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20.1 FED 1 (5 bEHmC 1) | | 5 | SCk
FfiEA) | FED & CRT, LCD ok Bo\E | K
ki | FED © LCCO2 (X, R 7%, s 3%, #iEo 9% |1 | C | 82
CNT (carbon nano tubes) =—7 4 L 7, s
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FED ® 41%) . FED (X CNTEHIZ L 52U = 08k | 4
AR . BEEBEORE L K& JHIRS N b,
TR BT K DS U X 7 NFHI S TR0, 1 |C |82
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21. A EEA
21.1 WAL 21 (O bEFmL 2 | || ik
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F—IHENRKENT,
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D TA THA I NBE T DO RFEEERIIRT 2 BESIT 2 RFHT 2 2 &l Lz,
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AT | BAB 2 2002 4FEEAER K ikiiam SCE (1) p281-282
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SV ES
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72T —iHEE L CO2 HEHED K 21T 7=,

CFRP |38\ 3, BUSERFFHEAZAER L 0 @y (R 1), FERERR LA 7]
REMED N 2 DT, M 1 ITITBUED AL & kDR EAL 2 VT, CFRP HEAIZ L 5T xR
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% A | Structural Analysis and LCA of Lightened Buses by Carbon Fiber Reinforced
/L | Plastics
IRFHETRIL T T AT v 712 L 2B EBAL AN A DIEIE T & LCA

% | T. Suzuki, M. Kan, M. Yamamoto, K. Uzawa, J. Takahashi, J. Kasai = (BEF K%)

FEF | 2005
£H

AF | Advances in Ecomaterials (Proceedings of 3rd International Conference on
J71k | Materials for Advanced Technologies (ICMAT2005)), Stallion Press, Vol. 2,
pp.634-639

FRAE

CFRP D NRLPRAF =NV LDT A TH A 7 VTRV —{HFHRIZIB N T
L7z,

A4 : CFRP 82 b 2F— LB 2 o)A il /N < o4 7 a il

PEREHLAT 15 FRIMEA. 43 U km, FHHE 30%
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% A | Environmental benefits of new materials in automotive applications-LCE

L /L | focusing on the recycling phase.
BLWU A 7 M EFIH LT B8 OB 2R

#% | GEDIGAJ, BETZM (KA YY)

FEF | 2001 £
£H

AT | J Adv Sci, L0590A, VOL.13; NO.3; pp 222-225
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EERAN RS
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F B T RS TEEIC 22 B 78, 264 DB A BB AT N 5. ABFTET. VA 2
LTV IMEFRTS - LIC k5. BEE M BB A IR B 2 00 LT~

FTATh S AR

DQUHA I AT AIMEFRH LTEES . N—Y T I8 L0 40%D SO2 EIlJE ml§e
Thod,

@7 NI EFHEE 0L ThPET 2 U YA 7V GIE L EERLEES 5 Tk & R
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BEEMEM (4) CHRE 5

ST | EEREEM (4)

% A | Using LCA to Assess Eco-design in the Automotive Sector
/L | Case Study of a Polyolefinic Door Panel

%% | Ivan Mufioz, Joan Rieradevall, Xavier Doménech and Cristina Gazulla

FEF | 2006 F
£H

ATF | Int J LCA 11 (5) 323 — 334
Jik

FERER

1. AP 5

BROBBE RTHEME Ty NEIATRMOTA T A 7 VBTN Z T, Ty
k%4 7O4 . PVC 28 TPO 2 & 41, PES & POM 7 PP oW &, U A 2 La]
R O & e T 5 2 LIRS LD,

Speaker grill

Fig. 1: The product under study and a detail of the subcomponents subject to changes in the prototype

Table 2: Differences betwesn subcomponents subject to changes in the

prototype panel
Subcomponent Materials Weight
Top roll Current PP T16 main structure | 430 g €10g
PVC foil 180 g
Prototype | PP T16 main structure| 430g 08¢
TPO foil 168 g
Insert Current PP T16 main structure] 380 g 59049

PES/PUR fabric 210 g
Prototype | PP T16 main structure] 380g 572g

PE/TPO fabric 192 g
Speaker grill | Current POM 180 g 180 g
Prototype PP T16 131 g 131 g
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2. FHm&EEPH : aE, Eas, A, U YA 2 e
FEREHNLIE K7 —o2 95, 10 FERfEH. 150000km 1T, i HEMHED = 3L % —H
BIXIRT7EEEHWCEEREEOLHI TR DT 5,
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5. EBGHNL . EIRALVE. HERERRL. Bt k. AREEME. ACRAEREERME. BaE(.
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Fig. 5: Contribution of different phases to the environmental profile of the
current panel from cradle to grave
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Fig. 6: Environmental impact of the current and prototype panels in the
production phase
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Fig. 7: Environmental impact of the current and prototype panels in the end-of-life phase
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Fig. 8: Environmental impact of the current and prototype panels from cradle to grave
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Fig. 9: Environmental impact of the current and prototype panels from cradle to grave, assuming lower quality for recycled plastics (1:0.7 subsfitution
factor instead of 1:1)
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% A | Possibility of the Material-Recycle on the Development of the New Building

kL | Material from the Waste FRP (Fiber Reinforced-Plastics)
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% A | Inventory analysis in production and recycling process of advanced composite

R~V | materials

FEMEAMICB T A E R Y A 7 DA X N Y S3HT
%% | Hideki Nagai, Jun Takahashi, Kiyoshi Kemmochi, Jun-ichi Matsui

FEF | 2001 £
£H

AF | Journal of Advanced Science, Vol.13, No.3, 2001
Jiik

TRNE

T AR BT 5 CFRP (carbon fiber reinforced plastics) D& KN 4 7 L7
BEADA X MY ST EIT o T,

FRAMRS SR

O#EHEZ X 273, CFRP O = /L ¥ —H# &l 450~600Md/kg & 72 %, HRIFEHHHED
TLEIC LD BENR B REDNST,
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SR | RSN (7)

% A | Life cycle assessment of biofibres replacing glass fibres as reinforcement in

L | plastics

% | T. Corbie're-Nicollier, B. Gfeller Laban, L. Lundquist, Y. Leterrier, J.-A.E.
Manson, O. Jolliet

FEF | 2001 £
£H

AT | Resources, Conservation and Recycling 33 (2001) 267287
ik

LA

1. FHlxrE: . 2 FEEEOMHETR{L ~°Z AT~ 7 : China reed fiber (CR) % {# > 7= CR pallet
& Glass fiber (GF) % ffi-7- GF pallet,

2. FEREEANT : [A) UAE & OfHETR{L pallet OJEHET, GF pallet I% 15 ke, GF REEED
42%iE4A, CRpallet 1% 11.8 ke, CR ZEEED 53%IEE, GEHILTHR)

Pallet composition, reference scenario

GF pallet CR pallet
PP weight (kg) 8.73 5.55
Fibre weight (kg) 6.27 6.22
Total weight (kg) 15 11.77

3. WUEGENE : NWEME, MARREEENE. KAEREREE, HIEKIERRL. Bt . 4 vk,
Eoegfl, =R X—iHE,
4. GG R

O CRIIFAEEDREFEIKICIH VT GF L0 BWER L ro7z, BRE\EAIZTILGE 2

FORERERSTZ, (K 4)
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Fig. 4. Characterisation of incinerated and discharged pallets (GF, glass fibre: CR, China reed).
accordine to CST95.

@ EI9% & CML b7z & 5 i REaF o iz, BRBTZTFITEVE L 72> 7228,
ZOMOEEHE X CR OLB/NEW (F&R),

Results with CML

Unit GF pallet CR pallet CR pallet (% GF pallet)
Human toxicity kg 14 21.2 9.04 43
dichl,y /pal.
Terrestrial ecotoxicity kg 1.4 5250 4480 85
dichl, /pal.
Aquatic ecotoxicity kg 14 1.09 0.663 61
dichl, /pal.
Greenhouse effect kg CO,,, /pal. 753 40.4 54
Ozone formation kg 0.208 0.133 64
ethylene, /pal.
Acidification kg 5044 /pal. 0.653 0.432 66
Eutrophication kg POy, /pal. 0.0682 0.0628 92
Energy MlJ/pal. 1400 717 51

Results with Ecoindicateurs 95

Unit GF pallet CR pallet CR pallet (“s GF pallet)
Carcinogenic kg PAH,, /pal. TAIx1077 448x10°7 63
substances
Heavy metals kg Pbyg /pal. 243x1073 1.72x1073% 71
Winter smog kg SO, /pal. 0.289 0.163 56
Greenhouse effect kg COzm__.-'pal. 753 40.4 54
Ozone formation kg ethylene,, jpal.  1.05x107% 556x10-% 53
Acidification kg S0, /pal. 0.653 0411 63
Eutrophication kg PO, /pal. 0.0682 0.0632 93
Energy MJI/pal. 1400 17 51
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Fig. 6. Energy consumption as a function of the recycling rate for the glass fibre (GF) and the China
reed (CR) pallets.
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SR | EEAEE (3)

% A | Life cycle assessment of composite materials made of recycled

/L | thermoplastics combined with rice husks and cotton linters

¥+ | Rosario Vidal & Pilar Martinez & Daniel Garrain

¥ # | 2008 7

£H

AT | Springer-Verlag 2008, Int J Life Cycle Assess

J7ik

LA

1. G« 3 FEOIREGMEN, OV A 74 pp+ KA, @V YA 7L pp+ kit

@V H 4 7 v HDPE + fiFits

Table 1 Compositon of new developed composites

Composite (%) HDPE+cotton PP+cotton PP+husks
Recyeled HDPE 72 - -
Recyeled PP - 732 50
Recyeled cotton 20 20 -
Rice husks - - 45
Additives 8 6.8 5
2. FEREHNL : 1 ke DIRGHEL
3. RCRRREN  MUEKIERR L. EIARE, MMib. ERE
4. BERENLELL TV A - OBEAL @HENT
5. RS -
O AR b)F—=2  BGEROBRIHEENSFE O, MEHEEE S TES (£56),
Table 5 Inventory data per kilogram of composite, as provided by compounding firm
Composite HDPE+cotton PP+cotton PP+husks
Energy (kWh)
Electricity 0.44 0.44 0.44
Transport (km)
Reeyeled plastic to compounder (100 km) 0.072 0.0732 0.050
Husks/cotton to compounder (300 km) 0.060 0.0600 0.135
Addives to compounder (300 km) 0.024 00204 0.015

@ A >3z b
RAMEHINS—V U ME LY DOFERE o Te, IRAMEIO BT, pp+ KSR
pp OB AR DI, BIFMBEZEI NSV, —J7, KA O s

RWizh, ZOMOEBIIREWFERE o7z, (K 8)
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Table 8 Environmental impact of 1 kg of composites and conventional plastics

Impact category Unit HDPE+cotton PP+votton PP-+husks Virgin HDPE Virgin PP
Global warming kg CO; eq 0.61 0.70 0.71 1.88 199
Monrenewable energy depletion M eq 10.77 12.02 8.63 7598 7546
Acidification kg 50; eg 403E-03 4.25E-03 4.8TE-03 2.14E-02 2.03E-02
Eutrophication kg PO, eg 2.67E-04 3.63E-04 9.34E-04 1.30E-03 1.26E-03

@ PEFALHR] DR

BESZALPR DS BEASLBRIZ LT, BRWRER & 7o 7o, BINZALBROY A IR O AR
Wi 7k S, BEPORE LTS, SfEShRnisd, AZ b REE LR

VY, N20 [IEICHH SN D2, EVNSWIZoEE E Lo T,

Table 9 GHG fluxes associated with the disposal of 1 kg of composites and conventional plastics by composting scenario

Emissions (kg CO; eq)

Incineration

Landfilling

Virgin plastic  HDPE/PP+cotton  PP+husks  Viwrgm plaste  HDPE/PP+cotton  PP+husks
Percent C 85.70 76.90 61.31 - - -
Percent biodegradable material - - - 0 8.42 16.56
Short-cycle CO; (GWP=0) 0 0.3087 0.6072 - - -
Fossil CO, (GWP=1) 3.1423 24353 1.6026 - - -
N,O (GWP=296) 5E-05 S5E-05 SE-05 - - -
Sequestered CO; (GWP=-1) - - - 1] 0.3087 0.6072
Fossil CO» (energy and transport) (GWP=1)  0.0080 0.0080 00080 0.0080 0.0080 0.0080
Total GHG 3.1651 24581 1.6254 0.0080 —0.3007 —0.5992

@
F VRS WVREPE

ZOXHIZ, REMOBREERE

HIBR R 3 i T X B,

MDIEFITNEINT b oTz, 5% LTI,
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4 A | Curaua fibers in the automobile industry e a sustainability assessment
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%% | R. Zah, R. Hischier, A.L. Leao , I. Braun

¥ F | 2007 7

£H

AT | Journal of Cleaner Production 15 (2007) 1032—1040

J7ik
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1. FHiixd% . 77U (Curaua) &9 /3o Ty TAAOEELTZT T T B O R Ot %
pp LiRE L TIEGNZREMEL (77 A0 & LT, #H),
2. AHHFELDE -
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\—x—‘ i i >
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WIWILT;TH{PP' transport Composite car =
’ Prodeche - [rms inonerston]
GFPP- 3
P e ™[ et > composte oy e
o produciion - [rese reater]

P
1 .

fiber (GF 1 production of

g ) | R ]
| car parts

[ REFERENCE CASE

Fig. 1. Process steps included in this study for the production of curaud-based composites (curaud case) and for glass fiber composites (reference case).
3. BEBEHANT : 8 SDORERERNL AR E LT,

O FUM S, ZEM  curaua/PP 70/30,1.19 kg, GF/PP 30/70, 1.00 kg

@ [ UEE : curaua/PP 50/50,1.00 kg, GF/PP 50/50, 1.00 kg

®

[ UAR YU =—2A : curaua/PP 27/50,0.77 kg, GF/PP 50/50, 1.00 kg

4. PR R
O A BIEEORSEN D, RS & kB 35\ T curaual/pp D2 GF/pp £V
K&, ToOMOBEETETHD (X2),
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Fig. 2. Estimated impact of 1 kg of a composite on climate change (green-
house warming potential measured as kg CO. equivalents) in the different
life cycle phases. Dark = curand composite and white = glass fiber composite.

Table 4
Environmental impacts of 1 kg of composite material at different stages of the product life cycle
Acidification Climate change Eutrophication Photochem. Stratos. ozone Resources
oxidation depletion
Fiber production Curaud 795E—03 9.85E—-01 4.16E—03 2.89E—04 8.71E—08 5.13E—03
GF 5.03E-03 T.6TE-01 4.03E—04 1.84E—04 5.86E—08 5.58E—03
Polymer production Curaua 6.15E—03 6.09E—01 4.00E—04 2.06E—04 1.52E—09 1.OIE—02
GF 143E—02 141E+00 921E—(4 4.78E—04 2.11E-09 2.36E—02
Composite production Curaud 1.15E—03 223E-01 8.80E—05 45TE-05 1.OGE—08 1.6TE—03
GF 392E-03 883E-01 2.96E—(4 1.82E—04 431E-07 731E—03
Transports Curana 236E-03 159E—-01 242E—4 7.87E—05 1.78E—08 1ORE—03
GF 3.53E—04 565E-02 6.22E—035 1.40E—05 6.34E—-09 4.01E—
Car use Curaud 6.54E-02 1.63E+01 1.OTE—02 201E-02 1.89E—-06 9.98E—-02
GF 6.54E—02 1.63E+01 1.OTE—02 201E-02 1.89E—06 9.98E—02
End-of-life Curauni 223E-04 121E-02 6.92E—-05 6.18E—06 1.25E-09 T.86E—05
GF 2.68E—04 1.76E—02 6.80E—035 4.13E-06 242E-09 132E—d

Units are explained in Table 3. Italicized numbers indicate the higher environmental impact for the respective two composites (curaué vs. GF).

@ BEREHALRIORERZ T, BENL R & BREBILEEBICE VT, curaua/PP O
BN GFlpp LD KEV, ZOMOEEIL, GF/lpp ERIZEDN, INSWFERER ST,
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Fig. 3. Environmental impact assessment of curaud-based composites relative to glass fiber composites (100%) for the scenarios equal stability (), equal weight (b)
and equal volume (c).
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Fig. 4. Weight of curaua composite relative to glass fiber composite (horizontal
axis) vs. relative difference in 10 different impact categories (vertical axis). A
negative vertical value means that CU/PP is better than GF/PP — a positive
value means the opposite. CU = curaud and GF = glass fiber.
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% A | Are natural fiber composites environmentally superior to glass fiber

/L | reinforced composites?

