadzarki taki
podzial zachodzi losowo w wyniku niedoskonatego dziata-
nia ukladu regulacji odprowadzania produktu ci¢zkiego, co
wynika z zasady jego dziatania. Kazdy ukfad regulacji dziata
metodg prob i bledéw, co inaczej wyraza si¢ konieczno$cig
istnienia niezerowego btedu regulacji.

5. Modelowanie wzbogacania w osadzarce z uzyciem
krzywej rozdzialu

Istnieje bardzo wiele prac zawierajacych prognozowan-
ie wynikéw wzbogacania w osadzarce opartych o zastoso-
wanie krzywych rozdzialu. Jedng z nich wyrdzniajaca sie
duza iloscig rozpatrywanych mozliwosci wzbogacania, jest
obszerna praca Pielota (Pielot 2011) zwigzana z analizg pracy
ukladéw réznych wzbogacalnikow. W $wietle prezentowane-
go modelu istniejg przynajmniej dwa powody, aby mie¢ wat-
pliwosci co do poprawnosci wynikéw obliczen uzyskanych
z zastosowania krzywych rozdzialu. Pierwszym z nich jest
funkcja aproksymujgca krzywa rozdzialu. Najczesciej jako
aproksymante krzywej rozdziatu stosuje sie dystrybuante roz-
kladu normalnego w skali liniowej lub logarytmicznej, funkc-
je tangens hiperboliczny lub dyskretng funkcje dang w form-
ie tablicy otrzymanej w wyniku eksperymentu. Zdarzajg si¢
takze dystrybuanty rozkltadéw typu gamma jak n.p. rozktadu
Weibulla (Gottfried 1978). Dystrybuanta rozktadu normalne-
go w skali liniowej i funkcja tangens hiperboliczny nie mod-
eluja zauwazalnego do$wiadczalnie zmniejszenia nachylenia
krzywej rozdzialu wraz ze wzrostem gestosci czastek. Przy-
jmujagc w modelu m = 0, co odpowiada jednakowemu roz-
proszeniu wszystkich frakeji otrzymuje si¢ krzywa rozdziatu
identyczng jak dla modelowania tej krzywej dystrybuantg
rozkladu normalnego. Dystrybuanta rozkladu normalnego
w skali logarytmicznej nie ma sensownego uzasadnienia te-
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Rys. 19. Zwigzek obliczonej i doswiadczalnej gestosci rozdziatu

Fig. 19. Relationship of calculated and experimental separation density

oretycznego i jej stosowanie dla osadzarek powinno by¢ za-
niechane. Szersze uzasadnienie takiej tezy zawarte jest w pra-
cy (Glowiak i in. 2019). Modele tablicowe by¢ moze najlepiej
moglyby oddawa¢ zmiany nachylenia krzywej rozdziatu dla
osadzarki, gdyby nie byly stosowane zwykle w postaci uogdl-
nionej. Wada tych modeli jest wzglednie niska dokladnos¢
empirycznego wyznaczania krzywych rozdziatu oraz usred-
nienie wynikajgce z ich uogdlnienia niedopuszczalne dla
krzywych rozdziatu dla osadzarek (Glowiak 2019).

Drugim i znacznie wazniejszym z powodoéw jest dowol-
ny wybdr gestoséci rozdzialu, podczas gdy rozwazany model
wskazuje na znaczne ograniczenie tej mozliwo$ci wynikajace
z niewielkiej liczby warstw toza osadzarki rozréznialnych po-
miarowo pod wzgledem ich gesto$ciowego zrdznicowania. Sy-
tuacja taka jest bardzo wyraznie widoczna na Rys. 21.122. Rys.
21. pokazuje 7 krzywych wybranych z dost¢pnych dla niskiego
rozproszenia 31 krzywych réznigcych si¢ bardzo niewielkimi
zmianami gesto$ci rozdzialu. Na Rys. 22 pokazano wszystkie
dostepne krzywe odpowiadajgce podzialowi loza na warstwy
powstale w wyniku stratyfikacji zachodzacej z duzym rozpro-
szeniem. Tych krzywych jest tylko 4 co oznacza, ze mamy do
dyspozycji tylko 4 gestoéci rozdziatu. Jednocze$nie z modelu
wynika, Ze gesto$¢ rozdzialu jest zwigzana z podziatem catego
rozwarstwionego oza na dwa produkty wzbogacania. W tym
miejscu konieczne jest przypomnienie zwigzku gestoéci rozd-
zialu z gestoscig podziatu zdefiniowang w poprzedniej pracy
(Glowiak 2020). Gestos¢ podziatu jest to maksymalna gestosé
zakresu gestoéci tej warstwy, ktora w caloéci przez urzadzenie
rozdzielajace rozwarstwiony material zostanie skierowana do
produktu lekkiego i jednoczesnie nie trafi do niego jakakol-
wiek cze$¢ materialu sgsiedniej warstwy.

Okazuje sie, ze jezeli w omawianym modelu wykresli¢
jedna z mozliwych do obliczenia krzywych rozdziatu i przy-
jaé, ze jest wynikiem eksperymentu to mozna dla tej krzywej
z wykresu znalez¢ gesto$¢ rozdziatu i rozproszenie prawdo-
podobne. Poréwnujac otrzymane w ten sposob gestosci rozd-
zialu i rozproszenia prawdopodobne z gesto$ciami podziatu
i rozproszeniami frakcji nadawy o gestosci rozdzialu oblic-
zonych w modelu stwierdzono wystepowanie prawie ide-
alnych korelacji dla tych wielko$ci przedstawionych na Rys.
19 i 20. Wazna cechg tej korelacji jest jej jednokierunkow-
08¢, to znaczy, ze dla dowolnej istniejacej gestosci podziatu
zawsze mozna znalez¢é odpowiadajac jej gesto$¢ rozdziatu.
Natomiast wybierajac dowolnie gesto$¢ rozdziatu znajdziemy
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Rys. 20. Zwigzek obliczonego i doswiadczalnego rozproszenia
Fig. 20. Relationship of calculated and experimental dispersion

odpowiadajacy jej obliczong gestos¢ podziatu tylko wtedy,
gdy ta gestosci w modelu istnieje. Dowolne wybranie gestos-
ci rozdzialu w modelowaniu wzbogacania z uzyciem krzywej
rozdzialu powoduje, ze tak wybrany podzial moze wypasé
z bardzo duzym prawdopodobienstwem w miejscu réznym
od granicy warstw. Biorgc pod uwage wymagania jako$ciowe
zwykle narzucone w praktyce przerdbki wegla na produkty
wzbogacania oraz mozliwg znaczng wysoko$¢ warstwy, na
ktérej ten podzial ma by¢ dokonany o znanej tylko $redniej jej
gestoéci widag, ze jest mozliwe jednoznaczne przyporzadkow-
anie wysokosci podziatu warstwy tylko do gestosci podziatu.

Przyporzadkowanie wysokosci podzialu warstwy do
gestoéci rozdzialu nie jest juz w praktyce jednoznaczne,
poniewaz ilo§¢ mozliwych gestosci rozdziatu dla tego pod-
zialu jest znacznie wigksza od iloéci istotnie roznigcych sie
gestoéci podzialu. W teorii taka jednoznacznos$¢ istnieje,
lecz nie jest mozliwe jej praktyczne zastosowanie z powodu
powstawania znacznych ilo§ci warstw o prawie takiej samej
gestoéci. Rdéznice gestoséci $redniej tych warstw widoczne sg
w obliczeniach dopiero na pigtym miejscu po przecinku. Przy
mniej doktadnych obliczeniach te warstwy mozna pomingc
poniewaz gromadza one bardzo niewielka cze$¢ masy calego
foza. Ten stan wynika z dzialania modelu oraz takze zau-
wazenia, ze znajgc $rednie gestosci warstw mozna wyznaczy¢
gestoéci podzialtu, ale na podstawie znanych gestosci pod-
zialu nie jest mozliwe obliczenie $rednich gesto$ci warstw.
W tym rozumowaniu wazny jest fakt, ze dla kazdej warstwy
bez wzgledu na jej wysoko$¢ w modelu znana jest tylko jej
$rednia gesto$¢ oraz najmniejsza i najwigksza gesto$¢ zakresu
gestoéci tej warstwy. Trzeba jednak zaznaczy¢, ze skrajne
gestoéci warstwy sg umowne, przyjmuje sie bowiem zaloze-
nie, ze s3 one $rednig arytmetyczng $rednich gestosci dwu
sasiednich warstw. Doswiadczalnie sprawdzenie takiej sytu-
acji jest niewykonalne gléwnie z powodu bardzo zréznicow-
anej wielko$ci ziaren wzbogacanego wegla. Z drugiej strony
powstaja takze warstwy, gromadzace znaczne iloéci silnie
wymieszanych frakcji nadawy charakteryzujace si¢ znacznym
zréznicowaniem granicznych gestoéci tych warstw. Taka sytu-
acja nie jest tylko teoretyczna, lecz jest czgsto spotykana przy
trojproduktowym wzbogacaniu wegla koksowego w trzecim
przedziale osadzarki decydujacym o jakoéci koncentratu.
Loze w tym przedziale tworzg praktycznie tylko trzy warst-
wy, dwie wzglednie wysokie warstwy koncentratu i przerostu
oraz wzglednie niska warstwa frakcji kamiennych. Ponadto

Inzynieria Mineralna — Styczei — Czerwiec 2022 January - June — Journal of the Polish Mineral Engineering Society 19



krzywe rozdziatu "
STTTTTTTT | e
o I | o
o NN
g 0,6 .I{ f lf '! —— 13575
§ 0‘5 —a— 15741
& 04 l ki
8 o3 ? ] J ' —s— 17809
= 1 | [1] —— 20344
0,2
J A ’ f ——22413
RN ANAN)
0 e —e— 25065
12141618 2 22242628 27018
gestosc frakeji

Rys. 21. Krzywe rozdzialu osadzarki laboratoryjnej

Fig. 21. Separation curves of a laboratory jig

czulo$¢ ptywaka na zmiane polozenia warstwy jest najmnie-
jsza dla warstw gromadzacych znaczng cze$¢ masy loza, co
jest skutkiem wzglednie niewielkich réznic polozenia $red-
nich gestosci tych warstw. Zatem przy stalej gestoéci ptywaka
pomiarowego beda mialy miejsce znaczne fluktuacje gestosci
podzialtu i zwiazanej z nig gestoéci rozdzialu spowodowane,
nie jak do tej pory si¢ uwaza, mato dokladnym pomiarem
wykonywanym przez ptywak, lecz wewnetrzng naturg zjawis-
ka rozwarstwiania, ktéra jest istnienie warstw gromadzacych
znaczne masy silnie wymieszanych réznych frakeji nadawy.
Zastosowanie gesto$ciomierza radiometrycznego moze by¢
cze$ciowym rozwigzaniem tego problemu, poniewaz wtedy
w rozwazanej sytuacji mamy wieksze zmiany gestosci przy
niewielkiej zmianie wysokosci warstwy.

Istniejacy w calej literaturze dotyczacej krzywych rozd-
zialu brak wyraznego rozréznienia gestoéci podziatu i gestos-
ci rozdzialu spowodowal powstanie nieprawidlowych hipotez
dotyczacych procesu osadzania jak np. hipotezy o mozliwos-
ci odtworzenia sktadu gestosciowego nadawy na podstawie
pomiaréw polozenie odpowiednio dobranych plywakéow
(Zapatla 1988, Kowol 2010 Cierpisz 2017). Te prace wskazuja
na mozliwo$¢ biezacej identyfikacji sktadu denysmetryczne-
go nadawy i wykorzystania tej informacji do sterowania pro-
cesem wzbogacania wegla w osadzarce. Z przedstawianego
modelu rozktadu warstw w ozu osadzarki wynika jednak, ze
taka mozliwo$¢ nie jest osiagalna w praktyce przemystowe-
go wzbogacania wegla. Argumenty potwierdzajace stusznosci
tego twierdzenia jasno wynikaja z Rys. 9-12 pokazujacych
znaczny wplyw rozproszenia w procesie wzbogacania na roz-
ktady gestosci i mas warstw w fozu osadzarki. W wyniku dz-
ialania tej zaleznosci rozktady potozenia srodkéw wysokosci
zaleza w podobnych proporcjach od skladu densymetryczne-
go nadawy jak i od sprawnosci stratyfikacji, ktéra pozostaje
wielkoscig niedostepna dla biezacych pomiaréw w procesie
wzbogacania. Znaczny wplyw na rozktady wysoko$ci warstw
ma takze pozioma predko$¢ warstw, ktdra jest tez niedostep-
na pomiarowo w przemyslowym wzbogacaniu (Rys. 14.).
Odrebnag czescia tego zagadnienia pozostaje brak mozliwosci
poprawnego obliczenia $rednich gesto$ci warstw przy uzyciu
krzywych rozdziatu jak to usitowano zrobi¢ w w/w pracach.

Oceniajgc prace osadzarek z wykorzystaniem krzywych
rozdzialu generowanych przez rozwazany model trzeba
pamietac o ponizszych uwagach.

Wszystkie mozliwe krzywe rozdzialu dla zréznicowa-
nego rozproszenia czastek frakcji nadawy sa asymetryczne
i wiekszo$¢ z nich jest ucieta od dotu lub z gory.
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Rys. 22. Krzywe rozdziatu dla przecietnej sadzarki przemystowej

Fig. 22. Separation curves of an average industrial jig

Ilo$¢ istotnie roznigcych si¢ od siebie krzywych rozd-
zialu jest niewielka i réwna ilo$ci pomiarowo rozréznialnych
warstw. Krzywe te wyznacza wzglednie duza ilo$¢ punktow
réwna ilosci frakcji gestosciowych nadawy w zwykle wykony-
wanych pomiarach mieszczacych si¢ w zakresie 8-12 frakgji.

6. Ocena wzbogacalnosci wegla

Wzbogacalnos¢ wegla oceniana na podstawie charaktery-
styki gesto$ciowej nadawy jest nieaktualna w $wietle przed-
stawionego modelu, poniewaz nadawa o duzej zawartosci
frakeji o gestosci +2.0 przy calkowitym braku frakeji prze-
rostowych o gestoéciach bliskich gestosci rozdzialu moze by¢
réwnie trudno wzbogacalna jak nadawa zawierajaca znaczne
ilosci frakcji przerostowych. Ponadto dokfadne obliczenie
wskaznika Birda nazywanego tez wskaznikiem NGM dla ty-
powego rozkladu gestoéci warstw wynikajacych z modelu jest
mozliwe tylko dla wzbogacania idealnego. W przypadku wz-
bogacania rzeczywistego mozna obliczy¢ przyblizong wartos¢
wskaznika NGM tylko w kilku punktach i iloé¢ tych punktow
jest rowna ilo$ci mozliwych gestosci podziatu, a wigc bardzo
malo dla wszystkich osadzarek przemystowych.

Dalszy fragment tych rozwazan jest przyczynkiem do opisu
tego zagadnienia podanego w pracy Budryka (Budryk 1949).

Ponizej podane sa wyniki poréwnania w modelu dwu
réznych nadaw zawierajacych te sama ilo$¢ frakeji weglowych
natomiast roznigcych sie znacznie zawarto$cig kamienia
i przerostu. Wykresy na Rys. 23. i 24. podajg obliczone war-
toéci wskaznika Birda dla wzbogacania idealnego i rzeczy-
wistego. Rozproszenie wzbogacania rzeczywistego opisane
jest warto$ciami parametréw E=0,15 i m=0,3. Wskaznik Bir-
da oznaczony wB zdefiniowany jest nastepujaco:
wB=100(u,-u,)/u, gdzie:
u, - skumulowany udzial w nadawie frakcji o gestosci sepa-
racji powigkszonej o 0,1
u, - skumulowany udzial w nadawie frakcji o gestosci sepa-
racji pomniejszonej o 0,1
u, - skumulowany udzial w nadawie frakcji o gestosci mnie-
jszej od 2,0

Szczegdlne zastrzezenie w $wietle modelu budzi we ws-
kazniku Birda odrzucenie frakcji nadawy o gestosci wiekszej
od 2,0, poniewaz te frakcje zwykle stanowia zdecydowana
wiekszo$¢ materiatu klasyfikowanego jako odpad i dodat-
kowo charakteryzujacych sie najwiekszym rozproszeniem
w warstwach toza osadzarki. Z poréwnania wykresow ws-
kaznika Birda na Rys. 23. i 24. wida¢, ze wyraZne réznice

20

Inzynieria Mineralna — Styczet - Czerwiec 2022 January - June — Journal of the Polish Mineral Engineering Society



krzywe Birda
30

25

—+—N5

—=—N18

wskaznik Birda Wh

10 \/.'

5 \\Lﬁ-"}
12141618 2 22 24 26 28
gestosc warstwy

Rys. 23. Krzywe Birda dla wzbogacania idealnego (E =0) dla dwu réznych
nadaw

Fig. 23. Bird curves for perfect enrichment (E =0) of two different feeds

dla wzbogacania idealnego obu nadaw staja si¢ pomijalnie
mate dla wzbogacania rzeczywistego. Mozliwos¢ tego rodzaju
bezposredniego poréwnania wynika z twierdzenia o réwn-
owazno$ci wzbogacania rzeczywistego i idealnego réznych
nadaw podanego w pracy (Glowiak 2020). Warto zauwazy¢
takze, Ze istotna warto$¢ tego wskaznika wynika tylko z rézni-
cy u,-u,, ktora jest stosujac terminologie uzywang w pracy
Stepinskiego (Stepinski 1964) rzedng punktu charakterystyki
czestosci nadawy dla gestosci frakeji odpowiadajacej tej rozni-
cy. Natomiast iloraz 100/u, wynikajacy z konieczno$ci przeska-
lowania charakterystyki nadawy po odrzuceniu frakcji +2,0
jest powodem braku mozliwosci normalizacji tego wskaznika
i istotnej jego zaleznosci od sktadu nadawy. Ta zalezno$¢ moze
by¢ tatwo usunieta przyjmujgc u,=100%, ale to oznacza brak
odrzucenia frakcji nadawy o gestoéci wiekszej od 2,0 i uwol-
nienie tego wskaznika od nieistotnych dla niego zmian sktadu
nadawy. Jak mozna zauwazy¢ z powyzszych rozwazan zamiar
Birda uniezaleznienia wprowadzonego przez niego wskaznika
od zawartosci w nadawie frakeji +2,0 zaowocowal catkowicie
odwrotnym skutkiem. Trzeba jednak wzia¢ pod uwage inng
mozliwo$¢ interpretacji wskaznika Birda wynikajaca z czasu,
w ktérym on powstal. Na przelomie lat dwudziestych i trzydzi-
estych XX wieku prawie calos¢ wydobywanego wegla byta ura-
biana recznie co powodowalo, ze iloé¢ frakeji +2,0 w nadawie
wynosila kilka procent (Tromp 1937). W wyniku tego prawie
catkowita zmienno$¢ wskaznika Birda zawarta byta w czynniku
ul-u2, poniewaz wtedy iloraz 100/u3 jest prawie staly i niew-
iele wigkszy od jednoéci. W ten sposdb ujawnil si¢ drugi istotny
argument dla zaniechania stosowania wskaznika Birda w aktu-
alnych warunkach wzbogacania wegla kamiennego.

W tym miejscu warto podaé interpretacje krzywej Bir-
da wynikajaca bezposrednio z powyzszego wyjasnienia. Ta
krzywa jest tylko przeskalowang i odpowiednio usredniong
charakterystyka czgstosci nadawy opisang nie jak to zwykle
si¢ robi dla zawartosci popiotu (Stepinski 1964), lecz dla
gestoéci poszczegdlnych frakeji gestosciowych. Wspotczyn-
nikiem skalujgcym jest iloraz 100/u, , a usrednienie wynika
z réznicy u,-u, . Ta réznica jest $rednig biezgca charakterysty-
ki czestosci o zakresie usredniania 0,2. Powyzsze rozwazania
potwierdzaja trafng uwage Budryka o istotnym wplywie roz-
proszenia na ocen¢ wzbogacalno$ci.

7. Zmiany w spojrzeniu na proces wzbogacania wegla
w osadzarce istotne dla praktyki osadzania i konstrukcji
osadzarki
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Rys. 24. Krzywe Birda dla wzbogacania rzeczywistego (E =0,15) dla dwu
roznych nadaw

Fig. 24. Bird curves for real enrichment (Ep=0,15) of two different feeds

Uwagi dotyczace tego zagadnienia sa wynikiem polacze-
nia sytuacji mozliwych do dostrzezenia tylko w przedstaw-
ionym modelu z dzialaniem konkretnych rozwigzan kon-
strukcyjnych osadzarki oraz praktyki stosowania tej maszyny
w procesie wzbogacania wegla znanych autorowi tej pracy
z wieloletniego do$wiadczenia w regulowaniu punktéw pracy
poszczegdlnych podzespoléw nowych lub modernizowanych
osadzarek.

Bez zadnej watpliwoéci najwazniejsza czynnoscia w pro-
cesie wzbogacania wegla w wodnej osadzarce pulsacyjnej jest
wytworzenie takiego pionowego ruchu wody, ktéry zapewni
najlepsza stratyfikacje. Tutaj w praktyce realizacji tej czynnos-
ci napotykamy dwa zasadnicze problemy. Pierwszy z nich to
brak wystarczajacej wiedzy jak taki ruch ma wyglada¢ mimo
wielu réznych eksperymentalnych badan. Obecnie istniejaca
wiedza sprowadza si¢ do powigzania wynikéw wzbogacania
z rodzajem zastosowanego cyklu pulsacji. W subiektywnej
ocenia autora niniejszej pracy jest to zdecydowanie za mato,
poniewaz istotne sa takze czasowe parametry tych cykli oraz
zwigzane z nimi rozluzowanie wzbogacanego materiatu. Jezeli
ta wiedza bedzie znana to potrzebne sg narzedzia do skutec-
znego zrealizowania takiego ruchu. Najwazniejszym z tych
narzedzi jest powietrzny zawdr pulsacyjny, jezeli analize
ograniczy¢ do osadzarek bezttokowych obecnie jedynie sto-
sowanych maszyn w przemysle weglowym.

8. Wymagania dotyczace konstrukcji powietrznego
zaworu pulsacyjnego

Obecnie nie istnieje konstrukcja sterowanego elektry-
cznie zaworu pulsacyjnego zapewniajacego odpowiednia
mechaniczng powtarzalno$¢ ruchu zaworu niezbedng dla
utrzymania stabilno$ci parametréw cyklu pulsacji. Ten stan
wynika gtéwnie ze wzglednie duzej bezwtadno$ci ruchomych
elementéw zaworu i dynamicznych wlasciwoéci pneumaty-
cznych sitownikéw tlokowych najczesciej uzywanych jako
element napedowy zaworu. Ze wzgledu na wymagang duza
predkos¢ ruchu zaworu konieczne jest stosowanie urzadzenia
amortyzujacego w krancowych potozeniach zaworu. Urzadze-
nia amortyzujace bedace elementem konstrukcji sitownika
pneumatycznego nie zapewniaja wymaganej dlugookresowe;j
mechanicznej powtarzalnoéci jego dzialania. Rozwigzaniem
tego problemu jest radykalne zmniejszenie masy ruchomych
czg$ci zaworu w polaczeniu z zastosowaniem dodatkowej
amortyzacji w uszczelnieniach zaworu. Innym wariantem
rozwigzania moze by¢ zastosowanie specjalnych sitownikéw
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hydraulicznych, ktorych najpowazniejszymi wadami sg wyso-
ka cena oraz trudne do spelnienia techniczne wymagania dla
ich serwisowania w zakltadzie przer6bczym. Brak wlasciwego
rozwiazania tego zagadnienia potwierdza teze o nie zwraca-
niu uwagi przy projektowaniu osadzarki na wazne detale
konstrukcji, poniewaz réznego rodzaju zawory pulsacyjne
sterowane elektrycznie sg stosowane od ponad 50 lat.

9. Stabilizacja poziomu wody w komorze powietrznej

Drugim do tej pory nie rozwigzanym problemem jest
pomiar i stabilizacja poziomu wody w podsitowej komorze
powietrznej osadzarki. Wazno$¢ tego zagadnienia zostala
dostrzezona w pracach teoretycznych z lat 70 ubieglego
wieku (Innouchi 1979). Zmiany $redniego w cyklu pulsac-
ji poziomu wody w komorze powietrznej sa zasadniczym
powodem wystepowania istotnych rdéznic poziomu wody
i jej predkosci w przedziale roboczym osadzarki. Gléwna
przyczyng trudnosci pomiaru jest obecno$¢ piany na powi-
erzchni wody w komorze powietrznej oraz brak mozliwosci
pomiaru posredniego poprzez pomiar kilku ci$nien w wy-
branych punktach stupa wody. Takze bezposredni pomiar
zmian poziomu wody w przedziale osadzarki nie jest moz-
liwy z powodu znacznych zakldcen generowanych gtéwnie
przez zmiany ilosci podawanej rownoczesnie wraz z nadawa
wody gornej. Istotno$¢ tej sprawy dla stabilizacji oddzialywa-
nia wody na czastki wzbogacanego materialu jest szerzej wy-
ja$niona w pracy (Glowiak 2005).

10. Klasyfikacja ziarnowa nadawy

Trzecim i w praktyce najtrudniejszym istotnym warunk-
iem osiggnigcia wysokiej skuteczno$ci osadzania, wynikaja-
cym takze z pracy (Surowiak 2006), jest koniecznos$¢ waskiej
klasyfikacji ziarnowej materialu poddawanego wzbogacaniu
w osadzarce. Wniosek ten pozostaje w wyraznej sprzecznos-
ci w praktyka wzbogacania wegla w osadzarkach nie majaca
zadnego teoretycznego uzasadnienia. Praktyka ta opiera sig¢
na poréwnaniu znaczenia klasyfikacji ziarnowej przy wzbo-
gacaniu rud metali i wegla kamiennego. Blednos¢ wnioskow
wyciagnietych z tego poréwnania wynika z oczywistego
faktu braku mozliwosci skutecznego rozdzielenia frakeji
gestosciowych o stosunkowo wysokiej gestosci i wzglednie
duzego ich ziarnowego zrdznicowania, jak to ma miejsce
w przypadku wzbogacania rud, z mozliwoscia uzyskania
takiego rozdzielenia w przypadku wegla. Jednakze ta mozli-
wos¢ jest okupiona stosunkowo niska efektywnoscia procesu,
szczegOlnie wyraznie widoczna w przypadku wzbogacania
wegla w szerokiej klasie ziarnowej jak np. 0-70 mm. Biorac
jeszcze pod uwage najczesciej spotykang bardzo wysoka za-
wartoscig frakeji ziarnowych 0-2 mm (spotykane przypad-
ki to zawarto$¢ tej frakeji ziarnowej w nadawie nawet do
40%) wyraznie wida¢, ze praktyka taka nie ma technicznego
uzasadnienia. Proby jej uzasadnienia ekonomicznego mozna
uzna¢ za watpliwe, gtéwnie ze wzgledu na sposéb rozliczen
w kopalni i w zakladzie przerébczym. Jednoczesnie koniec-
zne jest zauwazenie, ze wszystkie eksperymentalne badania
zwigzane z wplywem udzialu poszczegélnych frakcji ziar-
nowych na przebieg wzbogacania potwierdzajg teze o zdecy-
dowanie negatywnym oddzialywaniu wzrostu udziatu frakeji
drobnych na skuteczno$¢ wzbogacania w osadzarkach. Nie
przeszkadza to jednak w praktyce wzbogacania skierowaniu

tych frakcji do osadzarek. Sytuacja ta wskazuje na zapas¢ te-
oretycznych i eksperymentalnych badan nad wzbogacaniem
frakcji ziarnowych z zakresu 0,5-2 mm. Jest to calkowicie
niezrozumiale w zestawieniu z istniejaca od paru dziesiat-
kow lat nadprodukcja drobnych ziaren w procesie urabiania
wynikajacej z dominacji udzialu kombajnéw w tym procesie
i niczym nieuzasadnionym przekonaniem, ze wzbogacanie
tych ziaren jest wystarczajaco skuteczne. Jedynym pozyty-
wnym zjawiskiem ostatnio zauwazalnym w tym zakresie jest
wzrost stosowania strugéw weglowych w kopalni "Bogdanka"
(Dyczko 2018).

11. Stabilizacja poziomu warstw o wysokiej gestoséci

Aczkolwiek wedlug powyzszych rozwazan o catkowitej
sprawnosci procesu osadzania decyduje sprawno$¢ straty-
fikacji trzeba oceni¢ jak na ten proces wplywa rozdzielanie
rozwarstwionego materialu na dwa produkty wzbogacania.
W prawidlowo dzialajagcym automatycznym urzadzeniu
rozdzielajacym rozwarstwiony material obserwuje si¢ prawie
idealng stalos¢ wysokosci warstwy produktu ciezkiego mier-
zong plywakiem o stalej gestosci (Srednia odchytka regulacy-
jna nie przekracza 10 mm w pojedynczym cyklu pulsacji lub
1 mm dla odchylek usrednionych w okresie jednej minuty dla
$redniej wysokosci tfoza okolo 500 mm). To moze by¢ rozu-
miane jako wystarczajaco precyzyjne utrzymywanie poziomu
frakcji cigzkich przy zmiennym skladzie gestosciowym nad-
awy i takze zmiennym natgZzeniu jej doptywu.

Jednakze w $wietle omawianego modelu precyzyjny po-
miar polozenia warstwy o gestoéci podzialu nie jest mozliwy
przy uzyciu plywaka i takze gesto$ciomierza umieszczonego
pod progiem przelewowym jak to jest pokazane w pracy Cier-
pisza ( Cierpisz 2012). Stwierdzenie to wynika bezposrednio
z faktu tworzenia si¢ warstw gromadzacych znaczna ilo$¢
wzbogacanego materiatu skladajacych si¢ z frakcji nadawy
o bardzo zréznicowanych gestoéciach przy braku mozliwosci
precyzyjnego i stabilnego podziatu takich warstw na dwa pro-
dukty wzbogacania.

Taka sytuacja jest podstawowa przyczyna losowych fluktu-
acji gestosci rozdziatu, ktérych gléwna i pierwotng przyczyna
jest dalekie od optymalnego rozluzowanie loza osadzarki.
Powszechna jest sytuacja grupowania si¢ czastek loza prak-
tycznie w 3-5 warstwach z najwazniejszymi tego skutkami
tj. niska jakoscig koncentratu i odpadéw oraz konieczno$cia
produkowania potproduktu.

12. Uwagi o gestosci rozdzialu

Gesto$¢ rozdzialu jest bardzo specyficznym pojeciem
sprawiajacym wiele probleméw zaréwno w teorii jak i prak-
tyce wzbogacania i dlatego wymaga kilku szczegétowych wy-
jasnien. W swej pracy dotyczacej teorii wzbogacania grawi-
tacyjnego Budryk, poszukujac zwiazku gestosci rozdzialu ze
znanymi z teorii pojeciami, zadaje istotne pytanie dotyczace
teoretycznej interpretacji gestosci rozdzialu pozostawia-
jac je bez poprawnej odpowiedzi (Budryk 1949). Pytanie to
brzmi: czym jest wlasciwie ciezar wlasciwy (gestos¢) separac-
ji. W stanie wiedzy z 1949 roku Budryk mogl udzieli¢ takiej
poprawnej odpowiedzi:. gesto$¢ separacji jest rowna gesto$ci
rozdzialu dla wzbogacania idealnego i takiego wzbogacania
rzeczywistego, w ktérym krzywa rozdzialu jest symetryczna
W $wietle omawianego modelu ta odpowiedz jest nastepuja-
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ca: gestos$¢ rozdziatu i takze separacji jest to graniczna wyzsza
gestos¢ warstwy, okreslonej gestoécig $rednig i dwiema gestos-
ciami krancow zakresu gestosci, ktora w catoéci trafia do pro-
duktu lekkiego z warunkiem, ze do tego produktu nie trafiaja
czastki tworzace nizsza (cigzsza) warstwe. Probe odpowiedzi
na to pytanie Budryka mozna znalez¢ takze w innych pracach,
(Cierpisz 2012, Kowol 2010), lecz przedstawiaja one tylko
teoretyczng mozliwo$¢ dla nieskonczenie cienkich warstw,
nie pozwalajacej na odpowiednie sprawdzenie eksperymen-
talne. Jest to wyraznie widoczne w przedstawionym modelu,
w ktorym istnieja warstwy gromadzace znaczne ilo$ci wzbog-
acanego materiatu zawierajacego frakcje o bardzo zréznicow-
anych gestosciach. W tych warstwach nie mozna teoretycznie
wyodrebnié¢ nieskonczenie cienkich warstw o zréznicowanej
gestosci. Poréwnanie tych dwu pozornie réznych odpowiedzi
pokazuje takze wazng teoretyczng réznice miedzy nimi. Z po-
tencjalnie mozliwej odpowiedzi Budryka wynika, ze gestosé
rozdzialu jest gestoscig czastki nadawy, natomiast odpow-
iedz wynikajaca z modelu wiaze t¢ gesto$¢ z gestoscig wars-
twy. Sprawa ta jest istotna dla rozumienia przebiegu procesu
osadzania, gdzie w koncowej jego fazie podzialowi ma dwa
produkty podlega nie material o densymetrycznym skladzie
nadawy, lecz loze osadzarki, ktdrego charakterystyka warst-
wowa jest rozna od takiej charakterystyki nadawy.

Teoretycznie nieuporzadkowanym zagadnieniem jest
zaleznosci gestosci rozdziatu od rozproszenia. Gesto$¢ rozd-
zialu jest gestoscia tej frakeji nadawy, ktéra po potowie trafi
do obydwu produktéw wzbogacania. Rozproszenie frakc-
ji gestosciowej nadawy liczbowo réwnej gestoéci rozdzialu
jest przyblizonym rozproszeniem prawdopodobnym Ep dla
procesu wzbogacania okreslonego ta krzywa rozdziatu. Tak
okreslone Ep jest przyblizone, gdy kazda frakcja gesto$ciowa
ma inne rozproszenie i dokladne, gdy rozproszenia wszyst-
kich frakcji sa jednakowe. Przyblizono$¢ Ep jest skutkiem
przyjmowania przy jego wyznaczeniu z krzywej rozdzialu,
ze E =(p,.-p,,)/2 takze dla sytuacji, gdy p,,-p;, # Ps,-p,s €O
zawsze zachodzi przy réznym rozproszeniu poszczegélnych
frakcji gesto$ciowych nadawy.

W tle rozwazanego zagadnienia pojawia si¢ niska doklad-
no$¢ empirycznego wyznaczania krzywej rozdzialu. Zadziwi-
ajacy jest historyczny fakt niezwykle szybkiego przejscia od
sformutowania zasady tworzenia krzywej rozdziatu (Tromp
1937) do jej zastosowania do oceny skuteczno$ci procesu wz-
bogacania (Terra 1938) bez przeprowadzenia szczegétowych
badan pozwalajacych oceni¢ stosowanie w praktyce postaci
funkcji mozliwie dokladnie aproksymujacej empiryczng krzy-
wa rozdziatu. Powyzsza uwaga wynika z zestawienia w/w prac
Trompa i Terra'y z jednoczesnym brakiem w literaturze
z tego okresu prac zwigzanych z dokladnoscia empirycznego
wyznaczania krzywej rozdzialu. W opinii autora taka praca
byla potrzebna i mogta si¢ pojawi¢ tylko wyniku starannie
przeprowadzonych nadan laboratoryjnych, poniewaz Tromp
i Terra nie podali prawidtowych zwiazkow tej krzywej z po-
jeciami istniejacymi w rachunku prawdopodobienstwa, ktdre
zastosowali do teoretycznej interpretacji wynikéw swoich
prac. Trzeba tutaj doda¢, ze takie prawidlowe wyjas$nienie
pojawito si¢ dopiero 50 lat pdzniej w pracy Zapaly (Zapala
1988). Ta sprawa wyraznie pokazuje meandry rozwoju teorii
wzbogacania grawitacyjnego, poniewaz w tym okresie pojaw-
ita sie znaczna ilo§¢ prac zwigzanych z krzywymi rozdzialu,

w tym takze normy dotyczace empirycznego wyznaczania
tych krzywych, ktore staly si¢ podstawa dla do$wiadczalnej
oceny skutecznosci wzbogacania stosowanej takze obecnie.
Nie mozna zapomina¢, ze istniejg takze inne rzadziej uzy-
wane metody oceny procesu wzbogacania oparte o krzywa
rozdziatu takie jak wskaznik Driessena (Belugou i in. 1950)
i wskaznik Ar (Swamson i in. 2008) dokladniej charakteryzu-
jace sprawno$¢ procesu wzbogacania.

W praktyce wzbogacania wegla w osadzarkach pojecie
gestosci rozdzialu nie jest uzywane przez personel obstugu-
jacy te maszyny jak i dozdr kontrolujacy ich prace. Jest tak
dlatego, ze zaden z parametréw istotnych dla oceny produk-
tow przemyslowego wzbogacania nie ma jednoznacznego
i bezposredniego powiazania z gesto$cia rozdzialu. Istotne
jest takze to, ze poznanie gesto$ci rozdzialu nie jest zasadnic-
zym celem badania krzywej rozdzialu. Nie mniej wazny jest
fakt, ze ta gesto$¢ jest niezwykle rzadko badana, poniewaz
podlega znacznej zmiennos$ci w wyniku niekontrolowanych
zmian iloéci i sktadu nadawy oraz znacznych wahan rozpro-
szenia powodowanych gtéwnie zmianami skladu ziarnowego
nadawy. Nie bez znaczenia jest takze wysoki koszt ekspery-
mentalnego wyznaczenia krzywej rozdziatu.

W teorii gesto$¢ rozdzialu jest uzywana do modelowan-
ie wynikéw wzbogacania przy uzyciu krzywych rozdziatu,
obliczania zbednego i blednego wskaznika jakosci wzbog-
acania nazywanego imperfekcja (Glowiak i in. 2019) oraz
obliczania krzywej rozdziatu z krzywej uogdlnionej. W oma-
wianym modelu gesto$¢ rozdziatu jest uzyta tylko dla pokaza-
nia zwigzku dzialania modelu z obliczanymi przez ten model
krzywymi rozdziatu. Z historii wprowadzenia do literatury
pojecia rozproszenia prawdopodobnego E wynika, ze gestos¢
rozdzialu byla i jest koniecznym dodatkowym parametrem
charakteryzujacym jako$¢ wzbogacania. Rozproszenie E
zmienia si¢ dla innego podzialu tego samego rozwarstwione-
go materialtu i dlatego gestos¢ rozdzialu zwigzana jest $cisle
z przyjeciem rozproszenia prawdopodobnego jako miary
skutecznosci wzbogacania. Wspomniane juz wyzej wskazniki
Driessena i Ar nie s3 wprost zwigzane z wartoscig tej gesto$ci.
Sprawa uzycia krzywej rozdzialu do oceny skutecznosci wz-
bogacania w przemystowej osadzarce ma jeszcze jeden wazny
aspekt wspomniany w rozwazaniach o ograniczeniach tej
krzywej polegajacy na istnieniu tylko jednej lub dwu pelnych
krzywych przy podziale rozwarstwionego foza na calkowita
liczbe gestosciowo zréznicowanych warstw. To zagadnienie
pojawito si¢ posrednio juz w podstawowej pracy Trompa, ni-
estety bez wlasciwego wyjasnienia.

13. Propozycja zaniechania opisu zjawisk zachodzacych
w procesach wzbogacania grawitacyjnego z zastosowaniem
funkgji ciaglych

W podrecznikach wzbogacania grawitacyjnego jak np.
(Stepinski 1964) szczegdélowo przedstawione jest przeksz-
talcenie dyskretnych wartosci empirycznych pomiaréw
charakterystyki nadawy w funkcje ciagla, natomiast brak
jest uzasadnienia dla wykonania tego przeksztalcenia.
W nowszych podrecznikach w tym zakresie nie zaszly is-
totne zmiany, co mozna zauwazy¢ w opracowaniu Drzymaly
(Drzymata 2009). By¢ moze dawniej takim uzasadnieniem
dla stosowania funkcji ciagtych byta praktyka przyblizonych
obliczen wykreslnych i wzgledy dydaktyczne. Obecnie takie
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uzasadnienie stracilo sens, szczegélnie z powodu nieistnie-
nia funkeji ciaglych dostatecznie dokladnie aproksymuja-
cych przebieg funkeji dyskretnej opisujacych rozktady frak-
cji gesto$ciowych w nadawie oraz powszechnego stosowania
obliczen cyfrowych. Ponadto w opisie tych dzialan pomieto
kwestie doktadno$ci przeksztalcenia empirycznej funkeji
dyskretnej w funkeji ciagla oraz dokladnosci wykonywanych
pomiardw i obliczen. Opis wzbogacania opierajacy si¢ tylko
na funkcjach dyskretnych w zadnej mierze nie jest gorszy od
opisu ciaglego, a jego zaleta jest to, ze pokazuje prawidlowo
sytuacje, ktore w modelu cigglym nie s3 mozliwe do prawidto-
wego rozwazenia. Przykladem moze by¢ fakt, ze z rozwazan
ciaglych krzywych rozdzialu nie wynika mozliwo$¢ powst-
awania warstw gromadzacych znaczne ilo§ci wymieszanych
frakcji urobku. Taka sytuacja jest wyraznie widoczna z mod-
elowania dyskretnego dla réznej liczby frakeji gestosciowych.
Zwigkszenie ich liczby zwigksza tylko dokladnos¢ obliczen
gestosci i mas poszczegdlnych warstw bez istotnej zmiany ich
rozkladéw. To zwigkszanie liczby frakcji ma jednak powazne
ograniczenie polegajace na pogorszeniu dokladnosci oblicze-
nia mas frakcji w warstwach w miar¢ zblizania si¢ rozkladu
dyskretnego do rozkladu ciaglego. Tego rodzaju ograniczenie
widoczne jest juz dla 32 frakcji przy koniecznosci wiekszej
liczby iteracji i jest ono podane w opisie modelu.

Warto takze zauwazy¢, ze uzywana w roznych zastosowa-
niach krzywa rozdziatu jako funkcja ciggta nie istnieje, po-
niewaz ta krzywa jest tylko wykresem kilku lub kilkunastu liczb
rozdzialu wynikajacych z pomiaru lub obliczenia. Liczby te
sa znane tylko dla dyskretnych gestosci frakeji charakterysty-
ki nadawy i maja t¢ wlasciwo$¢, ze moga odpowiadaé gestosci
frakcji nadawy, ktdrej nie ma w jej sktadzie densymetrycznym.
Tendencja rysujaca si¢ z poréwnania obliczen w modelu roz-
ktadéw mas dla rdéznej liczby frakeji gestosciowych nadawy
wyraznie pokazuje, ze nieciagly rozktad gestosci frakeji nadawy
moze generowal zupelnie niespodziewany w rozwazaniach
funkcji ciaglych rozklad mas i gestosci warstw dla rozproszen
najczesciej spotykanych w praktyce wzbogacania wegla. W tej
sytuacji pojawia si¢ zasadnicze pytanie jaka korzys¢ przynosi
stosowania opisu ciagltego. W opinii autora tej pracy opis ciagly
nie wnosi zadnej istotnej korzysci i wynika tylko z przyzwycza-
jenia do jego stosowania. Zauwazajac, ze celem poszukiwania
matematycznego opisu zjawiska jest znalezienie mozliwie pros-
tego opisu najpelniej przedstawiajacego modelowane zjawisko,
zastosowanie opisu dyskretnego w tym przypadku wydaje si¢
by¢ naturalne. Oczywiscie takie podejscie do zagadnienia nie
wyklucza istnienia wyjatkowych sytuacji, w ktérych zastoso-
wanie opisu ciaglego przynosi pewne korzysci. Stad wniosek,
ze gtdwnie stosowanym opisem matematycznym procesu wz-
bogacania grawitacyjnego powinny by¢ funkcje dyskretne.
W przedstawionym modelu jedyna uzyta funkcja ciagla jest
dystrybuanta rozkladu normalnego, a jej uzycie jest uzasad-
nione tylko dokladnoscia modelowania procesu wzbogacania.
W rezultacie modelowania otrzymuje si¢ warto$ci obliczanych
zmiennych tylko w konkretnych punktach, co jest skutkiem
znajomosci empirycznej charakterystyki nadawy tylko w pew-
nej liczbie punktéw. Uzycie w tym miejscu funkcji dyskretnej
prowadzitoby do utraty zachowania bilansu masy frakeji nad-
awy rozpraszanych w réznych warstwach.

Przedkiadana propozycja ma oparcie w naukowej prz-
eszlo$ci w postaci przejécia do opisu funkcjami dyskretnymi

zjawisk rozpatrywanych w automatyce (Niederlinski 1983),
ktdre zaczelo si¢ ok. 50 lat temu. Ta zmiana zostala wymuszo-
na gwaltownym rozwojem techniki cyfrowej i pojawieniem
si¢ wielu nowych mozliwoéci jakie ona stwarza. Niestety
w technice wzbogacania surowcéw mineralnych nic podob-
nego si¢ nie wydarzylo i przy obecnej tendencji zmian na-
jprawdopodobniej rychlo si¢ nie wydarzy. Taki stan moze by¢
wynikiem zdominowania tych zagadnien przez sposob mysle-
nia zbyt silnie zwigzany z problemami srodowiska gorniczego,
ktdre nie jest sktonne do szybkiego i trafnego reagowania na
istotne zamiany zachodzace w jego otoczeniu.

14. Najwazniejsze wnioski wynikajace z analizy dzialania
modelu

Istnieja dwa zasadniczo rdzniace si¢ miedzy soba obra-
zy zjawisk zachodzacych w procesie wzbogacania, prawdo-
podobnie nie ograniczajace si¢ do wodnych osadzarek pul-
sacyjnych, istotnie zwigzanych ze skutecznoscia stratyfikacji
materiatu w fozu osadzarki. Szczegélnie wazny jest obraz dla
rozproszen Ep > 0,04 do tej pory niewystarczajaco opisany
w literaturze. W tym zakresie calkowicie zmienia si¢ rozklad
gestosci i mas warstw w tozu osadzarki negatywnie wplywajac
na skutecznos$¢ wzbogacania.

W przedstawionym dyskretnym modelu istotnego
znaczenia nie ma ilos¢ frakcji gesto$ciowych nadawy, ktéra
zmienia tylko dokladnos¢ obliczen, a pozostaje bez wptywu
na réznice w rozkladach gestosci poszczegdlnych warstw
w tozu osadzarki. Mozna przypuszczal, ze istnieje optymal-
na dla modelowania ilo§¢ frakeji gesto$ciowych wynikajaca
z pogarszania si¢ dokladnosci obliczenn mas poszczegolnych
frakcji w warstwach toza wraz ze wzrostem ilosci frakcji
w modelowaniu.

Wazng cecha modelu jest mozliwos¢ calkowitego
rozdzielenia analizy dwu proceséw réwnolegle zachodzacych
w osadzarce to jest procesu stratyfikacji wzbogacanego mate-
rialu i procesu podzialu rozwarstwionego materialu na dwa
produkty wzbogacania.

Przedstawione w tej pracy wyniki dzialania mod-
elu wyraznie wskazuja na istnienie w procesie osadzania
sprzezenia zwrotnego zmieniajacego gestos¢ warstw. Jest ono
niezauwazone w istniejacych opisach tego procesu. Z przed-
stawionych rozwazan nie wynikaja przestanki zwiazane z dy-
namicznymi wlasnosciami tego sprz¢zenia, co takze jest skut-
kiem niedostatecznego zbadania dynamiki procesu osadzania.

Zjawiska dostrzezone w modelu pozwalaja wskazaé praw-
idlowe kierunki zmian w konstrukeji osadzarek oraz w prak-
tyce stosowania procesu osadzanie we wzbogacaniu wegla
kamiennego.

Biorac pod uwage mozliwo$ci poprawy sprawnosci wz-
bogacania w osadzarce wynikajace z rozwazanego modelu
w zestawieniu z dzialaniem cyklonu w cieczg cigzka, ktory
takze daje si¢ dobrze opisa¢ tym modelem, trzeba uzna¢
znaczng przewage sprawnosci cyklonu okupiona duzo
wyzszymi kosztami wzbogacania. Gléwnym zrédtem tej prze-
wagi jest mozliwo$¢ skutecznego wzbogacania w szerszej niz
w osadzarce klasie ziarnowej wynikajaca z wysokich warto$ci
sit separujacych dzialajacych przy bardzo duzym rozluzowan-
iu wzbogacanego materiatu.

Aktualny stan teorii wzbogacania grawitacyjnego bardzo
przypomina sytuacje¢ istniejaca w rachunku prawdopodo-
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bienstwa okolo 100 lat temu, kiedy istnialo wiele niepow- Tego rodzaju unifikujaca praca bylaby bardzo potrzebna dla
igzanych ze soba galezi tego rachunku. Dopiero prace uporzadkowania wielu wzajemnie niesp6jnych modeli istnie-
Kotmogorowa doprowadzily ten rachunek do stanu uporzad- jacych w zagadnieniach wzbogacania grawitacyjnego.
kowanej teorii stanowigca pelnoprawnag galaz matematyki.
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Changes in the Image of Sedimentary Enrichment Resulting from the Analysis of the Operation of

the Probabilistic Model of the Distribution of the Density Layers in the Jig Bed
The results of modeling and experimental verification of the probabilistic model of layer density distribution in the jig bed allow to
notice significant differences in the image of the enrichment process in the jig resulting from this model and the understanding of this
process so far. The noticed differences are of great importance both for its theoretical description and for the practice of coal enrich-
ment. They also allow to indicate the right direction of changes in the construction of the jig. This work is an overview of the observed
differences and their significance for the correct understanding of the enrichment process in the jig. Among these details, the so far not
noticed changes in the density distributions of the bed layers and the distribution of masses in individual layers related to the disper-

sion of particles of the enriched material are of great importance.

Keywords: enrichment of minerals, coal separation process in a jig, modeling of enrichment in a pulsed water jig
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Abstract
This article deals with silicites (lydites) and their characteristics in the environs of Western Bohemian villages of Skasov, Tynisté and
Kbelnice (former Plzeni - jih county). These rocks form long and narrow lenticular bodies in adjacent rocks of the so called Blovice
complex (the southern part of Bohemicum, the Tepld — Barrandian part). However, the origin of silicites has not been fully clarified
so far. Authors of many studies differ in their opinion — whether these rocks originated either in shallow waters or deep (oceanic) ones,
which processes made for this kind of silicites, whether microorganisms were involved, et cetera. In the past, these rocks were quarried
because of their excellent properties — hardness, strength as well as a minimum inhibition and utilized for soling forest ways as well
as roads and for various constructions including basements, walls and even whole houses - residential and farming ones. In the area,
there are many evidences of quarrying lydites in the form of various pits and abandoned quarries with remnants of technology (ramps,
service buildings, etc.). The article is supplemented (by / with) original photos as well as simplified maps within the frame of this text.

Keywords: Silicite (lydite), Blovice complex, accretionary wedge, rock genesis, quarrying the stone, utilization

1. Introduction

Silicites (lydites) form a part of the so called Bilovice
complex which represents the south — western part of Bohe-
micum, concretely the Tepld - Barrandian zone. Silicites rep-
resent a very important occurrence of the Late Neoprotero-
zoic in this region; it is obvious that recurrent processes of
magmatism, erosion, sedimentation, accretion, and tectonics
used to take part there. These processes were active until the
Middle or even Upper Cambrian (see below).

Nevertheless, the boundary of the Upper Proterozoic and
Cambrian towards NE is mainly tectonic one [6] and new
views of the regional paleogeography (i.e., accretion wedge
at the Gondwana northern margin) are based on recent and
more precious methods of absolute dating.

The origin of silicate bodies - however - remains the
subject of theories. Some authors prefer the origin in shallow
waters (the so-called photic zone), others suppose deep ones
near subaquatic sources of magmas. A possible role of micro-
organisms is widely debated as well.

In the past, silicites were intensively quarried with one
important advantage - rocks were accessible in local quar-
ries as the most suitable material for constructional purposes
(beddings, walls and even whole buildings. The main advan-
tage of the rock was an easy cleavability and possibility to put
fitting pieces together.

Nowadays, silicites form prominent rocky walls and
knobs which give the landscape its character. Signs of former
quarrying can be seen almost everywhere.

The article describes these remnants of quarrying lo-
cations in the area covering roughly 10 km2, situated in

the Blovice complex central part lying SE from the town of
Prestice.

Besides maps and original photos, the article includes ci-
tations from old municipal chronicles which mention (though
sporadically) quarrying the stone and utilizing it.

Actual remnants of silicate quarries in the area are maybe
the last reminders of once intensive human activities here.

