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In the technical specification survey, we were able to gather information on technical specifications required
for fuel cell applications in various regions in the world through collecting information at international
conferences and exhibitions and meeting with fuel cell manufacturers in Europe.

Perform LCA(Life Cycle Assessment) and conduct environmental impact assessments covering multiple
environmental impact items such as global warming, resource depletion, and acid rain, which are
environmental impact indicators, and the degree of impact of each fuel cell technology on each environmental
impact. Was able to clarify. Furthermore, based on the results of LCA conducted on conventional energy-
efficient and household fuel cell systems using pure hydrogen as fuel, the effects of each process on each impact
category will be clarified, and pure hydrogen, which is expected to make great progress in the future, will be
identified. As for the fuel cell system using fuel, it was suggested that the difference in the production method
of hydrogen used as fuel had a great effect on environmental performance, and it was possible to identify issues
for expanding the global market.

Based on the results of the LCA evaluation and the results of the surveys by the Austrian Energy Agency
and the HyLAW project, the market for small fuel cell cogeneration systems is particularly large in Europe

and is expected to be widely used in the future. I was able to confirm.

As a result of analyzing the above survey results, among the core components of ENE-FARM, whose cost has
been reduced to the utmost by mass production, it was found that the stack could be applied to other than
home fuel cell systems. On the other hand, it was concluded that in order to proceed to other applications, it
was necessary to improve some parts of the stack or the auxiliary parts without modifying the stack itself. The
following three items were extracted as measures for deployment.(DLow cost, small size and high efficiency of
radiator for water cooling@Connection joining technology(® High temperature technology for PEFC stack /
cellln this survey, no major market could be found for reformers other than home or small fuel cell systems
that use natural gas, propane gas, etc. as fuel, but Japan was overwhelming as a key component related to
fuel cells. This is a superior technology, and we believe that further application development should be
considered in the future.

Through this survey, information on related fields such as water electrolysis was widely available, and in

addition, international conferences ete. that were effective for future information could be selected.
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SAARZANBOAKZREIE ;  FHER(FEL
IKRFEAITYH - 45MPa (at45%C)
-BEKBRT TOMRIEHMERE 140MPa RIFNBO assingment HDEDTE
98MPa T TOEEBAAAIET

(3) I3VUIR=T7—
2017 FBFRTO. RYEFRED/ WS Sv—h—HiB0LEE
RAY 34 FRICHUTHREI(G 242 BFa
BHIDOEMR (MEA) EENBLE 50mM2 LREL T, KED MEA MIRBHELTRD

(4) EiARE(Great Wall Motors)
(i) KFEAT-I3VKEBSTE
(i) FCEV OAIEAH}
FIRIF—E%, LLTOLSIC PHEV, BEV, FCEV 938U TENENOALE 111 % BBRE(CR
RTW3,
‘PHEV ; ERELZTEREV BEFTERTHOBEH REKRKE
‘BEV ; #HOMEEEREELLTRT> Sy EBI3E
-FCEV ; SHOHV) EBEREIKOEITIEREFTIERREIOD. LDZDOAEESN Y12
v—ZXh—
FCV (DWW T, FERKABTREL TS
RIBM(E. BEV ZiBX2EEHMLTWVS (JlyTFU—RGERFD CO2 HEHEDAZ L zw)
FCV JOMATHRERT> vl B3 2R L T T O R&D IEEOEMZENT
-MEA, Et)l
KAV (Typed 2ED)
- KERETEUERT 2 BOP(JULT., HliHF)
-FCV i#fFE
FCV FA b
-MEA, 2%v4. 1> Ty —Z0fth BOP
IKF|IITAN
-JKZ&7¢1E (35MPa. 50MPa. 70MPa)
(iii) #55m

-REBBED FCEV (&, 2025 DIBF(CORNRFNZH I 2IENTED



-FCEV (&, FETIEREFEIERET BEV 2LDBIRE THD
-EUHRIANEERELRBAKRAT 23V FHETORERNEMNMNE, BEV OFTEA
>IS5EDEEIZAMIRBTHSS,

-Great Wall Motor (3, 2025 F(CmFeEmEN/N\vt>Zv—FCEV (SUV ZET) O
NRICANFTRAFEDERTHD
-FAFEEBLCRAIEIN TS

(5) Hugreen Power #t
BEOR>Fr—1b%

NIV RS R WK ERAE R 2a 2 T

AR TTIEICOVWTOEARRRERBA(E RN

- SEELBFENEPAOFEZBIAULLST. FO FC TFAR (KRB HLU 2019 &
BHOFCIFAR (EBR) &)\J-TJr—XvtllHEFEEDE

REARREERELTHS T HAT LB THIEL TS

DT TVT —2aU OV TOIBRIFEE Tl>RH L

-— R IR A
1kW. 500W, 200W TIRTEEFEFZAIAA>DLSITHD.

-3,000 h FTOEHUKREMKIIEZEL TVDT —FZIREL TV

TR—=A>01tE 1kW B OKRFEAERR 2 HRERF T

‘90 CLAE(CIRBRVERETEROTLS

BE
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2018 FE #BIMNERRES

IRESEE | 2018 £8H 21 H

1. B2 % | BREBIRTLAOBIMNERICHRIBERAHE

2. Bl K & —AtEIEN BABHIER

3. HsRE® The Third China International Hydrogen and Fuel Cell Conference &
Exhibition(CHFCEZO18)'@@1‘%%”2%

4, Kk & 1S AR ST

5. 1 5R 5t China International Exhibition Center (tIR)

6. H #=:

2018 7 A 258 (H) 9EPEPRZ=EFE, JtRE
2018 4 7 A 26(K). 27 B (&) CHFCE2018 5hRS
2018 7 A 28 H (%) dt=%E. PHZEES

7. HsRE

7.1 ENoE=
NEDO ZFEREFETHIMANEMS T LAOBIMNER(TFRDERAARGAE | ORRIEN
FhEQHFROBERBEN—IREL T FETOSEROEBRAPIRIROHEEZERIEL T,
CHFCE2018 ([c&hUTz.
7.2 ENMoBEx
(1) ERSZETOREE
FEBIURCRNMS OFERICLDAR EBEIEDRHFIRZFHE IS (MIERL-1ALDER
&)
(2) BRaTOIBHRINER
ERSRCHEEIN TV EREDHEENSOBIRINEZITI. (RIREBICTIRS)
7.3 HIREEXTORAR

[FREOARIEMOENDNTS(CONT

RETE. BREBNE(BEV) TR GEIKSRICIDMEIEME (FCV)NDBITHIIA .
2025 F25-0y NUERZEDH TS . KFEHRERIRT BIcsh/KRA > I3 OKZFEMHEH. 7K
AT F ) DREICHEBGMEE I 2EM T, ¥R (2025 F£I3)Cd /N
APEERAIA-IUI Mz FCV [CE#T 31D & 2 &EfwL. 2F/(XTE 6000 &/F0
BRI 3I0C1I NTENSD. (ILRTHREZERNSOEIR)

X, BB TR FCV B PEM RAY), IKFRY2) . IKRFEERBEODLEENMIZRAN.
FETORNENEOBRIIREFESEIEFTRTVBLRELI, S5(CE LEROAHNZTO
1T NHIBEES I BEDIINDEBGEX—D—IEREL T,




—75. SOFC (CE8:&E T 2FE (I X FRY Toholc. SOFC BEDER(E 1 DBHERTERN OIS
Z. BREBPEHERBLORFEDHT. [CHP]. [Cogeneration |0+ —T—RMERAURN O,
SIRFRTO. (PETO)RAARZREIETZIRBE NI IRREI Y M (. SREINME
Wo COFFE. (LFEOKRAIGHRNEIREN FUKRZRBIEL, MOEARSERENEEZTD
(CURIB/Z RN EM INPETIEERITDN, k& BAREEUL (RVEELKEDND)
BB ZADIEDIRUNKZ DM BEROWENDD.

7.3.1 BRE|TOEH
(1)NOK FREUDENBERG #t
e hE(E. FC /XRE FC "owy (NE—F1—F4— H-) ([CEHLTHSD, EBAOEIEE
FEALR,
o CNASORFIIIHRLTHEN, FC NRIEIAREE 3000 S FRIRICRBDIEEK,
o TEEALLTIE. /NIy TIND-Fi&(IH3H. KEREDIBEHE L, IRERRAT(R
THBELTVBEDTETHD. BIIDET> Y (FETEE,

(2)Sunrise #t

REDZIYVIA—=H—DERAKFEZED 1 DTHAN, T-RIERCE U ILYNEEED)
FBRUTHS T SBABEEEAERTE THOM,

B 1 DORFRAAVIA-H—(F. LBORETHIEDIE (IEHERGRINEEERNAND
1)

(3)EIringklinger &

AIYIA=h—;

R 50 LAY
BSH 10kw (2.5bara)
KiBHLT
JA—=7)J A

(4)Sinoma #t
IKZRIDEGEA—N—THEREMDI ) —T=1t ; FC/XZAELT. 35MPa® Type3 7K3&
527 (F&3.398m) DORFRZTT TURECAREDIE,

(5)TIANHAI INDUSTRY %t

KR IDELEX—H— ;
® FC/\ZBLU FC Mw/HIC(E. 35MPa 05> %BRFEL TS,
® 45 5/FC)\Z.



® FCV H(&. 70MPa O5> %3R5t .

(6)Beijing China Tank Industry ft

KR IDELEA—-N— ;
® 35KPa /KZFAIEITIC 3~ 4 FHEDA-H—ICIRFTEL TS,
® 70MPa {THERDKFRIZIEHFEFEDIL
® RO-—>AMKZRY % Doosan tHCARFELTLDEDIE.

(7)SHENYANG ZHONGFU KEIJIN PRESSURE VESSELS #t
KZ=H5>7 (70MPa,35MPa) DELIEX—H—,

(8)Element tt

JEK IDATEC #t (2012 £R(C Ballard $#HCEUXENTLYS) DEIIAE THd Dr.Edlund (C&
JTZOEICEBICHERENTZ, NS XS ) — )L el B2z BFEL TED. PEIMHEHCE/ VA AX

A )=V ZIRRE T DKRRIEZRZIREREU T,

&% Pd IRCEHEE/KERICHEH ;

A&, EKTEFLILRAOHIZBNIREVNEDIE,

IA=JUINRAERAFEL TS,

FET(E FC R, FC FMYwIRBENDEMZZEZI TVBEDIE,

A9 )= )VERRFET DAY ML AERPEBTERA N ZAERDES DOENKEHE(CRH]
RNHBZENHDIN. NAAAT )=V FHEENMT—THD. FAYDORAHAEET—TI&
RUDENEFEBLIIRVEDTE

(8)AREVA H2Gen #t
PEFC /KEBAZERBEDERIEA-H— ;
® Capacity: 5~200Nm3/h
® Charge power: 50kW-1MW
Active surface: 600cm2
Power value : 3,54kWh/Nm3  83% HHV/ 70% LHV
Energy Efficiency: 4.26kWh/Nm3
JAbN: 3,5 1-0/kg@8000h/y DEET

(9)Jiangsu Ice-city Hydrogen Energy Technology tt/BCH #t
PEFC Ay ELEX—H— ;

® 2014 F35%37,

o HERGZFERAURL PEFC ZAYIES 1-I)IL2EEL TS,



2008 FELOBIFLTEN, 2014 ££(C BCH ELTEEIL TLS.

IMFEEEB. ~5 0BELTVS,

Fanld. 2000h HBEATWNS,

FaLftfae BCH LDBIMENEONSRON, N> ILyNE BCH £ TULVB,

ZE5459417 0 PEFC 29y DEE,

Hi7(%. 200W,500W. 1000W. 1500W HLU 2000W ZIZEELLTLBH. SEXIC
ISUTEIELTLWREDIETH Do

o MF——XEUTIE. RO-—REEHDENE THAINEKRMBEFIHAIN—CEICERRZED
EIZEDH,

(10)Intertek China tt

PEIOZ SRR ; Intertek China M OIEHR TlE. ZREM - EFZARNT ., RSN
SIRDEEMUEIFITAEERET. MITSN3HAE 1 SEBZBRELTVBH. FZBL
DIIOTUVRIMKSL, 2. BEMUEOANE (S, IEC EFRRIS THESNIMANENZ 2R %
25| ERCAZ TOIRRIBER D RIAHEDTE

ME
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RESEFARHE | 2018 £10H 31 H
1. X 4 RIS S 27 AOBINER (CRIBERAARAE
2. " £ —igfHEIAEAN BASBHEIES
3. HsEER f-cell 2018 TOIBEIHRUNE
4. Rk H NFYZYy
5. i 5k 7t Stuttgart, Germany
6. B #2:

2018 F9 A 17 H (A) XAMREAFEF. Frankfurt #2FH Stuttgart &
2018498 18H (KX) ~19H ()K) f-cell 2018
2018 £ 9 A 20 H (&) Stuttgart F. Frankfurt #2(5. 9 A 21 B(X)XRERE




7. HRE

7.1 Z2noE=
NEDO Z:EREFEIMAREMS AT AOBIMNER(TFRIERARAE ICHWT
AREMBED R OERFABED—IREL TR Y THMED f-cell 2018 ([CS10,

7.2 2moE"
TIF (BN, BREORZEL TN ORI BB E DR IEIRZINET B,

7.3 #ME
()&%
fEE. Stuttgart ZEEEDAYETHEEIN TV REFTHA. PRERADEHESEE
(Haus der Wirtschaft)(C&Bh Nz, BRAR-X(EH@EIEn. RoFr—DEEH L
T XSV —RIPECLDZT-AEREEN L. — 5. LI —(FBAT. BB TREN B
EATTITON TV RIBOBEIMIUIUVETAD FC VA, RIFEE1SH1D FCV HNERENT
(Y




(2)t=r-

RE(IKBIFENAA>T—-ID—DELTED _EFBN. DR, A 27—V 7yTOulge
(COVWTHEM AR R ERIERIN BN TEBERTREIRLT— $FCRND) ORE
B H7%ERAUZ P to G ORTE - ZEENRATHSH,. IRILF—-0D)IIET CO2 TV—-CLTHIFE.
IR TES-B-ZBOTIF—(CBVWTEARENSFZLTE CO2 ) -NEIRTBELDE X 54
Vo BARERBBINSDKZR, WDDZTSTIKERTHOTE. KEHEERIRUTIKZTYS
THDELTVBDEEIT BRI THD. BMNEBASBIEI T-IILEIRICTE7 TO-FIEERS,
DT, BRMNTIIKEAEDIZARSIETF (FRIK 1000€/kw % 2025 FICIAXRER) « AT —
W7y (BRIR 1~ 3 MW % 10MW (2) ADSEENNERA THS.