F+# | S.V. Joshi, L.T. Drzal, A.K. Mohanty, S. Arora

FEF | 2004 £
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AT | Composites: Part A 35 (2004) 371-376
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TN E
1. AWFRIZBEEMEORE R Z ST LT, TF = T MR OB O BB B AT M 2 M diE L
T2 FEITTF 2 T VHHER A M OB EAVIZEE T 515,

Table 5
Weight Reduction with natural fiber composites

Component Source study  Conventional Weight (g) of NFR materials Weight (g) of Weight reduction (%)
composite materials  reference component NFR component

Auto side panel [7 ABS 1125 Hemp-Epoxy 820 27

Auto insulation panel  [5] Glass Fiber—PP 3500 Hemp—PP 2600 26

Transport pallet [4] Glass Fiber—PP 15,000 China reed—PP 11770 22

2. FRAEHALI 1 kelRAH
3. kiR (3% 4) : China reed fiber 32258, U DS OETOREAMWE K S /NE
WEE 7p o Tz, Ao A HSROMMEZ BT 256, BRBIBEZHINT 2 0N EE,

Table 4
Life cyele environmental impacts from production of glass fiber, china reed fiber, Epoxy resin, ABS and polypropy lene

Environmental impact Glass fiber” China reed fiber” Epoxy resin” ABS" Poly propylene™
Energy use (MJkg) 48.33 164 140.71 9502 7719
Carbon di-oxide emissions (kg/kg) 204 0.66 590 310 185
CO emissions (ghkg) 0.80 0.44 220 380 0.72
50, emissions (g/hkg) 879 1.23 19.00 10,00 1294
NO, emissions (g/kg) 203 1.07 3500 11.00 957
Particulate matter (g/kg) 1.04 0.24 150 290 148
BOD to water (mgfhkg) 175 0.36 1200 33 3394
COD to water (mgfkg) 18.81 227 51,000 2200 178.92
Nitrates to water(mg/kg) 14.00 24481 1 71 18.78
Phosphates to water (mg/kg) 43.06 233.6 220 120 139

* Source: Ref. [4]. back up tables obtained from the author.
" Source: Ref. [8].
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% A | Life cycle assessment of wood-fibre-reinforced polypropylene composites
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AT | journal of materials processing technology 198 (200 8) 168-177
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Fig. 11 - SimaPro model for composite perform production.
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Fig. 12 - Comparison of the compaosite (30% fibre) and the
PP sheet on different categories. Fig. 13 - Weighting effect on the composite and PP sheets.
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B, U A 708 50%, Y, #HE 72 ke,
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GHG emmissions of alternative Engine Block product systems
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Fig. 5. Comparison of life cycle GHG impacts for different engine blocks.

. GHG break-even distance between product systems
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Fig. & Comparison of break-even driving distance for eguivalent GHG impact
of different material prodoct systems.
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% A | Re-evaluation of biomass polymers as an eco-material from material and life
/L | eycle assessment perspectives
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R&i, ABAHKRORY v~ —WHOME Zi7= 3 L 2R o T,

BIRAEYE - B oML (Vink 2003) ([2X 5 &, Ao AR Y v —OAEFERN OHEAR T
BRDOT X NLF—HEBZHIMTE 2, /2. "M AR v —HERFEE I 2 = 3L ¥
—Z ASRKRGIEREIRE SN D & BT 40%DHITEA FIRE L LTz,

HEKIEBZL © Keppler 2006 O XHRIC L D&, FUERIATOENL A X BRI T
WDHZENFhole, ThEBETDE, "M ARY ~—DIRELEE (FRE RS 1T
TERMFIT LD 20% K& < 2o Tz,

BECTWE : A AR =%, WEER Loz, AFNLT == ) a— i

(methyl phenyl-silicone resin) /K27 /L2 = & (AIOH)3) 72 & D EERAIZ A L
TW%, £7o, FEOMETREREDORFRY 7 ==z —7 )L (EHRAIO—FE) &
TR S Ao 7o HERAIEE IS & D AR RE S N O SR & Rl 5 LB D D,

A A b & fEL: Lee 2003 OHIFEIZ LD & BUENSA ARY = —0Da X+ D 95%H3mILEL
IO D KEDIREOMER TH Y | IWEEZRHR=T L EA~TH ATV EZDH L
T, #165-95% DA N7 UNA[RETH 5,

NA FEREL O EFENRVERE & OB GRBRMBREIN TS, L, FH 140 BV =
DNNAFTH ) —=AVPEEINDROIE, TAV AT XTOMERIa I RN™bsZ &
(272 %,
£ : OKeppler F. et al, Nature, 439: 187-191 (January 2006).

@Vink, T.H et al, Polymer Degradation and Stability, 80: 403—419 (2003).
@Lee S.Y et al. In Biopolymers: General aspects and special applications, edited by
A. Steinbuchel, Wiley-VCH, pp.307-338 (2003).
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Fig. 4: Global warming in the PHA production system based on 100-year time horizon global warming potentials (Intergovernmental Panel on Climate
Change 2001) [Gemgross (1999): PHA fermentation technology given by Gemgross (1999), Current (Metabolix): PHA fermentation technology given by
Metabolix Inc. (van Walsem 2003), Akiyama (2003): PHA fermentation technology given by Akiyama et al. (2003), Near future (Metabolix): PHA fermen-
tafion technology given by Metabolix Inc. (van Walsem 2003)] Note: PHA fermentation includes fermentation and recovery
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Table 6: Environmental impacts estimated by the system expansion approach and the output mass based allocations

Reference system Integrated system

Impact category Unit

| System expansion | Mass allocation | System expansion | Mass allocation

Mear future (Metabolix)

Nonrenewable energy [MJ kg™ 68.6 66.0 17.8 15.8
Global warming [kg—COz eq. kg '] 172 1.92 -1.19 —1.15
Photochemical smog [mg—MNO, eq. m™ kg™'] 205 231 1.7 135
Acidification [moles H” eq. kg] 1.56 164 0.62 0.87
Eutrophication [g-N eq. kg™] 143 157 0.94 1.03
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4 A | Alife cycle analysis on Bio-DME synthesis system considering biomass materials
RV | SA A~ A BERT 5 BioDME O F A 744 27 L4347

£ | Masashi Higo, Kiyoshi Dowaki 8 U FEAEL K-

J&F | 2008 4£ 12 H

£ H
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JilE | p034

TRNE

PEARH 525 Bio-DME & k9™ 2 Bl & 720988 B, 2 OBFRIEEREIC LS\ T 17
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% A | Comparative Evaluation of Ethanol Production System from Cellulosic Biomass

K7V | with Different Pretreatment and Saccharification Process
BAARME LT o 22k A Ern AR ) — LB AT A EEHE

F%# | Kiyotaka Saga, Shinji Fujimoto, Takashi Yanagida, Chika Tada, Bespyatko
Lyudmyla Yuriyivna, Tomoaki Minowa, P&¥HARSAFERT

J&F | 2008 4£ 12 H

A
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FERAE

BEABRARNA ALY =X ) — LV ORGEHEIT, BILE & HEH b7 v 2 DEWIC X
> THEBIFET 5, ZOWEIEU T =20 LCCO2 A7 L 7=,
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B, BIEHOFHBEEZ N2 5,

55




A AR (B) LikE T ¢ 24

# A | A modified design of CGS operation or Bio-H2 production through Blue Tower
kv | (BT) process

BT ( Blue Tower) ¥ A7 A2 X% CGS(Co-generation system)siid/ N1 A /KB4
DT YA

£+ | Kiyoshi Dowaki, Yoshitaka Kon, Mitsuo Kameyama. HiEE K5

JES | 2008 4
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Jiik

ERNE

KENRA F~ A% T AT B8 E LT BT ( Blue Tower) 7 2 A0 EH STV 5
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# A | Life cycle assessment of BTL-fuels and conversion concepts
kL | BLT #88to LCA

## | Niels Jungbluth, Rolf Frischknecht, Matthias Tuchschmid, = ESU-services Ltd

JES | 2008 4

£H

AT | F 8EIT a T R [EERESH
Jiik

EERANAFS

BLT (33ERWR DM O AR SN DIRERELTH 5, JFEHIHW B % DI R FE
T THLHEDL, A7 ENRH S, BLT IXRBALIZE WD, MW A FERMEICITE 4B
b, Betefb, HHFRIH & Vo TN AL 5, ZOMFSEIL. LCA FE4 MW T BLT O#E
R EZ L Z 2 AN ET 5,

T—H AL AKWNEU 7uv =7 s RENEW OF7 —% %5|H L7, RENEW 71z =2 b
(2004-2008) %, EU 75 1,000 5€DE&BKZ2Z T T, 31 D/3—= M F—OZMEa/{TEmSNLTND, 2Ty
=7 NCEAA F~ A0 BIIRIRE 2 GRS 2720 O THEIFOBR%E L3I TTHI TR 0 . BUER X ONRORBER
B (mrvy) THHTE S, 22 MIEREO LW Edn B RO EEAL HIE L LTS, http//www.renew-fuel.com)

FEAMELH : SA A~ R EENCREHH R £ TET 5,

K 12138 A A~ A EPEBPE K OIRBI R BE DT — 2 v,

K1 ANA A~ ABVEEBRBEDA X N T —H

bundles, short bundleu., miscanthus- | miscanthus- | wheat straw, | wheat straw,
- short-rotation
rotation wood bales bales bales bales
wood

starting point | scenario 1 | starting point] scenanco 1 | starting peint] scenario 1
N-fertilizer gfkg DS 5.2 6.3 40 56 22 1.8
P205-fertilizer gfkg DS 4.0 3.5 31 2.8 1.1 0.8
K20-fertilizer gfkg DS 6.4 5.4 51 4.3 0.9 1.5
Lime gfkg DS 6.5 5.9 3.6 2.4 4.4 2.8
diesel use gikg DS 5.1 4.9 4.3 3.3 2.3 1.4
yield, bioenergy resource kg DSihala 10'537 12630 14'970 20504 3718 4428
yield, wheat grains kg DSihala - - - - 4'900 6719
energy content of biomass | MJikg DS 18.4 18.4 18.8 15.8 17.2] 172
losses during storage % 7% 4% 6% 3% 6% 3%

DS: Dry Substance
2 BB ZE MR

Bomass]___Wood SEaw Weod Shaw S Woon Wiscanthie Tiood
Ceniralzed | Cantaized -
Centralized | Cenralzed | Aulothermal | Autothermal | Decentallzed ”C'f',_m' g:ggﬂ’; B P
Frocess| Entrained Fiow | Entrained Fiow | Circutating Cicuating | Enfained Fiow
Gasieation Gasification | Flidzed Bed | FudizedBed | Gascason | FUOEedBed | Fludized Bed | Slack Liquar for
i Gasfication | Gasiiation | DME-production
Gasificaion |  Gastcation
Product] __BSTLFT BTLET BT BTLET ETLET BTLIT STLET ETLDME
Code =D TEFD TrED TreD =D TreD Cre 0 BLEF-OVE
Devzioper| UET UET CUTEC CUTEC FZK TUW TV CHEMREC
Conversion rSte [Dipmass 1o all lquds) | energy == T 0% = ) 5% 55 5%
Capacity DIOMa=S INput (VW) [ power 159 .;E' 255 = 55| sﬂ 50 00|
3l liguid prodicts (fes=!, naphtia, DWE] | eh =S5 =3 Ee [ | 73 il | K | =0

EREA RN TFT—=2 D LT, £ BLT OEBLEMELRES & . Eco-indicator 99
J O Ecological Scarcity 2006 (12 L 2 Hi—#51E (A fbt ) &k, (X 1)
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BANBTV—ITATEDT A 7 A 7 VEEESEAN & [F SR i 12 B3 B AR
%

EH | PEEDAR S BEIERT

JF | 2005 4F 3 J]
i

AT | PHEHER
J7i% | pp33-80
EEAN RS

FHEE Y - 807 Y —IXATE LT ATE AT SR L L, IR A EME O RE R S
B ORBE A 8 U T RSB M O i 21T 9,

FERI S gniE A 7S (Sn37Pb) & 9 FEEEDEN T U —IiZA 7S (Sn3Ag0.5Cu, Sn3.5Ag.
Sn0.7Cu ., Sn9Zn . Sn3Ag0.7Cu3Bi. Sn8Zn3Bi., SnlAgh7Bi. Sn3.5Ag7In0.5Bi .
Sn0.7Cu0.04N1i)

FEMGEGDE - 1ZATS - EORER NFIATEOREIE - VA 7V TRET S, BE TR
(XA TEDOFINTESE L R FEELAE L, BEREERSIL Y o 7 v, EEEED TR ORERE
F 3 FHDO 7 a2 T L CRE L=,

ARy N UFER  FRITFASEE, N EZEE LS EORETH D, CO2 1Tk
WT, SRIEATEDIZ D /P E VR KRESKFBASDERPEH S RE WD E R0 5,

F AIALTEDA R R Y FER

Inventory: Sn37Pb [ Sn3Ag0.5Cu| Sn3.5Ag| Sn0.7Cu| Sn9Zn | Sn0.7Cu0.04Ni
Inputs:  [(r) Coal (in ground) kg|2.98E-02 3.81E-02 |[3.89E-02]3.43E-02]|3.37E-02 3.37E-02
(r) Copper (Cu, ore) kg|4.75E-09| 5.04E-05 |5.10E-09]7.00E-05]5.10E-09 6.83E-05
(r) Lead (Pb, ore) kg|4.27E-03| 1.59E-09 |1.59E-09]1.59E-09| 1.59E-09 1.59E-09
(r) Natural Gas (in ground) kg|1.59E-02| 2.12E-02 |2.17E-02]1.89E-02| 1.77E-02 1.86E-02
(r) Nickel (Ni, ore) kg|3.16E-10| 3.40E-10 | 3.40E-10]3.40E-10| 3.40E-10 3.90E-06
(r) Oil (in ground) kg|1.37E-02| 2.05E-02 |2.11E-02]1.71E-02|1.60E-02 1.67E-02
(r) Silver (Ag, ore) kg|2.36E-11| 3.02E-04 |[3.53E-04|2.53E-11]2.53E-11 2.53E-11
(r) Tin (Sn, ore) kg|7.25E-03] 9.73E-03 |9.74E-03]|9.93E-03|9.05E-03 9.68E-03
(r) Zinc (Zn, ore) kg|3.45E-11] 3.71E-11 | 3.71E-11|3.71E-11]9.04E-04 3.71E-11
Outputs: [(a) Carbon Dioxide (CO2, fossil) kg |1.49E-01| 2.10E-01 |2.15E-01]1.82E-01]1.73E-01 1.79E-01
(a) Copper (Cu) kg|2.17E-08| 1.24E-08 |1.17E-08]1.27E-08|1.41E-08 1.44E-08
(a) Lead (Pb) kg| 1.37E-05| 2.56E-08 |2.48E-08]2.58E-08 | 1.68E-06 2.58E-08
(a) Methane (CH4) kg|1.92E-04| 1.83E-04 |1.83E-04]1.83E-04|1.92E-04 1.83E-04
(a) Nickel (Ni) kg|7.98E-08| 6.73E-08 |6.73E-08]6.73E-08]|6.73E-08 6.84E-08
(a) Nitrogen Oxides (NOx as NO2) kg | 3.46E-04| 4.75E-04 |4.86E-04|4.19E-04| 3.96E-04 4.09E-04
(a) Nitrous Oxide (N20) kg| 6.89E-07| 5.61E-07 |5.54E-07]5.64E-07 | 6.66E-07 5.65E-07
(a) NMVOC kg|4.60E-04| 4.90E-04 |4.90E-04]4.86E-04|4.87E-04 4.85E-04
(a) Particulates (unspecified) kg | 1.76E-04| 2.65E-04 |2.72E-04|2.31E-04|2.14E-04 2.25E-04
(a) Sulphur Oxides (SOx as SO2) kg|4.74E-04| 6.66E-04 |[6.79E-04|5.70E-04|5.41E-04 5.67E-04
(s) Lead (Pb) kg|2.37E-11| 1.26E-12 |2.79E-13]1.64E-12|8.01E-12 1.82E-12
(s) Mercury (Hg) kg|1.50E-13| 8.87E-15 |2.22E-15|1.15E-14|5.18E-14 1.25E-14
(s) Zinc (Zn) kg|1.94E-09] 1.04E-09 |9.99E-10|1.06E-09| 1.27E-09 1.06E-09
(w) COD (Chemical Oxygen Demand) | kg|2.80E-07( 1.84E-07 |1.79E-07| 1.86E-07]|2.12E-07 1.86E-07
(W) Lead (Pb++, Pb4+) kg|5.90E-07| 1.44E-08 | 1.40E-08] 1.45E-08|2.77E-08 1.46E-08
(w) Nitrates (NO3-) kg|1.39E-07| 6.84E-08 |6.63E-08]6.90E-08|9.73E-08 6.93E-08
(w) Phosphorus (P) kg|9.32E-10| 1.00E-09 | 1.00E-09] 1.00E-09 | 1.00E-09 1.00E-09
Waste (total) kg| 6.42E-03| 6.89E-03 | 6.89E-03]6.89E-03 | 6.89E-03 6.89E-03
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A | BFEERIHEHINDAMITIATZEEHR T ) —I1ZATZOT A 7Y A 7)Ao X K 4y
~v | #7

