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No 3

7T —~ | KBots®ED LCA fHli G KIS EM (CdTe %, CISR) £V a—/LLEiEdhT Y
o R KBGEME Y 2 — L & D LR

k4 | Marco Raugei, Silvia Bargigli, Sergio Ulgiati (Energy and Environment Research
Unit, Dep. of Chemistry, University of Siena Via, Italy) “Life cycle assessment and
energy pay-back time of advanced photovoltaic modules: CdTe and CIS compared
to poly-Si” (2006 4F 3 H)

(TKIBHBMED 2=V DFTA TH A INTEAA L FETZRLF = Ry 7 H
A L~CdTe 5%, CISR&EZHT Y 2R e DL~ )

RIS AT Y 2 — V2R & SRS Y 2 R AR EIE Y 2 — L O R R
TV fEHRFIC IS T DEREE A% | sustainability multi-method multiscale

assessment65” (SUMMA) (/L F XV v K, = /LF A7 —)UZ X HEG Al REME T
TR AN ITHED X A6,

KIGEME D 2 — VDB DG & BEFORGINHEL AT LB T 5 KYE
ME Y 22— VSO B oo 86 (LUT, BOSST) (2D TRl 4 F i,
BE TR THELE SND kWh 4720 OFl), REHE DI ES L KO R
NH, TA TV AT MIBTD~T U778 —0OWK % 7M.,

kWp682Y4 7= ) BE 7o = )L — & o= 0L X — F & R R 2 S EAT,

K, JB, OB O R LF =3 TIIHW bRV BRERO = 3L X
—TOWT, BN, H#ENICLEE S E (= ALX—) ZiHib,

2L O LCA Y7 by =7 « Rour—JICEENHBREFEFMTILETHD
[CML2 ~— 27 A > 2000 OFEEZE VT, HERRRE(LIRE, B LR K
5 QAR % R

AEAMAE |- OB E (EAT  [kg/kWh])

L8 © o KOMER (AT : [kg/kWh])

X —gZskaE (ML [MJ/kWp])
TRNF—=_A Ny 7 2 A5 (B [F])
TALXF—69L KD (BT : [sed/I])
HERIRRE (LR (GWP) (HLAL @ [g(CO2-eq)/kWh])
et iRtk (AP) (BAAL @ [%])

KEEGARH (EP) (AL : [%])

65 Ulgiati S, Raugei M, Bargigli S. Overcoming the inadequacy of single-criterion approaches to life cycle
assessment. Ecolo. Model.190: 432—442.1Z2 X %
66 BEAMiIL4C ISO14040 [ZHEHL L TV 2
67 Blance of System DI, ZLH% KEEERES AT MBI 5 KBEMEY 2 — VLS OESYy
68 Uy h—7, BEENFETORRKEER EHAEL L TOMHRRET)) 2577,
O KB RES AT LR L, MEFFEEICE T, EH R IR B E L SO RIALX — (=7
X —) ORE
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(5L - il AR L L KBTS 2 — L ORI TO LB,
"R | < Z#H%jcﬁ%ﬁﬂﬁ% Ja—>
CdTe : 4 B EOZE#HHZ1X 9%, PN T*;‘/—\O) P 9*”75§ 10pm LA T CdTe THERYL,
EV.h—ShHI.
_- Bk Consaest
~ p-CdTe
g
iy
buirate (gans|
T 1T 1] iigeincdne
CdTe KBEEMTE Y 2 — /L OREE
CIS : 4 H EOZE#N=IT 11%, PN #5650 P A 0.1pm LLF O CulnSez THE
o
l l l LlqumﬁaﬁbﬂCWGlm
_ r———
"EETS
g~ Bt Coniact (Wo)
(glass)
CIS K5 TE ¥ = — /L DOHiE
ZAEET U o R KBEMTE Y 2 — L >
Y ary o OEETENR L TRV —Z2EST LD, 2 DO —A%
TRE,
> poly-SiA: &, =L 7 he=r2ficiEsn= ) ar vz ORKI};
A fEHT 5 — A,
>  poly-SiB : B U a2 OFHIE 30% DHD r— A,
BEAF DT — X2 _R—=270% % L2, BOS 25 £72 W KBFEMT Y = — /1 0fliE|C
1m2 470 LI FOMEIREH STV D LERE,
F  CdTe KFGEMTE Y = — /L OfbE TRICHEH I LTV 5 E 4R
Glass 24,960 g/m”
Water 1250 g/m*
EVA 630 g/m*
[CdTe+CdS + CdChL + Sn + Ni/V+ ITO+ Sb,Tes ! 230 g/m?
Electricity 236 kWh/m*
70  TETH-ESU—Eidgens ssischen Technischen Hochschule, Energie-Stoffe-Umwelt. Okoinventar von

nergiesystemen. Berne, Switzerland,1996] } (8 [BUWAL 250—Bundesamt fiir Umwelt, Wald und

Landschaft. Otikoinventar fiir nergiesysteme. Berne, Switzerland: 1998 .
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#*  CISKEGEMET Y 2 — NV ORGE TRICHE M ST D B2k

Glass 24960 g,-m“
Water 1250 g/m?
EVA 880 g/m”
{Mo+Cu~+In+Ga+ Se+CdS+ ZnO + CuSn} 70 g/m?
Electricity 24 3kWh/m”

BOS (21, TIRTHMENRFEH S TVD LERE,
# BOSIm247- v |(ZfEH &N 25 ek

Al (frame) 1900 g/m”
Steel (support structure) 25000 g/m’
Cu (cables and contact boxes) 40 g/m?
Plastucs (cables and contact boxes) 41 g.-ml
Fuel oil (for installation) 10,8 MJ/m®
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GWP 235 <, CdTe<° CIS &£ W o =32 D 2 5Ll F & 7p o 72,
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FRZI D =RV X —2 T 5720, Bk U 2 OF|H &KV poly-Si B
<X poly-Si C TiE, CdTe LVt GWP IHK< 725,
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720 HERESRO T RBOSEE O LI K DEENRKEL D,
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7—~ | ABHEED LCL7— 2 OIUE KBBHT V= — L & O Hf)
k4 | Mariska J. de Wild-Scholten, Energy research Centre of the Netherlands ECN,
Unit Solar Energy
Erik A. Alsema, Department of Science, Technology and Society Copernicus
Institute, Utrecht University
Environmental Life Cycle Inventory of Crystalline Silicon Photovoltaic Module
Production (2005 4E)
wF il > KB ICHBEORIET I HBREEAM 27T DB BB L 72D, (FHETRER T —
R BB E AR D 5T 2 E D, 2 E CORBMTERT O R 2 LCARIE = 2
NOMFEIZRMET 5 Z D TE R oTo, ZO7) BN L UOKE O KG L E
24t114k & 4[F T, Life Cycle Inventory(LCI)T — # MUV % Elii,
N2 VU ayFEEAEED BfEab & v oMb, BB BV 2 —L
M TETCOFERE S v 220E5T560DE LT,
LCT this study
I metallurgical grade silicon | /
T
l solar grade silicon |
‘ monocrystalline silicon crystal | I multicrystalline silicon ingot ‘
sawing l sawing
[ monocrystalline silicon wafers ] | multicrystalline silicon ribbons ” multicrystalline silicon wafers ‘
']
electronic components |—’ | Installed PV system |'—{ mounting system
Electricity generation (location dependent)
LCIDY AT ARy R
wf fill 5 AETREOT v AHHZLic, FRF—42 2k,
2 > MBI ORE S R (ke)
> B, AoBEtofE EHHE (KkWh, MJ)
> KRR~ ofE L & (kg)
> FEEYOFEE & (kg)
> BEEWOLEOM S L& (md)
{5t il 20044F I U331 B BN Je UK 00 KB 3 B e 1 36 o0 S AR 57— & % filt
HEARIE EBET A o6 DERF — 5 IC S < RTINS,

HEIREAOT v 2 EM L2, D Lb3tDT — 2 OYEEE vz (G
JREHEE BT R X —{HE B L WD o LR EDORE T RATN S SR 72)),

101




THHRIEOBZIILU T D LB,
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BB, RPOBFIIT -7 2Rt LR TH

*  HHRIROBEEE

Walfer technology / Process step

MultiSi |  MonoSi |  Ribbonsi

Si feedstock production

1 + literature

Crystallization + wafering

I (1999)
+ update 2004
+ literature

3 + equipment

2 + 1 pilot
manufacturer

Cell processing

4 multi-Si + 1 mono-Si

Module assembly

2 + material suppliers

BT L — R adlEn e (R7T7y 7 ) ar ) id, sy =7 85% %
THD (20064E) L TV A T2 ORIRITE O TR,

U a v ERIOSRLE OV, EEHE) SLCIT
V= A U AED ST —

5 8K,

— B ERONIR T
RIS &, loflEStoHtE T —2 L &b T

¥ i
®

20044 55D K G e 38 dE g 2 D T —
EV a— )L DEFEIT
> ZfEmY—T7—27 L — KU aroFEVEEIRSLCIT —

D,

ZIZHAD X FEd TV a v K&
BIFAUTOLCIT —# 2 N4 - 1B L7=,

ZAESY MNRPS]

£ SR —T— 7 L— Ry o FRAEEICRHLCIT — ¥

Name

Time period
Geography
Technology
Representativeness

Collection method

High purity polycrystalline silicon,feedstock material for crystalline silicon ingots (Poly-Si)
2004

Europe, Western and North America

Mixed data

Average of data from one company and estimated data from another company based on literature data

Data collection byfactory representative + literature data.

Datatreatment

Comment Production with Siemens process either from SiHCI3 or SiH4. Partly with standard Siemens process and partly with
modified Siemens ("solar grade") at reduced electricity consumption.
Mix of electricity supply in accordance with actual conditions at considered production locations.

Products Unit [Amount |Comment

Polycrystalline silicon, Siemens process kg 1.00| high purity, with specifications applic able for photowoltaic industry

Materials

MG-silicon kg 1.13|metallurgical grade silicon

Inorganic chemicals, unspecified kg 2| mix of NaOH, HCl and H,

Heat from natural gas MJ 185for process heat

Electricityheat

Electricity, ffom combined cycle plant, gas-fired kWh 45| actual sources of electricity can vary with considered production location

Electricity, hydropower

kWh

<2}

5{mix of reservoir and run-of-river hydro

Emissions to air

N.B.: emissions from natural gas combustion not included here yet!

> Lty U A VRN XD EAE S Y 3y oo lE

(AR DLCIT — Z 1 LA

ToOLEEBY,
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Name mono-crystalline silicon wafer from poly-Si

Time period 2004

Geography North America + Europe, Western + Asia, former USSR

Technology Mixed data

Representativeness Estimated data, partly based on data from one company (butwith manyunclarities) supplemented with literature

sourcesand many own estimates.
Collection method
Datatreatment Averaging over 3 assumed production locations.
Comment Includes both Czochralski crystal pulling and wafer cutting processes. Wafer thickness 300 um.
The process for internal recycling of silicon is NOT included in the process data, external recyling of sawing slurryis
not accounted either.
The amount of paly-silicon includes virgin AND recycled silicon.