&z  BEFA D ISOHRINATFAUC CO2 T)—KBREF AL, ZDOLEEE LIFTUKENIEER
BN, EELZIEH TWBS IR F -1 E8D. HARRD ICHHIRARIEMICEO TR, HREDH
EDBIEBD, RERRBLBOFZ . BEDTRITINF-ZESNFERELT HRINATF(>
ZERATOMEENEVSHEBESHD. &iRIIC 100%KRA1>VISEVTERIIRELD
Do

RAYTIF 10 BICEHETHFAFD FC EMOEREELNFIASIEEHD. MEWIRELT
BEEBNEN FLEME@mNOL O SIIRT A - KENSYIO APU RBE EROEEB
R\ FCV DM\DIG RO KIERERDAEIRTLNHBI TSN,

oo

Opaning Plenary w

Chairman

Dr. Pascal Bader e
Ministerium fir Umweft, Kiima und

Energiewirtschaft Baden-Wirttemberg,
Germarny




7.4 JA-3LTOIBRUNE

1. ITM Power GmbH
Calum McConnell K

(e ITM POVVER

10Mw D PEM /K B E
(RE#HIBRLEL=,) HESAYS X,

KEFER 4 b/BDEEA
2020 F(Z K4 Y TEEIBR

g
https://www.google.co jp/url?
sa=t&rct=j&g=&esrc=s&source=web&cd=&ved=2ahUKEw;jUj4OkpKrgA
hVLfXAKHekQASMQFjAlegQIBhAB&url=https%3A%2F%
2Fwww.cranfield.ac.uk%2F %2Fmedia%2Ffilesk2Faviation-and-the—
environment-2019%2F callum-smith-itm-power.ashx%3Fla%

*E%g 3Den&usg=AOvVaw1C9x6qgNrRJibSyCOJvTKc

1. KFREOZ(IHAMETRIEEINTVIN, TNEKERICLDERK(ICEBIRX TRXZRIL
. RAYD Wesseling #& 87T (Shell) T 10Mw #ROE:T%#wH (2020 Z5—K)

. 2Mw OB TES1-)V% X 5ICEBERBRARITADKERFRELRD

. IKZEELERES(E 4 bo/H. &6 1460 b

10Mw DEEFAHEEL. FFRAICIE 100Mw FREREFICANTWVS

. JAMNIIRTEE€1000/kw % 2025 F(CHRSE2EZTEDIBA TS

A U1~ W N

REID/KEBFREBORIHGATEL T EBCAEODKFENHESINZIEHFTEIRA TV, E12.
{ERRRIZEZESRAEL TS Shell [CEHTHRRFR{ICOBRAHD—IRERRD. Wesseling 5
SHPTIZEERT 1 8 B RV OKEREHEL TLWAD T, 10Mw KEBRFRE(CLZKRMEREIERED 1 %
UFTHsd.

2T, 100MwW IZZADRT =)V PYTEIREFICANTVS. 2D 10Mw OJTOZ 17 M3 REFHNY
EFEN. EU (FCH JU)DS OB &2 THEETR TH . Tl ERGEEL THANDS AR
SR THIEDFBNGD I,

http://www.itm-power.com/




2. Proton Motor Fuel Cell GmbH

Sebastian Goldner K

PV

Fuel Cells + Fower Systems

(MEZHIFRLEL =, )

Bahnbau Gruppe
iivie=2

ua A W N =

PEM 2-75kw A499%&%544Fy7°
HERBEDIIEERAEREMA
BEA~NORAZRERLIRE

B

https://www francoallemand.com/fileadmin/
AHK_Frankreich/Dokumente/marketing/
Veranstaltungen/
Transportwesen2019/05_Proton_Limbrunner2019.pdf

RIVEHE (DB) DIRSTRtRett DB Netz 031V M eiEd . &imDIEE AERZHR
. 38400V, 50Hz, 25kVA T 4 8 BRD/\wo 7y ek

. RYND—JIEFIC L DT -] EE. AR 9 BICH@ERIALTLS

. PM #3247 -®T1- ) BezESHA (APU. RE) ([CBERMIZIEZEFRATLD

. KRN 3 ST MBI TERASYT 5000 LTV, ERENATIEAEA

PM #t(& 1994 EN'5 FC ORFEZIASH. 20 FLA EORREREEENHD RMYORt THD. B
BIRDRAYI(E PEM 1T T, 2kw 15 75kw EFTOHA/NII -3 %555, EEER. TBA. B
EMANDRERZBRA TS, MEA DBXIEE 156 cid) PM200 547 T(d 16kw FTOXIIGAH]
. MEA BX)EHE 409 cid® PM400 5473 75kw ETHIGAEIAEEL TWLS,

ZORAEN-R(C NI Py TERAOEBAES 1-IOBEMARELLTAPU, LOSTIRT A~

DORIBZEIRZRL TS,

Fe. WA EBEUEEIIIRINE -3 2T A% W.Schmid #7035 14 Me#ESEL TIRETL TUL\B,
UL PV TREBULBHEE> TKERE C/KRZEM. BT .. HWERIS(C FC TREL. B\IXRIF
— (I FICEZZEVSIED, —DOIBIEMRTAT( T TldH3H . BFSIBMEORFT PEANRE

SESSUICDVTIEERBAN D O,

L>STIHZATIH—FBELTIE 15kw~25kw DOEHIZRBALTWSH, HI00 AR REMEDFE

THCEED. MEHERFOIRRIEN DL,

https://www.proton-motor.de/gb/




3. Hydrogenics Corporation
David Frank

ark:

http://www.hydrogenics.com/wp-content/uploads/HyPM-30-Spec-Sheet.pdf
http://www.hydrogenics.com/wp-content/uploads/Celerityplus-specsheet.pdf
https://www.hydrogenics.com/hydrogen-products-solutions/fuel-cell-power-systems/hydrail/
developments-in-hydrail/

https://www.cem.utexas.edu/content/fuel-cell-hybrid-delivery-van

(RE%EHIBRLELT,) BEIRADR Y IHEE
HEEMCEMERTOE
BitERLEIFTINS

(REZRIPFRLELT =, )

B
1. ZIHUKBRBROU-T1>Th> N2~ FESEBEMAR FC 25y IDERBIETEENZ W
2. ALSTOM ttofKEEM(CESIN. MY THFIOERE IR zZMinUz (20184 10 A)
IRTEF 2 TN EZZEELTVSN, ITIC 1 4R OREZRIITVSELD
3. BYMAN> (UPS) TELYSIVRT>A—F FC AAYIHEEEN. 17 ShREH
4. JII1-OFRAORMmITIESEE ASKO &3 27 b h5wT 4 &IC 90kw O FC EIRZIES
5. §E[E KOLON #OEI4E/KRZEAL IMW OENZFHEEBL TS

Hydrogenics ttHEhFHCAREZEBE, RAY -NILF— - KECEENSZIFS, HRT 500 &
T OKERRKE. 2000 G LD FC ZEREBEULEBZRFD. Rif(3/VR - My IR0 ECH
ZANTVWREST. SAVFYTEEINET SkW~200kW BOIRLEWS1>FHyIZBL TS,
FHCPEO FCNRICEENZLTED, S 2 ~ 35T 1000 D0 FCED 1—- ) DZ2HI % 3T
DUREFRRLUTVD . BAREENPENORMIREZEN TREL TOWSEM SN, BCKIEZEIE
R RPEED) (-~ =Sy TZERAL TV,

https://www.hydrogenics.com/




4. HYON AS.

Arild Eiken & WIAIL V% FC ICERR. M
- YO N| MITKEBRGT DL HBEERE,
FC I& 600kW,

(MEZHIFRLEL =, )

B
1. HYON #t(d7KzR/\U1—F1—ABEICAEIF T, nel # (OKZT|RIE) . HEXAGON #t (77D
PowerCell 1t (BARIEM) 751472 %0, HEELTLS,
2. HFICARADI> > % FC (CEBEMMZZEERC. FC AMMANDKIREHAEHIZEERULIELT
3o COKZR/N)1-FI—>DFIE (L<FH) (FHEHFRTHHT DNVGL (HfaBIEROREI4ED)
e ZISIEFERL TV,
3. FC MafAlCiEEIN3AREM(E PowerCell $tHh'5F 95 PEM BIT, 100kW E>1-I)L%
B/\wr—I(CUfiz 600kW.,
4. EROI>DIIELNT, B4 X(d 30%ik. BEEFH S SRIFTEIET 36%M_LE. 50%EE T
(& 63%[E LI 2LV,
5. HYON #t( PowerCell. nel. HEXAGON 0 3 #t0#fiiz1—71%— U, AfAEBR DK
bz BfmON. EARNRBREALREACIARN TORL,

HXON ERD—D2DOFHEHIHEN (&
IKBRE(CLDKERIE 330kg/day.
-/kZBTEE (L 789kg (525kg@20MPa, 264kg@50MPa)
KR IO ERFE (L 15
Nel D/KEAFERE(L 2kg~200t/day DIELEWVSA>HyT %D, PEM 44 J(& 200kg/Day T#H
2. 12t/Day ZRF. 7 H)DBESA TEiRET .
http://hyon.no/




5. NOW (National Organization Hydrogen and Fuel Cell technology)
Dr. Geert Tjarks K

NOW

= NOW-GMBH.DE

KEERAXDFERREL
BEODERIITILAIVETH
BM., 5% PEM DOIRAMTHELN
HEREL. 2030 FEHMS PEM HY
BALIZIIDEF A

B

1. IRfE. EREENTVSKERFRREDZFT7IVIVELITH N, S PEM EHMEZTIK

2. 2020 FAC/KEBFEREDEERENG 2 GW EZEELTILAI BN DS

3. PIVHVBLCEEATNE TS D PEM BUICRE(CLD 2050 FLRICERZFORERELZ DN
ARERZALILEN

4. —73. MAMEE PEM BEINAEERESN. 7ILHVEZ REGHEFRL TUKETAIRNS

5. REOMBIANITIVHVELINZ S PEM BLITIL YD 2 155512E THD . FKAI(C(F PEM
BIOIZRMUHNEREL, 2030 FHHICIE 1.2 f5F12E. 2050 FLECEEFEFA

https://www.now-gmbh.de/en




7.5 ERExR-HE

1. GREENLIGHT INNOVATION (&%t : 1F4)

Bl B&JURYIOFHEE (PEM F)

xS A& 5-100w, 5-500w, 20-500w, 40-1000w, 100-2500w
FC-EXPO2019@%EREYIHYA NILEFE
www.greenlightinnovation.com

https://www.greenlightinnovation.com/products/fuel-cell/pem-testing

2. Diamond Lite S.A. (&%t : X1 X)

e
https://diamondlite.com/en/products/#1495605921716-1b05ddfb-23bf

KEFREE (PEM)
S series: 0.5 and 1N mi/h, 13.8 bar, Z=%

i

H series: 2~6N mi/h, 30 bar, /K%
C series: 10~30N mi/h, 30 bar, K/%
M series: 100~400N mi/h, 30 bar, K%