2. The geological past

The absolute dating of the Blovice complex is not very ex-
act even if recent studies based on fragmental zircons from
(meta)greywackes shifted or knowledge regarding the devel-
opment and age of rocks in question.

The authors of study [4] regard the Blovice complex
a metamorphosed accretion wedge situated at the northern
margin of Gondwana. This wedge was formed during the Ca-
domian orogenesis; the maximum of zircon samples corre-
sponds with the Late Cryogenian and Early Ediacaran. In the
Bohemian Massif, the Cadomian era was not limited only to
the Neoproterozoic - cyclic periods of magmatic events, ero-
sion, sedimentation accretion and tectonic phenomena was
probably prolonged to the Upper Cambrian (499 Ma) since
zircons of this age are dominant in some samples. Moreover,
it is highly probable that most materials underwent accretion
about 527 Ma with following phases of plutonism. According
to the authors of study mentioned above, Cambrian samples
give the evidence existing forearc basins which covered the
accretion wedge. These processes were controlled through the
oceanic subduction which occurred in the terminal phase,
followed by opening the Rheic ocean (490-480 Ma) and di-
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Fig. 1. A rare silicite rock with rough laminar texture

Rys. 1. Rzadka skata krzemianowa o szorstkiej warstwowej teksturze

Fig. 2. crackled silicate with secondary quartz (left)

and rare flow folds in the same type of stone (right)

Rys. 2. Krzemian spekany z wtornym kwarcem (po lewej) i rzadkimi faldami ptynigcia w tym samym typie kamienia (po prawej)

vergent tectonic processes. The terranes of Cadominan age
then become parts of the Cadomian orogeny.

3. The question of genesis

The issue of silicites and their origin is still the matter of de-
bates. Generally, these rocks are considered silicified, fine grained
oceanic sediments which occurred near hydrothermal vents,
probably in the presence of microorganisms. Some other authors
prefer the origin of silicites in shallow waters (photic zone) due
to their palaeontological content and locally depicted “stromato-
litic” structures [11, 13, 14]. Nevertheless, it is necessary to regard
the area where silicites originated — the Ediacaran period should
provide some samples of its typical biota. Unfortunately, there is
no reliable evidence of it in the Bohemian Massif [12].

On the other hand, it is necessary to allow for a tight rela-
tionship between submarine magmas (spilites) and their ba-
saltic character [8]. This solution is, for instance, preferred by
Dubanski et al. [3].

Cilek et al. [1] assume silicates used to originate near hot
submarine resources where magma was in contact with sea-
water. During this process, alkali were released and dissolved
silicium in adjacent rocks. Microorganisms were probably
involved too. Under these conditions, materials coagulated
into silicate bodieies. Cilek also explains why silicites of a lat-
er datation do not occur. Sea sponges and radiolarites build
their skeletons of silicium dioxide - therefore this material
was not later available.

Dick et al. [2] also suppose that hydrothermal vents near
active ridges inside sea basins [5] had a potential to host mi-

crobial life - together with abiotic processes, this circum-
stance could make for the origin of silicites.

4. The stone and its properties

Silicites of the Blovice complex are grey or black-grey
(because of graphite content), mostly massive but sometimes
with laminar textures (Fig. 1).

Due to their hardness and resistance, these rocks un-
derwent a fragile deformation only [7]; during two orogen-
ic cycles (Cadomian and Alpine) they were fractured, which
resulted in many chaotic crackles and crevices from micro-
scopic ones to several decimeters, always filled with white
quartz.

However, the question of fragile deformation is not so
clear; plastic ones had taken place as well - it is obvious in
Fig. 2 (right). The sample was found in the chaotic terrain
westwards of Tynisté. Subtle flow folds have amplitudes from
5 to 10 milimeters.

Planes of separation are often covered with limonite.
Mrazek and Pouba [9, 10] emphasize a higher content of Fe,
V and U. Sources [11, 13, 14] then mention microfossils as
written above.

In the slightly indented terrain of the Plzen upland, silic-
ites represent distinct landscape dominants - from particular
rocks to long rock walls which copy particular silicate bodies.
Most of these bodies SW - NE oriented and walls are often
higher than 20 meters.

As the locally available material, silicites became very
popular among local people. The hardness and durability
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Fig. 3. The wall of residential house, where silicate piecesare combined with adobes. Especially northern walls below slopes had to be reinforced
because of abrupt strong floods

Rys. 3. Sciana domu mieszkalnego, gdzie kawalki krzemianu s3 polaczone z cegly. Zwlaszcza péinocne éciany ponizej stokow musialy zosta¢ wz-
mocnione z powodu naglych, silnych powodzi

o

Fig. 4. The piece of touchstone with lines of gold. The stone in the form of finely brushed enables to distinguish gold from common metals and even
roughly assess its purity

Rys. 4. Kamien probierczy z liniami ztota. Kamien w formie drobno szczotkowanej pozwala odrézni¢ ztoto od metali nieszlachetnych, a nawet
z grubsza ocenic jego czysto$é

(together with an easy workability) predestined sililicites for
constructional works - roads, basements, and even houses
both farming and residential ones. The stone was often com-
bined with other materials, i.e., bricks, adobes, etc. (Fig. 3).

It is also useful to mention another silicate utilization -
it is important for jewelers and goldsmiths as the touchstone
(Fig. 4).

5. Selected locations - a brief description

SKASOV - the quarry is located about 600 m to NNW
from the northern part of village. The chaotic rocky terrain
in the middle of an old spruce forest represents a remnant of
silicate quarry. There is a dominant rocky tor, simply called
“Rock” (Fig. 5).

Direct witnesses of quarry activities do not live; however,
it is obvious that working there had to be long and intensive,
providing lots of stone. From the surrounding debris, suitable
pieces were taken out or boulders were cleaved, and particular
pieces were trued in order to obtain the best result.

Nowadays, there is a remnant of reinforced concrete pil-
lar, originally carrying a stone crusher. Many local people be-
lieve that the crusher was installed during World War II or
shortly later. This conjecture may be supported by the current
condition of pillar: its concrete is strongly deteriorated - it
is obvious that builders used a minimum of concrete filled
with dine silicate gravel pieces. The structure is reinforced
with thin and corroded iron wires; surface effects of suffusion
are well visible (honeycombs, deep dents) which corresponds
with a war scarcity of any quality concrete (Fig. 6).

The Municipal chronicle of Skasov provides another im-
portant guideline - besides traditional social reports, the ear-
ly 1936 report writes [16]:

“The state road between Towns of Prestice and Nepomuk
was reinforced with gravel and rolled. Many Ska$ov inhabi-
tants were involved in crushing the stone in the Kaiser 's quar-
ry and others transported it”.

Had the owner possessed any industrial crusher, he would
not have needed and paid so much manual work.

TYNISTE - the silicite quarry near Tynisté is now hid-
den in the spruce forest; the area was certainly utilized for
a long time. Towards Ska$ov there are numerous pits of differ-
ent depth and diameter or trenches (Fig. 7). People obviously
used to pick suitable pieces of stone from debris below rocks
here (the so-called wild digging). Today, the debris is buried
below the forestland.

The Municipal chronicle mentions reinforcing the state
road as well. The chronicler writes [15]: “This year (1936),
the Management of state roads has begun repairing the route
between Pfestice and Nepomuk. The road metal for rolling
the surface between Ujezd and Skasov was provided by Mr.
V. Kastner owning the rock called “On doomsday hill”. That
work employed many local people; this had a good impact
on improving social circumstances for the period works were
going on”.

KBELNICE - The quarry near the village of Kbelnice
was founded in the 1950s and then operated by the “Za-
padokdmen Plzen” national enterprise. Nowadays, the sur-
rounding area is covered with a young mixed forest, while the
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Fig. 6. The pillar of former stone crusher and its detail

Rys. 6. Fundament dawnej kruszarki kamienia i jego detal
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Fig. 7. Remnants of wild digging near Tynisté. A typical pit in the forest (left) and debris around one of rocks (right)

Rys. 7. Pozostalosci “dzikiego” wydobycie w okolicach Tynisté. Typowy dot w lesie (po lewej) i gruz wokot jednej ze skat (po prawej)

central part is utilized as the deposit of biomass. At the en-
trance to the former quarry, a well-preserved concrete pillar
of crusher is visible as well as the operational building (now
probably a vacation object). The Municipal chronicle of Le-
tiny (Kbelnice forms one of its parts) does not provide any
information regarding the quarry. However, it is known that
the quarry was utilized very intensively. Recently, the infor-
mation plate has been installed, providing brief data of gen-
eral character, unfortunately without any geological features
(Figs. 8,9).

6. Selected properties of silicates and some other build-
ing stones

Technical parameters of a quarry stone are very important
for its application. While advantages of silicite have been men-
tioned above, it is useful to allude some other local sources.
In this particular case, we can compare silicites with basaltic
rocks of the Ceské stredohot{ mountains. Rocks are utilized as

reinforcing materials and for building communications. It is
necessary to emphasize that the medieval Borough of Usti nad
Labem was built of local basalts and trachytes, locally with
blocks of soft sandstones.

Fig. 10 documents essential differences in the stone qual-
ity. Silicites are compact, hard but well workable (left). Ba-
saltic rocks of the Ceské stfedohoti mountains differ in their
quality from place to place. The photo in the middle is a good
example of mechanical loosening of the original laccolith
due to unloading in the course of vertical deepening, now 90
meters below the surrounding terrain. The sone is nonethe-
less still suitable for reinforcing roads and railway lines. The
right photo explains why the Ceské stfedohofi protected land
area (PLA) is so much affected by both abandoned and active
quarries. In the past, pitmen were not constrained to consider
environmental rules. In a case of bad stone quality, they sim-
ply opened another quarry inside a nearby hill. The Soutésky
quarry represents the typical example of a failed work. The
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Fig. 8. A rare photo of Kbelnice quarry from the information plate

£

Rys. 8. Unikalne zdjecie kamieniolomu Kbelnice (z tabliczki informacyjnej)

Fig. 9. The former quarry and its present day situation

Rys. 9. Dawny kamieniotom i jego obecna sytuacja

N 2L s . S

Fig. 10. A compact silicite rock (left). Fissured trachytes in the center of Usti na Labem (middle) and weathered basalts in the Soutésky quarry near
the town of Décin (right)
Rys. 10. Zwarta skata krzemionkowa (po lewej). Spekane trachyty w centrum Usti na Labem (w §rodku) i zwietrzale bazalty w kamieniolomie
Soutésky w poblizu miasta Dé¢in (po prawej)

only one advantage was the layer of column basalt. After 1990,
the private owner used to produce decorative garden accesso-
ries (cobble stones, pavements, mullions, lamps, stools, etc.).
The activity has recently been finished.

Nowadays, several large quarries still work as private
facilities (Dobkovic¢ky, Libochovany, Usti nad Labem, etc.).
Here is necessary to express one aggravating thing; until 1990
the rule was valid that quarries are not allowed to change the
contour of horizon. Since then, private companies do not ob-
serve this rule and exploit their sources “without any mercy”.

Finally, the table of selected properties of various rocks is
included (more sources).

7. Conclusion

The Blovice Neoproterozoic complex of the Tepld - Baran-
dian zone is a part of former accretion wedge nat the northern
margin of Gondwana. Cyclic activities were connected with
subduction which disappeared at the Cambrian - Ordovician

boundary. The convergent character of plate tectonics here
was changed into the divergent one.

The Blovice complex contains (meta)greywackes, spilites,
basalts, andesites, slates and bodies of silicites - hard and du-
rable rocks. According to some opinions, they were formed
near submarine volcanic eruptions or hydrothermal vents
via silicification in a presence of microorganisms. The depth
of water is still questionable - authors cannot agree wheth-
er silicites originated in shallow photic zones or near abyssal
sources of heat.

Today, silicites of the Blovice complex are found in the
form of long and narrow lenticular bodies inside adjacent
rocks.

Owing to their good mechanical properties (hardness,
durability and good cleavability), silicites were utilized as
building materials for local purposes as well as reinforcing
metal, even to the end of 1980 s.

The article describes three abandoned quarrying sites.
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Tab. 1. Table of selected properties of various rocks is included (more sources)
Tab. 1. Zestawienie wybranych wiasciwosci skat

Volume Absorbin Pressure
weight power 9 | resistance
o iy
ROCK Clasas;fled Example (kg.m"3) . (MPa)
p EsN p
EsN 721155 EsN
721154 721163
. plutonic .
igneous (leucocratic) granite 2500 0,7 90
. plutonic diorite,
'gneous (melanocratic) gabbro 2800 0,7 0
. effusive ’
igneous (compact) andesite 2500 5,5 80
igneous effusive trachyte 2000 3 80
(porous)
. clastic sandstone
sedimentary (compact) (compact) 2500 5 40
clastic sandstone
sedimentary (porous), 1800 15 15
(porous)
marl
sedimentary chemogenic silicite ~2500 <1
metamorphic carbonate crystallinelimestone, 2600 0,8 40
marble
metamorphic siliceous gneiss 2500 1 60
Two of them had rather industrial character, the third one was Nowadays, quarries are abandoned but their remnants
used for local “wild” digging activities. In 1936, quarrying and and numerous pits prove human activities in this countryside.
manufacturing the stone was organized in the private quarry
between Skasov and Tynisté in order to repair the local state 8. Acknowledgements
road. Simona Ttiskova, Martin Soltys
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silicites (small bodies not mapped), T1 - Neoproterozoic metamorphites, 345 — approximate age of igneous rocks from
zircon and monazite. I IIT IT - contact aureole of pluton.
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Krzemiany kompleksu Blovice (Czechy Zachodnie) - ich prawdopodobna geneza, pozycja

i wykorzystanie
W artykule oméwiono odmiang allotropowg krzemu - silicyt (lydit) i jej charakterystyke wystepujgcych w okolicach zachodniocze-
skich wsi Skasov, Tynisté i Kbelnice (dawny powiat pilznetisko-jih). Skaly te tworzg dlugie i wgskie ciata soczewkowate w sgsiednich
skatach tzw. kompleksu Blovice (potudniowa czes¢ Bohemicum, czes¢ Tepld - Barrandian). Jednak pochodzenie silicitow nie zostato
dotychczas w pelni wyjasnione. Autorzy wielu opracowar rézniqg si¢ w swoich opiniach - czy skaly te powstaty w wodach plytkich
czy glebokich (oceanicznych), jakie procesy dokonaty si¢ dla tego rodzaju krzemianow, czy w gre wchodzily mikroorganizmy i tak
dalej. W przeszlosci skaly te byly wydobywane ze wzgledu na swoje doskonate wlasciwosci - twardosé, wytrzymatosé, byly wyko-
rzystywane do podbudowy drog lesnych oraz do réznych konstrukcji w tym piwnic, muréw, a nawet calych domow - mieszkalnych
i gospodarczych . W okolicy znajduje si¢ wiele sladow wydobywania lyditow w postaci réznych dolow i opuszczonych kamieniofoméw
z pozostatosciami technologii (rampy, budynki ustugowe itp.). Artykul jest uzupetniony oryginalnymi zdjeciami oraz uproszczonymi
mapami.

Stowa kluczowe: odmiany allotropowe krzemionki, Silicit (lydit), ztoze Blovice, geneza skaly, wydobywanie kamienia, wykorzystanie

34

Inzynieria Mineralna — Styczei — Czerwiec 2022 January - June — Journal of the Polish Mineral Engineering Society




Dividend Policy of Listed Energy Companies in
Poland

Maria SIERPINSKA*

*Corresponding author: msierpinska@o2.pl; Akademia Ekonomiczno-Humanistyczna, Warszawa, Poland

http://doi.org/10.29227/IM-2022-01-04
Submission date: 10-01-2022 | Review date: 22-03-2022

Abstract
The discussed problem of dividend policy in energy companies is extremely important in the context of the need to restructure the
sector and move away from coal as an energy carrier in favor of renewable sources. In this light, the strategy of distribution into profits
retained in the company and profit transferred to shareholders becomes important. The dividend policy is shaped by many macro-
and microeconomic factors. In the current economic situation, factors such as the overall economic situation, inflation and the stock
market situation, the net profit generated, the level of corporate debt, or the need to maintain financial liquidity play a significant role
in it. The dividend policy affects the capital structure and the cost of its acquisition, which determines the profitability of restructuring
projects. The research hypothesis is that the lack of a stable dividend policy is a significant cause of the undervaluation of energy
companies on the stock exchange. The market valuation of the companies studied was much lower than their book value. However,
the calculated Pearson linear correlation coefficients do not confirm this hypothesis. The dividend rate is only one of many factors that
contribute to the undervaluation of energy companies on the stock exchange. It diminishes the possibility of obtaining equity capital on

the stock exchange in the form of a new series of shares, and at the same time maintains a rational capital structure.

Keywords: profit distribution, determinants of dividend policy, dividend rate, market indexes

1. Introduction

The net profit generated by the company is divided into re-
tained profit, reinvested profit, and profit that is transferred as
dividends, royalties, and other payment distribution methods.
Companies listed on the Polish stock exchange transfer an aver-
age of 30% of net profit to shareholders. In the period of high net
profits, some funds may be transferred to shareholders through
a share buyback. The shareholder benefits not only from the div-
idends themselves but from the increase in their prices. While
stock prices are not directly influenced by the company;, it can
indirectly influence them by paying dividends. Profit distribu-
tion decisions are strategic; retained profit is a source of financ-
ing for development projects. It also impacts the property and
capital situation and the level of debt. The capital market can
perceive the dividend policy as a signal of the company's finan-
cial condition. Significant payouts are well received, and failure
to pay out signals the company's deteriorating financial condi-
tion. Dividend policy is one of many different factors that influ-
ence stock prices, and the solution to the problem of its impact
on share prices has been the subject of research and scientific
discussions for many years.

The article attempts to evaluate the dividend policy in ener-
gy companies in the context of the average values from the WSE
stock exchange in Warsaw and the fuel and gas sector.

The research hypothesis is that energy companies do not
pursue a stable dividend policy, and dividend yields are high-
er than the average of the stock market. Such a lack of a stable
dividend policy is one of the reasons for the undervaluation of
energy companies on the stock exchange.

2. The dividend policy and the ways of its implementation
The issue of dividend policy and its importance to share-
holders and companies is an ambiguous issue. Thus far, it has

not been clearly defined due to different approaches of indi-
vidual groups of stakeholders towards the distribution of net
profit. The dividend payment policy is generally the decisions
made regarding the distribution of net profit into retained prof-
it, reinvested profit and the profit paid to shareholders. The
dividend policy is defined as all long-term profit sharing de-
cisions, as defined in the pre-planned distribution key. These
payments can be made from the current net profit and retained
profit from previous periods in the form of a separate dividend
or supplementary capital. Quoting Lintner's global research
on dividends (1962), Kwiatkowski (2018) noted that compa-
nies determine the amount of dividend payments primarily
based on the amounts of previous payments. This is due to the
judgment of company managers who believe that investors
have more confidence in companies with stable dividend pay-
ment policies. He also noted that the basic factor influencing
the change in the amount of the payment is the change in the
amount of the company's net profit. According to Lintner, as
profits increase or decrease, companies adjust the amount of
dividends to a less than proportional degree. In other words,
dividends are “sticky”, which in the literature is referred to as
“dividend smoothing”

The dividend policy is the result of different preferences of
shareholders and depends on economic priorities, as on well
as the current and future financial situation of the company.
Nevertheless, the management boards of companies propose
such a profit distribution so that too low retained profit does
not hamper the company's development. Retained profit in-
creases the possibilities of implementing development projects,
and therefore the company's ability to generate profits in the
future. The retained profit also shapes the level of debt. It allows
for financing development projects with equity, which reduces
financial risk. This is important in the case of large net profit
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Tab. 1. Basic stock exchange indexes for the stock market, fuel, gas, and energy sectors in Poland in the years 2010-2020. Source: own study based

on data taken from Stock Exchange Annals - "Sector indexes" (x, the company generated losses)

Tab. 1. Podstawowe wskazniki gietdowe dla rynku akeji, sektoréw paliw i gazu oraz energetycznego w Polsce w latach 2010-2020. Zrédlo: wlasne

Years WSE stock market Fuels and gas Energ
o Dividend Dividend
Dividend ; i

P/BV | P/E | yield ratio | P/BV | P/E yield P/BV | P/E vield

DYR ratio ratio

DYR DYR

2010 1.16 18.2 2.4 1.07 | 12.3 0.7 1.30 10.6 1.6

2011 1.06 12.5 2.5 0.74 7.9 1.0 1.23 7.2 4.8

2012 0.89 11.7 3.9 0.88 | 15.5 0.7 0.98 6.9 7.3

2013 0.96 15.8 3.6 0.75 | 14.9 2.7 0.75 8.2 6.1

2014 1.09 29.9 3.1 0.78 X 3.4 0.88 10.8 5.7

2015 1.05 18.3 2.3 0.96 | 20.1 3.0 0.63 29.8 7.5

2016 0.82 17.3 3.4 1.24 | 49.0 2.5 0.58 | 110.6 6.0

2017 1.09 39.2 2.3 1.29 8.3 2.7 0.65 8.5 3.9

2018 0.98 12.7 2.5 1.25 8.7 2.3 0.61 13.2 3.8

2019 0.86 11.0 2.9 0.93 | 104 3.7 0.52 12.2 3.0

2020 0.67 24.8 3.6 0.71 10.6 1.3 0.59 X 4.2

Tab. 2. The P/BV ratio of energy companies on the stock market in Poland in 2010-2020. Source: own study based on the Stock Exchange Annals

Tab. 2. Wskaznik C/WK spélek energetycznych na rynku gieldowym w Polsce w latach 2010-2020. Zrédto: wasne

Tables 14. Sector indicators (all companies) (- data not available)

Companies 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
CEZ 1.82]| 0.26| 148 | 0.66| 1.24| 092 0.88| 1.08 | 1.25| 1.13 | 1.14
Enea 1.07] 0.76 | 0.64 | 0.53| 0.56| 0.39| 0.35]| 0.40] 0.31 | 0.23 | 0.20
Energa - - -1084] 1.14)| 0.60| 0.43| 0.57| 0.36 | 0.28 | 0.38
Kogeneracja 1.68 | 1.00| 1.21 | 0.63 -10.75] 1.00| 0.88| 0.41 | 0.34| 0.31
PGE 1.09]| 1.80| 0.82 -1 080 0.61)| 048] 049 0.40| 0.31 ] 0.29
Tauron 0.77]1 0.59| 0.49| 043 ] 0.49| 0.27| 0.31 ] 0.30| 0.20| 0.15| 0.26
ZEPAK - -1 042 -1 0.35]0.12]| 0.30] 0.34 -1 0.23] 0.51

fluctuations in particular periods. Securing a company against
underinvestment affects both its market perception and its
competitive position.

The optimal policy comes down to establishing such pro-
portions of the division that maximize the added value of the
company. Despite many years of research, decisions on dividend
payments and their impact on the price and value of the com-
pany have not been clearly defined (Frankfuter, Wood, 20021).
This discussion was called the dividend puzzle. Black argued
that the deeper the analysis of the issue of dividend, the more
they resemble puzzles whose pieces do not fit together (Black,
1976). According to Black, in the dividend policy is treated as
the fundamental puzzle of finance. Therefore, many mutually
exclusive theories and hypotheses have been published, in which
the authors attempt to explain the dividend policy. Currently,
the literature on the subject offers several leading theories ex-
plaining the relationship between the payment of dividends and
the price of the company's shares and its value.

The basic determinant of the company's current and future
ability to meet the needs of its stakeholders is its market value.
Dividends are of particular importance to shareholders in terms
of their impact on the company's value. Shareholders expect
an optimal return rate on the invested capital, which depends
on the level of dividends paid and the increase in share prices.
Most researchers believe that the choice of dividend policy and
any amendments to it is met with a certain reaction of investors,
which affects the company's market value. Investors' reaction
to a change in dividend policy is the market’s assessment of the
event, as reflected in an increase or decrease in additional re-
turns realized by shareholders.

3. Determinants of the dividend policy

The variety of factors that determine the dividend policy
makes it practically impossible to establish a fixed set for a spe-
cific company. These factors are systematized in the literature
according to various criteria. Kowerski (2011) distinguishes the
determinants related to the age and sector of companies and
the dividend in the preceding year as fundamental, market, and
fundamental market. Most often, however, these determinants
are divided into micro- and macroeconomic, as well as capital
market determinants.

Microeconomic factors affecting the dividend policy in-
clude cash flow and availability, net profit and its stability, the
need to maintain control over the enterprise, the management
board's unwillingness to increase debt, return on equity, capi-
tal structure, planned share buyback, investors' preferences as
to dividends, the life cycle of the enterprise, as well as available
investment projects. In turn, macroeconomic factors deter-
mining the distribution of the company's profit include infla-
tion, growth of the gross domestic product (GDP), investment
dynamics, national currency, dynamics of export and imports,
and others, such as economic sentiment, fluctuations in mar-
ket indexes (P/E, P/BV) or capital market situation (Jabtonski,
Kuczowic, 2016).

The study of selected macroeconomic factors by Jablonski
and Kruczowic (2016) was based on the analysis of the cor-
relation between GDP growth, investment rate, and economic
sentiment index (PMI) and the amount of dividends paid by 48
companies listed on the Warsaw Stock Exchange in the years
2002-2013. The Pearson linear correlation coefficient was used
in the study, which in effect showed that there was no significant
correlation between macroeconomic factors and the amount
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ab. 3. The P/E ratio of energy companies on the stock market in Poland in 2010-2020. Source: Stock Exchange Yearbooks, Tables 14 and 22, Sector
indicators (all companies)

Tab. 3. Wskazniki C/Z spélek energetycznych na rynku gietdowym w Polsce w latach 2010-2020. Zrédlo: Stock Exchange Yearbooks, Tables 14 and

22, Sector indicators (all companies)

Companies | 2010 [ 2011 | 2012 [ 2013 [2014 [ 2015 [2016 | 2017 [ 2018 [ 2019 | 2020
CEZ 8.4 | 12.2 | 11.2 6.6 | 13.4] 12.5]11.6 16.9 | 25.0 | 18.6 | 19.7
Enea 17.0 9.8 9.7 8.1 7.5 5.5 X 5.7 5.0 3.5 X
Energa - - - X 9.8 6.0 18.2 8.3 4.1 6.7 X
Kogeneracja 11.3 9.0] 12.0 5.2 x| 11.0]10.3 7.0] 12.5 8.7 3.3
PGE 14.0 | 13.4 6.2 9.5 x| 8.9 5.2 | 13.4 7.5 X
Tauron 14.3 8.1 5.5 5.5 7.8| 4.2 X 4.2 3.7 | 13.9 X
ZEPAK - - 4.3 15.6 | 12.6 X 3.8 X X

Tab. 4. Dividend rate of energy sector companies in Poland in 2010-2018. Source: own study based on data from the Stock Exchange Annals - Ta-

bles: "Companies according to market value"

Tab. 4. Stopa dywidendy spétek sektora energetycznego w Polsce w latach 2010-2018. Zrédlo: whasne na podstawie Stock Exchange Annals - Tables:
"Companies according to market value"

Companies 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
CEZ 6.9 6.6 6.7 7.7 6.9 8.9 3.0 6.6 6.1
Enea 1.6 2.4 9.2 2.6 3.8 4.2 2.2 -

Energa - - - 7.5 4.3 11.4 5.4 1.5 -
Kogeneracja 3.2 5.0 5.1 - - - 6.9 7.7 6.8
PGE 3.0 4.8 10.0 5.8 6.1 2.4 - -
Tauron - 2.8 6.5 4.6 3.8 5.2 - - -
ZEPAK - - - - 2.6 | 13.3 - 8.5 -

of dividend. Gajdka (2013) notes that if investors see great op-
portunities for economic growth, the probability of dividend
payment will be lower. On the other hand, in the event of an
economic slowdown, investors will prefer a dividend payout to
retain the net profit in the company for investment purposes.
Also, Brav, Graham, Harvey, and Michaely (2008) argue that in-
vestors are willing to accept low dividends in the event of high
investment rates.

An important macroeconomic factor influencing dividend
policy is inflation expressed in price increases. Companies re-
act to high double-digit inflation and to price drops (deflation).
Both of these phenomena affect the company's financial result
and the implementation of its investment program. In the case of
inflation, dividend companies often suspend dividend payments
to allocate the financial result to investments in assets that would
allow maintaining the real value of capital (Skousen, 2011). In
periods when inflation is low, companies pursue a stable divi-
dend policy and pay dividends every year. In periods when there
is elevated inflation, investors expect not only growing profits,
but also an increase in dividends that is roughly comparable to
the rate of profits (Brigham, Houston, 2005).

The propensity of companies to pay dividends increases
with the improvement of the economic situation on the capital
market (Kowerski, 2011). Moreover, the probability of dividend
payment increases when stock exchange investors value higher
the companies that pay dividends, both in relation to companies
that do not pay dividends (Baker, Wurgler, 2004) and companies
purchasing their own shares (Pieloch-Babiarz, 2017).

In energy companies, the ownership structure can have
a significant impact on the dividend policy. In several com-
panies, the State Treasury has controlling blocks of shares. As
Kazmierska-Jozwiak (2016) notes, in a situation where the
Treasury is a significant shareholder of the enterprise, deci-
sions regarding the distribution of the company's net profit
and dividend payment are often determined by the state's fi-

nancial needs and policy. Due to its generally substantial needs,
the Treasury aims to increase dividend payout ratios, even to
the point of “financial drain” of companies. The impact of the
company's ownership structure on decisions regarding divi-
dend payments was investigated by, e.g., Michaely and Roberts
(2012]). Based on a study of 8,751 British companies, the au-
thors indicate that companies with a government shareholder
pay higher dividends, which is due to the higher probability of
a problem in such an agency. In the case of state-owned com-
panies, the risk is even doubled: it occurs not only between the
management staff and the politicians who supervise them, but
also between politicians, who are "ultimate" owners of compa-
nies, and the society (Kwiatkowski 2018).

One of the determinants of the dividend policy is the com-
pany's life cycle. The enterprise life cycle theory is that a compa-
ny begins to pay dividends as it moves from high growth to low
growth. The decline in the company's growth rate, profitability,
and systematic risk determines the transition from immaturity
to maturity in the life cycle. In the early stages of development,
companies need funds for investments. Therefore, they rarely
pay dividends, as opposed to mature companies, where the need
for financial resources is lower. As investment opportunities de-
crease along with the development of companies, the demand
for investment outlays is reduced and more funds are left for the
payment of dividends (Sierpinska-Sawicz, 2015).

In their investigations of dividend decision factors, many
researchers took into account the investment opportunities of
companies (measured by the ratio of the market value to the
book value of assets, or the annual growth rate of assets). De-
velopment companies that prefer to keep a large share of their
profits pay low dividends. Kowerski (2011) emphasizes that with
the transition to the next phases of the life cycle, the investment
opportunities of companies decrease, resulting in a reduction
in capital expenditure. This means that more funds are retained
for dividend payments. Damodaran notes that offering a high-
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Tab. 5. Pearson coefficient for dividend yield and the P/BV ratio. Source: own calculations

Tab. 5. Wspdlczynnik Pearsona dla stopy dywidend i relacji C/WK. Zrédlo: wlasne

Correlation coefficients are significant at p <0.05000
Variable N = 9 (the missing data was removed on a case-by-case basis)
Mean Standard deviation P/BV Div. rate
P/BV 0.622800 0.195349 1.000000 0.172079
DIY 6.051609 1.660037 0.172079 1.000000

er dividend does not add to the company's value if it invests in
bad projects. On the other hand, a company implementing good
projects increases its value, even when it does not pay dividends
to its shareholders (Damodaran, 2017).

The way a company finances itself determines its dividend
policy in many different ways. Payments to shareholders are
one way to achieve the optimal capital structure. A large share
of debt in financing should influence lowering the level of div-
idends, as large debt is a specific obligation of the management
board to allocate the generated cash first of all to its servicing.
A company with easy access to a wide variety of capital sourc-
es can provide larger payouts to shareholders. Thus, the greater
the share of debt in the capital structure, the lower the dividend
payment ratios (Cwynar, Cwynar 2007, Pieloch-Babiarz, 2018).
In some situations, creditors can limit the payment of dividends
to shareholders to protect their interests. The provisions of bond
or loan agreements include covenants, e.g., on limiting the pay-
ment of profit dividends, to ensure the company's ability to ser-
vice the debt (Sierpinska-Sawicz, 2018). In conclusion, it should
be emphasized that the dividend payment policy is always the
result of a number of factors with different impact strengths,
which should be assessed considering the sectoral conditions. In
energy companies, the dividend policy will be most influenced
by the economic situation, inflation and government anti-infla-
tion measures, the ownership structure, the financial results and
the need to invest in renewable energy sources.

4. Data sources and stock market ratios used in the study

Data used to evaluate the dividend policy were taken from
the Stock Exchange Annals. There are 12 companies from the
energy sector listed on the Warsaw Stock Exchange. Only seven
of them paid dividends in the years 2010-2018. In the first three
years (2010-2012), the dividend was also paid by Bedzin, but
it was omitted in the investigation due to the short period of
dividend payment. In 2019 and 2020, none of the energy compa-
nies (except the Czech company CEZ) paid dividends, hence the
research period for energy companies regarding the dividend
rate is shorter than for the entire stock exchange and the fuel,
gas, and energy sectors. Until 2013, the value of the dividend for
shares of the CEZ company was given in PLN, using the Czech
koruna converter on the last day of December. In the years 2014-
2020, the value of the dividend in the Stock Exchange Annals is
given in korunas. Similarly, for other foreign companies listed
on the Warsaw Stock Exchange, the dividend per share is given
in the domestic currency of the dividend payer.

To evaluate the dividend policy, the price-to-book value
ratio (P/BV), the price-to-equity ratio (P/E) and the dividend
yield ratio (DYR) were used. The years when the company had
a negative financial result and the P/E ratio was not calculated
are marked with the x symbol in the tables. The P/BV ratio, i.e.,
the market price of a share to its book value, shows how many
zlotys must be paid on the stock exchange for each zloty of the

company's assets after paying off all its debts. The value of the ra-
tio below 1 indicates that the company's market is undervalued
and its assets are poorly used. Values above 1 indicate the mar-
ket reaction to the implementation of the investment program.
Companies with a ratio greater than 1 have greater opportunities
to issue a new series of shares on the stock exchange. Therefore,
the P/BV ratio is, in a sense, a measure of whether the company
has favorable investment opportunities (Sierpinska, 2012). If the
company has negative equity, i.e., when its debts are greater than
the assets, then 0 is given in the stock exchange statistics.

The P/E ratio, that is, the market price of shares to net profit
per share, is based on the profits generated by the companies in
a given period. Usually, profits earned in four consecutive quar-
ters are considered. The index determines the number of years
after which the capital used for the purchase of shares will be
returned, assuming that the company will generate similar prof-
its. The dividend yield ratio (DYR) presents the ratio of the divi-
dend paid per share to the market price of the share. It commu-
nicates the value of the dividend per price unit of a single share.

5. Research results

Table 1 presents the basic stock exchange indexes for the
stock market, the fuel and gas sector, and the energy sector. As
observed, these indicators show considerable variation over
time. The price-to-book value ratio of the WSE stock market is
higher than for the fuel and gas sector and for the energy sec-
tor. In the last two years of the companies analyzed period, the
analyzed were valued the lowest by the market. In 2020, the av-
erage market value of the companies was only 67% of their book
value. In the fuel sector, the ratio was similar and amounted to
71%. Companies in the energy sector were valued very poorly.
In 2019, their market value was only 52% of their book value,
while their stock market value was 86% (93% for fuel and gas
companies). In 2020, despite the pandemic and the decline in
the corporate financial results of listed companies, the market
valued energy producers higher than a year before. The P/BV
ratio for the stock market decreased by 22% compared to 2019,
while for the fuel and gas sector it decreased by 24%.

The P/E ratio supplements the missing information, and
therefore its is meaningful for a potential share buyer. It indi-
cates the period of return on investment in the shares of listed
companies. For the entire stock market, it ranged from 11 to 30
years. Based on the profits generated, in 2016, investors would
have to wait almost 50 years for the return on capital invested
in shares in the fuel and gas sector, and more than 100 years for
investments in the energy sector. The P/E ratio is influenced by
various factors, not only profitability that influences the share
price but also the market situation.

In the Polish stock market, the average value of the dividend
yield is calculated for the entire stock market and for individ-
ual sectors. The dividend rate is of interest mainly to investors
who invest in stocks to receive recurrent income rather than to
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profit from the increase in the value of the stock. In 2010-2020,
the dividend rate ranged from 2.3% to 3.9%. The average for the
period in question was 3.2%. In the energy sector, it was 4.9%.
The lowest rate in this sector, 1.6%, was reached in 2010 and the
highest was 7.5% — in 2015. The higher than average dividend
rate for the entire stock exchange could be due to the share of the
State Treasury in these companies.

Table 2 presents the P/BV ratios for individual companies.
The Czech company CEZ, which paid dividends every year, was
valued the highest by the market. On the other hand, Enea and
Tauron recorded a drastic drop in value. In 2010, the market
value of these companies was estimated at approximately their
book value. In the last year of the analyzed period, the market
value of Enea constituted only 20% of its book value, and that of
Tauron - 26%. Throughout the period in question, the market
significantly below its book value, despite ongoing investments.
In 2019, it was only 15%. Energa also recorded a significant drop
in value. In 2014, its market value was higher than the book val-
ue by 14%, and in 2019, its value decreased and amounted only
to 28% of the book value. In 2010, the market value of Kogen-
eracja was 68% higher than its book value, despite the ongoing
economic crisis, and in 2020 it was only 31% of the book value.
It seems that the reasons for such a low valuation of energy com-
panies are large fluctuations in their financial results, the lack of
along-term dividend policy, and the economic situation. Share-
holders are never sure whether they will receive dividends. The
companies pursue a residual dividend policy and allocate the
rest to dividends after determining the amount of funds needed
for investments.

The level of indebtedness of companies and the need to
maintain debt servicing capacity also contributed to the aban-
donment of dividend payments in some years. In the period
analyzed, the debt of energy companies was systematically
growing. Tauron's overall debt ratio in 2019 was 54%, while in
2010 it dropped to 37%. In Enea in 2019, debt accounted for
53% of financing and in 2010 it was only 23%. ZEPAK debts
financed 62% of assets and in the Czech company CEZ 64%
(Kowalik 2021).

The policy on the structure of financing sources is reflect-
ed in the P/E ratio. The data in Table 3 inform about the large
fluctuations in the return period on capital invested in shares
of energy companies. The capital invested in the shares of Enea
in 2010 could yield in 17 years, and in 2020 - in 3.5 years. The
increase in profit did not increase share prices, the level of which
depends not only on financial results but primarily on the eco-
nomic situation, the level of interest rates, inflation, capital mar-
ket conditions, and other microeconomic factors.

Table 4 shows the dividend rate for the investigated ener-
gy companies. CEZ paid dividends every year and its yield was
even and quite high compared to the dividend rates of other en-
ergy companies. The average rate for this company was 6.6%. In
Polish energy companies, the dividend rate was highly diversi-
fied. In Enea in 2010 it was 1.6% and in 2012 it was 9.2%. Simi-
larly, in PGE in 2010, the dividend rate was 3.0%, and in 2012 it
was more than three times higher and amounted to 10.0%. In ZE
PAK, the dividend rate in 2014 was 2.6% and a year later 13.3%.
In the following year, the company stopped paying dividends.
The presented dividend rates indicate the lack of a stable divi-
dend policy and do not meet the expectations of investors who
focus on recurring income from shares.

To reinforce the verification of the hypothesis presented in
the introduction, the correlation between the dividend rate and
the P/BV ratio was analyzed. The results of the calculation are
presented in Table 5.

The analysis covers the years 2010-2020 and takes into ac-
count the financial data of seven companies, for which geometric
means of the examined indicators were calculated. The Pearson
correlation coefficient was determined and statistical signifi-
cance was tested, at the significance level p = 0.05. The Pearson
linear correlation coefficient is r = 0.17 and shows a very low
positive correlation. The lack of a statistically significant linear
dependence of the variables studied indicates that the value of
companies is determined by many factors, and the dividend rate
is only one of them, and not the most important one.

Apart from the dividend value per share, the level of the
dividend rate was influenced by changes in share prices, which
are influenced by, e.g., stock market situation. Since 2017, the
largest energy companies, Enea, PGE, and Tauron, have not paid
dividends. The funds were allocated to investment projects and
debt service. The failure to pay dividends was also influenced by
factors such as the COVID-19 pandemic, lower financial results,
and the need to restructure the sector toward renewable energy
sources. Also, the level of dividends was undoubtedly influenced
by the State Treasury's share in the four largest energy compa-
nies (Enea, Energa, Tauron, and PGE).

6. Summary

In conclusion, it should be emphasized that energy compa-
nies listed on the WSE exchange market do not pursue a stable
dividend policy. This is reflected in the P/BV and P/E indexes.
The dividend policy in energy companies is the result of various
premises that companies follow when distributing net profit.
The lack of a stable dividend policy in the investigated compa-
nies is one of the determinants of their undervaluation on the
stock exchange. Such companies are often taken over by com-
panies that are stronger in terms of capital. However, the par-
ticipation of the State Treasury in these companies reduces the
risk of takeover. When the sector needs restructuring, compa-
nies need to construct strategies of profit distribution, investing,
and selection of financing sources adequate to their investment
needs. These strategies can provide a stable operating platform
in a dynamically changing environment. Only strategies consis-
tent with the company's development needs can ensure business
continuity on the market.

As the pulse of the economy, the energy sector ensures the
stable functioning of business and households, but is a large
emitter of Co,, which increases the costs of manufacturing en-
ergy. The energy sector requires considerable outlays for a swift
and deep restructuring. Individual companies have different fi-
nancing opportunities, and their level of indebtedness also var-
ies. Companies that have greater opportunities to raise capital
in the debt market could allocate a greater part of their net prof-
it to shareholders in the form of dividends. The shareholding
structure also plays an important role in the dividend policy. The
State Treasury, being a significant shareholder in energy compa-
nies, stopped collecting dividends in 2018-2020 (except for En-
erga). This is noteworthy in cases where dividends are a source
of state budget revenues.
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Polityka dywidend gieldowych spétek energetycznych w Polsce

Podjety w artykule problem polityki dywidend w spétkach energetycznych jest niezmiernie istotny w warunkach potrzeby restruktu-
ryzacji sektora, odejscia od wegla jako nosnika energii na rzecz Zrédet odnawialnych. W tych warunkach wazna staje sig strategia
podziatu zysku na czes¢ zatrzymang w przedsiebiorstwie i czes¢ wytransferowang do akcjonariuszy. Polityka dywidend ksztattowana
jest przez wiele czynnikéw makro- i mikroekonomicznych. W obecnej sytuacji gospodarczej niemalg role majg w niej takie czynniki:
jak inflacja, koniunktura gospodarcza i koniunktura na rynku gieldowym, poziom wygenerowanego zysku netto, poziom zadtuze-
nia spétek czy tez koniecznos¢ utrzymania plynnosci finansowej. Polityka dywidend wplywa na strukture kapitatu i na koszt jego
pozyskania co decyduje o oplacalnosci podejmowanych przedsiewziec restrukturyzacyjnych. W badaniu zalozono, ze brak stabilnej
polityki dywidend jest istotng determinantg niedowartosciowania spélek energetycznych na gieldzie. Wycena rynkowa tych spétek
byta duzo nizsza niz ich wartos¢ ksiegowa. Obliczone wspélczynniki korelacji liniowej Persona nie potwierdzajg jednak tej hipotezy.
Stopa dywidend jest tylko jednym z wielu czynnikow majgcych wplyw na niedowartosciowanie spotek energetycznych na gieldzie.
Wplywa ono na ograniczenie mozliwosci pozyskania kapitatu wlasnego na gieldzie w postaci emisji kolejnej serii akcji a réwnoczesnie
na utrzymanie racjonalnej struktury kapitatu.

Keywords: podziat zysku, determinanty polityki dywidend, stopa dywidend, wskazniki rynkowe

Inzynieria Mineralna — Styczei — Czerwiec 2022 January - June — Journal of the Polish Mineral Engineering Society 41




42

Inzynieria Mineralna — Styczei — Czerwiec 2022 January - June — Journal of the Polish Mineral Engineering Society



Proceedings

Investigation of Unexploded Aircraft Ammunition
from WW2 in Connection with Construction

Viclav SAFARY, Hana STANKOVAY, Ji#i POSPISILY, Maria BUDAYOVA?

D Véclav Saféf, Ing., Ph.D., Hana Starikova, doc. Ing. Ph.D,, Jiti Pospisil, Ing., Ph.D., VSB TU Ostrava; email: vaclav.safar@vsb.cz,

hana.stankova@vsb.cz, jiri.pospisil@vsb.cz

? Maria Budayova, Ing., Primis spol. s r.0.; email: maria.budayova@primis.cz

http://doi.org/10.29227/IM-2022-01-05
Submission date: 12-02-2022 | Review date: 29-03-2022

Abstract

In the period 1939-1946, the territory of the Czech Republic was mapped for the purpose of renewing topographic maps of the territory
of the Third Reich, and aerial reconnaissance (AR) of the CR territory was also carried out by the Allies. The AR was conducted in
two directions. The first was to search for enemy targets, and the second was to verify the results of bombing these targets. Allied data
indicated that up to 20% of the bombs did not explode. This unexploded aerial ammunition is to this day a threat to construction in
the outskirts of towns and cities. This paper discusses the procedures for processing archival aerial photographs of bombed areas in the
Czech Republic and the identification of unexploded ammunition on these images.

Keywords: aircraft, ammunition, AR, misfire

1. Introduction

After the release of the contents of the national archive of
aerial photographs at the Military Geographic and Hydrome-
teorological Office (formerly the Military Topographic Insti-
tute Dobruska), the problem of the use and processing of his-
torical images in the Czech Republic was and is being dealt
with by a number of private researchers, geodetic companies,
law firms, and research institutes (Research Institute for Soil
and Water Conservation (VUMOP v.v.i.), Research Institute
of Geodesy, Topography and Cartography (VUGTK v.v.i.),
and others). In the past, a historical orthophoto map was pre-
pared for the Ministry of the Environment (its organisation
CENIA) from approximately 21 000 images taken between
1952 and 1957. Some of the authors of this paper participat-
ed in the creation of this historical orthophoto. To this day,
this orthophoto has been the largest comprehensive body of
work made from archival aerial photographs in the entire
area of the Czech Republic. At present, the exact procedures
of processing archival aerial photographs employing digital
aerial photogrammetry are mainly dealt with in the Czech
Republic by the company PRIMIS, which, within its internal
development, is looking for the optimisation of processing
procedures of archival aerial photographs within the frame-
work of applied research. The company is dedicated to pro-
cessing images from the Second World War period and works
closely with the main wartime image processor in Europe,
Luftbilddatenbank Dr. Carls GmbH, including jointly written
scientific publications such as [1]. The aim of the project enti-
tled Locating Unexploded Aerial Munitions of World War II
(funded under the security research of the Ministry of Interi-
or - code VI3VS/778) is primarily to compile the methodolo-
gy for the accurate location of unexploded aerial ammunition
(individual bombs) from archival aerial photographs taken
by the RAF and US AAF and possibly the Luftwaffe using
the exact procedures of modern digital photogrammetry. The

expected accuracy of the location of unexploded bombs is
2.5 metres (RMSE). Thus, in general, the result will be an in-
crease in the safety of citizens and technical infrastructure by
deploying the Institute of Bomb Survey in locations where
unexploded aerial ammunition is likely to be present. This
survey constitutes a licensed trade that can only be carried
out by qualified persons according to the Trade Licensing
Act. However, with few exceptions, this procedure is not used
or is used only at the request of the builder or investor. How-
ever, building authorities, in their role as promoters of spatial
analysis documents, which could order the survey to be car-
ried out, do not usually have the qualified experts to carry out
these activities. Unfortunately, even the new wording of the
Building Act does not have a precise instrument requiring
the investor to carry out a mandatory pyrotechnical survey or
defining the places where it is indispensable to carry out such
a survey. It is then common for unexploded ammunition to
be found only in the course of earthworks, usually when the
working attachment of construction machinery comes into
physical contact with such ammunition. Subsequently, the
ammunition could be initiated, and the explosion could have
tragic consequences.

2. Current status of unexploded ammunition survey

At present, there is no comprehensive database of in-
formation on pyrotechnic loads in the Czech Republic that
would accurately define (with known accuracy of localisation
of potential unexploded ammunition) possible sites of finds.
Records of air raids, bomb craters and potential unexploded
ammunition areas can thus be found in various archives and
historical publications dealing with air battles. However, the
data given in these sources usually do not provide a precise
(at least at the level of RMSE = 5 m) identification of the lo-
cation to which the data refers. Hence, the data are traceable,
interesting from a historical perspective, but practically unus-
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Fig. 1. Historical drawing of craters in the cadastral map of the eastern part of Pardubice
Rys. 1. Historyczny rysunek krateréw na mapie katastralnej wschodniej czesci Pardubic
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Fig. 2. Transfer of data from archive documents to the current ground plan of the station area and the Paramo plant

Rys. 2. Przeniesienie danych z dokumentéw archiwalnych do aktualnego planu terenu stacji i zakladu Paramo

able to identify areas with possible unexploded ammunition.
However, other data that can be processed to identify po-
tential unexploded aerial ammunition sites are records kept,
both in the form of plotting on maps and in the form of verbal
descriptions by the personnel of the sanitation crews and offi-
cial authorities of the Third Reich, such as the record in Fig. 1
and Fig. 2. It shows an example of a bombing record integrat-
ed from various sources into the current mapping. Data entry
and data addition to contemporary map bases for exploded
bombs can also be done by automated searches for exploded
ammunition from archival aerial photographs. These searches
have been done, for example, by authors at Leibniz University
of Hannover [2] and [3] and by authors at J. E. Purkyné Uni-
versity in Usti nad Labem [4] and [5]. However, the collective
of authors dealing with the aforementioned security research
project only deals with the identification of unexploded am-
munition. The craters caused by exploded ammunition are
identified in the framework of the task only for the purpose
of comparing the number of dropped bombs with the number
of bombs in the bomb racks of a given bomber type. The au-
thors are not aware of any technology for locating unexploded
aerial ammunition based on an automated procedure, either
on CNN or by assessing the characteristics of lidar clouds or
clouds obtained by correlating archival aerial imagery and
creating a digital terrain model current as of the date of the
imagery, i.e., after bombing inspection by aerial imagery. An-
other part of the data to be processed is the modern records of
the Bomb Disposal Squad of the Police of the Czech Republic
(BDSPCR), analysed in detail in [6]. In this work, the author
processed all BDSPCR records from the actions carried out
and recorded in Excel spreadsheets by the Bomb Squad from
2011 to 2017. These data include the obligation to record the
location of the discovery or action in the WGS84 system, but
nowhere is it noted with what accuracy these data are report-

ed. The resulting table integrating presumably all recorded
data was not made available by the DP developer. The work
related to the research project entitled “Interactive map of py-
rotechnic loads and risk” (No. VI20152018038) is not publicly
available except for the article [7].

2.1. Existing database of Luftbilddatenbank Dr. Carls GmbH

Luftbilddatenbank Dr. Carls GmbH has the exclusive rep-
resentation for the scanning and exploitation of aerial pho-
tographs from the Second World War from the Canadian
National Air Photo Library Ottawa, the American National
Archives and Records Administration Washington, The Na-
tional Collection of Aerial Photography, the Bundeswehr
Archives, and a number of smaller archival institutions. The
company is thus providing the supply of aerial photographs
of the Second World War within Europe after the release of
the war archives. The archive is organised as a database of
scanned images and is subdivided by the territory of Europe-
an countries. Successively acquired archival images and ma-
terials are systematically sorted and filed, including bomber
crew reports and bombing success evaluations, crew lists, and
other historically interesting information. However, aerial
photographs are most important for identifying unexploded
ammunition. The aerial photographs are organised in a data-
base, and Fig. 3 shows the recorded basic data.