Products Unit | Amount |Comment

mono-Si wafer m 1.00typical wafer: 125x125 mm? (0.0156 m?), semisquare, thickness 300 um

Materials

SOLIDS

poly-Si kg 1.58|polycrystalline silic on of semiconductor or solar grade quality, partlyinternally recycled
silicon from

ingot cut-offs and broken wafers

quartzcrucible kg 0.36(for ingot growing

glass kg 0.01{for temporarily attachment of bricks to wiresawing equipment, assumed same asmult
wafers

steel wire kg 1.49)| for wafer cutting, assumed same as multi wafers

silicon carbide (SiC) kg 2.61{for sawing slurry, assumed same as multi wafers

GASES

argon (Ar) kg 6.20| for ingot growing

LIQUIDS

polyethylene glycol (PEG) kg 2.63| for sawing slurry, assumed same as mult wafers

dipropylene glycol monomethyl ether (DPM) kg 0.30{for sawing slurry, assumed same as multi wafers

adhesive kg 0.002| for temporarily attachment of bricks to wire-sawing equipment

tenside (concentrated) kg 0.24| for wafer cleaning

Sodium hydroxide, 50% in H,0 kg 0.015(see note 1, for wafer cleaning, assumed same as multi wafers

Hydrochloric acid, 30%in H,0 kg| 00027 see note 1, for wafer cleaning, assumed same as multi wafers

Acetic acid, 98%inH,0 kg 0.039|see note 1, for wafer cleaning, assumed same as multi wafers

tap water kg 0.006|for ingot sawing

water, deionised kg 65|for wafer cleaning

Electricity fuel

electricity, medium voltage kwWh 145|total electricity consumption including direct and indirect process energy and overhead
energy

natural gas MJ 77|general use + furnaces

Final waste flows

Siliconwaste (not recycled) kg 0.4|unused part of ingot, estimate

Waste to treatment

cutting waste (Si + slurry) kg 6.0|notrecycled internally, but SiC and cuting fluids may be partially recovered at

specialized facility

> Hfimt ) KD EHR YY) 3 v USRS LCIT — 2 IO
EBY,

® LYY 3 VERHC K D2 Y Y 2 vy = BGEICR DLCTT — X

Name multi-silicon wafer from poly-Si

Time period 2004

Geography Europe, Western

Technology Average technology

Representativeness Average from 3 companies, otal production 1.5E6 m2 wafer area.

Collection method Data collection byfactory representatives.

Datatreatment

Comment Includes both the ingot growth and wafer cutting processes. Arerage wafer thickness 285 um.

The process for internal recycling of silicon is NOT included in the process data, external recyling of sawing slurryis
not accounted either.
The amount of paly-silicon includes virgin AND recycled silicon.
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Products

Unit [Amount Comment

multi-Si wafer m|  1.0E+00|ypical wafer area: 125x125 mm? (0.0156 m?), average thic kness 285 um

Materials

SOLIDS

poly-Si kg|  1.67E+00|polycrystalline silicon of semiconductor or solar grade quality, partlyinternally rec ycled

silicon

from ingot c ut-offs and broken wafers

quartzcrucible

kg|  3.90E-01|for ingotgrowing

glass kg 1.00E-02| for temporarily attachment of bricks to wiresawing equipment
steel wire kg|  1.49E+00|for wafer cuting

siliconcarbide (SiC) kg|  2.61E+00|for sawing slumy

GASES

nitrogen (N,) kg|  5.33E-02|for ingot growing

argon (Ar) kg|  3.04E-01|foringot growing

helium (He) kg 1.36E-04|for ingot growing

LIQUIDS

polyethylene glycol (PEG)

kg|  2.63E+00|for sawing slumy

dipropylene glycol monomethyl ether

(DPM) kg|  3.03E-01|for wafer cleaning

adhesive

kg|  2.00E-03|for temporarily attachment of bricks to wire-sawing equipment

tenside (concentrated)

kg|  2.37E-01|for wafer cleaning

Sodium hydroxide, 50%in H,0

kg 1.49E-02|see note 1, for wafer cleaning

Hydrochloric acid, 30%in H,0

kg|  2.72E-03|see note 1, for wafer cleaning

Acetic acid, 98%in H,0

kg|  3.90E-02(see note 1, for wafer cleaning

tap water kg|  6.41E-03|foringot sawing
water, deionised kg|  6.49E+01|for wafer cleaning
Electricity/fuel

electricity, medium wltage

Kwh|  3.00E+01|total electricity consumption including directand indirect process energy and overhead
energy

natural gas

MJ[  3.96E+00(for removing adhesiwe atter sawing

Final waste flows

siliconwaste (notrecycled)

kg 3.00E-01|unused part from ingot, estimate

Waste to treatment

cutting waste (Si +slurmy)

kg 6.2E+00| notrecycled intemally, but SiC and c utiing fluids maybe partially recovered at

> LU a3k ALY Y 2 U AR USSR A LCTIT — Z UL T O

LB,

#F BT U a Al kALY ) v ) ARG IR ALCTT — 4

Name ribbon silicon wafer from poly-Si
Time period 2004
Geography Europe, Western +North America
Technology Average technology
Representativeness Average from 3 specific processes of which one in pilot phase.
Collection method Data collection byfactory representatives.
Datatreatment
Comment

Wafer thickness 300-330 um. Wafer area 120-156 cm2.
Products Unit |Amount Comment
ribbon Siwafer m 1
Materials/fuels
SOLIDS
poly-Si kg 0.91]
graphite kg 0.014
GASES
argon (Ar) kg 438
Electricity
electricity, medium voltage, total kWwh 45.7)
Emissions to air
argon kg 438
Waste to treatment
graphite crucibles kg 0.014
wafer waste, to recycling kg 0.09
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Name multi—- or mono—crystalline silicon cell

Time period 2004

Geography Europe, Western

Technology Average technology

Representativeness mor Average from 5 specific processes and companies (4 multi + 1
Collection method Data collection by factory representatives.

Data treatment . Some inputs and emissions aggregated to protect sensitive data
Comment

Wafer thickness 270-300 um.

Products Unit Amount |Comment

multi- or mono-Si cell (156 cm?) p 1.00 |cell area 156 cm?, typical thickness 270-300 um
Resources

Water, cooling m3| 156E-02| cooling water
Materialsffuels

SOLIDS

multi/mono-Si wafer (156 cm?) p| 1.06E+00

phosphorus paste kg | 2.27E-05(for emitter formation
metallisation paste kg | 1.17E-03[aggregated value for frontand back pastes containing, silvercontent 1.6E-4 kg
polystyrene, expandable kg | 6.36E-06|for packaging

GASES

nirogen (N,) kg | 289E-02

oxygen (O,) kg | 159E-03

argon (Ar) kg| 4.01E-04

Fluorinated compound mix (CF,, C2F;, SF¢, NF,) kg | 4.93E-05|aggegrate value for different fluorinated source gases
ammoniak (NH;) kg | 1.05E-04|for silicon nitide deposition
silane (SiH,) kg | 189E-05(for silicon nitide deposition
LIQUIDS

sodium hydroxide, 50% in H,0 (NaOH) kg | 245E-03

acetic acid, 98%in H,0 (CH,COOH) kg | 442E-05

hydrochloric acid, 30% in H,0 (HCI) kg | 7.12E-04

hydrogen fluoride (HF) 100% kg | 589E-04

nitric acid, 50% in H,0 (HNO,) kg | 417E-04

POCI3 phosphory chloride kg | 3.39E-06|for emitter formation
phosphoric acid, industial grade, 85%in H,0 (H,P0,) kg | 1.19E-04{for emitter formation
sodium silicate kg| 117E-03

calcium chloride (CaCl,) kg| 337E-04

tetraisopropyltitanate (T PT, a titanium precursor) liter| 2.22E-08for titanium dioxide antireflection coating deposition
isopropanol kg | 123E-03

ethanol kg | 9.98E-06

solvents, organic, unspecified kg | 224E-05

water, deionised kg | 2.15E+00

Electicity

electricity, medium voltage kWh| 590E-01

natural gas MJ| 742E-02

fuel oil liter | 5.06E-04;

Emissions to air

auminum kg | 121E-05

hydrogen chloride kg| 4.16E-06

hydrogen fluoride kg | 756E-08

lead kg | 121E-05

particulates, unspecified kg | 4.16E-05

silicon dioxide kg| 113E-06

silver kg| 121E-05

sodium hydroxide kg | 756E-07

in kg | 1.21E-05)

\OC, volatile organic compounds kg| 3.02E-03

FC-gases (CF,, C2F, SF¢, NF,) kgCO2-eq| 441E-02| Emissionin kg CO, equivalent, estimate based on 70% source gas utilisation
Final waste flows

Photovoltaic cell waste kg| 431E-03

Waste to treatment

multi-Si cell, to recycling p| 176E-02

neutral solution ? | 731E01]

alkaline solution ? | 217E04
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Crystalline silicon PV module production

Name

Time period
Geography
Technology
Representativeness
Collection method
Data treatment
Comment

2004

Europe, Westem
Mixed data
Average from 2 companies + literature data

Data collection by factory representatives and literature data.

Only materials and energy use for module lamination and further assembly. Typical total area (excluding frame)
efficiencies are 14.0% for mono-Si modules, 13.2% for multi-Si modules and 11.2% for ribbon-Si modules.

N.B.: Module parameters may be changed below (red figures):

Number of cells, width
Number of cells, length

Cell size (length)

Cell area factor

Cell efficiency (encapsulated)
Calculated parameters
Module width (w/o frame)
Module lenght (w/o frame)
Module area (w/o frame)
Module perimeter (=frame length)
Number of cells

Module power

Module efficiency (glass area, excl. frame)

6
12

12.5cm

1.00

14.7%

80cm
156cm
1.25m
4.72m

72

165Wp
13.2%

N.B.Material quantities below are calculated from the module parameters above

Products Unit Amount |Comment

Module, c-Si pc 1.00[{dimensions see above

Materials

Solar cells pc 73.4] +2% cell loss

Aluminium profile kg 3.8|for frame, may vary per manufacturer

Polyphenylenoxid kg 0.2|junction box, may vary per manufacturer

Glass sheet, low iron, tempered kg 11.4| assuming 3.6 mm glass thickness, varies from 3.2 to 4.0 depending on application,
size and manufacturer, +1% loss

Ethyl Vinyl Acetate kg 1.3|EVA consumption 0.96 kg/m’, +6% more than glass area

Back foil, for solar cell module kg 0.32|50% polyvinyifluoride, 50% polyethylene terephthalate, 0.243 g/m2 (0.17 mm
thickness) 7% cutting loss

Copper kg 0.14|copper ribbbons for cell interconnection

Tin kg 0.007|Sn60Pb40 plating on tabbing material, Sn plating on interconnect/terminal ribbons

Lead kg 0.004(Sn60Pb40 plating on tabbing material, some manufacturers use lead free.

Nickel kg 0.00020|Ni plating on interconnect/terminal ribbons

Soldering flux kg 0.0100(soldering flux, 95% propanol, no halogens

Methanol kg 0.0162|cleaning fluid 13 ml/m’

Silicone kg 0.0029(for diaphragma of laminator

Silicone kit kg 0.150(kit to attach frame and junction box

Cardboard ke 137 packaging; estimation: 2 modules per cardboard box, 1 kg/m2 board, 2.2 m’board per
m” module

Tap water kg 27| for glass rinsing and general use

E )

Electricity, medium voltage kWh 8.33 [total process energy

Ei f

Solar cells waste kg I 0.015(2% loss, 10 g per cell, may be recycled

Waste to treatment

Solar glass, low=iron, to recycling kg 0.11|breakage loss assumed

Ethylvinylacetate, foil, to waste incineration |kg 0.05(4% cutting loss

Back folil, to waste incineration kg 0.02(7% cutting loss

fili K @D
LN

HroFige 722 LC1 7 — 4 %,

ARIHRIL, V=T — 2V OREDO K TRRICEIT 5 LCI 7 — % OSP4 B
B1E LD TH Y, LCA FHESLFEEE D LCA /51347 - T2y, LCA 4y

P

FETF—FIESETEH LD TH D,
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T—~ | KEtHED LCI 7 — & OIE CRIGEME 2 = — Vil BRE T IER O M)
R Paolo Frankl, Annalisa Corrado, Simona Lombardelli
[Photovoltaic (PV) Systems ECLIPSE (Environmental and Ecological Life Cycle
Inventories for Present and future Power System in Europe) Final Report] (2004
F1H)
A > [FEA oo B A & 2]
TUF AL, FONFEERO T3 LF — Lk AR BI%EIC T 5 7 e 7T Acki)

HECLIPSE™ (Environmental and Ecological Life Cycle Inventories for
Present and future Power System in Europe) 72 =7 FOH L{ThbiL7-%E
VAT LDTA T AT NA N BSOS B KB D DA RO
LR=FTH D,

EZTEEY

KB E LI KB EREY AT AOFIEIZRD4>TH D AED DHEFFE I E TH
AHICE Eh D,
> HEEET Y a3 (serSi) VAT A
>  ZfEEET Y a8 (me-Si) VAT A
> TELTZyAVY A (aSi) VAT A
» CIGS VAT A
FELOKRKBGNFEE S AT L&k TIZT~23FHAD 7 — AR L, 4TDr— R
DWTHT & FEff, FERMBES — AT TDEBD,
BRI 72 A — R
HREE O RN AL TR E S L2 — R
A MR O T — 1 SRS E Sz — A
KB/ BEDr— A
TRIND RO — A
REFEORLR D r—2 (BIRIZRET 5. MW ~2 %59 fiH)
iy ) a BRI OWTE, T2 ) ar ORRLEE D — A
KN E AT LDTA 7Y A 7 VOBERIZLLTO LR,

YV V V V V V V

2 ECLIPSE /%, 1 # U 7 ® Ambient Italia ZH & L7z 7 »E O OIEEBIC L Y Eiish/-7o Y =
7 hTHD (www.eclipseeu.org) . ECLIPS VY= FTiX, KB, B, M A~<A, CHP., XK}1D 5
FEOBERE NG E L TEY., TOHSIT ECLIPSE @ LCL 57— % X— A IS5,
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Unit Processes

Manufacturing of
PV modules

Thin film module
Semiconductor preparation
Preparation of glass substrate
) Deposition of TCO layer
Deposition of sim~conducior
Cell preparation

Madube assembling

&
b
H

Production of | BOSel

PV Life Cycle il BOS .