9



www.diamondlite.com

3. WS Reformer GmbH (Kt : R(VY)

e
http://www.wsreformer.de/index.dhtml/565efbdca978c621525n/~/
enEN/~/CS/~/Prod/reformerPEM
http://www.wsreformer.de/index.dhtml/565efbdca978c621525n/~/
enEN/~/CS/~/Tech/floxreformer

&2 (RARHA. LPG. X5./—)l. DME)

C5 series: 5~6 N m/h, %h2 78%, CO 10ppm T
C10 series: 12~15 N mi/h, %12 78%, CO 0.5%UF
M50 series: 64 N mi/h, 3hZ 70~75%), CO 13%
2015 F0)\J=Jr—XvERLEE. ErorBEERASNZ
www.wsreformer.com

4. ElringKlinger AG (&%t : RMY)

£
https://www.elringklinger.de/en/products-technologies/ electromobility /fuelcells

BARIEMRAY) (PEM)

NBIEEUT(H, 13.1kw, L2100 4%, EB= 13.7kg, &BT/\L—INH
ElringKlinger (@3U>4 -~y RISy MOFRNRERATF . BAREABFIIL TS,
EUINLEMTEBT/L-928E. iEEELT PEM B2 )ZzFHFEUER
www.elringklinger.de
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—Hydrogen + FC North America 2018—

mmw'” :
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RSB | 2018 £10H 31 H

1. FE 4% BREMS 2T LAOBIVER (LRI ERIARRE
2. "% & —figHEIAEAN BASBHIES

3. HREM Hydrogen + FC EXPO2018 TOIE#RINE

4. HR & JoH-T%

5. 5k %t Anaheim Convention Center(Anaheim)

6. B #=:

2018 9 A 24 H (A) &&ER. kHEER OB CINRE~TFH/\M1A
2018 £9 A 25(NX)~27 H (KR) Hydrogen + FC EXPO
201849 H28H (&) 7FH/\AL~OR7>EIAFE. 9B 29H (X) KHEEHR ZEHES

7. HSREE

7.1 EloB=

NEDO ZFtiABESBEI RN EINS 2T AOBINERI(CRIERIAFRAER I ZITI.
RSB EDHFROENEFAECHUT Hydrogen + Fuel Cell EXPO (ALK TR AFIETIT
NNBAR>KTHB,

7.2 &moBawn



JERERRDKFRREME RS ETA—SACSHL TR E B EDRHERZINET .
7.3 =
()=%
T7F)\A LIRS 232 A - DRIERREIERREY T YA MORRXY T ORREERFTH.
KBHFRBEOIVFN 8 ElZLH TV, SEDOEEZ IRILF—ATEIE Y107y REKZRIR

REMNDITEIHTEHSN. EOLERES 1 3 1 2{50WT, IRDEKRMRNEMD

&IOS -0 4 % FEUNBN DIz, T-AZHUTWEDE 35 FHATEA
BEDT-RFRITNZSME NV IZRBRUILT —RE . ERBEEEEICRIY)ZINRT DT~
F-hole. FERBINEEFRZEAETIHEN O USIERRL TV
J—=2%<%2EENE—IFEEE TEIN TUE SRR THol.
(2)TA—=3L
RABDINEAFDEUTAIERRCTL T, SERHARIFR I MEINTVS A -3 ARIER(C
FEL TV, 3 HEZBL TBARAORGERNCRMESNTVT, J-2ZHLTLS = E
HWETOZNWT LT T—2a0 %9 2R %RIT TS,
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-RBERIATLESD

-DRI ELEBRUIREBR —IIR(CH1F3 H2BI OiERIZEED
SBLESEES

WO 0z

—SEREEES YT

FEIRN

< )VTJ—to HRDME T FIEETED>TLRL
—>BIBNRIRELZ5 X 20N K
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-5

-Eon/Uniper(Hunburg) 2MW T 13.5M€

-Voest Alpine(LINZ/Austria) 6MW T 18M€
-EEHICRTESE 1000€/KW
- MEREFRREODY(X(E 85t/h;256MW
-BRERERLIITHIREIANE 256MELL EICRD
—KFEDHDNELEIZANIIEFED 85t/h METT7> MEMRDAZTEIETS

EBAIZN (IRILF—-0DFH)

IKBENR-ZADETT 7> NOEHHEER DD/ W Py TENeBAER BE TR+ —DER

—B&ME 1006€/MWh LARTE

SBRECHIENFEEBLDLLE =80€/MWh

—20€/MWh (FFUy REN\wI 79T

IXNF-FEGF 3.31MWh/t

< ARWJIANE 331€/t

-EFREES% 55 B M ARET 5 —>182M€

x )WY TTHIF —(ZRIPOKBADNMBNTVREEEFTHL WO TEFIAEEETH B EERTE>IANE
BERFOIRNEDEIFZTHS

EBROZAMEE

—RRAIRETT TS b

:3MWh/t DHADFEE—60€/t
-BRHEE 0.07’/MWh/t—3.5€/t
ARy IRINF-TAR—63.5€/t
-fFBIZ N 55 5 h>—35M€

KEZ|ETISON
AR IVNF-TAM—=331€/t
<FERIR N 55 A h>—182M€

ERTSO MR TKFRIETT TS MIZNE 5 £
SBANJR MIERT 147ME€
SJREOIRE T CTIHERA TR (RO TUED

ESPOTEF Mz LFHh

ESAEELAC—>19.26/MWh LUF (=1 ; 100€)
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cRAHAZESEEAC—106€/MWh BLE (EFR ; 20€)
-CO2 OHIRGEE M8 % S%AC—>500€/tCO2(ER ; 25€)
AF =S D_EF—750€/t L E (R ; 600€)

TSRS BEFRNEES

s

BtV Sk a 0 CO2 J)—EnH LU CO2 JYU—-HAESPIEE THD

213 —33>TRIFLL CO2 HIRELEICE DT 637N m/t=57.3kg/t DRFEDKFZFBEZRLTVD
REOIR T TEREFNCEIFE CEV-STENTHAANDLEHDERN

-BUBKIFCOEDH CTEERFIMORFEEZIET 52 RKDHSN TS

FH A (FESPLZDONMEINDH O TVBHNDPNZDNINDN>TLRWN

1-13 Gasnie N.V Afkenel Schipastra

IRINF-—THIBOBITICHIIBHAZ—
A5>24 = —3—-0OvN DY) —> TN F—HEORFEIFR

A324(3 50 FLETHROE [EEDNTVS
AOI7 2349 28000 EMOHAHEN®HD. HEEO/NSBRAABENMFET D

KARHA

4 NAM
-BR5% ; Gas Terra
-#iX ; Gasunie

Gasunie(HZA=Z=)[E3-0Y/\DHRA>IT5=THD

-1213TWh/124 bcm Volume Dk
-15500km OI\A 514>
.55 F1F(2017)1241M€
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F#£(2017)259M€

COP21 SURDBEHR ; MELSNEIRIINF - AT AICAENDT
2050 F(CFEBFPODFHELMERCHEEND

39%DBF(FTEPERIBCEEAIN. 18%D/KZRIFTEPEIX({EHIN. TN 43% 0D F(ET
X ORE FE WXCAVSNS

IKZFRIFTV—IKFT—T N —IKF—>T -2 KERAEHERLTUK

JL—IK3R ; REAHANBIESN CO2 (FASUCHE

T —7KZR ; REHANSIESN CO2 (& CCS THI(CETER

JI-2iKgR ; JU-CEBHEKNSERRRECLDKREEDEREATUCHRIE TS

AT DTIRERICHITDKER

-2018 £F 12 BICATYASUEERORS T MR SN

-2030 £F(C 3-4GW DKEBRFFRIEDTEZIHADEVVOIELETHD

SRAFEICEROKEREES SOITEA > T ARSI FrDEfRMITON, fAZ-PMORFHERBLIZVER ST
B

-2019 FH'5 2030 FETHATIIKROTEIOZ 1) MORDICEBE 30€~40€DMHBIEZE T PHTKERTH
UL SDE RF—AICEFNDIE2S (BAERIRIRINF - I2MBIE) INEKFEMBOD CO2 HIFFifiEs:
BI5E. INBZROERMEDTRELZIRMID

HRZ— (ATDANRERES AT LAARL—H—) & TenneT(ASHENEIXSI AT LAARL =) FRy D~
FEOHRETHEBIUTIBHEECLIREON M RI1>ELTHIID 2030 ££h5 2050 FFTOIIFEE
DOEHOEFRSFIAZFEFE IS (RRFAFERGE 2021 F(C, 55— 2019 FITREI D)

HZAZ—([C&2FIXINF—TOS I ROB]  £—3> RINDKER
-ICL/Yara OREITHZIITZHILOBEEY)

=S RMDAI>INA TS54 > OF | FHTIREE
IKFREXD)\A T4 ADYIDE X

- Klig’ CO2 BREHIR
- BT IR E

1-14 Enegas Jesus Manuel Gil Jimenz
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(RIFEEZHIFRLEL =)

KANARY NI —)(CHIBKRENED BT RENME

I®AR ; FREZETH 50 FEOREENDD, KRAHZA1> TS0V -THd

A AN D21 TS0, ERSLMRSFICHI DRI, Y- -y BEUNCERRRFIRRICK
D, IRAAEBREI BRI FY—IELTIE D FBN TS,

ALY

12,000 km OHZRNLTS4>

6 D LNG #—=F)L (BFEHF+1)
3 DO T ETEMEER

FUS v, TIWNZT A5)7
NS> ZTRUTF49IIN14T 54> (TAP)

AF37

TLA Altamira LNG5—ZF)
VS -FI> T vH—-R7—33>
ELORARNATSA>

FUSPIDY-T L
66%DESFA DEUSDIzH AALUIZ

ARA > RIL—EFYIC LNG Etth

EC ORIAFIBARZRADIEDD

EC @ 2050 SFADER(F. 2050 FEXTICIERTOIZYZIUTEL. BRMORERICLDI N1 FADOHEE ] (BEOER)
(2N [T/ FAOHEE] (BB3L) [FENEEZ< BV, ERNBEERF. INTODEFTHIN(CHIEE
ZHIRT BECHD.

37



IRTEDERIPERAE 2030 FOBER

2030 FOBERR :

1990 FIET 40%DREXNR A AL E DK

-BEATRIRINFIEBEE0DERKED 27%0 17,

-2020 FFTICREENINE EU LN TOIRILF—RIROLEDLHDOPRLED 27%D (FRIELLELT) T
FIF-DROBPEDCTHOER (EU LNILD 30%ZZERCENT)

2030 & TIC 15%ITEF 2L ZAREFICAN T, 2020 FFTIC 10%OEHFOEBHBEIEHGBEERZER I DL
(L&D, BRI F-THiB0TMEIET S,

NIy ROB5 R
HASZFTLhFEEER. 2050 FEFTICIRINF S RATLAOBRRERGZER I DI, Ry NI —I2KER(IGEGE
BBILENIRT .

FTIC, KRFERABAZRTUWRTEFFEINTED, OBV 2 HEREAOBATIHEIZ N THRANIICERIRBIEET
Hdo

CDEIC AR SNAAXTY GRRATA KR (G ARTANTYRTOBIRARLoDETBTERL, HES
NESURBRCEITR E Uk 7282 B BEC T B,

SURZZENH R : 2050 FEADE

[2050 £FTIC, EU (CHBIFBDBERIRENR (J\AAXTOEBATIRERIKER) DEESZ 1,200 {825 X— ML
(CETILKR T BL(IRIRE TH B ER DT, BAERIREN AN EINBVSEORRERILELEEL T &RDAS
IMEEN'SSEBPIDFBLERIEEE S (E. £/ 1,380 BI1—-0DHEKIIX MRS OB S EIGEMEN'® S, |

FULWIRILF-—RTNL

Enagas (&, 2 DOEREEZIER T I FIFEKOBEREIRIT-IIRKRIETOCLIDHDEER
IRNF-I1-SaEEER,
)] =) =
1. S[UEEE{CORELE
2., ZEJEENWIC
=SI\AAAT > IKZRDEF
RRREBADIRINF —rifaz &AL 20280112705 17 Me BRI B (A IN—2 3> #FET I L=
RUR.

