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miAdeilldvhmsusaduigdnsiinvedssliiindnsussfuarsdundd  lneldundsanudonan
w¥srueufeuldfanvesianaimiouduiung Suneuseou mumszrui3 Smindedl fadvunn
Aswasladn 15 kW, a@rsvheudld fe 1,1,1,3,3-Pentafluoropropane (R-245fa) qmmﬁﬁuaqﬁm%auﬁ
105°C wardnsnisivadana 22 L/s efnwinansenunsdanndendiintunasaiginsdinues
maudaliihidune 20 y shmsfinsaniivanssnutunansionun 10 Ussioan wagwhenshaufe
1 kWh 91nms@nemuin mimﬁlammaqamwgﬁmmﬂ 1.35E-02 kg CO, eg/kWh nsanasvestuleloy
1.50E-09 kg CFC-11 eq/kWh mazﬁﬂuﬁwiaqmmwwwé 1.11E-02 kg 1,4 DB eq/kWh N13LANN1IEN06)
VDI UAYDDINNBNATY 1.89E-05 kg PM10 eq/kWh anzanudunsa 2.99€-05 kg SO, eq/kWh
msw%iyLauimﬁmﬂﬂﬁmaqﬁﬁufﬂmmm{fﬁﬂ 6.41E-06 kg POzeq/kWh ameiiufivseny 3.38E-06 ke
1,4 DB eg/kWh nMsinnsifufivreundain 1.916-04 kg 1,4 DB eg/kWh n1sanasveodinan
8.61E-03 kg Fe eg/kWh LarmIanaseaamleada 2.33E-03 kg oil eg/kWh dlefinnsannanszny
msdandouiiindunasneignislien daulngiintuainnsldanusznmndnsaludsiuam
7,103 kg MoaLnd (Copper) 37UIU 358 kg wazvan (Steel) 91U 3,327 ke Iuﬂizmumsa%’mt,azamé’?q
Tsa3ou szuundnlih wagszuuiedmieu
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Abstract
This research was to study life cycle assessment of organic Rankine cycle (ORC) power plant
from geothermal energy of Sankamphaeng hot spring, Mae-on District, under the royal initiative of
His Majesty the King, Chiang Mai province, Thailand. The capacity of the ORC was 15 kW,,
1,1,1,3,3-pentafluoropropane (R-245fa) was selected as working fluid of the ORC system, hot spring
temperature was 105°C and mass flow rate was 2.2 L/s, for considering the environmental impact

of the electrical generation at 20 y. The midpoint impact was considered as 10 categories and the
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functional unit was 1 kWh. From the study results, climate change was 1.35E-02 kg CO, eg/kWh,
ozone depletion was 1.50E-09 kg CFC-11 eg/kWh, human toxicity was 1.11E-02 kg 1,4 DB eg/kWh,
particulate matter formation was 1.93E-05 kg PM10 eg/kWh, terrestrial acidification was
2.99E-05 kg SO, eq/kWh, freshwater eutrophication was 6.41E-06 kg POgzeq/kWh, terrestrial
ecotoxicity was 3.38E-06 kg 1,4 DB eq/kWh, freshwater ecotoxicity was 1.91E-04 kg
1,4 DB eg/kWh, metal depletion was 8.61E-03 kg Fe eg/kWh and fossil depletion was 2.33E-03 kg
oil eg/kWh. The most LCA effect came from the galvanized steel was 7,103 kg, copper was 358 kg
and steel was 3,327 kg for construction and installation phase of building, power generation
system and hot spring system.

Keywords: Life cycle assessment, Organic Rankine cycle power plant, Geothermal energy
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nFaruanufouldfinmiundsuindaldanndauanuieulugurenildiu uio dmieu
fiAntuwmusTITR nmsdselulssmdlnenud SSunuiomn 97 undsiiussme wagnuannly
wanAwmile (NS UMAUULaTaYS YN, 2557) Fedulvaigninlulduselovdludanns
vioufisanarifunuinis wWu Asnisiinfeududune Sunoudesu aunszarwiig Smiadedns
fonmgiihmfeufinAutssan 105°C  Gedndidnenmanudouldfinndeudnags uilumenduiuiinng
thanldusslendludsnmseniionfissegnudion drewndieiumfnlunsindanueiudouldfinnn
wandundsnulninielfifnuszlovied1sgeqn waznevaussseitmungvosunugmsmansnHaL
wEUMALNUYesUTEIMA lunsifiunisldndanunaunuiazndanuniadenaelfuau AEDP2015
D 309 Tudm.a. 2579 (nsgvsrandany, 2558) uaztfunisannansgnumsdswandesyeanisuaslui
Mnidemdsleaia iesnndsnuanufeuldfamdundnuiifulinsiodunnden uiedidlsinuly
nsaslssliihuitendluihdnsldtan witnu vieasiaisn o forvdwansenusedauandon feily
nsaalssliihdsdinnudnduidesinmsussiliunansenumesnudanndon