Each physical object number (analogue image form) is
assigned an ID number; these numbers are usually identical.
The next number identifies a block of images, followed by the
BILDNR, which is the image number in a given imaging mis-
sion; the approximate scale figure is the next column in the
database. Important data are the approximate (+- 50 m) coor-
dinates of the image centre in the WGS84 coordinate system
in Mercator’s transverse cylindrical conformal view. From
the approximate scale and the image centre, the image radi-
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1 [OBIECTID] 1D |SORTIE_ID |BILONR|  DATUM | MAssTAB| X ¥ | RADIUS_BIL | Shape_Leng | Shape_Area
2189 2188 2188 | 25302 67 14.5.1943 14000 | 4870348 | 5477361 1540 9676 7450601
2190 2189 2189 15302 68 14.5.1943 14000 |4869746| 5477056 1540 9676 7450601
2091 2190 | 2180 25302 69 14,5.1943 14000 | 4869139 5476762 | 1540 9676 7450601
2192 2191 2191 25302 T 1451943 | 14000 | 4868540 5476452 1540 9676 7450601
2183 2192 2192 | 25302 71 14,5.1943 14000 | 4867964 5476100 1540 9676 7450601
2184 2193 2193 25302 72 14,5.1943 14000 |4867387 | 5475750 1540 9676 7450601
2185 2194 2194 25302 73 14.5.1943 14000 | 4866808 5475404 1540 9676 7450601
2185 2195 2185 25302 74 14,5.1943 14000 | 4866225 5475065 1540 9676 7450601
2187 1196 2196 25302 75 14.5.1943 14000 | 4865619 5474768 1540 9676 7450601
2198 2197 | 2187 25302 76 14.5.1943 14000 |48650135474470| 1540 9676 7450601
2199 2198 2198 25302 7 14.5.1943 14000 | 4800794 5545057 1540 9676 7450601
2200 2199 | 2199 25302 78 14,5.1943 14000 | 4800236 | 5546567 | 1540 9676 7450601
2201 2200 2200 25302 e 14.5.1943 14000 |4799791) 5547145 1540 9676 7450601
2200 2201 2201 25302 80 14.5.1943 14000 | 4787378 5528974 | 1540 9676 7450601
2203 20 2202 25302 81 14,5.1943 14000 | 478B117| 5528515 1540 FETE 7450601
2204 2203 2203 25302 82 14.5.1943 14000 |4788641) 5529146 1540 DETE 7450601
2205 2204 | 2204 25302 83 1451943 | 14000 |4772329|5539430| 1540 9676 7450601
2206 2205 2205 | 25302 84 14,5.1543 14000 |4772477| 5540163 1540 G676 7450601
2207 1206 2206 25302 85 14.5.1543 14000 |4772624 | 5540856 1540 9676 7450601
2208 2207 2207 25302 86 14,5.1943 14000 | 4772772 | 5541629 1540 9676 T450601
2209 2208 2208 25302 87 14.5.1943 14000 [4772919| 5542383 1540 9676 7450601
210 2209 | 2209 25302 88 14,5.1943 14000 |4773067 | 5543096 | 1540 9676 7450601
211 1210 2210 25302 89 14.5.1443 14000 [4773214| 5543829 1540 9676 7450801

Fig. 3. Sample of information from the database of aerial photographs from the Czech Republic
Rys. 3. Przyktad informacji z bazy zdje¢ lotniczych z Czech
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Fig. 4. The date of photographing (in purple) is the centre of the picture - area Neratovice 23.3.1945
Rys. 4. Data wykonania zdjecia (na fioletowo) to $rodek zdjecia - okolica Neratovice 23.3.1945
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Fig. 5. Images with the marked circular circumference
Rys. 5. Obrazy z zaznaczonym kotowym obwodem
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Fig. 6. Images redrawn to approximate real position according to the direction of the image base
Rys. 6. Obrazy przerysowane do przyblizonej rzeczywistej pozycji zgodnie z kierunkiem podstawy obrazu
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Fig. 7. Identification of terrain objects in the historical and contemporary orthophoto

Rys. 7. Identyfikacja obiektow terenowych w ortofotomapy historycznej i wspoélczesnej

us (RADIUS_BIL) is calculated according to the camera type
and its focal length, which is then transferred to a graphical
CAD drawing, for example, to a dgn file. The perimeter and
area of this circle is then tabulated. This table is linked via the
image ID to other crew records of their success rates etc.

2.2. Analysis of the process of selecting suitable aerial archive
images

After a thorough analysis of the content of the database
supplied by Luftbilddatenbank Dr. Carls GmbH, the data
from the aerial image archive database was converted into
three datasets of dgn drawings at Primis spol. s r.o. to facil-
itate the work with the information and ensure ease of refer-
ence. The first drawing consists of a graphical set with defined
centres and radii of images from the whole area of the Czech
Republic. The second drawing contains information about the
day of imaging for each image. The date is placed at the ap-
proximate coordinates of the image centre. The third dataset
consists of 257 dgn files, where each file contains all images
that were taken on a given day. The file name encoded the
date when the image was taken. The datasets, or individual
drawings, were transformed from the WGS system to the na-
tional system of the Czech Republic to the SJTSK coordinate
system so that the WMS services of the administrators of
national and local geoportals could be used (for example, by
calling the orthophoto service of the Czech Republic©, base
maps, cadastral maps and other mapping documents from the
State Administration of Land Surveying and Cadastre) in the
search and selection of sets of images suitable for the identifi-
cation of unexploded ammunition. The procedure for select-
ing suitable aerial archive images was specified based on the
prepared datasets. The analysis of this procedure was carried
out by several practical tests of the following procedure:

1. After receiving a request for the creation of the pyro-
technical survey documents, a new empty dgn file is created
in the SJTSK coordinate system

2. The file is accompanied by a file with imaging data and
a file with the approximate circular perimeter of the image as
a reference drawing, or if the requirement is to study the raid
from a specific day, a dgn file from that day can be attached as
a reference, see Fig. 4.

3. For easier reference, it is also advisable to attach ras-
ter orthophoto files to the file, for example, as a WMS service
of the State Administration of Land Surveying and Cadastre
see Fig. 5.

4. The contents of the reference datasets are then visually
checked, and the selected graphical information is copied into
the open empty file.

5. According to the image centres and the lines connect-
ing these centres, the circular image perimeter defined in the
database is replaced by the actual square image perimeter of
Fig. 6.

At present, approximately 112,000 aerial war photographs
are documented in these drawings. From this data, among
other things, the Allied war effort can be seen. If we compare
that in the national archive of aerial photographs at the Mili-
tary Geographic and Hydrometeorological Office in Dobrus-
ka, there are approximately 1 million images in 80 years from
1934 to the present (if we do not count the war period itself),
the annual average of images taken is 12,500. It is very likely
that around 130,000 wartime images were taken from the ter-
ritory of the Czech Republic, which means that almost twice
as many images were taken annually during the war. The im-
ages, however, are not distributed over the territory at an av-
erage density but are concentrated on strategic targets in the
area of the Czech Republic, such as refineries, railway stations,
airfields, or arms factories. This implies that in some areas of
interest, one location of the earth’s surface is covered by 30 to
40 images (mainly the Most area).

2.3. Procedure for selecting starting points for aerotriangu-
lation
2.3.1. Procedure for deriving starting points by time series

The landscape changes dynamically with time due to hu-
man intervention. Evidence of this fact is, for example, geo-
portals, which allow observing on one monitor at the same
time orthophotos from the present time and orthophotos
from 1953, the production of which involved most of the
members of the design team of another participant from
the company Primis spol. s r.o. Historical orthophotos from
1953 are part of most geoportals of regional offices, and the
data source is CENIA, the Czech Environmental Information
Agency. One of the methods of obtaining the starting points
is to interpret the points in a backward time series. The search
for terrain objects interpretable on a historical image and, at
the same time, identifiable and interpretable on a contempo-
rary orthophoto is shown in Fig. 7.

The challenge of identifying these points is the content of
the image itself, see Fig. 8.
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Fig. 8. Sample aerial photo after the bombing of the production plant

Rys. 8. Przyktadowe zdjecie lotnicze po zbombardowaniu zaktadu produkcyjnego

i f

Fig. 9. Detail of a part of the image of the bombed-out production plant

Rys. 9. Fragment fragmentu obrazu zbombardowanego zaktadu produkcyjnego

Selecting identical points (in the new background and in
the historical image) to serve as starting points for AT or for
image transformation is not easy in a bombed city; see detail
in Fig. 9.

The selected points must have good natural signalling
in both backgrounds. If we choose a corner of a building as
a starting point, it is necessary to remember that the redraw-
ing is done on the terrain in the current orthophoto. Therefore,
it is necessary to identify and correctly interpret the starting
point by the position of the intersection of the building and
the terrain. Such a procedure will yield accurate results when
establishing the basis for locating unexploded aerial ammu-
nition. However, in some cases, the coordinates read from
the orthophoto map can be replaced by the interpretation of
points from the CR real estate cadastre if the viewer is used
with the point quality information turned on (Fig.10).

Familiar interpretive features existing in the images and
in reality will help us in locating the points.

2.4. Creating orthophotos from several sets of images of the
same area as the way to find unexploded aerial munitions
After the aerotriangulation is completed and the digital
terrain model - DTM is created (in case of successful calcu-
lation by standard aerotriangulation procedures), orthophoto
maps from several time periods (raids) are created on the site.
Based on the determined values of the parameters of the in-
ternal orientation of the images (or in the absence of fiducial
marks on the wartime aerial photographs), based on the ap-
proximate internal orientation of the images, a procedure for
selecting the starting points for the calculation of aerial aero-
triangulation (AT) by correlation procedures is constructed
and optimised, or in the case of failure of this procedure, these
points are used to perform image transformations. If it is not
possible to determine the interior orientation parameters

and deploy the standard procedures leading to the creation
of orthophoto aerotriangulation procedures, alternative pro-
cedures of image redrawing and orthophoto mosaic creation
using image transformations have been studied. However, for
both aerotriangulation and image transformation methods,
identical principles apply for the selection of starting points
for these production procedures leading to the creation of
a measurement basis by reprocessing aerial wartime imagery.

2.5. Standard orthophoto creation procedures

After determining the elements of the external orienta-
tions described in the previous paragraph, it is advisable to
perform radiometric corrections on individual images for
orthorectification of wartime images, i.e. correction of image
defects caused by light aberrations of the aerial camera lens,
terrain reflections, illumination of the terrain by the Sun at
different angles, and imaging at different times of the year and
with different flight parameters.

The next sub-stage of processing is orthorectification. To
orthogonalise the images to the real terrain, a digital terrain
model (DTM) is required. In the photogrammetric software
(ImageStation-OrthoPro by Hexagon, INPHO by Trimble),
the images are orthorectified after loading the external pa-
rameters of the images and the DTM. After the orthorecti-
fication, a visual inspection of the redrawn images is carried
out to check the geometric quality based on the check points
and to mark the faulty areas as well as the areas with image
deformations. The digital terrain model from the selected pair
of wartime aerial images is corrected stereoscopically at these
marked locations, but only if it differs significantly in height
from the current situation. For example, in the area of Pardu-
bice, there have generally been only insignificant changes in
terrain heights since the wartime, except the transport con-
structions of the last few decades. These possible repairs of the
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Fig. 10. Sample from the real estate cadastre with quality code points displayed

Rys. 10. Probka z katastru nieruchomosci z wyswietlonymi punktami kodowymi jako$ci

Fig. 11. Schematic of the distribution of points used in the case of mission 60_0572

Rys. 11. Schemat rozmieszczenia punktow zastosowanych w przypadku misji 60_0572

DTM to the wartime condition are followed by redrawing and
checking the orthorectification of the repaired sites. Next, the
redrawn (orthorectified) images are combined into a single
unit called a mosaic.

The mosaicking software automatically generates the con-
necting lines, called seamlines. The connecting lines define
the part of the image that will be used in the final mosaic.
A visual inspection of the automatic seamlines is performed
and corrected in places causing any inadequacies. The follow-
ing rules apply for the creation of the seamlines: all lines must
be connected to each other; the shape of the line must be rath-
er simple; lines that are generally chosen lead along natural
dividing elements - along roads, boundaries, field furrows;
in the inner city, lines are mainly along roads. The resulting
mosaic is cut into individual map sheets or can be used as
a whole, depending on the size of the area to be processed.

The final visual inspection of the created orthophoto
maps focuses on the marked areas around the cut lines with
image errors, on the compensation of contrast and brightness
between images, on the removal of impurities, on the size of
the resulting resolution and on the positional accuracy of the
orthophoto maps.

2.6. Procedures for creating an orthophotomosaic

In the Mission 60-0572 test area, an orthophoto mosaic
was created in two ways to verify the resulting accuracy of the
tested procedures.

The first procedure is an orthophotomosaic created from
georeferenced imagery, which in the above procedure fully re-

places the orthorectified imagery that is the direct input to the
mosaicking process.

The second procedure was to create a mosaic from the cal-
culated aerotriangulation using a standard procedure

Figure 11 shows a view of the resulting mosaic of mis-
sion 60-0572, where the individual input images are taken at
a scale of 1:9500. The orange lines are the seamlines that were
generated in the mosaicking process from the georeferenced
imagery.

Dark blue shows the points that were used as identical
points for each image in the georeferencing process by pro-
jective transformation. Pale blue marks points that were mea-
sured in the field and used to check the accuracy of the result-
ing mosaic. The red points are the other points measured in
the field at the Pilsen site.

3. Conclusion

In order to fulfil the main objective of the project, which is
mainly to create a procedure for the interpretation and identi-
fication of unexploded ammunition sites for the benefit of the
investor or the builder, and to avoid possible serious conse-
quences in the event of accidental initialisation of unexploded
aerial ammunition, it is necessary to create orthophoto mo-
saics of the same area, which must be compiled from images
showing the state before and after each bombing.

Since each reconnaissance mission was created under dif-
ferent weather conditions (with different percentages of cloud
cover) and on a different scale, it is advantageous to have mul-
tiple missions from before and after individual raids. In par-

48

Inzynieria Mineralna — Styczei — Czerwiec 2022 January - June — Journal of the Polish Mineral Engineering Society



ticular, in the case of a reconnaissance flight conducted just
after an air raid, it is common for the area to be fogged from
destroyed targets, which may make it impossible to identify
unexploded ammunition in part of the area surveyed. An
example of this is the bombing of a selected part of the city
of Pilsen, which occurred to varying degrees on 15.4.1945,
175.4.1945, 18.4.1945 and 25.4.1945. The created orthophoto
mosaics (and individual images) of adequate accuracy from
multiple time series are a suitable and unique basis for the
evaluation of unexploded ammunition sites. The first phase

of the evaluation and interpretation of possible unexploded
ammunition sites is shown in Figure 12.

Unfortunately, we are not able to determine from the pho-
tographs whether, for example, a month or a year after the
bomb was dropped and did not explode, the bomb was not
dug up and deactivated, because, in the post-war years, there
were practically no records kept of this work, from which it
would be possible to locate and time the actual digging of the
aerial munitions. The aim this year is to excavate, based on
our methodology, unexploded aerial ammunition.
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tyfikacji niewybuchéw na tych zdjeciach.

Niewybuchy amunicji do samolotéw z II wojny swiatowej w zwigzku z postepowaniem

budowlanym
W latach 1939-1946 dokonano mapowania terytorium Republiki Czeskiej w celu odnowienia map topograficznych terytorium III
Rzeszy, a rozpoznanie lotnicze (AR) terytorium CR bylo prowadzone przez aliantéw. AR byt prowadzony w dwéch kierunkach. Pier-
wszym bylo poszukiwanie celow wroga, a drugim weryfikacja wynikéw bombardowania tych celow. Dane alianckie wskazywaly, ze
do 20% bomb nie wybuchto. Ta niewybuchowa amunicja lotnicza do dzis stanowi zagrozenie dla budownictwa na obrzezach miast.
W artykule oméwiono procedury przetwarzania archiwalnych zdjeé lotniczych obszaréw zbombardowanych w Czechach oraz iden-

Stowa kluczowe: samolot, amunicja, AR, niewybuch
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Abstract
Copper is a very important mineral that has a wide application in industry, especially in the electrical industry and energy industry.
With the increase in electromobility, its potential will grow in the future. Any shortage of copper on the world market could thus
endanger modern industry. Therefore, the authors decided to deal with the influence of economic factors (price, population, GDP and
cumulative inflation) on copper production and with creation of suitable econometric models that best expressing the relationship
between production and economic factors for the period 2010-2019 in their article. The influence of economic factors on world copper
production is examined using the Pearson correlation coefficient. It was found that copper production is inversely proportional to the
price of copper, it is a strong dependence. In contrast, the correlation between copper production and other factors is very strong and
positive. Using econometric modeling, it was discovered that exponential regression is the best expression for the relationship between
copper production and its price and logarithmic regression most appropriate for the relationship between copper production and all

other economic factors.

Keywords: econometric model, world copper production, economic factors, Pearson correlation coefficient

Introduction

Copper has been known since prehistoric time. It has
been mined for more than 5000 years. Mankind has used the
metal since at least 9000 BC in the Middle East. A copper pen-
dant dated to 8700 BC was found in Iraq. Scientists believe
only iron from meteorites and gold were used by people earli-
er than copper. The idea that there was a Copper Age between
the Neolithic and Bronze Age was inspired by the discovery
of the use of native copper in prehistoric North America. Its
currency in European prehistory owes much to the 1861 ob-
servations by William Wilde that copper tools preceded the
use of bronze in Ireland [1].

Copper is widely used in the electrical industry. The pos-
sible shortage of copper on the market is thus an important
aspect affecting the development of electromobility and the
entire energy infrastructure. In addition to many other uses,
copper is used in plumbing and for cookware. Brass and
bronze are two important copper alloys. Copper compounds
are toxic to invertebrates and are used as algicides and pes-
ticides. Copper compounds are used in analytical chemistry,
as in the use of Fehling's solution to test for sugar. American
coins contain copper. Sometimes copper appears in its native
state. It is found in many minerals, including malachite, cu-
prite, bornite, azurite, and chalcopyrite. Copper ore deposits
are known in North America, South America, and Africa [2].

Literary sources that deal with copper are very rich and
varied. The inspiration of the authors of the article was those
sources that model the interrelations between copper param-
eters (price, supply, demand, etc.) and determinants that in-
fluence these parameters. These literary sources are also very

rich and diverse. These include, for example, modelling the
supply of recycled material (copper) on historical consump-
tion [3], analysing factors determining the level and dynam-
ics of world copper prices by testing hypotheses on the de-
pendence of fluctuations in the world copper market [4], a
theoretical model of copper price cartel behaviour during the
boom and recession [5], modelling GDP forecasts for various
commodities including copper [6], modelling of the impact of
financial and economic crises on copper mining companies'
performance indicators [7], reviewing the dynamic transfor-
mational characteristics of the joint impact of gold and oil on
long-term copper returns [8], forecasting copper production
by 2035 in Chile on the basis of knowledge of potential mining
projects, reserves and resources [9], determining the chaotic
behaviour of copper prices over a long period using annual
prices [10], analysis and quantification of how the mining in-
dustry in Chile affects other macroeconomic variables [11],
modelling of the price and income elasticity of minerals [12],
analysis of determinants of countries' competitiveness in at-
tracting mining investment [13] and analysis of causality be-
tween metal prices [14].

Due to the importance of copper for the current and fu-
ture development of the domestic and world economies, as
well as the lack of quantification of the impact of selected
economic factors on world copper production according to
different types of regressions in the scientific literature, the
authors of the article decided to take a closer look at this issue.

The macroeconomic findings show that demand (or world
production) for any raw material depends not only on its
price, but also on the population, the GDP, the price of other

Inzynieria Mineralna — Styczei — Czerwiec 2022 January - June — Journal of the Polish Mineral Engineering Society 51



Tab. 1. Time series of economic factors and world copper production between 2010 and 2019

Tab. 1. Swiatowa produkcja miedzi a czynniki ekonomiczne w latach 2010-2019

Cumulative Copper
Price GDP per capita | Inflation
Period Population inflation production
(CZK/kg) (%) (%)
(%) (t)

2010 183.83 |[6,956,823,603 13,904.63 3.36 100.00 15,900
2011 151.05 |7,041,194,301 14,275.46 4.81 104.81 16,100
2012 153.29 |7,125,828,059 14,554.85 3.69 108.68 16,900
2013 148.90 |7,210,581,976 14,857.76 2.59 111.49 18,300
2014 142.19 |7,295,290,765 15,189.65 2.35 114.11 18,500
2015 116.79 |7,379,797,139 15,516.99 1.43 115.74 19,100
2016 141.71 |7,464,022,049 15,837.38 1.50 117.48 20,100
2017 154,55 |7,547,858,925 16,253.39 2.18 120.04 20,000
2018 130.73 |7,631,091,040 16,636.42 2.44 122.96 20,400
2019 139.51 |7,713,468,100 16,911.19 2.18 125.59 20,400

Tab. 2. Indicator of strength of correlation by Evans (1996)
Tab. 2. Wskazniki sity korelacji wg Evans (1996)

correlation coefficient (R) value

strength of correlation

between + 0,8 to + 1,00

very strong correlation

between + 0,6 to + 0,79

strong correlation

between + 0,4 to = 0,59

moderate correlation

between £+ 0,2 to £ 0,39

weak correlation

between + 0,0 to + 0,19

very weak correlation

products and services and other economic factors [15]. Two
objectives are formulated in the article.

The first objective is to determine the impact of economic
factors on world copper production. The second objective is to
create econometric models that best express the dependence
of world copper production on economic factors. The period
2010 to 2019 was chosen for the period under investigation.
Economic factors were chosen as the factors examined: the
average annual world price of copper, the size of the world's
population, the size of world GDP per capita in purchasing
power parity, and cumulative inflation expressing the impact
of other prices of products and services.

Within the first objective, 2 hypotheses were proposed:

o H1: The correlation between world copper produc-
tion and its average annual price is negative and
moderately strong.

o H2: The correlation between world copper produc-
tion and world population, world GDP per capita,
cumulative inflation is very strong and positive.

o Within the second objective, 2 hypotheses were pro-
posed:

o H3: An econometric model representing the rela-
tionship between world copper production and its
average annual price is best expressed by power re-
gression.

o H4: An econometric model representing the rela-
tionship between world copper production and other
economic factors (population, GDP, cumulative in-
flation) is best expressed by linear regression.

Materials

The data were used from publicly available Internet serv-
ers and databases such as World Bank, US Government, the
Observatory of Economic Complexity. The data base (see Ta-
ble 1) for the realization of both research objectives consists

of a time series of economic factors under the study (average
annual copper price, world population size, world GDP per
capita in purchasing power parity, annual inflation, cumula-
tive inflation) and a time series of world copper production
between 2010 and 2019.

The input data clearly shows that economic factors such as
population, GDP and cumulative inflation represent growing
purely monotonous functions between 2010 and 2019. At the
same time, the trend of world copper production is a growing
function with a slight decline in 2017. Based on these inputs,
the authors defined the hypothesis H2 and H4. On the con-
trary, the time series of average annual copper prices is very
volatile. Hypotheses H1 and H3 were therefore established
from this finding.

Methods

Correlation analysis was used to achieve the first objective
of the article. The method of correlation analysis determines
the strength of impact of the investigated economic indicators
on the EU internal demand for critical raw materials. Cor-
relation analysis expresses the degree of linear dependence
of two random variables. It is often referred to the Pearson's
correlation coefficient as a means of quantifying the degree of
independence [16]. The coefficient is defined as follows:

— E(x —E(X) ¥ — E(Y))

P P 1

Where, there are
X, Y - random variables; E — mean value; D - variance; R (X,
Y) - Pearson's correlation coeflicient.

Pearson s correlation coefficient ranges from -1 to 1. A
value of 1 implies that a linear equation describes the rela-
tionship between X and Y perfectly, with all data points lying
on a line for which Y increases as X increases. A value of —1
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Tab. 3. Correlation analysis of world copper production and economic factors under analysis

Tab. 3. Analiza korelacji produkcji miedzi w $wiecie i wskaznikow ekonomicznych

Price Population | GDP per capita | Cumulative inflation

World copper

production -0.64 0.97

0.96 0.97

Tab. 4. Determination coefficient by econometric models and types of regression

Tab. 4. Wyznaczone wspétczynniki korelacji dla modeli regresyjnych

Econ?‘metruc _model / Exponential Linear Logarithmic Power
egression
Copper production=f(price)+u 0,4233 0,409 0,3843 0,3977
Copper
production=f(population)+u 0,9277 0.9377 U268 0,9336
Copper production=f(GDP)+u 0,9078 0,9194 0,9303 0,92
Copper
production=f(cumulative 0,9319 0,9345 0,9372 0,9365
inflation)+u

implies that all data points lie on a line for which Y decreases
as X increases. A value of 0 implies that there is no linear cor-
relation between the variables.

The calculation of the Pearson correlation coefficient was
performed in MS Excel using the PEARSON() function. The
outputs of the first objective are processed in the Table 3.

The evaluation of the H1 and H2 hypotheses was carried
out according to the correlation strength indicator (Table 2)
by the Evans classification (1996).

Econometric modelling was used to achieve the second
objective of the article. Econometric models are statistical
models used in econometrics. An econometric model speci-
fies the statistical relationship that is believed to hold between
the various economic quantities pertaining to a particular
economic phenomenon. An econometric model can be de-
rived from a deterministic economic model by allowing for
uncertainty, or from an economic model which itself is sto-
chastic. However, it is also possible to use econometric mod-
els that are not tied to any specific economic theory.

In general, the econometric model can be written as follows

¥ =f(b0'b1"“"br:'xt)+9r (2)

Where there are
y, - dependent (explained) variable. In our case, it is a world-

class copper production; x. - independent (explanatory)

t
variable. In our case, it is one of the economic factors (price,
population, GDP, cumulative inflation);b,b,...b - regres-
sion coefficients. Regression coefficients are determined by
regression analysis; e - residual component. If the residual
component equals zero it is obtained a functional relationship

between the explained and explanatory variables.

As already mentioned, different types of regression anal-
yses are used to determine regression coefficients. It depends
on the relationship between the explained and the explana-
tory variable. Therefore, we distinguish linear or nonlinear
types of regression. The authors used four types of regressions
in the article. They also used MS Excel graphics tools to per-
form them. These were regressions exponential, linear, loga-
rithmic and power.

The exponential regression

In(y) = In(by) + by x (3)

The linear regression
y=by+b.x (4)

The logarithmic regression
¥ = by +b.In(x) (5)

The power regression

In(y) = In(by) + by.1n (x) (6)

As a measure of the quality of the econometric model, a
coeflicient of determination is used in mathematical statistics.
The coeflicient of determination, commonly referred to as R?
("R square”) in its basic form expresses what proportion of
the variability of the explained variable the model explains.
The coefficient of determination can take values at most 1 (or
expressed as a percentage of 100%), which means a perfect
prediction of the values of the explained variable. Conversely,
a value of 0 (or 0%) means that the model does not provide
any information for recognizing the explained variable, it is
completely useless. The results of the second objective of the
article are shown in Table 4 and Figures 1, 2, 3 and 4.

Results and Discussion

The results of the implementation of the first objective
of the article (Table 3) show that the correlation between the
world's copper production and its price is negative and strong
(0.64). This leads to the rejection of the H1 hypothesis due to
the finding of a strong correlation. However, the value of this
correlation is located at the bottom edge for a strong correla-
tion. For all other economic factors, there was recorded pos-
itive and very strong correlation (>0.95) with world copper
production. The H2 hypothesis was therefore accepted.

Under the second objective, four econometric models
(the first column of Table 4) were created to express the de-
pendence of world copper production on the economic fac-
tors under investigation. Each model was created according
to four types of regressions (exponential, linear, logarithmic
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Dependence of world copper production on its price
between 2010 and 2019
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Fig. 1. The best econometric model of the dependence of world copper production on its price
Rys. 1. Najlepszy model ekonometryczny zaleznosci produkcji miedzi i jej ceny

Dependence of world copper production on the world
population between 2010 and 2019
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Fig. 2. The best econometric model of the dependence of world copper production on world population
Rys. 2. Najlepszy model ekonometryczny zaleznosci produkcji miedzi od populacji na swiecie

Dependence of world copper production on the world GDP per
capita between 2010 and 2019
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Fig. 3. The best econometric model of the dependence of world copper production on world GDP per capita
Rys. 3. Najlepszy model ekonometryczny zaleznosci produkcji miedzi od $wiatowego produktu narodowego brutto (GDP)

Dependence of world copper production on the cumulative
inflation between 2010 and 2019
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Tab. 1. Time series of economic factors and world copper production between 2010 and 2019
Tab. 1. Swiatowa produkcja miedzi a czynniki ekonomiczne w latach 2010-2019
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and powerful). Thus, a total of 16 econometric models were
created, for each economic factor of 4 models. The quality of
these models was assessed according to the coefficient of de-
termination R2 (Table 4).

The results of the second objective of the article clearly
show that the values of the coefficient of determination for
all econometric models expressing the dependence of world
copper production on its price are very low and do not change
much according to the type of regression used. The best de-
termination coeflicient value was achieved by an economet-
ric model created by exponential regression (Table 4-green
highlighted, Figure 1). The H3 hypothesis cannot therefore be
accepted. In contrast, the determination coefficient values for
all econometric models expressing the dependence of world
copper production on all other economic factors studied are
very high and practically do not differ at all according to the
type of regression used (Table 4). The best determination co-
efficient values for all other economic factors were achieved
by econometric models created by logarithmic regression (Ta-
ble 4-green highlighted. The H4 hypothesis must be rejected.
The best econometric models, including their equations, are
shown in Figures 1, 2, 3 and 4.

The results of the research clearly show a significant dif-
ference between the effect of the price on world copper pro-
duction (Table 3) and the influence of other factors on this
production. Factors such as the world's population, world
GDP, and cumulative inflation are proving to have a signif-
icant impact on world copper production. Based on econo-
metric modelling, it showed out that the price as an economic
factor according to the coefficient of determination insuffi-
ciently explains (Table 4) the impact on the overall world cop-
per production between 2010 and 2019. In contrast, all other
factors according to this coeflicient almost perfectly explain
(Table 4) their impact on world copper production.

By comparing the application of different types of re-
gression through the coefficient of determination, only small
differences (Tabel 4) between them were found. However, ac-
count should be taken of the fact that if the research had been
carried out for another time period, the regression coefficient
values would have been different. However, this is the prob-

lem of all econometric models. The authors believe that, given
the stable growth of copper production in the world, as well
as the growth of economic factors such as the world's popu-
lation, world GDP, and cumulative inflation (Table 1), these
differences will be minimal.

According to the results of the research, the authors con-
cluded that the average annual world price of copper, given
its volatility, insufficiently explains its impact on world cop-
per production and therefore do not recommend using it in
one-dimensional econometric models to predict the develop-
ment of world copper production. On the contrary, according
to the authors, all econometric models explaining the impact
of other factors studied on world copper production can be
used for practical use for its prediction.

Conclusion

The research carried out clearly shows that between 2010
and 2019 there is a very strong relationship between world
copper production and economic factors such as the world
population, world GDP per capita in purchasing power parity
and cumulative inflation. Econometric models that express
this relationship regardless of what type of regression has
been used show a very high determination coeflicient value.
Although for another period of time, economic models would
have slightly different regression coefficients, given the stabil-
ity of these economic factors and world copper production,
these factors explain this production quite sufficiently. There-
fore, the authors recommend using these econometric models
for short and medium-term predictions and updating them
regularly after this time.

Research has also clearly shown that the average annual
world copper price does not adequately explain the impact on
world copper production. Econometric models expressing the
influence of the world copper price on its production have a
very low coefficient of determination. Therefore, they are not
suitable for prediction. The authors believe that this is mainly
due to price volatility over time, caused by uneconomic fac-
tors such as political interests, lobbying interests and other
factors.
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Wplyw czynnikéw ekonomicznych na swiatowg produkcje miedzi

MiedZ jest bardzo waznym mineralem, ktory ma szerokie zastosowanie w przemysle, zwlaszcza w elektrotechnice i energetyce. Wraz
ze wzrostem elektromobilnosci jej potencjal bedzie rost w przysztosci. Wszelki niedobor miedzi na rynku swiatowym mogtby zatem
zagrozi¢ nowoczesnemu przemystowi. W zwigzku z tym autorzy postanowili zajgé sie wplywem czynnikow ekonomicznych (cena,
ludnos¢, PKB i skumulowana inflacja) na produkcje miedzi oraz stworzy¢ odpowiednie modele ekonometryczne, wyrazajgce za-
leznos¢ miedzy produkcjg a czynnikami ekonomicznymi dla okresu 2010-2019. Wplyw czynnikéw ekonomicznych na swiatowg
produkcje miedzi badany jest za pomocg wspélczynnika korelacji Pearsona. Stwierdzono, Ze produkcja miedzi jest odwrotnie proporc-
jonalna do ceny miedzi, jest to silna zaleznos¢. Natomiast korelacja miedzy produkcjg miedzi a innymi czynnikami jest bardzo silna
i pozytywna. Korzystajgc z modelowania ekonometrycznego, odkryto, ze regresia wykladnicza jest najlepszym wyrazeniem relacji
miedzy produkcjg miedzi a jej ceng, a regresja logarytmiczna najbardziej odpowiada relacji migdzy produkcjg miedzi a wszystkimi
innymi czynnikami ekonomicznymi. .

Stowa kluczowe: model ekonometryczny, swiatowa produkcja miedzi, czynniki ekonomiczne, wspélczynnik korelacji Pearsona
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Abstrakt

Celem pracy jest zaprezentowanie procesowego podejscia do systemowego zarzgdzania pomystami pracowniczymi. Istotg
prezentowanego podejscia jest przedstawienie systemu zarzgdzania pomystami pracowniczymi (ZPP) jako procesu z jawnie
okreslonymi: wejsciem, wyjsciami oraz wymaganiami. Wymagania sformufowano na podstawie badan literaturowych dotyczgcych
determinant sukcesu przedsigwzigcia, jakim jest zarzgdzanie pomystami pracowniczymi. Sukces zdefiniowano jako osiggnigcie
celow, ktore opisano jako elementy wyjsciowe procesu zarzgdzania pomystami. Poniewaz jedng z glownych determinant sukcesu
jest zaangazowanie pracownikéw, jako wymagania odnoszqgce si¢ do tej determinanty omdowiono motywatory i demotywatory
zaangazowania. Wartoscig dodang pracy jest nie tylko prezentacja mapy uniwersalnego procesu zarzgdczego wraz z towarzyszgcym
jej opisem wymagan ale i wykaz mozliwych do zastosowania miernikow skutecznosci procesu (KPI). Wykorzystanie miernikéw,
dostarczajgcych obiektywnych informacji na temat efektéw procesu pozwala na calosciowe zarzgdzanie procesem lub tez na
skoncentrowanie si¢ na jego konkretnych, najbardziej wartosciowych dla adresatéw, kierunkach. Praca dostarcza takze prostego
narzedzia diagnostycznego do identyfikacji mozliwych przyczyn niewystarczajgco efektywnego funkcjonowania systemu pomystow
w dowolnej organizacji.

Stowa kluczowe: pomysty pracownicze, system sugestii pracowniczych, program pomystow pracowniczych, zarzqdzanie innowacjami

1. WSTEP Przed podjeciem jakiejkolwiek aktywnosci zarzadczej,

Zarzadzanie to sztuka osiagania celéw czyli sprawiania, za
pomoca $wiadomych dzialan ukierunkowanych na zasoby, ze
cel zaplanowany do osiagniecia zostanie osiagniety (parafra-
za definicji Gryflin-a (Griffin, 2005, 5.6)). W zakresie dzialan
zarzadczych znajduja sie wszystkie aktywnosci, bez ktorych
osiagniecie celu jest niemozliwe, poczawszy od rozwazenia
celu, poprzez planowanie sposobu jego osiagniecia az do
sprawdzenia, ze cel zostal osiggniety.

Zarzadzanie zawsze jest ukierunkowane i zawsze dotyczy
jakiego$ konkretnego obszaru lub aspektu - czyli ma mi8ejsce
w kontekscie, w ktéorym umieszczony jest cel, ktéry ma by¢
osiggniety. Przyktadowo, jedli celem jest poprawa efektywnos-
ci energetycznej przedsiebiorstwa aspektem tym jest energia
(czyli méwimy o zarzadzaniu energig, patrz ISO 50001) a jesli
celem jest ochrona zdrowia pracownikéw aspektem tym jest
BHP (patrz ISO 45001). Jesli natomiast celem jest doskonale-
nie i rozwdj przedsigbiorstwa, aspektem tym jest innowacy-
jnos¢ i zaangazowanie pracownikéw. W niniejszej pracy autor
prezentuje procesowe podejécie do tej wlasnie kwestii, aby
udzieli¢ odpowiedzi na pytanie: jakie dziatania nalezy pod-
ja¢ aby osiagna¢ korzysci plynace ze skutecznego zarzadzania
tym aspektem. Dzialania te s3 zaprezentowane w postaci ogol-
nego modelu procesu zarzadzania pomystami pracowniczymi
(ZPP), uwzgledniajacego, oprocz aktywnosci, takze zwigzane
z nimi wymagania, ktérych spelnienie implikuje sukces
zarzadzania i ktorych niespelnienie implikuje jego porazke.
Wiedza ta powinna ulatwi¢ zaréwno projektowanie nowego
jak i doskonalenie funkcjonujacego systemu.

2. SKUTECZNE ZARZADZANIE POMYSLAMI
2.1. SZPP - cel funkcjonowania

stuzacej przeciez osiagnieciu celu, nalezy precyzyjnie okresli¢
ten cel, bowiem zarzadzanie bez poprawnie zdefiniowanego
celu jest, z definicji, bezcelowe.

Celem nadrzednym procesu ZPP czyli tym, ktorego
osiagnieciu ten proces stuzy, jest zwykle strategiczny cel bi-
znesowy: generowanie zysku poprzez zdobycie lub utrwalenie
przewagi konkurencyjnej. W aspekcie zarzadzania innowacy-
jnoscia i zaangazowaniem pracownikow cel nadrzedny osiaga-
ny jest dzigki skutecznemu wykorzystywaniu wewnetrznego,
intelektualnego i motywacyjnego potencjalu pracownikéw -
to jest wiec cel operacyjny procesu ZPP. Osiagniecie tego celu
przynosi organizacji korzysci sprzyjajace osiagnieciu celu stra-
tegicznego. Korzyéci te mozna rozwaza¢ w trzech aspektach:

o Korzysci bezposrednich - bedacym efektem wyko-

rzystania innowacyjnosci pracowniczej;

« Innowacyjnosci - bedacym efektem ujawnienia

wiedzy, do ktérej organizacja nie ma tatwego dostepu;

o  Zaangazowania - bedacym efektem wzrostu moty-

wacji do uczestniczenia w doskonaleniu organizacji.

W opracowaniu (Dekier, Grycuk, 2014, wykres 3] korzys-
ci te zostaly wskazane jako najczestsze powody wdrazania
systemu sugestii, zatem mozna uzna¢, ze zarzadzajacy sa $wi-
adomi potencjatu skutecznego zarzadzania pomystami pra-
cowniczymi.

Warunkiem osiggniecia korzysci jest prawidlowe funk-
cjonowanie dobrze zaprojektowanego, prawidlowo wdrozo-
nego, skutecznie utrzymywanego i doskonalonego procesu —
w takich okolicznosciach pracownicy chetnie beda dzielili sig
swoja wiedzai do$wiadczeniem, beda wydajniej i bezpieczniej
pracowali i beda z tego tytulu bardziej zadowoleni.
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Rys. 1. Reprezentacja IDEFQ przedstawiajgca model funkcjonalny procesu ,,JCOM” (zrédlo: (Presley, Liles, 1998, rysunek 1)

Fig. 1. IDEFO representation of the functional process model “ICOM” (source: Pres-ley, Liles, 1998, figure 1)
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Rys. 2. Mapa procesu zarzadzania pomystami pracowniczymi (opracowanie wlasne)

Fig. 2. Schema of the suggestion management process (own work)

2.2. Model procesu ICOM

W normie ISO 9000 [PN-En ISO 9000, 2015, def. 3.4.1]
»proces” zdefiniowany jest nastgpco: to ,zbior dzialan wza-
jemnie powiazanych lub wzajemnie oddzialujacych, ktére
wykorzystuja wejscia procesu do dostarczenia zamierzo-
nego rezultatu” Najproéciej moéwiac: proces to dzialanie
ktore przeksztalca to co na wejsciu w to, co na wyjséciu. Pro-
dukt procesu w zamierzeniu jest materializacja osiagnigcia
jego celu.

Aby opisa¢ proces ZPP autor skorzystal z metodyki mod-
elowania opisowego proceséw IDEF0 (Presley, Liles, 1998)
opracowanej pod koniec lat siedemdziesigtych przez Sily
Powietrzne USA. Tworzone z uzyciem tej metodyki modele
procesdw okreslane sg czasem jako modele ICOM, co jest ak-
ronimem opisujacym te przyjety sposob opisu: (Input - wejs-
cie, Constraints - ograniczenia, Output - wyjécie, Mechanism
- mechanizm). Ide¢ t¢ pokazano na rys. 1.

Korzystajac z modelu ICOM mozna opisa¢ dowolny pro-
ces, wskazujac w jaki sposéb (z uzyciem jakiego mechanizmu)
to co na wejsciu procesu przetwarzane jest w to, co na wy-
jSciu — czyli jak osiggnaé zamierzony cel. Proces funkcjonu-
je w okreslonym kontekscie, ktdry jest opisany za pomoca
ograniczen: wymagan dotyczacych procesu i jego produktu
oraz regul biznesowych, definiujacych granice kontekstu.

Przyktadem ograniczen w rozwazanym procesie sa zapisy
dotyczace prawa autorskiego ale i obowigzujace w organizac-
ji polityki i regulaminy, a takze konkretne wymagania doty-
czace samego procesu, np. struktura informacyjna zgloszenia
pomystu lub maksymalny czas oczekiwania na rozwazenie
zgloszonego pomystu.

2.3. Mapa procesu ZPP

Kazdy proces zarzadzania pomystami pracowniczym
z zalozenia stuzy temu samemu celowi: osiagnigciu korzysci
plynacych z aktywnego wspdluczestniczenia pracownikéw
w doskonaleniu organizacji. Mozna takze zalozy¢, ze kazdy
proces zarzadzania pomystami pracowniczymi przebiega
w taki sam sposob — oczywiscie na poziomie ogélnym doty-
czacym mechanizmu. Oznacza to, ze w kazdym wypadku
rozwazany proces bedzie miat te same kroki procesowe (pod-
procesy) cho¢ konkretny sposob ich realizacji bedzie dopaso-
wany do charakterystyki organizacji, jej kultury, dojrzalosci,
zwyczajow, struktury i wykorzystywanych narzedzi.

Autor zalozyl, ze istnieje pewien wzorcowy sposéb pr-
zebiegu procesu opisany wymaganiami, bedacymi pochod-
na determinant sukcesu zarzadzania, co oznacza, ze istnieje
prawidlowa odpowiedz na pytanie: jakie wymagania musza
by¢ spelnione, aby zmaksymalizowa¢ prawdopodobienstwo
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Tab. 1. Proces gtéwny opisany wg. modelu ICOM (praca wiasna)

Tab. 1. Main process described with ICOM methodology (own work)

ZARZADZANIE POMYSLEM PRACOWNICZYM

Uzyskane korzysci (materialne, niematerialne) bedace
bezposrednim efektem wykorzystania pomystu:
o w obszarze wskazanym,

Cel1 e w obszarach innych niz wskazany,
e w miejscu wskazanym,
o w miejscach innych niz wskazane.
Wejécie Pomyst usprawnienia (w gtowie autora).

Wyjscie (produkt)

Osiggniete korzysci (materialne, niematerialne) bedace efektem
wykorzystania pomystu.

Miernik
skutecznosci

Informacja o wielkosci osiggnietych korzysci (miernik podprocesu
walidacji pomystu).

Ograniczenia

o Wymagania zwigzane z aktami prawnymi, normatywami i
regulacjami wewnetrznymi organizacji;

e Skutecznos$¢ procesu rozpowszechniania dobrych praktyk w
organizacji.

Zadowolenie autora pomystu - dla zwiekszenia jego

Cel 2 zaangazowania w proces doskonalenia organizacji oraz
poprawy wydajnosci i bezpieczeistwa jego pracy.
Wejécie Pomyst usprawnienia (w gtowie autora).

Wyjscie (produkt)

Autor pomystu jest zadowolony.

Miernik
skutecznosci

e Dynamika wzrostu ilosci skutecznie zgtaszanych pomystow;

e Dynamika wzrostu iloéci praktycznie wykorzystanych
pomystéw.

Ograniczenia

¢ Wymagania dotyczace czasu procedowania pomystu (tzw.
,rozsadny termin”);

¢ Wymagania dotyczace komunikacji z autorem - m.in.
maksymalny czas pomiedzy jednostkami informacyjnymi,
kompletnos¢ informacji (tak, aby autor byt Swiadomy tego, co
sie z jego pomystem dzieje);

e Skuteczno$¢ procesu zarzadzania pomystem.

Cel 3

Uzyskana nowa wiedza.

Wejscie

Pomyst usprawnienia (w gtowie autora).

Wyjscie (produkt)

Udokumentowana informacja nt. mozliwych do osiagniecia (w
okreslonych okolicznosciach) korzysci.

Miernik
skutecznosci

Ilo$¢ pomystéw skutecznie obstuzonych (udokumentowanych,
wykorzystanych, chronionych prawnie).

Ograniczenia

e Wymagania dot. zarzadzania informacja;

¢ Wymagania Ustawy Prawo wtasnosci przemystowej (PWP).

sukcesu zarzadzania pomystami pracowniczymi. Pytanie to
mozna tez sformulowac inaczej: niespelnienie jakich wy-
magan spowoduje, ze osiggniety rezultat bedzie inny od na-
jlepszego mozliwego do osiagniecia.

Na rysunku 2 przedstawiona jest mapa procesu zarzadza-
nia pomystami pracowniczymi uwzgledniajaca caly cykl zycia
pomystu (stad podprocesy operacyjne: ,wdrozenie pomystu”
i ,wykonanie pomiaréw” — ktére nominalnie nie przynaleza
do procesu zarzadzania). Ujawnione s3 w niej gléwne kroki
procesowe (ogdélny mechanizm procesu), wejscie i wyjscia
procesu oraz gtéwne role w procesie.

Opisy zilustrowanych wyzej proceséw znajduja si¢ w ta-
beli 1 (proces gtéwny) i w tabeli 2 (podprocesy procesu glow-
nego). Opisy te uwzgledniaja cel kazdego procesu, jego pro-
dukt, ich mozliwe mierniki oraz odpowiednie ograniczenia.

Poprawna identyfikacja celu kazdego procesu jest
kluczowa z punktu widzenia zarzadzania, bowiem tylko
sparametryzowanie tego celu pozwala weryfikowaé jego
osiggniecie a wiec umozliwia poprawne zarzadzanie infor-
macja nt. skutecznosci zaréwno przebiegu procesu jak i ja-
kosci zarzadzania procesem. W celu szybkiej oceny przebiegu
procesu mozna postuzy¢ sie opisanymi, jako przyktadowe,
miernikami. Jes§li natomiast proces i podprocesy nie sa
opisane i opomiarowane czyli miarodajna, bazujaca na fak-
tach, ocena ich funkcjonowania nie jest mozliwa - jest to
pierwsza, bardzo znaczaca przestanka wskazujaca na zrodla
nieoptymalnego funkcjonowania systemu - o ile sa co do tego
watpliwosci.

Aby kazdy proces wytwarzal pozadany produkt odpow-
iednej jakosci, musi on przebiega¢ w okreslony sposob i, cho¢
szczegdtowy opis tego sposobu wykracza poza zakres ninie-
jszej pracy, to mozliwe jest przyporzadkowanie mu ograniczen
(w tym wymagan), ktoérych naruszenie (w przypadku wy-
magan - ich nie spelnienie) oznacza nieskuteczno$¢ procesu.

Krytycznie waznym miernikiem kazdego rozwazanego
wyzej procesu jest ilo§¢ skutecznie i zgodnie z wymaganiami
obstuzonych pomystéw - mierzona bezwzglednie (ilo$cio-
wo) i wzglednie (w stosunku do wszystkich pomystow ktore
znalazly si¢ na wejsciu danego procesu - tzw. backlog). Wers-
ja ilosciowa tego wskaznika opisuje wydajno$¢ procesu nato-
miast wersja jako$ciowa (wzgledna) opisuje efektywnos¢ pro-
cesu.

Informacje dodatkowe nt. mozliwych miernikéw mozna
znalez¢ w (Gerlach, Brem, 2017, tabela 6] i w (Lasrado, Arif,
Rizvi,2015).

Nalezy pamigtaé, ze powinno si¢ stosowaé wylacznie
mierniki, ktére s3 wykorzystywane w celu dodania wartosci
do procesu (tzn. funkcjonujg procesy zarzadcze w ktérych ta
informacja jest wykorzystywana w konkretnym celu) - zatem
ta kwestia powinna by¢ przedmiotem szczegélnie staranne-
go rozwazenia. Oczywiscie, fundamentem systemu mierzenia
(takze efektywnosci procesow) jest zapewnienie odpowiedniej
jakosci pomiaréw i kalkulacji, uwzgledniajacej odpowiednio
skuteczne mechanizmy weryfikacji danych wej$ciowych.

Z uwagi na przyjety poziom szczegélowosci opisu procesu
gltéwnego nie uwzgledniono w nim podproceséw dodatkow-
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Tab. 2. Podprocesy procesu gléwnego opisane wg. modelu ICOM (praca wlasna)
Tab. 2. Main process sub-processes described with ICOM methodology (own work)

1.1 ZGLOSZENIE POMYSLU

Cel

Pomyst udokumentowany w sposob umozliwiajacy jego dalsze
procedowanie.

Wejscie

Pomyst usprawnienia (w gtowie autora).

Wyjscie (produkt)

Pomyst udokumentowany zgodnie z wymaganiami (zbior
informacji dotyczacych pomystu i autora umozliwiajacy dalsze
procedowanie).

Miernik
skutecznosci

e Ilo$¢ pomystow poprawnie udokumentowanych

o Ilo$¢ pomystow wymagajacych korekty;

e Ilo$¢ pomystow odrzuconych z powodu niespetnienia wymagan
odn. do ich udokumentowania;

o Ilo$¢ pomystow poprawnie udokumentowanych do ilosci
pomystéw niepoprawnie udokumentowanych.

Ograniczenia

Wymagania dotyczace zawartosci kwestionariusza (fizycznego lub
elektronicznego) wykorzystywanego do dokumentowania pomystu
(zwykle wzor karty zgtoszenia pomystu lub odpowiednia
konstrukcja formularza elektronicznego).

1.2 KATEGORYZACJA POMYSLU

Cel

Ujawniona wiedza (wtasnos¢ intelektualna) chroniona zgodnie z
Ustawg PWP.

Wejscie

Pomyst udokumentowany zgodnie z wymaganiami.

Wyjscie (produkt)

Dokumentacja pomystu uzupetniona o informacje, czy pomyst
spetnia wymagania Ustawy PWP - dla zastosowania
odpowiedniego scenariusza procedowania (m.in. uwzgledniajacego
kwestie ochrony wiasnosci intelektualnej).

Miernik
skutecznosci

e ilos¢ pomystéw podlegajacych ustawowej ochronie prawnej;
e ilos¢ pomystéw podlegajacych ustawowej ochronie prawnej w
stosunku do wszystkich pomystéw skutecznie zgtoszonych.

Ograniczenia

Kryteria kwalifikacji jako przedmiot ochrony praw zgodnie z
Ustawg PWP.

1.3 OCENA POMYSLU

Przyporzadkowane do pomystu parametry okreslajace jego wartosé¢

Cel o

dla organizacji.
Weiécie Pomyst udokumentowany zgodnie z wymaganiami (uzupetniony o

1 wynik kategoryzacji).

e« Dokumentacja pomystu uzupetniona o wyniki oceny jego
Wyjécie potencjatu (wartoséci) biznesowej;
(produkt) ¢ Rekomendacja dotyczaca decyzji biznesowej dotyczacej

pomystu.

Miernik Stosunek korzysci szacowanych (wartosci oczekiwanej) do korzysci
skutecznosci rzeczywiscie osiagnietych (zmierzonych w procesie walidacji

pomystu).

Ograniczenia

e Kryteria oceny pomystu;
e Kryteria priorytetyzacji.

1.4 PODJECIE DECYZJI

Nadany pomystowi status odzwierciedlajacy biznesowa wartos¢

Cel pomystu.

- Pomyst udokumentowany zgodnie z wymaganiami (uzupetniony o
Wejscie -

wynik oceny).

Wyjscie Nadany pomystowi status prawny (wymaganie) zwigzany z jego
(produkt) dalszg obstuga.
Miernik Iloé¢ decyzji okre$lonego rodzaju (statystyka).
skutecznosci

Ograniczenia

Katalog decyzji mozliwych do podjecia.

1.5 WALIDACJA POMYSLU

Zweryfikowane wyniki szacowanych do osiggniecia - dla oceny

Cel procesu zarzadzania (w tym zastosowanych metodyk i kryteriow)
oraz rzeczywistego potencjatu pomystu.
Weiécie Kompletna dokumentacja pomystu (w tym szacunki dot.
] planowanych do osiagniecia korzysci).
Wyjscie Informacja o wielkosci osiagnietych korzysci.
(produkt)
Miernik Stosunek korzysci osiggnietych do szacowanych/zaplanowanych do
skutecznosci osiggniecia.