FFUWIRILF—DFS5EE ; P2G
Enagas [FRATARYRND—I(IKZRZESFTERB S TEA T RSESFRTIEEMCEDFBA TS ENUIAT>
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bRt (P TM) BOEBRRANAELTE (PTH2) .
IRIF-ETBUIHRAS AT LOETREE2F AL TThNS

P2G (3. BAPIREIRILF—EE (B WX, i7E) ZIEL. BRI ILDORBRRITDS,
- RAENZAFYNI—=IAD H2 (PTH2)

KENAEDRENDFD H2 D%DAER

-PD-01 (NGTS) OHIBR

- MRIORe(E
*SNG /XA AX5> (PTM) DORIE :

-aJREMEDHD CO 2 IRELTDINAAH R

-RAAAXY NI =T 100%DE #al%

IR 57K =R

- IKZROEIS

“H2 BLU CO2 /)\AAHZANSD SNG E£E
HAFYRI—IAD H2 / SNG A

-H2 JA—EEUT ¢

3iiiog

-—fg Y

KEIO>1Ih
Y3080V —->KzE
V- M ZOEE BRI TER IR0, KBEARE/N-I2BUBAETIREKETS> MNOBF

IKZEDHEE SUN2HY

BAERIEEIKRRIS O D BABARR IR MOFAFE

ZOTOTTIME KB IRINF -2 EF IR F - (CEEERIZDORFIFEL TERSNS PECEILOR
FEICEREZH TV, COBERHIE CO 2 B ZMS T AESRBIREIEZ M TS,

SH. COXMIFEBREFMEOTONIAT (TRL4) LICHD. CORYDEBRE (2018~2020)
OB, BEEFIOLANL (TRL6) N0V ANGERNT DIETHD.

ECO HEBERI#E

ECo 7021/t (GHEMNRBARREIIF-ETEODOMNENRHEBAREE) . KEKE CO2 OF
BFEEUDARCLD XIUREDTIBCAIRE TATEL BT BE R LKFENADBR BB AE R EB N OEIRCERE S
TTW3, CNFEAER LY ERETIL (SOEC) ZERLTITOHNS.

ECo JOT17 M. Heffie #2525 SE0E I BIRIE TORAMODIRFEE THZAL. TOMATOEE(CAIF T
RS [ R N
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KERODFEAN WIVAINFOTSF>

ARA SDHARRY NI =1 BFHTHIWAINFT TZ> hoO-hibry D=9, E(CM=FRADKFZFAORIIDTE
AR —23>#BrELIZ R&D JO17h,

ZO/AOYNEEAT > SOEIRICRIS S /V/\DDEUS . RARAALRESNTZIKZREND%mol O3H(COR
h'3.

HIPS-NET (J\AT34>2RFLDIKSR - RyhI—74)

36 OAZN\—HBENZERIIRF .

ZOBKE. ETFOTOS I NS LUT T UIRTOSTINMCEDWT, RAAZI Y RO E/KRIEE(CRS
I 3IEHREUNEL. I-0v/\OHIBIBEFE I I DE THD. TNUICHIZ T, N RAHARY NI —IAD
IKFRDFEAICREET 2L TOAIE. —AUIKERZR. LU P2G HifilCEE:E T 2AImE. P2G (LIS 3IEHR%
IN&ET D,

GERG JOZ 1/ MNRRENZCOITARL—2a>(E. 2014 F(CihFork.

HYREADY (KZFEADDDRAHT ALY NI — D% i BIchDLTFEHAR5A>)
ERDENEDKZRDEANKATADXEERY NI —) DIBREROEE S SERCEDSIICHETS
WERFEIBLEBNELIZTOZ TN,

2017 F(CRAtEEN. 2019 FFETHKEF AN TVS IOV ME. S8 15 O/-hr— (F-0Ov/ETR)
NOAARYRT—IFEE) ([CIOTEBARINTWLS.

Enagas (IBERJREN Az #nX I 54N TETLD

1-15 Engie Hydrogen Business unit Gregary Bartholome

(RIFEEZHIBRLEL =)

* *
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BIRCEDIWIKE—ESUT, A%, EDLS(C

7124
I3t KZRICBAUTOREE
BINN-ADKZRICN-TYNIFIET BN
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HY—2KZRIODWTZOTHIRHEIEZ 2 (EHDH

I>S—¢&F
JO0-)RBIRNF—BLUY—ERIN—T T ARRFFRE., TICRAARAEBETREIRIF—(CEDIVTWVD,
2117 F055_EIF13 650 {2€. 70 NEIC 15 FADEES

I>>— K%t/ﬂ/ OU DIKFRZEERICTS

REAE>Z 3>
I>>—(3 100%BAORELSEHRCHITIENED 1> 2ERER (ZLTETIUL) Uk

55153 3 20+ -

B ; SIRBIKZFED- RYyTHBRFECRENTUNE, COESIVFERIINDIERBIRETHS

AN\ 1-FI—> ; EAOZORBNRES IUHBNTV1-FI— >R e EE I EMR(L. i
BICREFNSSOHEMEZEZST

EBEFORO ; COEZAADESE> TEDEFRF N LI TICSHENERTRETHD

ZUUEFERBIOEZIVCBVWTRIEINEREREE ZFFOTULS

. RIRERIY— DK BN LR B IR ERCLHOTIESNS
 HIROEESFIAES R ; BRI R, SR QUEIERE, #hX
. BRSNEBRIRRTY vV OMugADIY—> TRV F— DX
. NWFI-R HU-2AT7—

A W N -

2-1 Ballard Nicolas Pocard

(RIGEEZRIRLEL )

AR B IRV B EAT A E THD
NKO—MA>OEILEFITICEEBEEREDRELIETS
AR BB EX D ST R R R CZZER I DIEHCEESND
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2018 FEOMFIRR(E

- KRBV EEth B BEE D AL

RRIEHIEE NS ANMRERZES TS

-Z<M OEM O FC by ZANHFERTHD

B LEIROERNIFFOTETLD

J0-)NLAZ>T7FT(F 55 OAIN—(THEK
SFTUWXN=DIKRYT A FI-VICEA

‘DY T FI-IRREMIEHOERDIAH D RATINTNS
RRIEMN 3 AR OMA M RIF DR ETE

PARIEM(I K E RS DEESORIIRICRO TSR
KPMG D2 HILT1> T OIRBEICLDEARIEMENEENEDZEARCBFINEZALS 79%D AN IRLEE
Lz

ARSI AT A S (A IEHY THD I DIAINED ?

1. MR LSRN HIRT 3l DIRMADIR EZMEETS

. BEEEZELGHUTOKENDT-NAVEZEZEITS

. JANBESENOHZBARIEEIRIF —Z2AWI) -2 KEROEFEIRK
. T0)0S -0 #HEE S B IEICBUFLE S UMD

A W N

2030 £0&

100% itk 3Rk SRz EEA A e U TER
-AIBEEOREIEM) CANESTNS

-50 FEORRIEM Ny hRED

-1-10 ORI EMFIENREBILSN TORVEBHRICEA
- RFIORBEM I - - BRI ZIRDD

KRR DOE S IV(SEMR I AE

NS— RIARI BN Z -5 r] fe R HBER DT [CJERIF TLK

2-2 New Energy Coalition Patrick Chubben
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EATSADII->KR BFON

etz
- DIKRIRH

2030 FEILATAICIE

27 AN OKSRIBEERERD

‘12 B> AEATTADIEE R

3 AN ; B

27N TURINSSR

<10 AN AT F2ICTIEAS > A HtgaiA

s EEEL TKZRZE SR ACTINEN DD
SO VHIERg 2 -

B

(275 ; BBHIX, TRLE—, #ix

i% ; T2, EE71. B RvMNF2R
NEEREA IN-33>

2-3 Logan Energy Bill Ireland
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O-A>IF>-&l&
1995 FICP R DERETERIL
2005 £ LEC ZRE>ATUCREICO-H> I -%5%1
2008 £ SSE (ATY RS RIPENMGEUKRELRD
2016 £ Dunelm Energy H' SSE #x%ZEWS
2017 £E n-tropy Group i 751F1—>OHIFICEDERIENS
O-HYIFS-BWIN-TOIZSZFUSIETIYIINT 1) %S 2=t L Tk
EETIANEEEERID 4 DOTEFRHT
‘H2 Tec KRIFNF——IATLORIE
-Ene Tec /KZ=BEIEHEERDECTD
-FuelCellUK XKZ=BEEES T A
-ProtonPower KERFARDEREA>TFT VR
- TIF/EAFURIT 1N\ SHEOIA)TA— RICREER
2018 £ H2Tec BV ZA3>4ADIO-Z T UL

SEED
ITAONTER=ACIRIF-Y1-S3 %1
IRNF-SRT LS

IRLF-EH-

- IRIF BT
IR UTKBRIRINF S AT ADREDRIEEHEE
IKFRBNEEIKFRRAT -3
- RURBAFE

-BEROT RINA Y-

fihfEanE
"= —SDTHA LS
- BRTZORRA BRIz ORRZE DIHCA—H — A1 RO, (LRI EERERRRERE I DL
AUV EBREES
THA A BIE

TOSTIMIR =T X NG R DR —

Josobs

1.1IMW ORI EM CHP IY1%X3RFA CCHP SHEERERAISIXIATLARRE> 98% D EEEE
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2008 £ Tfl Palestra EJ
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2012 £F Quadrant 3

2014 £ 20 Fenchurch Street

-2013/15 fF PEETOKZERES. BTEl. DB/ A2N—RTOKZROFEIE. BT/, BiE
2015 £ DECC (REOIRNF-TIREEIE) DKFRIV>

2017 &£ ZDYRSORIFAIDLAIRIZATOEBEADKFRFIE, IRIVF-ETES AT A
-2018 & HyTIME-Wembley

-2018 & SEAFUEL-Tenerife

-2018 & Gencomm-Northern Ireland

-2018 £ ILES-Saabrucken

ESULTHLEBACTICWZ DN
IXLF-DNILOY (3 DDIERAR)
SO IRIE

- IRZRDHIR/FF e BT HE

-BEf&R

REOEBSEOTBERFRMY., I5VA, RE. (HUTDIETHS

BIRETEASITHAOEONSRBEHACNIT
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BARRRIILF-TOI71)L
RN ERBZEDNFD A ZEDBIRENE
-ZEENDERDHAM]

- R, #9. BfEE
BRI TOER IR

LASYIATOIZIZT(IRIF-TOS1Ih
‘910KW (CHEBREH #1188

-A705 Uy Ry RO =% &N
IKBIRNF-BTES AT L

« ZDOKF|AT—23>. PEM E7ILAVAR
IRNF-XR=ZAINIRT L

17 BOE

- HEOKFROIRET

2017 ££ 4 BELDDI5E)

HyTIME ; &R UKERRAT—23> (HRS)
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-JEAUYPH 2 5O RCV (JZEUREE) #UIXMRA-THTEIR
-350bar>10kg/day

)\ NTHRBNRT YA

- T TEWERHILT

-IRIG CRIE(CERE

(MEZRIFRLEL=.)

Interreg — Seafuel

- REFHISEAROB A D] g ERZFI AL Tt o O R CE Hz e
<K B BEDN— N —DFPIRIEEA> TS
AL TOKZEDORIREMSEZTE

SERELBFADS T MY R— K

SEAFUEL; 7718070 1M
-350 [EDKFRAT—>3> THUS QRN E M EDFTIEZ N
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‘51MW OB IROFEEHZNE
125 m/BO#KAET5> ~
-1 H®lzh 25kg O7k3R%Z/ED 350 [EDKZRAT—> AV (R4
SEAFUEL DRZEYD
TRUTIBCBIIRTRIAEEET ZKFROEE/ (OY T~
- — BB —CIVERK SRR B ERICBIRX
2 DT —RAHT4
TIVEB. TAISUR
XTAZ. RILNIIL
FBROKFRERRDIZDDIEE ZIRM T BT, BT, BESIVIREOBETF IR TR HEATRT S
IKZRZEED 1 DORRBA > IFEUTBET 31?5 DOBIRO—RIYIZ R
-SEAFUEL /{10 hzAthDitsk(SBEIS S BB DY — )Ly ~
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IKFREIRBREREL TRMSN TV INMEFAETEZ TR — NIV
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-RREt B ENE DI
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2-4 Government of South Australia Joe Doleschal Ridnell
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(2-5)California Hydrogen Business Council(CHBC) Cory Shumaker

*

1 (SBEEFEIRLELE.)