PMNMsAEnwLITeAgeanud InsimdnnisUsediuingdng®in (Life Cycle Assessment,
LCA) mﬁﬂizsmﬁﬂﬂumiﬂizLﬁumaﬂile‘UVl’l\‘i?i\‘iLL?ﬂﬁ@M%BQﬂWiNﬁ@iWﬂ’l \WU Bravi and Basosi (2014)
I§@nwinansgnudedindenvesnisndnnszualiliiivealsslnimdanuaiufouldianludana
Tnefiansannsudesuafivmseinia 91nn1sAnwmudn nsiinnaglanfoulnds 693 kg CO, eq/MWh
anzdunsafifeds 125 ke SO, eq  /MWh LLazmiLﬁﬂmmLﬂuﬁwﬁauuwéﬁmLaﬁa 5.9 kg
1,4 DB eq/MWh Intaniwet and Chaiyat (2017) lévin1sussdiuandulseansnsudesfnuieunszantes
n15Usrgnaldindnsusefuansdunidiiuiundnuiiuiawasndinuge wud Insdanldesinviseu
N3N 0.6078 kg CO, eq/kKWh Luns¥UINIUA Uag AW (2560) lovinnisussiliunsuassfingsou
nszanveamalulagnisuaaluinannvesmauianisszuuigdnsussuasdunid wudn Jusuiunisuaes
AngiSaunszantiaiu 0.9305 kg CO, eq/kWh Lacirignola and Blanc (2013) lavinnsiiasizi
ANINLINGOUTDINITOBNUUUTEUUETUNEIUAMUTaUTFRANAIENTUsl NI InsTIa dn1siuSeuiiey
/1 10 n3dl wud1 Tu 10 n3dl fmsudesmeeunszaneglurig 16.9-49.8 ¢ CO, eq/kWh wauzfinm
dioanslimInennandsnuagsening 272-785 k/kWh shiidanuidininianansenuseguamayvduas
szuviineiasunn Buonocore et al. (2015) lavinnisuselivigdnstisvealsslnindsnunnuiouls
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finnnuuszuvlothuds Oy steam  power  plant)  ludunisivdsundasaningfioinia
2.48E-01 kg CO, eq/kWh nsvinlsinn1ziunga 5.62E-09 kg SO, eq/kWh maﬁﬂﬁﬁmﬁamhﬁwmn
\AulU 8.51E-03 kg NO, eq/kWh misiinaunufivsiouyud 1.12E-02 kg 1,4-DCB eq/kWh n1siinnnaz
Aefhvesasinlaiafinoasonduaus 1.656-05 ke ethylene  eq/kWh uaznisanasvesdulelay
5.62E-09 kg CFC-11 eq/kWh 1Uu@u Martinez-Corona et al. (2017) lavinsuseiliunansgnunig
denandenvoslsslafiindssruaufouldfianludiunisivdsunvasaningiiennia
1.35E-03 kg CO, eq/kWh nsanaveutewmamloada 4.41E-04 kg oil eq/kWh n1stasqiAularaUnfves
fytnluunaaindn 1.62E05 ke 1,4DCB  eq/kWh n1siinAlufivdonywd 2.94E-04 kg
1,6-DCB Eq/KWh n1580adveunan 4.176-04 kg Fe-Eq/kWh msiinnniznesvesduazessmuena iy
2.15E-06 kg PM10 Eq/kWh wazmsiianmganuidunsaludu 5.96E-06 kg SO, Eq

nneATeinanunludedudliinuidelaivinn sussiuigdnstinved selnilriginsusedy
asdunisainndsnueufeuldfianvesfannimdouduiune ffuiadufinvesnuifelidesnis
Anvmansenumadanndeuvesnisnaniiinanndsnuanufeuldiian wazvinnmsTeuiisunanseny
madanndeufuniswdniniivesszndlne Tngldudnnisusafiuiginsdinduadediolunsiinsei
NaNTENUNNEIAdeNNElFNATEIL 1SO 14040

ad d v
nufiinetes

19 3n3U39AUE15BUNIEY (Organic Rankine cycle, ORC)