Ograniczenia

o Metodyka walidacji;
e Kryteria oceny.

ych (wspierajacych), ktérych prawidlowy przebieg warunku-
je skutecznos¢ procesu gtéwnego. Przykladowe podprocesy
W sposOb uproszczony opisano w tabeli 3.

2.4. Autor pomystu jako podmiot zarzgdzania - aspekt na-
gradzania i komunikacji

Proces zarzadzania pomystami pracowniczymi mozna
rozwaza¢ z co najmniej dwoch perspektyw. Kazda perspekty-
wa determinowana jest odrebnym celem do osiagniecia, co
zwigzane jest z orientacja procesu na roznych jego klientow.
Kiedy celem jest osiagniecie korzysci zwiagzanych z organizac-
ja, klientem jest organizacja, reprezentowana przez jej przed-
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Tab. 3. Podprocesy wspierajace (praca wlasna)

Tab. 3. Supporting sub-processes (own work)

Podproces

Cel podprocesu

Okresowy przeglad systemu zarzadzania.

Oceniona skutecznos$¢ procesu potrzebna
do jego doskonalenia.

Okresowy przeglad pomystow
»zaparkowanych” (zakwalifikowanych
jako pomysty do wdrozenia w
przysztosci).

Oceniony pod katem jego mozliwego
wykorzystania potencjat ujawniony i
udokumentowany.

Szkolenie (uzupetnianie wiedzy i trening
umiejetnosci).

Utatwienie potencjalnym autorom
kreowania i opisywania pomystow;
Utatwienie osobom wspierajacym
autoréw (mentorom) i obstugujacym
proces (administratorom, ekspertom
itp.) ich pracy.

Komunikowanie efektéow funkcjonowania
systemu.

Promowanie systemu zarzadzania.

Budowanie powszechnej $wiadomosci
wartosci systemu (wzmacnianie motywacji
wewnetrznej).

Finansowanie systemu, zarzadzanie
zasobami.

Umozliwiona alokacja zasobow
niezbednych do skutecznego
funkcjonowania systemu.

stawicieli. Przykladowo - jesli rozwazanym efektem zastoso-
wania pomystu jest poprawa bezpieczenstwa pracy, klientem
procesu zarzadzania pomystami jest organizacja reprezentow-
ana przez przedstawiciela odpowiedzialnego za proces po-
prawy bezpieczefistwa pracy (np. gléwnego inspektora BHP),
podczas gdy inni cztonkowie organizacji sg interesariuszami
tego procesu.

Proces ZPP ma jednak i inny cel, nie bezposredni i nie
oczywisty ale nie mniej wazny: jest nim zwiekszenie zaan-
gazowania pracownikéw w doskonalenie organizacji. W tym
przypadku klientem procesu jest autor pomystu a wszyscy
inni interesariuszami. Taka perspektywa postrzegania pro-
cesu ZPP stawia autora pomystu w jego centrum pozwalajac
skoncentrowac si¢ na aspekcie jego motywacji.

Zaden pracownik nie podzieli si¢ swoim do$wiadczeniem
jesli nie bedzie odpowiednio zmotywowany. Zatem chcac do-
skonali¢ organizacje przy wykorzystaniu potencjatu pracown-
iczego organizacja powinna motywowa¢ swoich pracownikéw
do doskonalenia oraz, co réwnie wazne, nie demotywowac ich
do tego. Obie perspektywy sa jednakowo wazne bowiem obie
sg Zrodlem wymagan do procesu ZPP, réwnoczeénie nie za-
wsze brak motywatora jest demotywujacy, tak jak i brak de-
motywatora jest motywujacy.

W tabeli 4 opisane sa przykladowe czynniki motywu-
jace i demotywujace pracownikéw do uczestnictwa w do-
skonaleniu organizacji opracowane na podstawie: (Gerlach,
Brem, 2017), (Yasuda, 1990), (Productivity Press Develop-
ment Team, 1992), (Bassford, Martin, 1996), (Lasrado, 2014),
(Hatcher, Ross, Collins, 1991).

7 uwagi na wiele odmiennych podejé¢ do tematu podsu-
mowanie przedstawione w tabeli reprezentuje autorska inter-
pretacje zapisow zrodlowych. Dodatkowo, informacje w ta-
beli nie s3 warto$ciowane (tzn. nie jest okreslona ich waga),
jednak elementy opisane czcionka pogrubiong oznaczaja
kwestie pojawiajgce si¢ wyraznie czesciej.

Jak wida¢, znacznie wigcej czynnikéw motywuje do zaan-
gazowania na rzecz doskonalenia organizacji niz demoty-
wuje, jednak sita demotywatoréw jest zwykle wigksza niz
sifa motywatoréw - dlatego eliminacja demotywatoréw jest
zadaniem tak samo waznym jak tworzenie srodowiska sprzy-
jajacego wzrostowi zaangazowania. Z zestawienia wynika, ze
najsilniej motywujacym i demotywujacym aspektem funke-
jonowania procesu ZPP jest jego transparentnos¢, odpowied-

nio$¢ i sprawnos$¢ (szybkos¢ procedowania) oraz traktowanie
autora pomystu jak partnera. Oznacza to, Ze staranne zapro-
jektowanie procesu i zapewnienie zasobow do jego sprawnego
funkcjonowania a takze zyczliwe i skuteczne wsparcie tworzy
solidny fundament procesowy do osiggania zamierzonych
korzysci. Kluczowe jest zwlaszcza uczciwie traktowanie au-
toréw pomystow. W tym kontekscie nagradzanie nalezy trak-
towac jako demonstracje wagi tego, czym dla zarzadzajacych
jest aktywny udzial pracownikéw w doskonaleniu organizacji
- nie za$ jako zrdédlo dodatkowych korzysci.

Cho¢ uwaza sig, ze nagrody materialne, szczegélnie fi-
nansowe, majg najwigkszy wymiar motywacyjny, to, jak
wykazano w [Wagas, Saleem, 2014), zaleznoé¢ miedzy zaan-
gazowaniem a nagradzaniem za zaangazowanie jest zblizona
dla nagréd materialnych (monetaryzowalnych) i niemateri-
alnych, oscylujac w obu przypadkach miedzy 30 a 34%. W or-
ganizacjach o utrwalonej kulturze zorientowanej na rozwdj
(w ,organizacjach uczacych si¢”), w ktérych pracownicy sg
wynagradzani wystarczajaco, aby czuc si¢ ekonomicznie bez-
piecznie, dominujgce s3 motywatory wewnetrzne, wynikajace
z wyznawanych w organizacji wartosci czy reprezentowanych
postaw, np. cheé poprawy dobrostanu organizacji postrze-
ganej jako organizm spoteczny czyli dobro wspolne (Yasuda,
1990), (Productivity Press Development Team, 1992). W or-
ganizacjach stymulujacych pracownikéw za pomocg motywa-
toréw zewnetrznych (np. premii) - dominujacy motywator
bedzie mial wymiar materialny, najczgéciej czysto finansowy.
Sposéréd osob, ktore w roku 2013 wziely udzial w badaniu
opinii nt. systemoéw sugestii pracowniczych (Dekier, Grycuk,
2014).], ponad 80% uczestnikow wskazato nagrody jako na-
jsilniejszy motywator do zglaszania pomystow. Wérod tych
nagréod dominowaly nagrody wylacznie finansowe (45%
badanych), finansowo-rzeczowe (30%) i wyltacznie rzeczowe
(20%).

Zdaniem autora, pracownicy wktadajacy dodatkowy, po-
nadnormatywny wysilek na rzecz organizacji, powinni mie¢
$wiadomo$¢, ze ten wysitek jest dla organizacji wazny i cenny.
Sposoby osiagniecia tego celu s3 co najmniej trzy:

o  Zaprojektowanie procesu ZPP i zapewnienie
zasobow tak, aby proces przebiegal sprawnie (czyli
pomysly byly procedowane w jak najkrétszym czasie
- czas pomiedzy kolejnymi krokami procesowymi
nie powinien przekracza¢ 10 dni roboczych);
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Tab. 4. Przyktadowe czynniki wplywajace na zaangazowanie pracownikéw w doskonalenie organizacji (praca wlasna)
Tab. 4. Examples of the factors having an impact on employee organization im-provement engagement (own work)

Motywatory

Demotywatory

Nagradzanie za zgtaszane pomysty

Atrakcyjnosé¢ nagréd

Nagrody bez wartosci dla autora

Chec¢ poprawy warunkdéw pracy

Uczynienie pracy tatwiejszg

Chec uczestniczenia w rozwigzywaniu
probleméw

Widoczne zaangazowanie przetozonych w
utrzymanie systemu

Manifestacyjna nieche¢ do systemu

Zachecanie i wspieranie

Zniechecanie i przeszkadzanie

Transparentny proces oceny pomystéw

Nieznane kryteria oceny pomystéw

Kryteria oceny pomystow
ukierunkowana na poprawe dobrostanu
organizacji (odpowiednio$é kryteriow)

Niezrozumiate, bezsensowne
kryteria oceny

Szybkie procedowanie

Przedtuzajace sie procedowanie

Utrzymywanie statego kontaktu z
autorem

Brak komunikacji

Podmiotowe, partnerskie traktowanie
autora

Przedmiotowe traktowanie autora

Uznanie ze strony $rodowiska

Satysfakcja z powodu wdrozenia
proponowanego rozwigzania

Pozytywny wplyw na ocene pracownicza,

Dobra atmosfera w pracy

Zta atmosfera pracy

Sprzyjajaca kultura organizacyjna

Niesprzyjajaca kultura organizacyjna

Rywalizacja

Mozliwo$¢ samorozwoju

tatwos¢ zgtoszenia pomystu

Szacunek, zyczliwosé

Brak szacunku

Chec dzielenia sie wiedzg

Mozliwos¢ wspdlnego rozwigzywania
probleméw

Tab. 5. (praca wlasna)

Tab. 5. (own work

Kryterium oceny

Tak | Nie Nie wiem

Pracowniczymi (ZPP).

W organizacji funkcjonuje proces Zarzadzania Pomystami

zarzadzenie).

Proces ZPP jest formalnie ustanowiony (np. poprzez

Proces ZPP jest opisany (np. za pomocg mapy lub
procedury) - na tyle szczegdtowo, aby mozliwe byto

zrozumienie jego przebiegu i skuteczne nim sterowanie.
Kazdej aktywnosci realizowanej w ramach procesu ZPP
przyporzadkowana jest rola z jawnie okreslonym zakresem
obowigzkdw i wiadzy.

Proces ma swojego wiasciciela - osobe, ktdra posiada petnag
witadze nad potrzebnymi do jego skutecznego
funkcjonowania zasobami.

Przebieg procesu ZPP jest zrozumiaty dla jego klientow i
interesariuszy.

Proces ZPP jest opomiarowany miarg ilosciowa - istnieje
mozliwo$¢ oceny wydajnosci procesu.

Proces ZPP jest opomiarowany miarg jakos$ciowq - istnieje
mozliwo$¢ oceny efektywnos$¢ procesu.

Wyniki pomiaréw procesu sg wykorzystywane do jego
doskonalenia (na ich podstawie podejmowane sa
odpowiednie decyzje i dziatania).

Do oceny pomystu wykorzystywane sgq udokumentowane i
dostepne kryteria oceny.

Do podjecia decyzji dot. pomystu wykorzystywane sa,
udokumentowane kryteria priorytetyzacji.

Autor pomystu jest na biezaco informowany nt. statusu
jego pomystu.

Proces przebiega ptynnie, nie ma zbednych opdznien ani
zatorow.
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o Zapewnienie odpowiedniej komunikacji z autorem
pomystu tak, aby ten wiedzial, na jakim etapie jest
jego pomyst (informacja powinna by¢ kompletna
z perspektywy autora i przekazywana zgodnie z har-
monogramem procedowania, czyli nie rzadziej niz
co 10 dni);

o Upewnienie autora pomystu, ze jest kim§ waznym
W organizacji, jego praca jest dla organizacji cenna
i organizacja jest tego $wiadoma - réwniez poprzez
uczciwg partycypacje w osiagnietych dzigki wyko-
rzystaniu pomystu korzysciach.

Zdaniem autora, zorientowanie procesu ZPP przede
wszystkim na autora pomystu powinno, w dluzszym hory-
zoncie czasowym, przynies¢ organizacji wigksza warto$¢ niz
skoncentrowanie si¢ na natychmiastowych korzysciach, ktore
z tytulu funkcjonowania procesu moze odnie$¢ organizacja.
Ludzie, ktérzy robia cos dlatego, ze chca zawsze beda skutec-
zniejsi niz ci, ktérzy robig bo im si¢ za to placi — poniewaz sita
motywacji wewnetrznej zawsze jest wieksza niz sita motywac-
ji zewnetrznej (Badubi, 2017).

3. OCENA PROCESU ZARZADZANIA POMYSLAMI
PRACOWNICZYMI

Aby mozliwe bylo doskonalenie procesu konieczna
jest ocena jego funkcjonowania. W [Lasrado, Gomiscek,
2015) zaprezentowano kompletne narzedzie do pomiaru
dojrzalosci systemu (uwzgledniajacego nie tylko proces ale
i inne, niezbedne do osiagniecia zamierzonego rezultatu,
elementy). Narzedzie to sklada si¢ ze 107 kryteriéw oceny
(sformulowanych jako przesadzenia) zebranych w pig¢ grup

tematycznych a jego wykorzystanie daje dobry, szczegélowy
obraz dojrzaloéci organizacji w zakresie zarzadzania po-
mystami pracowniczymi. Zakres niniejszej pracy nie pozwa-
la na zaprezentowanie tego narzedzia, ale jesli czytelnik jest
zainteresowany szybka, uproszczong oceng warstwy proce-
sowej systemu (czyli procesu - z perspektywy priorytetyzacji
dzialan doskonalacych) moze to zrobi¢ w oparciu o kryteria
opisane w tabeli 5.

Odpowiedz ,tak” nalezy udzieli¢, jesli osobie korzysta-
jacej z kwestionariusza znany jest dowod materialny zgodny
z rozwazanym kryterium.

Udzielona odpowiedz ,nie” lub ,nie wiem” wskazuje na
obszar, ktory powinien by¢ poddany szczegdltowej analizie
w pierwszej kolejnoéci.

4. PODSUMOWANIE

Skuteczne zarzadzanie pomystami pracowniczymi jest
taka sama sztuka, jak skuteczne zarzadzanie czymkolwiek in-
nym. W opracowaniach (Yasuda, 1990), (Productivity Press
Development Team, 1992), (Bassford, Martin, 1996), (Lasra-
do, 2014), (Ostrowski, 2017), (Santos, Afonesca, Lopes, Felix,
Murmura, 2018), (Lasrado, Arif, Rizivi, Urdzik, 2016) opisa-
no wiele przypadkow praktycznego funkcjonowania systemu
sugestii pracowniczych oraz wymagania, ktérych spetnienie
moze przyczyni¢ sie do zwigkszenia skuteczno$ci systemu.
Warto zaznaczy¢, ze funkcjonowanie procesu ZPP jest wy-
maganiem normatywnym wielu norm dotyczacych systemow
zarzadzania (np. ISO 14001/ISO 45001, 7.4.2; ISO 50001, 7.4),
jest takze przedmiotem normatywu miedzynarodowego (ISO
30401, 2018) zawierajacego wiele praktycznych wskazéwek
dotyczacych jego skutecznego funkcjonowania.
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Process Approach to Systemic Management of Employee Ideas

This work aims to demonstrate a process approach to the systemic management of employee ideas. The essence of the proposed method
is demonstrating the employ-ee suggestion system as a process with explicitly defined input, outputs and require-ments. The author
formulated requirements based on literature research of the suc-cess determinants of the management of employee ideas. Success was
defined as achieving the goals that were described as starting points in the idea management process. As one of the main determinants
of success is employee involvement, moti-vating and demotivating factors of commitment are discussed as requirements based on this
determinant. The added value of the work is not only the presentation of the universal management process map with the accompany-
ing description of the re-quirements but also the list of the ready to use key performance indicators. Using of KPI that provide objective
information about the effects of the process allows manag-ers the overall management of the process or focusing on its specific, most
valuable for recipients, directions. The work also provides a simple diagnostic tool to identify possible causes of an ineffective idea
system in any organization.

Keywords: employee ideas, employee suggestion system, employee suggestion scheme, inno-vation management
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Abstract
The paper brings original contributions in the particularly complex field of copper recovery from industrial wastewater. The purpose
of this experimental research is to recover copper metal powder from wastewater with low copper ion content, by the method of
cementation using a scrap iron electrode and to calculate the yield of copper cementation, influenced by the following parameters:
initial concentrations of copper ions, pH values and contact time. Recipes were experimentally studied by the cementation method
for the recovery of copper from industrially used solutions using iron waste, without consumption of other reagents or energy. Work
recipes were designed and one chose three different concentrations: for each solution of prepared concentration: 0.5% CuSOs, 1%
CuSOs4 and 3% CuSOs, and one performed laboratory experiments at two types of pH (natural pH obtained by dissolving CuSOa *
5H:0 in water, pH = 2 (adjustment with 0.1 M sulfuric acid solution). The optimal conditions for each recipe have been identified,
based on the experimental data obtained from the monitoring of each experiment, to the WT'W Multi 350i multiparameter and AAS
ZEEnit 700 Analytik Jena spectrometer. The calculation of the yield of obtaining copper powder for each day of the experiment and
for each recipe together, the other experimental data led us to the conclusion that the optimal variant for our study is: concentration

0f 0.5%, at an initial pH of 3.6 after 3 days of experiment and yield of 95.23%.

Keywords: the recovery of copper, wastewater treatment, copper cementation method

1. Introduction

Copper is one of the most valuable and widely used metals
in the industry. It is an essential metal for organisms, but in
excessive concentrations it can be very toxic for both humans
and animals (Pefia M.M., Lee J., Thiele D.]., 1999). Copper
is a heavy metal found in large quantities in wastewater due
to its various applications in industrial sectors, such as the
manufacture of printed circuit boards, the metal finishing in-
dustry, galvanizing, electrolysis, painting, wood preservation,
printing operations, etc. Copper can reach the environment
from mines, farms, industrial installations through wastewa-
ter discharged into rivers, lakes, but also from natural sources,
such as: volcanoes, degraded vegetation, forest fires (Mubarak
A., 2006). Copper was the first metal used in undetermined
amounts by man. The oldest craftsmen who worked with cop-
per soon found that it is easy to form into sheets with a ham-
mer and sheets in turn worked into other shapes that became
more and more complex as their skill increased.

Through the project (https://umfcd.ro/cercetare...SARS-
COV-2) PN-III-P2-2.1-SOL-2020-2-0208 Development of
innovative solutions for the protection of personnel (exposed
professionally) and the population against contamination
with the virus SARS-CoV-2, studies of impregnation of cotton
or medical equipment made of cotton fabric. Various impreg-
nation recipes were used that allowed to obtain "in situ" the
nanoparticles of copper and zinc oxides for the impregnation
of cotton fabrics, in different concentrations and ratios. The
stability of the impregnation of the nanoparticles was con-
firmed by chemical analysis and analysis by scanning tissues

of the tissues after 1, 3 or 5 washes. It has proved to be a good
enough stability and it is expected that even after 10 washes an
amount of about 40-50% of the initially impregnated amount
will still be fixed on the fabric. The washes involve a pH-neu-
tral detergent for 30-50 minutes at a temperature of 30-40°C
((https://umfcd.ro/cercetare...SARS-COV-2) PN-III-P2-2.1-
SOL-2020-2-0208).

Copper is present in normal human serum (the liquid
part of the blood) at concentrations of 120-140 pg/l. Signs
of toxicity will be observed if the copper concentration in-
creases significantly above this level. All copper compounds
are potentially toxic. Thus, man can be exposed to copper by
breathing air, drinking water, food he consumes, by skin con-
tact with copper or its compounds (Solomon E, 2009).

The use of copper to kill algae, fungi and mollusks proves
to be very toxic to aquatic organisms. In fact, copper is one of
the most toxic metals to aquatic organisms and ecosystems.
Copper recovery from wastewater is achieved by various
methods, such as bioadsorption, ion exchange, membrane
filtration, reverse osmosis, chemical precipitation, electro-
chemical processes, photocatalysis, cementation (Gunatilake
S.K.,, 2015).

Each of these methods has its own advantages and disad-
vantages. Unfortunately, some of these methods are difficult to
use widely or expensive to apply. The use of the cementation
method for the recovery of copper from metallic wastewater
can be considered as a relatively simple, inexpensive and envi-
ronmentally friendly method. Contamination of metal-treat-
ed water is a serious problem for many industrial sectors.
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Tab. 1. Physico-chemical parameters of synthetic CuSO, solutions

Tab. 1. Parametry fizyko-chemiczne syntetycznych roztworéw CuSOa

CuSO0a4 pH ORP EC TDS Salinity
concentration initial (mV) (uS/cm) (mg/l) (%0)
0.5% 3.6 + 178.6 2480 1588 1.3
2 + 269 4570 2970.5 2.4
1% 3.4 + 189.3 4250 2762.5 2.3
2 + 267.6 6190 4023.5 3.4
3% 3.0 +211.3 10290 6688.5 5.8
2 + 267.9 11910 7741.5 6.8

Tab. 2. Cu** values determined on the AAS ZEENIT 700 spectrometer
Tab. 2. Wartoéci Cu** wyznaczone na spektrometrze AAS ZEENIT 700

Time | CuSO40.5% | CuSO4 0.5% | CuSO4 1% | CuSO4 1% | CuSO4 3% | CuSO4 3%
hours | pH=2.0 pH=3.6 pH=2.0 pH=3.4 pH=2.0 pH=3.0

0 2092.19 2092.19 4184.38 4184.38 12553.14 12553.14
24 628.66 627.33 3187.86 3177.44 4841.17 4601.41
48 488.31 487.35 626.92 623.33 4654.42 1749.41
72 182.26 140.15 483.41 481.71 1841.82 952.12

96 32.81 16.84 91.76 181.65 323.8 904.85
120 10.14 6.51 16.03 19.41 175.5 310.04

There are many different techniques used to treat wastewater
to reduce metal content. A common technique involves rais-
ing the pH of the wastewater to an alkaline level to induce
precipitation of the metal. Although this method reduces the
metal content of wastewater, the resulting solid sludge will
require additional treatment (Moscatello N., Swayambhu G.,
Jones G.H., Jiale Xu, Ning Dai, Pfeifer B.A., 2018).

Unlike organic contaminants, heavy metals are not bio-
degradable and tend to accumulate in living organisms and
many of their ions are known to be toxic or carcinogenic
(Fenglian Fu, Qi Wang, 2011). Copper has many practical
uses in our society and is often found in coins, electric ca-
bles and pipes. However, too much copper can cause adverse
health effects.

2. Materials And Methods

Cementation consists in the precipitation of metals from
a solution of its salts by another electropositive metal (sacri-
ficial metal) by spontaneous electrochemical reduction to its
metallic state (Peng C., Liu Y., BiJ., Xu H., Ahmed A.S., 2011).
The cementation method has several advantages, such as the
recovery of metals in relatively pure metallic form, simple
control requirements, low energy consumption and is gener-
ally a low cost process (Nassef E., El-Taweel Y.A., 2015). Ce-
mentation of copper on iron is done by a series of short-cir-
cuited electrochemical cells, in which electrons reduce the
transfer of Cu2+ from the iron surface through the growing
copper deposit. Copper ions are reduced from the surface of
the copper deposit. Iron, which supplies electrons, is oxidized
in the anodic places on its surface (EL-Ashtoukhy E.S.Z., Ab-
del AM.H., 2013). However, it seems that cementing using
an iron electrode is the simplest and most reasonable method
for recovering copper. Therefore, it produces copper metallic
sediments, which are suitable for metallurgical processes.

1.1 Eguipment used

Determination of physico-chemical parameters

Using the WT'W Multi 350i multiparameter, the following
physico-chemical parameters were measured:

o electrical conductivity (EC);

o total dissolved solids (TDS);

o salinity;

° pH,
o  redox potential (ORP).

Before the analyzes were performed, the apparatus was
calibrated using standard solutions for pH and conductivity.

1.2 Determination of heavy metals

Heavy metals were analyzed by flame atomic absorption
spectrometry (AAS-F) using the AAS ZEEnit 700 Analytik
Jena apparatus. The device allows the analysis of the follow-
ing heavy metals: Ni, Cd, Cr, Pb, Zn, Cu, Fe, using the lamp
specific to each metal. The detection limit of the method is
between 0.01-0.08 mg/l, depending on the metal. Prior to
analysis, the water samples were acidified to pH 2 (using 65%
HNO:s) and filtered.

1.3 Cementation method-use of iron electrode

Procedure: studying the scientific information presented
in the specialized articles, regarding the cementation method
for the recovery of copper from used solutions, one observes
the following:

o the mode of work is specific to a laboratory work
(small amounts of used copper solutions 0.1-10 1,
using continuous mixing and sometimes heating).

o the influence of the pH of the used copper solution
on the recovery yield or efficiency (natural pH was
helped with 0.1 M H2SOs solution up to pH 2).

o the working method designed for the experimental
part simplifies the laboratory equipment (without ag-
itation, without heating, with initial pH adjustment of
CuSO:s solutions prepared in the laboratory at a pH of
2, Fig. 1) and one sought to identify the optimal condi-
tions for copper deposition in a reasonable time.

One prepared 3 solutions of different concentrations of
CuSOa of 0.5%, 1%, 3% by dissolving the calculated amounts
of CuSO4«*5H20 for 250 ml volumetric flasks (stock solu-
tions), (Table 1) and the parameters were measured with mul-
tiparameter WTW Multi 350i.

One monitored day by day, the changes of previously mea-
sured parameters, with WTWMulti350i but also the amount
of copper deposited (Fig. 2), along with determining the daily
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Fig. 1. Samples 3 solutions of different concentrations of CuSO4 prepared for analysis

Rys. 1. Probki 3 roztwordw o réznych stezeniach CuSOa przygotowane do analizy

Apee
it

Fig. 2. Samples with the amount of copper deposited on the iron, from different days of the experiment

Rys. 2. Probki z iloécig miedzi osadzonej na zelazie, z réznych dni eksperymentu

Tab. 3. Yield values for the 3 solutions
Tab. 3. Wartosci uzyskow dla 3 eksperymentow

Concentration (%) pH Optime time (days) Noptimal
3.6 3 95.23
o 2 3 85.71
1 3.4 3 76.2
2 4 97.62
3 3 3 86.83
2 4 96.4

concentration of copper ions remaining in solution at AAS
ZEEnit 700 spectrometer, so one could calculate the efficiency
and daily efficiency of experiments (Table 2).

3. Results

One started the experiment by preparing 3 solutions of
different concentrations, of 0.5% CuSOs, 1%, 3% by dissolv-
ing the calculated amounts of CuSO4*5 H20 for 250 ml rated
flasks. One monitored the changes in previously measured pa-
rameters with WTW Multi 350i but also the amount of cop-
per deposited, along with determining the daily concentra-
tion of copper ions remaining in solution at the AAS ZEEnit
700 spectrometer, so one could calculate the daily efficiency
and effectiveness of our experiments.

For each concentration solution prepared: 0.5% CuSOs,
1% CuSOs and 3% CuSOs were performed laboratory experi-
ments at 2 different pH:

a) the natural pH obtained by dissolving CuSO4 in water;

b) pH = 2 (adjustment with 0.1 M sulfuric acid solution).

The variation of salinity is observed, for the 3% pH 2 solution,
which is fluctuating, reaching 6.8%o. The variation of the concen-
tration of copper ions is observed, for the 3% solution (12553.14
mg/l) at pH 2, which is decreasing, reaching 175.5 mg/L. It is ob-
served that after 4 days from the experiment, the concentration
of copper ions reaches 323.8 mg/l, which gives us the possibility
to identify an optimal time for the experiment (Fig. 3).

The synthesis yield is defined as the ratio between the
practical mass obtained by copper powder (dry) and the ter-
rorist mass (Céltaru M., Badicioiu M., 2007).

It is observed that after 4 days the copper recovery effi-
ciency stabilizes at 96.4%. It should be noted that after the first
day of the experiment (24 h), the yield is almost 89% (Fig. 4).
Which demonstrates the effectiveness of the iron waste used
in the cementation method.

Table III shows yields over 95%, for all 3 optimal variants,
but the time to obtain the optimal yield will differentiate the
overall optimal variant, which one propose to be: concentra-
tion of 0.5%, at an initial pH of 3.6 after 3 days of experiment
and yield of 95.23%.

4. Discussion
The results obtained for the variation of pH, EC, salinity,
copper ion concentration and yield is the follow:

0.5% copper sulphate solution of initial pH = 3.6

The pH variation for the 5 days of the experiment is fluc-
tuating, falling between 3.6-4.1 with an average of 3.88 (note
that pH = 4.1 is obtained after 4 days). The variation of the
EC (uS/cm) for the 5 days of the experiment is increasing,
ranging between 2480 uS/cm-2860 pS/cm, with an average
of 2693.3 uS/cm (note that EC = 2860 uS/cm is obtained after
5 days). The variation of salinity (%o) for the 5 days of the
experiment is increasing, ranging between 1.3-1.5%o, with an
average of 1.4%o (note that S = 1.5%o is obtained after 5 days).
The variation of the copper ion concentration (mg/l) for the
5 days of the experiment is decreasing from 2092.19 mg/I to
6.51 mg/l (on the 5th day) which demonstrates that in these
conditions the method cementation also helps us in solving
the problem of the concentration of copper ions in the used
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Fig. 3. Samples with the amount of copper deposited on the iron, from different days of the experiment

Rys. 3. Probki z iloscig miedzi osadzonej na zelazie, z roznych dni eksperymentu

Fig. 4. The amount of copper powder obtained after one day of experiment

Rys. 4. Ilo$¢ miedzi otrzymanego po jednym dniu eksperymentu

industrial solution because after 5 days it reaches ovals below
10 mg/1 (a decrease of about 322 times). The calculated syn-
thesis yield is 95.23% after 3 days of experiment.

0.5% copper sulfate solution at adjusted pH = 2

The pH variation for the 5 days of the experiment is in-
creasing, ranging between 2-3.8 with an average of 3.35 (note
that pH = 3.8 is obtained after 3 days). The variation of the
EC (uS/cm) for the 5 days of the experiment is decreasing
starting from 4570-2960 uS/cm, with an average of 3370 uS/
cm (note that EC = 2960 uS/cm is obtained after 2 days). The
variation of salinity (%o) for the 5 days of the experiment is
decreasing, starting from 2.4-1.5%o, with an average of 1.7%o
(note that S = 1.5%o is obtained after 2 days). The variation of
the concentration of copper ions (mg/l) for the 5 days of the
experiment is decreasing from 2092.19 mg/1 to 10.14 mg/1 (on
the 5th day), which demonstrates that in these conditions the
cementation method also helps us in solving the problem of
the concentration of copper ions in the used industrial solu-
tion because after 5 days it reaches a value of about 10 mg/1 (a
decrease of about 209 times). The calculated synthesis yield is
85.71% after 3 days of experiment.

Analyzing the data obtained for the two pH at the 0.5%
CuSO4 solution, it is observed that the optimal conditions for
cementation would be for the initial pH = 3.6, because the
yield is 95.23%, after 3 days of experiment.

1% copper sulphate solution at initial pH = 3.4

The pH variation for the 5 days of the experiment is fluc-
tuating, falling between 3.4-3.77 with an average of 3.61 (note
that pH = 3.77 is obtained after 3 days). The variation of the
EC (uS/cm) for the 5 days of the experiment is increasing,
ranging between 4250-5040 uS/cm, with an average of 4691
uS/cm (note that EC = 5040 uS/cm is obtained after 5 days).
The variation of salinity (%o) for the 5 days of the experiment

is increasing, falling between 2.3-2.7%o, with an average of
2.51%o (note that S = 2.7%o is obtained after 5 days). The vari-
ation of the concentration of copper ions (mg/1), for the 5 days
of the experiment is decreasing from 4184.38 mg/l to 19.41
mg /1 (on the 5th day) which proves that in these conditions
the cementation method it also helps us in solving the prob-
lem of the concentration of copper ions in the used industrial
solution because after 5 days it reaches a value below 20 mg/1
(a decrease of about 215 times). The calculated synthesis yield
is 76.2% after 3 days of experiment.

1% copper sulphate solution at adjusted pH = 2

The pH variation for the 5 days of the experiment is in-
creasing, ranging between 2-3.65 with an average of 3.12
(note that pH = 3.65 is obtained after 5 days). The variation of
the EC (uS/cm) for the 5 days of the experiment is decreasing
starting from 6190-5480 pS/cm, with an average of 5383.3 uS/
cm (note that EC = 5480 uS/cm is obtained after 5 days). The
variation of salinity (%o) for the 5 days of the experiment is
decreasing, starting from 3.5-3%o, with an average of 2.9%o
(note that S = 3%o is obtained after 5 days). The variation of
the copper ion concentration (mg/l) for the 5 days of the ex-
periment is decreasing from 4184.38 mg/l to 16.03 mg/l (in
the 5th day) which proves that under these conditions the
method cementation also helps us in solving the problem of
the concentration of copper ions in the used industrial solu-
tion because after 5 days it reaches a value of about 16 mg/1 (a
decrease of about 261 times). The calculated synthesis yield is
97.62% after 4 days of experiment.

Analyzing the data obtained for the two pH at the 1%
CuSO4 solution, it is observed that the optimal conditions for
cementation would be for adjusted pH = 2, because the yield
is 97.62%, after 4 days of experiment.

Solution 3% copper sulfate initial pH = 3
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The pH variation for the 5 days of the experiment is fluc-
tuating ranging from 3-3.75 with an average of 3.42 (note that
pH = 3.75 is get after 2 days). The variation of the EC (uS/cm)
for the 5 days of the experiment is fluctuating, falling between
10290-11980 pS/cm, with an average of 11418 pS/cm (note
EC = 11980 pS/cm is obtained after 5 days). The variation of
salinity (%o) for the 5 days of the experiment is increasing,
falling between 5.8-6.9%o, with an average of 6.46%o (note
that S = 6.9%o is obtained after 3 days). The variation of the
copper ion concentration (mg/l) for the 5 days of the exper-
iment is decreasing from 12553.14 mg/l to 310.04 mg/l (on
the 5th day) which demonstrates that under these conditions
the method cementation also helps us in solving the problem
of copper ion concentration in the industrialized solution be-
cause after 5 days it reaches a value of 310 mg/I (a decrease of
about 40 times). The calculated synthesis yield is 86.83% after
3 days of experiment.

3% copper sulphate solution at adjusted pH = 2

The pH variation for the 5 days of the experiment is in-
creasing, falling between 2-3.43 with an average of 2.96 (note
that pH = 3.43 is obtained after 4 days). The variation of the
EC (uS/cm) for the 5 days of the experiment is fluctuating
starting from 11910-11960 pS/cm, with an average of 11421
uS/cm (note that EC = 11960 pS/cm is obtained after 5 days).
The variation of salinity (%o) for the 5 days.

5. Conclusions

The cementation method can recover copper from indus-
trial waste solutions. This study aimed to make a number of
original contributions to the particularly complex field of re-
covery of copper from industrial wastewater by the method
of cementation.

The best known reaction for obtaining copper in the lab-
oratory is between iron and copper sulfate. This can be used
to obtain copper by depositing it on the piece of metal iron
inserted in the industrial water.

95.23% yield of obtaining copper powder indicates the
optimal variant at the concentration of 0.5% with an initial
pH of 3.6 after 3 days of experiment.

Experimentally it is possible to recover metallic copper
powder from wastewater with low copper ion content, by the
cementation method using a scrap iron electrode, without
consuming other reagents or energy.
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Badania nad odzyskiwaniem miedzi z roztworéw odpadow przemystowych metodg cementacji
Artykut dotyczy szczegilnie zlozonej dziedziny odzyskiwania miedzi ze Sciekéw przemystowych. Celem badar eksperymentalnych
jest odzyskanie proszku miedzi metalicznej ze Sciekow o niskiej zawartosci jonow miedzi metodg cementacji z uzyciem elektrody
zlomowej oraz obliczenie wydajnosci cementacji miedzi, na ktorqg majg wplyw nastepujgce parametry: poczgtkowe stezenia jonow
miedzi , wartosci pH i czas kontaktu. Receptury zostaly eksperymentalnie zbadane metodg cementacyjng do odzyskiwania miedzi
z przemystowo stosowanych roztworéw przy uzyciu odpadow zelaznych, bez zuzycia innych odczynnikow i energii. Opracowano re-
ceptury pracy i wybrano trzy rozne stezenia: dla kazdego roztworu o przygotowanym stezeniu: 0,5% CuSO4, 1% CuSO4 i 3% CuSO4
oraz wykonano eksperymenty laboratoryjne dla dwu wartosci pH (naturalne pH uzyskane przez rozpuszczenie CuSO4*5H20 w
wodzie, pH = 2 (regulacja 0,1 M roztworem kwasu siarkowego). Optymalne warunki dla kazdej receptury zostaty okreslone na pod-
stawie danych doswiadczalnych uzyskanych z monitorowania kazdego eksperymentu. Badania przeprowadzono na spektrometrze
WTW Multi 350i i AAS ZEEnit 700 Analytik Jena. Obliczenie wydajnosci otrzymywania miedzi dla kazdego eksperymentu i dla
kazdej receptury tgcznie, doprowadzily do wniosku, ze optymalnym wariantem eksperymentu jest: stezenie 0,5%, przy poczgtkowym
PH 3,6 po 3 dniach doswiadczenia, uzyskano wydajnosc 95,23%.

Stowa kluczowe: odzyskiwanie miedzi, oczyszczanie Sciekow, metoda cementacji
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Abstrakt
Pojecie ,0szczednosci energii” czesto bywa rozumiane jako réznica w zuzyciu energii w dwéch réznych okresach - ,bazowym” i
~raportowania”. Takie intuicyjne rozumienie, cho(jest reprezentowane w niektérych normatywach (krajowych aleimiedzynarodowych)
jest niezgodne z definicjg ,o0szczednosci” wyrazong w aktach prawnych i moze prowadzi¢ do podejmowania - nawet w najlepszej
wierze - blednych decyzji zarzgdczych. W tym kontekscie, prawidlowe (czyli majgce sens biznesowy) okreslenie wielkosci osiggnietych
oszczednosci jest kluczowe dla podjecia decyzji, ktorych rezultatem, w konsekwencji skutecznie przeprowadzonych dziatarn pro-
efektywnosciowych, ma by¢ poprawa efektywnosci energetycznej przedsigbiorstwa. W niniejszej pracy autor przedstawit rozwazania
dotyczgce réznorodnego podejscia do pojecia ,0szczednosci” w réznych standardach zarzgdczych i operacyjnych w celu zrozumienia
mechanizmu jej okreslania. Wartoscig dodang pracy, oprécz ustalenia formuly, ktorej wykorzystanie umozliwia prawidlowe
okreslenie oszczednosci, jest przedstawienie tatwej w zastosowaniu metody oceny jakosci informacji o oszczednosci z perspektywy jej

przydatnosci zarzgdczej.

Stowa kluczowe: oszczednos¢ energii, energetyczna linia bazowa, okres bazowy, okres raportowania

1. WSTEP
1.1. Kontekst ogdlny

»Oszczedno$¢ energii” jest miernikiem rezultatu dz-
ialan, zamierzonych lub nie, wplywajacych na poprawe (lub
pogorszenie) efektywnosci energetycznej . Zatem rozwazajac
pojecie ,,0szczedno$ci energii” powinno rozwaza¢ si¢ kwest-
ie poprawy efektywnodci energetycznej rozumianej jako cel
do osiagniecia, okreslony m.in. europejskich (DYREKTY-
WA 2006/32/WE, 2006), (Dyrektywa 2012/27/UE, 2012),
(Dyrektywa 2018/2002, 2002) krajowych aktach legislacy-
jnych (Ustawa efektywnoéci energetycznej, 2016).

Dlaczego nalezy poprawiaé efektywnos¢ energetyczna?
Poniewaz przedsiebiorstwo lepiej gospodarujac zuzywana en-
ergia poprawia swoja pozycj¢ na rynku, umozliwiajac sobie
przetrwanie, wigc ochrone swoich pracownikéw. To wazny
powod - ale wazniejszym jest ochrona §rodowiska, ktorego
stan ma wplyw na wszystkich.

Poprawe efektywno$ci energetycznej mozna traktowac
jako proces, ktorym ,,0szczedno$¢”, bedaca wskaznikiem sku-
tecznoéci podejmowanych dziatan, jest jednym miernikow
skutecznoéci (KPI) tego procesu. Tam, gdzie taka informacja
jest wykorzystywana do podejmowania decyzji, powinna ona
odzwierciedlaé rzeczywistos¢. Czy jest mozliwe, ze wyznac-
zona, nawet zgodnie normami, wielko$¢ oszczednosci bedzie
informacja niskiej jakosci i, jako taka, bedzie nie tylko nieprzy-
datna ale zarzadczo szkodliwa? Tak, to mozliwe. Stan taki moze
by¢ rezultatem zaistnienia kilku czynnikéw, ktérymi moga by¢:

o brak $wiadomo$ci adresata do czego wiedza oszczed-

noéci jest mu potrzebna wiec czego tak naprawde
chce sie dowiedzie¢;

o rézne rozumienie okre$lenia ,o0szczedno$¢” - to

zaréwno przez adresatow informacji jak jej autorow;

o nieweryfikowanie jako$ci informacji przez jej

odbiorcow - czyli przyjmowanie informacji ,,na wiarg”

Nietrafione decyzje skutkujg obnizeniem wartosci przed-
sigbiorstwa, zmniejszeniem jego konkurencyjnosci oraz, co
najwazniejsze, postepujaca degradacja postaw pracowniczych,
dlatego niniejszej pracy zaprezentowano sposob obstugi ryzy-
ka zwigzanego niskiej jako$ci informacja zarzadcza.

Sposdb ten bazuje na zrozumieniu czym jest ,o0szczed-
no$¢”- jej aspekcie prawnym, normatywnym pragmatycznym
- co pozwala na opisanie sposobu jej okreSlenia oraz do-
starczenie kryteriow oceny jakosci przedstawianej informacji
»0szczgdnosci’, ktorych zastosowanie moze wplynaé pozyty-
wnie na skuteczno$¢ zarzgdzania.

Baze poje¢ wykorzystywanych niniejszej pracy stanowi
norma PN-EN ISO 50001:2018-09, poniewaz do tej normy
odwotuje si¢ Ustawa efektywnosci energetycznej (Ustawa
efektywno$ci energetycznej, 2016).

1.2. Poprawa efektywnosci energetycznej

Efektywnos¢ energetyczna to ,stosunek uzyskanych
wynikow, ustug, towaréw lub energii do wkladu energii”
(DYREKTYWA 2006/32/WE, art. 3b, 2006). Poprawa efekty-
wnosci to ,,zwigkszenie efektywnosci koncowego wykorzysta-
nia energii dzieki zmianom technologicznym, gospodarczym
lub zmianom zachowan” (tamze, art. 3c), podobnie jak (ISO/
IEC 13273-1, 2015) (ISO 17742:2015, 2015). Odwrotno$cia
efektywnos$ci jest energochlonno$¢ ktéra mozna zdefinio-
wac jako ,stosunek wkladu energii do uzyskanych wynikéw,
ustug, towaréw lub energii”. Obie miary sa réwnoprawne
(Dyrektywa 2012/27/UE, art. 3.1, 2012) cho¢ odzwierciedlaja
nieco inng perspektywe postrzegania celu stosowania miary:
przy efektywnosci uwage kierujemy na zwiekszenie wyda-
jnosci przy stalym zuzyciu energii, przy energochtonnosci
koncentrujemy si¢ na zmniejszeniu zuzycia energii potrzeb-
nym do wytworzenia jednostki produktu procesu. Organi-
zacja powinna zdecydowa¢, ktorg miar wykorzystywaé przy
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Rys. 1. Koncepcja okre$lenia zmiany wartoéci wskaznika na podstawie poréwnania jego wartosci zmierzonych w dwdch réznych okresach (zrodto
(ISO 50006, 2014), rysunek 3 po edycji autora)
Fig. 1. Concept of determining the change of the EnPI based on comparing of the measured EnPI value from different periods (source: (ISO 50006,
2014), fig 3 edited by author)

$wiadomodci jej percepcji przez jej uzytkownikow. KGHM,
gdzie celem nadrzednym jest zmniejszenie zuzycia energii
przy niezmienionym wolumenie produkcji wykorzystywana
jest ,energochtonnos¢™.

Co zatem oznacza sformulowanie ,poprawa efektywn-
o$ci” czyli takze ,poprawa energochonnosci” czy mozemy
mowi¢ poprawie energochlonnosci jesli ulegta ona zmnie-
jszeniu (np. rok do roku)? Czy zwigkszenie energochfonnosci
oznacza jej pogorszenie? Niekoniecznie.

Poréwnanie réznych wartosci wskaznika zrédlowego (tu:
energochlonnosci) jest przeprowadzane najczesciej dziedz-
inie czasu, np. rok do roku (czyli poréwnujemy wartosci sred-
nioroczne dwdch réznych, zwykle kolejnych latach). Nazwi-
jmy rok wczesniejszy okresem bazowym nastepujacy po nim
okresem raportowania. Poréwnujemy zatem np. $rednio-
roczng warto$¢ okresu bazowego (wartos¢ referencyjng, ba-
zowa, odniesienia — okreélang takze jako Energetyczna Linia
Bazowa, EnLB (PN-EN ISO 50001:2018-09, 2019)., def. 3.4.7)
okresu raportowania (wartos$¢ biezacg, zmierzona) wynikiem
poréwnania jest ich réznica. Takie podejScie prezentowane
jest normie ISO 50006 (ISO 50006, 2014), skad pochodzi ilus-
trujacy je rysunek 1.

Rysunek wymaga kilku obja$nien.

W oryginalnej normie ISO 50006 (ktora nie ma statusu
Polskiej Normy) na okreslenie réznicy miedzy warto$ciami
wskaznikow uzyto stowa “improvement”. Mimo, ze okresle-
nie to nie jest poprawne (punktu widzenia analizy, ktorej
dalej) pozostawiono je (cho¢ przekreslone) dla zachowania
zgodnosci oryginalem, dodano jednak okreélenie prawidlowe
(,zmiana”).

Druga kwestig jest wyjasnienie pojecia ,Energetycznej
Linii Bazowej, EnLB”, ktére PN-EN ISO 50001:2018-09
zdefiniowane jest nastepujaco: ,odniesienie(-a) ilo§ciowe sta-
nowiace podstawe do poréwnywania wyniku energetyczne-
go” (PN-EN ISO 50001:2018-09, 2019, def. 3.4.7). Oznacza
to, ze EnLB jest po prostu wartoscia odniesienia, do ktdrej
poréwnywana jest warto$¢ biezaca. Zaznaczy¢ nalezy, ze cho¢
EnLB bazuje na danych ustalonego okresu, ten nie jest defin-
icyjnie ustalony.

Wyjasdnienia wymaga jeszcze pojecie ,wyniku energety-
cznego’ zdefiniowanego nastepujaco: ,wynik energetyczny
- wymierny(-e) rezultat(-y) zwiazany(-e) efektywnos$cia en-
ergetyczng, wykorzystaniem energii zuzyciem energii” (PN-
EN ISO 50001:2018-09, 2019, def. 3.4.3), co oznacza, Ze przez
»wynik energetyczny” nalezy rozumie¢ jakakolwiek miare
zwigzang zarzadzaniem energia: jej zuzycie (konsumpcje),
efektywnos$¢ jej wykorzystania lub sposob jej wykorzystania.

Zdefiniowany sposob wyzej opisany nowy wskaznik wyn-
ikowy, ktorym jest zmiana energochlonnosci jest wskaznik-
iem ilo§ciowym, ktérego warto$¢ ,odpowiada na pytanie™:
»ile warto$¢ zmienita sie rozwazanym okresie”. przypadku
energochlonno$ci mozemy powiedzieé, np. ze ciaggu roku en-
ergochfonno$¢ wzrosta (zmienita si¢ + warto$¢). Oczywiscie,
zwigkszenie energochlonno$ci nie jest pozadane jednak stwi-
erdzenie, ze skoro energochtonnos¢ sie zwiekszyla to oznacza,
ze si¢ pogorszyla, nie jest uprawnione. Zamiana stwierdzenia
»hiepozadane” na ocene ,,pogorszenie” jest zmiang typu oce-
ny (ilo$ciowej na jakosciowa) moze prowadzi¢ do blednych
decyzji zarzadczych. Prawidlowa ocena jako$ciowa musi opi-
era¢ sie na wskazniku jako§ciowym, bazujacym na poréwna-
niu dwoch wartoéci wskaznika zZrodlowego (energochton-
nosci) odzwierciedlajacego identyczne warunki pomiarowe.
Kwestia dokonywania poréwnania identycznych warunkach
pomiarowych jest kwestia fundamentalng jako taka traktowa-
na jest wielu standardach ,jakosciowych™ (ISO 17742:2015 ,
2015), (ISO 50006, 2014), (ISO 17741, 2016), (IMPVP, 2010),
(ASHRAE Guideline 14, (2002), (UNIDO, (2015), (Energy
Baseline Methodologies for Industrial Facilities (2017). Uzys-
kanie takich warunkéw dwéch réznych okresach jest malo
prawdopodobne dlatego nalezy poréwnywaé wartosci tego
samego okresu, okresu raportowania. Ale aby dokonywac
poréwnania potrzebne sa dwie rézne warto$ci mamy tylko
jedna, energochlonno$é zmierzong okresie raportowania.
Skad wzia¢ druga warto$¢? Trzeba ja oszacowad, obliczy¢.

Warto$¢ ta ma odpowiada¢ na pytanie: jaka bytaby war-
tos¢ wskaznika, gdyby proces funkcjonowat tak jak okresie
wezedniejszym (poprzednio zwanym okresem bazowym ale
teraz juz nie) ale warunkach jak okresie raportowania. Aby
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WSKAZNIK

T e e e

EnLB
(Energetyczna Linia Bazowa)

poprawa
(wartosci wskaznika)

wartos¢ referencyjna (obliczona)
(bazowa, odniesienia)

wartos¢ biezgca
(zmierzona)

wartos$¢ wskaznika

okres bazowy

czas
okres raportowania

Rys. 2. Koncepcja okre$lenia poprawy wartosci wskaznika na podstawie poréwnania jego wartosci obliczonej i zmierzonej — obu w okresie referen-
cyjnym (zrédto (ISO 50006, 2014, rysunek 3) po edycji autora)

Fig. 2. Concept of determining the EnPI value improvement based on comparing of the EnPI value calculated and measured from reporting period
(source: (ISO 50006, 2014, fig 3) edited by author)

obliczy¢ te warto$¢ nalezy opisa¢ sposob funkcjonowan-
ia procesu okresie wczes$niejszym — np. za pomoca modelu
matematycznego odzwierciedlajacego zalezno$¢ zmiennej za-
leznej (tu: energochtonnosci) od czynnikéw, ktdre na te ener-
gochlonno$¢ wplywaja - modelowaniu okreélane sa one jako
zmienne niezalezne, moga nimi by¢ np. czynniki pogodowe
(temperatura, ci$nienie), wydajno$¢ procesu wyrazona wol-
umenem produkcji itp. Réznica miedzy wartoscia energo-
chlonno$ci rzeczywistej (zwana wartoscig zmierzona) okresie
raportowania obliczona, hipotetyczng energochlonnoscia
okresie raportowania (zwang tez wartoécig przewidziang lub
estymowang) jest wartoscig nowego wskaznika - jest to ws-
kaznik jako$ciowy nazywany poprawa, tu: poprawa energo-
chlonnosci.

Koncepcja ta, tyle, ze uzyciem rdéznego nazewnictwa,
jest powszechnie stosowana opisana standardach - oprocz
wskazanych wezeéniej takze (ISO 17743 (2019), (ISO 50047,
(2016), (ISO 50015, (2014) (M&YV Guidelines, (2015). Kon-
sternacje moze budzi¢ stwierdzenie, ze obie koncepcje
(ilo$ciowa jakosciowa) opisane sa normie ISO 50006:2014
— jest to efekt konstrukeji normy, ktéra bedac zamiarze au-
torow, zrédltem szczegdlowej wiedzy nt. stosowania metody
oceny wyniku energetycznego na podstawie pordwnania war-
tosci wskaznikéw: biezacych bazowymi, jest réwnoczesnie
wewnetrznie niespdjna (co jest przyczynag wprowadzania biad
czytelnikéw podchodzacych do norm literalnie).

Koncepcje wskaznika jakosciowego ilustruje rysunek
2 przedstawiajacy odpowiednio zmodyfikowana wersje
rysunku 1.