BOS mec.

I Installation |

Operation

Operation |,_

Maintenance

|

End of life

| End of life/disposal |

X KBERES AT DT A 7Y A 7 &K

RHIETE |- DT o$EEEIc oW T, 1kWhE S EMIC A 2 5rE OB A 5,
i > A (AL : [kel)

AT [ke])

H 2 (HAL : [m3])

e (AL [ke])

COz (W7 : [kg])

(HA7 « [ke))

SOx (B : [kg])

NOx (HAL @ [kg])

ok 7 (WO - [kgl)

IR B AR A (BT - [kg])

VvV V V V V V V V V
Q
i
'S

DBL-AI | - KO, AR B,

AW | kmEmiza—o o8 BUIBNEE LT z—. AL R) TEETLLDOL L.

APEENC X2 ERITBE LRV,

HHer — 2%, A XV T PR COBRELRTE,

> HEENREDVOF—RE L THRg—r vy /3 BFRERKOS—R L LTH
ARA U ERE L, A E i,

2001 FOHMAFEREL T2,

BREROBLVYFA I NTHEE L, ZOMITHENLST,

abfis | [CO2 PR R DR ]

PR A XL TEET DL, Iy SLATAEESNDI OV EEND,
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ES o EVa—1Im2 4720 O CO HEHE, MUK HEL A7 L L LTRE LY

A D 1kWh 4720 @ CO HEHEIFLL T D & B0 Th 574,

> GWP [ ZIKBGEMOFIIC LY Bl | HEHRL ) a L RSEER VY 2
B2 b E < 150kg CO2-eq/m2 Ll L& 72 d, TENT 7 AL a U ANTK D
< £ 50 kg CO2-eq/m2 T 5,

> KRB AT LR E L THIESLE. BOSOEEIITENL T 7 AV 2
VIR RS RELS, GWP 2EOK 4 K28 BOSIZL 56D LD,

GWP for different modules
120 1
= 160 |
= 140 |
= 120 I
g 100 1
8 —
4'] I
23 i
| T T T 1
-l me-5l 51 moduie ChES
modige el modwe ! refcase module et
caze LFse case
Y 2 —/VHER D GWP
GWP for different installed systems
& |
: - T
%_ 40 i _J
|
3 4 [
o — _| O8O
"I-_: _ |
8 o
= 104 = Transooat (o
g | Imetadaticn
] ] ] 1
-5l el me-S1 el 3-S5l IS et B ktdane
rags caga Cass pase prodisction

X KEEYEHE S AT LFER DO GWP

Ziftaa s ) 2 UMY AT NI S, wE, BUE, FkRO CO P &EITLL T &

B,

> WEF—ATIE=LVZ hr 72U 3% 100%FH ERGELTHWDD
IR LT, BE, TR —ATIRHZOEEMETTH L L BT, TV a—b
ATV a v OEREEHAHENTSELTHnSZD, GWP (Hiak & i L <
BAETIE 40D LU TIERT L, FERMICIZES IR TT 5 B 1 bitd,

MRRIIFEY 2 BEVAT LIBT LIRS — R ERR L LR TH 5,
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GWP mc-Si Past case, present Reference case,
Future case
250,00
s 200,00 +— ; B End of ife
é B Transport to installation
£ 15000 080S
3’ OModule assembling
8 et B Cell manufacturing
o .
© 50,004 EIWafq production
H Feedstock
0,00 4
mc-5i Pastcase meo-Sipresent  me-Sifuture
Reference case case
< A5 Y a A omE, BIE, RO CO &

RE RO GWP IZLL T LB,

> EPOBIRICIRNGRTICIE NS X A 7 EVOBEMICRES 5417, BIRIC
WEDLLA T, FANEHOTEBRICHAIATLY A7, BIRZEOS D% K
HRFWNZT HEA T HRLTONDN, EVEERICERE T 5 ¥ A 7 (Vertical
facade Integrated) T, BOSHIKOHEHEN D72 7o > T 5,

GWP for different type of building integration

£ ]
£
-
= ) = | [=luk
S ; T
g OModuiz assambiing
o - _- 3 = Ocel manufacimng
10 - 1 | it WWater production
OFe=dsinck

Gound Verscal facade  Tifed roaf Tiedmof  Sodar ool ies
mounied power  Inlegrated refrofit (Rt niegrated
plar Case)

¢ EEITEN O GWP

N
LN

KEGEM O, FHa, EOXH>7vVavzERTIMNCLY, KEBERED
BEAMIIRE B2 D,

fimy ) arwmTid, YV arvo oBETR, @R TR, HEROHER T
FEDBRBEFB DR E N,

ZhET ) 2 VBV AT AT, FRERIICRBE L O S, FEamo R,
VU aroRMT e A0UEE, HHEARKEEEENS ORI ) a vz
OFFAIZE Y | IRBNRT A OPEHEET0%HNNT 5 Z & B HIFFTE 5,
EVEEEIZERE T D X A TI3EER B I T2, kWh 720 OCOEH &13£ <
5, —H. BIRED G OZ KRG AFMATT D4 A FITBEFICRET D244
DTEFREDOGWPTH Y | Y 2 — /VORHIIT TR EEFEIZL->TH
GWPIIRE<E72 5,
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KEEFED LCA M (BAU >+ U A& WEEE >+ VA4, VA FU A (B - &
Bl AT MEE) L OLi)

SCHRA

EPIA/BSW [STUDY ON THE DEVELOPMENT OF A TAKE BACK AND
RECOVERY SYSTEM FOR PHOTOVOLTAIC PRODUCTS] (2007 411 H)

A i >
U A

B RR &2 2 TV D KRBTV T, LEIN S PV EY 2 — /Lo

[FIAER DAL BT 2 BIEIZAE H S Tuve, LasL, 2007 48 7 H | #8720

I « U AR —152 25 I (take back and recovery system) DOFEH A HIEL T,

7 2 vV TR S “PV Cycle Association” (Z8WTIE, BB &%

EIEDBUR DD DO HTIE o072 STV,

DDA ILTIR, B4 (BUEMZR) S, ARy, BT, 1B - BURRY

GNT = AL LTeN T A =2 2E5< K0 iEgleme - FAFM T 2T LD

WA B E L, BT O AUHEE £ Coita A & & EHEAR PV €Y

2= VDEI S U HNY — (VS A 7 )VRBEFAY) F TERE LiMiz%E

i

RS U I T O LB,

> BAU 7 U F

» WEEE > U A4 : KPpt#EIcx L WEEE fa 425 1 S i-54

» VA (Voluntary Agreement) 7 VU A : HEMEY MAE LTEIZ - U AN
U= AT LSRR S NG

VA I NnTavADEZFIILLTOLEEY,

> VP AT rieRZonT, BHEEEESNTWLDIE, RV EzhLs
LTHEMENTWAER LY Y aE Y 2—/LL First Solar 4 TEME S
TS CdTe BV 2 —VIZEHT LIV A 7 VT ut A THL, VAT U AT
X, EHOLOHATHLEERTY a2 CdTe 1I2Mi, AT AICONTH Y
YA T NEATH IR E  BMED Y A 7V E4TH 2L & LTS, —F, BAU
F U AL WEEE 7 U AT, EHANCET ST ZITo> 28 &L
T3,

> VYA 7T rt ACBWTEROMEMITEERKE 24 9 25 AT
X, —MB97e LCA G & FIFRIC & BV 3 AN EE L WETRO R B % & &
TE T, CIGS X° CdTe €Y a—/L DY HA 7 L TiE, fd CMHifEd
&R (In, Te, Se) DFEERICEN B, HNAF SN D550/ & LT
FIH S D56 TIE, AfIc kbl d,

¥ 1 e

I

GWP100 (Global Warming Potential 100 years)
F U JE O FER BB, R - AREE O 3 X N EOREF R,

% A

e SUE

T U AR LRVEHESRIE & LT, DITOHEBE Z80E, 2B, R Bolr
ZAT 9 T2 O DIA A % BIERFRE

B <=5 U 7YYo 7L (material recycling) & ZAEIY (energy recovery) % i i & e
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> BEIEE AR IKICHER, MHHFEEREATY 2 A BITERY 27—
DARFEEMNEDH Y, HEREY 2 — VOB TO LR,

#£ ERECRRFEIERICT D EERTE Y = — VO EIE

Tabkle 41: Proportion of individual technologies in total thin film waste quantity

sl el g2 | o 2| 2| el el =228
s s/ 8| 8| 8| 8| 8|8/ 8| 8|8/ 8|8| 8
a-51 | 100% | 96% | 97% | 95% | 87% | 78% | T0% | 1% | 53% | 52% | 52% | 51% | 51% | 50%
CdTe |0% | 2% |3% |5% [B8% |129% | 15% | 19% | 22% | 22% | 22% | 22% | 22% | 22%
Cis | 0% 0% (0% |0% |[5% | 10% | 159% | 20% | 25% | 26% | 26% | 27% | 27% | 28%

> HHIWE : PV £ 2 — /LD RoHS 55T W T IR T Hiu T
DUEIZLLTO LBV,

# PVEY=2—/ITET 5 RoHS 55 OHHIWE OEIE

Table 44: Hazardous substances according to RoHS in PV modules (detail for flame retardants are not available)

Contents in relation to the entire module Details relating to homogenous material
in accordance with RoHS
Cd Ph Cd Ph
G- / <(0.1% <01 =1 (Solder)
a-3i ! <0.1% <01 =1 (Solder)
CIS <1% <0.1% 0.1 (Cadmium-containing parts) | =0.1 (Solder)
Cdle | <01% <[0.1% 0.1 (CdTe film) =1 (Solder)