YY) a a a ¢ & g v o ' a a6 . a [ o

TpansussPuansBunsdidussuuiildansyihnulunguansdunsd (Organic)  lagindnnisvinau
dwsunsuaalniidasansly Figure 1 Sudusinnisiidimdeusnaiemauseulvunuiasenn
dugunsallaniisuanuseuluunsunenls (Plate heat exchanger) WisihihSeulUuwaniudguaiuiou
fuansyialuindnsussfuansdunsd Wevedlvaniunssuiumsmivwiulueiosaiuuuy (Condenser)
Jureunaidui arsvinuaggndasilaeUu (Refrigerant pump) id1duilesu (Boiler) Faazvinlians
auiuleduduasduleoueinds antuezdnginioswenad (Expander) wazriniulagnistumand
saidriuiasesindalnili (Altemator)  vinlviannuduuazguvgiivedleanasuiiiaumisesnyesieiy
Feegluanizveway ntuazlnalumuniuduniosnuwiuienatsduveanaidudidnass (Hgus,

2560)
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Figure 1 Schematic diagram of ORC system for electricity generation by using hot spring.

N13UsUIINIBIN (Life cycle assessment, LCA)
n3Uszliudndns¥induniesdionldlunisitesizinazUssifiuanansenuvosnandus 9%
HANIENUADRIRINADNAADATNTINVOINGA AT N18lANINTFIU ISO 14040

1. msnvuad maneuazuawua (Goal and scope definition) [ >
o o o 4. nsudana
2. MIwATENURYIENIs (Life cycle inventory) -«
T (Interpretation)
3. n1sUsziunansenu (Life cycle impact assessment) -«

Figure 2 Life cycle assessment framework.

IAgNITUIRILATUAUYDINTEUIUNIT 191U NITLANNTIINGAUNTTUIUNIITHER N15uuds n19ldeu
KA karnsindneInidleduaneignisidanuremandaeity 9 lnessuilinaingauuasnaanui
14 nasnuvedeniudegoengduninqeuiionvdinansenuieaunnuyudiazseuuilaaeig  Jedunau
o A a v o Na ! < S LY s [ .
nsaiunuyensuseliuigin®inulieaniu 4 Tuneuvan (aseg, 2555) dawandly Figure 2

ASn1sAnw

1%

ladlwihdgdnausshuansduridnmdsnuaaseuldiian dsegiinamaimieuduiune wunnis
Wanlidn 15 kw, Tdansvinnu 1,1,1,3,3-Pentafluoropropane (R-245fa) auniivesinng aufi 105°C a1
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nMsvalgauna 2.2 L/s wageignisideuvesdsalin 20y Sslunuddedldvannisues LCA 8935013

adunuddenssalul

AMUUAL MUY LALVBULIAVBINITAN®EN

= Jmnneveinsfing Ae Wefnwinanssnunsdundeuiiaduainnisuan e igdns

WSIAUAITDUNSE Mandsuausauldanmduwrasnusou

" RUlIANITANYILUY AB WUUKNTHAA--1N5N (Cradle-to-Grave)
WA UaEnINeNs TunseuIunITINds nsrvIunTasIuainge nszuIunsldnu uag
nsrUIuNIANdneINleduana1gnstdau uiallliRasannslaundaingdv asansly

Figure 3 lnenul8n1591191% (Functional unit, FU) Aie n1swaalndln 1 kwh
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Figure 3 Life cycle assessment boundary.

N153ATERlRT518n15 laevinsiiusiusndeyausunaasandl (Input)

(Output)  Tunswdslihanndsuanudeuldfinnde g insusshuaisdunid newfumusudau
Usuunsleian (Raw material) wasau (Energy) N$we1ns (Resource) N159UAS (Transportation) wag
maaLaﬂmﬂmumaammﬂimmmmmamh\lﬂw FeaazuvamutisvesnszvIunsoonidu 3 939 e
nszuILNIasuariinne naruaunsldonu weenszuaunstdnenidedugregnislieu S

Iiﬂiﬂ/\]ﬂ’ﬁ/\lﬁﬁﬂWUQ'J’WﬁE]uﬁLGIWﬂWGUENﬂi]ﬂ'l‘iﬂ’]ﬁ/!i’é]ﬂﬁﬂﬂ']LLWﬂ“’l Fauangly Figure 4
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Plate heat exchanger ORC operating room