Czy zatem jest mozliwe, Ze energochtonnos¢ ulegla
zwiekszeniu mimo to nastapita jej poprawa? Jak najbardziej.
Zwykle jest tak dlatego, ze skutkiem zrealizowanych dz-
ialan proefektywnosciowych energochtonno$¢ zmniejszyta
sie poréwnaniu do energochtonnosci, ktéra charaktery-
zowalby si¢ proces gdyby tych dzialan nie przeprowadzo-
no. Dokonanie oceny jako$ciowej na podstawie wskaznika
ilosciowego takiej sytuacji doprowadziloby do wniosku, ze
przeprowadzone dzialania proefektywnosciowe byly niesku-
teczne - co przeciez rozwazanej sytuacji nie mialo miejsca.

Nieprawidtowy wniosek moze skutkowa¢ nieprawidlowa de-
cyzja (np. »nalezy zaniecha¢ dziatan proefektywno$ciowych”)
ktorej szkodliwo$¢ dla organizacji pozostaje poza dyskusja.
Skoro energochlonnos¢ sie poprawila skad zatem jej wzrost?
rozwazanym przypadku zwiekszenie energochlonnosci mogto
by¢ efektem wplywu jakiego$ czynnika zwigzanego procesem
(np. pogorszeniem warunkow jakich proces byt realizowany).

1.3. Oszczednos¢ energii - przeglgd normatywow

Bezposrednim rezultatem poprawy efektywnosci jest
zawsze poprawa zuzycia energii, definiowana podobnie jak
poprawa energochfonnosci. Miernik tej poprawy to ,,0szczed-
noé¢ energii” aktach prawa miedzynarodowego jest zdefin-
iowana nastepujaco: ,ilo$¢ zaoszczedzonej energii ustalona
poprzez pomiar lub oszacowanie zuzycia przed po wdroze-
niu jednego lub kilku §rodkéw poprawy efektywnosci en-
ergetycznej przy jednoczesnym zapewnieniu normalizacji
warunkéw zewnetrznych wplywajacych na zuzycie energii;”
(DYREKTYWA 2006/32/WE, 2006, art. 3d). Ustawie efekty-
wnoéci energetycznej ,0szczedno$¢ energii” zostata zdefinio-
wana podobnie: ,,ilo$¢ energii stanowiaca roznice miedzy en-
ergia potencjalnie zuzyta przez obiekt, urzadzenie techniczne
lub instalacje danym okresie, przed zrealizowaniem jednego
lub kilku przedsiewzie¢ stuzacych poprawie efektywnosci en-
ergetycznej, energia zuzyta przez ten obiekt, urzadzenie tech-
niczne lub instalacje takim samym okresie, po zrealizowan-
iu tych przedsiewzig¢ po uwzglednieniu znormalizowanych
warunkéw zewnetrznych wplywajacych na zuzycie energii;”
(Ustawa efektywnosci energetycznej, 2016, art. 2.10).

Autor niniejszej pracy (oraz ustawodawcy krajowi) uzna-
ja, ze definicje te, jako majace warto$¢ praktycznag, sa definic-
jami wzorcowymi — nawet, jesli inne definicje oszczednosci
pojawily sie wczesniej.

Pojecie ,,0szczednosci” bywa rozumiane odmiennie od
zamierzen autoréw Dyrektyw UE polskiego ustawodaw-
cy: intuicyjnie (jako rezultat nieprawidlowej interpre-
tacji wskaznika ilo$ciowego) lub zgodnie ze standardami
migdzynarodowymi, tym normami ISO, ktérych to pojecie
jest definiowane réznie. Mozna zatem, postugujac si¢ standar-
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Tab. 1. Podsumowanie prezentowanych w standardach zarzadzania energia podej$¢ dot. oszczednosci

Tab. 1. Summary of the energy management standards approaches to determine energy saving

nazwa stosowana w standardzie nazwa
wskaznika formula wyznaczania wartosci wskaznika efektywnosci
standardu wskaznika efektywnosci op ! 1wy ! ! ! ty !
ogOlny AE = EnB - improvement in energy efficiency/consumption
180 500012018 oprawa wyniku energetycznego
[8] pop getyezneg ilo$ciowy AE = Reference EnPI value - current EnPI value
jakosciowy AE = expected energy consumption - actual energy consumption
poprawa efektywnosci energetycznej, losciowy AE top-down = reference energy consumption (from the base year)-
PN-EN oszezednosé energii (calkowita, energy consumption in the considered period
16212:2012 [18] |autonomiczna, indukowana prawnie, | Koci AE bottomrup = energy consumption in the absence of end-user-actions -
i . .
dodatkowa) jakosciowy energy consumption after end-user actions
ooy AE= Tm{ll energy uu}sumptinn of baseline period - Total energy
consumption of reporting period
ilosciowy AE = Reference EnPI value - current EnPI value
1SO 500062014 'akos'c?owy AE = Erep;st - Erep_act
7] poprawa wyniku energetycznego jakoéciowy AE = normalized EnB - Energy reported actual
ilo$ciowy AE = expected energy consumption - Energy reported actual
jakosciowy AE = Energy reported estimated - Energy reported actual
ilo$ciowy AE = Reference EnPI - current EnPI
ilosciowy AE = EnB - current EnPI
ISO 13273-  |poprawa efektywnosci energetycznej, |. kokcio AE = energy consumption following implementation of an energy
1:2015 [5]  |oszczgdno$ci energii i Y erformance improvement action
ISO 1774122016 - - S AE = Adjusted energy baseline - energy consumption during the
oszczgdnoscei energii jakosciowy X .
[9] reporting period
poprawa efektywnosci energetycznej,
I 17742:201 S Sci, . .
80177 015 uznane oszf:z;dnos‘il, . jakosciowy AE = energy baseline - energy consumption
[6] oszczgdnoscei energii zrealizowane,
oczekiwane
stsiomy AE unAade = lkm»rgy baseline - energy consumption during the
ISO 1774322016 oszezednosci energii reporting period
[14] % st akoscio AE adj. = Adjusted energy baseline - energy consumption during the
L K/ reporting period
ISO 50046:2019 . o
[15] oszczgdnosé energii ilosciowy AE = EnB - (predicted) energy consumption
1SO 500472016 5 ) 'a.kos'c%owy AE = EnB aﬂ.cr adjusting - (p;tedzcted) energy consurrfpttan
[16] oszczgdnosé energii akosciowy AE = normalized EnB - (predicted) energy consumption
ilosciowy AE = EnB - (predicted) energy consumption
ISO 500152014 . . AE = EnB - measurable results of energy efficiency, or energy consumption
[17] poprawa wyniku energetycznego jakosciowy T —
oszczgdnoscei,
ASHRAE [11] |oszczgdnosci energii, jakosciowy AE = preretrofit baseline - postretrofit reporting period
"uniknigte" uzycie energii
Energy Baseline jakoscio AE = Expected consumption - Actual consumption
. . = LXxpected consun G -
Methodologies for|oszczgdnosci energii, U vy f 7 P
Industrial oprawa wyniku energetycznego
Facilities [13] pop getyczneg jakosciowy AE = EnB with adjustments - Actual consumption
dnodé odciowy /
UNIDO [12] 0877y nO%Cf N ,QSCI,O‘,Ny AE = EnB - considered consumption (actual or future)
oszczgdnoscei energii jakosciowy
Mé&v [(1};11]de]mes oszczgdnosci jako$ciowy AE (Savings) = (Baseline Energy — Post-Installation Energy) + Adjustments
M the L’I Ponjn " oszczednoscei: projektowane, przejete, [llosciowy / Energy Savings = (Baseline-Period Energy Use — Reporting-Period Energy
T¢ . . . .
¢ 0[;0] e ocenione, brutto, netto jakosciowy Use) + Adjustments

dami, okresli¢ oszczgdno$¢ energii nie bedzie ona informacja
zgodna definicja wzorcowa ani miarodajng jej wykorzystanie
moze spowodowac bledne decyzje zarzadcze.

Zgodnie Dyrektywa (Dyrektywa 2012/27/UE, 2012),
Ustawg (Ustawa efektywnos$ci energetycznej, 2016) norma
ISO 50001 (PN-EN ISO 50001:2018-09, 2019) ogodlna for-
muta pozwalajaca okresli¢ poprawe wyniku energetycznego
(oszczgdnosci, poprawy efektywnosci lub energochtonnosci
- AE) moze zostac zapisana nastepujaco:

AE = wartos¢ EnLB (obliczona) — wartos¢ biezgca (zmierzona) (1)
Réznice okreslaniu ,0szczednosci” maja swoje zrodlo

réznej terminologii, réznie okres$lanej EnLB réznie przy-
jmowanej wartoéci biezacej.

W tabeli 1 zaprezentowano wyniki analizy przyklad-
owych norm standardéw, odnoszacych si¢ do kwestii
oszczgdno$ci. Poniewaz wigkszos$¢ tych standardéw nie ma
swoich polskich wersji, autor zachowal oryginalne sfor-
mutowania. Celem prezentacji tych informacji jest zade-
monstrowanie, jak bardzo standardy odnoszace si¢ do tej
samej kwestii (poprawy wyniku energetycznego wyrazonej
przez poprawe efektywnosci lub oszczgdno$¢ energii)
wykorzystujace jedno dwdch dostepnych podejs¢ (lub oba
na raz): ilosciowe lub jako$ciowe, sa ze soba niespdjne na
poziomie stownictwa na poziomie rozumienia koncepcji
jako takiej. Niespojno$¢ ta moze prowadzi¢ do nieporozu-
mien, jesli komunikacja miedzy stronami bazuje na lit-
eralnym podejsciu do poje¢ zamiast na zrozumieniu ich
desygnatdow.
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Rys. 3. Opis mechanizmu generowania EnLB (opracowanie wlasne)

Fig. 3. Mechanism of creating the Energy Baseline (own work)

Dane biezqce (z okresu

Kryteria oceny
laminarnosci procesu

zuZycia energii i

Dane historyczne dot.
zmiennych, wplywajgcych (

J

referencyjnego) dot.
zmiennych, wpilywajgcych
na zuzycie energii

Kryteria oceny jakosci
modelu

na jej zuzycie

U

Modyfikacja modelu
(pod katem

Okreslenie modelu
zuzycia energii z

uzyciem regresjii
liniowej

laminarnosci procesu)

Ocena jakosci
(stopnia praktycznej
uzytecznosci)
modelu

Wykorzystanie

modelu do
wyznaczenia EnLB

Tab. 2. Kryteria oceny jako$ci informacji odno$nie do oszczednosci ,ex ante”

Tab. 2. Criteria for assessing the quality of information on ex-ante savings

Kryterium oceny (opis wymagania)

Materialny dowéd spetnienia
wymagania

Okreslenie oszczednosci szacowanej do
osiggniecia polega na poréwnaniu zuzycia
energii - obliczonego dla przebiegu
rozwazanego procesu bez modyfikacji - z
obliczonym dla przebiegu procesu
zmodyfikowanego. Obliczenia dotyczg
tego samego okresu (raportowania) i
warunkow w przysztosci (po
zrealizowaniu dziatan
proefektywnosciowych).

1. Metodyka okreslania oszczednosci jest
udokumentowana i zawiera m.in. opis
sposobu obliczania zuzycia energii.

2. Metodyka obliczania zuzycia energii jest
udokumentowana i zawiera m.in.:

- opis sposobu tworzenia modelu zuzycia
energii,

- opis sposobu oceny jego jakosci
(praktycznej przydatnosci),

- opis wykorzystania modelu.

Formuta wykorzystana do obliczenia
zuzycia energii w okresie raportowania
(dla przebiegu procesu bez modyfikacji i
zmodyfikowanego) - model zuzycia
energii - opisuje zalezno$¢ zuzycia
energii od czynnikéw, majacych wptyw na
to zuzycie.

3. Model zuzycia energii ma postac
umozliwiajaca ocene spetnienia
wymagania.

Model zuzycia energii bazuje na danych
(dot. zuzycia energii i czynnikéw
majacych wptyw na to zuzycie) z okresu,
w ktdrym proces zuzywajacy rozwazang
energie przebiegat wzorcowo, laminarnie
(tzn. bez zaktdcen) lub tez
wykorzystywany jest mechanizm detekcji
i prawidtowej eliminacji zaktocen.

4. Metodyka budowy modelu zuzycia
energii zawiera opis kryteriow oceny
przebiegu procesu od katem jego
wzorcowosci lub laminarnosci .

5. Proces i rezultat oceny przebiegu
procesu (wzorcowego lub laminarnego) w
oparciu o kryteria oceny jest
udokumentowany.

6. Jesli wykorzystywany jest mechanizm
detekgji i eliminacji zktdcen to jest on
udokumentowany.

Model zuzycia energii jest odpowiedniej
jakosci (praktycznie przydatny) tzn.
okreslone przy jego wykorzystaniu
zuzycie energii jest miarodajne.

7. Metodyka budowy modelu zuzycia
energii zawiera opis kryteriéw oceny
jakos$éi (praktycznej przydatnosci modelu
zuzycia energii).

Tab. 3. Kryteria oceny jako$ci informacji odnosénie do oszczednosci ,ex post”

Tab. 3. Criteria for assessing the quality of information on ex-post savings

Kryterium oceny (opis wymagania)

Materialny dowéd spetnienia
wymagania

Okreslenie oszczednosci osiagnietej
polega na poréwnaniu zmierzonego
zuzycia energii z obliczonym zuzyciem
energii - w tym samym okresie
(raportowania) - czyli dla warunkéw z
okresu raportowania.

1. Metodyka okreslania oszczednosci jest
udokumentowana i zawiera m.in. opis
sposobu okre$lania EnLB.

2. Metodyka okreslania EnLB jest
udokumentowana i zawiera m.in.:

- opis sposobu tworzenia modelu zuzycia
energii,

- opis sposobu oceny jego jakosci
(praktycznej przydatnosci),

- opis wykorzystania modelu do okreslenia
EnLB.

Formuta wykorzystana do obliczenia
zuzycia energii w okresie raportowania
(model zuzycia energii) opisuje zalezno$¢
zuzycia energii od czynnikéw, majacych
wplyw na to zuzycie.

3. Model zuzycia energii ma postac
umozliwiajgca ocene spetnienia
wymagania.

Model zuzycia energii bazuje na danych
(dot. zuzycia energii i czynnikéw
majacych wptyw na to zuzycie) z okresu,
w ktédrym proces zuzywajacy rozwazang
energie przebiegat laminarnie, tzn. bez
zaktocen lub tez wykorzystywany jest
mechanizm detekcji i prawidtowej
eliminacji zaktdcen.

4. Metodyka budowy modelu zuzycia
energii zawiera opis kryteriéw oceny
laminarnosci przebiegu procesu.

5. Proces i rezultat oceny laminarnosci
przebiegu procesu w oparciu o kryteria
oceny jest udokumentowany.

6. Jesli wykorzystywany jest mechanizm
detekcji i eliminacji zktocen to jest on
udokumentowany.

Model zuzycia energii jest odpowiedniej
jakosci (praktycznie przydatny) tzn.
okreslona przy jego wykorzystaniu EnLB
jest miarodajna.

7. Metodyka budowy modelu zuzycia
energii zawiera opis kryteriéw oceny
jakosci (praktycznej przydatnosci modelu
zuzycia energii).
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Poniewaz podejscie jako$ciowe jest jedynym, ktdérego
wykorzystanie zapewnia wsparcie skutecznego procesu de-
cyzyjnego obszarze zarzadzania energig, tabeli 1 oznaczono je
kolorem zielony. Zaznaczy¢ nalezy, ze kwalifikacja stosowane-
go podejscia jako ilosciowe lub jako$ciowe bazuje na analizie
tresci standardu prezentuje stanowisko autora zestawienia.

Problematyka systemowego zarzadzania energia Polsce
bazuje na normie migdzynarodowej ISO 50001 wiec wystepu-
jace tej normie stownictwo powinno by¢ wykorzystywane
takim samym znaczeniu jak normie. Jednakze normie tej
nie ma szczegolow technicznych dotyczacych konkretnych
metodyk, nalezy po nie siegna¢ do jakiego$§ normatywu tech-
nicznego. Naturalnym wyborem powinna by¢ norma ISO
50006, ktora jednak nie znajduje si¢ zbiorze Polskich Norm
jej spojno$¢ wewnetrzna normag ISO 50001 jest dyskusyjna
[Aktualnie (4 kwartal 2021 r) norma ISO 50006 znajduje si¢
fazie aktualizacji ktdra ma na celu takze poprawe jej spojnos-
ci]. Status Polskiej Normy ma inny, europejski standard: PN-
EN 16212 (PN-EN 16212, (2012). normie tej zaprezentowane
sa obydwa podejscia do okreslania oszczednosci: ilo$ciowe
(metoda ,top-down”) jakosciowe (metoda ,,bottom-up”), po-
zostawiajac uzytkownikowi wybor metody (domysle, wygod-
niejszej do zastosowania) roznicujac rezultat jej zastosowania
jedynie okresleniem rodzaju oszczednosci (calkowita, auto-
nomiczna, indukowana prawnie, dodatkowa).

Jak wida¢, systemie standaryzacyjnym panuje umiar-
kowany porzadek, zatem zamiast bezrefleksyjnie trzymac sig
normatywow nalezy zrozumie¢ praktyczng przydatnosé¢ kon-
cepcji oceny jakosciowej procesu poprawy efektywnosci ener-
getycznej — zgodnie definicja wzorcowa — ja wlasnie stosowac.

1.4. Okreslanie oszczednosci - przypadek KGHM Polska
Miedz. S.A.

KGHM Polska Miedz S.A. od 2016 roku funkcjonuje sys-
tem zarzadzania energia (SZE) oparty na normie ISO 50001
(doktadnie PN-EN ISO 50001:2012), ktérego zgodno$é wy-
maganiami zaktualizowanej normy ISO 50001:2018 potwi-
erdzono odpowiednim certyfikatem roku 2020. ramach SZE
podczas corocznego przegladu energetycznego okreslana
jest oszczedno$¢ osiagnigta roku poddawanym przegladowi
(raportowania). Oszczgdnos$¢ ta jest wynikiem pordéwnania
zuzycia energii wykorzystanej roku raportowania (zmierzonej
wartosci biezacej) energetyczna linig bazowa (EnLB) - wg
formuty (1). EnLB reprezentuje, zgodnie definicja wzorcowa
oszczednosci, estymowane okresie raportowania zuzycie en-

ergii procesie funkcjonujacym tak, jak przebiegal on wtedy,
gdy nie zachodzily nim Zadne zmiany (przypomnijmy: $wi-
adome lub nieswiadome).

Do wygenerowania EnLB wykorzystywany jest model
zuzycia energii (jako rezultat regresji liniowej), bazujacy na
danych okresu referencyjnego, odzwierciedlajacych lami-
narny przebieg analizowanego procesu. Przebieg tego procesu
przedstawiony jest na rys. 3.

Bardziej szczegélowy opis wykorzystywanej KGHM
metodyki mozna znalez¢ (Sangorski, Wierzbic, 2020).

2. OCENA INFORMAC]JI ,,0SZCZEDNOSCI”

Sposrdd zdefiniowanych aktach legislacyjnych normaty-
wnych ,,0szczednosci”, oparciu kryteria celu wykorzystania tej
informacji, mozna wyrdzni¢ jej dwa gléwne typy:

o oszczedno$¢ osiagnieta (jako rezultat zmian ktére

zaszly procesie), tzw. ,ex post”;

o oszczednos¢ szacowang do osiagniecia (jako potenc-

jalny rezultat wprowadzenia zmian do procesu) -
tzw. ,ex ante”.

W tabeli 2 i 3 przedstawione sa dwie grupy kryteriow
oceny jakosci informacji, ktérych wykorzystanie pozwoli
sprawdzi¢, czy informacja otrzymana jest ta oczekiwang -
czyli czy mozna ja wykorzystaé procesie zarzadczym.

3. PODSUMOWANIE

Osoba skoncentrowana na skutecznym zarzadzaniu
powinna podejmowa¢ decyzje na podstawie faktow, zgod-
nie wyrazona ISO 9000 zasada zarzadzania (PN-EN ISO
9000, 2015, 2.3.6). Jest to nie tylko fundament zarzadza-
nia dyktowany zdrowym rozsadkiem ale wymaganie dwdch
kluczowych dla zarzadzania energia norm: ISO 9001 ISO
50001. Autor zgadza si¢ ze stwierdzeniem, ze ,Jest bardziej
prawdopodobne, ze decyzje podejmowane na podstawie anal-
izy oceny danych informacji dostarcza pozadanych wynikéw”
(PN-EN ISO 9000, 2.3.6.1).

Fakty to nie tylko informacje historyczne ale miarodajne
oszacowania oraz, co najwazniejsze, Swiadomos¢ prawidlowo
zdefiniowanego celu.

W kontekscie zarzadzania energia ,0szczedno$¢” mozna
traktowaé jako kluczowy wskaznik wydajnosci (KPI, (Par-
menter (2016)) procesie poprawy efektywnosci energetycznej
przedsigbiorstwa — dobrze wigc, aby wskaznik ten byt reprez-
entatywny, miarodajny praktycznie przydatny.
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Information on Energy Savings and its Role in the Process of Mak-ing Management Decisions
The concept of "energy savings” is often understood as the difference in energy consumption in two different periods - "baseline” and
"reporting”. Such an intuitive understanding, even demonstrated in national or international standards, is inconsistent with the
definition of "sav-ings” expressed in legal acts and may lead to making wrong management decisions even in the best faith. In this
paper, the author presents considerations on the various approaches to the concept of "savings” in different management and opera-
tional standards to understand the mechanism of its determination. The added value of the work is the presentation of an easy-to-use
method of assessing the quality of information about savings from the perspective of its management usefulness and guidelines on

determining savings correctly.

Keywords: energy performance improvement, energy saving, energy baseline, baseline period, reporting period
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w jednej z podziemnych kopalti rudy miedzi.

Abstrakt
Gornictwo stanowi te galgZ przemystu, gdzie w trakcie normalnej dziatalnosci produkcyjnej mogg wystgpowac zdarzenia awaryjne
o katastrofalnych skutkach. Podczas naglych wypadkow z udziatem ludzi, akcje ratownicze prowadzone sqg w ustawowo okreslonym
trybie. Ale to nie jedyne sytuacje kryzysowe, ktore mogg wystapic w kopalni. W wigkszosci z nich nie mamy narzuconych scenariuszy
dziatan. W artykule opisano wykorzystanie podejscia PCDA z elementami Problem Solving podczas zarzgdzania sytuacjg awaryjng

Stowa kluczowe: zagrozenia naturalne, gérnictwo podziemne, zarzgdzanie podczas awarii, cykl PDCA

1. WPROWADZENIE

Dziatalnoé¢ gornicza wiaze sie z koniecznoscig prow-
adzenia prac w obszarze wystepowania zagrozen naturalnych.
Jednym z nich jest zagrozenie wodne (Trembecki 1995),
spowodowane obecnoscia wod podziemnych w otoczeniu
wyrobisk podziemnych kopaln (Kortas 2013, Kortas 2019).

Klasyfikacje stopni zagrozenia wodnego, sposob prow-
adzenia robot gorniczych oraz stosowanie odpowiednich dz-
iatan profilaktycznych okreslaja w Polsce przepisy branzowe
(Dz.U. 22012 1., nr 94 poz. 841, Dz.U. 2 2017 r., poz. 1247).

Kiedy jednak mimo prowadzenia dzialan rozpoznaw-
czych wielkosci potencjalnego zagrozenia oraz stosowania
szeregu rozwigzan profilaktycznych dochodzi do wystapi-
enia awarii, konieczne jest przejscie kopalni ze stanu pracy
zwyklego - normalnego, w stan pracy awaryjnej, lub inaczej
kryzysowej. Zmiany w podejmowanych dzialaniach doty-
cza nie tylko obszaréw dotknietych bezposrednio skutkami
awarii, lub potencjalnie zagrozonych. Dzialania muszg obe-
jmowac calg kopalnie, a w niektérych przypadkach réwniez
kopalnie sasiadujace. Bywa, ze konieczna jest wspolpraca kie-
rownictwa kopalni, ze wzgledu na brak sit i Srodkéw wlasnych
do likwidacji zagrozenia, z jednostkami

i instytucjami zewnetrznymi (Taraszkiewicz-Lyda 2016).
Dotyczy to przede wszystkim niewielkich zakladow gor-
niczych oraz wystapienia katastrof przekraczajacych mozli-
wosci operacyjne kopalni.

Dzialania zarzadcze podczas sytuacji kryzysowej obejmu-
ja swoim zakresem zarazem proby ograniczenia niekorzys-
tanego zjawiska, jak rowniez zabezpieczenia w przypadku
nasilenia sie, lub powtdrzenia awarii. Sa to zaréwno akcje
ratownicze, jak i profilaktyczne, podejmowane podczas awa-
rii oraz w czasie usuwania jej negatywnych skutkéw. W tym
rozumieniu dzialania te mozna okresla¢ jako zarzadzanie w
trybie awaryjnym, lub zarzadzanie kryzysowe.

W zarzadzaniu kryzysowym, a w szczegolnoéci podczas
podejmowania decyzji majacych na celu przeciwdzialanie

niekorzystnym skutkom zagrozen, warto wykorzystywaé
wiedze z zakresu teorii organizacji i zarzadzania (Sciborek
2015). Takie podejscie umozliwia w sposdb usystematyzowa-
ny: planowanie, realizacj¢, ocenianie i dokonywanie zmian w
ramach obranego kierunku postepowania oraz na przygot-
owywanie scenariuszy awaryjnych.

Zarzadzanie kryzysowe, w tym podejmowanie koniec-
znych decyzji, kojarzy si¢ najczesciej z prowadzonymi ake-
jami ratowniczymi po tapnieciu, czy wyrzucie gazow i skal.
Podejmowane s proby ratowania zycia zaldg gorniczych. Jed-
nak zakres tego pojecia w gornictwie jest szerszy i obejmuje
takze dzialania zarzadcze dotyczace usuwania negatywnych
skutkéw awarii oraz przygotowania si¢ na rozszerzenie jej
skali, lub powtorzenie.

Opis dzialan, w tym zakres planowania i wdrazania
niezbednych, prowadzonych w czasie wystepowania awarii
wodnej w jednej z podziemnych kopali rudy miedzi, stano-
wi przyktad krokéw podejmowanych w oparciu o wiedze z
zakresu zarzadzania oraz zwalczania zagrozen naturalnych w
gornictwie. Podstawowym celem byto, Zeby awaria wodna nie
zmienita sie w katastrofe wodng. Opisywany przyktad moze
by¢ wykorzystywany przy tworzeniu scenariuszy zarzadzania
réwniez w przypadku awarii, bedacych skutkiem innych za-
grozen naturalnych w kopalniach podziemnych. Daje takze
rekomendacje dla dzialan prewencyjnych do wdrozenia po
zazegnaniu sytuacji kryzysowej.

W omawianym przykladzie zarzadzanie podczas sytuacji
awaryjnej wykorzystano metodologie oparta na cyklu PDCA
z elementami Problem Solving. Dobre zaplanowanie dziatan,
poczawszy od wlasciwego doboru sktadu zespoléw, wdroze-
nie, sprawdzenie i wprowadzenie korekt podczas sytuacji
kryzysowej, zwieksza szanse na skuteczno$¢ podejmowanych
w zakresie opanowanie awarii.

2. OPIS PROBLEMU
Rozpoznanie zagrozenia wodnego, przed wystapieniem
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Rys. 1. Sredni doptyw oraz prognozy doplywu dla zloza Sieroszowice
Fig. 1. Average inflow and inflow forecasts for the Sieroszowice deposit
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Rys. 2. Lokalizacja miejsca zwigkszonego doptywu wody
Fig. 2. Location of the site of increased water discharge

awarii, w Zakladach Gorniczych Polkowice-Sieroszowice
prowadzano w oparciu o obowigzujace przepisy oraz akty
wewnetrzne KGHM Polska Miedz. S.A., ktére to regulowaly
szczegOtowe zasady. Przykladem aktu wewnetrznego obow-
igzujacego przed awarig jest: ,Technologia bezpiecznego
prowadzenia robdt gérniczych w podziemnych zakladach
gorniczych KGHM Polska Miedz S.A. w warunkach II i III
stopnia zagrozenia wodnego” z 2 stycznia 2018 r.

Zloze rudy miedzi w polu gdzie wystapilta awaria zostato
zaliczone do I stopnia zagrozenia wodnego przez Kierown-
ika Ruchu Zakladu Gérniczego w 2012 roku. Podstawa do
podjecia decyzji byla ,Dokumentacja Zaliczenia nr 2/2012
PS czgéci ztoza, wyrobisk oraz otaczajacej je przestrzeni w
granicach Obszaru Gérniczego ,,Sieroszowice I” do 11 II sto-
pnia zagrozenia wodnego” sporzadzona zgodnie z wymogami
rozporzadzenia w sprawie zagrozen naturalnych w zakladach
gorniczych (Dz.U. z 2012 r., nr 94 poz. 841). W uzasadnieniu
zaliczenia stwierdzono m. in., ze sumaryczny doplyw wod do
wyrobisk drazonych w obrebie Obszaru Goérniczego ,,Siero-
szowice I” nie ulega wigkszym zmianom na przestrzeni ostat-
nich lat mimo znaczacego zwiekszenia powierzchni rozcigcia
z}oza i oscyluje w granicach 2-3 m3/min. Przedstawiony obraz
$wiadczy o dominujacej roli doptywow z zasobdéw statycznych

serii wapienno-dolomitowej Cal oraz piaskowcow czerwone-
go spagowca. Doplyw do wyrobisk pojawia si¢ w momencie
wykonania wyrobisk, a nastgpnie stosunkowo szybko zani-
ka w obrebie rozcietego juz ztoza. Ubytek doplywdw jest re-
kompensowany pojawianiem si¢ nowych, co utrzymuje bilans
na zblizonym poziomie. Wielko$¢ srednich doplywéw na
przestrzeni lat wraz z wykonanymi przed awarig prognozami
(Gurwin i in. 2016, Materialy KGHM 2020, Stasko i in. 2014,
Materialy KGHM 2014) przedstawia rys. 1. Zaprojektowany
system odwadniania kopalni zapewnial przed wystagpieniem
awarii odbidr rzeczywistych i prognozowanych doplywow,
wraz z wymagana rezerwa.

W 2016 roku sporzadzono, w oparciu o model numery-
czny oraz obliczenia analityczne, prognoze doplywu natu-
ralnego wod z gorotworu do kopani. Uzyskane wyniki ws-
kazywaly, ze w perspektywie do 2019 r. nalezy oczekiwaé
doptywoéw zasadniczo zblizonych do rejestrowanych w latach
2015-2016 lub nieznacznie je przekraczajacych, tj. w przed-
ziale 4,0-5,0 m3/min. Ponadto stwierdzono, ze w przypad-
ku zloza Sieroszowice zasilanie doptywu pochodzi gtéwnie
z poziomu dolomitu gléwnego i w niektorych polach nalezy
sie spodziewa¢ wod wysoko zasolonych. Ewentualny wzrost
doptywu wigzalby si¢
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Rys. 3. Prognozy doptywu dla ztoza Sieroszowice oraz maksymalny doptyw podczas awarii wodnej

Fig. 3. Inflow forecasts for the Sieroszowice deposit and the maximum inflow during a water accident

z udroznieniem wyrobiskami nowych polaczen hydrau-
licznych, co w $wietle dotychczasowych doswiadczen byloby
sytuacja wyjatkowa. Wbrew prognozom pod koniec 2019
roku wystapil awaryjny, znaczacy wzrost doplywu wod kopal-
niach do wyrobisk gérniczych dwdch pdl eksploatacyjnych
zlokalizowanych w Obszarze Gérniczym Sieroszowice. Po-
gladowa lokalizacj¢ przedstawiono na rys. 2.

3. AWARIA WODNA

Wzmozony doplyw wod kopalniach do wyrobisk gor-
niczych zaczal by¢ obserwowany w ostatnich dniach pazdzier-
nika 2019 r., a na poczatku listopada nastapito juz gwaltowne
zwiekszenie doptywu wéd zasolonych do jednego z pol eksp-
loatacyjnych zloza Sieroszowice.

Doplyw ten wynoszacy poczatkowo 0,4 m3/min. wzrést
trzydziestokrotnie (do ok. 12 m3/min.) w ciagu zaledwie
jednego miesigca. Maksymalny zarejestrowany doptyw wyn-
osit 14,0 m3/min. (rozpoczal si¢ 25.11.2019r. i trwal okoto
miesigca) i znaczaco przekraczal nawet najwyzsze progno-
zowane wartosci. Udzial procentowy prognoz w poréwnaniu
do najwyzszego zaobserwowanego doplywu przedstawia rys.
3. Sumaryczny ustabilizowany od dluzszego czasu doptyw do
dwoch pdl eksploatacyjnych, ktdre zostaly objete zasiggiem
wplywu zwigkszonego doplywu, przed awaria wynosit 1,2
m3/min., a zdolno$¢ odwodnieniowa istniejacego systemu lo-
kalnego 1,5 m3/min. (przy normalny uzytkowaniu; awaryjnie
mozna bylo zwigkszy¢ wydatek systemu).

Doplyw wdd kopalniach do objetych awariag wodna pdl
eksploatacyjnych ztoza Sieroszowice posiadal dynamiczna,
zmienng w czasie charakterystyke. Trudno bylo na poczat-
ku oceni¢ dalszy rozwdj zjawiska wylacznie na podstawie
rejestrowanych parametréw doptywu, bo obserwowany byl
wylacznie gwaltowny, skokowy wzrost. Maksymalny, za-
rejestrowany doptyw ok. 14 m3/min. to warto$¢, ktorej zaklad
gorniczy nie byl w stanie odpompowaé. W trybie awaryjnym
nalezalo podja¢ szereg natychmiastowych dzialan w celu
opanowania skutkéw wzmozonego doptywu. Wynikajaca z
bilansu wodnego réznica w stosunku do lokalnych zdolno$ci
odwodnieniowych w tym rejonie (tj. ok. 9,0 m3/min.) stanow-
ita nadmiar, ktory gromadzit si¢ w wyrobiskach gérniczych, z

wydatkiem ok. 4,0-5,0 m3/min. Z czasem doptyw ulegal zm-
niejszeniu i od 23.01.2020 miescit si¢ w zakresie 9,1-9,8 m3/
min. Taki doplyw mozna juz bylo w caloéci odprowadza¢ na
powierzchnig poprzez istniejacy system odwadniania kopalni
(Materialy KGHM 2020).

W Raporcie powstalym w pierwszym etapie awarii,
dotyczacym zdiagnozowanych przyczyn awarii zwigzanej
ze zwigkszonym doplywem wody do wyrobisk z O/ZG Pol-
kowice-Sieroszowice” opracowanym przez Zespdl powota-
ny przez KGHM, wskazane zostaly dwie prawdopodobne
przyczyny powstania kontaktu hydraulicznego z dolomitem
gtownym (warstwa) wodonosng mozliwo$¢ rozszczelnienia
sie zlikwidowanego ok. 50 lat temu otworu odwierconego z
powierzchni, lub migracja poprzez spekania poeksploatacy-
jne w warstwach nadztozowych, gléwnie w strefie fleksury
Jakubowa.

Skala awarii i wyzwania z jakimi przyszlo si¢ zmierzy¢
zarzadzajacym, uswiadamia warto$¢ wzmozonego doptywu
oszacowana w okresie od poczatku awarii do konca roku
2020. Na powierzchnig, tylko z obszaru objetego awaria, wy-
pompowano w tym czasie prawie 3,7 mln m3 wody. Pozos-
tata cze$¢ zostala zdeponowana w wyrobiskach goérniczych
przy ustabilizowanym lustrze wody. Powierzchnia rozlewis-
ka ograniczona jest ustalonymi podczas akcji liniami oporu.
Poziom lustra wody podnidst si¢ w omawianym okresie o 73
m.

4. DECYZJE I DZIALANIA PODEJMOWANE W SYTU-
ACJI KRYZYSOWE]

Najwazniejszym elementem zarzadzania podczas awarii
w kopalni Polkowice-Sieroszowice byly decyzje i dzialania
podejmowane w sytuacji kryzysowej. Majac $wiadomosé
powagi sytuacji zarzadzajacy zdecydowali si¢ na zastosowan-
ie metodyki oparte na cyklu PCDA. Takie podejécie wymaga
zdecydowanie wiecej pracy, czestszych spotkan, szczegdtowe-
go raportowania z duza czestotliwo$cig oraz zaangazowanie
znacznych zasobow kadrowych. Jednak jest to cena, ktorg tr-
zeba i nalezy zaplaci¢, za zwigkszenie skuteczno$ci podczas
prowadzenia aktywno$ci w sytuacji kryzysowej. Zarzadzajacy
zgodnie z petla PDCA skoncentrowali si¢ na: ocenie zagroze-
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Rys. 4. Sredni doplyw wody z gérotworu do pél objetych awarig w tygodniach 2019 i 2020 roku

Fig. 4. Average water inflow from rock mass to the fields affected by the accident in the weeks 2019 and 2020

nia, powolaniu zespoléw kryzysowych, zbudowaniu strate-
gicznego planu dzialania, stworzeniu planu operacyjnego,
realizacji planu operacyjnego, kierowaniu i nadzorze nad
wszystkimi dzialaniami, monitorowaniem i raportowaniem
rozwoju sytuacji awaryjnej i realizacji zaplanowanych dzialan
oraz dokonywaniu niezbednych korekt.

4.1. Ocena zagrozenia

Najwazniejsza kwestia podczas podejmowanie decyzji
w sytuacji kryzysowej jest ocena stanu zagrozenia. Podczas
awarii wodnej w kopalni Polkowice-Sieroszowice w pierwszej
kolejnosci dokonano pomiaréw wydatkow z jakimi nast¢puje
wzmozony doplyw wod do wyrobisk goérniczych. Poniewaz
woda dostawala si¢ do wyrobisk w wielu miejscach i to zna-
jdujacych si¢ w znacznej od siebie odlegtosci, wydatek byt
mozliwy do oszacowania poprzez pomiar wysokosci lustra
wody i znajomos¢ objetosci zalewanych wyrobisk gorniczych,
ktéorym kopalnia dysponowata z wcze$niej wykonanych po-
miaréw przez wlasne stuzby miernicze. Wydatek z jakim za-
lewane byly wyrobiska gérnicze stanowit réznice dopltywu i
rzeczywistego wydatku systemu odwadniajacego w rejonie
awarii. Na tej podstawie sporzadzono tak zwane mapy zalewa-
nia. Mapy te zawieraly kluczowe dla funkcjonowania kopalni
informacje, to jest prognozowane daty docierania lustra wody
do strategicznych z punktu widzenia ruchu zakladu gérnicze-
go miejsc. Mapy sporzadzano w ukladzie wariantowym w
zaleznoéci od przyjetego scenariusza rozwoju doptywu oraz
mozliwoéci systemu odwadniajacego. Nalezy zaznaczy¢, ze
konsekwencje wzmozonego doptywu wody wykraczajg dale-
ko poza zalany woda obszar. Przykladem moze by¢ przewi-
etrzanie wyrobisk. Jesli niezbilansowany doplyw wody do
wyrobisk goérniczych utrzymalby si¢ przez diuzszy czas na
krytycznym poziomie, to nastapi¢ moglo zalewanie najnizszej
zlokalizowanej czes$ci wiazki wyrobisk doprowadzajacych
powietrze do oddzialéw wydobywczych polozonych daleko
poza strefa bezposredniego zagrozenia.

Wyprowadzi¢ stad mozna szerszy wniosek. Cho¢ opisy-
wany przypadek zwigzany jest z awariag wodnag, to réwnie do-
brze moze on odnosi¢ si¢ do wielu innych zdarzen, ktérych
efektem bedzie utrata droznosci gléwnych wyrobisk kopalni.
Czy bedzie to zalanie wyrobisk woda, czy tez zatamowan-
ie przekroju wyrobisk. Moze to nastapi¢ przez opadajace do
wyrobiska pod wplywem grawitacji skaly stropowe, dynam-

iczne przemieszczenie si¢ urobionego materialu skalnego
pod wplywem tapnigcia, wyrzutu, czy wreszcie zalanie woda
doptywajaca z gorotworu. W kazdym takim przypadku, w
efekcie koncowym nastepuje dysfunkcja wyrobiska. Jesli
gléwnym przeznaczeniem wyrobiska bedzie przewietrzanie,
negatywnym skutkiem bedzie zaburzenie w dzialaniu sie-
ci wentylacyjnej - zalanie gléwnych drég wentylacyjnych,
np. prowadzacych prady rejonowe. Dodatkowo pojawié sie
moze wzrost zagrozen aerologicznych, poprzez wzrost wil-
gotnosci, temperatury, zmiany skltadu chemicznego powietr-
za kopalnianego. Z tego punktu widzenia specyfika kopalni
Polkowice-Sieroszowice, gdzie zloze soli kamiennej zalega
nad ztozem rudy miedzi oraz perspektywa budowy wyrobisk
wentylacyjnych na poziomie solnym, stanowi¢ moze dobra al-
ternatywe przewietrzania w sytuacjach awaryjnych.

Koncowym efektem oceny stanu zagrozenia bylo powst-
anie listy ryzyk, z podzialem na lokalne i te dotyczace calej
kopalni oraz sgsiednich zakladéw goérniczych. Na liscie znala-
zlo sie¢ miedzy innymi: zalanie pola objetego awarig oraz wy-
robisk przyleglych, przekroczenie poziomu krytycznego, po
ktérym rozpocznie si¢ zalewanie innych wyrobisk kopalni,
konieczno$¢ alokacji produkeji, zaburzenia sieci wentylacy-
jnej, zaangazowanie dodatkowych zasobéw. Kazde z wyszcze-
golnionych na liscie ryzyk byto monitorowane osobno przez
czlonkéw powstalych na potrzeby zwalczania zagrozenia
zespoly oraz kierownikéw zadan.

4.2. Strategiczny plan dzialania

Kolejnym krokiem bylo przypisanie rdl i odpowiedzial-
noéci w zakresie zwalczania i powstrzymania stwierdzonego
zagrozenia ze strony wzmozonego doplywu wody do wyro-
bisk gérniczych. Powotlane zostaly zespoty kryzysowe w Cen-
trali KGHM oraz w kopalni Polkowice-Sieroszowice (Zespo6t
ds. Zagrozenia Wodnego O/ZG Polkowice-Sieroszowice oraz
Zesp6l ds. Monitorowania Zagrozenie Wodnego) ze $cisle
okreslonym zakresem kompetencji i wskazanymi obszara-
mi dzialania. Ze wzgledu na dynamiczny charakter doptywu
ustalono zwigkszona, do kilku razy na dobeg, czestotliwos¢
raportowania stanu zwigzanego zar6wno z monitorowaniem
rozwoju zalewania, jak i wszystkich podejmowanych dzialan.
Opracowano strategiczny plan w zakresie zwalczania i powstr-
zymania stwierdzonego zagrozenia od nadmiernego doptywu
wody do wyrobisk gérniczych. Gtéwnymi filarami tego planu
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Rys. 5. Wykorzystanie zmodyfikowanego podejécia PDCA Problem Solving podczas awarii wodnej. Opracowanie graficzne wlasne na podstawie (Obora 2010)

Fig. 5. Use of the modified PDCA Problem Solving approach during a water accident. Own graphic design based on (Obora 2010)

Tab. 1. Zmodyfikowane na potrzeby zarzadzania w sytuacji kryzysowej w kopalni Polkowice-Sieroszowice podejscie PDCA Problem Solving

Tab. 1. The PDCA Problem Solving approach modified for the purposes of crisis management in the Polkowice-Sieroszowice mine

Etapy procesu

Przyktadowe odpowiedniki podczas
sytuacji kryzysowej
w _kopalni Polkowice-Sieroszowice

Analiza sytuacji, potwierdzania gtéwnych
kierunkéw dziatan, identyfikacja
probleméw (na podstawie
gromadzonych informacji),
podejmowanie decyzji o wdrazaniu
rekomendowanych dziatan

Faza cyklu rozwiazywania
PDCA Py
problemow
PLAN identyfikacja
(planowanie) problemow
tworzenie
zespotow

Zesp6t KGHM ds. Zagrozenia Wodnego,
Kopalniany Zesp6t ds. Monitorowania
Zagrozenia wodnego

analiza (ocena)
sytuacji

izoliniowa mapa zalewania, priorytetowa
lista ewakuacji infrastruktury
technicznej,

zaplanowanie
zadan

Plan strategiczny, plan operacyjny,
harmonogramy, wykresy Gantta

okreslenie celéw
harmonogramoéw

poziomy wydatkdw systemu
odwadniajacego po realizacji kazdego z
etapéw

Okreélenie
priorytetéw

uszeregowanie zadan wedtug przyjetych
przez kierownictwo listy kryteriow

wdrozenie i
doskonalenie
rozwigzan

DO
(wykonanie)

realizacja plandéw operacyjnych przez
zespoty realizacyjne (kierownicy liniowi),
raportowanie (komentarze i wnioski od
kierownikéw liniowych)

CHECK kontrola i ocena
(sprawdzanie) | rozwigzan

monitoring (montaz detektoréw do
automatycznego pomiaru poziomu lustra
wody), system spotkan zespotéw i
ustalenie zakresu i czestotliwosci
raportowania, hierarchiczny ukfad
adresatow (odbiorcow)

ACTION wdrozenie
. . nowego
(dziatanie) standardu

formutowanie rekomendacji
poprawiajacych skutecznos¢ dziatan, lub
rozwigzan napotykanych problemoéw

byly: unikanie strat infrastruktury technicznej, zwiekszenie
wydatku systemu odwadniajacego, zabezpieczenie wyrobisk
przed zalaniem, ograniczenie doplywu wody z goérotworu.
Zadania podzielono na: krétkoterminowe (cel: zwigkszenie
wydatku systemu odwadniajacego w rejonie awarii), $red-
nioterminowe (cel: zwigkszenie wydatku i uelastycznienie
sytemu odwadniania odbierajace wode z rejonu awarii) oraz
ditugoterminowe (cel: zwigkszenie wydatku i uelastycznienie
sytemu odwadniania kopaln Polkowice-Sieroszowice i Rud-
na).

4.3. Realizacja planu

W poczatkowym etapie kluczowe znaczenie mialy szyb-
kos¢ i trafnos¢ decyzji. Oczywiscie towarzyszyla temu bardzo
duza presja i odpowiedzialno$¢ oséb je podejmujacych.
Nie mniej wazne bylo stworzenie zespoléw realizacyjnych,
odpowiedzialnych za kazdy element planu strategicznego i

przekazanie zarzadzania nimi pracownikom charakteryzu-
jacych sie duza wiedza, do$wiadczeniem, odpornoscia na
stres oraz sprawnos$cig dzialania w warunkach kryzysowych.
Zapisy planu strategicznego, rozwinigto i przeniesiono do
planu operacyjnego. Cho¢ zapisy tego planu bardzo precyz-
yjnie okresélaly wszystkie niezbedne zadania do wykonania,
to w celu poprawy skutecznosci, kierownicy zespoldéw real-
izacyjnych (kierownicy liniowi) otrzymali pewng swobode w
dzialaniu. Sam plan zapisano w postaci wykresu Gantta i na
biezaco aktualizowano.

Ochrona mienia kopalni i ewakuacja zagrozonej zalaniem in-
frastruktury

Sporzadzono zestawienie elementéw infrastruktury, ktére
znajduja sie w strefie bezposredniego zagrozenia zalaniem. Na
podstawie wariantowej mapy zalewania okreslono dokfadne
daty (co do dnia) kiedy woda bedzie zbliza¢ si¢ do poszc-
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zeg6lnych wyrobisk — maszyn i urzadzen wymienionych w
zestawieniu. Lista miata uklad priorytetowy, gdzie wszystkie
jej elementy byly podzielone na te, ktére mozna przenie$¢ i
uruchomi¢ w innym miejscu w kazdym momencie, konczac
na tych, ktére z punktu widzenia utrzymania ptynnosci ruchu
zakladu goérniczego musza pracowad jak najdluzej to mozli-
we. W ten sposob powstal plan przenoszenia (ewakuacji) in-
frastruktury. Po czasie mozna powiedzie¢, ze byl on bardzo
skuteczny, bo jego realizacja nie doprowadzita do zaburzen w
pracy kopalni oraz nie doszlo do uszkodzenia (zalania) zad-
nego kluczowego, wysokokosztowego urzadzenia, pomimo
faktu objecia strefa zalania niektérych z wymienionych w nim
maszyn i urzadzen.

Aby zwigkszy¢ retencje powstajacego poprzez niezbilan-
sowany doptyw wody z gérotworu zbiornika i wydluzy¢ czas
na zrealizowanie zaplanowanych dziatan, nalezalo maksymal-
nie wykorzysta¢ dostgpna przestrzen wyrobisk gdérniczych.
W zwigzku z tym zaplanowano budowe pigciu tam wodnych
na wigzce najnizej polozonych wyrobisk laczacych si¢ z up-
adowymi prowadzacymi bezposrednio do podszybia szybu
SW-4. Zadaniem tego zabezpieczenia bylo powstrzymanie
zagrozenia przylania si¢ wody przez punkty krytyczne i roz-
przestrzenienie si¢ rozlewiska na duzej powierzchni, obejmu-
jacej kluczowe wyrobiska oraz zainstalowane w nich maszyny
i urzadzenia. Harmonogram zalewania $ci$le okreslal ile cza-
su mialy do dyspozycji stuzby kopalni na wszystkie zadania
zwigzane z projektowaniem, zatwierdzaniem i budowa tam
wodnych.

Usprawnienie istniejgce, lokalnej i kopalnianej infrastruktury
odwodnieniowej

Gléwnym celem tego zadania bylo jak najdiuzsze zale-
wanie wyrobisk i maksymalne wykorzystanie dost¢pnej re-
tencji, tak aby umozliwi¢ prowadzenie dziatan zasadniczych.
Skupiono si¢ na usprawnieniu istniejacej infrastruktury
odwodnieniowej w rejonie pdl eksploatacyjnych objetych
awarig oraz na optymalnym wykorzystaniu jej potencjatu. Do
niezbednego minimum skracajac czas postojow, ograniczajac
sie w zasadzie do usuwania awarii. Aby maksymalnie wyko-
rzystywac system odwodnieniowy wymiane zuzytych i uszko-
dzonych elementéw prowadzono niemal wylgcznie réwnole-
gle podczas prac naprawczych, przez dodatkowo do tego celu
oddelegowanych pracownikéw z innych miejsc kopalni.

Budowa sieci nowych rurociggow oraz pompowni

Istniejaca sie¢ rurociagéw kopalnianych nie byla w stanie
wypompowa¢ calej wody doptywajacej z gérotworu na pozio-
mie maksymalnym, to jest 14 m3/min. Dlatego zaprojektowa-
no catkowicie nowy system, bilansujacy zaréwno doplywy
ze wszystkich oddziatéw eksploatacyjnych kopalni oraz tego
objetego awaria, wraz z dodatkowa rezerwa. Budowa nowej
sieci rurociaggdw oraz pompowni i polaczenie ich z siecig ist-
niejaca miato w zalozeniu umozliwi¢ wypompowanie calej
wody doplywajacej z gdérotwory i przetransportowanie jej
do gléwnych komor pomp. Caloéé tego zadania podzielono
na sze$¢ etapow. Kazdy z nich mial przypisany szczegotowy
zakres, to jest rodzaj i $rednice rurociagdw, trase, po ktorej
ma przebiega¢, dlugo$¢, elementy dodatkowej infrastruktu-
ry, pompownie, zbiorniki retencyjne itd. Najistotniejszy byl
zaplanowany czas zakonczenia etapu. Szczegoélnie, ze wiele za-

dan bylo ze soba zsynchronizowanych, a zwigkszanie wydat-
ku systemu odbywalo si¢ stopniowo i wynikalo z zakoniczenia
prac kolejnych etapéw. Dla budowy sieci nowych rurociagéw i
pompowni oraz polaczenia ich z istniejacym systemem stwor-
zono szczegdtowy harmonogram i opracowano wykres Gant-
ta. W trakcie realizacji tego zadnia na biezaco odbywata si¢
aktualizacja informacji o postepie prac oraz kontrola zgod-
noéci z harmonogramem. Sporzadzano réwniez list¢ ryzyk,
ktére mogly wplyna¢ na powstanie opdznien. Generalnie z
sze$ciu zadan, cztery odpowiadaly za zwigkszenie i zbilan-
sowanie wydajnosci systemu odwadniania, a pozostale dwa
za zwigkszenie niezawodnosci i redundancji. W tym miejscu
nalezy podkresli¢, ze realizacja tego zadania byla catkowicie
bezprecedensowa. Skala prac z jaka przyszlo sie zmierzy¢
nigdy nie miala miejsca w calej, kilkudziesiecioletniej historii
kopani. W sumie wybudowano w kopalni Polkowice-Siero-
szowice 27,5 km rurociaggdw o $rednicach od 315 mm do 600
mm, cze$¢ w wykonaniu wysokoci$nieniowym oraz 16 sta-
nowisk pompowych. A wszystko to w czasie ok. 3 miesigcy.
Wymagalo to zaangazowania znacznych zasobéw kadrowych
oraz stanowilo olbrzymie wyzwanie logistyczne. Poniewaz
system odwodnieniowy jest polaczony z infrastrukturg
sasiedniej kopalni Rudna, to i tam konieczne byly prace do
wykonania. Wybudowano miedzy innymi rurociag o $rednicy
400 mm i 4,6 km dlugosci.