> KT UAOREIILUTOEED,

F)FDER 1 A & B SFUX
BAU | WEEE | vA
IR
IREHMRITH TS | RESMAOH | FIAE EEE EEE
TWED2—-IILD
axX &
IRE S OMER | RESMOH — EELEEED | F=F (AT,
s i TA4—5—. 4
VA R—5-)
FERIREENHIC | BRESMER | FIRASE MAE MAE
MMHIR MEE | EEMER | FIAE MAE MAE
T4—Z—IZ5|E | REMAER | FIAE EEEMN 26~ | £EE
ETf-HNDaR b+ 70%. FIFRAEH
=F::| 75~30%
EEHMER | AAE EEE EEE
=IERBDUNER 0 K & 8 M (& | #)5E (2008 F)
25%. EEZEEBM | X 25%. 2012 &
ITEFREFET | hid 85%ITHEM
7 <L IR
DEMEE L
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nE
PUBEE LS HemED | — Hg,Cd,Pb,CrV | Hg,Cd,Pb,CrVI,
7 I,BFR BFR
EEEMHD | — BICHRELAE | A5 R, 7L—
ok WHALTIL | L, FEBEH
RLEBFMEIC
ER)
WIBIZEHT 53R | BAEEM FAE EEEN 2B~ | £EE
S=Fi| 70%. FIRAEFH
75~30%
EXEEM FARE EEE EEE
WIBICRET S | REEM —BREEY| 25-T0%IETE | £=F
HEE WEREE BEE YA %
F. 75-30%H
—REEML
HEE
EXEEM —BREEY | BHEEREYVL | E==F
WEREE HEE
A4 oL
YA ILE REHMER | — BUYSAOIL | B)YADILE
NDED2—) M 70~80% | 80%
EXWMMER| — EEMHRE | LYY IILE
NDED2—) Bl 80%
&% - it AEHES | MAEHREAR
BOES1— | OES1—ILD
ILDEE BE (ERBEO
BEEMEED)
JHA4 5 )ILDIR | BEERF FARE EEEN 256~ | £EE
S=Fi| 70%. FIRAEFH
75~30%
EXEEM FARE EEER (YA | £EEE
IIVEDEE
e L)
US4 7 ILOYME | REERM —REEY| 256~T70%D0 4 | F=F
MEE WEREE EREYLE
£EF.75~30%
N—EEEY
WEREE
EXEEM —REEY | BHEEEYVL | E=F
WEREE HEE
3
EBBER - E/EFRIEE PV 44 Y L%
P
W7o+ X0 FAE BIT. £E&. | £EF//PV YA
&t E£=F Fax | 7 LLBR
H. REED

¥
2

BAU 7 U FIZEB1F %5 GWP100 ZX— (2, WEEE 7 U # & VA 7 U F|Z

BiF5 2020 £ F THO GWP100 ZHEFH L7 RIZL T L BV,
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WEEE >+ U A L g LT, BREEICK VESE L2 VA & U A4 TR VB
MHREEWVE LT TED, 2020 FR R TIXIWEEE U A & g LT
1.7 ERREOHIHENR R & 5,

WEEE 545 Ci, fEHEAD T T A 2 NI ClE g atax b el e LTEH L=
BAELIVY AT 0l HHABTOFAHLY YA 7 r0—EE LT
W5, ZAUZxF L, VA U U A TIEA T R L8Rl 3 AE TR E R UH
BZEV IV A7 vENDRE, KV EETMEOREWI A 7 Va5 2
L LTW3, £/, WEEEHS TiZ, LT A XL THDHNE 5 MOBRETE
BOR/NMNARL TR VA I NVEOLEFEL TS, e, VAT T U AT
X, AEFESCEIEIC L VRET DREEMO ATV AL LTS,

Global Warming Potential (GWP100)
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Vestas Wind Systems A/S [Life cycle assessment of offshore and onshore sited
wind power plants based on Vestas V90-3.0 MW Turbines] (2005 4= 3 H)

A i >
T U A

1S014040-14043 D J5 AN ZHEHL L TR % F2 i,

E£7 U > 71ZiZ, EDIP(environmental design of industrial products)i (2 55 &
PC tool GaBi % {# i,

Vestas V90-3.0 MW turbine % #Flixt5 & 95,

MMAT 27 = ZI3TEBRICHEB L TV 5H 77 > hTiEZe< | Vestas tLDORA T 5E
TNT T e TETLZ e L, L BENFOTT o M axtge T
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¥ 1 e
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® HA—EURPRTAI vy a VITHOWON D EIRORAE
(A4 7V A7 N2ER)
Materials for offshore wind power | Materials for onshore wind power
plant plant
Materials Offshore Transnission Onshore turbine | Transmission
turbine
(kg/turbine) (kg/farm) (kg/turbine) (kg/farm)
Water 3.66E+07 1.88E+08 3.27E+07 1.11E+05
Hard coal 1.89E+HD5 1.65E+06 9.95E+04 0.00E+00
Tron 1.17TEHDS 4.84E+04 6.42E+03 3.17E+01
Crude oil 1.01E+H05 6.56E+06 8.08E+04 1.07TE+04
Quartz sand 9.33E+04 545E+04 9.27E+04 1.80E+00
Lignite 7.90E+04 1.16E+06 5.34E+04 4.30E+02
Natural gas 7.76E+04 1.35E+06 5.13E+04 3.39E+03
Limestone 3.37TE+H04 1.14E+05 1.46E+04 3.02E+02
Sodium
chloride 1.45E+04 7.38E+04 1.41E+04 2.60E+02
Zine 1.12E+04 2. 44E+H04 2.09E+03 0.00E+00
Clay 8.37TE+03 2.11E+H04 8.37TE+03 1.52E-01
Stone 2.80E+03 1.25E+06 S.5TEH0S 0.00E+00
Manganese 2.52E+03 1.33E+04 1.81E+03 1.90E-01
Aluminium 1.96E+03 1.22E+H05 7.86E+02 1.29E+02
Copper 5.51E+02 2.03E+05 5.25E+02 5.32E+02
Lead 4.33E+00 8.60E+04 4.17E+00 0.00E+00
RPAIAS | P EROWE ERAREIC &> TEHEEET DB 5 1kWh2 72 b @&
R V=R AX—REIUTOLEY,
| Offshore wind power plant | Onshore wind power plant
Quantity | i Quantity
Resource [2/kWh] Resource [2/kWh]
Water (fresh) 140.010 Water (fresh) [kg] 211.633
Hard coal 0.752 Stone [kg] 3.531
Crude oil 0.635 Hard coal 0.662
Iron 0.419 Quartz sand 0.587
Natural gas 0.338 Crude oil 0.550
Quartz sand 0.335 Lignite 0.357
Lignite 0.334 Natural gas 0.349
Limestone 0.125 Limestone 0.095
Sodium chloride (rock salt) |0.056 Sodium chloride (rock salt) | 0.092
Stone 0.055 Clay 0.054
Zing 0.041 Tron 0.041
Clay 0.031 Zingc 0.013
Aluminium 0.011 Manganese 0.012
Manganese 0.010 Aluminium 0.005
Copper 0.009 Copper 0.004
Lead 0.003 Chromium 0.002
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Energy consumption [MJ/kWh produced]  |Offshore Onshore
Fossil fuels

Crude oil 2.89E-02 2.50E-02
Hard coal 2.32E-02 2.06E-02
Lignite 3.27E-03 3.50E-03
Natural gas 1.86E-02 1.92E-02
Nuclear power 2.12E-02 2.22E-02
Renewable energy

Biomass. dry matter, fuel 8.98E-04 7.74E-04
Hard wood. dry matter, raw material 7.09E-05 1.26E-04
Primary energy from hydro power 5.57E-03 6.20E-03
Primary energy from wind power* 2.54E-07 4.51E-07
Renewable fuels 1.17E-08 2.08E-08
Straw 1.81E-06 2.30E-11
Total (MJ/kWh produced) 1.02E-01 9.836E-02
Total (KkWh/kWh produced) 2.85E-02 2.732E-02
Total (kWh/turbine) in the lifetime 8.098.391 4.311.484

7o, BBICH > TREQKLOKPA~PEH SN D IIERIZUTO LB,

Emissions [g/kWh produced] Offshore Onshore
Emissions to air

Carbon dioxide (CO2) 5.25E+00 4.64E+00
Sulphur dioxide 2.22E-02 2.30E-02
Nitrogen oxides 2.04E-02 1.72E-02
Carbon monoxide 1.99E-02 8.17E-03
Organic emissions to air (group VOC) 1.20E-02 1.38E-02
Nitrous oxide (laughing gas) 1.77E-04 1.87E-04
Lead 1.72E-04 3.02E-04
Hydrogen chloride 1.11E-04 1.62E-04
Nitrogen (N2) 1.03E-04 7.26E-05
Hydrogen sulphide 7.45E-05 3.18E-05
Chromium (unspecified) 5.72E-05 7.88E-05
Emissions to water

Total N 2.66E-06 1.60E-06
Total P 3.20E-08 2.93E-08
Chemical oxygen demand (COD) 1.23E-03 5.18E-04

VOO R\ HL D BR BT S B SR Bl DERBE~D %7 5-FE (kWh247= U D Person Equivalent) |3
AT LY, 728, Person Equivalent &1, 7o ~—7 TRRKFZORB L
EDIP (environmental design of industrial products) {£I1CHES& BHE ORI
BEBEIIT - AT LBOBEMTHY | SFHNR AN —EIZE 2 DY

DRESZ2RKT,
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Slag and ashes
MNucl=ar waste
Hazardous waste L |
Bulk waste
Human toxcity water
Human toxicity soil [ :

Human toxicity air bli_'

Ecotoxwater cronic

Ecotoxwater acute

Ecotox soil

Photochemical oxidant (owMNOx)
Photochemical cxadant (high NOx)
Ozone depletion

Mutrient enrichment

Global warming

Acidification
T

0,00E+00 1,00E06 20006 30006 400806 500206 6,00E06
person equivalents
| B Cnshore lfoshure|

VOO R\ B D BREE 5 AR A I D BREE A~ D F7 5

LTI e b7 T {2 IZOWTIREY T VEMBREBEEL LSBT

A D1kWhY 72 0 OHERIEREL~DF 5 EORRIILL TO LB Y,

> EETI7Ub0FR, BETT MLV L HERER(E~OTFFEITEL, 4
M E A/ E 106,000 MWhERFED Z — B DA, HET T2 MEkE LT
T NDUEDTFEEL R D,

> FEFT7UM EEFTUMEBIC ARN LS X —E U ORBENSIEIN (B
R M ) F 212250 T, HIERER(L~OFGEITIKRT L, £DEIX

A9 DS D
1,80E-06
1,60E-06
1,40E-06 \
1,20E-06 \ Hecticity production = Offshore

1.00E-06 \ ey ~—Onshare
8,00E-07 7\___" \

6,00E.07 ™~ / 77;.,0_____
4,00E07 77377 —— / / /

2,00E-07 /// ;774/ 3
0,00E+00 // / / . / / /

6000 8000 10000 12000 14000 16000

person equivalents

(MWh)

Annual energy production

WEL/BEET T 2 b OFERFEBERITIC U2 1kWh 72 O HERREL~D 7 5

N
LN

ﬁifﬁy%®ﬁl’ié%ﬁ@%%ﬁ@if?y%Kié%ni@m%%yw
L REEOBEN GREFHROHEM) 1T X D HERIERR b~ B DRSS X
ﬁi77yk®ﬁﬂk%wk§iéo
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No 8
T—~ | MAIFEED LCATHE (74 7 A 7 VERER K& O BRI O LL#)
k4 | BB BTH FER RS RED T A 734 7 VS E T DEREAN N (2006 4 3 )
A > B S E T AT b ERGICTMR(Total Material Requirement) & V™ 9 842 % v 7=
TIA PTG % SE Mt
TMRO#ER ZLCADRER & i,
FEMN L, MEORERT DT A 7 A 7 NCO% F i,
aHill LCA : B DT A 7Y A 7V, T RO BFEOREBNHEFEE T, T_XCOBEME
b i U C BB 4 1 RIS 5 ik,
TMR: & % R 2R 2 DI B2 B 5 E R &, B 5%/ E &3 World resource
institute O[EFEILFEHR L E [Resource Flows| D CLLTORD L HIZEZR IS,
(FE5WE#ETMR) =X (EERAMER) +X (HAERAWEE)
+3 (Bn=HhEg 7 no—&)
CO2flH &
e - i BN FE BT RBAC OB A O, ENINC I 2 HBE AR RO ERK 713
e SLE

% < 31,000kW LU ETH D Z &5, 1,0006W OEE ( MWT-1000A) % xi5 &
T 5, BMAREOERFEHIILLTOLERY,

ERHT © 1,0006W 77 koA »JEG#E : 3.0m/s

n—XEL: 6l4m Ay b7 U NEGE : 25m/s (10 435 EGE)
EAEEEE 0 19.8rpm HHEGE : 60m/s

EASEGE © 12.5m/s

FEME B B EH

BT - fBEL - JEHEL 0 600V X 3 FH X 60Hz, 690V X 3 FH X 50Hz

FIRKIT. AL kT LNG kJ), Rk 010 K5, HiE & o bk % F2 i,
TATHA 7 NVELTOMWY X5 L, & LRIZBIT 57 —# 2Bk,

> BUE TR SN AFEMEIOE RIS COHEHFHN 2 20 A by TR,
> M U7z COBEHHRHALILL FOD LB,

Table.1 CO2 emissjon factors of material

YV V V V V VYV

kg-C02/kg kg-C02/kg|
GFRP 648| [F4/0Ov 3.98
A 125| |Zz)Lk 1.93
=N 265 |[R—=U54k 3.98
ATUL A 173 | |#$R 1.75
gl 125| |RU7IF 3.98
TSAF Y 091| [AvHU—+ 0.1
1EE 136 | (AR 1.93
PVC 136 |[RUTZRTIL 3.85
BESA=0T 136| |[EZILIXTIL 1.36
$hEk 226 [HIX 1.93
§ 175| |&@ 2.70