FA | AR REPREED, LT, RN, FORRA:

FEF | 2003 £
£H

AF | IR EFEH Vol.119 p.79-84
Frik

FERAE

MG & BRI TS 2 OBFEIE, $hiE A7 (SnPb) E8h 7 U —1T A7 (Sn-3.0Ag-0.7Cu)
MR & T 5, ITAEORIERIZLVFREIND CO2 HEHEZF T L, ShTATZDRE
FIZLDAM - EBRA~ORELZHENICFHET 5 O Tida <, BELIIIET 2 =%
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# A | Life Cycle Inventory Analysis of Aluminum Can for Low-malt Liquor
KL | 7V O LCT o #r

¥ | Katsuhito Nakazawa, Keiichi Katayama

4 | 2002 4E

A

ATF | B 5T anTg v RERERE
ik

FERAE

BREEARLEAACELH 7V 1 aTULC O T A 7% A 7 v A X U SHr &7, (EkD
TR E LT,

RYTZATNT 4NV EERNIEIZT IX— ML, BEEZRTHETEROT VL IH LT
L C, R LIRFEOPEH B A RIEICHIT U7, UG TR 72 B ek 70%., B 7 A
T A 7 IVEIRTHENREE 15% O HITE & 7257,

PERDBEETIX, HOMRIELWEEIC 1 HH72 0 150ml DK %E > Tz, aTULC T
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% A | LCA Evaluation of Longevity and Recyclability of Materials in Eco-Design
v | BeFfn & IR A HIA © LCA #Ffl

¥%# | Hong X. Nguyen, Tomonori Honda, Kohei Morimoto, Ryoichi Yamamoto (H 5Tk

)

¥ | 2005 F
£H
AF | Advances in Ecomaterials ICMAT2005) pp.608-614
Jrik
BN F

ARG O EFmb & TRBREAIHIC X 2R ERIHGIRZ 2 DOFF|ZE LT
AT L 72
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P ARG R

FHO, HoBES PET AR ML, A7 A (LD, 77 A (20E), 7/ IHE, AF—
VTR D 2T > 7,

A7 A (1 ) OmERERITRbE L. —H. 7 A (20 B) TR bERWERE 7
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TV HEOHEAERIT A F— L & PET AR FLICEHRT, TRFNE 7.9% & 22.2%
WL 7%,

FHI@, Ni AINERSH 2 5 U 72 $R8IE O R FH bl L 2 BB BHIBRN R 4 /08 LTz,
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65




A (1) SCHRE 5 30

XA | gREHMENO LCA I X 2 BREZFHM
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E | FRIEE A
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£H

AF | BB FIERSHRHE S
PIRES

BEANORS
ZOFRRIT. BEBEMEHIOW T, MBHERIC L D BRER BB L ERIL LD
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OvARY)~w—arr7J—1h
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IRCHER T 2720, CO2 HEHENKE WV, —F, IARY v —DEEIE, AKAITKEL
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Nitrogen (N) 36.3 a LAND CULTIVATION
Phosphorus (P0s) 18.8 g
Potassium (K,0) 51.1 g Ploughing & Sowing (70 plants/m’ of land)
Calcium (Ca0) 59,2 g Fertilization (N, BOs, K;0, Ca0O)
Irrigation (450 mm of water)
Diesel oil  13.5 g == Cutting
kenaf plants 4.307 kg

Polyester fibres 0.228

Natural gas ~ 0.002 m

Blectricly  0.26  bWh == KENAF cleaning and refining
Solid residues 3.015

kenaf fibres 1.292 kg

Elecrriciy  0.02  kWh -- INSULATION BOARD MANUFACTURING Insulation board 152

kgl

kgl

:
Fertilizers

NN =

Disposal
24.9%
/

A

Electricity

Transport and methane
23.1% 3.4%

Fig. 3. Sharing of greenhouse gas emissions in the kenaf board life-cycle.
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Energy and environmental comparison of insulation materials

Kenaf Stone wool Flax Paper wool PUR Glass wool Mineral wool
Energy consumption
Energy use MJ 284 17.4 26.9 1.8 57.6 399 25.0
Feedstock, fossil MJ 8.8 25 7.5 0.4 36.0 7.4 02
Feedstock, renewable MJ 222 09 153 14.0 0.0 0.0 0.0
Total MJ 594 20.8 49.7 26.2 93.6 473 252
Environmental impact indexes
Global warming potential kg COyeq 32 1.45 2.36 0.82 32 22 1.7
Acidification potential g 80, 27. 12.3 17 55 279 8.4 49
Nutrification potential PO, 2. 116 122 0.7 294 1.30 0.8
Photochemical ozone creation potential g CoHuey 2.2 4.6 0.5 0.2 1.4 2.5 37
Water consumption kg 10. 39 5.7 0.8 297.7 27.0 256
Wastes
Total wastes kg 20 0.054 0.122 0.032 0.32 6.6 27
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Fig. 4. Comparison of various

insulation materials.
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w7 (3) ik : 45

H A | BRND ExternE 7’1 ¥ =7 MBI HREHREY A 7 VO =2 2 kN OFEAT
(4%

#2% | ExternE 72 =7 k

FEFR | 1999 £
£H

AT | OFEOENOINBE M (http!//www.externe.info/)

FiE | @4 XV 204 EHOFEM (J.E. Berry et al.,Power Generation and the

Environment- a UK Perspective, Vol. 1, AEA Technology, (June 1998).)

@B AHEE S OIS = 2k
(http://www.jemai.or.jp/lcaforum/working_group/pdf/lime2_houkoku_06.pdf)
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JE)%EE (1) SCHRE 5 46

A | TRk B8 1 B B3 E O A
%

EA | LHER. RIFE, ARIE . RRER, IR, BRERE, R

J&F | 2008 4£ 12 H
A

AT | 5 3 A LCA PR e R aiH = 54
Jiik | pp222-223

FERAE

EPERT 2MW JE ) F8 ik i 2 Sk -l C ik 95 2 L 2 ME L T, EERE (kWh) 4
720 » LC-CO2 ZFHE LT,

FEAMERER - ARG, AT, R (20 FFM. AT U RABRERL)

Al RS 5

OEGE 6m/s DA, 10.3g-CO2/kWh & 72 7=,

@K Tm/s DA, Tg-CO2kWh KT L7,

@ERH 1D KFUL D EEZ ST, 300kW D JEHL I 29.5 g-CO2/kWh 12X LT, A
7 CO2 BEH BT 1/3 Iz bt
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JE 1567 (2) SCHkE T - 47
4 A | Life cycle assessment of a multi-megawatt wind turbine

%

## | E. Marti'nez , F. Sanz , S. Pellegrini , E. Jime'nez , J. Blanco (Spain)

¥ | 2009 F

£H

AT | Renewable Energy 34 (2009) 667-673

J7ik

BN

RBE N L 5 JB )3 FED LCA AT 1o,

PRAREEANT © 2MW JIVHL, 20 4 [HIE L,

7 —# : Simapro database, AL T141T eco-indicator99
FEA LD

Resource Extraction.
Transport

-

M aterial man_afacmrlng Material manufacturing
and processing. Transpon. and processing. Transport
Installation. Land Use Installation

|Easement || Tower II Nacelle |I Rotor I

Operation

| Decommissioning |

| Turbine Disposal ]

Fig. 2. LCA model of the wind turbine.
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Fig. 4. Eco-profile of the four main co 5 under study. method: Eco-Indicator 9. Results are given in kilo-Eco-points (kpt).
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K3E (1) SCHRE 5 : 48

# A | Life Cycle Environmental Analysis of Hydrogen Storage Technology Using
/L | Organic Hydride: Energy Requirement and CO2 Emission
BRENA BT A R AWTOKRBRPBENT D T A 7% A 7 VEREESHT - =% L F—1H

#L CO2 HEH
EH | AEEA, ARREBE, FEm
FF | 2008 4F

£H

AT | Journal of the Japan Institute of Energy, 87, 753-762 (2008)
ik

FERAE

RFERFEHAMN & L CTHEBEANA RT A RIZEE SN TV 5 A, BREEIE ORI 720,
KT RENA BT A FEIFOEB 2L R L CEHMET 5,

AHEENA RTA LT HIzE, P E3 o0 2EMEAEZALTNT, 300K
KRBT ETAFALY I ARy (BUFMCH) &72%, #iZ, MCH % (A4 il
DFEF TS DL KFEERELTCD M UIZRD, ZORIGE#EY KT Z L TK
FORTHE « BIENARE L 72D, T O K I ITKFEEALFINCHTR T DA M B Z2 — T “f
A RT A4 R7 LIRS,

MR - RS D AT Ha— s RFH A (COG) kW KFBEAEFEL, AL
TAREHOTHREZA~ES, FTEFZTIIKRFEZHBL THE, NEERER T o v 224
T KFEH A DBPRELE M~
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KFEAEFEEMEIL, COG M HKFERERT DT DDENC L DEENIEE, F1-, KEHE
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Hi9-% CO2 7213 T LCCO2 D 54%\272 5,

BT
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K3E (2) SCHRE 5 : 49

SV | KFE (2)

Z A | A comparison of environmental benefits of transport and electricity

L /L | applications of carbohydrate derived ethanol and hydrogen

%% | Rethabile Melamu, Harro von Blottnitz

FEF | 2009 £
£H

AF | INTERNATIONAL JOURNAL OF HYDROGEN ENERGY 34 (2009) 11
FiE|126-1134

TN E

1.
2.

x5S« APS (aqueous phase reforming) KAHUCE 7K 35 4 FE AT

R A HOROFE L HEE DO X T ) — (BRROER & IRIKOIREY) & —EDfih

lﬁ‘; WYL, RBEZBAUTEAES T IERERIZOMRIS N, KRIZDOARAT IV —nb
BoND, AR L 72 2 MR EBEFEY T b AlHE,

%Ljﬂﬁ c huEna v g (77 F 7 ) 6k n—water-gas shift Gt 2

—IKESEE (BN — & TKBZRIRE R O3B —KBEHAE (CO2 72 &0 b 43HfE)

CeH12067) =+ 6C0y + 6Hagy (1)
CO + Hy0py — COsq + Hapg (2)
CsH12061y + 6H20p — 6C0zg + 12Hzy (3)

PEREHANL . b 7 1 223 3.86 tons/ha 7> B 1% 5 4L 5 B 18\ R e
T VARE 8 HODYF U A (K 1~8)

OEE : " A& ) —)L—ET)

@EE-HI : A Ax% ) — - (BEEAFIA)

@E-FFV : XA FxH ) — -V ) =X ) —)Vifiiz %
@E-FCV : "A A X ) — L—IRE B

BHE : KFE—-E

O®HE-HI : /K#E—E (FEEFIH)

(MH2-ICEV : KH#E PR

®H2-FCV : /KFE-REHE

SRR RRRAE. BRME(E. AMEEME. ERREME. Bt
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Sugar stream Fermentation / Ethanol Power Fectsic Electricity
erme ) ine e >
—> Distillation > Gas Turbin > Generator
Fig. 1 - The ethanol for peak power generation option (EE).
Sugar stream Fermentation / Ethanol Power Electric Electricity
c,rmc,n tation N Gas Turbine - ectric >
—¥ Distillation » > Generator
[) i
| ;
; Useful heat :

Fig. 2 - The ethanol for peak power generation with heat integration option (EE-HI).
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Fig. 3 - The ethanol for use in a flexi-fuel vehicle option (E-FFV).
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Fig. 4 - The ethanol for use in a fuel cell vehicle option (E-FCV).

Sugar stream A Hydrogen Power Electric Electricity
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—> . > > _—
Phase Reforming Generator >
Fig. 5 = The hydrogen for peak power generation option (HE).
rdrogel e sclric Electricity
Sugar stream Aqueous Hydrogen Gas Turbine Power » GE.I"%t.m
Phase Reforming * enerator —
5 :
' Useful heat '

Fig. 6 - The hydrogen for peak power generation option with heat integration (HE-HI).
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Fig. 7 - The hydrogen for use in an internal combustion engine vehicle option (H,-ICEV).
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Fig. 8 - The hydrogen for use in a fuel cell vehicle option (Hz-ICEV).
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Fig. 10 - A summary of material and energy balances and energy and mileage outputs of the industrial options.
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5. R

Energy contribution for different processes in system expansion

1 4E+05 4
1.ZE+05
1OE+D5 4
BOE+04 4
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40E+04 -

Energy contribution (M)

20E+04 4

(LOE+0

EE-HI HE-HI E-FFV H2-ICEV

[ Coal added to generaie coal based electnicity
B Gasoline added to achieve the mileage

[ Coal added to produce maize transport in MJ
#] Coal added to produce maize clectricity in M]

Fig. 11 - Primary fossil energy needed to deliver extended system functionality of 4060 kWh of electricity and 32 200 km
(passenger car) delivered from maize grown on 1 ha of land.
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Fig. 12 - Relative comparison of the 8 scenarios in various impact categories (basis South African maize yield on 1ha).
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AKFE (3)

SCHREE 5 ¢ 50

S | KSR (3)

# 4 | Global warming potential of the sulfur—iodine process using life cycle

/L | assessment methodology

¥+ | William C. Lattin, Vivek P. Utgikar

FE 3 | 2009 £

A

AF | INTERNATIONAL JOURNAL OF HYDROGEN ENERGY 34 (200 9)
JiE | 737-744

TN E

1. FHfixt4: : Todine-Sulfur(IS)/KFEAEFELL, KOIREVLFSIED O E D TH D, KD
AR B AL, JRFH7 O BE EAERIS K OBME 23 ISR % O TR I 2L
DKRFEERIHHE & LT 50%LL LA AR S, T J1IKEBAEFED TR 72 ik &5 %
BN TWd, ZOFRTHAEFGHEIN TS O, HI, g2 EE2HERTS

Iodine-Sulfur(IS){ETH 5,
WA : CO2

ARG R (BB« &5 2500g-CO2/kg-H2

Table 2 - Greenhouse gas emissions for sulfur-iodine cycle

Component/material Inventory Specific CO, emissions Total GHG emissions
(g CO.-eq/kg) (g COz-eq/kg Hy)
Helium 3.7 ton 05 0.002
Sulfuric acid 100 ton 41E-6 0.000526
lIodine 2120 ton 20 0.33
Water (high purity) 40 ton B2.18 B2.18
Hydrogen plant (11,888) -
construction [28]
Steel 3272 on 0.4% of total [28] 45.77
Cement + Aggregate 10,242 ton
Decommissioning (10% of construction)
Heat exchanger 800 ton 0.89 0.9
Subtotal hydrogen 129.2
plant subsystem
Nuclear plant Construction -
Steel 3675 ton 415 32.3(36.7)
Concrete 209,760 ton 247
Remainder (5% of total) 13
Decommissioning (10% of construction) 26
Nuclear fuel 45 ton 2277.5 (1372.2) 2377.5 (1372.18)
Operating electrical 100 MW g 60.6 (7804) 60.6 (7804)

Subtotal nuclear
plant subsystem
Tatal

2370.4 (9212)

2499.6 (9341.9)

Note: Values in parentheses for nuclear plant subsystem assume electrical power cbtained from the U.S. grid. Other values assume power from

hybrid nuclear plant or other nudear source.




KER, RAVTAGHE., BRI AU K HKBEERBE

OFRIRH AUE © 9000~11,888 g CO2-eq/kg H2. [Ruether J (2006) |

@F KA At . 12,400 g CO2-eq/kg H2 [Rothwell G (2006) ]

JRFIFEZFIH LI AKDOEIRBILE S RIEDRER -

(ODVHTR #iffi(Very high temperature gas-cooled nuclear reactor) : 2000gC0O2-eq/kgH2
[Utgikar V (2006) ©]

@VHTR #Hffi (Ispra Mark 9 process coupled with VHTR) : 2515 g CO2-eq/kg H2
[Utgikar V (2006) ©]

@7RBH : ~2700 g CO2-eq/kg H2. [Wu (2006) ]

@AMFFE Todine-Sulfur(IS)/K KA FEL : 2500 g CO2-eq/kg H2

Kk, KT BFIFED D DKREEDRER : [Granovskii M,(2007) & . Koroneos C,(2004)
5]

(DSolar (photovoltaic), 2124 g CO2-eq/kg H2.