Clean water tank

Water filter

T Cooling tower

Cooling water pipe Hot water pipe

Hot spring pipe

Figure 4 ORC power plant from geothermal energy of Sankamphaeng hot spring.

n1sUszliunansgnunasnigdnstinvedsdlninigdnsussuansdunsd Tngldlusunsy SimaPro
1939u 8.5.0 #1833 ReCiPe (H)-Midpoint V.1.13 (Goedkoop et al. 2017) §1N5AITNANTENUNN
Aaundeusiaiun 10 Uszuan sestoluil

u ﬂﬁﬁLUﬁauLLanaﬂwaQQWﬂWﬂ (Climate change, CQO) ; kg CO, eq

" nsanasvesiulelyu (Ozone depletion, OD) ; kg CFC-11 eq

" mazﬁlﬂuﬁwiaqﬂumwwwé (Human toxicology, HT) ; kg 1,4 DB eq

" msiiannegnedivesuazesutenaiy (Particulate matter formation, PMF) ; kg PM10 eq

" Amzaudunse (Terrestrial acidification, TA) ; kg SO, eq

" swSgiuindeunivesiiviluuasindn (Freshwater eutrophication, FE) ; ke POseq

" asiidufivsenuy (Terrestrial ecotoxicity, TET) ; kg 1,4 DB eq

" sfanmgidufivseunanin (Freshwater ecotoxicity, FET) ; ke 1,4 DB eq

B 115808900980 (Metal depletion, MD) ; kg Fe eq

" nsanaswealewmdieada (Fossil depletion, FD) ; kg oil eq

MIFIIUNANTTNUFIEAINITTNARALNLAN  (Characterization factor) Fudusinansznuni

Faundeudlaanlusunsy lasgiunsadiwi s laanngun1iassa i
LOA = Z(QiCFJ)

e LCIA e MnsiiaueINanIznUN IR aufnIUNANTENY |
(kg, AlANTULABULYINVBINANTINY j)
Q; fa YSnnawian@u i AlFlunszuiuns (kg ve3ianay i)

CF,

; AB ANENTENUNEWINGOY | AuMIInuaunUImMAlaaIniuTwn sy

(kg, Alansuifisuiinvasnanszny j defilaninvesingdu i)
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n1sulana (Interpretation) @I IHaYDYaNITUTLIUNANTENUNNAWINABUNAATVUNITIUTIY
a3una nanIenuTinTu waviUTeuiisunansenunsdsnngseuiunisianlnivesUsemealne azsauide
du q MALITes

NaLazN15aAUTIENE
NANTIATISAUYTIIUNT
nnsiiusiuTndeyatarmuinUsinaasvidwazaisvisennaeniginsiinvesnisnantiin
nNaIUANNToulaNAnmeININIHIRLa1sBUNSY dneazideanansly Table 1

Table 1 Life cycle inventory of geothermal power plant.

Components Raw material and energy Quantity Unit

Construction and installation phase

Input
Structural of Building Eucalyptus (Bark, softwood) 162 kg
' Structural Steel (Steel, low-alloyed, hot rolled)  2,161.32 ke
Floor, column, beam (Cement mortar) 4,140 ke
Floor, column, beam (Sand, gravel and stone) 25,736 ke
Floor, column, beam (Water, fresh) 2.28 m’
Column (Galvanized steel) 100 kg
Flashing tape (Polycarbonate) 12.96 kg
Plastic cover plate (Polyethylene) 13.5 kg
Glass (Flat glass, uncoated) 10 kg
Tile roof (Fiber cement roof state) 2,193 ke
Eaves (Fiber cement) 158.04 kg
Oxide primer (Paint and coating) 46.71 kg
Brush (Broom, brush, and mop) 2 kg
Insulation broad (Polystyrene foam) 696.6 kg
Insulation panels (Galvanized steel) 25.92 ke
Screws (Steel, low-alloyed, hot rolled) 15.75 ke
Purlin (Zinc, sheet) 142.56 kg
Hip rafter (Fiber cement) 71.28 kg
Control system (Steel, low-alloyed, hot rolled)  41.42 kg
Control system (Galvanized steel) 3.6 Kg
Control system (Copper) 15 Kg
Control system (Aluminium) 10 kg
Floor (Epoxy) 8 kg
Other material 54 kg
Electricity 20 kWh
Hot spring systems Pipe (Galvanized steel) 6,933.70 kg
Valve (Brass) 18 kg
Clean water system Plate heat exchanger (Stainless steel) 114 kg
Water tank, Water filter (Stainless steel) 80 ke
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Components Raw material and energy Quantity Unit