> Wk LR M v - $E - EEZFINT D EE, COz HEHIBEORE I,
WAk | Z L 72 A A & A D CO2 Bk H TR HLAL 2 1]

> HERRLRR L CEEE O T — 2 NS oo oz Uk (R HE
=0 JEEE A2 KEEEZ . @ROBGEWEREOMEAE. AASEFRE,
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Vol,65, No.7(2001), 564-570) #&& L L7,

> e TR BUIEETIE, EHEMTO CO2 HEHIEEEAY, ﬂiﬁ%%ﬁ%#
DN D, BRAEMIE TIL, TAREH LA O BER fiF O il 36 K OV |2
ASNTFEM B LOREHED 2%723 1AERICHETH D L RUE,

> BEIEECRE - RHlxI g &5,

AR
®

JE\ 7% BB i s D B BEBEIZ 35 1T B COBRNE R VT A 79 A 7 V2RO COz HEtH &
TUTDERY,

> TATHA 7N COTEH D L RLEREMEOEIE 1T T0%TH 5,

> BLERMECIX, ¥ U —HELED CO I EN DRIV,

CO2R4EE o FtILAREK
@ REHIS

| | o ISt
U a*7—
@

o &iE

@ =
HAo0 o &

| I | | m e

0 100 200 300 400 500 600 700

t-C02

X R E RS D COz PEH &
ICHRICTR ST & 0 =R ADFIERTER

JRE 1 DOLCA E TMR O HHHERIZLL T O LB,

» TMR Tif, LCA 12T, ¥ T —HOFIENRREL, TRARK - FBO 5
DLEIEI/NI N, UL, ¥ U —EERICE T 5207 Y — D TMR A
HAZAY LCA & B ~FAXHIC R & < | F8 Bab it S | 2 R R 3 2 SRl
fh®D TMR JFHEALDY LCA L HEA_ENW =0 Th D,

LCAETMRO) t 85
| | | i oFtIL KK
| & o
D B HERSE
TMR - o st
L o?7—
LCA - a®
1 | 1
% 20% 40% 60% B0% 100%

B TMR & LCA D RO
ICHRICTR ST & 0 =R ADFIERTER

FERE 1000kW A EHOKERHT-V O CO2 P EXoIE S 2T L4 (W) &
TR IEFGERT [ A4 7% A 7 v CO2 PEH BT X B BN OFHti—& T — Z 12 &
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gC02/kWh

D FHERE & ARG OEWIC K D58 —) (20004E3 ) Off) L Lize 24,

HARTZ RN X =R F ) FEIL, KB EICHAFERHT- D O C02 HEHEAME

FER Lol

FERET000kWRE DR ERH - DCO2 PEHEZ BERED /N X EH & g

LIAERIZUL T D E B,

> FEERE 1,000kW O FEHIZ -~ 300kW <° 100kW DRI FEEOKEBEEH TV
® CO2 HEHEIXENEN 2 {5, 3f5L 7D,

700
60.0
50.0 |
40.0 il KLl
30.0 L ! = wizs
20.0 = :iz
10.0 !

0.0 : : |

1000kW/ELEE  300kW/AE 100kW /R E

JREDFREER EHI D CO2 PEiE
ORISR ST M K Y ZZER G FERT AL

N
LN

R E RGP Tl ¥ U OEREAR N R B <. TMR TH 87%. LCA (CO2 #E
HE) TR 60%“6‘3?)60

T IR RN G ENTVDN, T HETH Y BIFRICE XD BT/ S
Wieh, # 7»—%@%35&‘&:%&7‘éﬁﬂﬂ%iﬁ@%%ﬁ'ﬁﬂﬁ“é LY, R’EAWN K
BT %2 LBNARETH D,

JREDORAULIZ LD | BREAMIT NS R DBAICH D
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No 9

T—~ | By ELEEO LCAFH (/L F—HERE LT CO2 HhHEDR I & BEFA TR E

AT A b DR )
kA | R LR R LERE L 2 B | AER ) SRR O LCAl (F
% 14 4EJE)
REAI | RS AR R A R B 7, AT R L — D BN E R AT
EE NTHY ., BARBERHEOEALIERILT S - ERTRSND, LLARE,

JA A FEBITFE BRI N TTIT L AL T BILIRFE A L boo, s, &2
R, FEERIIIREOEFRLT R X —2 AT D20, BREARN 1D, I
FETIRHREDO R EATEY | BRI KT RETER TSR 2>TWVD
e, KRN FEEEED T A 7% A 7 )V TOREAMMZER®IHEE -
At 5 72012, LCAZ FEffi,
LCAZFE[T 22 LIk, =X —HEEKRD COBk &4 E/IMICHL
L. =3 F =K COJAHM 2 HH, S OITBEMTEEmT 5 L1280,
R T B 2 DB X DN A~OREE N L. iR OB b £ i,
FRUER AT, BEERES AT L LD EITV., COEIAFEH KL OERF D
COHIREZHEE S 5 Z LT &y RIS FEEIEE D CO2Hzh R DAL,

REAMAR | oL R R O COPEH R

12 .02 @uyfﬁijz & CO2HE HH HIl Rt
e St FMWTwMMJT%éO

> MR EX, BAD X D ICHEENZ < O ELILAS IRV R IZ & %S T HEEHTC.
MEEICHENLTRBY ., AMURHE L LTI TICEELZHEA TWAHT-DEA,
> BEHEOHKERIILUTOEREY,

% MWT-1000A OHERkEFE

a4 B i ME
(unit) (kg/unit)

FE 1 43,700 | #k

n—4%—~v R 1 19,000 | £

J1—FK 3 4,500 | GFRP (F7 7 A#f#E 65%.
AREIFIAR Y = 2T )L 35%)

40— (FE) 1 18,200 | #&

27— (FTE) 1 36,900 | £k

20— (pEEY) 1 26,400 | #%

27— (LB 1 19,600 | #

il E R 2 2,500 | £

JLA — 1,477,000 | A |

SIS DT — 2 X A V8o EE & O BE & TE I,

VAT DEERELTO LB,
> EREAEREOFEMEE) O RE, ik, k. EH (BT e aT) . BRI
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FTEOHRE L, VT A 7OV TIEEERNI L & LT

> RLEERME. AR EBPE. EosERPE. BB, BEEERSICE L TR,

< RGBSR O 72 O OEEHTE T, JAB AR D I % 65,

<> JRASIFERIE XSSO SR S TR Y . BRI E TEE
THIERREER =D, Tar—a VREEIEBE LD,
JEVEE OO [t FHAE R X 204F . 4E X JAK 2 8m/s, A OREL T II R, A&
AeiEE & ARE,
T—ZOIUEFIEITUTOEEY,

> JASIREEEORMERSCSER I LOERT —F  —EBRBLENIOAF

> HRICEAT 27— & AREM OREREE R %2 (BR) B AR = im [
RSB R RER  PRRIVEERR) KV SIH L, 1B OS5 R & 2is% A %
U CHH,

> EREEFEICIRIT 5T — & ¢ HEORIES P DR HLE COmEERE L | ik
=T =7 = U — OB E DR,

> BEEEFEHIRUT AT — 4  JABEOPEFIC) DD 2 A MIFEEFEFY) O JFHAL %
U CHEH,
TR EH TR TO LR,

> TATHA I NCEBTDHERAFT—IHEES COHEHEEZHEH T HB81X, — WY
IR ETIEDNBA SN D, MR E CIIZELER 2R TR SN TR Y 3
TZIET L 2 ENHNEETH D720, Aw L TIEEEARRIZIIRE BIIVE CTHESH 21T
W, AFREEZR T — Z IOV T PESEE B R & F O CTHER & FEHE,
SIRRBALIIA T O & B0,

> BUEERED DI E CORE CHEMAT 2 RBME, @MEF Tma~7 U 7 ek
FHE - BRBEOTOOT =07 hHEIH,

# 5 HFEAL

JE A 4 T L — AT COz JFHL

[MJ/ kg 3% [kg-c02/ kg 3%
oS 30.62 2.37
FRP 77.82 11.94
AL 1.96 0.80
[T 9.64 0.90
Hil C 5.91 0.59
PEEBEEEY) 304 [MJ/ 75 H] 24[kg-C0O2/75 H]

XPERBEFE) 2 PR <

¥ i

[iaiEE =% —, # COHFH &]
JAAFEELEE 1 BT OfIEE TR — KT CO2 HEH & DR R LA
TDEEY,

> KRN HEEIHELED T A 7V A 7 VBN TIE, BEERRICET 2 =3/ F—iH
HELD COEHEDTIENRbm I, 2 X NVF—HERTIITA 7V A 7142

Pyl —varPELE 1O TENOEEOAMMHER SN DA, BREANORS 1T 2 L,
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KD 85.3%, CO2HEHETIL 85.8%% HH7=,

£ BIRICBT 2= F—HEENLT CO2 k&

B LB B CO2 HEHI &
[GJ/uNTT] [t-co2/UNTT]
R B 9,110.0 1742.9
T B PR 515.1 163.9
i 105 B et 8.0 4.4
TR BeRE (20 4EH) 364 70
BE3E 682.2 53.9
ait 10,679.3 2,035.1
[BFERE AT L O]

FERERICHES L 1kWh 472 ) O = %L F—JFHATIE 0.15MJ/ kWh . COs2 JFH
1% 0.028 kg -CO2/ kWh £ 725, T TICLB CTAERIN TV L KBS AT A
DT —& LB LTfERIFLL T &Y,

TRF —FHALNZIB W TIE, KI3EE (0.090 [MJ/ kWh ) 12T/ S0 VE
LD HIBRRFIRELY bE RN H L Z PR SN, 100 kWh
JRE & L CHZ DML 20D 1 LT &2 0, B A RE< T2 &ICk
HAT—) AUy MBS LT,

COz JERHNZIZ IV TIE, KTy, HIZA JRF /) EL D b K& 22flE4 7" L, 100 kWh
JEGEE & bel L Ch E OfEIT E B2 0.029 kg-CO2/ kWh & 721 | = /L& — R ET
DEIBRAT—N AT » MIBL LRI T,

(s S5 o> i ]

— 1 —"COHFEH T OENCM A EE OB, R RGEOE W, i
TO frﬁ@bmzwﬂe~@‘$ﬂ&o CO2 JFEALIC ED X 9 7y %%5257»@&%
SIMT R Fh, RERITLLT O LR,

[Al— A —h —CHEH N Z2E 2 256, = xR VX —JFEAL7Z 1T T < CO2 JFHNL
IZ2OWVWTH, HARKEL 2N iiﬁé FETRHENIT NS e ode, Eiz, THAS
BIZOWTHFEEDBEINT 213 &, PRI ONTH EEN & < 725 1F SR HE
ML/ EL< 720 COUFHALIZEBNTH A7 — L A U RH LT,

:l

# ESHTICBOWTE LSRR T A—H

NG A —H E Al etk
HgEH [ kWh ] 1000 300 600 1000 (IH%Y)
it -2 [YEAR] 20 10~30
S g Im/s] 8 5~9
L Hh JeiEE R, AMNEER (R

W), Bt (R

BREGRSFOT — & BRI UE EPWINE LS BT SN SR X

A ERNEREO T R F | BEEO T LY R

—IHEBELD COEHE | KO CO#EHED 2%
D 0.2% & RE
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KR X D B EHNL A~ 52 B P