@Solar (thermal), 800g CO2-eq/kg H2

(®Wind electric energy . 860 g CO2-eq/kg H2

@®hydro-electric energy. 584 g CO2-eq/kg H2

UL EDOFERDN S KO ERRBE T 0 A TR RO R IR T ABE L CO2 A3 74~80%
MHIE S D, —F. KB, KD, BAEDAEFEL Y mWiER L o7z,

Flo. AMEIZET 2KFHETHE S NLDENIRFNEEH Lz, bLINET A
VIDOENTY v R LG, 9477g CO2-eq/kg H2 L7025,
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K3E (4) SCHRHE

SR | KE (4)

% A | Life cycle assessment of high temperature electrolysis for hydrogen

RV | production via nuclear energy

% | V. Utgikar, T. Thiesen

© HTE KN ERNZRNTETOY TV A IVIRWEEL o7,

51

FEF | 2006 F-
£ H
AT | International Journal of Hydrogen Energy 31 (2006) 939 — 944
ik
LA
1. FHilixg: . KRR ERER I HTE  (high-temperature electrolysis )
2. FHECRT P OBERIN L OKER &2 MR LT (1000K #ifk)  KFE &5 ik
BN RDER D KR ABE LD @,
e - CO2, SO2, NOx
4. BE -
@O  EHENH 45% L ARUE
© FEROMEIE 1100k TIT 5
@ EREICANTISNDE)EBUTENEN 90MJ & 35Md/kg H2 R+ 14F 0645
%)
@ BROTRIERT2EMA S v 7135 FFFm
® NOx, SO2 OHEHEIIBEAF STk HHERH L 72
©® VA7 EEDIRN
5. ARG R

@ PEROKAKRBEIZERT, HTE 1% CO2 12\ T 1/6, BB\ T 1/13 D

BLiroT,

® KREREANAA~AT T VANLOREAMIE, A —a VERNO BT
LH00%L RMICHE b Lyodiiians, —F, BT, KBtin s
U AN OREAMIE, BRIL, RUERMEHRRO b 0L EHHTERL
THET 5, - T, BREAMZH O TISITEE L 7 1 & 20 b EEIITAT 5~

%O
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Fig. 1. H> production greenhouse gas emissions.
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Fig. 2. Hy production acidification potential.
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KpEr (1) SCHRHE ¢ 52

% A | LCA (2 X 5 aFEHERKLEMO CO2 AN RO FEAm

%

B | N, #F sm, bERRZ, W5, HEEERE
FEF | 2007 4

£ H

AT | Journal of the Japan Institute of Energy, 86, 978-986 (2007)
ik

TN

ARG R & MR 2 (5B RORE R (DSC : Dye-Sensitized Solar Cell) 1%V
2 KGRI AT, 22722 A B & B e iig & v O BT 2 Fio, A58 LCA & 1
W, RAEEME Th D b dignT DSC il /L D& IRERE ) b REERM £ Th A X b

Ut a1rvy, CO2 PEHIRAZFFET 2 & & bICHMBERHZV O CO2 PEHEEZF L
7=

DSC D% TR T,
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http://www.aist.go.jp/aist_j/press_release/pr2008/pr20080304/pr20080304.html
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Environmental aspects of electricity generation from a nanocrystalline dye

sensitized solar cell system
ncDSC KIGEHL S AT LD B2

EH

Helena Greijer, Lennart Karlson, Sten-Eric Lindquist, Anders Hagfeldt (Sweden)
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Renewable Energy 23 (2001) 27-39
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% A | Life cycle assessment of solar PV systems: An example of a 2.7kWp

RV | distributed solar PV system in Singapore
%% | R. Kannan, K.C. Leong, R. Osman, H.K. Ho, C.P. Tso

FEF | 2006 F
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AT | Solar Energy 80 (2006)555-563
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K> 27 500 GHG HEHITATMRBEARR Y — D 450D 1 T ABREEY A 7 1
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LorL a2 MIAMBREER RS — B D 55006 715,
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4. FER
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165g — CO2/kWh [Z &3,

5. =X M3 LCCA

KUYBHLDE D 2L b S 7% 68%. TN 28%. B - A T F L AN 3%,
57cent/kWh & &E1D 7%,

S O iEE BE LG e AR S — B AR 250k, 455D 1T,

Mono-crystalline solar PV system
Inverters _ O&M cost  Decommissioning
Aluminium  0.9% Me‘ag‘ggy‘:““g BOS + 3% cost 1%
9.7% A2 Installation costs
Transportation 28%

Concrete 0.5% A A A A,
B R e 2 N
: Sk AT A AAT AT AR
e ’m S A A A AP GITY
Beo-nn : Solar PV module
o + Inverter costs
Solar PV moduies 68%
81.4%
A THA T TR FATHA 73R
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cycle assessment methodology

Evaluation of technical improvements of photovoltaic systems through life
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Riccardo Battisti, Annalisa Corrado
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CED, life cycle  |GWP, life cycle BEREOEAZ [TR/ILF— [CO2eq
of 1 kWp system |of 1 kWp system RA NI EAR- R A7\ A8
(MJ LHV) (kg CO2eq) (%) (%F)
EER 5.11E+04 4.63E+03 - 3.3 4.1
ERIERIBEES 5.32E+04 4.73E+03 - 3.8 46
BRI ERERR 5.43E+04 4.83E+03 = 3 3.9
[EEEIEESES R 4 44E+04 4.16E+03 - 2.9 3.6
SE/E 4.88E+04 4 24E+03| ZE R IO ZR 2.8 28
BIK(RRHR) 2.3 24
/K (EH) 1.7 1.6
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1. FHlRI5: . TRIC4 DTV A OREE#ED T2 (KC-60 : it T pEEM), £V A
M A — P EREL 1797kWh (2Hi> T\ 5,
bkt 5%, diesel power station case & 725,

Table 3: Technical and energy charactenstics of the PV installations on Misyros island

Parameter Symbol Unit Base case Improved case Forward case KC-60 case
Total installed power Plinz [V 293.28 296.21 20643 29412
Mumber of PV-modules Mg - 5104 2640 1640 4902
Total PV-module area Acod [m] 2245.76 1710.72 1640 2397.078
Solar irradiation energy ™ [kWh/m® yr] 1797 1797 1797 1797
Intensity of solar radiation (standard) STC [kWim<] 1 1 1 1
Operation ratio of PV-modules Anod - 0.82 0.82 0.82 0.82
Produced energy DC Enc [kWhiyr] 431929.2 436244 41 436568.4 433166.35
System ratio a - 0.735 0.735 0.735 0.735
Produced energy AC Eac [kWhiyr] 317539.3 320711.62 3200498 318448.74
E:ectdricity consumption on Nisyros Exis [kWhiyr] 246050 246050 246050 246050
islan

2. HfEToE=R

‘ System’s components ‘

S~ PN

| PV modules | | Invertars | | Batteries |

LN T

Sieel
foundation
Various
A

L— System boundary

Primary enargy cariers

elactricity

Fig. 2: Basic elements of the grid-connected PV-system with energy storage
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@D CO2 equivalent emissions and the greenhouse effect
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CFC-11 equivalent emissions and the ozone depletion effect

SO2 equivalent emissions and the winter smog effect

C2H4 equivalent emissions and the summer smog effect

SOx (or SO2) equivalent emissions and the acidification effect

Phosphate equivalent emissions and the eutrophication effect

Heavy metals

PAH equivalent emissions and Carcinogenesis

H2S04 equivalent emissions (air, water, soil, underground, transfer) and

ecotoxicity
Radioactive emissions (S TESE)

5. G R

>

FDVANEFRLIRT,

PV v A7 AO#YE . Bk T — X 13(Swiss Agency for the Environment, Forests and
Landscape (SAEFL 1998)7> H UV L 7=,
¥#ME{EIT Eco-indicator95 % 1,

Table 1: List of abbreviations

Memorandum
Case Symbol 0.P.T.
Base-alum. 0%: BC.0% 30 yr
Base-alum. 50%: BC.50% 30 yr
Improved-alum.0% IC.0% 40 yr
Improved-alum.50% IC.50% 40 yr
Forward-alum.0% FC.0% 50 yr
Forward-alum 50% FC.50% 50 yr
KCE0-alum. 0% KCe0.0% 30 yr
KCe0-alum.50% KC80.50% 30vr
Diesel Diesel 30,40,50 yr
DCOo2

ETOYFT IV HIEBNT PV VAT AR RKREVEMENR NS,

Total CO» emissions in Nisyros island as result of the life cycle of PV-
systems and the operation of a diesel power unit (total operational time)
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CFC-11 equivalent emissions for the PV-cases and for the diesel power
unit (total operational period of time)

18000 q —
. 14000
g 12000 N N N
= 10000 N N N
220 N NN N N :
= N [N \ N N
> 4000 TN NN NN -
0\ i\ N i\ \ i\ \ s\
ge P R S de
$ ¢ S $* $°
- o b
& & ¥ F & g ¥ (,PJ’
¥
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505 equivalent emissions for PV cases and for the diesel power unit C:H, equivalent emissions for the PV cases and for the diesel power
(total eperational period of time) unit (total operational period of time)
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SOx equivalent emissions for the PV cases and for the diesel power unit
(total operational period of time)
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PO, equivalent emissions for the P/ cases and for the diesel power PO, equivalent water emissions for the PV cases and for the diesel
40E+08 unit (total operational period of ime) 1 8E+05 power unit (total operational period of ime)
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PAH equivalent emissions for the PV cases and for the diesel power
unit (total operational period of time)
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H>50, equivalent emissions for the PV cases and for the diesel power

unit (total operational period of time)
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Total radicactive water emissions for the PV cases and for the diesel

Total radioactive air emissions for the PV cases and for the diesel power unit (total operational period of time)
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% A | Life Cycle Assessment for Emerging Technologies: Case Studies for
7V | Photovoltaic and Wind Power
% | Niels Jungbluth, Christian Bauer, Roberto Dones and Rolf Frischknecht
¥ | 2005 F
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ATF | Int J LCA 10 (1) 24 — 34 (2005)
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1. FFAfx5

@O mc-Si: BfEgRv Y a v

@ pe-Si: ZAERTY 2

@ me-Si future : HfEGHRT U a > OfA GEIIZE 4)
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| silica sand |
| MG-silicon |
a— T . )
| silicon purification | "= tugu_r:e Scenana
R em— . Crie.

e e — — — a
-

| sice | | EG-silicon | | off.grade siicon | | SoG-silicon |

-

| CZ-me-silicon | *

S casting |
| wafer sawing |
v
| cell production |
electric | panel- and laminate production | ";fﬁ,'fg_:g

components J& —

| installation 3kWp plants |

|
L ]

| operation |

!

electricity

Fig. 1: Different subsystems investigated for photovoltaic power plants
installed in Switzerdand. The future scenaro is shown with dofted amows.
MG-silicon: metallurgical grade silicon, EG-silicon: electronic grade sili-
con, SoG-silicon: solar-grade silicon

3. T—4
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Table 4: Key parameters of the life cycle inventory for photovoltaic power production (Jungbluth 2003a)

| unit | mc-Si | pc-Si | mc-Si future | pc-Si future
MG-silicon production
electricity use, NO (mainly hydro power) | kwhkg ] 11 | 11 | 11 | 11
EG-silicon production
eleciricity use, DE, plant specific [ kwnkg ] 103 | 103 | 7 | a7
CZ-silicon production
electricity use, UCTE-mix KWh'kg 123 - 100 -
mc-Si and pc-Si wafer
thickness, wafer um 300 300 300 300
sawing gap um 200 200 200 200
wafer area cm? 100 100 100 100
weight a 6.99 6.99 6.99 6.99
cell power Wp 1.65 148 1.75 157
cell efficiency % 16.5% 14.8% 17.5% 15.7%
use of MG-silicon g/Wafer 19.0 19.2 16.3 18.1
EG-silicon use per wafer a/Wafer 1.2 112 93 93
process energy kWhiwafer 0.3 03 0.15 0.15
mc-Si and pc-Si cells
process energy | kwhicell | 02 | 0.2 | 0.11 | 0.11
panel/ laminate, mc-Sif pc-Si
number of cells cellsipanel 1125 1125 1125 1125
panel area cm? 12525 12525 12529 12528
active area cm? 11250 11250 11250 11250
panel power Wp 185 166 197 177
efficiency production % 97% 97% 97% 97%
use of cells mc-5if pe-Si cells/kW, 508 677 571 637
process energy MW, 0.23 0.26 0.20 0.23
3kWp-plant
panel area | mizkw, | 18.2 203 17.1 19.1
operation
yield, slope-roof kWh/kWp 885 885 885 885
yield, facade KWhikWp 626 626
yield, CH PV electricity mix KWh/KWp 819 819
4. Eco-indicator99 O 2R H
BAGTEES
O AU bhUFEER
0% 20% 40%: 60% Bd% 100%

non-renewable energy resowncas, fossll

nor-renewabde enargy respurces, nuslear

renewable energy resOWcEEs, Water

renewable energy resowrcas, wind, solar, geothermal

renewable enengy resourcas, Homass

AR

Land occupation

Carizon dloxide, fossll

Miirogen oxldes

Particulates, = 2.5 um

BOD
Ed MG-silicon M silicon purification Ocasting Ewafer sawing
E cell production Klpanel production B plant installation Boperation

pc-Si PV3 kWp power plants # x5 & L7-A X b U fEE
CO2 HEHEIIMbARENEE B LU L O RBIE L2, YU a v ORBBPRDRENVE
BWLiroT,
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@ WAIFER (U Akl RO T Y A% 100% & L)

Eco-indicator 89 (H.A). points
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i f
electrichy mix CH, phatovoltaic .
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pangl
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electrclty, slanied-roof , me-5i,
furture:
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Tuture

O acidification & eutrophication @Eecotoxicity Bland occupation
O carcinogenics mclimate change ionising radiation
@ ozone layer depletion Hrespiratory effects Ofossil fuels

W mineral extraction

Fig. 5: Comparison of Eco-indicator 99 (H,A) scores for different 3 kWp PV power plants
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1. FHfixf4: : Stand-alone photovoltaic (SAPV) systems (JHNZAUKEGERE S 2T L)

2.

(R R

PV generator (40 modulas)

| <__ | ]

L 1 L <_

dparallel lines of 2 seriesx5 parallel moadules

Charge regulator
I3 Battery Volage

Charga regulator

Invertar

24 Seres connected Batleras Bank

(*) For clarity only one terminal wining 1s shown

'\."'n(1 220V '\-“u][;i_s'_c

AC Load

Fig. 2. Circuit diagram of the PV facility.
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4.2 kWp stand-alone PV facility

Recycling _ Transport
3.59% | 1.67%

Module frames
4.44%

Cables
1.63%
Supporting
structure ——
2.93% PV modules
——— (frameless)
39.40%
. T Charge
Lead-acid \ T regulators
batteries \ 0.83%
44.91% \ Inverter '
0.59%
Fig. & Distribution of embodied CO; in the given PV facility.
4.2 kWp stand-alone PV facility
Transportation

Recycling
T 011%

Cables 2.10%
0.58% ;f
/
Supporting structure / Module frames
— 0.34%

PV modules
————— (frameless)

21%

1.40%

" Charge regulators
0.45%

~_

Inverter
0.32%

Lead-acid batteries
48.68%

Fig. 9. Distribution of life cycle energy use in the PV facility: embodied energy.

@ CO2 Dk
Diesel generator : (Alsema, 2000b) D SCHERE 2 6, BREHRSE « FE8R, BOBHEE S (100km

LA b)), BREMIABE. generator D&% FTe,
Spanish Grid (2006) : A1 > DEHTV v K,
Solar Home System (SHS) : 1 > K37 O/ T 3 —~< A 4.2 kWh/m2/day 7> 5
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CO; emission of supply options
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Diesel Generator SHS (Indonesia, Spanish Grid (20068) SAPY University of
2000) Murcia

Fig. 10. CO; emission per kWh of supplied electricity (assuming a 20-year life time) for different supply options.

@ energy pay-back time (EPBT)

Table 9
EPBT Comparison with other LCA studies of SAPV system.

Source SAPV system Description EPBT (years)
Alsema (2000b) 49 W, Solar Home System in Indonesia H;= 1533 kW'h,"mz,"ycur, PR =0.6 1011

Celik et al. (2008) 12 kW, Residential SAPV System in Antalya (Turkey) H; = 1733 kWh/m?/year, PR = 0.58 6.2-9.6
Present study” 42 kW, SAPV System in Murcia (Spain) H, = 1932 kWh/m?/year, PR = 0.62 9.08

* The irradiance and the PR have been estimated from almost 2 years of measured data at the facility each 5 min.