CALIFORNIA REPUBLIC
HU— KBRS
HUITANZT (LB R BAERREKZRIEDIRIRC T 255k

HUIANZTKZRES KA RES (CHBC) (d. 110 A LRz, #4588, KFEESRAICHEDZE A TSN TL)
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AT DHEH EEETRADIKFEZRS T ETHD.
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NIITANZPMMEEFREE® | TOBLUTOCAVEREEYIMER IOV h
- REETZEHLHHLEIREEEZZE I 52 148 5000 73 RV

HITANZT DA YA MKREERAT—>3>

*130 kg /H

*700 KUE

o\ A ROTZIZVADERRRE

HIANZTD 39 BFROLARKZFRAT—23>0D55 5 EFflE 100% B I
(Riverside, Ontario, Playa Del Rey,Hollywood, Emeryville)

{RERZFRARIARIBIL Sw bk

«2007 ££ 1 A 19 B. AYTAILZ7H %015 Arnold Schwarzenegger h* Executive Order S-1-07 ZF&KU
Iz,

eCalifornia Air Resources Board (&. AN IRIF—IRICGU TENERZKRERIET DHDIL Dk
ZFITI B

FARPOKFBTE([HIDIFBILIVL - DRBNKTEEEDIEN (KDKRSBRAT—3>) 282
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Credit Value ($/kg) sz.go 1 kg = 1.04 GGE

A Certified LCFS Pathway

L Staff Estimate https://wZ.arb.ca.gov/sites/defa_uIt/ﬁles/classic//fuels/lcfs/
lcfs_meetings/12052016presentation_h2.pdf

BATRERK R ELEEES
BB KB/ —>/KERRE /KR
HITANZFORADFEER =1-F13/)\L— (=LZTVZJZTI7)

HUTAILZT D 100% B IriEE

*2018 £ 9 ANSM SB100 Tld. AUTAN=TDOESEBFIE 2030 FFTICHADIREIRILF—60%. 2045 F
FTIEH—R>TV—-100%ICFEATI BLEERENTWVS,

oA TR I RINF —EIRIF —ETBNAOKIBBBITHIE

(2-6)NIPROXX Michael Ismar

_ (RIBEEEHIBRLELS,)
R = BHERIE SSAFvY (CFRP) TYPE4 OEEKZ=SIY

=

oFAEB(FBAFE, FEBRERET. IOV WE, TARRUVTINEH RS AT AOXELICEREZENES
oFhfz5(E, EHEE B LU/ FEHEEELR MR ECTWS

FEFRENRELXERMOERAZREY
B[S -XRERH THD (B : F (K) )

SHER

NPROXX Di2iR(F. REICHIHOTHHEEPOIRIF —DEFORITIHDIFE TF(CEDINTLS,
- FERENTAFRFAFEE 40 EROFEER
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CFRP HEBREFDEREGEHR M (HT LU UHM i)
- HRTHHEHD CFRP X—/1—

BE. mE. TLTHED

- ETC¥IIN-Tn—8

BETH .

- 7bX0 (A#3>4) 200 FTE

- 1-vke (R4Y) 200 FTE

ETCHI-T

0

IIARA=)

pronexos

0-3-—

NPROXX KEENES

94T 4 45
BB EENRRIS AT AFRIEOEEDHIRKICDRND
-ENX 1 KDZADKEE
-EOBVIRIF-ZEENAIEE (350~900 bar)
-EBNrmEYE
- IR ERAHE NS

B - KEAT-232BLUERXA
317 4

300 HLU 500 &FE

SAhIJIAb

K&

oM

ofMitfa B4

oHRDIR AN B

EiBEDHIME

ST B

*ADR / TPED ZEERE

HEEE
ROBREEI I DREI VIS AT LADFEETEFRFE
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[EfEKZRAR (CHG)

*EC 79

*GTR 13

*EEECR 134

*ISO EN 12245

[EfERAHA (CNG)

*UN ECER 110

ENEBOTE (HHa0sEH)

¢[E7¥ 100 mm N5&K 600 mm. £&&A 4000 mm

IKZRIAT L\ ; SR EATTE,
7Ir—2a>
BRIEURIRE
oE)\AIIN14T51>
TSI TIRIVAZAN —STHi5
oKERIARHAIG1>T5

- B8R, |B&#, bw). TA-IUTh
o 1 AENE

- {EFET BB TOCAARELTOKSR
USP
o1 &KL —35—T 1000kg H2 @ 500bar
RiBLENI Ty HFIEETY NIV MDD AR — Rt
o KFTERAT 23 TORUBER TOEA

KFJIAT L ; N\E—F1—FT(—E
7Ir—2a>
T1—TI (BR) BFENRDIZIA
- IBEEE
- ENX
- EbYY
%
BENBE
oEBFIEBMIF E JUX
oEBTIEBMEF E hows
USP
AR ZIVHS FC £TOIIVAMNTSavT IY)1—-23>
o> 2T LR - fHA&I4ERELES / kgH2
eRBILENITRE DR
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Him ; BEECARRE

S INAIAT 4 ENBERRERE
oFIENSHELTOITES AT A
SR EHPADILEIGUTHAIRAX
*350 LU 700 bar

A RIIAh

EIENHZME

oSV7 I Hm

*EC 79 SEFAZE

(2-7) Haskel Robert Kelly

(RIGEEZAIRLEL )

N\

maltenNB IS4 F1—> ; A8 A > IIADE

HRERAYIREFAK - - AIEETL L

FLEBESTORARDELER. BRXMROGSV > IZOEEEHTHD

RREIE 1 IS A NI F v O RUNSIRFV BB 2 AAE R I 2 L ICEBVWTRALL TEERIEEETH D,

- ENEFRBEBLINEZER I DLIRED T, BEfZ/EZONROE L ENHIHENEZORDFEEICITED,

FEBEREINCENERAT DD TKIRA D IFAKELTVWEITH ESKAETIVEURESENRVEZH T, A+
FEEMBEZEATVDARLRN

- CNUSFNBVIES) TIRCBZETRIFNUTTRSR

Haskel &(&

TFIFAAVAHZAN = (F TR RESEBFNCEELEZ 9 BRILOJTO-/NLEEE

-150 HEIC 10 RER=NHD 70 F£LUEOESRZF OBEN AL BAEOTREHIHRED) 0/ ERE
HRPDEFELFREFRDOKF OEM (CEDERCBVTHRAINA AENS AT LEZAFYRIRRINL TWS
B} W —SAbENTz HRS (KZEZAT—33Y) Y1—-33 % EhE

IKSRFEIEDRKINDIREN S
I7RSATHAT-ZH—: 100 MPa &£T
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KZFY—EXT 250

RKBESAT LAADHEEEN T 25—
100 MPa> 1,000 kg /H
IKEFEfEY—EXT 100

BuTech OF. ([IERBLUVE
-EE LHs3EETHAREE
CBERENICHIDRED
-15 73 PSI (10,340 /=)L)
+-4320F (-253°C) %i#8%% 1200°F (649°C)
SRiAIK SR
A—>F—=Y)1—->3> (HRS)
DFCEBOHNW

-8x X 70 MPa

12601 #H0L

‘TRICTANEH
-80% B RIE

RIEE (KEMNE-70)

HESHFR(L. EBY—ER0—EERZRL TS
R NIBEIRSRBE L TRESN 3.
-GAAP / FRC /B ADF5 %t

HTS5AF 12 %BU TEEROFRIEML A

-100€10%DFIZRZRT
-1 =111€
-2 =123€
-3 =137€
-4 = 152€
-5 =169€

KELHERIRN (KEHHX)
TNHIRTELANTIENNKTTE

-TBED T4 — RN\WHIICE D (KEHHX)
“DFIIRL—HZPRC

REYTIFAFI— (LD TRK 15%DIR Ml
-Capex (FEEEAIELT Opex (CRERHFEEZSFX3
10 £ERT 10 51—0O0 HRS ([CE DK

-1kg / GGE (C& DX
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-200 kg /H

-1.37€GGE J&X b

-0.21€JX MR GGE

-Capex MAHXBHEBISESE (CEHOT Opex (&% 523
* GGE (HYU>-H0> - EEBE)

L

DFEBHNIR
A7IEAACERZHTS
SBO (£TRMEX) (CLBEERB{LOSR/IME
BERS

RN —BERTZERITD
HAFANTYRYETR M2 HR
T35 & T4
FHZER/I\RICTD
LNEEEBERID
ESDHD/N— N =y

GenoSys

SEYRTHA>
-E1-370v%

-FTE ZHlliR%

R EHESIHDT A EH
- 55T R 2 AaHE
CBERFEOVII-TIARER

(2-8) Ballard Nicolas Pacard

(RIGEEZRIRLEL )

AR rE B DR
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< F7AYHTIE 15,000 BLED FC TA—9UT MREIL TWS.

TN (KRR P ERAEESOTERI—>F VY13 iR

- _B¥8(C 300 EDBLiX hovy%zhciE (Refire / BOM)

-BOM FRHANBEBA L) -REARL—IADET L

IR -BEEIOIT L0 71T

-JIVE (1 LU 2) 300 NZREATOISA

‘FCH-JU ([C&2/\ABLY H2 12 IZANIIFvADEERTHE. RSN\ AME 251 E T (F3 DIt EHE
BN 2020 FAU>EYS 100 /VAGTHE

-BRFENIFDZ S

EBsoRNEbNSYys (300 5)

-500 &M Dongfeng 7.5T howIhEIESLUFRAIENTVET

-30kW 0 Refire \TD—EZ1—Jl (Ballard stack)

-9kg O H2 BTiEiE (H3H)

IR -BEE#EE (€15 A7)

- JKZRit& @€5.5.kg

- ’owIIE STNE HFRBL. O AT YI(CU—-XEN TS ID.com DLIRR{EEE

RN D H
7T 1 HEOKRIEMEN 2030 F(C 1 FAREIC- -
2018 £ ; 1 HEORKEMESEE,
1000 E0RRIEM)(ZE Ny IHERE
2020 £ ; 350 FCEB({X)U E3—0Ov/C (JIVE) MiEig.
100 FCEB(J{R)EIR 2020 AU>EwY,
2,000 BARE D/ \2EMSYIILERE Weichai
5000 FC h—2020 FETICHEDERE
2025 £ : 40,000 E0OEmHHADE
600 FCEB 3—00v/{mi&
ZA2® 1000 FC ~hov4
JILI1—0 1000 FC hovs
8E (k1>44) ® 1000 FCEB
HETHEITS 5 HAED FCV O35 1 HAREAE. 4 hAIEAE
2030 £ ; ET 100 FED FCV
KEZERFERSNDEDI, 1000 FHH5 1500 HOBKIEMEE 50 HED MY

EERMENSHABAORITZIE IO 1IN
aEiE
BT FILIBEENSOEERECLZEIETOS 1V b
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SRR —RRRL

o1~105&

&R MrT : FCH-JU. IRTE

12747

[1BELF vy IBhR & (C L2/ 1Oy NER
IREEEADMEIER

20~100 &

offiBh<& : FCH-JU. CARB -HVIP (HUJA)L.=7M) . New Energy Vehicle (F[E)
IPAF>R

HERERM (BRIECLD)

MREEBEHLESHKAT—R

*100 B L&

oBUFERIT (EIB---) FIE(HMEAEERNSOEERTNE

BRINADEE ; IO AT LEESRAT—R

BEIEA—N—. KROMHELIKIRA D ISTHERE BfiTONA I - TEACZHEEL, SPV (1R BBIEEEE)
PY-REENROIRZEZEEL

SEPORES AT —X

-RIRDHBIERELE AT

J=EEDRYEIRECITREY )

- 7IH9—HR—b

- K FRAFHEEEH

EXEE(ICTEDIAATIK

IREDRE

-B &8 OEM OIRRRES (FF(Ch3yIHA)

-T/)05—DRAE

-SHOIANMIEDVERE#RES R AT —X

-EIOIRAMFLEITED

KFIZL (12T75%288) NFT1—BILEBEFTERWL (5~6 R/ kg)
-EBMX>TFVRAEH

- EDHUHE T B (ORI Bt ER D SR AR AR N 2 L)

- BRMERACLD FC Bt DIBARRL

=>HEOU-RFRHENTLRL (REES)

RS (R (S ULV BB BN RN 2,
2020 FFTICEHAT 2000 2L LORREMNZANEREN TS
20D OEM EENELRIMRRE M/ (ADN-3> %ML TVS

58



—EBOHIAT(E, BRIBEE TR IR F—(CLO TR 2K RORIEN AIRE(CRD

FEEEFIIRE., MPEBER/ (AOASNRL B AEMZMInT EMmITETVS

E SRR —RAZAERES B DDICKESRFER(IMNERV MEBRO(E NADEBEKERE Bt REDAT L7
vITE I THB.

e BAERBEIRIILF—NZIMITRDDDHD. {LERREREF(CRD . INEARBIRIB(CEBLVEU TFERMEED
IKZRZAJREICT Do

o MERIETIIARZAL THVEFEMEN DD, MENKZINE, +9372 OEM 2y hPyT TT— BN RZHEICAF
TE3LI(C2B,

*PTO / PTA (FIRTEN\wTU—/NRDB A ZFRAH TVDH . FFCHRZREEHRT (&, /\vFTU—-DRF (AfciEREE AR
FHTRERER) MESRTESETVS,

e FEHH TE, ZERRITFEEIT IR FIRMBDRE LT _BLIRRIEHEZHIRUILVEE X TWS, N3k
R CEIRAIEETHD,

FNEB (TR R] e HIBR DIz DICIARI BB N2 59D

2-9 Clan Tecnologica Group Francisco Montalban

(RIFEEZHIPBRLEL =)

Kol BEREEUTADFTLVS FUA(CH T Bk E = 2019-2050 - HRS(KF|AT—23Y)

=Ly
IS4 M TZ DA FFREHE TR EREABEADKRRREBREDESZAIEEICTS
BEV E2ld FCEV ZEHSLRLULPI(T S,

S

1. (FUIC

2 KREEDHDI I+ —
3IKREIE /ATEOEH1L
4. EHEEERETY./0>
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5.8TESLUTRIENET | RIRINDOLE,
6.4t5 ; SRt

7. HRS OFRAIEEESTI 5.

8.AR—2

9 BHREYB LR

10.#&55m

11. HY4R - HRS >tk

1.