TRV — JFUHNL CO2 JF BT

[MJ/ kWh ] [ kg-co2/ kWh]
B H ) o 0.15~0.31 0.029~0.061
i AR D 3E 0.10~0.30 0.019~0.056
SR JRGE DFE 0.13~0.39 0.024~0.073
AR H D E 0.15~0.31 0.028~0.061
ERELRST DIEE 0.15~0.40 0.028~0.077

[CO2 B £ & CO2 HEHHIE D 73 4T]

B 5 EEEE (MWT-1000A) % 1 FEEZT 57201k Sd CO2 23, BEFRS

BYAT ALV FARFEETHEICHH END CO DfTFEFITHY T 50,

COz [ ZHH LAERIILU FTo L BY,

> ARKITEDHEETIL0.57~1.45 %, Ak TIX0.74~1.91 ., LNG kX
71TIE 0.91~2.33 4, LNG #HA Tl 1.06~2.77 T, iz CO2 %
[ CTE 5 Z ENDhoT2T,

CO2 HEHIHIHEIZ DWW T CO2 [EMNAFEL & [AERIZ el 2 Feffi U 7=, fEST LA T O

LB,

> ARk & OETITAER T 3,393 t-CO2, itk /)Tl 2,533 t-CO2, LNG
K F1CI% 2,057 t-COz, LNG #H4 TlE 1,741 t-C COz & 720 . COz e & Hll
BT&EDZ LBhbhotz,

fii K D
LN

JE 15 E I, T ORIERERETO CO BN R HZ <. FFICk->TET A
TYHA T NVEED 8EILL LA DD, SHICTL—F, TR, XU—EDES
B AT D ERBIOIHTICEB T, By ORGERHC R B CO2 8% <

P s,

JB 156 BN Z DR ORI 7> & RO RE B R OB R & <RI N DD,

REAMOE CHEOMANA LN, ZO7®, @EGEMEEIZ T 2 a0 m
DREULIZE D CO2 D & B2 ZHIEA I CE 5,

TREESHORRLY | EALME CUHIORE) DUONT, a5 (AFEEE 304 & Licha) . B4k CFY
JEoH & 5mvs & L7ia) D 334 — /T;.Tr{ﬂﬁfzééﬁ’rﬂbtt&)\ BAEITHEDE T T 5,
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2.2 EFEVCEGICEASATLSIHHOEE - EiE

AT RE = 1L — 3R OEARR et 28 LTz BT, 2N 0EE LIS STy
DMEIZHLNITDE EBIC, LT AL - LT T —RE ODﬁﬁﬁ%’f’f&U\f VEDOREWH DG
AR (B, A8 Z#iE Ll

() R/EAE

1) HEEAR

BAEFRE= XL X —% i ORI ER M. KNEEFI M, B ERME. /KI5 Ex
fii, HIEVEERAN) mICCL T OFHZINE L,

CEBEJE LT AL LT T —REOR B DGR (FEkE - A &)

< e W RI T AT NAVNVEOFEWEO S AR (B - 5H5)

2) HEHE

$%§@ETH\%E%%%:ﬁ%énfwéﬁﬂ BRCLT ALV« LT T —REDH Y
B0 - I Ry LT VVEOREMBEOEARN (B, A8 2o\ T, s ((E
%E%ﬁ\%ﬁ®§ﬂﬁy&w\miﬁ*%wtx(BTi%@*%~bxmmmH)%)%ﬁ
U CBEEDF R 2L - B L7,

72F. B ATRE = R VX —BRAH O BRI WA R L - B AR RIS E TS b o, b
T AEN e LT T — AT DICEMIERERITZ L, TRREO A TIIHo R 5@ a2 155 =
ENTERWVAREMELRH D (B2 X, FRCABROE KB RIAEN TS CIGS KA EHLIZ DU
T AV TL, HITA BLVHEOEAEREZRLIEZURIZGFELRZNZ EDREE), 207k
B, ZHHOFRMIZONTIE, SCHFAEICIZ, BEEEFE~O 7V U Ik, B
RIERINEERARD Z & L LTz,

(2) AEHR

PAEFEROBMIIUL T O LB ThDH, £lo, HAEMRBT LY —FHEINIEEEATE D £
LD L DEIRA BLRIIRT,

KEGEFEERE | < FEERFHM>

c NFUEHASNDH T A (KW %720 40~110kg ). 7 L —AIZ
fEHENDT7T VI =0 (KW %720 10~30kgfii ) . ZREICEH SN
L8k (KW X47- 0 50kgREEMEH) R ENTEERFZHM TH D

<HHWEDEH >

< BB EHZER D EH STV D (A EIZOWTIEERZENRKE W),

- T %/)ﬂ/iﬁkiﬁﬁb<@é_omﬂwb\%@“ﬁ7x
DOENG I %z AEAIC

-%/:w/lxé_ob\féi-lzzv@%i*ﬁﬁu’aﬁ% IR D, M EO#
BB, CIGSRICEEND A VT LK ) U LENFITH D
(BAHEIT KW Y4720 10gRT# DA —5—),

<HBEWHE @E.ﬁ>

CPEOESEICIXIIATEMER SN TERBY, e H SIS RS Y,

126



CIGS RIZOWTITHI FI A, BLUN, ChdTe 2D /L2 DONT
X, DRITL, TAABREHEEINS,
SEE RSB RIIZOWTII R E GBS R

PN e B

< FHIpFA >
BRSNS AARAT UL A BT R AR TF o — L BRI
ERHENDRV =T L2« FBHAT O —)b « AT VAN FEERFZ

ThD,
<fHHWEDER>
s OB G RHICIER TREMEOEEITR,
<HEWEOEHR>
CPEOESEICIXIIATEMER SN TERBY, e H SIS RS Y,
JE\ 7% B AR M < FERFH >
PR (T L—R) [ END T T AL T T A F v 7 (KW 2472
D 10~15kgFEE) . T LRSI A S A8k (kw 2472V 100kg
FLEE) 7R PN EERFEMTH D,
<fFHWEDER>
cREM. NT A B EEICENEH S TWS,
s T OVEDOBENSIE, KABAIHERSISN TWD 3R AT L, VAT B
VULNRD LM, KA EEHATHIREO Y = T IXRETRED
10%FLHE T D (RO JEH 1524 72 W O K ARG Ol B d 2t L)
<HEWEOEHR>
- BRI DOBEAEIIXIIAEMER SN TEBY ., hiadha shb
AlREMED Y
< SLERREENE & D BRI 7 AL 7 7 A F v 7 N EH & T
W5,
—SFER AR DI OV TII S E G2 R
HFONK ) FEERR | <TEBERFBH >
fisi cKEF DI SN AT VL ARTERFEMTH S,
<fHHWEDER>
AR IDOSEITRENEZ M ESEAZENRDLEETHY | FEEXH
372 _RAK = A Mo (UHME) Z28HA LTS, LER- T,
A DREAE D S HSRE RO B Je i O H T A A L 72 B TR &
VAWASTAN
<HEWEOEHR>
- BRI OBEATEIIXIIAEMER SN TEBY ., hivadha shb
AlREESH v
HT RS FE R < FHEIRFR >
« B DO RENNIERN TR F/MTH D,
<fHHWEDER>
s OB G RHICIER T REMEOEEITR,
<HEWEOEHR>

- RS EOBRGIFIIXIATEMEM SN TEY . farafishd
AREMEDH D
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[kt 56 6
\k%%@@%ﬂ@ﬁ%

K EHNIX, >V a R, fbEWR, AHERICKBIS L, EIZTRICET 2 KEERESBH
ENTW5, BIE, BATEASNR TS KEEEEDIZTEAEN VY a U RAKEERTH D, KEL
M Tlx, # RI A, TANEFA L CdTe 2D KEGEMAE &K L TWDR, BARTOEAFHIT
RSN TRV, ITETHE, #l, AP UL, Y UL, BLUENS R AW EEREHEH LT
CIGS ZABFEMLEMEEINTEY, MHTOEARLZILKLSOH 5, AHERIZOWTI, BIEH
fiER®E ETH Y . ERLE TIE5~10 ERERF 2245 L AT T\ 5,

‘ F 2 KR OFEEE & R
NEDO [FHA e L F—HfiiaE] (2010 4 7 H) 1I2BW T, LLFD X 9 I2 KB E M OFEO
. FEHERRE IO TE DTV D,
EH \
i K5 zomE | (o | SEER
PR
o IbHELDOHVKGE, FERLIL | ~20% o Ty —7
TV D KRR T b HRNE N 5 | —VEEE
B A m < A - EREMEICEN D, = it (HIT # A
A RNDBENT ERREAEEIIRRE 72 7)
i Eh R SR,

v o LB L THERIIE D 5, K| ~15% o VX —7
; girn | T WERESTHY, HELax EH o 5ET
5 o NG RN, BUER b | o Z35dEM
e o

o VU afEHEAEMRRD 1/100 2 | ~9% o Vx—7
(2 F CHITE RTEE, (7= s | —ZEET¥E
TR R o KIETubkATHETE LD, BE| 77 R) it o HXT
[CHT 5 = R L X —DH I, KiE7 K o E LMK
2 A MBI ATHEE,
o il (Cu). A£>YUL (In), HIVTAL| ~12% o V—TF—7
(Ga), LY (Se) END72bHbE ayT 47T
W-ER a IR, BRE, EEIR, s | AN
CIGS % EAliE 72 &% < DEF & Ho7- HiE It T
BEBORTWD,
o HVERTHDLHA L TTLRH) Y
LITHOWT, EIRERI A A,

% e W FRIVATNANL (CdTe) ZJFEEE | ~11% o [EWN : ML
il% LTHERTA7-9, BEATIZEELT e First Solar
S UWNZRUWNDS, BRCK CIIRRE R ERTH IS %1 CK)

Cd-Te % AN TG, i
o ERRYLMRFT, K2 X N TEIERK
P & LT, RIS TW
%,
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BN ZE
NEDO [KEEHFTE > A 7 & I A A 72 B 56