AWFFED energy pay-back time | 9.08 4F & HE S iz,

123




SRS 0 60

S | KR (9)

% A | Life cycle assessment and energy pay-back time of advanced photovoltaic

/v | modules: CdTe and CIS compared to poly-Si

4 | Marco Raugei, Silvia Bargigli, Sergio Ulgiati

K | 2007 F
£ H

A | Energy 32 (2007) 1310-1318
Fik

FRNE
1. FEfixt5e : CIS & CdTe ® PV v A7 A (2 FIHDOME PV v A7 L),
2. Heleetg: 3 fEH Poly-Si D PV v A7 A (%ikET U 2 PV 25 A) & UCPTE
(F—my"NEHI VT R),
@Poly-SiA: U —2A hr—2A & LT ARHERZRICHRT — % ETH O#F5E[1996]
Zffi
@Poly-Si B : A [ZHART, MEE =R F—030F 7 30% LVEH L7z
EG-Si (Electronic Grade Silicon, 27 L — K> U ay),
@Poly-Si C : it eimDFst & LT Alsema & (2005) O SCHRAE A4 L
Too BIRLEBRIREGMTCHEEINTZERY Y a v EHW5,
3. FEEC:
IR, SEIEME PIN #2513 2 SOFEREGRW CdTe 721 CulnSe2 & CdS
MBEKY LD, 20 2 DENEH 10mm & 0.1mm DOFEWET, HZEAFE T vt 2
(vacuum vaporization process) CHLEE L7230 72 77 A O FICTEEEHFAANL T Hivlz,
EET—EDOA— A= a b Lo b= =L BBDO R 7 T v 7 FrEe AL
S TITOI, KEIIRET T A2 M2 UE, HIKE PV £ Y 2 —/35E, CdTe & CIS
FV 2= LOMIEE, M1 & 218 F, RIBIEFTNENLEY 2—/LD m2 [ 01§
BEM &R T,

Cover Glass 1 1 Light Incidence
S Back Contact - _— EVA-Shest
S
~ n-CdS - Front-Contact (ZnO)

ZTCO " n-CdS

trate (glass) — Back Contact (Mo)

ﬁ ﬁ ﬁ Light Incidence

X1 CdTePVEva2—/L X2 CISPVEY=a—)L
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Table |

Inventory of main input flows to the CdTe module manufacturing process
Glass 24,960 g/m”
Water 1250g/m”
EVA 630 g/m”
{CdTe+ CdS +CdCl + Sn+ NiyV+ITO + ShyTe,) 230 g/m’
Electricity 236 kWh/m®
Table 2

Inventory of main input flows to the CIS module manufacturing process
Glass 24 960 g/m*
Water 1250 g/m?
EVA 280g/m’
{Mo+Cu+In+Ga+ Se+CdS+ Zn0O + CuSn} 70 g/m”
Electricity 24 3kWh/m?
Table 3

Inventory of main input flows to the BOS per square metre of PV module
Al (frame) 1900 g/m*
Steel (support structure) Iﬁ,mﬂg.-'ml
Cu (cables and contact boxes) 40 g.-'ml
Plastics (cables and contact boxes) 40 g.-'ml
Fuel il (for installation) 10.8 MI/m>

7 : BOS (balance of system) : PV ¥ 27 A& 5 E Y = — /L LIS O %

4. PEBREN . HOERIERE(L. EeME(L. AsreEEtE. GHRE Y 7 h CML2)
F—&  BETIEOF — 4
AL - AR b, et b, EREENE

5.00E+02

O Laminats
454 o 1AL mdl BOS

4 50E+02

4.00E+02

3.50E+02

JO0E+02

2.50E+02

A(CO-eq)/kWh

2.00E+02

167
147

1.60E+02

1.00E+02 35,
72 m

52 57

5.00E401 a7

0.00E+00

UGPTE poly-SiA  poly-SiB  polySiC CIS cdTe

Fig. 8 Global warming potential of PV systems and of the UCPTE electricity mix.
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Fig. 9. Acudification Potential of PV systems and of the UCPTE electricity mix (comparison in relative terms).
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Fig. 10. Freshwater ecotoxicity potential of PV systems and of the UCPTE electricity mix (comparison in relative terms).

I PV I FE 2B SN 7213000 OERICH B 53, & OB TH K bRV L
~LTz,

ARERMEICB VW T HIRWE S 725, Z0BIE, AFELFWE Cd i¥fEbin s, CdTe
A7 AOHRICEE SN TWD, £ LT, CdTe HEBIEFICLE LT-WETHY . 1700
FEOfEEZFFS, E-FREICHED S Cd HEHED 0.06 u m/kWh (D7 — R Z2fHE L
ZHAOHEHE) . 2T K IEED 2~14 1 m/kWh (2T, EFITNSWETE LR D,

BOS OENE Y 2 — /L XY KEW (FRIZ CdTe), SHRBGEORMMNH 5,

HIE PV 2L ORDBBEENT D720 B2 ) A Z VT AT Da ST 505
D,
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S | KEEEsEE (10)
% A | Life cycle assessment of photovoltaic electricity generation
%
4 | A. Stoppato
¥ F | 2008
£H
AF | Energy 33 (2008) 224232
Jrik
LA
1. Mk : 455U 2 PV EY 2 —/b (polycrystalline silicon)
2. HEREHANZ @ 0.65m2 DKWt/ r /b, Wafer thickness I3 200 u m, ZEHNHEIL 16%.
28 £E48 ] (3 D DBEAF TR D - E)
3. FRAmEIPH
e o E I o B S o I
|

electric energy

crystalline silicon (casting)

A £

n-film formation

application of electric
contacts

Passivation and ARC

v

Panel assembling

7

glass

aluminium

cupper

EVA

Y

Photovoltaic module

Fig. |. Schematisation of the production process of a photovoltaic module.
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50.00% 47.27% . -
o | extraction and refining
45.00% 2 silica into silicon transformation
40.00% 3 transformation mg-si into sog-si
4 casting and wafer production
35.00% 5 chemical attack and texturing
04 a 6 n-film formation
g 30.00% 7 application of the electric contacts
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o, 3 B2% e WL
5.00% T 5o 142% T
0.00% - . . — 1 . . .
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Fig. 2. Contribution of each unit operation to the GER as percentage. Total GER = 1494 M /panel.
50.00%

N | extraction and refining
45.00% 2 silica into silicon transformation
3 transformation mg-si into sog-si
40.00% 4 casting and wafer production
35.00% 3 chemical attack and texturing
& n-film formation
% 30.00% 7 application of the electric contacts
] 8 passivation and arc
c 25.00% 9 panel assembling
o
2 20.00% 18.39%
16.54%
15.00%
10.00% 2.57%
5.00% — = A.14% I8
- _ 0.06%
D.DD?-":--’—J . : B - - . - . .
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Operation

Fig. 3. Contribution of each unit operation to the GWP as percentage of total GWP = 80kg,y,. /panel.

THRIF—EHEIZONT, 72—RZ 3L 9DEENRE LRI,

AIE X, FREEBIHER R TH D,
BFEIITNIZTLTL—LENTADBBRSEEM R EOT XL F—HEENRKE W
DTHDH, (NR: T =0 A7 L—A01E 22.3%, 77 ADRRSZ ML 23%., B
1% 15.6%., <= DOfthiE 39%).,

@ pay back time
FFRTH OFRE -
wafer thickness : 2004 4 300 u m. 2010 4~ 200 x m. 2020 4F 150 x m
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RN 2004 4F 14%. 2010 4F 17%., 2020 4 18%.

5 H OEPET (2010)

W EPET [2004)

MEPET (2020
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1100

solar radiation [kWh/mZyear]

Fig. 4. EPBT evolution for different solar radiation values.

fEem o PV SROVHNL Y72 ) O =3 L F—HE & & CO2 HEH &M, 1494MdJ/panel
(0.65m2 surface) & 80kg & 727,

(Z OWFFRIXEEAFARSE & DT T > TV ERA)

KigE o CO2 P EDHE &

CO2 (eI HAL)

FR¥A FEENH ESEIPNT AT e Ji B
% kWh/(m2 - y) year g-CO2/kWh
R. Kannan & polysilicon 7.3-10.6 1635 25 68-217
H. Hondo polysilicon 10 1200 30 53
A. Inaba polysilicon 10 1200 30 187
C.Koroneos © Mult Silicon 13 1797 30 50-60
R. G.Valverde & | Hififidh Silicon | ? ? 20 131
NEER T, & DSC 10-15 1200 30 84-393
A. Hagfeldt & DSC 7-12 2190 20 11-47
M. Raugei & I PV 9-11 1700 20 48-85
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{52 5)
R A 5
@ DE & MCFC 07 0t ABIOFHELHRE T, Fb—y 3 VBB, W

EBRBLEENRRE oz, BREHMERERSI L EA X v F 0 b ORENKE
Moz, BEEMEX. MCFC 28 DE (2R TE < DONOx, S02 B ansd 7=
B, BMHALOEBENRKE otz U A 7 VEERE TR, MCFC OBIBZN RN K X
Mnol=, (MCFC OFE# % 90% Y A 7 v Sibd ERFE. close loop)

Table @
Total life cycle emissions and environmental quantities for DE and MCFC for functional unit
Substance DE (operating life = 120,000 h) MCFC {operating life = 174.000h)

Mnf F.Supl Oiper. Recycl. Munf-stack Mnf-BOP Mnf-otal F-Supl Oyper Recycl Total
Electric energy (M) 1. 3IE-03  ZO083E-01 - —E425E—04 JMME-02  BOSZE-03  A1M4E-02  33T3E-01  OO0E+)  —3041E-02  34R0E-01
COz (kg) 4453E-04  6B50E-02 3 . —2955E—04 BISE-02  2BeEE—03  BASIE-02 LOIDE-O1  9I3ME-01 —&I135E-02  |040E+00
COikg) L1ETE. E - 5920E-04  9T76EE-06 60IZE-04  18TIE-(d A60BE-05 —47237E-0d  4138E-04
MO (kg) A52TE—0d —4TPE-0T L 02 2ZI0E-05 OI69E-06 3I27TE-05 S56ME-04 334E-05 -23TIE-05 5031E-04
S0, (kg) 1OEIE—06  |.645E—0d —6288E—07  1206E—03 1.8TIE—03 1.BSIE—05 1B90E—03 2451E—(d OO0ME+DD —1327E-03 EORJE—D4
NMYOC (kg) N/A 1.360E—03 —LOZIE-0T7  NA MN/A NIA NA L20IE-03  T3BE-07T NA! 2202E-03
CH, ikg) LAMIE-06  5453E—0d —1L.BIE-06 9D8TEE—0d 2ETIE-05 492IE—06 3365E—05 EEME-M LI60E-04 —2454E-05 1.O0BE—D3
Acidification potential 1628E-06 4046E-04  1LOIIE-02 —9752E-07 9IT6E-03 18E95E-03 Z492E-05 1920E-03 6439E-d 16ME-05 -1 MIE-03 1.231E-D3

(AP} (kg S0z equiv.)

Global warming

4761E-04 EOT4E—02 AMEE-01 —3175E-04 6435E-01 E516E-02 30T9E-03 EEME-02 120TE-01 9I63E-01 —6£2MTE-07 LOGIE+DD

potential (GWP 100

yearsh

(kg OOz equiv.)
Human toxicity

jpotential (HTP)

5195E—05 28ME-03 3I54E-03 5330E-05 S5913E-03 3055E-04 2ORTE-06 3085E-04 4439E-03 S0ISE-06 —2I86E-4 453TE-03

kg DCE equiv.)

Photochemical oxidant 202E-07 5SAB6E—04  2A06E—-04  —1139E-07 T92BE-d 21Z219E-05 1223E-06 234IE-05  9201E-(d

GE-06  —1663E-05 92ME-04

a
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Characterisation results - MCFC
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Fig. 6. Environmental scores (EI-95) per functional unit.
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# A | Assessing Future Energy and Transport Systems: The Case of Fuel Cells
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¥+ | Martin Pehnt

FEFK | 2003 F-
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O ELEM CRIAT AUE., polymer electrolyte membrane fuel cell (PEFC)
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Fig. 4: Production of a fusl cell vehicle based on methanal: Contribution
of compeonents o primary ensrgy (non-renswable), global warming and
acidification. Assumption: 75% platinum group metals (PGIM) recycling
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Table 3: Efficiencies (averaged over life time) and emissions of the assessed electricity production systems
Power | Electrical efficiency | Thermal efficiency | Emissions Remark
(KWe)) e (%)

PEFC 200 H a7 From FAFC operation Determined by system
simulation for district heating
applicaticn

Engine CHP 200 32 G0 1/3 old TA Luft (SO, MOx) Cetermined from modern

(German legislation) and operating engine CHFs and
empirical data (Ifeu 1993, IKARUS 1994,
Stein 1998)

SOFC 3000 57 23 From FAFC operation Hybrid system with gas turkine

(industrial cogeneration)

Gas turbine 3000 39 367 Low-HOe combustion Cetarmined from madern

chamber operating gas turbines and
(GEMIS 2001, Heinisch and
Trumpf 1298, Hella KG 1999)

SOFC (no cogeneration) | 20.000 65 - From FAFC operation Hybrid system with gas turkine

Gas Combined Cycle 500.000 58 - Empirical data Determined from maodern

{cc) operating CC power plants and
(Dones, Gantner 1
Meubrandenburg 1':“33.

Future German Scenario based on

electricity mix 2010 (Prognos 1995)

Efficiencies based on LHY. " Heat output as process steam
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% A | Future fuel cell and internal combustion engine automobile technologies: A

/L | 25-year life cycle and .eet impact assessment

%% | Andreas Scha fer,, John B. Heywood, Malcolm A. Weiss

& | 2006 F
£H

AF | Energy 31 (2006) 20642087
Fik

ESRANAE
1. FHlicISR : 2020 DN Y U S H 4 B, T — B EQEFR, PREHELE 4 R, &
HFEDOFEMT — Z I F M E 2 E L) A TRE LT, (£ 3)

Table 3
Characteristics of the powertain-vehicle combinations examined in this study

Relerence Evolving Advanced Advanced Advanced Advanced Advanced Advanced Advanced Advanced
Abbreviation: REFVg EBLVG AVg HICEV AVp HICEV FCVg HFCV FCVin HFCV
Fuel Crasoline Crasoline Crasoline Crasoline Diiesel Drigse] Crasoline Crasoline Hydrogen Hydrogen
Year 2001 2020 2020 2020 2020 2020 2020 2020 020 2020
Drrivetrain/engine Mechanical Mechanical Mechanical ICE-Hybrid  Mechanical ICE-Hybrid  FC-Ekctric FO-Hybrid FC-Ekectric FC-Hyhrid
Displacement { L) 15 L& LT 1.1 L& 12
Mo, cylinders [ 4 3 3 3 3
Max. engine motor 110 93 &5 B B 4 120 103 105 @5
power (KW
Fuel cell system power 1200 69 105 3
(kW)
Tramsmission Amo-Cloich  Auto-Clutch - Auto-Cluich OV Amo-Clutch CVT Single-5t. Single-5t. Single-5t. Single-5i.
Vehicle g
Tire rolling res, 0.0 0.00% 0.006 0.006 0.006 0006 0.006 0006 0.006 0006
coelTicient
Acrodynamic drag 0.33 017 0.1z 0.1z 012 0212 012 022 0.1z 0.1z
anelficient
Frontal arca {m’) 20 L& L& L& L& L& L& L& L& L&
WVehicle empty mass (kg) 1322 L1 Rt 10149 1030 1035 1462 1238 1259 1132
By component
Body, filled 637 6l 0 0 =0 340 520 520 520 520
Closed body 418 359 282 o W2 252 82 282 W2 182
struciure
Chassis 73 229 206 20 17 218 02 256 260 24
Power train 31 231 23 248 267 278 613 441 3 £
ICE/FC system & 164 103 95 H3 1349 112 7 378 k] 230
motar
Fuel system mass 31 kx) X | 26 ] 25 22 B [
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By miaterial

Ferrous metals 134 G612 £y ] 159 a9 G612 0 486
Aluminum 125 302 ) E 256 254 235 253
Other metals H H 55 H 4 44 n 42
Plastics & rubber 16 1635 164 163 171 130 143 147 L4
Gilass is 13 33 Ex ) X} kX i3 i3 13
Ohher 139 131 127 126 124 163 150 183 174
Energy use (MJ/km)
I8 Urban 242 2.00 178 1.20 1.53 103 1.56 Ll6 082
US Highway 106 145 1.25 (LR L4 [ 3 Lo3 NEE ]
Combined 48 1.75 1.54 107 1.30 042 1.32 104 0.71
1.¥1 1.4 167 149 1.3% 129 143 156 100
TN
price 21,6400 21 600 21,600 21 600 21,600 21,600 21,60 21,600 21,600 21,6
Engine modifications 8RO i) [ 1650 165 —3840 — 3840 —3840 — 3840
Exhaust gas cleaning 320 240 240 X kY] —300 —300 —300 —300
ICE Hyhrid {hattery & 1930 (R0
motor)
Fuel cell 11,770 11,860 11,630
hattery, transmission 8
motor
Reduction of drivi 1550 1550 1550 1550 1550 1550 1550 1550
resistanees
Total 21,6060 23 K0 24,050 25980 25,130 27060 31,730 30,780 30,870 30, 640

Nates: All vehicles have a
power of the REFV 1

2. FEAMARE S

PENA 7Yy FEIZZRLE—1E L GHG ICBWTERWER L eoT-, D95, A
VU LVICE & FCA TV v ROFERNRBIEI -T2,

TRVF—{HEIZ OV T, FHEER 46~T4% NHEA XL —T a VEMN L %S LT,
GHG 1%, ICE 2O AL — g VBN 67~T4% % 50 5, FC B CIIKZERET 5720
» GHG 73 8 El & 5w 5,

e of approximately 630 km and
and 1 kW For all other vehickes.

similar acceleration capahility, expressed by a ratio ol engine motor power to vehicle mass of T3 KW/ ton. The auxiliary
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Fig, 3. Lifc-cycle cnergy use {a) and greenhouse gas emissions {b) and costs {c) ol all power train/vehicle comhbinations examined.
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Fig. 8 Global warming effect comparison between the supposed scenarios,
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Acidification effect comparison between the supposed scenarios.