Ograniczenie doplywu wody z gérotworu

W celu powstrzymania, lub ograniczenia doptywu wody
z gérotworu zaplanowane zostaly zadania realizowane zaréw-
no z powierzchni, jak i z poziomu podziemnych wyrobisk
gorniczych. Opierajac si¢ na przestankach co do charakteru
i przyczyny powstania awarii zaplanowane zostalo wiercenie
i iniekcja otwordw z powierzchni oraz z poziomu wyrobisk
gorniczych. Dodatkowo, zapobiegawczo, czasowo wstrzy-
mano postep robot eksploatacyjnych w znajdujacym si¢ na-
jblizszej odleglosci od rejonu wzmozonego wyplywu wody
oddziale gérniczym.

Monitorowanie i raportowanie stanu zagrozenia

Kazdy z powstalych zespotéw mial w obowiazku rapor-
towal realizacj¢ przypisanych zadan. Raportowanie mialo
uklad hierarchiczny i podlegalo agregacji informacji.
Koncowym odbiorca wszystkich raportéw byl Prezes Zarzadu
KGHM Polska Miedz. S.A.

Miedzy innymi w celu biezacego monitorowania rozwo-
ju awarii, postepu budowy infrastruktury oraz pracy systemu
odwadniania powotano dzial dyspozytoréw maszynowych
tak zwanych dyspozytoréw ,wodnych”. Znalazl si¢ on w struk-
turze dzialu odpowiedzialnego za transport poziomy oraz

obstuge i eksploatacje rurociagdw.

Korekty: reakcje na pojawiajgce si¢ problemy

Podstawowe filary planu strategicznego byly niezmi-
enne przez caly okres awarii. Ale elementy planu operacyj-
nego podlegaly ciaglej ocenie w ramach cyklu PDCA i ko-
rektom. Przyktadem moze by¢ podzial zasadniczych etapow
planu, na podetapy, w ktorych wykorzystywano, w trybie
doraznym, istniejace elementy infrastruktury. Postuzenie si¢
do celéw odwodnieniowych nieczynnymi chwilowo ruro-
ciggami klimatyzacyjnymi pozwalalo na budowanie nowych
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ciagéw odwaniajacych bez strat na wydatku. Wazna, o czym
jeszcze bedzie mowa, byta swoboda w podejmowaniu decyzji
kierownikéw liniowych. Dzialania korygujace stanowia pod-
stawe poprawnoéci dzialania cyklu PDCA, wigc nie mozna
nawet w sytuacjach awaryjnych i centralizacji zarzadzania w
kryzysie z tego etapu zrezygnowa¢. W ramach cyklow rapor-
towania kierownicy liniowi zglaszali rekomendacje¢ zmian
i dzialan naprawczych. Skracanie procesu decyzyjnego po-
prawia szybko$¢ dzialania, ale mozna powodowa¢ straty na
innych odcinkach, a w efekcie konncowym w calej operacji.

5. WYKORZYSTYWNIE CYKLU PDCA W ZARZADZA-
NIU PODCZAS SYTUAC]I KRYZYSOWE]
Przedsigbiorstwa zmuszone sa do reagowanie na zmie-
niajace si¢ warunki. Czesto potrzebe wprowadzania zmian
dostrzegaja dopiero podczas wystapienia sytuacji kryzysowej.
Pozadanym stanem jest zarzadzanie przedsi¢biorstwem w
sposob antykryzysowy tak, aby unikaé takich sytuacji, a w
momencie ich wystapienia podejmowac szybkie i skuteczne
kroki. Taka praktyka nastawiona jest na poprawe zaréwno
dzialan, jak i proceséw (Starosta 2016). Zarzadzanie pod-
czas wystapienia sytuacji kryzysowych nakierowane jest na
ograniczenie jej rozmiaréw i minimalizacj¢ negatywnych
skutkéw. W przypadku awarii wodnej w kopalni Polko-
wice-Sieroszowice zastosowano metodyke cyklu PDCA z ele-
mentami Problem Solving (Asaka i Ozeki 1990). Zrédtem tej
metodyki jest tak zwana petla Deminga, czyli cykl PDCA - ak-
ronim angielskich stéw: plan (planuj) » do (wykonaj) » check
(sprawdz) » action (reaguj) (Myszewski 2009, Hamrol 2017).
W zalozeniach metodycznych istota podejscia PDCA Prob-
lem Solving jest wykorzystywanie petli Deminga w procesie
ciagltego doskonalenia organizacji poprzez rozwiazywanie

uswiadamianych sobie przez pracownikéw coraz to nowych,
kolejnych probleméw (Obora 2010). Zastosowanie metodyki
opartej na cyklu PDCA sprawia, ze zarzadzany proces pod-
lega ciaglej systematycznej poprawie, a koncertuje si¢ przede
wszystkim na wskazywaniu najlepszych rozwigzan (O’Shea i
in. 2016). Schematycznie przedstawiono cykl PDCA na rys. 5.

W sytuacji kryzysowej etapy proceséw rozwiazywan-
ia probleméw nalezato zmodyfikowal. Specyfika dzialan w
sytuacji kryzysowej jest koniecznos¢ podejmowania blys-
kawicznych decyzji. W tej sytuacji praca duzych zespotu nie
zawsze bywa efektywna. Stad tez konieczno$¢ pozostawiania
swobody decyzji kierownikom zespoléw realizacyjnych. Dz-
ialania zwigzane z zatrzymaniem wzmozonego dopltywu oraz
mitygacja negatywnych skutkéw omawianej awarii wodnej w
kopalni Polkowice-Sieroszowice zostaly podzielone na szereg
zadan. Problemy kazdego z nich z osobna byly rozwiazywane
w oparciu o podejscie PDCA Problem Solving. Zestaw dz-
ialan taczyt si¢ w program zarzadzania w sytuacji kryzysowe;.
Adresowanie poszczegdlnych etapéw procesu rozwigzywan-
ia probleméw i przypisanie im konkretnych odpowiednikéw
przedstawiono w tabeli 1.

6. WNIOSKI

W sytuacjach awaryjnych wazna jest szybkos§¢ reakcji.
Nie nalezy jednak rezygnowa¢ ze sformalizowanych dzialan.
Przyktad kopalni Polkowice-Sieroszowice pokazuje jak wazne
jest uwzglednienie wszystkich etapéw cyklu PDCA. I cho¢
moglo by si¢ wydawad, ze z niektérych elementéw da sig¢ zre-
zygnowad, oszczedzajac czas lub zasoby kadrowe, to decyz-
ja taka wiaze si¢ z podjeciem zbyt duzego ryzyka. Kiedy gra
toczy si¢ o bezpieczenstwo ludzi i majatek firmy nie wolno
wybiera¢ drogi na skroty.
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Emergency Management on the Example of an Underground Copper Ore Mine
Mining is the branch of industry where catastrophic accident events may occur in the course of normal production activities. During
emergencies involving people, rescue operations are carried out in a statutory manner. But these are not the only emergencies that may
occur in the mine. In most of them we do not have any imposed action plans. The paper describes the use of the PCDA approach with
Problem Solving elements when managing an emergency in one of the underground copper ore mines.

Keywords: natural hazards, underground mining, emergency management, PDCA cycle
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for reduction of coal energy sources in the Czech Republic.

Abstract
The European Green Deal is a set of policy initiatives by the European Commission with the overarching aim of making Europe climate
neutral in 2050. An impact assessed plan will also be presented to increase the European Union s greenhouse gas emission reductions
target for 2030 to at least 50% and towards 55% compared with 1990 levels. The European Green Deal has goals extending to many
different sectors, including construction, biodiversity, energy, transport and food. For the European Union to reach their target of
climate neutrality, one goal is to decarbonise their energy system by aiming to achieve net-zero greenhouse gas emissions by 2050.
Article deals with current aspects of decarbonisation in the Czech Republic and possibilities of replacement coal energy sources by
renewable sources of electric energy. Paper describes present situation in branch of production of electric energy and possible scenarios

Keywords: greenhouse effect, the European Green Deal, decarbonization, renewable sources of electric energy, coal energy sources

Introduction

The concept or phenomenon of the greenhouse effect is
commonly used to describe two different things: the natural
greenhouse effect, which is the greenhouse effect that occurs
naturally on Earth, and the additional (anthropogenic) green-
house effect, which originates in human activity and is most
likely causing the global climate change [1].

Current scientific knowledge proves that human activity
(greenhouse gas production) affects the Earth's climate sys-
tem. Greenhouse gases are multi-atomic gases that absorb the
Earth's thermal radiation, which is causing the heat up of the
lower layer of atmosphere and the Earth's surface. These are
carbon dioxide (COz2), methane (CHa4), nitrous oxide (N20),
partially and fully fluorinated hydrocarbons (HFC, PFC) and
sulfur hexafluoride (SF6). And last, but not least we cannot
forget the water vapor [1].

Because each of the greenhouse gases has a different abil-
ity to influence the climate, there is a so-called global heating
potential for each greenhouse gas, and for comparison pur-
poses, the greenhouse gas content is given in terms of CO2
equivalent (COz, eq.).

Today the statistics are used to prove the global warming
and its consequences, before that the statistics were used to
prove the coming of another ice age. It therefore depends on
which data and from which period we select. However, it also
depends on the interpretation of this data. The greenhouse
effect allows the Earth to reach a temperature at which life

is possible. Nevertheless, in the different geological periods
the Earth naturally faced the cold and warm periods. The
problem seems to be elsewhere: Colder periods are repeated
at regular intervals (less than a quarter of a billion years) and
are many times shorter than warm periods. According to ex-
perts, the ice ages in the Quaternary were mainly caused by
interventions from space. At the same time, the temperature
fluctuated and in the interglacial times it was often even high-
er than it is today. We currently live in an interglacial period,
which is longer than the previous ones. And about 6,000 years
ago, it was a few degrees Celsius warmer than it is today which
was one of the most important reasons why the humanity was
able to switch from hunter-gatherer culture to modern agri-
cultural one.

One of the major multi-atomic gases that causes the
greenhouse effect, is already mentioned carbon dioxide. It
enters the atmosphere during the volcanic activity, respira-
tion of organisms, decomposition of organic matter and also
during the combustion of fossil fuels, from other industrial
activities and from road transport (anthropogenic influence).
Recent research shows that 10.9 Gt of carbon is released an-
nually from so-called "dead" wood. These are the dead trees
whose wood is left in its original place and not processed.
Part of the carbon is released into the soil and another part
into the atmosphere. The amount of carbon released from
this "dead" wood roughly corresponds to global emissions
from fossil fuels [5].
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Tab. 1. Global average greenhouse gas emissions by electricity generation technology (source ICCT)
Tab. 1. Srednie globalne emisje gazow cieplarnianych wedtug technologii wytwarzania energii elektrycznej (zrédto ICCT)

_ gram eq. CO2 / kWh gram eg. CO2 / MU

coal oo
il 840
natural gas 453
nuclear energy 6
bioenergy 0
geothermal energy 45
selar |phatovoltaic) 46
solar [concentrated) e
wind energy 1

marine energy (waves etc.] 8

water power %

78
3
130

Fig. 1. NordLink power cable [15]
Rys. 1. Kabel zasilajacy NordLink [15]

On the other hand, the carbon dioxide level in the atmo-
sphere decreases during the growth of organic matter, depo-
sition of organic substances in the sediment and during the
forming of calcium shells (coral reefs, etc.). It is therefore a
natural carbon cycle in nature. Through human activity, its
content in the atmosphere rises.

Before the Industrial Revolution, the concentration of
carbon dioxide in the Earth's atmosphere reached about 280
ppm (parts per million). It was a good amount - good in the
sense that we were used to it. The molecular structure of car-
bon dioxide holds the heat near the planet's surface. The heat
which would otherwise return to space. That means that the
civilizations developed in the specific heat conditions thanks
to this specific concentration of carbon dioxide. The average
global temperature was about 14°C. That decided where we
build our cities, what crops we will grow and consume, on
which water sources we will be dependent, and even how we
will respond to changing weather and changing seasons in the
higher latitudes. [2].

As soon as the coal, gas and oil began to be burned for
energy purposes, the carbon dioxide level began to grow. In
the first measurements in the late 50s of the last century, the
concentration of CO2 was already increased to 315 ppm. In
2007, it was about 380 ppm and the CO: content in the at-
mosphere was growing roughly by two ppm per year [2]. It

is assumed that the extra heat (a few watts per square meter
of land surface), captured by the COx, is enough to warm the
planet considerably [2].

The effects of a further increase in the concentration of
carbon dioxide in the atmosphere cannot be precisely deter-
mined, however, some experts assume that the temperature
will continue to rise because the warming will not show up in
the atmosphere until after time. However, that would mean
that we are unable to stop the global climate change.

In the last few years, a number of studies have emerged
that tell us that we should not exceed the level of 450 ppm of
CO:s. If this value is exceeded, in the following centuries the
ice sheet in Greenland and West Antarctica will probably melt
down and the ocean levels will then rise dramatically. We have
to point out that 450 ppm is still an estimate (which does not
include a varied mix of others less significant gases such as
methane and nitrogen oxides). However, the 450 ppm of CO2
will become a point which humanity will try to avoid. A point
that is fast approaching. If the concentrations continue to rise
by two ppm per year, we only have 35 years left [2].

In 2011 the concentration of CO: in the atmosphere was
390.9 ppm, today it is already 419 ppm. While maintaining
current trends, the concentration of CO2 in the atmosphere
will increase to 560 ppm by the end of the 21st century [3].
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Greenhouse gas emissions from various technologies of elec-
tricity production, decarbonisation of energy production

According to the latest report of the Intergovernmen-
tal Panel on Climate Change (IPCC), which was published
on August 9th, 2021, a global temperature rise will reach 3
possibly 4°C in comparison to the temperature before the be-
ginning of the industrial era [6]. Therefore, it seems that the
temperature rise will be higher than 1.5°C presented in so-
called Paris Agreement (2015) six years ago. In 1997 which
is 24 years ago, the so-called Kyoto Protocol was adopted,
under which the world community has committed itself to
reducing the greenhouse gas emissions by 5.2% per year 2010
compared to the 1990 level. Unfortunately, this goal was not
achieved, and the greenhouse gas emissions including the car-
bon dioxide are still rising.

Developed countries, especially the European Union, are
aware that specific actions must be taken. The European Com-
mission is proposing a "Green Deal" (the European Green
Deal), which turns out to have its passionate supporters and
opponents. But both groups believe that it will be possible to
reduce the current, high consumption-oriented way of life.
However, some experts do not believe in this [3] and argue
that it is too late to prevent a 2°C increase in temperature. Ac-
cording to them, this should have started about 50 years ago,
when the first warnings which were published in the reports
of so-called "Club of Rome" came [3].

According to qualified estimates of climatologists, when
the temperature rises by 2°C, it will cause the large droughts
every 10 to 12 years in our latitudes (the so-called millennial
summer will appear, which we faced, for example, in 2003,
then in 2015 and 2018). If the temperature rises by 4°C, then a
great drought appears in our latitudes every 3 to 4 years.

It should be noted that increasing the temperature by 1°C
will reduce the world's production of four basic crops (rice, corn,
wheat, soybeans) by 5%, the temperature increase of 2°C will re-
duce the worldwide production of these crops by 7 to 10%.

It is assumed that if the European Union reaches the cli-
mate neutrality in 2050, the result will be only a small reduc-
tion in global temperature. In 2050, it could be in the range of
0.02-0.05°C and in 2100 then 0.05 to 0.15°C [4].

Let's have a look at how electricity generation contrib-
utes to greenhouse gas emissions from various sources (CO:
equivalent per kWh or MJ was used). Table 1 lists the global
average greenhouse gas emissions by electricity generation
technologies. Obviously in our conditions (as a landlocked
country we do not have marine energy) the lowest emissions
of greenhouse gases in the production of electricity are gen-
erated by using the water resources (4g CO2,eq./kWh, or 1 g
COz, eq./M]J), using the wind energy (12g CO2, eq./kWh, or
3g CO2, eq./MJ) and by using the nuclear energy (16 g COz,
eq./kWh, or 4g CO2, eq./MJ). The production of electrical
energy from photovoltaic solar power plants is equal to 46g
COz2, eq./kWh, or 13g CO2, eq./M]. The highest greenhouse
gas emissions arise from the production of electricity in coal
power plants (1001g CO2, eq./kWh, or 278g CO:, eq./M]),
when using natural gas, it is then 469g CO2,eq./kWh, or 130
g CO2, eq./M]J.

The European Green Deal and its implementation in the
Czech Republic

However, despite the rather grim above forecasts of some
experts, that certainly are not optimistic, there are a num-
ber of measures (proposed under the European Green Deal)
which should reverse the above adverse development.

It should be noted that Europe accounts for only about 9%
of greenhouse gases from the total world production of these
substances, however, introduces the strictest measures against
production of these emissions in the world.

The European Green Deal is a set of policy initiatives of
European Commission, whose main goal is to make Europe
climate neutral by 2050 [8, 9]. It contains the plan with eval-
uated impacts, whose goal is to reduce the emissions of Euro-
pean Union greenhouse gases by 55% by 2030 compared to
1990 [10]. The deal was introduced on 11th December 2019,
approved by the European Parliament on 15th January 2021.
It contains measures to reduce emissions, investments in cut-
ting-edge research and innovations and protects the natural
environment of the European continent [10]. The second goal
of the agreement is the transformation of European economy
so that it is sustainable in the long run, and the growth is pos-
sible without increasing the usage of natural resources [11].

The agreement aims to incorporate legislation that will
make Europe the first climate-neutral continent in the world
by 2050. The European Commission also wants to present a
strategy in biodiversity by 2030, a new industry strategy, Eu-
ropean Union action plan for the circular economy, a strategy
for sustainable food production "from the farmer to consum-
er" and proposals for a Europe without pollution [12]

To achieve the Agreement’s goals in the climate and ener-
gy areas by 2030, approximately 260 billion euros of addition-
al annual investment (1.5% of gross domestic product) will
be needed.

The European Commission submitted the investment
plan for sustainable Europe which helps to meet the invest-
ment needs. At least 25% long-term EU budget should be
dedicated to climate measures and the further support will be
granted by European Investment Bank [12]

According to the European Commission, the Green
Agreement has the following main elements [10]:

1. increasing the European Union's climate ambitions

for 2030 and 2050,

2. supply of clean, affordable and secure energy,

3. clean circular economy in industry,

4. construction and renovation with efficient use of en-

ergy and resources,

5. accelerating the transition to sustainable and smart

mobility,

6. "farmer to consumer" strategy: creating a fair, healthy

and environmentally friendly food system,

7.  protection and restoration of ecosystems and biodiversity,

8. ensuring a toxic-free environment through an ambi-

tious zero pollution target.

The European Green Deal assumes the gradual inclusion
of sustainability element into all European Union policies.
The tools should be [10]:

1. promoting the green financing and investment and

ensuring fair transformation,

2. greening of national budgets and sending the right

price signals,
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3. mobilizing research and promoting innovation,
4. involvement of education and professional training.

The plan also includes a number of other policies, such as
carbon import duties, emission allowances introduction for
air and sea transport or a new climate law that resets the rules
of European investment policies [13, 14].

On July 14th, 2021, the European Union announced
that the target within the framework of "European Ecologi-
cal Package” will be reducing the greenhouse gas emissions
by 55% by 2030 and achieving carbon neutrality by 2050. By
2030, 40% of electricity should be generated in the EU from
renewable sources and in 2035 in EU the sale of passenger
cars powered by internal combustion engines should end.

With principles of the European Green Deal project cor-
responds the NordLink, project which is set to be a new mile-
stone in electricity supply in Europe as well as an important
step towards a vision of a carbon-neutral system in Europe.
NordLink project represents a high-voltage submarine cable
line through the North Sea (see Fig. 1) between Norway (Ton-
stad) and Germany (Wilster) [15]. NordLink cable has a total
length of 623 km, of which 520 km is under the sea. NordLink
was officially opened on May 27th, 2021, and has been in trial
operation since December 2020.

Electricity in the NordLink cable flows in both directions.
In case of surplus energy generated by wind farms in north-
ern Germany (in case of strong winds) the electricity flows
through the power cable north to Norway where it is either
distributed to the grid (it is purchased during the surplus at
low prices) or used in pumped-storage power stations [15].

When the German wind farms production is low, Nor-
wegian side can send the stored energy from pumped-storage
power stations south to Germany and prospectively further to
Europe. Electricity can only flow through the cable in one di-
rection at a time, but the direction can be switched operatively.

Some energy concepts in the Czech Republic are also con-
sidering the above-mentioned possibilities of obtaining the
electricity from Norway. However, this year the assumptions
about using the NordLink cable line were not fully reflected
because there was very little wind in Germany this year which
led to less water pumping in Norwegian pumped-storage
power stations. As a result, the energy systems in both coun-
tries had to face the electricity shortages [15].

The European Green Deal, which is also binding for Czech
Republic, imposes a gradual shift away from the production
of electricity in solid fuels thermal power plants, in our case
coal. This means the decarbonisation of our energy sector.

It is expected that in the Czech Republic the renewable
sources of energy will represent 23.8% of electricity produc-
tion by 2025. The current share of renewable sources in the
production of electricity is about 12 to 13%, of which 7% is
produced by hydropower plants.

In order to achieve the goals of decarbonization, the Czech
Republic established the so-called Coal Commission of the
Czech Republic, consisting of 21 members. The members of
the commission are biologists, climatologists, doctors, tech-
nicians, citizens living close to active mines, etc. The mem-
bers are also representatives of the Rainbow Movement and
Greenpeace CR. The Commission is chaired by the Minister
for the Environment and the Minister of Industry and Trade.

At its meeting in December 2020, the Commission decided
to shut down of thermal power plants in the Czech Republic
will take place by 2038 (Germany will shut down its thermal
power plants during 2038). For the sake of completeness, it
should be recalled that the years 2033, 2038 and 2043 were
originally considered. It should also be noted that if the new
nuclear power plant block in Dukovany is build it will remain
operational until 2036.

In 2019 the coal-fired thermal power plants represent-
ed 9,800 MW of the installed electrical output in the Czech
Republic, while they produced 33.8 TWh of electricity. Ac-
cording to the Bloomberg model NEF the Czech Republic
should reduce the electricity production from coal to 52%
by 2030, that means that only 17.6 TWh of electricity would
be produced by coal-fired thermal power plants (at installed
electrical output of 5,100 MW). The electricity generation in
gas power plants should decrease from 7.8 to 3.1 TWh in the
Czech Republic by 2030 [16].

The new amendment to Act No. 165/2012 Coll. on Sup-
ported Energy Sources was proposed in Czech Republic in
2020 (submitted on 30th March 2020 to Chamber of Deputies
of the Parliament of the Czech Republic, approved on 18th
October, 2021 as Act No. 382/2021 Coll.). This amendment
states that in the period from 2021 to 2030 the share of ener-
gy from renewable sources in the final energy consumption
should be at least 6% (compared to the current situation, but
more is desirable). This amendment that has already been
discussed in the Chamber of Deputies of the Parliament of
the Czech Republic, therefore regulates instruments and mea-
sures through which this objective should be achieved.

The mentioned amendment to the Act No. 165/2012 Coll.
assumes that the support for electricity from renewable sourc-
es will apply to plants put into operation in the coming years,
that are power plants that use water energy up to an installed
electric capacity of 10 MW, wind, landfill, and sludge gas.

The above-mentioned support could encourage faster
construction of wind farms in the Czech Republic, which,
despite the resistance of the local population, is necessary
for the realization of the goals of European and Czech decar-
bonisation strategies. The development of community ener-
gy production based on renewable electricity sources (roof-
top photovoltaic power plants on residential and communal
buildings) is also expected.

Potential possibilities of replacement of coal energy sourc-
es by renewable sources of electric energy in the Czech Re-
public

It is therefore necessary to ask the question of how to en-
sure the carbon neutrality in the Czech Republic, that means
the balance between carbon emissions and their absorption
into the atmosphere. To make things worse all of that must
be achieved in a relatively short time frame. Current develop-
ments show how difficult it will be to achieve this goal even
for Germany, which has huge installed capacity of renewables,
in order to the fight against the climate change.

At the time when the Coal Commission of the Czech Re-
public was preparing its opinion about decommissioning of
domestic thermal power plants (this should happen by 2038,
although voices are rising to end mining before 2035, or even
in 2030), several expert studies about the Czech Republic’s
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Fig. 2. How much did the emission allowance cost? - EURO/t CO: [15]
Rys. 2. Ile kosztowaly uprawnienia do emisji? - EURO/t CO, [15]
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Fig. 3. Total electricity production in the Czech Republic [16]
Rys. 3. Catkowita produkeja energii elektrycznej w Czechach [16]
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transition to renewable energy sources were published [18].
The purpose of the expert studies was the support of the Coal
Commission in deciding about the decarbonization of the
Czech Republic (more precisely about the speed of its imple-
mentation).

For example, the study from company called EMBER (see
below), envisages a complete cessation of coal dependent en-
ergy production in the Czech Republic by 2030, all of that at a
relatively low cost and with a large investment for the future.

Company called McKinsey & Company published its
study [19] in October 2020. The study [19] models an ideal
plan to meet the so-called climate commitment, which means
carbon neutrality in the year 2050, including the intermediate
step in 2030 (closure of coal-fired power plants in the Czech
Republic). The carbon neutrality (which is binding for the
Czech Republic) is the reason why the entire coal business
will most likely be retired.

A study [19] states that obsolete coal-fired power plants
are already on the edge of market economic sustainability. The
study assumes that the system of emission allowances that the
EU imposes to fulfill the carbon responsibility, will make them
a distant memory in the coming years. The price of emission
allowances has now risen to an incredible 65 EURO per 1 ton
of emitted CO: equivalent (see Fig. 2 below, Ember-Climate.
org, SZ Business). For example, in May 2017 the price for the

emission allowance was 4.95 EURO/t CO.. This situation sig-
nificantly affects the current price of electricity in Europe be-
cause it extremely increases the price of electricity produced
from coal. This electricity is still vital for EU and we cannot
do without this electricity at this moment. However, it should
be noted that the current high price of emission allowances is
largely caused by market speculation.

We should mention that the model made by McKinsey
primary targets the question how to reach the carbon neutral-
ity in the shortest possible time and by the most effective way
(with minimal losses) and how to replace the electricity pre-
viously supplied by thermal power plants. This model is not
aiming for just bare shutdown of thermal power plants but
for the shutdown which will meet all the above-mentioned
requirements.

The presented analysis shows that the reduction of green-
house gas emissions by 55% by 2030 would in the Czech Re-
public require additional investments of 500 billion CZK (in
2020 prices). However, most of these investments should pay
off, or even bring a profit in the long run, because the newly
introduced technologies will reduce operating costs. And the
main tool to reduce emissions is to reduce coal mining and
burning.

Under a cost-optimal scenario, the reduction in electric-
ity production from coal-fired power plants by 2030, will be

Inzynieria Mineralna — Styczei — Czerwiec 2022 January - June — Journal of the Polish Mineral Engineering Society 91



offset by the increase in electricity generation from renew-
able sources, namely 3.2 GW from new solar and wind power
plants, and by increase in production from natural gas [18].

With a cost-optimal solution in mind, the electricity and
heat from decommissioned coal-fired power plants would be
partially replaced by solar energy, gas and wind energy. The
problem will probably occur in case of gas, because the gas is
currently scarce, and its price is rising.

Nevertheless, the most economically advantageous McK-
insey model [18] predicts that in 2030 about 40% (compared
to 2017) of coal-burning power plants will still be operational.
This model also utilizes the electricity import from cheaper
sustainable sources from abroad. Electricity import is (at least
from the current point of view) still somewhat problematic
both in terms of high price and in terms of sole capability
to import the electricity (for example NordLink power cable
faced difficulties this year).

A study made by company called BloombergNEF states
that the key elements are so-called breaking points [18], which
signalize when the renewable energy (with the initial invest-
ment in mind) becomes cheaper than the energy made from
fossil fuels. For the solar power plants made by the Bloomberg
company this point is expected to come in 2024 and for wind
power plants in 2029.

BloombergNEF says that by the 2030 (according to the
most economically advantageous scenario) the renewable
sources of energy should produce about 12 GW of electrici-
ty [18]. About half of that should be produce by wind power
and the other half by photovoltaic. The energy production of
coal-burning power plants will decrease (by 9,5 GW), mainly
due to bad economical rentability (the price of the emissions
allowances rise — see Fig. 2, and so do the price of coal)

Predicted cost for building the new renewable energy fa-
cilities is (by the most economically advantageous estimates)
about 140 billion euros (3 640 billion CZK), but this esti-
mates, does not include the investments to the infrastructure.

The study made by the EMBER company has more ambi-
tious goal. The study wants to prove that complete shutdown of
coal power plants in Czech Republic is possible by 2030. The
problem with ,reliability” of the wind and solar power plants
is solved by increasing the capacity of steam-gas power plants.

On top of that the study made by EMBER company [18]
presupposes the investment of about 300 billion CZK every
year for period of ten years. This investment into the transfor-
mation of energy production should create about 45 000 jobs
predominantly (90%) in renewable sector. The study therefore
states that the end of coal powered power plants will be posi-
tive for the whole economy.

The coal shutdown by 2030 would allow to Czech Repub-
lic to meet the EU targets in the field of climate. Outage in
electricity sources should by compensated by wind and solar
power plants. Safety net in case of low output by wind and
solar power will be formed by steam-gas power plants.

The model states that the envisioned energy system has
the regulating capacity of 13.3 GW, and the consumption
during the peak hours (as stated in the model) is 12.6 GW.
The Czech Republic should by therefore self-sustainable even
in if the output from wind and solar power plants is low. Out-
age in heat production should be compensated by heat pumps
together with waste heat recovery.

This study also counts on the import of electricity to the
Czech Republic from abroad (but only in negligible amount of
about 1% of entire consumption).

Most likely the situation around the coal-fired power
plants shutdown will evolve by one of the above-mentioned
scenarios. The coal powered energy production should end
(by those scenarios) by 2033 or by 2038 (which is the same as
Germany) or eventually by 2043. For the long time the pre-
ferred variant of the shutdown was the second one (2038). The
same conclusion was made by so-called Coal Commission of
the Czech Republic in December 2020. The government of
the Czech Republic noted the commission’s conclusions (that
means the conclusions of the commission were not approve
by the government)

Current energy situation in the Czech Republic and real
possibilities of decarbonisation in electricity production

By 2038 (which was the original date of the coal-fired
power plants shutdown given by the Czech’s Coal Commis-
sion) about 9,800 to 12,000 MW of installed electrical power
from the coal-fired power plants should be shut down. Now-
adays when the much earlier date of coal shutdown is being
consider (2030), the only one thing is clear - that it will not
be easy.

As we already mentioned the renewable sources of ener-
gy should produce about 12 GW of electricity. About half of
that should be obtained by wind energy and the other half by
photovoltaic.

To fulfill the demanded requirement on installed capacity
of wind power plants (6,000 MWe) in the Czech Republic, we
will need to increase the installed capacity of wind power plants
for about 5,660 MWe (current installed capacity is 339.4 MWe).
It is very hard to predict if this very ambitious project will be
successful, but in any case, we should at least try.

However, it is necessary to ask a question, how we will
be able to sustain the production of electricity and heat (to
keep light and heat in our homes) if in some days, for exam-
ple in January when the temperature plummets to let say -10
and the sunlight and wind will not be available? In the case of
the Czech Republic, we also have to consider the fact that the
Czech Republic has the most industrial capacity per citizen in
Europe (industry if of course more power intensive that other
forms of production)

For example, on Friday, October 8th this year the wind
stopped blowing in Germany. The giant installed capacity of
Germany’s wind power plants which is whopping 65 GW on
land and sea was able to use only one gigawatt (GW) of its in-
stalled capacity. The photovoltaic power plants of which Ger-
many has about 50 GW of installed capacity did not produce
at all at that time! Combined installed capacity of Germany’s
wind and solar power plants equals to hardly believable 58
nuclear power plants similar to Temelin Nuclear Power Plant
in the Czech Republic [20].

The construction and maintenance of these power plants
cost tens of billion euros per year and all of that is paid by
German taxpayers. The above-mentioned incident proved
that the renewable sources of energy are very unreliable and
unstable in real life. German grid manager had to call back to
action about 48.5 GWe of conventional coal power and nucle-
ar power plants also worked around the clocks (which should
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be, according to the plan shut down by 2022 in Germany,
even though some of them could easily stay operational up to
2036). The most serious deficits during the peak hours were
covered by very expensive gas power plants (12 GWe), which
are operated off market by the grid manager. [20]

All the unexpected costs caused by this situation mend
that at 9 am the price o of one MWh skyrocketed to 393.1
euros (9,984 CZK). Then after the photovoltaic power plants
started to feed the power to the grid the price dropped, but
after the sunset the price skyrocketed again even more to 442
euros (11,227 CZK) for one MWh [20].

Current situation therefore shows that reaching the car-
bon neutrality (in order, to fight with climate change) will be
very challenging even for Germany.

The Czech Republic should lower the production of CO,
by 55% (in comparison with year 1990) by 2030. Specifical-
ly, we should reduce our production of CO, from 199 mil-
lion tons to 89.5 million tons, but we have to mention that
for example in 2017 the Czech Republic produced just 129
million tons of CO, emissions. Last year we lowered the CO,
emissions by 40%. To meet the goal of Fit for 55, we have to
lower the emissions by another 15% (the energy production is
responsible for 38% of total emissions of CO,) [21].

We have to point out that the management of the elec-
tricity production system with the high percentage of renew-
able energy sources is vastly different to the management with
mostly conventional sources of energy like for example coal.
For example, in the summer the system could produce sur-
pluses of about 3,000 to 5,000 MW, which have to be exported
or regulated. On the other hand, in winter, we could face a
huge lack of power, which will be on the edge of transmission
capacity. So, the control power will not be sufficient in the
Czech Republic, and we will risk the dependence on import-
ed electricity. The dependence on import may occur when we
reduce the production of electricity from coal to about 60% of
current production [21].

It is therefore clear that the Czech Republic will have to
face many technical difficulties in order, to reach the carbon
neutrality. It will also take the considerable amount of time.
Carbon neutrality is possible through so-called technological
neutrality in electricity production, which means large scale
usage of nuclear energy supplemented by natural gas or hy-
drogen.

If we really want to reduce the effects of the climate change
and fulfill the obligations from climate agreements (Kyoto,
Paris 2015, Glasgow) and protect the atmosphere which is the
common asset belonging to the whole world, then we have
to, according to report of Intergovernmental Panel of Climate
Changes (IPCC) from 2018, keep the nuclear power plants in
our inventories. And not only that, the number of operation
nuclear reactors have to be 2 to 5 times higher than today by
2050. Without the nuclear energy it is not possible to reduce
the effects of the climate change, because the nuclear power is
the only non-fossil fuel that is not dependent on weather, time
of the year or time of the day. [22]

Czech Republic joined forces with eight other member
states and together we supported the proposition made by
France. France wants to replace a high number of obsolete nu-
clear reactors by new ones and therefore need to convince the
European Commission to add the nuclear energy to taxonom-

ically supported emission-free resources [20]. At the latest
meetings of European Commission about energy production
the possibility of adding the nuclear power (and natural gas)
to supported emission-free resources category was discussed.
The latest information from European Commission suggests
that the nuclear energy was indeed added to supported cate-
gory.

After all, there was no reason not to include the nuclear
energy into the supported emission-free sources category. The
global average greenhouse gas emissions of this technology
are only 16g CO,, eq./kWh, during the production of elec-
tricity from photovoltaic power plants it is 46 g CO,, eq./kWh
and in the case of wind energy it is then 12g CO,, eq/kWh. On
the other hand, the highest greenhouse gas emissions occur
during the production of electricity in coal-fired power plants
(1001 g CO,, eq./kWh - see Table 1 above [7]).

And how expensive is the production of electricity from
Czech sources? Last year (2020) the nuclear Power plants
produced 37% of total electricity production, coal sources
produced 43%, solar sources 3% and the wind sources just
1% of total electricity production. This year (2021) from the
beginning of January to October 13th, 2021, nuclear power
plants produced the most electricity from all sources (total
electricity production in the Czech Republic in 9.5 months of
2021 is evident from Fig. 3).

As entrepreneur Pavel Tyka¢ recently stated, his coal
sources produce the electricity for 0.15 CZK per kWh [16].
If we add, the emission allowance, the price increases by 1.60
CZK per kWh (nowadays the increase is higher - see Fig. 2
above). Although the prices of electricity production from
the nuclear power plants are well-guarded trade secrets, at the
conference of the Equilibrium institute (October 18, 2021)
Hynek Beran from CVUT (Czech Technical University in
Prague) showed the prices of nuclear electricity at around
0.25 CZK per kWh [20].

It will be necessary (at least, in the near future) to use the
electricity not only from the renewable sources, but also from
the nuclear power plants, gas power plants or even hydrogen
power plants (at least for limited time). And the very expen-
sive gas-fired power plants should cover only the most signif-
icant deficits at peak times.

In conclusion, it should be noted that the investment
needed to reduce greenhouse gas emissions in the Czech Re-
public in accordance with the European Commission’s plan
are estimated to around 4.5 trillion CZK, which is approxi-
mately three times the revenue of the Czech Republic’s budget
for the whole next year. This estimate roughly corresponds
with the estimates made by Bloomberg NEF and EMBER in
their studies (see Chapter 3 above).

Recently the interest in small modular reactors (SMRs)
has risen dramatically. This type of reactor could ensure the
access to nuclear power for decentralized production of elec-
tricity and heat.

Small modular reactors are reactors with an electrical
output of approximatelyl0 to 300 MWe. None of these lim-
its (lower or upper) is defined exactly. For the upper limit,
the International Atomic Energy Agency states an electrical
output of 300 MWe and the US Department of Energy (DOE)
states the heat output of 1,000 MWt as the upper limit. These
definitions roughly agree with each other, heat output may be
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more significant in this specific category of reactors, because
this type of small reactor is often considered for heat supply
or water desalination. The lower limit is defined even less pre-
cisely. Reactors with lower electrical power output than above
mentioned 10 MWe are referred to as minireactors or micro-
reactors [23].

The major obstacle to the development of nuclear ener-
gy in today seems the fact that construction of conventional
nuclear power plant is huge one-time investment and there-
fore the need for a loan is usually inevitable. If we succeeded
to implement the small modular reactors, these investments
could be spread over the time, which would reduce the risks
for investors.

Small modular reactors can be technically divided into
two groups [23]. The first group includes conventional light
water reactors (pressurized or boiling), which are based on
known types of reactors, developed for example, for use in the
icebreakers or submarines. The second group includes com-
pletely new innovative concepts, mostly belonging to IV. gen-
eration of reactors. This is often an attempt to get something
like long-lasting battery. The entire reactor would be brought
to the place of use in a compact form. It would remain op-
erational without the fuel replacement for decades and then
it would be decommissioned. The development however is
mostly at its infancy. Prototype reactors of this type will prob-
ably not be ready until after 2030 [23]. Therefore, we will not
be able to use this device as an alternative source of energy
in the initial stages of reduction of electricity production in
coal-fired power plants.

Apparently, a significant turnaround could occur if we
will be able to construct working fusion power plants. Man-
kind has been trying for decades to control the energy source
of the stars - nuclear fusion. It is stated that the first nuclear
fusion reaction under "controlled conditions" was done in Ar-
gentina on March 24th, 1951 (about 71 years ago!) [24]. In
the end, it turned out to only be one of many dead ends in
our long-lasting endeavor to transfer the energy source of the
stars down to Earth.

However, this report attracted attention and sparked
a wave of interest in fusion research in both the US, Great
Britain and the then Russia (former USSR). At the time, it
was mainly a matter of proving that "thermonuclear fusion"
works.

The largest fusion reactor ever built is the European
Union's ITER Tokamak. This reactor will have the vacuum
chamber with a volume 10 times larger than today's largest
European tokamak JET in the UK. ITER should start oper-
ating in 2025. Maximum output should be reached in 2035
[24]. So far, the plan is that when ITER proves successful, the
construction on real prototype of fusion power plant will be-
gin. This power plant will be called DEMO and will grow near
the French city of Cadarache. The main advantage of fusion
power plants is the very low fuel consumption, which will be
a fraction of the volume of fuel needed to operate a conven-
tional (fission) nuclear power plant. According to the Euro-

pean plan, the construction of the DEMO project could start
around 2040. The start of electricity production around 2050
seems to be a relatively optimistic, but still realistic estimate
[24]. Therefore, it will also not be possible to use these devices
as alternative sources within the initial stages of decarboniza-
tion in the Czech Republic.

Conclusions

It is clear that the Czech Republic wants to ensure carbon
neutrality, i.e. balance between the carbon emissions and their
absorption into the atmosphere.

However, in the near future, we will have to achieve the
technological neutrality first. This means to use not only the
renewable energy sources but also the nuclear energy, gas (at
least for a limited time) or hydrogen in the production of elec-
tricity. After all, other countries in the European Union (for
example France) want to achieve this, too. This is probably
the only way for the Czech Republic. Otherwise, we will not
be able to achieve the stable electricity production at such a
level that we can continue to operate our industry (the Czech
Republic has the largest share of industry per capita in the
European Union), which is the backbone of our economy
and needs considerable amount of energy for its continued
existence (despite that there is a maximum effort to save the
energy in industry wherever it is possible).

Equally important, is to provide the electricity for the
population. However here it is necessary, to resolve the cardi-
nal question: How to ensure the production of elektricity and
heat in some days in the winter if there will be no wind nor
sun light and the tempreature will plummet to let say -10 ° C?
Again, the best solution for the near future (with the current
technical possibilities in mind) seems to be the use of nuclear
energy and gas (at least for a limited time), or hydrogen.

It should also be noted that there is currently no plan of
energy industry transformation in the Czech Republic. This
plan must be based on a society-wide contract, and it is not
possible to change it every four years after the parliamentary
elections.

The current conflict in Ukraine is leading the energy de-
bate in the Czech Republic primarily to the question of how
to deal with the real risk of a natural gas outage from the east.
The list of possible solutions includes the accelerating of de-
velopment of renewable energy sources or energy consump-
tion reduction programs. The Czech Republic’s long-term
solution for fossil fuels replacement is to invest to the nuclear
reactors building programs, but this solution will take some
time. Therefore, it will be necessary to secure supplies of natu-
ral gas in the near future (from new sources like Qatar, United
States, Algeria), which, in addition to energy production, is
also an irreplaceable raw material for some industries. Most
of this gas will most likely be delivered by special cargo ships
to the terminals in the European Union ports in the form of
LNG - liquefied natural gas and then the transport will con-
tinue by existing or newly built pipelines.

94

Inzynieria Mineralna — Styczei — Czerwiec 2022 January - June — Journal of the Polish Mineral Engineering Society



Literatura - References

1.

DA

10.
11.

12.

13.

14.
15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

LAPCIK, Vladimir. Environmental Impact Assessment (monograph). VSB-Technical University of Ostrava, Ostra-
va, Czech Republic. 2011, 217 p. (in Czech)

MCcKIBBEN, Bill. Carbon. New Numbers. National Geographic, 10/2007, pp. 59-63. (in Czech)
People s Newspaper (Lidové noviny), 17.09.2021, p. 13. (in Czech)
Study calls for European nuclear renaissance. World Nuclear News, 05.02.2021.

BALDRIAN, Petr. Communication. Institute of Microbiology of the Academy of Science of the Czech Republic. (in
Czech)

Intergovernmental Panel on Climate Change, 08/2021. (in English)

KRYZOVA, Sofie. The study dispels the myth of electric cars. Do they really produce less emissions? SZ Byznys,
10/2021. (in Czech)

Europe’s Green Deal plan unveiled. POLITICO [online]. 2019-12-11 [cit. 2021-09-09]. Dostupné online. (in En-
glish)

SIMON, Frédéric. EU Commission unveils ‘European Green Deal’: The key points [online]. 2019-12-11 [cit. 2021-
09-09]. Dostupné online. (in English)

Green Deal for Europe. European Commission [online]. [cit. 2019-12-20]. Dostupné online. (in Czech)

ZAMOURIL, Jakub. What is the European Green Agreement? CZECHSIGHT - All about Czech and foreign tech-
nology [online]. 2019-12-15 [cit. 2019-12-20]. Dostupné online. (in Czech)

Green Deal for Europe sets out how to make Europe the first climate-neutral continent by 2050, how to revitalize
the economy, improve health and quality of citizen s lives and to take care of nature so that no one is left out. Eko-
list.cz [online]. [cit. 2019-12-20]. Dostupné online. (in Czech)

KUBALA, Radek. European green deal - too late, too little, no justice. Daily Referendum. denikreferendum.cz
[online]. [cit. 2019-12-20]. Dostupné online. (in Czech)

Green Deal for Europe. Wikipedia. (in Czech)

STEPANEK, Vit. The new underwater line connected Germany and Norway. Underwater high voltage cable Nord-
Link shows the way of future for the green energy. People ‘s Newspaper, 28.05.2021, p. 7. (in Czech)

KUBATOVA, Zuzana. Foreign bankers must not dictate to us. Dostupné online. (¢esky) www.seznamzpravy.cz/
clanek/cizi-bankeri-nam-nesmi-diktovat-chci-silnou-ceskou-banku-rika-tykac-177717. (in Czech)

Amendment to Act No. 165/2012 Coll., on Supported Energy Sources, as amended of regulations (approved on 18th
October, 2021 as Act No. 382/2021 Coll. in the Chamber of Deputies of the Parliament of the Czech Republic). (in
Czech)

GAVRINEYV, Vojtéch. The end of coal may come soon, sooner that we can imagine, say the scientists. SZ,
21.10.2020. (in Czech)

Climatically neutral Czechia - Ways to decarbonise the economy. McKinsey&Company. SZ, 10/2020. (in Czech)

SMUTNY, Milan, VONDRAS, Jan. Comment: German energy transition is responsible for expensive electricity, SZ,
22.10.2021. (in Czech)

KRYZOVA, Sofie. What do we need fossil fuels for? We need them to save the forests, says the geologist Cilek.
Dostupné online. (¢esky) www.seznamzpravy.cz/clanek/ceka-nas-energeticka-chudoba-odpoved-nabizi-konfer-
ence-o-energetice-177960). (in Czech)

ENTLER, Slavomir, HORACEK, Jan, MALEK, Jifi. New sources of nuclear energy. Energetika, No. 4, 2021, vol. 71,
pp- 227-231. (in Czech)

WAGNER, Vladimir. Current state in the field of small modular reactors. Energetika, No. 4, 2021, vol. 71, pp. 232-
235. (in Czech)

LAZNOVSKY, Matous. An endless source of energy is still not in sight. How far are we from functioning fusion
power plants? Online: www.seznamzpravy.cz/clanek/nekonecny-zdroj-elektriny-porad-nikde-jak-daleko-jsme-od-
fuznich-elektraren-179417. (in Czech)

Inzynieria Mineralna — Styczei — Czerwiec 2022 January - June — Journal of the Polish Mineral Engineering Society

95




Aktualne aspekty dekarbonizacji w Czechach i mozliwosci zastgpienia weglowych Zrédet energii

odnawialnymi Zrédtami energii elektrycznej

Europejski Zielony Lad to zestaw inicjatyw politycznych Komisji Europejskiej, ktorych nadrzednym celem jest uczynienie Europy
neutralng dla klimatu w 2050 . Przedstawiony zostanie rowniez plan oceny wplywu, aby zwigkszy¢ cel redukcji emisji gazéw cieplar-
nianych w Unii Europejskiej do 2030 r. do co najmniej co najmniej 50% i okoto 55% w poréwnaniu z poziomami z 1990 roku. Europe-
jski Zielony Lad ma cele obejmujgce wiele roznych sektorow, w tym budownictwo, bioréznorodnosé, energie, transport i Zywnosé. Aby
Unia Europejska osiggnela swéj cel neutralnosci klimatycznej, jednym z celow jest dekarbonizacja ich systemu energetycznego poprzez
dgzenie do osiggnigcia zerowej emisji gazow cieplarnianych netto do 2050 r. Artykut dotyczy aktualnych aspektow dekarbonizacji
w Czechach i mozliwosci zastgpienia energetyki weglowej Zrodla przez odnawialne Zrodla energii elektrycznej. Artykut opisuje obecng
sytuacje w branzy produkcji energii elektrycznej oraz mozliwe scenariusze redukcji weglowych Zrédet energii w Czechach.

Stowa kluczowe: efekt cieplarniany, Europejski Zielony Lad, dekarbonizacja, odnawialne Zrédla energii elektrycznej, weglowe
zrodla energii
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Abstract

The principle of sustainable development, expressed, inter alia, in the “Earth Charter” and “Agenda 217, approved at the UN Conference
on Environment and Development (UNCED) in Rio de Janeiro in June 1992, has become a motto and a basis for many countries in
planning and defining their development policies. Sustainable development can be interpreted as a way of developing human society
that reconciles economic growth and social progress with the preservation of the environment in order to meet the needs of future
generations. Environmental protection is part of this principle and cannot be separated from it. Our paper examines the position of
the principle of sustainable development within the legal order of the Czech Republic and in terms of the Vietnam Environmental
Protection Law; at the same time, it analyses, compares and evaluates approaches to the implementation of the principle of sustainable
development in the above-mentioned legal systems.

Keywords: sustainable development, Czech legal order, Czech Act No. 17/1992 Coll., on the Environment — Czech Environmental Act, Viet-
nam Environmental Protection Law, Vietnam Law on Environment Protection, Vietnamese Environmental Act

Introduction

Unlimited, endless growth is not possible in an environ-
ment with a limited volume of natural resources. [1] This idea
was defined as early as 1972 in a publication called The Limits
to growth. The concept of sustainable development was sub-
sequently accepted within the World Strategy for Environ-
mental Protection - World Conservation Strategy (WCS).
Sustainable development was probably first explicitly defined
as a concept in the 1987 UN World Commission on Environ-
ment and Development (WCED) report. According to the
above report, sustainable development is “a way of develop-
ment that meets the needs of the present without weakening
the ability of future generations to meet their own needs." [2]
From the environmental protection view is it a policy which
presupposes the use of natural resources only to the extent
that future generations of people can also use them. The prin-
ciple of sustainable development was officially adopted by the
international community in the framework of the Declaration
of the United Nations Conference on Environment and De-
velopment (Earth Charter), which was followed by a docu-
ment called "Agenda 21". The Earth Charter and the “Agenda
21” were adopted at the United Nations Conference on Envi-
ronment and Development (Earth Summit) on 14 June 1992
in Rio de Janeiro. Agenda 21 is the international community's
action plan in the field of environmental protection, accord-
ing to which the principle of sustainable development was to
become a priority matter on the agenda of the internation-
al community. [3] Agenda 21 represents a strategic plan on

how to achieve a balance between civilizational development
and environmental protection on a global scale. The princi-
ple of sustainable development has three basic pillars. It is an
economic pillar, a social pillar and finally an environmental
pillar. All pillars are closely interlinked. [4] In accordance
with the principle of decentralization, Agenda 21 is followed
by individual “Local Agenda 217, which represent a means of
implementing sustainable development at the local level. The
leading role in the implementation of individual local Agenda
21 is played by the state administration and self-government,
whose activities should be governed by the principle of good
administration. Sustainable development has the status of a
legal principle, i.e., a kind of guiding idea that interweaves the
legal order. The characteristics associated with legal principles
are generality, abstractness, normativeness and recognition by
the state. [5]

Sustainable development in the legal order of the Czech
Republic

Like any legal system, the Czech legal system distinguish-
es between sources of law as sources of knowledge of law into
material sources of law and formal sources of law. The material
sources of law represent the facts that lead the legislator to reg-
ulate a certain social phenomenon. In other words, as a material
source of law we can imagine everything that affects why law is
as it is. On the contrary, by formal sources of law we mean legal
norms. Formal sources of law mainly consist of normative legal
acts, normative contracts, individual legal acts, etc. [6]
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The material sources of law for embedding permanent-
ly sustainable development into the legal order of the then
Czech and Slovak Federal Republic were the social and eco-
nomic conditions at the time of the UN Conference on the
Environment, i.e. society's demand for the normative embed-
ding of permanently sustainable development.