: Pipe (Galvanized steel) 40 kg
Valve (Brass) 3 kg
Pipe (PVC) 22.8 kg
Cooling tower (Glass fiber reinforced plastic) 220 kg
Reinforcing steel 40 ke
Pump (Brass) 5 kg
Fan motor (Stainless steel hot rolled coil) 40 kg
Fan blade (Aluminium alloy) 9.5 kg
Floor (Cement mortar) 4380 ke
Floor (Sand, gravel and stone) 4,031 ke
Floor (Water, fresh) 0.4 m’
Pipe (PVC) 27.36 kg
Equipment structural, Plate heat exchanger
(Steel, low-alloyed, hot rolled) 1,150 kg
Alternator, Boiler (Copper) 114.1 kg
Condenser, Vapor and oil separator, (Copper
tube, technology mix) 2134 kg
Condenser (Galvanized steel sheet) 7.5 kg
Glass (Flat glass, uncoated) 0.3 kg
Gauge (Aluminum, production mix) 0.5 kg

Pump, boiler, Valve (Stainless steel hot rolled

coil) 126 kg
Valve (Brass) 23 kg
Glass fiber 3 kg
Oxide primer (Paint and coating) 235 kg
Other 4.5 kg

Transportation Fuel (Diesel, fuel/oil) 500 L

Output Eucalyptus (Bark, softwood) -162 kg
Tile roof (Fiber cement roof state) -110 ke
Iron scrap -20 kg

Operation phase

Input

Raw material Hot spring (Water hot spring) 11,088 m’
Water (Water, fresh) 50 m’
Resin 50 ke
Refrigerant leak at 1 kg/y (R-245fa) 20 kg
Oil 80 L

Output Power generation (Gross power output) 15 kW,

Decommissioning phase

Recycle Steel -1,416 kg
Galvanized steel -7,045 kg
Stainless steel -320 ke
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Components Raw material and energy Quantity Unit
Brass -31 kg
Aluminum -25 ke
Copper -142.56 ke
Zine -373 ke

Landfill Steel 2,026 ke
All other material floor (Concrete) 40,860 ke
Plastic 306 ke
All other material roof (Fiber cement) 2,312 kg
Galvanized steel 26 ke
Glass (Flat glass, uncoated) 10 ke
Resin 50 ke

o/ aa

HaN13ANYINTTUs2ENIINTAIN

IS v v

1NHANITIATILATYTIIENT0RATHTNTTIN UNUTBTUNANTENUNNFININSDUYDINITHER
Infharnwaseuanudeuldinn 1ne3s ReCiPe (H)-Midpoint V.1.13 &slavinnisusziliunansznutunan
Vanie 10 Ussian Turaulakuuinsiia-1-nsn kan13sfnyinudl wansenusiuiiindulunssuiuns
asuasfnaadauandly Figure 5 Wefinsawansenuiiavudiulngdunauainnislétanuszunnmin
ffalud (Galvanized steel) §1uau 7,103 kg Mowns (Copper) $1uau 358 kg wavivan (Steel) 112U
[ = v a % A a a S @ a
3,327 kg \udu Fedanalmianansgnuiumsivisuivasanmgiionnia nsiiannegiiluiviagunn
UYWEY NITANBIVOUNAN UATN1TANAIVDATONAINBATAZY Figure 6 LARINANITUTLTUNANTZNUNS
Awndananszuiunsldu Jwansznuiiintulunssuiumstiaoudien Wesndunisndaluil
Pnndsuaudeuldion Jaduunamdsuanudouiifatuewmusssurfvasdulinsredundon
R & a I Y] a a N e Y o = g =
wingalsfimulunszuiunsuanliihsieiginsussfvansdunidinisldasiau R-245fa daluansiad
duarziidalunarililunszuiunisldnundamansenuludunmsidsuwdasanmglionnianias uay
Figure 7 LARINANITUTELIUNANTENUNNEWINABUVRINTEUIUNTANTRTINLBAUGADIYNT LT B
nszvaunsiiunszuiunsgavinevesniswan il mnnsleszitadsenisdieduaneignisidauuwda
ansmiiaguisdiundululdaulalvi lngindeegnuszann 49.27%  sdamalvnansenuiiinduly
4 a1 1 dl = o 1 o a
NsTUIUMTARTElAanas wagdumioUssuna 50.73% Wiluilsnavegsgnudnauiivia
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4.00E+04
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ke emission lifetime