148




mPt 30 m Resources

45 O Eccayatem Quality
40 Human Health

35
ao
25
20
15
10

o

Hallan Eleciricty mix MCFC 1 MCFC 2

Fig. 10 Weighting phase results, according to the EI-99 methodelogy for
the supposed scenarios.

149




RBkEM (12) SRS T2

S | E OB

# A | Life Cycle Assessment of Electrical and Thermal Energy Systems for
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AT | Int J LCA 12 (5) 308 — 316 (2007)
J5ik

ESUNES

1. FFMixt5 . 1kWh O3 %E > A7 & (SOFC. internal combustion engine (ICE)
cogeneration system, microturbine (MT) cogeneration system, natural gas
combined cycle NGCC) power plant

2. MEBEHLL @ 1kWh O¥HE
WAL - HERIERE L. EEPE(L. tropospheric ozone precursor potential(TOPP);

4. FHmRS R
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Fig. 1: llustration of the GWF indicator values and the major gas contribution for the GWF factors resulting from the energy systems when used to
prociuce the functional unit of electrical energy
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Fig. 2: lllustration of the AP indicator factors and the major contributions to AR from the energy syatems for 1 KWh of energy with the cogeneration
systems operating at 100% load
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Fig. 3: llustration of the TOPP indicator factors and the major gas contribution to the TOPF factors resulting from the energy systems when used to
procuce unit output of electrical energy
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# A | Life-cycle assessment of fuel cell stacks
%

#25 | Martin Pehnt
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AT | International Journal of Hydrogen Energy 26 (2001) 91 —101
7k

ESUNOFS

1. FHm%4: © 75 kWe mobile stack, 275 kWe stationary stack
2. BCERGENG : Wt b, HUERIERRL., EIEEE GHE Y 7 b GaBi 3)
3. REFEMOZM L YA 7 VERE

Table 1
Reference stacks and sensitivity analysis for the LCA of stack production
Reference stack PEFC Data source
Electrical power T5kWy (mobile)/275 kW, (stationary)
Status future series production (relevant for
energy consumption, catalyst loading,
yields)
Materials [8]
PGM
PGM loading 0.3 mg/cm?(mobile)/1 mg/cm? Ballard
(stationary)
Production country South Africa
Graphite natural graphite [6]
manufactured graphite Streamlined LCA
according to [21]
Membrane BAM membrane [6] according to
Ballard
PTFE [8]
Carbon fibre [8]

Sensitivity analysis
Case |

Case 2
Case 3

Case 4

German electricity mix, first generation
stack, i.e. no recycled PGMs. Other
materials: recycling share according to
German average

Hydroelectricity, first generation stack
Electricity from german electricity mix,
75% PGM recycling (mobile) or

90% PGM recycling (stationary)
Hydroelectricity

75% PGM recycling (mobile) or

90% PGM recycling (stationary)

152




4. FHmRER  RBFERL A ¥ 7 D RIE B DR

Energ. Resources /
7
R

Global Warming //

Acidification \

0 20 40 60 80 100

-

M GDE (PGM) [] GDE (others) [] Membrane B2 Join MEA [ Plates & Misc.

M1 BREHEM A 2 > 7 OBRBIRE
1 : OGDE : F AL R
@PGM : Platinum group metals (PGM) 4
3@Membrane : &
@MEA : membrane electrode assemblies
1 OFERN G, GDE XML 74%, 1RO 5 FE Hd 5, B IiZFHFS5T2
S02 & NOx (IFaE Falk, T, AE&OEM T o7 BBREEE R DI 2 L3RI,
Plates 28 "% H DK E & FFo, LAUL, BIRIEANCENHEENRRKRENWTZD,

5. RHERR : T4 7V A 2 2TV FHIORR

Table 2
Inventory and impact assessment results of the LCA of fuel cell stacks

Maobile stack Stationary stack

Case 1 Case 2 Case 3 Case 4 Case 1 Case 3
Electricity for production German mix  Hydropower  German mix  Hydropower  German mix  German mix
PGM recycling? No No Yes (75%) Yes (75%) No Yes (90%)
Non-renewable primary energy(MJ/kWg;) 940 581 744 369 5,100 1,446
Global emissions(kg/kWea )
CO; 57 38 40 20 275 78
CHy 0.1 0.1 0.1 0.0 0.5 .2
Na2O 0.005 0.004 0.005 0.004 0.019 0.014
Local regional emissions(kg/kWea)
SO, 0.17 0.14 0.10 0.06 0.73 0.17
co 0.02 0.02 0.02 0.02 0.14 0.10
NOy 0.17 0.15 0.07 0.05 0.74 0.14
NMHC 0.02 0.02 0.02 0.02 0.09 0.04
Dust and particles 0.03 0.03 0.01 0.01 0.14 0.03
NH3 1.4E-03 1.3E-03 1.4E-03 1.3E-03 2.5E-03 2.0E-03
Benzene 2.7E-05 2.7E-05 2.7E-05 2.7E-05 43E-04 3.6E-04
Benzene(a)pyren 4.0E-07 3.7E-07 33E-07 3AE-07 6.2E-06 4.9E-06
Impact categories(Kg/kWy )
Global warming potential (CO2-eq.) 61 41 43 22 293 86
Acidification (S0z-eq.) 0.29 025 0.15 0.10 1.25 027

£ 2T, VA7 KB —HE, CO2, SO2 OHIFEZNEBIEFICRKE N &
Doyinoiz, (RRZEER)
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PREFEMLD CO2 HEHE DR E &

CO2 HEtH&E (t-CO2/10 J7 km #£47)
Pehnt HiTH L1 MIT Sorensen S ES M Hussan
GV |FCV [GV |FCV [GV |FCV [GV |FCV |GV |FCV |GV |FCV |GV |FCV
i 2.3 4.2 5.8 10.2 | 3.2 112 |6 5.7 1.7 2.8 3.4 8.6 5.3 5.3
BEHE | 2.5 10.2. | 1.4 19.3 | 2.7 4.9 4.4 7.1 3.6 7 2.4 11.8 4.7
ET 14.8 31.2 21.5 17.7 16.1 15.5 19.7
satiiil 0.6 1.7 0.1 0.1
At 19.6 | 14.4 | 384 | 295 |274 |16.1 |282 | 128 |21.4 |98 21.9 | 22 25.1 | 10.1
A SCHkE 10 0 km B TIC A DE T2 fE
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13KFE D BEHGIR & R |
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BA | TA TV AT NIRRT FEEMOE DA EELLEIC LD =R VX — « BRESGER
VIS

EA | WRILEE B ES—. P

FEF | 2006 F
£H

A=F | Journal of Life Cycle Assessment, Japan, Vol.2 No.4 pp379-385
ik

FERAE

AR HEVEASEER (PbA), =v 7 A FI v AT RER (NiCd), =7k
HF i (NIMH) & UF 7 AA 4 ZREM (Li-ion) @ LCCO2 % #Ffl L 7=,
R - ARG, RN T, R B,

HEREHNT  80% D ik IRE T 30kWh/day D k&% 10 FRifHIT S

FEAT SR

O GRXoX 3) VF 7 hA Ay “REMIZ, BEIN/NS WD, @Eﬁ@%@#mé<
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Off P B W CRME D 2 W -5 "DEFEBEMTH CO2 PEH EHK 3 Fleid 4
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SRR | CkER (2)
# A | The Environmental Impact of Disposable Versus Re-Chargeable Batteries
/v | for Consumer Use
¥+ | David Parsons
JE | 2007 £
£H
AT | Int J LCA 12 (3) 197 — 203 (2007)
PIRES
FRAE
1. FHfixf% . NIMH, NiCd, Alkaline
2. FEREHANL : 1kWh OFEN 24T 5 DI dE o &
Table 1: Range of battery types, scenarios and functional equivalents
NiMH Nicd Alkaline
Optimistic | Realistic Worst case Optimistic | Realistic Worst case Optimistic/normal Worst
case case case case case case
Number of recharge 400 50 50 400 50 50 - -
cycles
Storage time and 0 0 30 days at 0 1] 30 days at 0 -
temperature 37 degrees C 37 degrees C
Discharge rate Low Low High Low Low High Low High
Percentage of 100 100 30 100 100 36 100 40
capacity assumed
Number of cells to 2.3 18.2 66.7 38 28.6 100 834 2085
deliver 1 kWh
3. WAL B ;
O Human Health. (DALY)

@ Ecosystem Quality. ( PDF)

3 Resources.

(MdJ)

Eco-Indicator 99

4. FHHELDE

B 1 1% R EE oD A A
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5. Mg

OTFRIC 400 [BHEH 2856 OBERHIEATR O LR, 7 v 0 U il — k& LY A 100
BEREL 2D, “IREMOIDNTTRILL Y VoA 7 VLB Z 5 &, WEmE b Y3
A7 NDIF DN, REZELAERREBIIBONTHERRES 2D, —TF, BRITHIKN S
NDRER LRI,
Table 4: Comparison of battery types with 400 cycles of discharge/charge and of recycling and landfill alternatives using Eco Indicator (E) 1999 methodology
Battery type Nicd NiMH Alkaline
End of life scenario Landfilled Recycled Landfilled Recycled Landfilled
Damage to human health DALY 6.14 E-6 6.42 E-6 5.03E-6 5.26 E-6 182 E-6
Ecosystem quality PDF*m?Yr 0.23 0.24 0.20 0.21 19.4
Resources MJ surplus 571 4.40 5.40 423 427

@ FZ1% 50 [Ef#FE .

TWREMIIIE G LB, 3 SOWEHFIEHA

EHDD,

TV H ) EHIER 75% D

BHIEENAA ),
G5 1% 3 DDEHLIC

DN T & AZEMAR RS R A2 R,
N7 ) BEEB N 2R DK T0%

BT, ARES

%‘b\f\

RED 13% 08 ED D,

WS IEME MR TS (FRRE «

—

A N7 U7X

FEERR L 10% DB Fo, 07 ) —, BRI & TREOK TR,
TWREMIZONT, B FIVLAPRETICHE SN DO OREHENRE WD

NiMH 7% NiCd £ b R0 A,

Table 7: Major sources of damage for three battery types with 50 cycles of discharge/charge and landfill of discarded batteries

Nicd % NiMH % Alkaline %
Human Health Total 21.8E-6 100 14.7 E-6 100 482 E-6 100
(DALY) Ballery 16.3E-6 75 10.3E-6 70 645E6 13
Charging electricity 1.6 E-6 1.5 1.5E-6 10 - -
Shop electricity 0.9 E-B6 4.2 0.9E-6 6.3 384 E-6 80
Printed circuit board 0.6E-6 2.8 0.6 E-6 4.1 - -
Transport to landfill 0.5E-6 2.2 0.3E-6 2.1 14.3E-6 29
Packaging 0.2E-6 <1 0.1 E-6 <1 8.8 E-b6 1.8
Ecosystem Quality | Total 0.675 100 0.463 100 19.4 100
(PDFTm2Yr) Battery 0.37 55 0.24 51 3.23 17
Charging electricity 0.055 8.1 0.051 11 - -
Shop electricity 0.031 4.6 0.031 6.7 12.9 66
Transport to landfill 0.088 13 0.056 12 2.59 13
Printed circuit board 0.045 6.6 0.045 9.6 - -
Packaging (plastic) << =<1 0.26 1.3
Resources Total 15.5 100 14.3 100 427 100
(MJ surplus) Battery 9.9 64 9.6 67 78.2 18
Coal (for recharging) 1.4 8.9 1.3 8.8 - -
Coal (for shop electricity) 0.8 5.0 0.8 5.4 324 76
Printed circuit board (in charger) 0.5 3.2 0.5 35 - -
Copper (in charger) 1.1 6.8 1.1 7.4 - -
Oil (for transport) =0.3 =2 0.2 1.3 9.2 2.2
Plastic packaging 0.2 1.5 0.15 1.0 10.9 2.6
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2 A (3) SR 1 76

SPF | kR (3)

% A | Influence of Functional Unit on the Life Cycle Assessment of Traction
L /L | Batteries

E+# | Julien Matheys, Wout Van Autenboer, Jean-Marc Timmermans, Joeri Van

Mierlo, Peter Van den Bossche and Gaston Maggetto

FEFK | 2007 &

F£A

AT | Int J LCA 12 (3) 191 — 196 (2007)
J5ik

ERNE

1. FHmxg: . 5 FFEA BhEH 2 EEH (Pb-Ac, NiCd, NiMH, Li-ion, NaNiCl)
2. KERERLT -

Table 5: Used characteristics of the different battery technologies

Specific Energy Number of Energy
(Whikg) cycles efficiency
Pb-acid 40 500 0.825
NiCd 60 1350 0.725
NiMH 70 1350 07
Li-ion 125 1000 09
Zebra 125 1000 0.925

FREABHOKEIZK S, ZENOEE 300 ke, @battery pack : 12kWh, @
one-charge : 60km, Zfij> 723550 3 DOMEERNL Z X E, 3 DOMEREHNL & & E1THRHE
1600000km & 727
3. FHEEH TR T Y VP A 7 EBMERICILSE IR A, BZRIZ I HES
B A % B
4. AR
O 3 ODOBERERNLIC X DR OEEIIEFFE T/ IV,
@ Pb-Ac, NiCd, NIMH O#5 R i3irv >, Lision & NaNiCl LD KRE Wik L7 72,
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Fig. 1: Results of the LCA for the different FU and battery technologies
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Fig. 3: Normalised environmental impact when the ‘one-charge range’ is
modified to 50 or 70 km

@ bL. FEROEEHMAZHELTEA. X 1O range constant O & Hol U 745 5%
M 4 TR T, BERE BN OBUTAE RICRK E WEEL RITTAREMER S 5, AR TRE
L7283 DOMRERNL (1) 135 1 OV F U AT, X0BLRITEW =D, fEROE#EME
NEnEEbis,

Table 1: Examples of potential FU in literature

Scenario 1 Impact per km for an arbitrary chosen mass in

function of range, including losses due to battery
efficiency and energy consumption of the car (Garcia
and Schiuter 1999, Rantik 1999)

Scenario 2 Impact per kWh battery (Ishihara et al. 1999)
Scenario 3 Impact per kg battery
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Fig. 4: Results of the other FU available in the literature {results are normalized to Pb-acid=100)
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FERAE
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7 —% : LCD OHE &I 90% DFEM « MEtOA o _u MU F—H 2k LTz,

%> 7 b : NIRE-LCA ver.3

APt AS 5

D& 7 CO2 e Eix 98kg-CO2/kg-panel, FEHM LK T 25 b DX 1.4kg-CO2/kg,
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Use of LCA to evaluate the environmental benefits of substituting chromic
acid anodizing (CAA)

EH

Erwan Harscoet, Daniel Froelich

ik
=3

2008 4F

AF
PIRES

Journal of Cleaner Production 16 (2008) 1294-1305

FRNE

REWE T 02 A ThH D 7 v AFEERALEE (Chromic Acid Anodizing: CAA) %17 9 %56,
61l 7 @ LD DTN Te D lr 6l 7 v LG ORER & LT =k v 4 (CrO3)
FTEA SN TWD, LarL, CrO3 b 6 1li7 v LGN HEIE SN D T2, LGB
W26 6fli7 m Azt SN s 7o0, JEEREEZZDTT A 7% A 7 VHIEEHn D L EE,

A5« X 213 CAA RELHEOFEM 2=, X 1IZFHl#EDE 2753,
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Fig 2. Formation of hydrogen gas bubble during anodizng.
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Fig. 1. Simple diagram of the life cycle phases included in our assessment