However, this paper will focus more on formal sources of
law. The legal order of the Czech Republic is part of the conti-
nental type of legal culture, which emphasizes the written law.
The Czech legal order includes:

o primary law of the European Union and regulations

of the European Parliament and of the Council (EU);

o promulgated international agreements approved by
the Parliament of the Czech Republic;

B constitutional laws, laws, legal measures of the Sen-
ate;

o government regulations, decrees of ministries and
other central state administration bodies, decrees of
local self-government bodies;

o findings of the Constitutional Court in the role of a
negative legislator.

Sustainable development in the law of the European Union
Sustainable development is enshrined both in primary
European Union law and secondary European Union’s law.
Under the concept of the primary law of the EU, it is necessary
to imagine the founding treaties of the EU. These are the Trea-
ty on European Union, the Treaty on the Functioning of the
European Union and the Charter of Fundamental Rights of
the European Union. The term secondary law of the Europe-
an Union includes both binding legal instruments, including
regulations, directives and decisions, and non-binding legal
instruments, including recommendations and opinions.

Primary law of the European Union

The Treaty on European Union (hereinafter “TEU”) men-
tions the principle of sustainable development in its Pream-
ble, in which the high contracting parties declare "DETERMI-
NATION to promote the economic and social development of
their peoples with a view to the principle of sustainable devel-
opment and in the context of completing the internal market
and strengthening of cohesion and environmental protection,
and to pursue a policy that ensures that the development of
economic integration is accompanied by the development
of other areas." [7] Furthermore, the concept of sustainable
development is dealt with in the Article 3 paragraph 3, Arti-
cle 3 paragraph 5 and Article 21 paragraph 2 letter d) and f)
TEU. Article 3 paragraph 3 TEU states that “The Union shall
establish an internal market. It seeks the sustainable devel-
opment of Europe, based on balanced economic growth and
price stability, a highly competitive social market economy
leading to full employment and social progress, and a high
level of protection and improvement of the quality of the en-
vironment. It supports scientific and technical progress. (...)
“ At first glance, it might seem that the TEU is only concerned
with the sustainable development of Europe. The global per-
spective of (sustainable) development is enshrined in Article
3 (5) TEU, which states, inter alia, that "(...) [the Union] shall
contribute to peace, security and the sustainable development
of this planet (...)". In Article 21 (2) (a), (d) and (f) the TEU

stipulates that the Union shall define and implement common
policies and activities and seek to achieve a high degree of
cooperation in all areas of international relations in order to
promote sustainable economic, social and environmental de-
velopment in developing countries with the primary objective
of eradicating poverty and to contribute to the development
of international measures to protect and improve the quality
of the environment and the sustainable management of the
world's natural resources in order to ensure sustainable de-
velopment. [7]

The Treaty on the Functioning of the European Union
(hereinafter "TFEU") enshrines the principle of sustainable de-
velopment in Article 11 TFEU which states that "environmental
protection requirements must be integrated into the definition
and implementation of Union policies and activities, in partic-
ular: with a view to promoting sustainable development.” [8]
The European Union's environmental policy is set out in Title
XX of the TFEU in Articles 191 to 193. Although the concept of
sustainable development does not appear explicitly in Articles
191 to 193 TFEU, it follows from the interpretation of the above
articles that it is implicitly enshrined in these articles. However,
the problem is that Articles 191 to 193 TFEU are not directly
applicable and their content have to be specified through sec-
ondary European Union law. [9]

The Charter of Fundamental Rights of the European
Union (hereinafter "CFR") speaks about the principle of sus-
tainable development in its Preamble. According to the CFR
Preamble, "The Union (...) seeks to promote balanced and
sustainable development and ensures the free movement of
persons, services, goods and capital, and the freedom of es-
tablishment." [10] Furthermore, the CFR deals with sustain-
able development in Article 37 which states that "A high lev-
el of environmental protection and the improvement of the
quality of the environment must be integrated into policies
of the Union and ensured in accordance with the principle of
sustainable development.” [11]

Primary European Union’s law provides only a general
framework of environmental protection requirements, which
are further specified and implemented through the secondary
European Union’s law.

Secondary law of the European Union

Due to the limited scope of this article, it will focus only
on regulations and directives of the European Union. Unlike
directives, regulations have a so-called direct effect, which
means that they become part of the legal systems of individu-
al member states as soon as the legislative process within the
European Union is completed, without the need for transpo-
sition. Thus, they directly establish, amend or repeal the rights
and obligations of individual citizens of the member states.
Regulations are the main means of unifying legislation in the
individual member states. On the contrary, directives do not
have, with a few exceptions, the direct effect. They only oblige
individual member states to transpose the issue covered by a
directive into national law by means of national law.

In relation to environmental protection, regulations con-
stitute a smaller part of the body of EU s legislation in num-
ber. Regulations that affect environmental protection can be
divided into two groups. The first group is composed of the
regulations governing administrative matters. These regula-
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tions include, for example, Regulation (EC) No. 1907/2006, on
the Registration, Evaluation, Authorization and Restriction of
Chemicals (the so-called REACH Regulation) or Regulation
on the establishing a Cohesion Fund and repealing Regula-
tion (EC) No 1164/1994. The second group is formed of the
regulations that transpose international conventions obliga-
tions into the EU s legislation. These regulations include, for
example, Regulation (EC) No 1005/2009 on substances that
deplete the ozone layer or Regulation (EC) or Regulation No
338/97 on the protection of species of wild fauna and flora by
regulating trade therein. [9]

As indicated above, directives are the most common EU
environmental legislation. Due to the large number of direc-
tives we will only list the most important ones. These are, in
particular, Directive 2001/92/EU of the European Parliament
and of the Council of 13 December 2011 on the assessment of
the effects of certain public and private projects on the envi-
ronment, Directive 2001/42/EC of the European Parliament
and of the Council of 27 June 2001 on the assessment of the
effects of certain plans and programs on the environment, or
Directive (EU) 2010/75/EU of the European Parliament and
of the Council of 24 November 2010 on industrial emissions.

National legislation of the Czech Republic

Except of the implicit enshrinement in the constitutional
order of the Czech Republic (Article 7 of Constitutional Act No.
1/1993 Coll., The Constitution of the Czech Republic, Article
11 and Article 35 of the Charter of Fundamental Rights and
Freedoms) the sustainable development principle can be found,
thanks to its three pillars, in several branches of public law. Ex-
cept for environmental law we can find it also in social security
law, financial law, agricultural law, construction law, energy law,
etc. Due to the focus of this paper, the following passage will
focus itself exclusively on national environmental law.

Czech environmental law distinguishes so-called
cross-cutting legal regulations and component legal regu-
lations. Cross-cutting legislation sets out the basic general
framework for the protection of all components of the envi-
ronment, while component legislation sets out specific rights
and obligations for the protection of individual components
of the environment. Gross of this paper will be devoted to the
comparison of an Act No. 17/1992 Coll., on the Environment,
as a cross-cutting legal regulation with the Vietnam’s Act on
Environmental Protection. The aim of this paper is to com-
pare the concept of cross-cutting and component environ-
mental legislation with the concept of a single comprehensive
code of environmental protection.

Act No. 17/1992 Coll., on the Environment

The Czech Act on the Environment was approved by the
then Federal Assembly of the Czech and Slovak Federal Re-
public on 5 December 1991. It was published in the Collection
of Laws under No. 17/1992 Coll. It entered into force on 16
January 1992. After the disintegration of the Czech and Slovak
Federal Republic, it was reciprocated into the legal order of
the independent Czech Republic through Constitutional Act
No. 4/1993 Coll., on measures connected with the dissolution
of the Czech and Slovak Federal Republic. From the moment
of its adoption the Act No. 17/1992 Coll., on the Environ-
ment (hereinafter “Czech Environmental Act”) was gradually

amended three times. For the first time it was amended by an
Act No. 123/1998 Coll., on the Right to information on the
Environment. The first amendment repealed Section 14 of the
Czech Environmental Act, which dealt with the right to in-
formation on the environment. The first amendment basically
only changed the system where provisions similar in content
to the repealed provisions are ex nunc contained in an Act on
the Right to information on the Environment.

For the second time, the Czech Environmental Act was
amended by an Act No. 100/2001 Coll., on Environmental
Impact Assessment and amending some related laws (herein-
after "EIA act"). Through the EIA act sections 20 to 26 which
regulated the assessment of the environmental impact of
the plans were repealed. We can summarize that the second
amendment also represents only systematic change. The area
previously regulated by the Czech Environmental Act was
transferred into a special act, in this case into the EIA act.

For the third time, the Czech Environmental Act was
amended by an Act No. 183/2017 Coll., on Amendments to
Certain Laws Following the Adoption of the Act on Liability
and Proceedings for Misdemeanors concerning them and the
Act on Certain Misdemeanors. The third amendment brought
the change of section 28 of the Czech Environmental Act
which deals with misdemeanors.

To date, the Czech Environmental Act, as amended, is sys-
tematically divided into 6 parts and 28 sections (see Table 1).

The Czech Environmental Act can be characterized as a
cross-cutting legal regulation in the field of environmental
protection. From the above follows its abstractness and brev-
ity. At the time of its adoption, the Czech Environmental Act
was divided into 8 parts, which were further divided into
35 sections. Its original wording also contained a total of 4
annexes.

The Czech Environmental Act was built on three basic
theses. The first thesis represents the legislator's belief that
"(...) Man is together with other living organisms an insep-
arable part of Nature, recalling the natural interdependence
between Man and other organisms." The second thesis rep-
resents the legislator's belief in "(...) the right of Man to adapt
Nature in compliance with the principle of permanently sus-
tainable development.” The legislator's third thesis represents
that the legislator keeps in mind "(...) his responsibility for
the conservation of favorable environment to next genera-
tions and emphasizing the right to a favorable environment as
one of Man's basic rights."

The purpose of the Czech Environmental Act was formu-
lated in § 1. According to this paragraph, “The Act stipulates
the basic concepts and determines the basic principles of en-
vironmental protection and the duties of legal and natural
entities for the protection and improvement of environment
conditions and for the utilization of natural resources; as well
as it follows from the principles of permanently sustainable
development” [12] Even thirty years after the Czech Envi-
ronmental Act’s adoption § 1 is still up to date. None of the
above-mentioned amendments has affected it.

The Czech Environmental Act is currently divided into
six parts. Due to its brevity the legislator does not follow the
classic division of laws into pieces, titles, parts, sections and
subsections. However, in its original version, the Czech Envi-
ronmental Act contained the following sections:
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e Principal terms

o Principles of environmental protection

o Obligations with regard to environmental protection

o Environmental impact assessment of activities

o ssessment of the environmental impact of activities
and their consequences extending beyond national
borders

o Responsibility for thee breach of obligations in envi-
ronmental protection

o Economic tools

o Temporary and final provisions

o Legislation deriving from the Czech Environmental
Act

D Act. No. 244/1992 Coll., on environmental impact
assessment (effective from 01.07.1992 to 31.12.2001)

D Act. No. 114/1992 Coll., on the protection of nature
and the landscape

o Act. No. 334/1992 Coll., on the protection of agricul-
tural land fund

D Act. No. 439/1992 Coll., on the protection and ex-
ploitation of mineral resources (the Mining Act)

D Act. No. 289/1995 Coll., on Forests and Amendment
to some Acts (the Forest Act)

D Act. No. 123/1998 Coll., on the right to information
on the environment

e Act. No. 258/2000 Coll., on the protection of public
health

D Act. No. 100/2001 Coll., on environmental impact
assessment and on amending some related Acts (the
Act on Environmental Impact Assessment - effective
from 01.01.2002)

D Act. No. 185/2001 Coll., on waste and amending
some Acts (effective from 01.01.2002 to 31.12.2020)

e Act. No. 541/2020 Coll., on waste (the Waste Act)
(effective from 01.01.2021)

D Act. No. 254/2001 Coll., on waters and on amending
and supplementing some Acts (the Water Act)

e Act. No. 167/2008 Coll., on prevention and remedy-
ing ecological damage and amendment on some laws

D Act. No. 201/2012 Coll., on air protection (the Air
Protection Act)

The Czech Environmental Act was adopted during the
first stage of the Czech environmental law development after
the velvet revolution. It is based on three main theses listed in
its preamble. It is a framework act which is followed by com-
ponent legislation. Together with component legislation it
forms the system of environmental law in the Czech Republic.

It was prepared in accordance with the following basic
principles:

o the principle of sustainable development;

o load-bearing principle;

o the principle of prudent natural resource manage-

ment;

o principle of prevention;

o the polluter pays principle;

e precautionary principle;

o principle of rehabilitation and restitution;

o the right of citizens to environmental information.

The terms used in the Czech Environmental Act have been
defined using the latest scientific knowledge, considering his-
torical experience and a vision for the future. That is why they
are still up to date. The Czech Environmental Act was pre-
pared in accordance with European Community s legislation
and international conventions in the field of environmental
protection. Even today, almost 30 years after its adoption, the
Czech Environmental Act is still not losing its relevance and
continues to be an inspiration for further scientific research
in order to further improve it. Although it had been amended
three times during its existence, all amendments carried out
only systematic changes, when certain provisions were moved
to special laws. Therefore, the high standard of environmental
protection was not reduced.

Vietnamese Law on the Protection of the Environment

The United Nations Conference on Environment and De-
velopment (UNCED) was held for the first time from 3 to 14
June 1992 in Rio de Janeiro, Brazil. It is also known as the
Earth Summit, or Rio Conference. It was attended by 172
world governments, with 116 heads of state or government
present in person. Representatives of 2,400 NGOs (non-gov-
ernmental organizations) with 17,000 people formed a paral-
lel non-governmental "Global Forum", which had an adviso-
ry status at the conference. Vietnam and the Czech Republic
participated in this conference. The Earth Summit resulted in
the adoption of the following important documents: the Rio
Declaration on Environment and Development,

“Agenda 217, Principles of Forest Management etc. The
first principle in the Rio de Janeiro Declaration reads as fol-
lows: “Human beings are at the center of concerns for sustain-
able development. They are entitled to a healthy and produc-
tive life in harmony with nature”.

Vietnam began its economic reconstruction in the 1980s
and 1990s. At the instigation of this declaration and under the
pressure of economic reconstruction, the law on environmen-
tal protection was drafted and approved by the Vietnamese
parliament on December 27, 1993 and entered into force on
the day of the approval. Since then, until now (2021), Viet-
nam's Law on Protection of the Environment (hereinafter
“Vietnamese Environmental Act”) has also been amended
three times (see Table 2).

Table No. 3 shows the structure of Vietnamese Envi-
ronmental Act and its later amendments. Its first edition
contained an introduction and 7 chapters with a total of 55
paragraphs without appendices. The introduction to this law
includes the following definition “The environment is partic-
ularly important for the lives of humans and creatures and for
the economic, cultural and social development of the country,
the nation and mankind; the efficiency of state governance
and the accountability of governments at all levels of state
agencies, economic organizations, social organizations, the
armed forces, the people and all individuals in environmental
protection need to be improved. Protecting human health, en-
suring human rights, living in a healthy environment, serving
the country's sustainable development, contributing to the
protection of the regional and global environment ".

The first chapter, entitled "General provisions", defined the
terms and terminology used in the law. There were only 12 of
them in the first edition. The first amendment already included
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Table 1 Act No. 17/1992 Coll. (the Czech Republic)
Announcement " Number
. Effectivenes .
in the sections/ of
Act No. . s
Collection of . chapters | paragrap
since - to
Laws hs
16.01.1992
Promulgation 17/1992 Coll. 05.12.1991 - 8 35
30.06.1998
01.07.1998
First amendment | 123/1998 Coll. 13.05.1998 - 7 34
31.12.2001
Second 01.01.2002
amendment 100/2001 Coll. 20.02.2001 - 6 28
30.06.2017
01.07.2017
Third amendment | 183/2017 Coll. 09.06.2017 - 6 28
To this day
Table 2 Details of the Vietnam Environmental Protection Law
Law number Approval Eff_ectiveness Chapters Articles
date since - to
) 27.12.1993 -
Promulgation 29-L/CTN 27.12.1993 30.6.2006 7 55
First 01.7.2006 -
amendment 52/2005/QH11 29.11.2005 31.12.2014 15 136
Second 01.1.2015 -
amendment 55/2014/QH13 23.6.2014 31.12.2021 20 170
Third 72/2020/QH14 | 17.11.2020 01.01.2022 - 16 171
amendment
Table 3 Content of the Vietham Environmental Protection Law 1993-2021
Chapter No. Names of individual chapters
1993 2005 2014
1 General provisions General Provisions General Provisions
Planning for
environmental protection,
Preventing and strategic environmental
resisting environment " assessment,
2 ] - Environmental standards ; .
degradation, pollution environmental impact
and incidents assessment and
environmental protection
plan
Strategic environment
Overcoming assessment, Environmental protection
3 environment environmental impact concerns during the
degradation, pollution assessment and extraction and utilization
and accidents environmental protection of natural resources
commitments
State mz_anagement of Conservation and rational Response to climate
4 environment
. use of natural resources change
protection
International . .
cooperation in Environmental protection Protection of marine and
5 P in production, business B )
environment N o island environment
. and service activities
protection
Environment Environmental protection .
. . N h N Water, air and land
6 inspection and in urban and residential rotection
settlement of violation areas P
eni:r?;sg:g)nr]t olfi\;r;rw::cer Environmental protection
7 Execution provisions ! in manufacturing, trading
and other water 3 -
and service provision
resources
Environmental protection
8 Waste management in urban areas and
residential areas
Environmental incident
prevention and response,
9 pollution remedies and Waste management
environmental
rehabilitation

22 terms. In the second and third amendments, there were a
total of 29 and 38. Their content was different in most cases.

The term "sustainable development" was missing in the
first edition. This concept was introduced in the first amend-
ment to the 2005 law.

The second and third chapters were devoted to Preventing
and resisting environment degradation, pollution and incidents;
Overcoming environment degradation, pollution and accidents.

The fourth chapter was devoted to state management of
environmental protection. It dealt with the role of the state in
environmental protection.

The fifth chapter dealt with international cooperation in
environment protection. At this time, Vietnam, as a member
of the United Nations and a signatory to the 1992 Rio Con-
ference, realized the importance of international cooperation
in environmental protection. International cooperation was

therefore described in a separate chapter of this Act and its
amendments.

The sixth chapter described Environment inspection and
settlement of violation.

The seventh chapter contained implementation provisions.

Amendments

The Vietnamese Environmental Act, issued in 1993, was
mainly used for preventing and resisting environment deg-
radation, pollution and incidents and overcoming environ-
ment degradation, pollution and accidents in order to pro-
vide investors with the best conditions for their investments.
Between 1986 and 2005, the development of the economy was
given priority over environmental protection in Vietnam.

Therefore, the basic principles set out in the Rio Declara-
tion such as the "principle of sustainable development" or the
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"right of man to have a favorable environment" as one of the
fundamental rights were missing.

The shortcomings of the first edition of the Vietnamese
Environmental Act were resolved through its amendments.

For the first time the Vietnamese Environmental Act was
amended in 2005, after twelve years since its adoption. Ten
new chapters have been added.

The Vietnamese Environmental Act, amended in 2005,
included many important additions to enable the state to pro-
vide new instruments for its environmental protection policy
(Chapters II, III, IV and VIII, Law No. 52/2005/QH11). The
amended law also confirmed the human right to a favorable
environment and the right to information on the state of the
environment (Chapter X - Environmental monitoring and in-
formation of Act No. 52/2005 / QH11, etc.). The amended law
specified the protection of the environment in production,
business and service activities, further in urban and residen-
tial areas and protection of marine environment, river water
and other water resources. Chapters V, VI, VII and another
important content of this amendment is contained in article
5, paragraph 5 of the law “Investing in environmental pro-
tection means the investment in development; diversifying
investment capitals for environmental protection and desig-
nating expenditures for environmental protection from the
State budget annually”.

This means that the state has begun to focus on a new
development policy, where environmental protection is an
important factor in development. Unlike the previous period,
where economic development was prioritized at the expense
of the environment.

Sustainable development was, in terms of Vietnamese
legislation, for the first time introduced and defined in the
Vietnamese Environmental Act, as amended in 2005. Un-
der the concept of sustainable development, we can imagine
the development that meets the needs of the present genera-
tion without compromising the ability of future generations
to meet their own needs based on a close and harmonized
combination between economic growth, assurance of social
advancements and environmental protection. Unfortunate-
ly, the interpretation of the sustainable development concept
remained unclear for many addressees of this legislation. In
other words, many addressees of this legislation understood
this concept in their own way.

The Vietnamese Environmental Act, as amended in 2005
despite creating a solid basis for state administration in the
field of the environment; significantly contributed to the pro-
tection and reduction of negative effects on the environment,
raised community awareness of environmental protection
and created an initial orientation for the harmonious com-
bination of economic growth with environmental protection.

Through the second amendment adopted in 2014: the
number of chapters increased from 15 to 20 and the number
of articles raised from 136 to 170. New terms such as techni-
cal regulations on environment, environmental health, envi-
ronmental industry, pollution control, environmental docu-
ments, planning for environmental protection, environmental
protection infrastructure, greenhouse gas, response to climate
change, carbon credit and environmental security were add-
ed. Important chapters such as response to climate change;
pollution control, environmental remediation and improve-

ment, compensations for environmental damages, etc. were
listed. The amended law contained a total of 20 chapters and
170 articles.

One of the important milestones for the 2014 amendment
was the fact that Article 43 of the Vietnam Constitution of
2013 clearly sets out people's rights and obligations towards
the environment: "Everyone has the right to live in a healthy
environment and has a duty to protect the environment". This
is in line with the Rio Declaration of Rio de Janeiro. In accor-
dance with the Constitution of 2013, the Vietnamese Envi-
ronmental Act, as amended in 2014 took over the content of
the Vietnamese Environmental Act, as amended in 2005 and
at the same time removed its limitations and shortcomings.

Chapter II “Planning for environmental protection, stra-
tegic environment assessment, environmental impact as-
sessment and environmental protection plan” is completely
new and important in the framework of the amended law.
Planning for environmental protection is a completely new
content of this law, containing 5 articles (8 to 12). The fol-
lowing principles are set out here: principle of levels (state
and provincial levels), planning period (10 years and vision
of 20 years), planning responsibilities, consultation, evalua-
tion, planning approval, revision and adjustment of planning.
Planning will be the scientific and legal basis for the environ-
ment in the strategic planning or preparation of socio - eco-
nomic development plans in order to link socio - economic
development closely with environmental protection. Strategic
environment assessment, environmental impact assessment
and environmental protection plan are also an important part
of this chapter to prevent environmental pollution and ensure
sustainable development.

According to a study (20) by the World Bank published
in 2011, Vietnam was one of the countries most affected by
climate change. Therefore, the issue of responding to climate
change was included in the Vietnamese Environmental Act, as
amended in 2014 as Chapter IV. This chapter contains 10 ar-
ticles (39 to 48) which set out: general provisions on respond-
ing to climate change; integrating climate change response
content into socio-economic development strategies and
planning; management of greenhouse gas emissions; man-
agement of ozone depleting substances; development of re-
newable energy sources; environmentally friendly production
and consumption; use of energy from waste; the rights and
obligations of the community in response to climate change;
development and application of science and technology in the
field of climate change and international cooperation in re-
sponse to climate change.

The third amendment was adopted in December 2020.
In its new form the law will particularly come into force on
01.01.2022. Paragraph 3 of article 29 “The content of the pre-
liminary environmental impact assessment includes” will
come into force later (on 01.02.2022). In its new form the law
will consists of 16 chapters and 171 articles with important
new points, such as:

o expanding the scope: “residential communities” is
regulated as a subject in environmental protection,
which strengthens environmental protection activi-
ties;

o information on environment: The law includes a
principle that environmental protection activities
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must be public and transparent; clearly sets out re-
sponsibility for publishing information on air qual-
ity, environmental quality, hazardous waste, waste
monitoring results — in accordance with the principle
of prevention and awareness;

o environmental criteria for classifying investment
projects including the scope, capacity and type of
production, trade or services; land use areas, land
with water level and/or sea area, extent of the use
of natural resources; and sensitive environmental
factors. Such criteria will help to determine which
projects are subject to a preliminary environmental
impact post-assessment (EIPA), an environmental
impact assessment (EIA) and issuing a positive opin-
ion in the field of environmental impact;

o regulation of conditions for maintaining a healthy
environment complements many solutions for the
protection of individual components of the environ-
ment. This approach is in line with the Rio Declara-
tion of Rio and the Vietnam Constitution of 2013,
which guarantee everyone's right to a healthy envi-
ronment;

o synchronization of environmental management in-
struments in each phase of the project, starting with
the consideration of the investment policy, project
approval, project implementation until the official
commissioning of the project;

o amendments to the content of measures to combat
climate change: The aim is for the law to be systemat-
ic, logical and in line with the theory of the response
to climate change, to be consistent and synchronous
with similar regulations and organizational struc-
tures in the Natural Resources, Marine and Island
Environment Act 2015; to comply with the Natural
Disaster Prevention and Control Act of 2013 and
with relevant international treaties, such as: the Paris
Agreement on Climate Change; Comprehensive and
Progressive Trans-Pacific Partnership Agreement
(CPTPP); The EU-Vietnam Free Trade Agreement
(EVFTA) and to contribute to improving the capaci-
ty and effectiveness of the climate change response in
Vietnam in the future;

o activities of the state managing body in accordance
with the principle of comprehensive, uniform and
thoroughly decentralized management for the indi-
vidual regions;

o concretizing regulations on the response to climate
change and support the development of the domestic
carbon market;

o individual policies for the development of sustain-
able models of economic growth, renewal and devel-
opment of natural capital and others.

According to the evaluation, the Vietnamese Environ-
mental Act, as amended in 2020 shortens more than 40% of
administrative procedures, shortening their duration to 20-85
days. The law has a great response among experts.

Weaknesses of the Vietnam Environmental Protection Law
Weaknesses of the Vietnamese Environmental Act include:

o limited period of validity. One of the principles of
environmental protection included in this law is
defined as follows “Environmental protection must
comply with the natural laws and characteristics, cul-
tural and historical identities as well as the level of
socio-economic development of the country”;

« some terms used in this law have not been defined
using new scientific knowledge, technology and
practice. The most basic concept of "environment" is
different in all editions. On the other hand, the defi-
nition of this term in the Czech Environmental Act
is made with the highest possible use of knowledge of
current science and technology;

o the addition of both new terms and articles is proof
that the law did not comply with in practice. One ex-
ample is the fact that Vietnam is a "coastal" country
with a coastline of more than 3000 km. Vietnam is
strongly affected by climate change, especially in the
lower Mekong region, but until the second amend-
ment in 2014 the response to climate change was not
included in the Vietnamese Environmental Act;

o industrial parks and export processing zones have
been established and operated since 1991, but en-
vironmental issues related to these industrial parks
were not enshrined in the Vietnamese Environmen-
tal Act until 2005. The environmental requirements
for these industrial zones are now described in arti-
cle 36. Until 2006 up to 70% of industrial parks did
not have their own waste treatment system; 90% of
production, sales and service companies did not
treat wastewater;

o The Vietnamese Environmental Act was first ap-
proved in December 1993 following a conference
in Rio. However, the basic principles set out in the
Rio Declaration such as the "principle of sustainable
development" and the "human right to a favorable
environment" as one of the fundamental rights were
missing;

«  sustainable development was introduced for the first
time in the first amendment from 2005 and further
in the amendments from 2014 and 2020. However, it
is not understood as in Czech law, i.e., as one of the
basic legal order principles;

o the "human right to a favorable environment" has not
been implemented until the second amendment in
2014;

o the right to environmental information is not guar-
anteed.

The Vietnamese Environmental Act was born in 1993 in
the context of economic recovery and at the instigation of the
Declaration of the Rio Conference. It was confirmed from the
introduction that "The environment is of particular impor-
tance for the lives of humans, organisms and the economic,
cultural and social development of the country, the nation
and humanity". Thus, the importance of the environment has
been gained.

It can be confirmed that between 1993 and 2005, envi-
ronmental protection in Vietnam focused mainly on the pre-
vention and control of environmental degradation, pollution,
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environmental incidents and overcoming environment deg-
radation, pollution and accidents. There was a period when
economic development took precedence over environmental
protection, and it was even necessary to sacrifice the environ-
ment for economic development. Therefore, sustainable de-
velopment was not mentioned in the original wording of the
Vietnamese Environmental Act.

The Vietnamese Environmental Act, as amended in 2005
stated that "investment in environmental protection is in-
vestment in development”. It ensured diversified sources of
investment capital for environmental protection and separate
expenditures on environmental needs in the state budget for
the given year. The principle of environmental protection is to
be consistent with economic development and to ensure so-
cial progress for the sustainable development of the country.
National environmental protection must be linked to regional
and global environmental protection.

The Vietnamese Environmental Act, as amended in 2014
is a turning point. The state now has a policy of financial and
land benefits for the purpose of environmental protection,
environmentally friendly production and business. State now
also has a policy of conservation of biological diversity, ratio-
nal and economically exploitation and use of natural resourc-
es, developing clean and renewable energy and for promoting
recycling, reusing and waste reduction. Sustainable devel-
opment has been included in various areas (forest resource
development, sustainable urban development etc.). There are
laws and policies that address climate change.

The Vietnamese Environmental Act, as amended in 2020
is a systematically comprehensive logical change, drafted in
accordance with relevant international treaties, such as: the
Paris Agreement on Climate Change; Comprehensive and
Progressive Trans-Pacific Partnership Agreement (CTPP);
The EU-Vietnam Free Trade Agreement (EVFTA). It should
contribute to improving the capacity and effectiveness of the
climate change response in Vietnam in the future. It is based
on the laws of nature, without sacrificing environmental pro-
tection in exchange for economic growth. Environmental
protection is no longer just a prevention, control and treat-
ment of waste. Production and development activities must
be in harmony with nature and promote the protection and
development of nature.

International integration and cooperation in the field of
environmental protection is a great success of the Vietnam-
ese Environmental Act which focuses on the management
and protection of environmental components, biodiversity
conservation, green growth, sustainable development, re-
sponse to climate change, securing resources and fulfilling
obligations arising from international treaties and agree-
ments relating to the environment, fulfilling trends in inter-
national integration and promotes international economic
integration.

Vietnam's environmental law is becoming more sophisti-
cated and extensive, corresponding to Vietnam's development
period.

Comparison of the Czech Environmental Act and Vietnam-
ese Environmental Act

It is obvious there are numerous differences between
Czech Environmental Act and the Vietnamese Environmen-

tal Act. These differences are reflected in many respects,
including the structure and content of the compared legal
regulations.

Czech Environmental Act is based on three basic theses
stating that since its adoption it has been working with the
principle of sustainable development. On the other hand, the
Vietnamese Environmental Act did not work with the princi-
ple of sustainable development at the time of its adoption be-
cause the country's economic development was given priority
over environmental protection. The principle of sustainable
development was incorporated into the Vietnamese Environ-
mental law through an amendment in 2005.

Czech Environmental Act is a cross-cutting legal reg-
ulation which is followed by component legislation. As a
cross-cutting legal regulation it forms together with com-
ponent legislation the formal sources of environmental law
in the Czech Republic. On the other hand, the Vietnamese
Environmental Act is to some extent a comprehensive envi-
ronmental code. It necessarily follows that in its case the leg-
islator had to work with less abstraction. The Vietnamese En-
vironmental Act, as amended, is even more extensive which
may bring difficulties in its application in the future, due to its
excessive specificity.

The main reasons for the differences between above-men-
tioned legislations seem to be:

o differences in the legislative process,

o different level of economy (the Czech Republic is a
member of the OECD and the EU with an advanced
economy while Vietnam is a developing country),

. different legal culture and traditions,

o different geographical location.

Current practice shows that despite the differences be-
tween above-mentioned legal regulations both Acts fulfill
their purpose, thereby contributing to realization of the prin-
ciple of sustainable development.

In September 2015 the UN adopted the Sustainable De-
velopment Goals (SDGs). The UN has set a total of 17 primary
goals for sustainable development. Each primary goal is fur-
ther specified by individual secondary goals, of which there
are 169. The Sustainable Development Goals apply to all states
that make up the international community. Each state can
contribute to these goals. The Czech Republic, Vietnam and
many other countries have followed up on these sustainable
development goals and at the same time they prepared their
own sustainable development goals. Nowadays the principle
of sustainable development forms an integral part of the legal
order both in the Czech Republic and Vietnam.

Conclusions

Sustainable development is still an important factor not
only in the countries with advanced economies but also in
developing countries, i.e. everywhere in the world. Almost all
countries in the world face the same problems such as climate
change, demographic change, the loss of arable land, deepen-
ing inequalities between rich and poor countries and deepen-
ing inequalities between people within countries. Behavior in
accordance with the principle of sustainable development is a
challenge for each of us, for every company, society, region or
state, and, after all, for all of humanity and our planet.
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Sustainable development is now enshrined not only in the

Czech Environmental Act and in the Vietnamese Environ- the goals of sustainable development.

mental Act but also in similar laws of other states. Nowadays
we have legal instruments both for protecting the environ-

ment and for improving the environment. Through them we rent and desirable.

can achieve a favorable environment for all citizens and meet

Spreading awareness about sustainable development and
the legislation that includes this concept remains highly cur-
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Stanowisko Zasady Zrownowazonego Rozwoju w porzqgdku prawnym Republiki Czeskiej oraz

w ramach Wietnamskiej Ustawy o Ochronie Srodowiska

Zasada zrownowazonego rozwoju, wyrazona m.in. w ,Karcie Ziemi” i ,, Agendzie 217, zatwierdzona na Konferencji ONZ ds. Sro-
dowiska i Rozwoju (UNCED) w Rio de Janeiro w czerwcu 1992 roku, stata sig mottem i podstawg dla wielu krajow w planowaniu
i okreslaniu ich polityki rozwoju. Zrownowazony rozwdj mozna interpretowac jako sposob rozwoju spoleczeristwa ludzkiego, ktory
godzi wzrost gospodarczy i postep spoleczny z ochrong srodowiska w celu zaspokojenia potrzeb przysztych pokoleni. Ochrona $ro-
dowiska jest czescig tej zasady i nie mozna jej od niej oddzieli¢. Nasz artykul analizuje miejsce zasady zréwnowazonego rozwoju
w porzgdku prawnym Republiki Czeskiej oraz w kontekscie wietnamskiej ustawy o ochronie Srodowiska; jednoczesnie analizuje,
poréwnugje i ocenia podejscia do realizacji zasady zréwnowazonego rozwoju we wspomnianych systemach prawnych.

Stowa kluczowe: Zréwnowazony Rozwdj, Czeski Porzgdek Prawny, Czeska Ustawa Nr 17/1992 Sb. O Srodowisku - Czeska Ustawa
O Ochronie Srodowiska, Wietnamskie Prawo Ochrony Srodowiska, Wietnamska Ustawa O Ochronie Srodowiska,
Wietnamska Ustawa O Ochronie Srodowiska
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Abstract
Photovoltaic installations have experienced very significant growth worldwide since the early 2000s, driven by growing industry
and government interest in mitigating climate change, decarbonization, and increasing energy demand. The most prevalent worry
with photovoltaic (PV) panels is that their age is limited and they will eventually need to be decommissioned. With the expansion
of PV production capacity worldwide, a large amount of PV panel waste will be generated in the future. Since PV panels contain
heavy metals such as lead, cadmium and tin, this can have a significant impact on the environment. In addition, they also contain
valuable metals (e.g. silver, gallium, indium and germanium) and standard materials (e.g. aluminum, glass) that represent a valuable
opportunity when recovered. Developing a sustainable, environmentally friendly recycling process and maximizing the recovery of
components from PV panels at the end of their life is expected to solve the PV waste problem. In this work, three alternative methods
for recycling silicon-based (mono/polycrystalline) PV panels were investigated based on a combination of mechanical and thermal
processes. The three alternative methods are a hammer crusher followed by thermal treatment and square sieve, a shredder crusher
followed by thermal treatment and square sieve, and thermal treatment followed by a slotted sieve. X-ray diffraction (XRD) and X-ray
fluorescence (XRF) were performed to evaluate the properties of the obtained products. The results showed that thermal treatment

followed by slotted sieve is the most effective method for direct glass recovery for all types of photovoltaic modules studied.

Keywords: PV panel, crystalline silicon, recycling, waste, mechanical and thermal processes

1. INTRODUCTION

Photovoltaic installations have experienced a very signifi-
cant growth worldwide since the early 2000s driven by grow-
ing industry and government interest in mitigating climate
change, decarbonization, and increasing energy demand [1].
From an estimated 1.3 - GW in 2000, global installed PV ca-
pacity reached 586 — (GW) in 2019, with a further increase
to 4,500 GW projected by 2050 [2]. PV panels have the fol-
lowing main benefits: low carbon emissions, no dependen-
cy on fossil fuels, low payback period, ease of installation,
freedom from maintenance, and cost-free energy sources [3;
4; 5]. Today, three major classes of photovoltaic panel tech-
nologies coexist: crystalline technologies (1st generation),
thin-film technologies (2nd generation), and various technol-
ogies (3rd generation). Currently, the dominant PV technol-
ogy uses crystalline silicon (monocrystalline and polycrystal-
line) as semiconductors (more than 90% of solar cells), but
thin-film photovoltaic panels use cadmium telluride (CdTe),
amorphous silicon, copper indium gallium selenide (CIGS),
and copper indium selenide (CIS), which have been gaining
momentum recently [6]. The third-generation includes tech-
nologies that are not yet available on a large scale, such as
concentrator photovoltaics or organic solar cells [7]. Silicon
based PV panel (monocrystalline and polycrystalline) gener-
ally comprises six main components like: solar photovoltaic
cells, tempered glass, aluminum frame, encapsulation - EVA
film layers, polymer rear back-sheet and junction box as is
showing in Fig. 1 [8]. By weight, typical c-Si PV panels today
contain about 76% glass (panel surface), 10% polymer (encap-
sulant and back sheet foil), 8% aluminum (mostly the frame),

5% silicon (solar cells), 1% copper (interconnectors) and less
than 0.1% silver (contact lines) and other metals (mostly tin
and lead) [9].

In a general environment, the lifetime of a photovoltaic
module is 20-30 years, and when the conversion efficiency
decreases to a certain degree, the module fails and must be
scrapped. With the expansion of global PV production capac-
ity, a large amount of PV panel waste will be generated in the
future. Global PV waste (Fig. 2) is estimated to reach 4-14%
(1.7 to 8 million tons) of total production capacity by 2030
and 80-89% (about 60 to 78 million tons) by 2050 [10]. The
most important end-of-life panels in the waste stream (Fig. 3)
will be ¢-Si (1st generation) panels (more than 40%), followed
by 2nd generation panels (a-Si, CdT, CIGS) which will be in-
creasing steadily over the years. The end-of-life quantities of
3rd generation panels (emerging technologies and CPV) will
only play a minor role by 2050 [4].

PV waste are generally classified as WEEE in the EU di-
rective 2012/19/EU. According to this directive end of life or
discarded photovoltaic panels must be considered as electric
and electronic equipment waste (WEEE), and specific goals of
collecting, recovering and recycling must be achieved within
the next years [11].

According to the existing literature, waste photovoltaic
modules, if not properly disposed of, can have the following
negative impacts on the environment and human health [12]:
leaching of lead, loss of conventional raw materials, mainly
glass and aluminium, and loss of rare metals, mainly silver.
Nonetheless, the long-term sustainability of photovoltaics
will depend primarily on the ability to recycle the enormous
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Fig. 1. The 6 main components used in the construction of a solar panel [8]

Rys. 1. Gtéwne komponenty budowy panelu stonecznego [8]
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Fig. 2. Overview of global PV panel waste projections, 2016-2050 [10]

Rys. 2. Przeglad globalnych prognoz dotyczacych odpadéw paneli fotowoltaicznych, 2016-2050 [10]
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Rys. 3. Elektroniczne odpady fotowoltaiczne generowane rocznie (w tonach) [4]

quantities of end-of-life modules that are expected to be gen-
erated soon, not only to avoid pollution but also to avoid
depleting the planet's mineral resources. Various recycling
methods have been proposed in the scientific literature, in-
cluding physical, thermal, chemical, or a combination of
several methods, which are most commonly used for solar
module waste recycling. Radziemska and Ostrowski discuss
the best method for separating the components of silicon
modules [13]. They believe that thermal methods are the best
because it is a simple and fast methods to separate the com-
ponents. Kim and Lee studied the dissolution of EVA in crys-
talline silicon PV using organic solvents (trichloroethylene,
O-dichlorobenzene, benzene, and toluene) and ultrasonic
irradiation [14]. Granata et al. studied in detail several phys-
ical methods for the recycling of Si and CdTe solar modules.
Their study showed that recycling by physical treatment with
crushing by a two-blade rotor, then by hammer crushing,
and finally by heat treatment is the optimal choice for direct
glass recovery [15]. Huang et al. proposed a technically, en-
vironmentally, and financially sustainable recycling process
for wafer Si solar modules that recovers virtually all of the
waste PV modules and leaves little for landfill [16]. Fiandra

et al. applied thermal treatment to recover the polycrystalline
silicon using a high-temperature Lenton crude furnace [17].
Luo et al. conducted a hydrometallurgical study to recover Al,
Ag, and Si from EoL silicon-based PV solar cells [18]. Some
authors focused on thin-film PV panels. In particular, Sasala
et al. investigated the feasibility of recycling CdTe modules
by physical and chemical methods [19]. Wang and Fthenakis
improved the recovery of Cd and Te from CdTe modules [20].
Berger et al. also investigated the recycling of thin-film PV
panels (CdTe and CIS) by wet-mechanical methods such as
abrasion and flotation, and by dry-mechanical methods such
as vacuum blasting [21]. Existing technologies and processes
for PV panel recycling have not been improved to achieve the
required quality of recovered raw materials and meet environ-
mental requirements. However, the separation of the different
PV panel layers or the delamination process step is the main
challenge in the existing recycling process [22; 23]. The effi-
ciency of this stage determines the efficiency of recovery of
semiconductor materials and metals as well as the reduction
of losses [24]. To address the challenges of PV waste by devel-
oping a sustainable recycling process in an environmentally
friendly manner and maximizing the recovery of components
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Tab. 1. Main characteristics of the photovoltaic panels used in the research

Tab. 1. Charakterystyka paneli fotowoltaicznych wykorzystanych w badaniach

Model No ECO-400M-66SA Q.PLUS-G4.3 285
Product Warranty 15 Years 10 Years
Panel Efficiency 21.03 % 17.1%
Panel Di i (H/W/D) | 1646x1140x30 mm 1670x1000x32 mm
Weight 19 kg 18.5 kg
Cell Type Monocrystalline Polycrystalline
Cell Size 158.75x%158.75 mm 156x156
Cell Number 360 60
Glass Type Tempered Tempered
Encapsulant Type EVA EVA (Ethylene vinyl acetate)
Back Cover Type TPT TPT (Tedlar Polyester Tedlar)
Frame Type Aluminium Aluminium
PV module

Mass messurement

Aluminfum frames = Manual separation ——} Cabies, and junction box

Cutting the panel
10 X 10 em

Mass measurement

!

Thermal (500°C)

Plastics (EVA, Tedlar, etc) &

Mass measurement Mass measurement

W

1

Mechanical

Hammer crusher ( Smm)

Mass measurement

Thermal (S00°C)

)

> Plastics (EVA, Tedlar, etc)

Shredder ( 8mm)

Mass measurement

Thermal (S00°C)

Plastics (EVA, Tedlar, etc)

Mass measurement

Sieving—Pv cell+ PV ribbons

PV cell+ PV ribbons €— Sieving

> Glaw €

Sieving —» PV cell+ PV ribbons

Fig. 4. Diagram of the general methodology applied in the study

Rys. 4. Schemat opracowanej metodyki badan

from PV panels at the end of their useful life. In this study,
three alternative processes for the recycling of silicon-based
(mono/polycrystalline) PV panels were investigated, based on
a combination of physical and thermal processes. The three
alternative processes are hammer crusher followed by thermal
treatment and sieve, shredder crusher followed by thermal
treatment and sieve, and the thermal treatment followed by a
slotted sieve. X-ray diffraction (XRD), and X-ray fluorescence
(XRF) were performed to evaluate the properties of the ob-
tained products. The novelty compared to the literature data
is the application of the process for the treatment of different
types of panels: polycrystalline and monocrystalline, benefi-
ciation of particle separation based on size and shape with a
simple technology that meets the economic and environmen-
tal requirements.

2. MATERIAL AND METHODS

To address PV waste challenges by developing a sustain-
able recycling process in an environmentally friendly manner
and maximizing the recovery of components from PV panels
at the end of their useful life, this work has developed a meth-
odology that includes secondary and experimental research.

2.1. Secondary research

For this quantitative literature study, mainly consulting
databases such as ResearchGate, PubMed, and ScienceDirect.
Since PV module recycling is a concern of academia, industry,

and policymakers, Gray literature in the form of government
and industry reports was also consulted (e.g. EU Commis-
sion, IEA, IRENA, and PV CYCLE), which provide import-
ant data to evaluate the most efficient recycling strategy for
PV modules. Search terms include PV module, PV recycling,
crystalline silicon, sustainable development goals, etc.

2.2. Experimental Research
2.2.1. Target sample

Discarded monocrystalline (ECO-400M-66SA), and
Polycrystalline (Q.PLUS-G4.3 285) PV panels were collect-
ed from the factory. Some characteristics concerning the two
modules used in the study are presented in Table 1.

2.2.2. Method

The diagram of the general methodology applied in the
study is outlined in Figure. 4. The first step was the manual
removal of the aluminum frame, cables, and a junction box of
both panels, using needle-nose pliers and a flat screwdriver to
obtain the main body of the photovoltaic panel. Small pieces
with a size of 10 mm X 10 mm were cut it by a circular saw
from the PV panel in order to be used in the experimental
for this work. In the mechanical process, crushing opera-
tions were carried out in a hammer crusher using a 5 mm
inlet and in a shredder crusher in 8 mm inlet. Thermal treat-
ment was performed at predetermined temperatures (500°C)
for 60 minutes to separate the different layers, including the
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Fig. 5. Fractions obtained after hammer crushing
Rys. 5. Frakgje uzyskane po kruszeniu w kruszarce mlotkowej
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Fig. 6. Total size distribution after hammer crushing
Rys. 6. Rozklad wielkosci rozdrobnionych frakeji w kruszarce mlotkowej
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Fig. 7. Products analyzed by XRD: a) d > 0.5 mm and b) d <0.5 mm after hammer crushing and thermal treatment
Rys. 7. Analiza XRD produktow po rozdrabnianiu w kruszarce mlotkowej i obrébce termicznej: a) d > 0.5 mmib) d < 0.5 mm
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Fig. 8. Distribution of Glass Glass+ PV cell, and PV ribbon in wt (%) among the sieving of crushed PV panel after hammer crushing
Rys. 8. Rozklad wielkosci ziaren ogniw fotowoltaicznych Glass, Glass+ i tasmy fotowoltaicznej pokruszonego panelu fotowoltaicznego w kruszarce mtotkowej, (%)

front EVA layer between the glass and the solar cells and the
back EVA layer between the solar cells and the back sheet.
The thermal treatment was carried out in the furnace. After
size reduction and thermal treatment, a sieving analysis was
carried out to evaluate the size and product distribution as
well as mass fluxes in the process. For this purpose all sam-
ples were sieved by using 5 different sieves: 5.0, 2.0, 1.6, 0.5

and 0.05 mm. The materials were shaken on a Vibratory Sieve
Shaker AS 200 digit. X-ray diffraction (XRD), and X-ray fluo-
rescence (XRF) were performed to evaluate the properties of
the obtained products.

3. RESULT AND DISCUSSION
3.1. Crushing by Hammer crusher
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Fig. 9. Fractions obtained after shredder crusher

Rys. 9. Frakcje uzyskane po rozdrabnianiu w kruszarce typu schredder
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Rys. 10. Rozktad wielkosci ziaren po rozdrabnianiu w kruszarce typu schredder
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Fig. 11. Products analysed by XRD: a) d > 0.5 mm and b) d <0.5 mm after shredder crusher and thermal treatment
Rys. 11. Analiza XRD produktéw po rozdrabnianiu w kruszarce typu schredder i obrobce termicznej: a) d > 0.5 mm, b) d < 0.5 mm
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Fig. 12. Distribution of Glass Glass+ PV cell, and PV ribbon in wt (%) among the sieving of crushed PV panel after shredder crusher
Rys. 12. Rozktad wielkosci ziaren ogniw fotowoltaicznych Glass, Glass+ i tasmy fotowoltaicznej pokruszonego panelu fotowoltaicznego w kruszarce typu schredder, (%)

During the comminution of the c-Si PV panels, the sep-
aration of the polymer (especially EVA, and Tedlar) associ-
ated with the PV structure proved to be difficult due to the
very strong bonding between the materials. Achieving the
desired particle size requires several comminutions stages.
Size reduction of the comminuted materials resulted in the
products shown in Fig. 5 with a size distribution in six sizes

fractions (d > 5.0 mm, 2.0 < d < 5.0 mm, 1.6 < d < 2.0 mm,
0.5<d < 1.6 mm, 0.05 <d < 0.5 mm, and d < 0.05 mm) is
shown in Fig. 6. It can be seen that the crushing process by
the hammer crusher resulted mainly in a fraction with a size
of 2.0 < d < 5.0 mm and 0.5 < d < 1.6 mm, (Figs. 5b and d)
since several crushing stages were performed. As can be seen,
the EVA cut sheets along with Tedlar were mainly contained
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Fig. 13. A. Shape of the silicon and the glass particles after thermal treatment; B. Slotted sieve used

Rys. 13. A. Ksztalt czastek krzemu i szkla po obrébce termicznej; B. Uzywane sito szczelinowe

in the d > 5.0 mm (Fig. 5a) and in a mixture with glass in
the 2.0 < d < 5.0 mm and 1.6 < d < 2.0 mm fractions (Figs.
5b and c). Fractions larger than 1.6 mm were heated under
predefined temperatures (500°C) for 60 min in order to break
down the EVA aggregates and release more glass and metals.
Thermal treatment determined 8.17% of weight loss because
of EVA and Tedlar decomposition. The silicon and glass dis-
tributions were measured by XRD (X-ray powder diffraction)
(Fig. 7). The amorphous phase was assumed to be glass, while
the crystalline phase was assumed to be silicon. XRD analysis
was performed for fraction d > 0.5 (glass fraction) and d < 0.5
mm (silicon fraction). According to the results, the glass frac-
tion d > 0.5 (Fig. 7a) contains a rather large amount of silicon.
Therefore, this fraction cannot be considered a directly recov-
erable clean glass fraction. The fraction below 0.5 mm (Fig.
7b) contains a considerable amount of silicon. However, the
peaks obtained are small because this fraction also contains a
considerable amount of amorphous phase (glass). As a result
of this process, about 81.5% of the total weight of the sample
after thermal treatment was recovered as glass, especially in
the fraction with sizes of 2.0 < d < 5.0 mm, 1.6 < d < 2.0 mm
and 0.5 < d < 1.6 mm glass while about 18.5% was collected as
finer d < 0.5 mm (Fig. 8) with a composition as indicated in
Table 2. This percentage could be collected and then valorized
through operations for further glass recovery.

3.2. Crushing by shredder crusher

The products displayed in Fig. 9 are the outcome of shred-
der crushing operation. Fig. 10 shows the distribution of vari-
ous materials among the various size fractions. After crushing
around 42.24% of the sample was a d > 2.0 mm fraction, in
which the multilayer structure is still present and glass, silicon
wafers, and back sheet are still glued together by crosslinked
ethyl vinyl acetate (EVA). And around 32% of the sample was
the fraction 0.5 < d < 1.6 mm, due to the several crushing
stages were performed. Once again, the EVA cut sheets along
with Tedlar were mainly contained in the d > 5 mm (Fig. 9a)
and in a mixture with glassin the 2.0 <d < 5.0 mmand 1.6 <d
< 2.0 mm fractions (Figs. 9b and c). Fractions that contained
polymers were heated under 500°C for 60 min in order to re-
lease more glass and metals. Thermal treatment determined
7.7% of weight loss because of EVA and Tedlar decomposi-
tion. XRD analysis was performed for fraction d > 0.5 (glass
fraction) and d < 0.5 mm (metal fraction and silicon) (Fig.11).
According to the results, the glass fraction d > 0.5 contains a
rather large amount of silicon (Fig. 11a). Therefore, this frac-
tion cannot be also considered as a directly recoverable clean

glass fraction. The fraction below 0.5 mm (Fig. 11b) contains
a considerable amount of metals and silicon. It could be re-
covered by further processes. As a result of this process, about
77.1% of the total weight of the sample after thermal treat-
ment was recovered as glass, especially in the fraction with
sizesof 20 <d <5.0mm, 1.6 <d<2.0mmand 0.5<d< 1.6
mm. About 22.9% of the total input weight was found to be
finer than 0.5 mm fraction (Fig. 12) with a composition as
indicated in Table 2.