(FU&HIC
)= EEUT 4 )\IFRTEDZENE
2019 FENSFAEIEEENE. Mow). NADBIEIETTACBIET 2IRT D> I50Z{ L2 FEEBUR
FUSTRBIRN---
2030 F[FFELNEENET S,
ZUT 30% N KRERBZETHD: -
2050 FEOTURDHIL -
LB BB (K REFE S 3 DFUVZT—a A ESRIFNIERS VL. IRTEDIEHFR
(KZRZEB AL TONRIFNERSIR,
IO PUS I A CETRERY MRS
IKRBEDIEHDI R+ —

HRS (& GREEN Hydrogen Z{EH 3 3 E, ERD CO2 HIEIIRNEARF
)= IKRELE DR R E A HEICT B DRI CH 2R HEEIEPT,
IKEfRZ FWVIKZRO IR+ AT
IKEREE / BTE D&
FDEBVIRINF - | IDFVIKREELANITOLDRVEEER kW / Kg.
BARRBFIBEDILDOLINRVEF, (ARFEKZRE kW EHEDEZLDFIE) .
BEV (Battery Electric Vehicle) &hE#EFHNDHZSFUA,
HRS 1> J5% &DiRCEL TREBERITETHER T 2 12H(C(d, PIVKREREN REDHEETHD.
[EHEEEgE 7./ 05—
IRIF—HHGEEETY, (kW/kgH2)
IRIF—ZRS I TeDDFTUWR RS .
ATFIR  TEBRFZ> T
NSO\ RRIZY R,
REHFiN,
ETES L@ ET | SIRMHNDORE
HRS OFIHADZTY I (. PRBVRIKREFEEREAN —SEEZINE,
SHERBBECEEIRE(RBIZE5, (300 [E~500 KUE)
RESLVELRX(ICBITZEDARAN RS,
R IERRRIEEDEWENDORADE B TZEFE I 985U, 500 UEFRLANT900 KUE THN
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(FE(CRV---HRS HLRZB (LT 3.
8.2R—2
TERRFIVININTINEL, EBROAEHAT—33> T HRS ZRETBIHIC
IRTUEEE 1SO T HCHEEEINTWS 20 - 40 J—MFSXA
BT VEEASTF R,
DE-RI>bO-)s
O FIEMY N > R(2030 FEICENDT)
ARNR TR BB CTRRIRIF—HEZAIHEICT D, KFRIX POHIR
FTUWKZEBLU FC DAEE - [EiE - RET. ERMtELZeE
BI4F1-20T2REGESE (IoT. M2MRE) .
57— Pithigz X 1 A — MK ZREET
BEnESRNEBEDHD HRS D55 EEME- -
10. 455
IKFRFBERR I F -2 ETEEININE,
RIEKSRIME (<4€/ KgJZXN) . BEV [CHUTHREINGDDIE,
BAENZROME L. KDPRVKW / Kg. KDDRBNAR=Z KODROTRR,
rhRE P RKSRENEE SR RTRIBRY NI -7,
HRS DIz DERb L IRERETHER .
FUWEMBERAT, ESULF el
ED R CAPEX, DAMRLY OPEX. DAMRNAR=R, «oooo SO RVIRIINF—HEE,
#X : > 500 bar OBJEEE: -
LKD) HRS A YA M=)V LDIEEEICEL TEDT(T BT
H2 / KmEEEZEDW R FCEV. BEV + FCEV J\AJUyRAT> 3> -
BEV &DEHFNZEDHD. RIEMIIVIDSHER
A= : RO FBEERTEOIHDIZ MOHIK.
JVIINHRS 754>, HRS DAL,
7KZ& HRS. Fz3Z0thd H2 4 A R—)UCEET 250/ ULE—IL—)b.
11. HYB4R - HRS I tFbh
ClanTecnoldgica (C&>TRFEENT SIDE H (&, BEIR—R> MSIEBEEINEZE2RYY1-23>T
HBdo
AT ISP FRE. FUERR. Y5 B PIA-XDTFUA N—=22)
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http://www.h2fcsupergen.com/wp—
content/uploads/2019/02/Nigel-
Holmes_SHFCA-update-Scotland-
HFC-Opportunities.pdf

2-11 Fundacion Valenciaport Jose Andres Gimenez

EEVRICIT BRI

EPN

1. N2 7EOBNT

BV NE

k= 5.72 SUAT R, 20 J4—bFIDF7HRET 5 5 2 FA(TEU)Twenty foot Equivalent Unit)
BOEik 27 BEa

N>z 7%

EHRE 67.49 SUAD R, 20 J4—RIDFHRET 4.78 ZUA A

F£%; 103 A T8 62 A A JIL-F-41 B A

Bk ; 52 BE

H>T17%

0.353UAYRY

NS PR=R2ART 73 SUAY R, 20 J4—RIDFTHBET 4.83 SUACE

EHAD

2. BOIDTFTARL—2a>ORFEERICL BRI
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(7) RERTADBAL
(1) &k
3. RORTYT ; K=&

4. f&m

EVH—5—

N\y7—

ETRNyF)-B= 206 [kWh]
E3|EMRU LK) FO L

INFREIE 299 [V] (260~380 /LK)
IR7ED 700Ah

RI1T31>

JXD—/MVJ 160/180 5@ 1800-2800
RPM 633/712 Nm @ 0-1800 RPM
E)i

6 B (1 :&#x>Th)

FE BT
3-5 KA (T39591T(CdoTRRD)

LNG ¢&E1fL

LNG 5—=FIL b3

T — IV ERROAG IR
T(—CILEERRDFEIA

LNG OAFaJgeS
T4—EILEDBERHENMEL
TOIZY> 3> TEBRVIYI-23>

EBIRI-ZFIVNSYY

vO0Izv>azYJi—3a>
F—EILEDEVESRLE

TA—EIV BB LD EE V\FE B R
BEMEMEN (6 BFRELIA)

RE (T —CILEDEINTEL
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IKFRRRR BB —F APy h— eV — R5y)

%P 1 MSC I>F7H5—-3FINL> 27 (AD7HEFE) /N2 75-3F)03-090 (ro-ro B%)
J)—-NERLEEE : 2 Mio L /5

FEiFRE 5,000 BFRY (2 £ER9)

BARIESDEHEEFE : 90~120 kW U—FRAvH—

60~80 kW {7— kD ~S5ws

M

oM OTOTIVS a2 ENT—bA> I,

oIV FIYAZYT A, TOAMMDEAMER BN EDRZ HEBR I 2L TEMDA> T2 XX MeHlik.

o NyTU— )Ny NEUEL. 8 DB R4 ZREFT.

oXT— A ADBEELEIATL —F/BEERICEID TR F —EUCLIDM—FILIRILF -2 7K

'O off

BB TTOEE (L. BRI ZENTES (LRIFNERSRL) .

KikzR,/ €013y a .

o CDYEZEEPONVNGDD . INTOERESEENEHZEEZ TVB LIRS,
POIZYaoY1—-2a> 0BT,

POIZVavORBRICOVT, BEERICIAGERERHOFT vy TIhHD . RINFIEDT vy TZBHIHNEN DD,
o703 - JONNA I —-ROBANA IN->3> O EE

1-5-
#EFMRIRAIHEELIERAR TOIRE(F, RIROIRNRTI/0S (KFRE) ORFR(CBVTEELRERTH
50
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WHEEM-7

2018 FE BIMLIRIRESE

IRESERE | 2019 £3 H 13 H

1. B ¥ 2 | BRENSRTLAOBNERICRIERTIFAR

2. M &K & —RRHEEN BASHKIXS

3. HERE® | BEBCHIFZKER - RNEMREEEHORAR

4. sk &\ | TV

5. 3R & | BBREHAFHERD.O(BEET)
TERMHRFRE (BFath)
Asia Pacific Fuel Cell Technologies (F3E)

EaEEFERT (BiEh)
6. H #:

201943 A 5H (XN) BFA%E thEE®R aBAEHHAFTRERPO
2019 3 A6 H (K) I EHMMalAFEkk. Asia Pacific Fuel Cell Technologies
201943 A 7H (K) E:LIEZ8FKE. FE

7.

HsRE

7.1 HEROESLEN
VESFFNCHABH T R (GHBUPERFMAFTZIEL T, BB TOKSR - RREDAD
B EAHDIRRZRAE T B,

7.2 REME

7.2.1 EXEHRFEHBRPD (3/5 15:00-16:30)

S 8 Y Bt
wHITieE PRE H &L
Wil A Y 13t
(1)  TERTECICDWT (¥#xIELD)
CEEBEH]
-BRIESOYR-K
cTESOELE(GUIREROEN
[(EHMAE]
IEC,ISO &/\=FF 1 AUIcBBOMRE ICE DB IELEROENR
BB BROIRIT 5=
- AT REEOHER
-BAERREIILE— (PVEWT) DithR
KR - AR E D ER




-EMC 72¢

FMIBIARZR(E. [EC,ISO ([CELTLVIN—EPIRB OMEZ/ERHRL TLD
BEEMB/N\vITYITRBRENS 2T L
- A —3—FRRRIEMS AT I\
(2) BNSEMMEIEKEROBT
&)\ 7y TEIR
ERO 19 R-IJICFLDHESNTVDN, EBALEEEHINTLDEDF/ w7y TR
B 2T LTHD. KE(FBEEMBRATHI—EEEDSJHIVEEEENS
L FUE
NNy TRBBIEMS AT AICDOWTE EMEEEFARZLOFITERRECSDHD
(3) BEOEHHIE
S FRINENRE
9 2100x108 kWh/&F (HADK) 1/5 EDETHZN, HERNHE)
& BATIRE IR F—DE AR
#6% (2025 F(CBR 20%)
AER ; PV+WP=#J2%. K5 #94%
FHRE BRI SROE

7.2.2 THEMARR (3/6 9:30-11:30)
maAE | ARE Lgt. WiEt. GK.HEK
1. TERATAATTIR CORBIEMOAITEN
PEFC $&U SOFC ZFVVZEEHERDAB T
& PEFC 259 DIRFTHFE
-1 J80f (PAT B8) | {KIEI85%E



AV DB RIEEBEERRLTLE

2. FEERERE DR
&)\ 7y )N — DR ER
BEEL(CE TEIMBLUEERINTLS
RFRETIC, b=A)L 224kW HAEHDSI AT ANERKEEINTLD
& - REAEARIOBERCOVTIE. CHP S RT LA (OKZRA1T) #EZZTVSEDCE.
¢ SOFC A ERAT(COWTHR#KZZ T
AR ZRIEUIECADES T ERELAILOIFIRZIRHUT.
AR TE ., B RN E

7.2.3 Asia Pacific Fuel Cell Technologies (3/6 14:30-16:30)
EAE  t-ILARE WK
JOS1IMNR—v— LK
(1) Asia Pacific Fuel Cell Technologies (CDWT
MES 140 %
2)=A—RBS AT LAOTHIBE A (L TA—HS>TL TV,
& FFEDIRRL
-BBDORY—-A-hizEE. £ 15,000,000 &
-BURF(E, 2030 FEFTIC, IS I91 T EBET DA
JRED. NyF)-ZA0-45—(&, #9 70,000 &R (8926 AA) &L
“BEDRI—H—A-NT&H3. Gogoro ttid FC AU—-45—-0DB&Efit&% 120,000
BBRL (89 43.5 5M) &U. BIFE 20,000 & RILEBZEL TS,
(2) AU-5-HFCIATA
BH 1 2.4kW 2Av) COHEFITEE 50~100cc
SATLELT(E 1.8k W
=R L—45—%FER
KsHL1T
&= : 10.5kg
A : 4,500US RIL
FmCOWVT : BBBITFOERCLZERT—F—-DEITIER#E. 9 15km/H
CIhBHETET S, 10 SE{ERITHI 1825h THN. 5,000 h OFasH
HNE+DTHIEDIE
(3) IKZEBTRE:
KRB EEZER
-Fv-2H— : 1MPa-4.5kg T/KZ&H 459 ZATHE



*R)=H—(CFVv R — 2 K %ZEE

Y ZRAI-ZIAEZTRI I BHAHEEZTVDEDIL,

COBAFE(E. CPC(China Petroleum Corporation)&3EhEH
20,000 B0 FC A7—A—-HhERINE. 1US RIL/Fr=25-3348 (ERRICE
FIEREFRIEFORIFMHS T 2US RILRELRD) TERERELTWSEDTE
IKRWEESEOYA V) EFSE. 5,000 H4ILELTWSBN, Top+energy M
Yen B (EERRICE 500 Y/ UIREDFT THDELTULE

7.2.4 EUEEBFRF (3/7 10:30-12:30)
RS | CHIR
Y {81 (Top+energy %t)
SEK (Green Hydrotec %t)

(1) ENEEBEFRFRNIGEEINTVS. \vI7yTH FC S ATLORF
S AT LBk
5kW FC 29992 XFL 4% (Top+energy tt)
X5 )—)LeiE23+PSA (Green Hydrotec tt)

E 58%M/)-MKER & 100%%9)-) A9/ ehiEEs PSA BEEARYIZAA

BEIAT A



-Top+energy ft(&. 2008 &% CHREXES (I 20 &
XA )—)LeE&(E. |H IDATEC ¥t (USA) HBIRULTVBLSICEDN S,

(2) ERIaBBFART REIROAFTORBIT
RSB K P EADIATT
-EYEAROIATE BIfRYehhE
‘BN TFREIVRTOIARE
-SOFC EBARDAAZT
A7 TIVBEDIRE

ME
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EEAEER
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FITEMHE 6,274 15 (2019/2/28 IRTTDETREL) H'o. ABZEDFABEN REBDIREIE ARSI
IKEARKRBISIAMICOVT, —KihtESEMUE,
IRICIN)=T7—XyDiR—LR—2 (https://www.hannovermesse.de/home) ((IBEcNcZTBEDSE
FEARBEHB. "fuel cell(s)”. "electrolyser(s)"HB&LU" electrolyzer(s) " MF—T—RTHRZRL., %293 152
H—RIEABEOXM SRV, D& Z0 152 HZ2IRMTERIC. BZSNCAEL. ABRORBEXREZISND
41 &ML, INBIOVWTEHRRARZ EhU.
FHERAEZEmUER - B2 T (CHIFE I 3.