RS 5

TZEIX CAA DT A4 7Y A 7 A o _ MY FERZ R, CAA WD AHETO
TR ORIE BB, WLBRERPE . L FEEEALELERE NG D TN D,

67 = 0%,

Table &

Envienmental impacts incwred dusing the life eyele of a CAA process

RUSBPE DB B LBLERS) KV R&EWZ Liminolz,

Energy consumptions (M) Matural Water 0, emissions (kg) Wasges  Cr(VI) CriVI) waker  Other Other wakes
TR T—————— et ey St swnosphedc  dichape  smospheric  discharges
consumption (kg) {m') 2) emisions (g) (kgd emissions (kg) (ke)

( Limestone mining ] B L] ] [iTEi] L] 5 ] ] ] ] naw L]
Limestione crushing 1 18 1] [} 000 0 3 0 0 0 [} [} 1]
Lime production 1001 4919 24 EE 186 2331 50 10 0 0 [ 015 61601
Sodium chloride production 1024 1436 157 ] 1622 i an 128 ] ] ] ] 1]
Soda production g2 14,13 I 2935 GO RR L] L) 3385 2350 ] ] EX) 52008
Chromite ore mining IR0 228 L] ] T80 L] 115 ] ] ] ] nu L]
Sodium chromate production 365 20927 [} 2825 000 iz 150 L] 1949 L] [} [} [}
Sulfur production 102 3193 [} [} sd [} ik ) ] ] ] [} [} [}
Sulfuric acid producton 135 ki 1168 fi) 10498 L] e} 957 ] ] ] 2178 293
Hydrochlarie acid 55 40 512 498 630 L] ] 420 ] ] ] 033 1807

production (HCT)
Sodium hydmxide 5243 1) 147 814 4739 0 20 111 1] 1] 1] 026 11.63
production (NaDH)
Sodinm dichromate producton 1144 42419 13476 1] 5302 L] 33 VT 1215 265 1] 1] i)
Chromium trioxdde production 1580 2638 4263 ] 3957 L] 457 3493 1894 19 13,08 264 B9
Sodium sulfae production 1424 _ 0 0 ;
Aluminium anodizing 126382 G
Waste trestment (chrome V1 3
1o chvane 11 reduction)
Final disposal ] 211320 43 ] b L] 1428 1893 ] ] ] ] L]
TOTAL (With anodizing) 139226 1000088 25885  122M 515 60 T4 18167 45254 a7 13 52 1228
11,658,181 $4,810
TOTAL (without anodizng) 12976 114538 25885 12,20 381 Sad) G005 18,187 Ba67 344 13 52 1238
153,399 3Tae

Functional unit: 10,000 m* of anodized aluminium.
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Fig. 6. Comribaion of te anodizing 2age 1o global life cycle emdmmmental
Hnpach.
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Fig. 10 Waler consumptions classdfied by phase when the anodizing stage is nal included
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SCHREE 75 - 80

N | WAL —E v

Z A | CO2 abatement by co-firing of natural gas and biomass-derived gas in a gas
/L | turbine

% | Daniele Fiaschi, Riccardo Carta
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AF
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Energy 32 (2007) 549-567

FRRNAE
Co-firing # A # —E U HEOMHAMA (FIK) 1E: HAZ—E L OBNPER T A EFIH L
T, BEERD AL F~ 2% HAEEIZ L > TRIEO A TN ERT 5, B oz RE
DONNA FREHIF IR E THEEZ, RATALRE L THAZ—E LU THEETHLDOTH D,

NeL= om Steam
CO, spucomies. =425.7 [9 COWH] [ 017 (il
1.062 [bar]

CO= 0.1606

Vol. composition

CHy=0.000002762 Ny= 0,4009
CO.= 0.09867  H,=0,1841

Hy0= 0,1587

[

Myjo= 0,2887 [kals]

Water Inj

1.168 [kgfs]
7787 [K]
0.9991 [bar]

1.168 [kgls]
1204 [K]
1.03 [bar]
3871 [kdikg]

1,169 [kg/s] 16.63 [ka/s]
552 (K] Steam Production 7187 1K
0.9451 [bar] ] 15.45 [bar]

Gasifier)| £7=°2
0.7668 [kals]
850.8 [K]

0.1133 [kg/s]
[Liquid]

Gas Turbine

Doy =0,01201
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754.1[K] 1519 [K]
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COs= 0,04667
Hi0= 006325

Ns= 07712
=<D 0= 0,188
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648.8 (kwil 12290 [kik
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8

co= 91445  HeO= 0.0274
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Life Cycle Assessment in Green Chemistry :

A comparison of various industrial wood surface coatings
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green wax : AR 5 Al (BER) 2 W TEL L wax =2 —T 1 & 7,
fossil wax : JRIIDNBIESLNTZ/XT 7 4V R—ADwax 2—T 4 VI,
(Mwax & & 60%wax, 40%7 7 U VB DR S D,)
water based UV : /Kt UV &k}
100%UV : &M UV &k
(MG RIAER R, AR AE T 52 LIck v, BRI TS &0
D FFik 72 T35 Chia L,)
& : 100% UV ITFEH A — MYS72 0 DF0IIE S 1Tk LT, wax REBEHIZD 9
5. KMEUVIZZD 15 {50302,
Fifn UV REBEHT 20 4, wax R@BEHI DT 0> 5 4,
ROERTEN - HUERIRRZAL, BRME L. BB, MMbFEAF X U b L —{HE,
FIRHMEL, 7> ~—72 ® EDIP97 (Environmental Design of Industrial
Products 1997) & 4 7 > # @ CML2001 (USES : Uniform System for
Evaluation of Substances) Dl 5% 5, fES1E 1,4-dichlorobenzene
(1,4-DCB)ICZ8Ha L TR T, Ml R, wax BT — X INETE eho
7eleO UV RBEO AR L2 D,
it A
EEROER (K1) 25, ©100% UV ORFEFEIL EOFBHEIZBWTH/hSW,
Otk & B RFTIIT, green wax 23@E N, L AUR, WA RE BERS AL T 5 b AEE
HkThHd, @MbFEAF T H 2 M fossil wax 23 green wax K 0 O3 T E0,
—JFRREN AT & L C RIS wax DFMAS 20 45 & 72 D513 2 OFE R £ 72 5, green
wax OEEEEENR )2 D BT X 5,
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75> % table 2)

EDIP97
300000 12
250000 10
= 200000 < 8
= o
Z 150000 Z 6
= s
e .:..
T 100000 T o4
50000 2
0 ; 0
100 % UV Waler based UV
USES
60 2500
= 50 B
a S 2000
2 8
Z 40 s
3. g,
3 é’ 1500
B 8
= +
= = 1000
o 20 =
=@ o
2 5
= W 500
10 =
0 . 0
100 % UV Water based UV

100 % UV waler based UV
| E—
100 % UV Waler based UV

Table 2: Comparison of EDIP97 and USES. For human-toxicity the contribution from air, water and soil for EDIP97 is aggregated and transformed into
1.4-DCB-equivalents. For eco-toxicity ETP (etwc) chronic toxicity in water is compared with USES marine waters subcategory (MAETF). Al values are

presented per functional unit

Human-toxicity Eco-toxicity
EDIP97 to USES USES EDIP97 to USES USES
g 1,4-DCB-eq g 1.4-DCB-eq g 1,4-DCB-eq g 1,4-DCB-eq
100% UV 4.0 4.2 0.33 130
Water-based UV 220 51 19 2,000

green wax DERFEEFELHINT 2 121X, O FEmZIEIX T, @IFEAMECd 2 3efE il
ru— g RNV AT =T RGO RT T ¢ VGG RAT AR EREZ LD,
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Fig. 2. System boundary of the investigated PVD process.
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Fig. 3. Life cycle impact assessment of different PVD processes with CED and CML methods.
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Fig. 4: El 99 method, Hierarchist Perspective H/A, where Human Health
and Ecosystem Quality Damages have been assigned 400 Points and
Resources Damage has 200 Points. Overall scores obtained in the Evalu-
ation phase for each desalination technology. The calculus bases are about
379 hm2, 375 hm? and 383 hm? of total water production for MSF, MED
and RO. respectivetely

Table 3: Environmental load depending on the assessment method corresponding to each life cycle phase and overall scores for the different desalination
technologies. The calculus bases are about 379 hms3, 375 hm? and 383 hm? of total water production for MSF, MED and RO, respectivetely

Process Life cycle phase Unit El 99 Ecopoints 97 CML 2 baseline
MSF Assembly % 0.78 3.69 1.31
Operation % 99.21 96.31 98.69
Final disposal % 0 0 0
Total scores 615 Mpoints 3,490 GPoints 0.0168
MED Assembly % 2.00 11.37 3.01
QOperation % 98.00 88.63 96.99
Final disposal % 0 0 0
Total scores 476 Mpoints 2,790 GPoints 0.0116
RO Assembly % 153 1.55 0.88
Membranes % 0.91 0.36 0.08
Operation % 97.56 98.09 99.04
Final disposal 0 0 0
Total scores 33.9 Mpoints 500 GPoints 0.0053

@ TRIRLIEZLIIC, ENEHENEZ D Z L TOMRICRESEEEZ KT L,

Table 7: Overall scores obtained by the analyzed desalination technalogies with different scenarios of electricity production. The calculus bases are about
379 hms3, 375 hm? and 383 hm? of total water production for MSF, MED and RO, respectively

El 99 Ecopoints 97 CML 2 baseline
MPoints GPoints -

European MSF 39.3 631 0.00587

model MED 25.9 556 0.00301

RO 33.9 500 0.00529

Spanish MSF 429 734 0.00874
model

MED 277 607 0.00444

RO 376 605 0.00818

French MSF 16.5 313 0.00247

model MED 14.7 398 0.00134

RO 10.9 178 0.00185

Portuguese MSF 79.4 1,130 0.00947
model

MED 45.6 804 0.00480

RO 74.5 1,000 0.00894

Norwegian MSF 8.53 195 0.00084
model

MED 10.7 340 0.00053

RO 2.84 58.9 0.00020
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Fig. 2 - Brackish groundwater desalination system boundaries.
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Summary of Investigation

1. Purpose of Investigation
Collecting reference of LCA on Eco-materials to understand how much LCA is carried
out in the materials, and summarizing the information obtained.

2. Summary of Investigation

We collected references of LCA on Eco-materials listed in the contents of “Materials
Outlook for Energy & Environment” and “Exhibition on Materials for the Environment
& Energy 88”. Each reference of LCA activity was checked individually to have them
put in order. LCA result of the Eco-materials in the same classification such as Fuel Cell,
Hydrogen, Solar Cell etc were compared. Finally Overview of LCA is given on the

basis of the investigation.

In Main Conclusion of Overview, 1) Number of references showing the same kind of
results, 2) Reference Number, and 3) Reliability of conclusion is presented.

Reliability has been ranked as below.
A: Several References support the idea and there seems to be agreement.
B: Not yet agreed, but at least two references have the idea in common.
C: Different conclusions are shown in references, or the idea is pointed out in only one
reference, and not yet come to the agreement.

3. Field of Investigation

Twenty one Eco-materials listed in the table of the Contents, two pages ahead, have been
examined. Classification of Eco-materials was according to the “Materials Outlook for
Energy & Environment” and “Materials for Energy & Environment Exhibition 88”.
Table 1 shows References from “Materials for Energy & Environment Exhibition 88”.

In most references, effects of Eco-materials on global warming (especially on CO2
emission) were being examined. However, resources, ecological toxicity and
acidification are also examined here, because some references abroad (other than Japan)
included the effects on those items.
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Tablel. References from “Environmental Energy Materials Exhibition 88

Field No. Field No. Report Field No.
Report Report
Fuel Cell 12 New life 1 Green 1
structure
Technique
Hydrogen 7 Lighting 1 Environm I
ental clean
up
Secondary Cell 3 Magnet - Catalyst -
Design
Solar cell 10 Energy - Materials 1
transmission Design
Thermoelectric - Light weight 10 Daily I
Materials structure materials Materials
Heat-retention, - Efficiency category - Analysis -
Cooling Technique
Materials Less - Electrical power 2
burden to saving
resources

4. Source of References investigated

- The Institute of Life Cycle Assessment, Japan (Journals, Proceedings)

- Proceedings of Eco Balance International Conference (2002, 2004, 2006, 2008)
- Proceedings of Eco-Material International Conference (2001, 2005, 2007)

- Transactions of the MRS-J (2004)

-J-STAGE

- JDream 2

- Research papers in Science Direct

5. References
will be listed and given later, sorry.
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Contents
Field Field Invest. E:/riew English | Overview | Reference
No. No. (No.) (No.) Page Page
1 Lighting 1 6 18
2 Light weight structural materials 10 (7) (8) 6 20
3 Bio Polymer 6 (2) (4) 7 41
4 Bio Fuel 8 (5) 7 50
5 Lead Free Solder 2 (1) 8 60
6 Wrapping Materials 1 (2) 8 64
7 Metallic Materials 1 8 65
8 Building Materials 10 (4) (4) 9 66
9 Electric Power 2 11 84
10 Wind Electricity 3 (2) 11 90
11 Hydrogen (Energy Transmission) 7 (7) (4) 12 93
12 Solar Energy 10 (9) (8) 12 103
13 Fuel Cell 12 (8) (7) 13 130
14 Secondary Batteries 3 (3) (2) 13 155
15 Liquid Crystal for Cell-phone 1 14 162
16 Erasable Ink 1 (1) 14 163
17 Alternative Materials for Cr6+ 1 (1) (1) 14 164
13 Co-ﬁrigg Gas turbine power 1 (1) (1) 15 168
generation
19 Paint 1 (1) (1) 15 170
20 New life (FED) 1 (1) (1) 16 173
21 Water Conversion Technique 2 (2) (2) 16 177
total 84 (49) (58)
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1. Lighting
1.1 LED Lamp: 1 (Reviewed: 0) No | Relia | Ref.
Purpose of Comparing LED with Fluorescent bility | No.
Evaluation
Main LED lamp Discharges 6 times more CO2 at most, 1 C 1
Conclusion than that of Fluorescent in production process. LED
lamp discharges 70% less LC-CO2 for its much
longer lifetime and lower power consumption in
service.
LED lamp discharges 95-99% of its LC-CO2 1 C 1
during in service.
2. Light weight structure materials
2.1 CFRP light-weight vehicle: 2 (Reviewed: 0) No | Relia | Ref.
Purpose of Effects of weight reduction by utilizing CFRP in bility | No.
Evaluation vehicles.
Main CFRP discharges CO2 10 times more than Iron 1 C 2
Conclusion during production, and results in 30kg-CO2/kg
-CFRP.
If CFRP alternates iron in ordinary vehicle, the 1 C 2
effect is little; weight reduction merit in service is
almost equal to demerit of CO2 increase in
production stage.
CFRP is worth applied to BUS. Because the merit | 1 C 3
of weight reduction in service is quite big for bus.
2.2 Comparison of light weight composite materials: 5 | No | Relia | Ref.
(Reviewed: 5) bility | No.
Purpose of Comparing Glass Fiber RP with Plant fiber RPs:
Evaluation Curaua fiber, China reeb fiber and Flax fiber.
Main CO2 Emission 2 B 10,
Conclusion Glass Fiber RP: 1.92~2.17kg/kg 11
Plant Fiber RP: 1.26~1.6kg
If weight is a functional unit, Plant fiber RP 5 A T~
discharges less CO2. 12
If strength is a functional unit, in some cases Glass | 1 B 10
fiber RP discharges less CO2.
Plant Fiber RP has more negative effects in terms 4 A T~
of Nutrient Enrichment. 12
23 Effect of lighter weight engine block: 2 No | Relia | Ref.
(Reviewed:1) bility | No.
Purpose of Three kinds of engine blocks are compared:
Evaluation cast iron, aluminum and magnesium.
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Main Engine Block of Aluminum and Magnesium 2 B 4
Conclusion discharge about the same amount of CO2:
discharging 2~3t/EB LC-COz2. (50-70% less than
cast iron)
If recycled materials are used, it would reduce CO2 | 1 C 4
emission by 40% compared with virgin materials.
24 Light weight plastic materials for vehicle door: 1 No | Relia | Ref.
(Reviewed:1) bility | No.
Purpose of Comparing traditional materials (PVC, PES, POM)
Evaluation with alternate light weight materials (TPO, PP)
Main If alternate light weight materials are applied, it 1 C 5
Conclusion would reduce CO2 emission, acidification and
ecological toxicity by 20%, and reduce waste and
land use by 70%.
3. Bio Polymer
3.1 Bio Polymer: 6 (Reviewed: 2) No | Relia | Ref.
Purpose of Environmental burden of bio polymer during bility | No.
Evaluation production and recycling.
Main Environmental burden of bio polymer (PLA) is the | 4 B 14~
Conclusion same or slightly higher than that of PP, when 16,
produced by traditional method. 18
CO2 emission of bio polymer production by 2 A 16,
traditional method is 1.8kg/kg. When waste heat or 18
green electricity is applied, -0.2~-1.9kg/kg.
Chemical Recycle of PLA has apparent influence 1 C 17
on reduction of CO2.
Problem Effects of fire-retardant should be also examined.
4. Bio Fuel
4.1 Bio Fuel: 8 (Reviewed: 0) No | Relia | Ref.
Purpose of Comparing Bio Fuel with Gasoline bility | No.
Evaluation
Main LC-COz2 of Bio Fuel is less than that of Gasoline. 7 A 20~
Conclusion 25
CO2 emission can be further reduced by using 3 A 21,
waste materials and waste heat. 24,
25
Food-originated fuel such as from soybean 1 C 25
discharges more COz2 than that of waste wood,
Cellulosic biomass and woody biomass.
How to use the land can affect the result. 1 C 21