3.3. Thermal treatment

In the thermal treatment, the sample was placed in a ce-
ramic crucible with the glass facing down, and the back sheet
was facing up and heated at predetermined temperatures
(500°C) for 60 minutes to separate the different layers, includ-
ing the front EVA layer between the glass and the solar cells
and the back EVA layer between the solar cells and the back
sheet. At the end of the thermal treatment, the results showed
that the silicon particles were mainly smaller and thinner
than the glass particles, which were large and thick (Fig. 13a).
The difference in particle shape of the silicon particles and the
glass particles was used as a method to improve the poten-
tial separation by particle shape, so a slotted sieve was used
(Fig. 13b). Comminution by thermal treatment resulted in
the products shown in Fig. 14. The distribution of the various
materials among the different size fractions is shown in Fig.
15. After thermal treatment, most of the glass was contained
in the coarse fractions, especially fractions 1.6 <d < 2.0; 2 < d,
0 < 5.0, and d > 5 (Figs. 14 a, b and ¢). Only the smaller glass
particles are found in the fraction d < 1.6 with metals and
silicon particles (Figs. 14 d, e and f). The metallic contacts
(busbars) or PV ribbons can be obtained magnetically from
the fraction d < 1.6. The silicon and glass distributions were
measured by XRD. The distributions of glass and silicon for
fractions d > 1.6 mm and d < 1.6 mm are displayed in Figs.
16 a and b respectively. In particular, for the fraction d > 1.6
mm (Figs. 14 a, b and ¢), the XRD data showed an amorphous
pattern (Fig. 16a) meaning that it can be considered a recov-
erable glass fraction. The fraction d < 1.6 mm (Figs. 14 d, e,
and f ) contains a rather large amount of silicon and metals
with a very small amount of glass (Fig. 16 b). After thermal
treatment, the total direct weight recovery as a glass of total
input weight from fractions d > 1.6 mm was 90.22%. Direct
recovery PV ribbon total input weight was 0.57% from the
fraction 0.5 < d < 1.6. Around 9.21% of total input weight was
found to be d < 0.5 mm fraction (Fig. 17) having a composi-
tion as in Table 2. It could be recovered by further processes.
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Fig. 14. Fractions obtained after thermal treatment
Rys. 14. Frakcje po obrobce termicznej
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Fig. 16. Products analysed by XRD: a) d > 1.6 mm, b) d < 1.6 mm after thermal treatment
Rys. 16. Analiza XRD produktéw po obrébce termicznej: a) d > 0.5 mm, b) d < 0.5 mm
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Fig. 17. Distribution of Glass, Glass+ PV cell, and PV ribbon in wt (%) among the sieving of crushed PV panel after thermal treatment
Rys. 17. Rozktad wielkosci ziaren ogniw fotowoltaicznych Glass, Glass+ i tasmy fotowoltaicznej po obrobce termicznej, (%)
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Tab. 2. Results of XRF analysis (the main metal composition of fraction d < 0.5 mm) (HC: Hammer Crusher; SK: shredder crusher; TT: Thermal
Treatment; SQS: Square Sieve; SLS: Slotted Sieve)
Tab. 2. Wyniki analizy XRF (gtéwny sklad metali frakcji d < 0.5 mm) (HC: kruszarka miotkowa; SB: rozdrabniacz nozowy; TT: obrébka termiczna;
SQS: sito kwadratowe; SLS: sito szczelinowe)

Processes Si Ag Al Ca Cu Fe Mg Mn Pb Sb Sn Ti Zn
(%) (%) | (%) | (%) (%) (%) (%) (%) (%) (%) (%) (%) | (%)
HC+
TT+oQs | 36851 | 0.920 | 4.046 | 7.040 | 0458 | 3.145 | 1.272 | 0467 | 0.151 | 0195 | 0.304 | 3.945 | 0176
+TTs+kSQS 34.708 | 0.9842 | 1.6034 | 7.3454 | 0.33777 | 2.5827 | 1.2869 | 0.28711 | 0.11394 | 0.23437 | 0.14798 | 0.6638 | 0.14366
TT+SLS | 49.818 | 1.369 | 5.509 | 4.645 | 0.045 | 0.186 | 0.866 | 0.006 | 0.091 | 0.103 | 0.079 | 4.720 | 0.022
4. CONCLUSION panel to remove the aluminum frame, cables, and a junction

Nowadays, there has been pressure to reduce the environ-
mental burden and to use primary raw materials in an eco-
nomic way. This is the reason for the continuous development
and search for new materials using mainly recycled secondary
raw materials. Crystalline silicon type PV panels in the order
of mass are composed of 76% glass (panel surface), 10% poly-
mer (encapsulant and back sheet foil), 8% aluminum (mostly
the frame), 5% silicon (solar cells), 1% copper (interconnec-
tors) and less than 0.1% silver (contact lines) and other met-
als (mostly tin and lead). The recovery of these materials and
their return to the economy can be used to manufacture new
PV panels. A method for recycling of disposed silicon-based
PV panel (mono/polycrystalline) using physical and thermal
treatments has been presented in this work. Three alterna-
tive methods were investigated: hammer crusher followed by
thermal treatment and sieve, shredder crusher followed by
thermal treatment and sieve, and the thermal treatment fol-
lowed by a slotted sieve. The first step was disassembly of the

box. The results showed that the main difference between the
three alternative methods was found in the different fraction
percentages and in their composition. As for thermal treat-
ment experimental results reported in this work, they showed
about 7-8% of weight loss for Si panels. In order to obtain
the highest mass recovery, thermal treatment followed by a
slotted sieve proved to be the most effective method for direct
glass recovery according to the shape of particles. This process
allowed 90% recovery of the module weight (without frame,
polymer and other equipment) as glass from fractions d > 1.6
mm and the latter did not contain impurities in terms of Si
and metals. The finer fractions can be collected and eventually
treated for a further metal recovery process.
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Recykling zuzytych modutow fotowoltaicznych metodami mechaniczno-termicznymi
Instalacje fotowoltaiczne staly sie bardzo popularnym rozwigzaniem na przestrzeni pierwszego dwudziestolecia XXI wieku.
Spowodowane to bylo gldwnie rosngcym zainteresowaniem przemystu i rzgdéw poszczegdlnych paristw dotyczgcym skutkow i kwestii
tagodzenia - zmian klimatycznych, potrzeby dekarbonizacji, jak réwniez rosngcym zapotrzebowaniem na energie. Najbardziej
powszechnym problemem zwigzanym z panelami fotowoltaicznymi (PV) jest to, ze ich Zywotnos¢ jest ograniczona, co powoduje, ze
ostatecznie bedg musialy zosta¢ wycofane z eksploatacji. Wraz z rozwojem mocy produkcyjnych PV na calym swiecie, w przysztosci
bedzie generowana duza ilos¢ odpadéw zwigzanych z panelami fotowoltaicznymi. Poniewaz panele fotowoltaiczne zawierajg metale
cigzkie, takie jak otow, kadm i cyna, moze to miec znaczgcy wplyw na srodowisko naturalne. Ponadto, odpady te zawierajq rowniez
cenne metale (np. srebro, gal, ind i german) oraz standardowe materialy (np. aluminium, szklo), ktére po odzyskaniu stanowiq cenne
zrodlo tych surowcow. Oczekuje sig, Ze opracowanie zrownowazonego, przyjaznego dla srodowiska procesu recyklingu i maksymal-
izacja odzysku komponentow z paneli fotowoltaicznych pod koniec ich zycia rozwigze problem odpadéw fotowoltaicznych. W tej
pracy zbadano trzy alternatywne metody recyklingu krzemowych paneli fotowoltaicznych (mono/polikrystalicznych) w oparciu
o polgczenie proceséw mechanicznych i termicznych. Trzy metody odzysku polegaly na wykorzystaniu kruszarki mtotkowej, po ktorej
zastosowano obrébke termiczng i klasyfikacje na sicie kwadratowym, kruszarki nozowej typu schredder, a nastepnie obrobke ter-
miczng i klasyfikacje na sicie kwadratowym oraz obrébke termiczng, po ktérej nastepuje klasyfikacja na sicie szczelinowym. Prze-
prowadzono analizy otrzymanych produktow za pomocg dyfrakcji rentgenowskiej (XRD) i fluorescencji rentgenowskiej (XRF) w celu
oceny efektéw odzysku. Wyniki wykazaly, ze obrobka cieplna, a nastgpnie zastosowanie sita szczelinowego jest najskuteczniejszg
metodg bezposredniego odzyskiwania szkla dla wszystkich badanych typéw modutéw fotowoltaicznych.

Stowa kluczowe: panele PV, krzem krystaliczny, recykling, odpady, procesy mechaniczne i termiczne
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Abstract

Occupational safety is an extremely important area of concern in every company. In mining companies, it occupies a particularly
high position in the hierarchy of tasks and objectives. An accident at work is defined as a sudden event, caused by an external cause,
resulting in injury or death of a worker and which occurred in connection with work. An accidental event consists of a number
of interrelated adverse technical, organisational, environmental and human events. However, it is recognised that human error
(interference) is usually the initiating factor of an accident at work. Among the causes of errors can be distinguished primarily: human
failure, characteristics of the tasks performed, the conditions of the physical environment and the impact of the social environment,
technical conditions. Therefore, within the framework of accident prevention, apart from the technical sphere, attention is also paid
to the sphere of management — motivation, proper training, information flow, as well as assessment of psychophysical features of
employees and their adaptation to the workplace. It is even more justified in the situation, where as it results from many years' data of
the Central Statistical Office (GUS), the so-called human factor is responsible for about 60% of accidents at work in Poland. The level
of accidents can be analysed from several angles. Interesting is correlation of level of accidents from factors, which have influence on
management. Then it is possible by controlling these elements to influence the number of accidents at work. It is especially important
in such branch as mining, in which according to GUS data the highest number of accidents was registered in Poland. Intuitively,
most causes of accidents, according to the literature, are caused by human factors. A fall in the accident rate should be a natural
consequence of a reduction in the workforce. However, a reduction in employment must not result in a decrease in labour productivity.
In this article, the authors present the results of a study of correlation between these three indicators: employment level, productivity
and accident rate, in Polish coal mines over the period 2003-2020.

Keywords: accidents, mining companies, productivity, employees

1. Introduction 2020). Since OSH is an inseparable component of the man-

An accident at work is defined as a sudden event caused
by an external cause resulting in injury or death to an employ-
ee and occurring in connection with work (Art. 33).

It is clear from the definition itself that an accident at
work consists of four main elements (Konopka, 2021):

o the suddenness of the event,

e  external cause

o relationship to work,

o injury or death as a result of the event.

It is important that these elements have to occur simulta-
neously for there to be a work accident.

At the same time there has been an evolution in the theory
of causality of accidents at work and related OSH prevention -
from accidents being seen as "the result of a deviation, which
is an event, characteristic or condition that deviates from the
norm that defines a proper and planned production process"
(Pietrzak, 2003) to "the model of an accident as a consequence
of mistakes made due to a deficit of motivation, knowledge
and experience" (Studenski, 1996) of employees. Such an
approach prompts us today to address, within OHS preven-
tion, not only the technical sphere but also the organisational
one and to search for correlations between other factors that
build effective management (Tobor-Osadnik, Wyganowska,

agement (Flin et al., 2000) system such approach inclines to
examine within the framework of accident analysis not only
the technical sphere but also the sphere of human resources
management (Caruth et al., 2009). It is all the more justified
in the situation where, as it results from many years' data of
the Central Statistical Office (GUS), the so-called human
factor is responsible for about 60% of accidents at work in
Poland (Wyganowska, Tobor-Osadnik, 2014). According to
GUS, in 2020 the highest number of accidents was record-
ed in the mining and quarrying section (https://stat.gov.pl/).
An accident event consists of a series of interrelated adverse
technical, organizational, environmental and human events
(Studenski, 1999). It is recognized, however, that human er-
ror (disturbance) is usually the initiating factor of an accident
at work. Among the causes of errors, we can distinguish pri-
marily: human failure, characteristics of the tasks performed,
conditions of the physical environment and the influence of
the social environment, the first of which is very much relat-
ed to the age or length of service of the employee. For many
years, restructured companies in the mining sector have been
striving to reduce the number of people employed, seeing in
this an opportunity to quickly reduce fixed production costs.
It can therefore be assumed that as the number of employees
falls, the number of accidents at work should also fall.
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Total number of accidents in hard coal mines in the years
2003-2020
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Rys. 1. Liczba wypadkéw w pracy w kopalniach wegla kamiennego w latach 2003-2020 (dane statystyczne WUG)
Fig. 1. Total number of accidents in hard coal mines in the years 2003-2020 (statistical data WUG)
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Rys. 2. Zmiany w poziomie zatrudnienia, wypadkowosci i wydajnosci pracy w kopalniach wegla kamiennego w latach 2003-2020
Fig. 2. Changes in employment, accidents and efficiency of workers in hard coal mines in the years 2003-2020

2. Methodology

Is this the case for the mining industry? This was one of the
main questions of the analysis conducted. The second ques-
tion to which an answer was sought: Do changes in worker
productivity levels translate into occupational accident rates.
It can be assumed that an increase in productivity may lead to
a greater number of errors leading to accidents, because the
employee, in the pursuit of convenience or improved produc-
tivity, may try to bypass or disable the safety measures in place
at the workplace, which in turn may also increase the accident
rate (Pietrzak, 2007). The authors pointed out the other side
of this situation. With proper occupational health and safety
management, actions improving work efficiency should go
hand in hand with occupational safety and widely understood
prevention in this area.

The authors used correlation analysis to analyze the data.
As it is known, this analysis in statistics consists of examin-
ing whether two variables are statistically significantly related
to each other. However, not only the correlation coefficient
is important, but also the researcher's inference (Donovan et
al., 2014). Very important in correlation analysis is the fact
that it does not examine the cause-effect relationship, but
simply the relationship and co-occurrence of two variables
(Sleszynski, 2020).

Correlation (interdependence of characteristics) deter-
mines the interrelationship between selected variables. Pos-
itive correlation (the value of the correlation coefficient from
0 to 1) - indicates that the increase of one attribute is accom-

panied by the increase of average values of the other attribute,
negative correlation (the value of the correlation coefficient
from -1 to 0) - indicates that the increase of one attribute is
accompanied by the decrease of average values of the other
attribute (Hyk, Stojek, 2019).

The analysis presented in the publication was based on
statistical data on the number of employees and accidents in
mining companies in 2003-2020. The publication presents re-
sults of the analysis of correlation between productivity and
changes in the number of employees and the number of ac-
cidents at work.

3. Investigating the relationship between employment, pro-
ductivity and accidents in coal mines

The relationship between productivity, changes in employ-
ment and the number of accidents in hard coal mines was ex-
amined using Pearson's linear correlation coefficient. As men-
tioned earlier, this coefficient is used to examine rectilinear
relationships of the variables under study, in which an increase
in the value of one of the traits causes proportional changes in
the average values of the other trait (increase or decrease). A
weak correlation or lack of it occurs at values below 0.2.

As presented in figure 1 in the analysis of accidents re-
corded in mining companies between 2003 and 2020, it is dif-
ficult to clearly identify the dominant trend. It is only since
2009 that a downward trend can be observed, only to record
an increase in accidents again in 2017. Interestingly, in 2009
there was an increase in the total number of accidents at min-
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Fig. 3. Changes in efficiency against the number of accidents in hard coal mines in the years 2003-2020
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Fig. 4. Employee efficiency [t/per worker] against accident rate in hard coal mines in years 2003-2020

ing companies, which coincides with very high staft turnover
in the previous year. According to statistics, almost 14,000
people were made redundant in the mining industry in 2008,
while more than 17,200 new employees were hired (statistical
data ARP).

Large fluctuations in the number of accidents at work can
be observed between 2003 and 2020. Decreases in the number
of persons employed were more regular - from an employ-
ment level of 105 800 persons in 2003 to 61 500 persons in
2020. However, the decrease of more than 44,000 people is
not clearly reflected in the number of occupational accidents
in coal mines.

The changes in the number of accidents and labour effi-
ciency presented in Figure 3 throughout the analyzed period
appear to be completely independent and uncorrelated. This
is also what emerges from the study of correlation relation-
ships. A coefficient of -0.34 was calculated (Table 1), which
indicates a weak negative correlation relationship between the
number of accidents and labour productivity over the period
2003-2020. A negative relationship means that when the val-
ues of one variable (productivity) increase, the values of the
other variable (number of accidents) decrease.

The calculated correlation coeflicient indicates a high cor-
relation relation between the number of persons employed in
hard coal mines in 2003-2020 and the number of accidents -
0.68. A positive result indicates that as the number of persons
employed decreases, the number of accidents also decreases.
However, a deeper analysis of the data presented in Table 1

shows some deviations from this relationship. For example, in
2018 there was an increase in employment by only 100 people
(0.16%) and in the number of accidents by 386, i.e. by almost
30% compared to 2017. The courses of changes in both quan-
tities in the years 2003-2020 are illustrated in Figure 4.

4. Summary

Human errors that may lead to accidents at work often
occur in situations of mismatch between the requirements
set by the employer and the workers' capabilities. One such
requirement may be high productivity or an expected rapid
increase in productivity. This can lead to a quantitative over-
load of workers, which in the chain of events leads to an ac-
cident situation. Often such a situation is a consequence of
dysfunctions of the existing management system, including
human resources in the enterprise. Therefore, activities lead-
ing to the desired increase in productivity, which are carried
out inappropriately, may create difficult situations and, con-
sequently, accidents. It can be noted that accidents are also
symptoms of inadequacy of the workplace to the assumed
tasks or to the conditions in which the assumed objectives are
to be achieved. A consequence of this assumption is the idea
of accident prevention, which involves preventing accidents
by initiating actions and creating solutions to increase the
company's ability to eliminate such causes of accidents. It is
therefore worth examining the correlation between selected
quantities and the number of accidents at work in order to
define possible inadequacies. With the above assumptions in
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Average employment in Wo_rl_(
Year hard coal mines - at the TOt?I number of | efficiency
mining site [thousands] accidents [t/per
worker]

2003 105,8 2421 739
2004 100,2 2243 771
2005 95,3 2117 791
2006 92,6 2321 793
2007 89,9 2505 758
2008 90,4 2552 698
2009 89,4 2799 641
2010 89,8 2056 671
2011 87,3 1795 684
2012 87,8 1663 710
2013 84,7 1471 704
2014 80,9 1379 706
2015 72,1 1356 761
2016 66,9 1247 827
2017 63,0 1294 825
2018 63,1 1680 804
2019 63,3 1894 784
2020 61,5 1668 712
CORRELATION 10,68 -0,34
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Rys. 5. Zmiany poziomu zatrudnienia w korelacji do liczby wypadkéw w kopalniach wegla kamiennego w latach 2003-2020
Fig. 5. Changes in the average employment against the number of accidents in hard coal mines in the years 2003-2020

mind, the authors analyzed in the presented publication the
correlation between the number of accidents at work and pro-
ductivity and the level of employment, so that, on the basis
of the research carried out, they could draw conclusions and
create pro-efficiency system solutions in the field of safe work
in this area.

To summarize - the number of accidents at work decreas-
es with a fall in the number of employees, but there is no cor-

relation between the number of accidents and productivity.
Changes in productivity, whether increases or decreases, do
not translate into decreases or increases in the number of ac-
cidents in hard coal mines over the 18-year period analyzed.
These phenomena are very positive and may indicate that the
process of staff reduction and increase of work efficiency is
being properly implemented from the point of view of safety
systems.
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Analiza poziomu wypadkowosci w gérnictwie na tle zmian wydajnosci i zatrudnienia

w gornictwie wegla kamiennego

Bezpieczetistwo pracy jest niezwykle istotnym obszarem troski w kazdym przedsiebiorstwie. W przedsigbiorstwach wydobywczych za-
jmuje wyjgtkowo wysoka pozycje w hierarchii zadati i celow. Wypadek przy pracy definiuje si¢ jako zdarzenie nagte, wywotane przy-
czyng zewnetrzng, powodujgce uraz lub Smierc pracownika, a ktére nastgpito w zwigzku z pracg. Na zdarzenie wypadkowe sklada sie
wiele powigzanych ze sobg niekorzystnych zdarzeti technicznych, organizacyjnych, srodowiskowych i ludzkich. Uznaje sig jednak, ze
zazwyczaj czynnikiem inicjujgcym wypadek przy pracy jest blgd (zaktocenie) cztowieka. Posréd przyczyn popetniania bledéw mozna
wyréznié przede wszystkim: niesprawnos¢ cztowieka, cechy realizowanych zadah, warunki fizycznego srodowiska oraz wplyw sro-
dowiska spotecznego, uwarunkowania techniczne. Dlatego w ramach profilaktyki wypadkowosci oprocz sfery technicznej zwraca sig
uwage rowniez na sfere zarzqdzania - motywacje, prawidtowe szkolenie, przeptyw informacji, a takze ocena cech psychofizycznych
pracownikow i ich dopasowania do stanowiska pracy. Jest to tym bardziej uzasadnione w sytuacji, gdzie jak wynika z wieloletnich
danych GUS, za okoto 60% wypadkéw przy pracy w Polsce odpowiedzialny jest tzw. czynnik ludzki. Poziom wypadkowosci mozna
rozpatrywaé w kilku ujeciach. Interesujgca jest korelacja poziomu wypadkowosci od czynnikéw, na ktére ma wplyw kieownictwo.
Wtedy mozna sterujgc tymi elementami wplywaé na liczbe wypadkow przy pracy. Jest to szczegélnie wazne w takiej branzy jak
gornictwo, w ktérym wedtug danych GUS odnotowano ich najwiecej w Polsce. Intuicyjnie naturalnym nastepstwem zmniejszenia
zatrudnienia powinien by¢ spadek poziomu wypadkowosci. Jednakze zmniejszenie stanu zatrudnienia nie moze powodowac spadku
wydajnosci pracy. W artykule autorki zaprezentowaly wyniki badania korelacji miedzy tymi trzema wskaZnikami: poziomem za-
trudnienia, wydajnoscig i wypadkowoscig, w polskich kopalniach wegla kamiennego na przestrzeni lat 2003-2020.

Stowa kluczowe: wypadki, kopalnie, wydajnosé, pracownicy
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Results of Pilot Research Work on the Content of
Rare Earth Elements in Metallurgical Wastes from

metallurgical waste.

Abstract
The article presents the results of analyses of the content of rare earth elements in Nowa Huta's metallurgical wastes deposited in two
sedimentation tanks. These studies were undertaken due to strategic importance of the rare earth elements in development of state-of-
the-art technologies. The waste materials were analysed using the inductively coupled plasma ionization mass spectrometry technique
— ICP MS. The tests showed that the collected materials contain rare earth elements. The cumulative content of these elements in
the samples was found to be slightly above 140 ppm. The article also presents proposals for further, in-depth tests of Nowa Huta's

Keywords: rare earth elements (REE), metallurgy, metallurgical waste

1. Introduction

Metallurgical waste dump sites are contaminated with
heavy metals posing a threat to both humans and the eco-
system. The group of heavy metals includes such elements
as: lead, cadmium, chromium, nickel, mercury and arsenic.
In small amounts, they are necessary for life processes, while
long-term exposure to hem is associated with negative health
effects, such as cancer, organ damage, or changes in the circu-
latory system. Therefore, it is necessary to neutralize this type
of dump sites [1,2,3,4].

Content of REE in the tested material samples collected
from Nowa Huta waste dump site was initially analyzed to de-
termine possibility of using the metallurgical waste materials
in industrial processes. Consumption of rare earth elements,
due to their economic importance, is constantly growing,
with a projected doubling by 2060 [5,6]. Due to the lack of
natural sources of REE in Poland, the KOMAG Institute of
Mining Technology made an attempt to recover valuable ele-
ments from metallurgical waste.

Correlation between the content of heavy metals and
content of REE in waste dump sites was assumed. Analyzes
of usefulness of power plant and mining wastes, in the per-
spective of recovery of REE from this type of materials, have
shown a potential of REE content [7-11].

The share of REE in samples of materials from settling
tanks, which are metallurgical waste dumps is specified.

2. Rare earth elements - realization of R&D work

REE is a group of 17 valuable elements important in devel-
opment of state-of-the-art technologies. Due to their physico-
chemical properties, they are widely used in many innovative
industries [12-14]: REE is a group of 17 valuable elements im-
portant in the development of state-of-the-art technologies:

o cerium (Ce) — metallurgy, analytical chemistry,

o dysprosium (Dy) - petrochemical industry,

e erbium (Er) - lasers,

o europium (Eu) - liquid crystal displays,
o gadolinium (Gd) - CRT screens,

o holm (Ho) - nuclear technology,

o ytterbium (Yb) - optical fibers,

o yttrium (Y) - ceramics,

o lanthanum (La) - hybrid vehicles,

o lutetium (Lu) - roentgen luminophores,
o neodymium (Nd) - strong magnets,

o  praseodymium (Pr) - glass colouring,

o promethium (Pm) - source of Beta radiation,
e samarium (Sm) - nuclear reactor rods,
o scandium (Sc) - aviation industry,

o terbium (Tb) - diodes,

o thulium (Tm) - magnetic materials.

REE are not rare regarding the average content in Earth's
crust, but their concentrated deposits are limited. The largest
concentrated deposits of REE are in China, the USA, Russia
and Australia. The European Union, including Poland, in its
natural resources, do not have deposits of enough concen-
tration of REE. In Poland, the source of rare earth elements
are natural resources (coal, sand and gravel) and waste (waste
electronic equipment, mining and metallurgical waste)
[15,16]. In view of the above and the assumed correlation of
REE content with heavy metals content, a research work de-
fining the content of REE in metallurgical waste was realized.

2.1 Collection of materials for tests

The samples were collected from the wastes after produc-
tion of steel, from the sedimentation pond located in Nowa
Huta in Krakow containing the following by-products from
the blast furnace process [4]:

o slags,

o blast furnace gases,

o blast furnace sludge,

o blast furnace dust.
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Fig. 1. Settling ponds with marked samples collecting points (own report)
Rys. 1. Widok stawdw osadowych z zaznaczonymi miejscami poboru prébek (opracowanie wlasne)

Fig. 2. Place of collecting the sample 1 (own report)
Rys. 2. Widok miejsca poboru probki 1 (opracowanie wlasne)

On 10.06.2020 samples were taken manually from ran-
domly selected points of two sedimentation ponds (Fig.1):
o Sample 1 - Pulp sample from the sedimentation
pond 1 (Fig.2).
o  Sample 2 - Pulp sample from the sedimentation
pond 2 (Fig.3).

The material was collected at points approximately 25
cm deep from the surface of the settling tanks. The collect-
ed samples had a pulp consistency with a predominance
of solids. 10 kg of material were collected from each of the
two sedimentation ponds. The material placed in the bags
was then transported to the KOMAG Institute of Min-
ing Technology for determination of valuable elements
content.

2.2 Preparation of the material

Before analysis of the chemical composition of collected
material, it is important to properly prepare the samples. The
material, which was analyzed with the ICP-MS spectrometer,
should be standardized.

The pulp-like material was dried in a laboratory dryer
(Fig. 4), and then averaged with a Jones divider (Fig. 5) to
extract 0.5 kg of a representative sample.

Fig. 3. Place of collecting the sample 2 (own report)
Rys. 3. Widok miejsca poboru probki 2 (opracowanie wlasne)

Inductively coupled plasma mass spectrometry method
(ICP-MS) was used to determine the content of REE in the
analyzed representative sample. The used IPC-MS spectrome-
ter enables fast, elemental analysis of the tested material sam-
ple. Before analysis, the samples were mineralized and dis-
solved, then the solution was introduced into the plasma to
verify REE content [17].

2.3 REE content in metallurgical waste

The scope of analysis included determination of the
dry matter content (> 99%) in accordance with the PN-ISO
11465: 1999 standard and determination of the REE content
according to the testing procedure (Tab. 1).

Laboratory tests showed the presence of almost all-15 REE
(except yttrium). Content of each element in the tested material
samples is almost identical. The highest content of REE was de-
termined in sample P1, containing 17.26 ppm of neodymium.

Total content of REE (Figure 6) in metallurgical waste
samples is as follows:

o P1-147.4ppm,

o P2-1423 ppm.

When analyzing the REE content curves for samples of
metallurgical waste from two settling ponds (Fig. 7), despite

124

Inzynieria Mineralna — Styczei — Czerwiec 2022 January - June — Journal of the Polish Mineral Engineering Society



Fig. 4. Dried metallurgical waste (own report)
Rys. 4. Wysuszony odpad metalurgiczny (opracowanie wlasne)

Fig. 5. Jones divider (own report)
Rys. 5. Dzielnik Jones'a (opracowanie wiasne)

Tab. 1. Content of rare earth elements in metallurgical waste [18]
Tab. 1. Zawartos¢ pierwiastkow ziem rzadkich w odpadach metalurgicznych [18]

Item Sample Content of rare earth elements [ppm]
Sc Y La Ce Nd Pr Sm Eu
. Sample1 | 16,40 | <1 3,91 | 13,0 | 17,26 | 5,39 | 13,15 | 5,91
(P1) Gd Tb Dy Ho Er Tm Yb Lu
16,29 | 5,39 | 13,57 | 4,10 11,26 | 2,91 14,35 | 4,51
Sc Y La Ce Nd Pr Sm Eu
2 Sample 2 | 15,51 <1 3,62 12,5 | 16,76 | 5,18 | 12,81 | 5,70
(P2) Gd Tb Dy Ho Er Tm Yb Lu
16,08 | 5,17 | 13,20 | 3,90 | 10,89 | 2,76 | 13,92 | 4,33
160 T -
| B Lu
140 + b
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Fig. 6. Concentration of all REE in the samples (own report)
Rys. 6. Koncentracja wszystkich REE w probkach (opracowanie wlasne)

the organoleptic difference (different colour of material from
the settling ponds 1 and 2), an almost identical content of
each element can be observed. It is concluded that metallurgi-
cal waste with very similar characteristics was/is transported
to both settling ponds in Nowa Huta.

3. Conclusions

During this R&D work, content of REE in the samples
of metallurgical waste from the settling ponds in Nowa Huta
was determined. These results are the complementation of the
previous research work realized at the KOMAG Institute of
Mining Technology on REE content in the mining or power

plant wastes as the another group of materials being an alter-
native source of REE in Poland. The intention was to give the
deposited waste material a new economic significance.

The content of valuable elements (about 140 ppm) in the
analysed waste material, using the method of sampling and
testing, does not economically justify exploitation of these de-
posits, the objective of which would be the recovery of RRE.
Nevertheless, further, in-depth research work on the material
from these sedimentation tanks seem to be interesting too.
As part of future work, the tests should be extended by in-
cluding the material collected in several places of the settling
pond and from a much greater depth. This material should be
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Fig. 7. Content of each REE in the samples (own report)
Rys. 7. Koncentracja poszczegdlnych REE w probkach (opracowanie wiasne)

grain classified and different grain classes should be tested. In the case of higher content of REE (above 1000 ppm —
The research work should also be extended by magnetic and economic profitability threshold [19]) resulting from planned
electrostatic classification to determine the susceptibility of processing, there is a possibility of economically justified re-
REE to classification in the magnetic field and electrostatic covery of REE.
interactions.

126 Inzynieria Mineralna — Styczei — Czerwiec 2022 January - June — Journal of the Polish Mineral Engineering Society



Literatura - References

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

Krzyzak J.: Wspomagana fitostabilizacja metali ciezkich w glebach, Rozprawa doktorska, Politechnika Wroctawska,
Wroclaw, 2013

Skowronek K., i in.: Stan gleb pod katem zanieczyszczenia wybranymi metalami ciezkimi oraz weglowodorami na
terenie gminy Dabrowa Goérnicza, Okregowa stacja chemiczno-rolnicza w Gliwicach, Gliwice, 2009

Ociepa-Kubicka A., Ociepa E.: Toksyczne oddziatywanie metali ci¢zkich na rosliny, zwierzeta i ludzi, Inzynieria i
Ochrona Srodowiska, 2012, t.15. nr. 2, s. 169-180

Konstanciak A.: Odpady z produkeji suréwki wielkopiecowej, Prace Instytutu Metalurgii Zelaza, 2009, t. 61, nr. 5, s.
26-29

Odporno$¢ w zakresie surowcow krytycznych: wytyczanie drogi do wigkszego bezpieczenstwa i bardziej zréwn-
owazonego rozwoju, Komunikat komisji do parlamentu europejskiego, rady, europejskiego komitetu eko-
nomiczno-spotecznego i komitetu regionéw, Bruksela, 2020, https://eur-lex.europa.eu/legal-content/PL/TXT/PD-
F/?uri=CELEX:52020DC0474&from=EN - dostep 11.05.2021

Horizon Europe. The next EU research & innovation investment programme (2021-2027), European Commission,
https://ec.europa.eu/info/sites/default/files/research_and_innovation/strategy_on_research_and_innovation/pre-
sentations/horizon_europe_en_investing_to_shape_our_future.pdf - dostep 11.05.2021

Baron R.: Determination of Rare Earth Elements Content in Hard Coal Type 31.1: Management Systems in Produc-
tion Engineering, 2020 v. 28, no. 4, p. 240-246,

Baron, R.: Determination of rare earth elements in power plant wastes. Min. Mach. 2020 nr 4 s. 24-30
Friebe P.: Tests of neodymium content in selected materials. Min. Mach. 2020 nr 2 s. 38-47
Baron, R.: Assessment of rare earth elements content in the material from mine heaps. Min. Mach. 2021 nr 3 s. 18-27

Friebe P.: Determining the possibility of using the Polish aggregates for recovery of rare earth elements. Min. Mach.
2021 nr 2's. 34-43

Jarosinski A., Lucyna M.: Wybrane zagadnienia otrzymywania miszmetalu I innych metali ziem rzadkich, Inzynie-
ria Mineralna, R. 17, nr, 5. 249—256, 2016

Balaram V. ,Rare earth elements: A review of applications, occurrence, exploration, analysis, recycling, and envi-
ronmental impact”, Geoscience Frontiers, Volume 10, Issue 4, pp. 1285-1303, 2019

Jarosinski A.: Mozliwo$ci pozyskania metali ziem rzadkich w Polsce. Zeszyty Naukowe. Instytut Gospodarki Surow-
cami Mineralnymi i Energia PAN, Krakéw, 2016; Vol. 92, pp. 75-88.

Calus-Moszko J., Bialecka B.: Analiza mozliwosci pozyskania pierwiastkow ziem rzadkich z wegla kamiennego i
popiotéw lotnych z elektrowni. Gospodarka Surowcami Mineralnymi. Instytut Gospodarki Surowcami Mineral-
nymi i Energig PAN, Krakéw, 2013; Vol. 29, No.1.

Kathryn M. Goodenough K. M.,Wall F,, Merriman D. , The Rare Earth Elements: Demand, Global Resources,and
Challenges for Resourcing Future Generations”, Natural Resources Research volume 27, pp. 201-216, 2018.

Ammann A.: Inductively coupled plasma mass spectrometry (ICP MS): A versatile tool. Journal of Mass Spectrom-
etry. 2007; Vol. 42, pp. 419-27

Baron R.: Okreélenie koncentracji pierwiastkéw ziem rzadkich w poszczegdlnych klasach ziarnowych, dla wy-
branych materiatéw, EP-P65-26412. ITG KOMAG Gliwice 2020 (materialy niepublikowane).

Cavalcante E, Belviso C., Piccarreta G., Fiore S.: Grain-Size Control on the Rare Earth Elements Distribution In the
Late Diagenesis of Creataceous Shales from the Southern Apennines. Journal of Chemistry, 2014

W artykule przedstawiono wyniki analiz zawartosci pierwiastkéw ziem rzadkich w odpadach metalurgicznych Nowej Huty zde-
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Abstract
Coal flotation using inorganic salts receives special attention. It utilizes coal hydrophobicity to float coal without adding collectors.
Although different salts were tested, chloride salts are the most promising ones. However, the stabilization of froth layer using the
salts only is dubious. Therefore, in this study, the flotation of coal was tested using either magnesium chloride or pine oil as a frother
to see if there is a difference in coal flotation between these reagents in terms of ash removal and coal recovery in the float fraction.
Additionally, both magnesium salt and pine oil were added together to clarify their interactive effect using statistical design. The results
proved that the presence of either reagent (i.e., pine oil or MgClz) is significant in reducing the ash content and increasing coal recovery.
Using the MgCl2 only reduced the ash to less than 4.3% with a coal recovery up to 28% while adding 1.0 kg/t pine oil along with 4 kg/t

MgClz enhanced the reduction of ash to less than 3% with a coal recovery of up to 80% at pH 2.

Keywords: magnesium chloride, pine oil, frother, coal, flotation

1. INTRODUCTION

Removal of ash forming minerals from coal is environ-
mentally mandated. The flotation of coal is a promising pro-
cess to remove or even minimize the ash content. Recently,
the flotation of coal in salt solutions attracts the researchers’
attention worldwide, where the coal can be floated without
collector or frother, but with the addition of inorganic salts
[1-3]. The flotation of coal, although it is a hydrophobic ma-
terial, in electrolyte solutions has numerous advantages. For
instance, adding salts to water reduces the occurrence of cav-
itation as the amount of dissolved air is minimized [4]. Salt
flotation is a physicochemical process, therefore the presence
of electrolytes enhances the effect of electrostatic interaction,
affects the electrical double-layer (EDL) between bubbles and
particles, and reduces their zeta potentials [5]. Using salts not
only reduces bubble coalescence but also the bubble size [6-
7]. At high electrolyte concentrations, a strong attraction be-
tween the particles occurs due to the specific adsorption of
cations that leads to significant changes in the surface charge
of the particles [8].

Several papers have studied the collector-less flotation
of coal using different salts. Most of these studies referred to
chloride salts and especially to MgClz as the most promising
salt for removing ash with relatively suitable recovery [2-3;
9-10].

This paper studies the effect of either magnesium chloride
or pine oil as a frother on ash removal from coal by flotation
using the statistical design. The individual and interactive
effects of using reagents were revealed and their interactive
effect. The flotation using MgClz in the presence and absence
of pine oil was compared to show the importance of pine oil in
stabilizing bubbles in the froth layer in terms of ash removal
and coal recovery in the float fraction.

2. EXPERIMENTAL
2.1 Materials

The coal sample was provided from El-Maghara region,
Sinai, Egypt. The sample was subjected to several steps of
crushing and grinding to get the suitable particle size for sub-
sequent processes of characterization and flotation.

2.2 Methods
2.2.1. Proximate and ultimate analyses

The coal sample was characterized by proximate, ultimate,
and calorific values analyses. Standard analysis procedures
were followed according to ASTM Standards [11-13].

2.2.2. Flotation tests

Denver flotation cell (D-12) with a cell capacity of 1.5 L
was used for flotation tests. The coal sample, of —0.5+0.075
mm particle size, was added to the flotation cell and pulped in
300 ml of distilled water through which the sodium hydrox-
ide was added to adjust the pH at pH 9. The predetermined
MgCl. salt dosage was added and left for 5 min as a condition-
ing time then the 10% solids was achieved by adding water.
The frother (pine oil) was added before the air was introduced
at impeller speed of 1200 rpm, and the concentrate was col-
lected for 3 min.

2.2.2.1. Statistical design

23 factorial design with three mid-points was used fo coal
flotation by MgCl. in the absence or presence of pine oil, at
different pH values taking ash content or coal recovery in the
float fraction as responses. The Design-Expert software, Stat-
Ease, Inc., Minneapolis, USA was used for statistical analysis
and to estimate the statistical parameters using analysis of
variance (ANOVA) within 95% confidence interval.
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Tab. 1. Proximate and ultimate analysis of El-Maghara coal (As received, a.r; dry base, d.b; dry-mineral-matter-free, dmmf basis; moist-miner-
al-matter-free mmmf basis)
Tab. 1. Analiza zblizeniowa i konicowa wegla El-Maghara (w stanie otrzymanym, ar; sucha baza, db; sucha-bez substancji mineralnych, dmmf; baza
wilgotno-mineralna-wolna mmmf)

S As-received basis, % Dry basis, % Dmmf, %
z MM GCV
% (Parr Formula) (mmmf Ro %
£ M | Ash | vM | Fc Ash vM | Fc c H N s | o FC% | V.M%
“w
1 278 | 5.4 |49.95| 41.87 | 3.8 | 5482 | 42 | 7338 | 579 | 1.32 | 3.95 | 12.38 5.61 46.8 53.2 30.64 0.47
2 248 | 65 |48.75| 42.27 | 6.67 | 49.99 | 433 | 716 | 507 | 1.01 | 2.63 | 13.02 8.65 48.3 517 30.05 0.46
3 09 | 315 [5433| 41.62 | 555 | 5138 | 43.1 | 69.79 | 536 | 0.98 | 2.44 | 15.88 734 44.3 55.7 32.16 0.43
4 1.19 6.24 | 52.44 40.13 2.49 54.84 42.7 73.34 6.22 1.12 3.47 | 13.36 4.60 44.5 55.5 28.9 0.44
5 2.06 | 448 5356 | 39.9 | 457 | 54.69 | 407 | 67.3L | 585 | 0.97 | 3.62 | 17.68 6.93 44.2 55.8 31.45 0.43
6 1.24 | 246 | 54.16 | 42.14 | 649 | 52.89 | 40.6 | 67.73 | 6.06 | 0.98 | 2.78 | 15.96 8.54 44.8 55.2 31.34 0.41
7 258 | 513 | 5256 | 39.73 | 3.55 54 | 424 | 7614 | 552 | 11 | 33 | 1039 5.65 44.8 55.2 29.93 0.45
8 1.08 | 2.31 | 52.58 | 44.03 | 234 | 53.15 | 445 | 69.91 | 552 | 1 | 3.3 |17.93 434 46.5 53.5 321 0.44
9 2.61 3.46 | 52.59 41.34 5.27 53.95 40.8 42.74 4.89 1.24 2.9 42.96 7.29 45.7 54.3 30.94 0.44
10 2.03 | 13.8 [49.83| 34.38 | 14.05 | 50.86 | 35.1 | 7328 | 5.51 | 121 | 7.2 | 3.75 9.65 4337 | 56.63 28.46 0.41
Average | 19 | 53 | 521 | 405 53 531 | 416 | 681 | 56 | 1.1 | 3.6 | 163 6.86 4533 | 54.67 306 0.44
Tab. 2. Ash% in float and coal recovery according to factorial design runs
Tab. 2. % popiotu w sptawikach i odzysku wegla wedlug czynnikowych przebiegoéw projektowych
Factors Responses
Std
A:pH B:MgCl2, kg/t C:Pine oil, kg/t Ash in float % Coal Rec. % in float
1 2 0 0 4.9 5.3
2 10 0 0 4.3 46.8
3 2 4 0 4.3 27.2
4 10 4 0 4.8 69.3
5 2 0 1 3 25.6
6 10 0 1 3.9 63.8
7 2 4 1 3 81.9
8 10 4 1 4.7 51.7
9 6 2 0.5 3.3 35.5
10 6 2 0.5 4.2 22.0
11 6 2 0.5 3.9 30.0

3. RESULTS AND DISCUSSION
3.1 Coal sample characterisation
3.1.1 The proximate and ultimate analyses

Proximate and ultimate analyses, as received or on a dry
basis, are given in Table 1. The sample indicates a low to medi-
um ash content of 5.32% with remarkably high sulfur of 3.6%,
Table 1. The gross calorific value was determined to be 30.83
M]J/Kg and is considered in rank determination [14]. Accord-
ingly, the coal sample was classified as medium rank and high
volatile bituminous coal (ASTM Standard) [15-16].

3.1.2 Petrography

The photomicrographs of El-Maghara coal sample are
shown in Fig. 1. All photomicrographs were taken in white
light in oil immersion. Fig 1a Shows Framboidal pyrite miner-
al (py) within the dark groundmass of liptodetrinite maceral.
Fig 1b shows Pyrite mineral (py) filling the coal cracks of col-
lotelinite maceral. Fig 1c shows disseminated pyrite mineral
(py) (framboids) within collotelinite maceral. Fig 1d shows
Irregular lath shape of carbominerite (ca) of mostly siderite
mineral. Fig 1e shows Association of dark liptodetrinite and
clay minerals (cly) occupies disseminated gray detrovetrinite
macerals. Fig 1f shows High relief quartz grain mineral (qz)
with collodetrinite maceral. In addition, Figure 2 shows the
volumetric distribution of associated minerals in 10 coal sam-
ples.

3.2. Flotation results

The flotation results according to statistical design runs
are listed in Table 2. The lowest ash (as low as 3%) in the
float fraction was achieved at the highest levels of MgCl. salt
dosage and pine oil dosage and at the lowest level of pH.
The analysis of variance (ANOVA) analyses indicated that
the pine oil dose is the most significant factor in the ash %
in the float fraction, while the pH is the most significant
for coal recovery. The standard deviation and R-squared
for the fitted factorial model are 0.35 and 0.8893 for ash%
and 5.57 and 0.9802 for coal recovery %, respectively. The
responses (Ash % and coal recovery in the float fraction)
were correlated with the studied factors by the following
equations:

Ash in float % = 4.11 + 0.31*A - 0.46*C + 0.24*A*B + 0.34
*A*C + 0.11* B*C

Float Rec. % = 46.45+11.45*A+11.06*B+9.31* C-8.48%¥A*B -
9.45*A*C - 8.65*A*B* C

Where

A: pH of the pulp

B: MgCI2 dosage, kg/t
C: pine oil dosage, kg/t
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Fig. 1. Typical different minerals of the El-Maghara coal
Rys. 1. Typowe rézne mineraty wegla El-Maghara
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Fig. 2. Volumetric percentages of coal associated minerals
Rys. 2. Procenty objeto$ciowe mineraléw zwiazanych z weglem
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Fig. 3. Effect of MgCl2 on a) ash % and b) coal recovery in the float fraction as a function of pH
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Rys. 5. Wplyw oleju sosnowego i MgClz na % popiotu i odzysk wegla we frakeji flotacyjnej przy pH 2
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Fig. 6. Effect of MgCl2 and pine oil on (a) ash % and (b) coal recovery in the float fraction at pH 2 (C+: high pine oil dosage level, 0 kg/t and C- : low
pine oil dosage level, 1 kg/t)

Rys. 6. Wptyw MgCl: i oleju sosnowego na (a) % popiotu i (b) odzysk wegla we frakeji flotacyjnej przy pH 2 (C+: wysoka dawka oleju sosnowego, 0
kg/t oraz C-: niska dawka oleju sosnowego poziom, 1 kg/t)

3.2.1. Effect of MgCl2 dosage

Figure 3 shows the ash removal at various pH values in
the presence of MgClz only. It shows that the lower the MgCl.
dose is the lower the ash removal even at high pH values. The
ash content decreases by increasing the MgCl. to 4 kg/t where
the ash content reaches 4.2%, at pH 2, with coal recovery of
28% compared to 5.3% ash in the feed. The effective reduc-
tion in ash in the presence of magnesium salt at acidic pH can
be referred to the higher ionic concentration of Mg*', which
helps in repelling the hydrophobic coal particles to the froth
layer where they were aggregated [17]. The existence of these
hydrophobic particles in the froth layer works on stabilizing
the bubbles of this layer for a longer time [4, 18]. In addi-
tion, the ionic species in the solution significantly affect the
bubbles size and stability due to increasing the bubble surface
charge that consequently prevents coalescence [4, 9].

3.2.2 Effect of pine oil

Figure 4 depicts the effect of pine oil at different pH values
on ash % and coal recovery% in the floated fraction in the
absence of MgClz. The higher the pine oil dosage is the lower
the ash in the concentrate where the ash decreases from more
than 4.9 % to less than 3.2% at coal recovery of 28% using
1.0 kg/t of pine oil at pH 2, Fig.4. The lower ash content is
attributed to the effect of the pine oil on lowering the inter-
facial tension that leads to produce small bubbles as well as

the stabilization of bubbles in the froth layer, which assists
in collecting the coal particles as hydrophobic particles with
low ash content [19-20]. Notably, the pine oil reduces the ash
to about 4% and increases the coal recovery, where it reaches
60% at 1 kg/t pine oil and pH 10, Fig.4.

3.2.3. Effect of MgCI2 - pine oil mixture

The effect of adding both pine oil and MgClz on ash %
and coal recovery % in the floated fraction at pH 2 is shown in
Figure 5. The higher the pine oil and MgClz dosage is the low-
er the ash in the concentrate. The ash content decreases from
more than 4.5% to less than 2.9% at 1.0 kg/t of pine oil and 4
kg/t MgCla, Fig.5a. The lower ash is attributed to the effect of
the pine oil on lowering the interfacial tension that leads to
produce small bubbles as well as the stabilization of bubbles in
the froth layer, which assists in collecting the coal particles as
hydrophobic particles with low ash content [19-20]. Interest-
ingly, the combination of pine oil and MgCl. enhances both
the ash removal and coal recovery. The ash content as low as
2.8% at coal recovery of 80% at 4 kg/t MgClz and 1 kg/t pine
oil was achieved, Fig.5b.

Figure 6 shows the interaction between the magnesium
salt and the pine oil. It indicates that the combination of pine
oil and salt is better than each one alone. For example, com-
paring the ash % in the feed and after adding 4.0 kg/t MgCl.,
the ash reduction is gradually decreased from 5.3% in the feed
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to 4.2% without adding pine oil. Adding pine oil, along with
MgClz, reduces the ash % to lower than 3%. Likewise, the
addition of pine oil along with MgCl: significantly improves
coal recovery. Thus, the pine oil is more effective in reducing
the ash content by stabilizing the froth layer while the salt is
more effective in increasing coal recovery by providing the re-
pelling environment to hydrophobic coal particles in the pulp
leading to their aggregation at the water-air interface (froth
layer).

4. CONCLUSIONS

The low-rank high-bituminous coal was subjected to flo-
tation using magnesium chloride salt in the presence or ab-
sence of pine oil. The lowest ash concentrate was achieved at
acidic pH. In addition, although the use of either the magne-
sium salt or the pine oil individually effectively reduces the
ash content at almost the same recoveries, the pine oil is better
in achieving a lower ash content. Adding the pine oil along
with MgClz not only reduces the ash content to less than 3%
out of 5.3% in the feed but also increases the coal recovery to
about 80% in the float fraction at acidic pH. The effectiveness

of MgClz - pine oil mixture over each one alone is attributed
to the role of magnesium salt in assisting the formation of
small bubbles by preventing the bubbles coalescence as well
as providing the ionic environment that leads to aggregation
of the coal particles while the pine oil reduces the bubble size
and maintains their stability at the water-air interface in the
froth layer. In addition, the effect of MgClz is pH-dependent
due to the gradual conversion of Mg** at acidic pH to hydrox-
ide forms at alkaline pH values.
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Preferowany sposob czyszczenia wegla metodg flotacji: olej sosnowy czy MgClz?

Szczegolng uwage poswieca sie flotacji wegla przy uzyciu soli nieorganicznych. Wykorzystuje hydrofobowos¢ wegla do flotacji wegla
bez dodawania kolektoréw. Chociaz testowano rézne sole, najbardziej obiecujgce sq sole chlorkowe. Jednak stabilizacja warstwy piany
wylgcznie za pomocg soli jest watpliwa. Dlatego w tym badaniu flotacja wegla byla testowana przy uzyciu chlorku magnezu lub oleju
sosnowego jako spieniacza, aby sprawdzic, czy istnieje roznica we flotacji wegla miedzy tymi odczynnikami pod wzgledem usuwania
popiotu i odzysku wegla we frakcji flotacyjnej. Dodatkowo dodano razem zaréwno sol magnezowgq, jak i olejek sosnowy, aby wyjasni¢
ich interaktywny efekt przy uzyciu projektu statystycznego. Wyniki dowiodly, ze obecnos¢ kazdego z odczynnikéw (tj. oleju sosno-
wego lub MgCl2) ma znaczgcy wplyw na zmniejszenie zawartosci popiotu i zwigkszenie odzysku wegla. Zastosowanie MgClz tylko
zmniejszylo popiot do mniej niz 4,3% z odzyskiem wegla do 28%, podczas gdy dodanie 1,0 kg/t oleju sosnowego wraz z 4 kg/t MgClz
zwiekszylo redukcje popiotu do mniej niz 3% przy odzysku wegla do 80% przy pH 2.

Stowa kluczowe: chlorek magnezu, olejek sosnowy, spieniacz, wegiel, flotacja
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