(AR Bt Bl & )
hFaU- No. BEHA = Bxi-h /250
1| F-1 HELBIO Greece |27 E65
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4 | F-4 Powercell Sweden | 27 C48
5] F-5 Proton Motor Fuel Cells Germany | 27 D69
A597
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7| F-7 AVL List Austria | 27 D56
Ayh(nBialH= etc.) | 8 | F-8 Axane France | 27| B70 (15)
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10 | F-10 SUSY Germany | 27 | D60 (2)
11| F-11 Baltic Fuel Cells Germany | 27 | D60 (2)
AN e
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13| F-13 H2SYS France | 27| B70 (6)
14 | F-14 Fraunhofer (ISE) Germany | 27 C58
N 15| F-15 Dana USA 27 B69
e 16 | F-16 Fraunhofer (UMSICHT) Germany | 2 C22
] 17 | F-17 DBI Germany | 27| D45
At 18| F-18 ZSW Germany | 27 H75
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hFaV- No. BEA = Bxi-h/ 250
19| H-1 AREVA H2Gen France |27 C53
20| H-2 Giner ELX USA 27 c4a7
21| H-3 Hoeller Electrolyzer Germany | 27 | D72 (1)
22| H-4 H-TEC SYSTEMS Germany | 27 B52
23| H-5 iGas energy Germany | 27 B46

PEM electrolyser
24 | H-6 ITM Power UK 27 B68
25| H-7 Siemens Germany | 9 D35
26| H-8 QuinTech Germany | 27 C46
27| H-9 Atawey France |27 | B70 (16)
28 | H-10 ERGOSUP France | 27| B70 (9)
PEM electrolyser | 29 | H-11 PERIC China |27| E55
Alkaline electrolyser | 30 | H-12 | NEL Hydrogen Electrolyser | Norway |27 B60
31| H-13 ErreDue Italy 27 C50
Alkaline electrolyser
32| H-14 HydrogenPro Norway | 27 E46
AEM electrolyser 33| H-15 Enapter Germany | 27 D57
SO electrolyser 34 | H-16 sunfire Germany | 27 D46
BOP 35| H-17 Fronius Deutschland Germany | 27 B67
(Z0Ath]

hFaU- No. A = Bii-h/ 290
36| O-1 ANLEG Germany | 27 B67
37| 0-2 Energy Saxony Germany | 27 E45
38| O-3 Framatome Germany | 27 | D62 (1)

A
39| 04 Hugreen Power Korea 27 E70
40| O-5 Fraunhofer (IFAM) Germany | 27 E45
41| 0-6 | HPS Home Power Solutions | Germany | 27 C54




RERER

(AR EE D &)

F-1 : HELBIO

HAthE gL PEMFC Z#HENETZREA CHP ZHF., cRBHAFERITD
CERKREHADIRRET FC [(HEENTVS, EBXIHS SkW. 2
7kW, T4 [CEREICEREZFMIA T 25TEIEDIE,

I1=ybOYA/X(F W750 x D650 x H1,650(mm).

(REZHIFRLELT=,)

https://helbio.com/5+kw-combined-heat—
and-power-system-chp/

F-2 : inhouse

5kW @ PEM B! FC ZF3\ Ve CHP ZF%. thE 51 TEHKIRIA TZ251>Fy
7. B TORBEINZ(E 34%LHV, FERZE 92%LHV, Y1 X(E W740
x D1,550 x H1,159(mm). 1kW Z5yI0ER (BEE) Hoofch'. s54l
AHH,

F-3 : SenerTec

TEARIIAAI>T > CHP ZBIF - BRFELTULD
EZENFRTZ(C PEM B FC ZFIRLIZ CHP (&
Ao EVORRIFIL, NIRILDH. BRI S
210W~950W. #uti 73 250W~700W. it
A% 80,000h@1,000 #2&/{Z1EZEZERML
THEDIE,

fasg:: -3 1) VAN IDAV] S



F-4 : Powercell

INBAD) FC ®E21- N ZRIAUCERZFHFE. FCE>1

—)UE 5kW~35kW THEHR (THEMEOKER) HF

FnIgetd (S23U-X : BEAR) & 30kW~125kW T

fksREFOBD (S33U-X : BEE) %z/EMH.

S2 IN)-REL>DTIATIAH-ERBELTVDEDTE, —

5. FCV OND-T5> MNEZIETEUE S3 S —-X (S LbikTE
(3.4kwW/L) . ttE= (2.9kW/kg) OETHRDOEH

N7EERML TV, MAFE 20,000hr EDZE, BMW 12

VW HERZR:F > T LV AEER

S3EZ1-ILEFIRALLEIR (MS100) HERENTHD.

FEEBCHERMHSRIENNEINTVSEDIE,

F-5 : Proton Motor Fuel Cells
INBY FC 21—V ZBI%F. PM200 SU—-X
(0.4kW~15.4kW) . PM400 3)—-X
(2kw~75kW) . HyRange 3J—X
(4.8kW~67.5kW) O31>FvTS, HyRange 3)—X
FLOSTIRATIA-REDCE, M) -ZEDENIERR
WIS, EHEE (REER) MISEOEE. MAFnE
20,000hr &> TL\3,
HyRange 3V—X%&fEo1zL >3 IHIRT A —DIZINR
(IETRETIV) HRIT-RICERENTVE.

(REZRIFRLELT =, )

https://www.proton-motor.de/wp-content/
uploads/PM200-Datenblatt-120718.pdf

F-6 : elringklinger
Metallic bipolar plates ZERURZ 40kW AAYIES1—)V%FaFE. GIANTLEAP #th Ay B DRz ES 1
_)l/'ﬂ:o



F-7 : AVL List
SOFC ZFIAUEEEER CHP (5kW) BRSWNILYSIIATIA-RINT-T5> 8 (5kW~20kW) =%, L
SIIHATUH—F SOFC (BEETA) (%1% 45~50%. Fdan 8,000h FZ2ELDE,

—75 . PEMFC ZFIRAULI/ND-T5> 8 (70kW) Bi% (BETA) . AREEARE, (X, BERL. &
SREE) (-40°C) ZEAKL TS,

F-8 : Axane

PEM B FC ZzF\L\fz 2kW 0 DC48V B (BEET)
BLU 14kW O FCEZ1-)L (BER) ZH%E.
14kW @ FC €21 ILORREIA—I)I NEZIRTE.
HY=MCT7—ROT=IFIT | ARE L7 —TEMENT]
€. MAKFR 20,000 Z3ERKL TLB,

HiBE
https://www.fch.europa.eu/sites/default/files/3.%20Eric%
20Claude%20-%20ALAB-AXANE%20FCHJU%20Workshop%
20Valencia%20Juin%202017.pdf



F-9 : SFC Energy

AL RAS )= ) B R Btz E R U \v 7y TRER.
10 DYNLDAG =)L T 22kWh (ERIRTLICELD) 12E.,
FNyT7—ELTNYFI—ZRHEL TWD. RAAYIDHAX(E 1kw
~10kW OFEF TIEIRBIGEL DL,

F-10 : SUSY
Tt 450WDC H D PEM # FC £21—Jb. H4X(E W255 x D215 x H190(mm).

F-11 : Baltic Fuel Cells
A= 1kW B0 PEM 8BS FCE>1-)l, DC24V. DC48V. AC110-230V O 3 #5@%51>Fv S,

F-12 : Gaussin Manugistique
MRSt Ny —EHEAED ) A TUYREYTD—) Wiz RIS, IRRIEM 40kW &/\wF)—40kW TEt+
80kW D A7,

F-13 : H2SYS

0.6kW. 1kW. 2kW. 3kW 0rJ#EiZE/5 FC EY1-)L (BE

T) BLU 5kW DZEHE FC BFRZFHFE., AR OREERE

(3w )N —%485E . Skw BY(IKZRETE S22 Nk (REEEIBRLEL.)

(REZHIFRLEL =, )

H B8 : https://www.h2sys.fr/en/boxhy-fuel-cell-generator-isready-for-hannover-messe/
https://www.h2sys.fr/wp—content/uploads/2019/02/Aircell-fuelcell-system.pdf



F-14 : Fraunhofer-Institut (ISE)
IKFRWBEE. RS, Li 4 A>\v7)-ZziH
anti. BINBRND-T72 N A7 e E. 1
(& 70W, FIHBIEERFEEDET, 7TV —2a>
EUTEBEN 7S ANEEEDRRENS AT AHIZ EIR.

: H {

H#l . 2B/ oJbyk

F-15: Dana
ERBE/\(R-3TL - OEIE, BB T/ AIVIOEMEFITOTORL,

F-16 : Fraunhofer (UMSICHT)

NAR=5TL— NROBEEMRIY—-ZRF. R/ REIsE
N—RBO)\ATIR, # 90°CTIUAREL I BTE THHZ
TE?. HIfEROT MEA LIBBU CRARZEEINE, >—
IWVMATIRUTRAYIZAERN TE . A9V ID/NEYELARIZA MEN
ERNTED, Ffo. MRIBAOIRMR .,




F-17 : DBI
F(GRERE B BEUIES + B4z %

F-18 : ZSW
NPO 0 R&D #Bf, stEaA (FEXAMEOFHMESE) /B FC wIL0R v #EUE, R DESS CAY I HEE
LTEN, BAT7 VT -3 REZITOTELEL,

p

10



UKEBAKRRIEEE]
H-1 : AREVA H2Gen
INBENSKRELD PEM BUKEBRERAY)%ZRIFE. 10NmM3/h~200Nm3/h ORI,

H-2 : Giner ELX

KX PEM BUKEBEEAIYIDORFE . KRIENS/N\FIEE TLARIIKE
R % FHNITHD. SkW~5MW OIBIA VS A A %ZERH. Bx(E
1MW 0OED, P2X ZIEFELTLDEDIE,

1kg/d 2.4 kg/d 65 kg/d 450 kg/d
5 kW 5.4 kW 150 kW 1 MW

HE 2B/ TLyk

£2 https://www.ginerelx.com/electrolyzer-stacks
H-3 : Hoeller Electrolyzer
PEM BUKERRAIVIDRIFE ., KFREEERIIC. S (34kg/d : 75kW) M (147kg/d : 325kW) . L
(635kg/d : 1.4MW) D31>FyT, RIZRMKEREEZI—FY ML THED, BIR(G 4 1-0/kg-H2 DL,

H-4 : H-TEC SYSTEMS

INBY(D PEM JKEBFREIZ A%, KRRE=
0.22Nm3/h~1.1Nm3/h (1kW~5kW) . FE
B2 AvHICEDEOE S 20bar.,

Bt BB (IRIYIDHEERTEL TWRIRIRL THD, 7TV
T—232%ZRFELTVR, 0T ARICOV TS &R
E(CELBN, FFAEIEETETVROMER,

11



H-5 : iGas energy
BAOIREENZRAVE P2G ZEEL. KREIEE 10NmM3/h~320Nm3/h O PEM /KEAFEUKRRE T Y
Nz BF, KBEREE([CEDE T BHROIZY b 2FIERET 218K, FEERIYIICLD, BOEH 40bar,