Conversion from tropical forest to crop field will
increase CO2 Emission.
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In terms of the integrated result, environmental 1 C 25
burden of bio Fuel is bigger than that of gasoline. It
is mostly because of nutrient enrichment generated
in biomass production, and ecological toxicity
derived from agricultural chemicals and use of the
land.
5. Lead Free Solder
5.1 Lead free solder: 2 (Reviewed: 1) No | Relia | Ref.
Purpose of Comparing lead free solder with traditional solder. bility | No.
Evaluation
Main Lead free solder discharge CO2 sometimes more 2 C 26,
Conclusion and sometimes less than traditional solder. 27
LC-CO2 of lead free solder is larger than that of 1 C 27
traditional solder, because detoxifying needs much
energy, and.
Since harmful effect of lead is big, lead free solder | 1 C 26
has less negative effect to environment in total.
6. Container and Wrapping Materials
6.1 Ecological aluminum can: 1 (Reviewed: 0) No | Relia | Ref.
Purpose of Comparing ecological aluminum can (aTULC) bility | No.
Evaluation with traditional can.
Main LC-CO2 can be reduced by laminating polyester 1 C 28
Conclusion film on outer and Inner surface so that no painting
is needed.
Ecological aluminum can (aTULC) needs less 1 C 28
water than traditional can during production.
7. Metallic Materials
7.1 Ni-added steel: 1 (Reviewed: 0) No | Relia | Ref.
Purpose of Comparing Ni-added steel with traditional steel. bility | No.
Evaluation
Main Bridge made of Ni-added steel has longer life and | 1 C 29
Conclusion that makes it have less negative effects on

environment. (approximately 20% ~ 40% less in
total)
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8. Building Materials

8.1 Materials for railways or trains: 2 (Reviewed: 0) No. | Relia | Ref.
Purpose of Comparing new materials with traditional ones. bility | No.
Evaluation
Main Geo polymer concrete discharge less amount of CO2as | 1 C 30
Conclusion it does not depend upon limestone in production.

(75kg-CO2/m3, about 20% of traditional concrete.)

Sliders are mainly made of sintered Cu alloy at the 1 C 30

moment. If it is replaced by carbon-based slider, it will

reduce LC-CO2 emission by 20% as carbon-based

slider is attacked less by trolley wire than traditional

one.
8.2 Plywood: 1 (Reviewed: 0) No. | Relia | Ref.
Purpose of Comparing ordinary GM with Particle Board (PB), bility | No..
Evaluation Wood Particle Composite Board (WP ) and Cork.
Main LC-CO2 Emission of is averagely 30kg/m”in WP > 1 C 32
Conclusion averagely 20kg/ m” in GM > averagely 8kg/ m”.in PB.

Waste of WP is small and it does not consume virgin 1 C 32

materials, WP has less negative effect on exhaustion of

resources and use of land.
8.3 Siding Materials for Housing: 1 (Reviewed: 0) No. | Relia | Ref.
Purpose of Comparing four siding materials: vinyl, metal, wood bility | No.
Evaluation and ceramics.
Main Vinyl Materials use more resources than others but not | 1 C 33
Conclusion much negative effects on global warming, acidification

and solid waste.

Problem: Disposal process of vinyl should be also

examined.

8.4 Waterproofing Materials and Interior Materials: 2 No. | Relia | Ref.

(Reviewed: 0) bility | No.
Purpose of Comparing building materials without VOC and
Evaluation traditional one.
Main Waterproofed Coating Film of MY ROOFER is 10% of | 1 C 35
Conclusion Organic Solvent Waterproofing Materials in integrated

result as it does not discharge VOC.

New wall paper (MOISE) has slightly more negative 1 C 39

effect on Environment in production process than

traditional ones. But it absorbs and decomposes VOC,

so, in lifecycle integrated result, it has about 50% less

negative effects than traditional ones.
8.5 Continuous-fiber reinforced Concrete: 1 (Reviewed: 0) | No. | Relia | Ref.
Purpose of Comparing continuous-fiber reinforced concrete with bility | No.
Evaluation ferroconcrete.
Main If tensile strength is taken as functional unit, they show | 1 C 36
Conclusion equivalent degree of TMR and Energy Consumption.

Lifetime of continuous-fiber reinforced Concrete is100 | 1 C 36

years and that of ferroconcrete is 65 years, thus the
former is superior to the latter in terms of environmental
burden.
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8.6 Electric Wire: 1 (Reviewed: 1) No | Relia | Ref.
Purpose of Effects of increasing the diameter size of electric bility | No.
Evaluation wire and of raising voltage to reduce CO2.
Main CO2 can be reduced drastically by raising voltage 1 C 38
Conclusion from 100V to 200V. The advantageous effect in is

1.3~2.25 million t/year.

If the diameter of electric wire is doubled, we can 1 C 38

expect the CO2 reduction of 2.5 million ton/year

after 4 years passed. When replacement is

completed after 21 years passed, 14.8 million

ton/year will be saved in all.
8.7 Cement: 1 (Reviewed: 1) No | Relia | Ref.
Purpose of Comparing Portland cement (traditional) with fly bility | No.
Evaluation ash cement.
Main Fly ash cement contributes to reducing materials as | 1 C 40
Conclusion it is consisted of fly ash admixture materials. Thus

the integral result is smaller by 20%.

In all cements, heavy metals contained have large 1 C 40

effects on environmental burden. Especially lead in

fuel oil is quite big.
8.8 Insulator Materials: 2 (Reviewed: 2) No | Relia | Ref.
Purpose of Comparing rock wool, paper wool and flax. bility | No.
Evaluation
Main Flax has larger effects on global warming, 2 A 41,
Conclusion acidification and nutrient enrichment, because flax 42

needs chemical fertilizer in its production process.

Paper wool generates toxic-waste the most. It is 1 C 41

due to disposition of newspaper and boric acid in

production process.

Flax products need total energy consumption the 1 C 41

most. Paper wool and rock wool need the same
amount of total energy consumption. Paper wool
consumes more energy for recycling.
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9. Electric Power

9.1 Electric Power: 3 (Reviewed: 0) No | Relia | Ref.
Purpose of Comparison of nations by electric resource and by bility | No.
Evaluation country.
Main Thermal Power Generation and Biomass Power 1 A 45
Conclusion Generation vary from country to country.
Thermal power generation by coal and oil 1 B 45
discharge most. Biomass gas does less than those.
Atomic energy, waterpower, solar energy and wind
power discharges less.
Effect on global warming is relatively larger in 2 A 43,
power generation. Less effects on others. 45
Effects on human health are significant. (Air 1 C 45
pollutants and so on)
In Japan, environmental burden of power 1 C 45
generation is smaller than that of other countries.
Especially negative effects by air pollution is small.
(due to thorough desulfuration and denitration)
10. Wind Electricity
10.1 Wind Electricity: 3 (Reviewed: 2) No | Relia | Ref.
Purpose of Comparing small-sized wind electricity facilities bility | No.
Evaluation with large-sized oes.
Main Electrical power generation unit depends on the 3 B 46,
Conclusion size of wind power facility: 7~29.5g/kWh. 47
There is a scale merit by enlargement. 3 B 46,
47
According to the integrated result on environmental | 2 A 46,
effects, disease of respiratory system and 47

exhaustion of resources by cement production have
biggest effects.
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11. Hydrogen

warming, acidification and ecological toxicity than
other silicon systems.

11.1 Hydrogen Storage: 1 (Reviewed: 1) No | Relia | Ref.
Purpose of LC-CO2 of hydrogen storage and transportation by bility | No.
Evaluation organic hydrides.
Main Emission of CO2 is highest in the process of 1 C 48
Conclusion hydrogen desorption and it surpasses 50 % of
LC-COa.
If waste heat of Fuel Cell is utilized to desorb 1 C 48
hydrogen, LC-CO2 can be reduced by about 50%.
11.2 Hydrogen Production: 6 (Reviewed: 6) No | Relia | Ref.
Purpose of Comparison of the method of hydrogen production. bility | No.
Evaluation
Main High temperature thermochemical decomposition 5 A 49~
Conclusion of water discharges less CO2 by 80% than that of 51
steam reforming of natural gas. (2000~2700g/kg
—H>2)
Hydrogen production of water electrolysis from 4 A 49~
solar power, hydraulic power and wind power 51
discharge less CO2 than thermochemical
decomposition. (584~2124g/kg- H2)
12. Solar Energy
12.1 Solar Cell: 10 (Reviewed: 9) No | Relia | Ref.
Purpose of CO2 emission and integrated effects of solar cell bility | No.
Evaluation are examined.
Main CO2 emission of solar cell is 50~200g/kWh, which | 8 A 52~
Conclusion corresponds to 10% ~ 50% of that of purchased 61
electricity. The reason for the wide range is it is
affected by location (the Sahara, Italy and city
center of Singapore), lifetime (20~30 years) and
size (small or large).
Both Dye-sensitized cell and thin film PV 3 A 52,
discharges less than purchased electricity, however, 53,
technical development is desired. 60
Single-crystal silicon shows higher by 10% in 1 B 58
integrated result than polycrystalline silicon. It
needs more uses fossil fuel in production.
Thin film PV system shows better results on global | 1 B 60
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13. Fuel Cell

13.1

Fuel Cell: 12 (Reviewed: 8)

Purpose of
Evaluation

Comparing with Gasoline Vehicle.

No

Relia
bility

Ref.
No.

Main
Conclusion

In vehicle production process, FCV discharges 2
times more CO2 than GV. (FCV: 2.8~11.2t-CO2,
GV: 1.7~6-CO2)

The fluctuation of data is larger for FCV than GV.
Data treatment of platinum has significant effect.

In process of fuel cell production, CO2 discharged
in hydrogen production is significant.

Fuel efficiency has big influence on evaluation
results of GV, however there is no big variance
among references. Hydrogen supply source and
fuel efficiency have big influence on evaluation
results of FCV.

In driving process, variance of data among
references is small. Effect of driving process on
LC-CO2 of GV is bigger than that of hydrogen
production process on LC-CO2 of FCV.

Lifecycle in total, FCV is superior to GV.

62~
73

There is a hope for CO2 reduction of FCV based on
technical development.

| >

63,
71,
73

FCYV has less negative effect on exhaustion of
resources, nutrient enrichment and ecological
toxicity as fuel cell consumes less fossil fuel and
discharge less emission to air in fuel burning

Process.

69,
71~
73

14. Secondary C

ell

14.1

Secondary Battery: 3 (Reviewed: 3)

Purpose of
Evaluation

Comparing conventional battery with secondary
battery. Also among secondary batteries.

No

Relia
bility

Ref.
No.

Main
Conclusion

Conventional battery results to have 100 times
more effect on human body health, ecological
system and resources. (When SB is used 400 times)

75

In terms of global warming, Li-ion< NiCd< PbA<
NiMH (671~832g-CO2/kWh). Energy consumption
unit in production process of hydrogen storage
alloy used for NiMH is 6 times larger than that of
aluminum.

74

In integral result, it shows as Li-ion< NiMH <
PbA< NiCd. Cd has significant effect.

75,
76
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15. Liquid Crystal for Cell-phone

15.1 Liquid Crystal for Cell-phone: 1 (Reviewed: 0) No | Relia | Ref.
Purpose of Evaluating Environmental Burden of Liquid bility | No.
Evaluation Crystal Effect in Production Process.
Main CO2 Emission in total is 98kg/kg-panel. 1 C 77
Conclusion 60% of CO2 Emission is discharged in TFT 1 C 77
Process. (Process of Semiconductor)
90% of CO?2 is discharged from Electricity among | 1 C 77
which 34% is generated in Clean Room.
16. Erasable Ink
16.1 Erasable Ink: 1 (Reviewed: 0) No | Relia | Ref.
Purpose of Evaluating Environmental Burden through bility | No.
Evaluation comparison of Erasable Ink with Traditional
Carbon Black Ink.
Main CO2 Emission can be reduced by 30% if paper 1 C 78
Conclusion erased printed ink is to be reprinted.
If erasing 5 times and (re)printing 6 times, CO2 1 C 78
Emission can be reduced by 50%.
17. 6 Chrome Alternative Materials
17.1 6 Chrome Alternative Materials: 1 (Reviewed: 1) No | Relia | Ref.
Purpose of Evaluating Cro3 as 6 Chrome Alternative bility | No.
Evaluation Materials.
Main LCCO2 of 10000m2 Aluminum anode disposition | 1 C 79
Conclusion 1s 94810kg. 64% of it is discharged in Energy
Consumption and 30% is in production and
transportation of all Chemicals and Materials.
If CrO3 is used, 6 Chrome is reduced in Using 1 C 79
Process (Disposition Process), and 6 Chrome is
discharged less in its Production Process.
Large quantity of Waste water is discharged from 1 C 79

Solution, however, Water Consumption ultimately
will be reduced by utilizing lon-exchange resin.
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18. Co-firing Gas turbine power generation

18.1 Co-firing Gas turbine power generation: 1 No | Relia | Ref.
(Reviewed: 1) bility | No.
Purpose of Ecological burden of Gas turbine.
Evaluation
Main Power Generation Unit: 425.7 (+65.98) g/kWh. 1 C 80
Conclusion CO2 can be reduced by 10~50% of Traditional one. | 1 C 80
(by use of Biomass make it reduce consumption of
Natural Gas)
FYT | Co-firing Gas turbine power generation is build up with adding
Biomass conversion to traditional Gas turbine Plant, so that Hot waste
gas discharged from Gas turbine can be used for Generating Electricity
in Gas turbine through converting Biomass to Bio Fuel in order to mix
up in Natural Gas.
19. Paint
19.1 Paint: 1 (Reviewed: 1) No | Relia | Ref.
Purpose of Comparison of Waterborne Paint, Dry UV Paint, bility | No.
Evaluation Green Wax Paint and Fossil Wax Paint.
Main Result of m2 Surface Disposition effect on Global | 1 C 81
Conclusion Warming is UV(0.1kg) < Waterborne UV
(0.76kg)< Green Wax (0.87kg)< Fossil Wax
(0.93kg). Dry UV is absolutely small. (1/8 of 3
other paints)
CO2 Emission of Wax Paint is biggest in 1 C 81
Construction Stage. Biggest in Production Process
for UV Paint. (about 60%)
Green Wax has the most effect on Acidification and | 1 C 81
Nutrient Enrichment. (It is because of Plant-
derived Production Process.)
If Green Wax is stated to be lifetime of 20 years (5 | 1 C 81
years at the moment), it can be expected for
reducing bad effect of Environment.
FYT | Because UV Paint is made of Resin and can irradiate Ultraviolet rays,

Construction Method of UV Paint is that it is made harden

immediately.
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20. New Life (FED)

20.1

FED: 1 (Reviewed: 1)

Purpose of
Evaluation

Comparing FED with CRT and LCD.

No

Relia
bility

Ref.
No.

Main
Conclusion

70% LCCO?2 of FED is discharged when it is used
and 30% is when it is produced. 90% of LCCO2
discharged in Production Process is from CNT
(Carbon Nano Tubes) coating.

82

LCCO2 Comparison. FED<LCD (approx. 3 times
more than FED)< CRT (approx. 4 times more than
FED) CNT is coated on FED which reduced Bad
effect on Environment as it uses less Silicon and
Semiconductor in Production Process.

82

Damage to Health due to Discharging Nano
Particles is not Evaluated.

82

21. Water Conversion Technique

21.1

Water Conversion Technique: 2 (Reviewed: 2)

Purpose of
Evaluation

Comparing Heat Separation Method (MED, MSF)
with Membrane Separation Method (RO).

No

Relia
bility

Ref.
No.

Main
Conclusion

LCCO2 of Heat Separation Method is
1.11~1.98kg/m3 and that of Membrane is
1.78kg/m3. Every Technique consumes the most
energy in Production Process.

83,
84

Because Membrane Separation Method needs less
energy than Heat Method, it has less bad effect on
Environment.

83,
84

Underground Salt water Plant has less bad effect on
Global Warming by 50% than that of Seawater, as
concentration of Salt water of underground is lower
than that of seawater and Osmotic pressure can be
also lower. Salt water of Underground: 1.1kg/m3,
Salt water of Sea: 1.98kg/m3.

84

References
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