T

KR ES AT LD T A 7% A 7 VI B

T HMAMNTIE] (2009 4 3 ANCEWT, EEMKEHREEL AT L (AT LHTAKW) DFEY 22—
VOFRMERR B OCERFIZOWNT, UFO XSRS TV,

[Z i S

MBER NEBEHSEF [kg/system]
EXTr—R UHAS 7 ILRES— R
Tkgisystem] | @@ | Fm@R | BE ’”,fﬁ' mp | s | mE | m‘;:ﬂ-
LATFAEE [kg] 578.94 508.79 70.15 253.43 325.08 226.93 352.01 476.76 101.78
ETa— BES [kg] 335.74 28187 53.87 3879 296.91 0.00 335.74 26213 7361
L wRYYaY [kg]l 11.29 11.29 0.00 000 11.29 000 11.29 8.00 329
zaykhiii— HI3R [kgl 210.00 210.00 0.00 0.00 210.00 0.00 210.00 189.00 21.00
PRV FIL= [kgl 52.61 0.00 52 61 36.86 15.75 0.00 52.61 52.61 0.00
TSAFus EVA % [kgl 59.32 58.06 1.26 0.82 58.50 0.00 59.32 11.26 48.06
EEHH 8] EATE [kgl 252 252 0.00 TiE] 137 0.00 2.52 1.26 1.26
BOS 73 - EiEE BER [kg] 16.41 16.41 0.00 11.61 441 16.41 0.00 11.61 441
3 [kg] 8.42 8.42 0.00 7.41 0.76 842 0.00 74 0.76
&R [kg] 1.43 1.43 0.00 1.26 0.13 143 0.00 1.26 0.13
FiL= [kg] 3.34 3.34 0.00 294 0.30 3.34 0.00 2.94 0.30
O [kgl 3.22 3.22 0.00 0.00 3.22 3.22 0.00 0.00 3.22
TLAREE BES [kgl 21052 210.52 0.00 189.46 | 21.05 210.52 0.00 189 46 21.05
# [kgl 210.52 210.52 0.00 189.46 21.05 210.52 0.00 189.46 21.05
awsI—+F [kgl - - - - - E - - -
BEEHSE EER [kgl 16.28 0.00 16.28 13.57 271 0.00 16.28 13.57 271
o] [kg] 8.53 0.00 8.53 8.53 0.00 0.00 8.53 8.53 0.00
ISZAFud [kg] 774 0.00 7.74 503 27 000 774 503 271
[ 5 S
nMEE REARER (kosystem]
AFy—2 WA DR —3
thosystem) | @R | #mR | mE | mE | mm | #wR | me ity
SATLEW [ka] 588.28 | 49179 | 9650 269.34| 31850| 22401 36428 49220| 9569
E¥a— LEE [kg) 348.00 | 267.78 : 80.22 57.32 : 290.63 o.uo: 348.00 | 28013  &7.81
L 1 PUEM) [kq) 11.40 11.40 | 0.00 0.00 11.40 000  11.40 .08 332
ZOythni— HI A [kgl 209.53 209.59 | 0.00 0.00 209.59 0.00 | 209.59 188.63 20.98
=4 TILE [kgl 70.53 0.00 70.53 4337 21.16 0.00 | 70.53 70.53 0.00
FSAFws EVA % [kgl 53.45 43.75 9.70 6.30 4715 0.00 53.45 11.08 42.37
TEHH \olkAt [kgl 3.04 3.04 0.00 1.65 1.34 0.00 3.04 1.87 117
BOS |/722 . EHRE LER [kal 16.41 16.41 0.00 11.61 4.41 16.41 0.00 11.61 441
i [kgl 842 842 0.00 741 0.76 242 0.00 741 0.78
@ [kg) 143 143 0.00 1.26 0.13 1.43 0.00 1.26 0.13
FIE [kg) 3.34 3.34 0.00 2.94 0.30 3.24 0.00 2.94 0.30
+0 [kg) 3.22 3.22 0.00 0.00 3.22 3.22 0.00 0.00 3.22
TL1RE BER [kgl 207.60 207.60 | 0.00 186.84 | 20.76 207.60 | 0.00 186.84 | 20.76
® [kgl 207.60 207.60 : 0.00 186.84 : 20.76 20?.605 0.00 186.84 : 20.76
avsy—k [kq] :
E#HHE BEE [kq] 16.28 000| 1628 1357 | 271 000, 16.28 13.57 | 2.7
i) [kg] 8.53 0.00 8.53 8.53 0.00 n.noi B8.53 8.53 0.00
FSRF9Y [kgl 774 0.00 | 774 5.03 271 0.00 774 503 271

130




[7EL7 7 2 SIHERER S ~7 nEs]

MMER MEHNSER [kg/system]
BRTF—2A YA o LEETF—A
[kg/system] HE | EEE BE | '&;’g' HE JER R B ﬁ;]ﬂ'
DAFLEHK [kg) 488.73 408.32 B80.41 22837 |  259.95 192.17 296.56 414.23 74.10
EYa—M BER [kg) 280.15 216.15 64.00 4492 | 23522 0.00 280.15 230.77 ¢ 49.38
L3 #wRYa [kg) 9.61 9.61 | 0.00 0.00 | 9.61 0.00 | 9.61 6.81 | 2.80
70w k- HS R [kg) 176.00 176.00 | 0.00 000 176.00 0.00| 176.00 158.40 | 17.60
IL—AL FAE [kg] 60.00 000 | 60.00 42.00 | 18.00 0.00 50.00 50.00 | 0.00
F3AFwY EVA % [kg) 34.00 30.00 4.00 2,60 31.40 0.00 34.00 5.20 28.80
EEHE AL [ka) 0.54 0.54 0.00 0.32 0.21 0.00 054 036 0.18
BOS |[/A73x - ##E BER [kg] 16.41 16.41 0.00 11.61 4.41 16.41 0.00 11.81 4.41
B [ka) 842 842 0.00 7.41 076 842 0.00 741 076
] [ka) 1.43 1.43 0.00 126 013 143 0.00 126 013
T [kg) 3.34 3.34 0.00 2.94 0.30 3.34 0.00 2.94 0.30
O [kg) 322 322 0.00 0.00 322 322 0.00 0.00 322
FLAEE BER [kg) 175.76 175.76 0.00 158.18 17.58 175.76 0.00 158.18 17.58
&% [ka) 175.76 175.76 0.00 158.18 | 17.58 175.76 | 0.00 158.18 17.58
avsy—+ [kg] - - - - | - - ~ ~ -
EiEHHE “BER [kg] 16.41 0.00 16.41 13.67 274 0.00 16.41 13.67 274
o] [ka) 858 0.00 858 858 | 0.00 0.00 858 858 0.00
FIRFYY [kg) 7.83 0.00 7.83 5.09 | 274 0.00 7.83 5.09 | 274
[ Si)
NMER DEHHFER [kg/system]
BESF—A U1 2 LEESr—2
gsystem] | @@ | k@R | me | PR | omm | gme | m: | oo
AT LEG kgl 993.10 860.83 ! 13227 42788 564.69 37008 62301 85950 | 13320
ESa—N BRER [kal 597.26 49074 106.51 77.07 | 52006 000 597.26 508.69 | 88.57
R/ 702 kA= |[HFR [kal 44717 44717 | 0.00 000 | 44717 0.00 | 44717 402.46 | 4472
PAVEIR TS [kal 8491 0.00 | 8491 59.44 | 2547 0.00 | 84.91 8491 | 0.00
F52FuY EVA % [kal 61.09 39.49 | 21.60 14.04 47.05 0.00 | 61.09 17.24 43 85
BEHHE 12 AT [kgl 408 408 0.00 359 0.37 0.00 408 4.08 0.00
BOS | /{73 .k BER [kgl 16.41 16.41 0.00 11.61 441 16.41 0.00 11.61 4.41
% [kal 542 8.42 0.00 7.41 0.76 8.42 0.00 7.41 0.76
# kgl 1.43 1.43 0.00 1.26 0.13 1.43 0.00 1.26 0.13
TS [kal 334 3.34 0.00 294 0.30 3.34 0.00 294 0.30
0t [kgl 322 322 0.00 0.00 322 322 0.00 0.00 322
FLAES BER [kgl 353.67 353.67 0.00 318.31 35.37 353.67 0.00 318.31 3537
&% kgl 353.67 353.67 0.00 318.31 35.37 353.67 0.00 318.31 | 35.37
IxFY—F [kgl - - - | - - - - | =
R BER [kg) 25.76 000!l 2576 4.86 noo| 2576 20.90 | 4.86
@ [kgl 11.87 ooo! 1187 0.00 0.00 | 11.87 11.87 | 0.00
FIRFuY [kgl 13.88 0.00 | 13.88 486 0.00 | 13.88 9.02 486
[CIS %]
HES MEHEER [kg/system]
EFxir—2 VgL o ILREF—2R
hosystem] | @@ | gkmw | m& | we | RwR | BE |
CATLEEK [kgl 916.94 784.81 132.13 363.68 ' 552.83 301.40! 61554 815.72 100.82
EYa—J RES [kgl 59520 483.41 111.79 7887 | 51630 000 59520 530.91 64.29
E-3: i 5 & [kgl 172.80 172.80 | 0.00 0.00| 17280 0.00| 172.80 172.80 | 0.00
J0vkhii— IR [kgl 270.24 270.24 | 0.00 000 | 27024 000| 27024 24322 | 27.02
AN FII [kg] 105.98 0.00| 105.98 74.19 | 31.79 0.00 105.98 105.98 | 0.00
TSRF YL EVA [kg] 44.66 38.86 5.81 3.78 40.89 0.00 4466 7.88 36.78
BHEHH IR ARE [kgl 152 1.52 0.00 0.91 0.57 0.00 152 1.04 048
BOS |/i723y - BHi%E BESR [kgl 16.41 16.41 0.00 11.61 4.41 16.41 0.00 11.61 4.41
% [kg] 8.42 8.42 0.00 7.41 0.76 8.42 0.00 7.41 0.76
& [kgl 1.43 1.43 0.00 1.26 0.13 1.43 0.00 1.26 0.13
FIE [kg] 334 3.34 0.00 2.94 0.30 3.34 0.00 2.94 0.30
O [kgl 322 322 0.00 0.00 322 322 0.00 0.00 322
FLAEE HES kgl 284.99 284.99 | 0.00 256.49 | 28.50 284.99 0.00 256 49 | 28 50
% [kg] 284.99 284.99 0.00 256.49 | 28.50 284.99 0.00 256.49 28.50
aAavyy—F [kgl - - - - | - - - - -
EHHE RES [kgl 20.34 0.00 20.34 16.71 | 363 0.00 20.34 16.71 363
&# [kgl 9.96 0.00 9.95 9.96 | 0.00 0.00 9.96 9.95 0.00
TSRFH [kgl 10.37 0.00 10.37 6.74 | 363 0.00 10.37 674 363
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JOGMEC 7 U —r =R F —EHAJLRITARD LT A Z VTEREERFA] (2009 4 3 )T\ T

i E

FAERGHRIICRT B LT A2 NVEFEM OFHFHEAIZOW T, LFTO X IR EINTW5D,
A—2 A9 )L (GELTE) B A1 8% 7L FE EFE T E
#|88 | 7l | Bl =|s|alx]l=]a]A2A|H]A
L A0 [ I I = I R Y 2 2 I S Y I I
= lL|l]|FlH]|=2|o |5
Y —LaT R = L B | F | 2| 9] 2 |
E S “ ST alF
As J
A
Fe |Cu| Ml |Pb | Zn|Sn| Ni|]CrlColMaolMn]lIn | Sr|Gal] Pt
kg | ¢ kgl ke | g | o kgl 2 | el el el egle gl e
g )an
| SEER D
AEAREE FE O (FELIFA)
kWil |BEJoo (ES)
clGSH 15.0 16.3 6.70
BEEED 120
FLETE FTOHDL- T AR TOhTE
x| TlIA|2|Y]|FK|F|E]|Z|F | |45 || RE
| T2 Y|F]9|%s|lL|in| b | T« F|%&
il ; Fl2|Y|ZE |||V | | %E| =
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s AR, ol | olalm| |4
AL | R s s
7 L
A
NdlLa [Dy] ¥ |Mm| Li| B | TilSe| 2r [Na M| Si [Ru] &
E g |l E g kgl g | g kgl g | 2 g |l g lkel g | kg
ITTroED, 213
ZE& oy 277
KBRREE FEI(FEILITFR) 0.01
(kwanif=Y) |HEE o (HE&) 0.05
CIGSH: 371.3
B g 1.47 59.2 .11
I, FHEAIZARHTHL2 0D, GHEAREENRH D LONRLUTO LI ITRENTND,
W HRRNEEHC b AEE N H R B B A G R H AR MR HEE
I e R e o e B R B R
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BRMER %_FS = S - m m f : I 1 13 S BleEl 1

() &S b
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ZeF T HARDISEBFHANT O T A 7 A 7 )L COHEH EFI—2009 FE I & b7 —&
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A [ EERS
B Lmim) 156 % 155
+ i Lmm) 0.2
E | Ll | o) I3
B (HD W/ B 160 A R T 4
q [BE ™) 138 37 [BEESE [(E/AT 4L |
R [FAZ |mm) Te0 s 1158 +1 [sg /=) 13
£ ¥ Tem) 48 = HE & 5.3
= [ Tmi 5 T.15 ~ o) 13
7 EE %Eﬂ 125 % fl ?#3#_“ 26
A D 20 o o L0 39
M BEER DO A= A= EEEE S 3=
Dl FILE E |[DBEl [ &5 wATh) ]
[FERH EWA B [Em The' =) 53
[ —i T a—r - EETE 1.38
e an— FPET M H|FLS 0.34
B AT Hil 0.53
EESiF TE mEER [F) a0
=HE
FLAII )3 265 kg 3
WwHS A 2071 kg/&
FILE= L 554 keg/&
& 25 keg/&
FEIEH 414 kg/H
PET 158 kg/&
)a—igh 00 kg &
PPE 14 kg/&
zhH Fe 3o 2076 kg/ZE
wEHEESF & 79 ke/&
i 1.3 kg/&
FILE= L 29 ke/Z
wEHH 42 keg/E
(3. 84kW/3E)

FKHEF HEARPYV VYA 7y MU — 7 EERFNERES

HRFF— [RARICEB T 5 KB

Bih SV A A 7NV T AT AAOEY M) BRSO % A 15— (2013 4E 2 A
20 H) Tl, KBBFEMASFALDOA X2 B —ffEREE LT, UTFOREIREIN TS,

B Aluminum

1981
1981

Produced year

983
933
8988
9388
8981
983
-1983
1983
1895
1989
2000
200
200
200
2003
2003
2004
2004
2004
2009
20086
2011
201

Ave.