8.00E+03

0.00E+00

cC oD HT PMF TA FE TET FET MD FD

B Construction [3.39E+04|3.45E-03 [2.77E+04(5.91E+01|1.48E+02|1.48E+01|2.90E+00|4.35E+02(1.75E+04{9.64E+03

Figure 5 Environmental impact category of construction phase.
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Figure 6 Environmental impact category of operation phase

437



N1UTLYNIVINTILAULIA IAMBEST A3991 3

The 3rd National Conference on Informatics, Agriculture, Management,

I®) am BEST

Business Administration, Engineering, Science and Technology ;95;2{-:
2.0E+04 |
1.0E+04 [
: -
£ 00E+00 . t
&£
C -1.0E+04 [
Q
£ 20E+04 |
(]
<
-3.0E+04
CcC oD HT PMF TA FE TET FET MD FD
B Recycle [-2.28E+0| -1.44E-0 | -3.21E+0(-2.60E+0[-9.23E+0 | -1.40E+0|-1.02E+0|-6.45E+0 [ -2.15E+0 [ -5.51E+0
M Landfill |5.61E+03| 4.69E-04 |3.37E+03]1.54E+01|1.90E+01{2.75E+00|3.63E+00| 1.09E+02(6.37E+03[1.72E+03

Figure 7 Environmental impact category of decommissioning phase
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TunsdszifiunansznumsdaunndounaenininidinveddssluinigdnsussAuarsduniduuin
15 kW, Juwaan 20 y Inedlszeziiainiseuyingy 24 h/d uway 350 dfy mmaawﬁmlw%lé’ﬁwmqw%
2,520,000 kWh/lifetime 91nn1snansuUsHansenusiauandly Table 2 wudn nansznudilvahintulu
nsTUINMSAAT NS (Construction and installation phase) TnewdeUszann 75.65% J09a3uie
N32U2UN1919911 (Operation phase) TnotadeUszunas 6.34% LAZNTLTUIUNITAIIAYIN
(Decommissioning phase) Tnsiadauszanas 18.01% ﬁgaﬁt,ﬁ'aﬂwmmiuJ?iaumeaﬂ’lwqﬁmmmﬁaﬁaﬂ
Snegnindneamnisiinniiglanfoudiiian 1.356-02 kg CO, eq /kWh TuiUSsuiflsufusmsgiunisuan
Tihaesszmalvefifien 6.093E-1 ke CO, eq /kWh (83AnN15UTMI5IANTANLT0UATEN, 2559) Fonuandl
ANUBEAINLIN

Table 2 Characterized impacts of electricity generation at 1 kWh from ORC power plant.

Impact category Contribution (%) Total Total emission  Unit

Cons' Oper1 Decom’  emission 1 kWh
Climate change (CC) 59.70  30.41 9.89 3.39E+04 1.35E-02 ke CO,eq
Ozone depletion (OD) 8793 0.11 11.97 3.77E-03 1.50E-09 kg CFC-11 eq
Human toxicology (HT) 89.04 0.14 10.82 2.79E+04 1.11E-02 ke 1,4 DB eq
Particulate matter formation (PMF)  79.10  0.30 20.60 4.88E+01 1.93E-05 ke PM10 eq
Terrestrial acidification (TA) 88.42 0.26 11.32 7.54E+01 2.99E-05 kg SO, eq
Freshwater eutrophication (FE) 84.19 0.17 15.64 1.61E+01 6.41E-06 ke PO4eq
Terrestrial ecotoxicity (TET) 30.37  31.57 38.05 8.51E+00 3.38E-06 ke 1,4 DB eq
Freshwater ecotoxicity (FET) 79.81 0.19 20.00 4.81E+02 1.91E-04 ke 1,4 DB eq
Metal depletion (MD) 73.27 0.02 26.70 2.17E+04 8.61E-03 ke Fe eq
Fossil depletion (FD) 84.69 0.20 15.10 5.87E+03 2.33E-03 ke oil eq

Remark: 'Construction and installation phase, ZOperat/'on phase, jDecommissioning phase
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Figure 8 Comparison of life cycle assessments of geothermal power plant
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2.33E-03 kg oil eq TuRndulunszuiumsairuariniunniigalaaisUsvanm 75.65% so909Ae
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