[ Glass H Cell

[ Others

54
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EPIA/BSW [STUDY ON THE DEVELOPMENT OF A TAKE BACK AND RECOVERY SYSTEM FOR
PHOTOVOLTAIC PRODUCTS] (2007 4F 11 A) 128 W T, HiERT U 20 E Y a2 — L OFEME O E

AXROEBENUTO L IITREN TN D,

Component Quantity (2003) according to Quantities 2007
[Okopol 2004]

% % ka/kWp
Glass 62.7 7416 773
Frames (e.g. AlMg5i05) | 22.0 10.30 10.7
EVA 7.5 £.55 6.8
solar celis 40 348 38
Backing film (Tedlar) 25 3.60 38
Junction box 1.2
Adhesive, potting com- No data 1.16 12
pound
Weight/kWp 103.6 ka/kWp 1023
Cu 0.37 0.57
Ag 0.14 0.004 — 0.006
5n 012 0.12
Pb 0.12 0.07
5i Mo data 3%

B, TEAN T AV ar ey a—)b, CIGSEY 22—/, CdTe Y 2 —/LVOEMHOEELE

SHUTOEBY RENTWD,

<TENTFAVIaALEa—/)L>

Material Thickness Weight per module | Weight per Weight per
surface output

g g/m? g/Wp*
Glass 3+2.2 mm 3,483 12,480 2496
5n0z 0,96 345 0.069
Tin (as oxide) About 500 nm 0.78 2,72 0.0544857
Boron - 1.18E-05 4.23E-05 846E-07
Silicon About 400 nm 0.26 0,92 0,0184
Phosphorus - 1.21E07 4 33E-07 8.66E-09
Aluminium < 800 nm 0.452 1,62 0.032
Aluminium strips 0.05 mm 0.988 354 0.07
Acryl resin 0.15 mm 19 68,00 163
Hot melt glue 0.8 287 0.057
Cable 40 14300 286
Polyol 285 1,021.00 203
MDI 215 770,00 15.4
Total 4,048 14,497 290
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<CIGSEY = —/L>

Weight {g/m?)

Producer A | Producer B | Producer C
SisNs 05
Mo 4 5
CulnGaSe 10 12 95
Selenium 5 ] 45
Zn0 7 6 07
Cds 0.2 0 0.24
ITO
Substrate polyimide 35
Substrate glass 7500 7500
Cover glass 7500 7500
PIB Sealant 500
Encapsulant (PVB, EVA, PU, PE) | 200 500
Polymer glue 400
Adhesive tape 100 =
Aluminium frame 3000 1800 =
J-Box PP 400 100 2
Cable Polymer and copper 400 200 2
Polyester Label 1 1 §
Total glass 15000 15000 5
Total polymers 1701 701 e
Total weight/m? 19927 17730

<CdTeEV =z—/L>
Material Thickness|Weight per surface |Weight per output
gim? G/Wp*

Subsirate glass 3Imm 7,500 T
TCO-35n0: <1 um 69 0.07
CdS <01 um 0.483 0.005
CdTe fum 18 0.17
Back contact metal Tum 2.7 0.03
EVA 0.5mm 500 48
Front glass 3 mm 7,500 7
CuSn band 6.94 0.07
Junction box 217 0.2
Cable 578 06
Total | 15,615 149

Paolo Frankl [ Photovoltaic (PV) Systems ECLIPS (Environmental and Ecological Life Cycle
Inventories for Present and future Power Systemin Europe) Final Report] (2004 4F 1 H) 1238\ C,
CIGSE ¥ = — VDR MR K OERESBLTO L ITIREN TS,

B RSTHRIT AR ED LCI RN ICB T R R OWMEETH SN, ok L-#i3 T2 CIGS T 2 — /L)
WCOWTOIERALIZE LTRENTVD HOTH D,
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Materials amount units
Mo 5 g/m?
Cu 23 g/m?
In 3,0 gim?
Ga 0,6 g/m?
Se 5.6 g/m?
cds 0,2 g/m?
ZnO 55 g/m?
glass 15 kg/m?
EVA (Ethyl Vinyl Acetate) 500 g/m?
Frame 3 kg/m?
Total module weight per m* 18,57 g/m®
Electricity requirement 112 kWh/m?
Module efficiency 9% Ref case
12% Future

[CIGSRED2A—IILDERATHEDHRUREREEUT-Y DESLLE]

Xk HUXBEEL-YDEE[gkW™)

iR TY J|A42Y | AV | LY | 20O | CdS

Cu | 7 ¥| 9L(n | AL(Ga | (S

(Mo)

NEDO | AMIEIE o~ A7 A dbmiizs | 150 | — 163 6.7 373 - -
P ZEBA%E  KIGIEFRE L AT LD T A
7Y A 7 OVEHIICEET SN )
EPIA/BSW [STUDY ON THE | #f A 348 435 60.9 174
DEVELOPMENT OF A TAKE
BACK AND RECOVERY | &t B 435 52.2 52.2 0
SYSTEM FOR o - 3015 | 600 | 2.008
PHOTOVOLTAIC PRODUCTS)
>:<
Paolo Frankl [Photovoltaic (PV) Systems | 25.6 55.7 333 6.67 62.2 61.1. | 2.2
ECLIPS (Environmenta and Ecological Life
Cycle Inventories for Present and future
Power Systemin Europe)  Final Report |

XEPIA/BSW TliE, om’ % g/kWp ([CZE#T 2 720 LL T OREZ HICHEA ERRY 72 ORER

[KWp/ ] % B H,
[Fif2]
s TENAT 7 AVY 3 CIS, CdTe DEMNEZIZITRO LB Gl .
TELTZ7F ALY |CIS CdTe
5.5% 11.5% 10%

- BALHERS 4 72 0 O BTN RIZDMEKATFT D,

[5HifR]

TENLT 7 ALY ad CdTe ® gint & g/Wp O OVERAN R 2 5E2 CIS O BT H Y

® kw=kwp & iET 5
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7= OFEEKWp/ m % [0.115] & H#HEiE,

F 7. Paolo Frankl TI3&UR 25 °C . H & 1000 W um /P 12350 T [g/m?] 2 [g/kWp 12 ZE #2515
RENTWAD T8, ZAUCES X BATERY 720 DI ERIKWp mf] 2 5,

KWp = IstX A X n/1000

Ist = FEAER) 72 0 & (1000 W lum /)

n =& Hash=R

A=F 2 —/)LOHME
LLEX v, CIGS DEiirifE Y 7= DOIEREKWp/ % 10.09] &HEE,
\%@@%@%ﬁ

MM Tlid, EBRE TR D R EH EWE O AHIIRICES T 2784 (ROHS 545 : 2006 4= 7 H Jiti
7. 20114 6 HkiE) 12Xk v, BINHBHC B & 2 BEREFRSL~DER & EEMELL T ICHIRT 2
HEWEE LT, . KE, DRI TLA, ANMiizves, RYEfET7==—/L (PBB). R BRI T
z=/)L=—7 /)b (PBDE) ZHEL TWVWAHN, FEESHEN L ET AT 2O KGHIEE SR /IO
WTIERBRAAE SN TWD, BB, NU—ar T 4 va T —ZEDRIEEZONWTIExR L5 (72
720, KEDEDIZHOW T RAMEEBE E LN E 25 L H D),

—F . BPRETIT., BEESTIIREERTY 2 — VG FNAEEWEICRT A EENIFEE L
73, 2006 EDOEIRA DR EEBRAE SWEICL Y, BERETHET7NE (KEELEY 2 —/LidE
F7220) 1IZ%F LT ROHS X4 6 M O& A 18 ittt 2 25T T\ 5,
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V=T = AT AOEFAIL 1980 U/ 0 AREENZEAE Y . FEHBEG LN OB~ A
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NEN676 B, 66 T THD,

T2 K B AR R 2 O FEER & R

HEVENY —F =3 27 DMEBHE T = 79 A4 MCBW T, BITF O X 9 12 KBRS oo fE 0%

MIZHOWNWTELDTWVNS,
A R
AR | e BIBEICHRE Lo KIGEEGRIC XV miEICE L R 7 & OB A J§ER K 7

7 TS, EAMOTICE X kR, SRMINOBEIC LD | DTS
5 (95

4 o

[ IR L 0 EIENR 72 AT, MR TR L TR 5,

v VEDINBLE, (BB 77 P2 CL RIER . PRIEFIZE Y IHE T % 0 ol
= f,

A RS R 800 U v b, SEBEEOEA 6m? (ERE3H) ObLOREL,

HEEREEDOEEE KX T UTE Y NI VREREREY 23 ATHE,
BARICRE LT 7 A Em 2 SIC L ERICE LSRR Y, /NERETIC
REL-EE L=y P TETICEE L, KR FTOEEM (=227 U —b) ITEE
SHIEHB T, BRI ANEERET S,
o EFEWEOWIZEZIKE, EEMEL=y PR EOBSHERICIY . RO TEY
\Z3 5,
o KDL, BEEZTRICL, ERABICRRENDDEAITBEIES . EORIL,
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B GMIPEMRIIL T A XL R Y T A TR EICBIT DK ABAR OB (20114510 H 24 H/
—EETIE () BREE) ICBWTIL, JBE[ITOKAAFEHAEICOWT, LTFO X HICRE LT
l/\%)o

2MW 77 L A PMSG JEVHL DA | 1. 5~2t/H
. Nd i & Nd %7 30% (450~600kg/ %)
M. Dy i & Dy 7 4% (60~80kg/ %)
MW % HE AT PUSG BUREE D | 0. 15~0. 2t/ 13
&
. Nd i & Nd 9 30% (45~60kg/H)
M. Dy fiti & Dy 7 4% (6~8kg/%H)

Vestas Wind Systems A/S [Life cycle assessment of offshore and onshore sited wind power plants
based on Vestas V90-3.0 MW Turbines] (2005 4-3 H) TiL, #—bE LKV I T AI v a D7
A THA I BN THWOLN S EFROHKKEL L TUTOEEREL T\ 5D,

F HA—bE LRI TAI vy a VITHOWON D EIRO &R &

(TA 7% A 7 NVRAK)

Materials for offshore wind power | Materials for onshore wind power

plant plant
Materials Offshore Transnission Onshore turbine | Transmission

turbine

(kg/turbine) (kg/farm) (kg/turbine) (kg/farm)
Water 3.66E+07 1.8§8E+08 3.27E+07 1.11E+05
Hard coal 1.89E+05 1.65E+06 9.95E+04 0.00E+00
Tron 1.17E+0S 4.84E+04 6.42E+03 3.17E+01
Crude oil 1.01E+05 6.56E+06 8.08E+04 1.07TE+04
Quartz sand 9.33E+04 545E+04 9.27E+04 1.80E+00
Lignite 7.90E+04 1.16E+06 5.34E+04 4.30E+02
Natural gas 7.76E+04 1.35E+06 5.13E+04 3.39E+03
Limestone 3.37TE+H04 1.14E+05 1.46E+04 3.02E+02
Sodium
chloride 1.45E+04 7.38E+04 1.41E+04 2.60E+02
Zine 1.12E+04 2 A4E+04 2.09E+03 0.00E+00
Clay 8.37E+03 2.11E+04 8.37E+03 1.52E-01
Stone 2.80E+03 1.25E+06 5.57E+05 0.00E+00
Manganese 2.52E+03 1.33E+04 1.81E+03 1.90E-01
Aluminium 1.96E+03 1.22E+05 7.86E+02 1.29E+02
Copper 5.51E+02 2.03E+05 5.25E+02 5.32E+02
Lead 4.33E+00 8.60E+04 4.17E+00 0.00E+00

145




SRR TERFREGE TEERHE ERE 252 Bt TRBUR IR EEEE O LCA) (CFRk 14 4£FE) 12
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