H-6 : ITM Power

PEM KERREI A IZAWED1-)L (A>7F) BLOKFRE
BRE. KEAT-23V 2R FEERIYIICLOEOED
20bar, P2G ABELT 2MW (750kW x 3) RAAYI%ZERER. 7K
FAT—332(3 270kg/day DM,

H-7 : Siemens

B4&OIgEE 7RV P2G ZIEEU 750kW 0 PEM /KEFREIZ V)%
BIR. CORIYI%Z 24 1y MIiFIFBIE T, 18MW DS AT LZIEKT Do
BHEUTKRF/ A TA > =ERITEZBEL TS,

CD3 AT LEIGFAUOKSREHBEET )V EE R (2020Expo@ R/NT)

Nh@%ﬂhhwmnm\.i‘owmm e~ The: facility is integrated with the grid o snsury

mnnw production, evsn when [ contimuous hydrogen produclion, s when
e s o wusight, 5 there is no sunlight.
i 3 o

12



H-8 : QuinTech
6 L/hr 1590 L/hr ® PEM B electrolyser DRSS, 0.1kW-1.5kW 0 PEM B! FC DOBEFE,
500W 0ZE5T FC 21—V RRU TUWE FIRICOVWTIZEARIIRED( IR EER,

H-9 : Atawey
PEM /KEEERIZAYIZFWVES1-)L (O27F) BOKZRAT-I 3 %zF. KREE=(S 0.5kg/day~
60kg/day #R=,

H-10 : ERGOSUP

PEM /KEBRERIZ Ay )2 BWOKRRERBZMFE. FEEXIYI(CEDHOE 100bar Zi&Rk. PIERC Zn
(E80) ZFIAUCEBSUEFHIRKRETET 12250, (BIOKERMCEMRZRRE D RO BT EZF

FLTWSEDCE)

H-11 : PERIC
TIVHVEYE PEM BUE 5 D/KEBAR A V)% FaFE . PEM BL(I/KsREIEE 0.1Nm3/h~100Nm3/h. HEESH
40bar,

13



H-12 : NEL Hydrogen Electrolyser

7ILHVE (BEE) B5UIC PEM B (BER) KEMREBELENZFAUKRAT -3 0ORFE, 7ILHVEL
(& 150Nm3/h 15 3,880Nm3/h. PEM BUKERREE(E 0.27Nm3/h~4,000Nm3/h FTIRLEWSA>Fy
7. PEM BUFIHRERIZAYI(CEDHOE S 13bar~30bar 12E,

H-13 : ErreDue
INREIDT )LV BEUK BRI K RBIEREBEZHFE, T2 1- I 2EE I 3ECED, 0.66NmM3/h~170Nm3/h @
FMENSIBIRTES, REEIAAYI(CEDHOES 30bar,

HE:RIFED/NU TR
$% https://www.messe.de/apollo/hannover_messe_2020/obs/Binary/A1003925/1003925_02139862.pdf

H-14 : HydrogenPro
=ER (30bar) 7IVHUKERRAIYIDRIFE, AFAEZmET

14



H-15 : Enapter

AEM(anion exchange membrane)z{ERAUIKEREAIYIZHFE. MEA REIDAMENRELRDEIX
b REGHEG TED, COKEBRRRIYIZFIRAUIOKREEREZHFR. EHROKRRIEI Y MEHED
#32ET 0.5NM3/h~20Nm3/h FREDKBRRIEEE . Ffo. KREE Ty, KDBREI DY, KEtHE1
ZyhRE, L2 DED1-IVEEEDEIBRRICED. ILFIEUT—DHDS AT LMEEN DIEE,

HE . £IgED/U Tk
Z2 https://www.renewable-ei.org/pdfdownload/activities/10_JensBischoff.pdf

H-16 : sunfire
SOFC RAUCHAME M MfiEFAUIIKSR. B, BMHEOTIBHIRIRINF -y NI —I%IRE, EIEUEY
BRERL SRS LU D0 CL255RBADF . FREEA CHP (FESRH /1 750W (18kWh/day) .

Sunfire-PowerPlus |
Sunfire-Home

HE: £BD/U Tk

£2# https://www.sunfire.de/en/applications

15



H-17 : Fronius Deutschland
REOBAEOJREE HZFIALT CHP B2D/KZFRAT -2 %ZFFE, 2018 FICA—-ANITIC 1 BHZIRE., KR
Bha=5—-vNI 130kg/day DFRIE,

(Z0Ath]
O-1 : ANLEG
IKBRRUESBOKTERAT—230FOI ST | BNEE,

O-2 : Energy Saxony
BARJRRENEPINBUKERR B2 EHENETOKRBERBORER. ISV YN T4 555
HETHH, BRFMOBEFREZERL TODIDITER,

O-3 : Framatome

LOHC(Liquid organic hydrogen carrier) - -
ZHNBIUIOK RS -GS AT LAORF. BE — —_—
IRAEEMDKZRIREZFIAITDIET 1 Uy Discharged @E:“ "“'“"‘__ o drigg;gigmer

hydrogen carrier _ﬁ '_,f _

M LOHC T 2kWh 1853 O/KZRETEN BT BE.

Hydrngenatlon

lebenzyltoluol y Del'gfbgenatlon H18- leenzyito
~ C,H, +9H, €= C.Hy,

Hydrogenation / dehydrogenation of dibenzyltoluol

HESIFD/ 2Tk
2% http://www.covalion.com/HOME/liblocal/docs/Produktblaetter/PS—
0O-4:H ugreen Power G-003-ENG-201804-COV-LOHC%20Systems.pdf

BUAKRIEMEFIRUOKREE (#iH8) =& BIROKREMEH— NyS(CIRSSNTHD, ST, KRFE
A 2(3 600 Yy ML~3000 Yy FC Iy hAEAENE T R-YTIEREL TERIB2EEDTHEE,

Hydrogen Generators Fuel Cartridges

HP-50HGS CTR-3000A CTR-30008 CTR-600
HEt - B0/ ILyk

£ % : http://www.hugreenpower.com/products—2/hydrogen—generator/

16
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O-5 : Fraunhofer (IFAM)

MgH2 ERRIE Nz A EDET/N BB HHIGEE DT,
MgH2 &KZRIGEBDIETHRETDKEE FC (HHEULTHERSE
9%. R—FT)VEEELTIE 500ml RYNRNUAZE D MgH2 h—
My=TH) 1.1kWh OEBEDHHENEIEE, EEZLLUTRIRS AT
1 KR53 MgH2 T#J 380kWh OEHHEIEGHATEE,

0-6 : HPS Home Power Solutions

KB, RREM, PEM BUKEREZIVIHHFEDETERER CHP Z2/%. EXHIF 1.5kW, /KERE
AoviEiERUE P2G #EEEE X TL\SEDTLE,

R RS TO VAWV

2 https://www.homepowersolutions.de/en/product#content

17



HEBROTLYD
HEOFERNS. RRBMZIYVIESPKEBRRIVIOTA XL, A5y heendERTIHE FTROLSITE
HUR.

(ARIEB RSy 7]
Y4X R
1kW milf& oA R R
#) SkW~ 1) 25kW CHP (REA. /NEJESHARE) ( EEE/)\vI7yITEIR ()
A-FT4VT4—E=I) (TOA=DUTR IXTIN\ORIWIRE) | MY IEEHBIR
#9 25kW~#J 100kW | LOZTIZT A - NBEL)F(— EBRN\Y)7yTEIR (FE)
#J 100kW LA E FCV. R, BE, finfl, EEBEL/\vI7yTEBR (KE)

BRI Z A9 I(CDOVTIE, #9 5kW ML EDEDES -4y T 3TN0 IZEBRE(EENTHD, TNENOE
RIEURATAETRIFEMEDSN TS, F5C 25kW K5 100kW OB T, MERNSOEBRLER(CHIZ T,
Lo SIHATIA—RINREEYT A —ADISANERCIRESN TV REIRZZ 1. —A T, 1kW FIZE0ER]
WMAERELU TORAMERINTOSEO0, ZOMOT7 VT -3 (OVWTETIB - XDREF THIEEZS
N%. COLS 1kW BIEONR TV r—2a>0igE . N1, 24t BIZAME. aliEREDE RN H K
BObOLIDEEL TOFER. hY-RIT7-OEE/L (I>TFLyd—-LR) PEEUNOKRETEFEREZAR I S
Bt ENMATLU TESDHSN TS,

(7KERERHYT]
Y1 X ERis
5kW Hil#& R ER/NBUKSRR LSS
~ #J 750kW KFERAT—23> . THERARKRMGERE
#9 750kW U E PtoP &/z(& PtoG

IKEFRZIYICDOWNTIE. 28 10kW 1559 750kW (& FCV FIZKZRAT—Sa (G T EAROKRMEEER
FERI-TYREL TS, COREIE TIIEIRDRIVIZERIGEE I BLICLOT. I —hDERKRICEIILFT
IWIKSREHERERDLD. ED1-IL AT LADRENZCRSN. # 750kW ML EOY A X (&, (F(E& PtoP Fz(&
PtoG OREZIETEL TL\%, Giner ELX (& SMW DRBAEI 27w/ FFL TLSH. TOATE B 1MW Fi
NERADHAXTHD. TN EOFRBCOVTIIEE DRIy I%MTI T D E TARMRIERBEE/RL TLS.
—75T. 5kW OKZRBUHEE : £ 1kg/H) BIEOZAYIOVNTIE. B3> FyIICHIZ TUIWREDD. BRE
R7IVT =23 IEF>TVRVESICRZ SN,

FBYAXED, KREERMBOBOCI> Ty —ZBINT 2 LB HIIEEDEH%E3HIC 30bar F2
EORERIZAIN—HEEIBMEARICIRO TV,

FUWMEMTEL T, Enapter N7ZAYZIGRE (AEM) ZFIAUK BRI MZERU TORD . CORMin:g
A THIBOMAMEDLREN. BRNEOWMEICEODIZEE LN HIONCREL TIHIBEHRMESNAN O,

18




BH. KBFKREEDSS., SIBEREEIRIF—FFERABIRIF-OFERNEHREL TEZISNTL
Do

ZOMBEL T BARFEIRIADKA MR BUIOKRHIGEEOR RN EFLICR SNz, INAEEVINGA
TOn—MySRERAERL. KEFKREIEDLSIFHEIOKRZAHEIT IV EN BV ARICEITEOL R
N3, FIZE INZNBUZEIIRELF(EEER) W) 7y TEIFEN RSN T,

ME
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YERK :

F XL | BREBIZTLAOBIVERCHRIERMARRAR
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Category

Company

HELBIO

Country

Greece

Note

20014F(CFRITENICHPY 2T LA —1— FPSBIFE. X9% — 3V ARBIF & TFILC(FENT 3.
SkWdc PEMFC ZoR. B, KB, LPG, )\ A 2485,
2 (CHBEICRIERRIAY B5HEL,

inhouse

Germany

CHP SKWHRPEMFCS 27 Lro BHEASA TERUKIRA TEF4 > Fv T,
WEIM TOFRBMNRE34%LHY, BEMELI2%LHV. Y4 X(FW740*D1550*%H1159
1KWZRAY DRI FHEREA.

SenerTec

Germany

BRINICT. DACHSTSVRT. CHPY 2T & /&R, 20kWCHP(HRI>SY) RYMER. TOM.
FC PEMFC CHP(700W)D/{ RV R,
PEMELFCZFIFALIZCHP, B 210W~950W, Fiti71250W~700W,

Powercell
Sweden

Sweden

PEMFCRHyIA~N—,  S2(5~35kWARZ, eEH R AREAR)RH9Y. S3(30~100kWAHY,
#lK3R, BEAR), S3EE#HUIL100kW DCEZ1-IMS100Z &R,

MS100(C(d MAX 125kWDCDRHYY (V#4550 ZiE#k. MAMHAEORERTE
25,000h72hY AR,

IFITLyY-RBEOLEBOPHEH (DC/DC, STI-HFRIE) LTWSEDTE,

VW, BMWICHtAU. GtERP.

S22 -ZBL YT TIATIH - ERBELTNSEDTE —75. FOVONI-T5> MRIEELRS3
SN-Z (LS, LEEROETHMDOBHE N EERL TVS.

Proton Motor
Fuel Cells

Germany

PEMFCZ4v3—H—, PM2003U—X (0.4kW~15.4kW) . PM4003-ZX

(2kw~75kW) | HyRange>J—X (4.8kW~67.5kW) D51 >F v, HyRange>J—X(EL
SYTIAFIH-REDTE, M- XEDBVNHMBEM IS, BRE(EEER) WSS 0K, A
(3> 20,000hERR,

elringklinger

Germany

Metallic bipolar plateszi@AU40kWRIYVIED 1 -V 2FFE.
GIANTLEAPH AR5y D22 E> 1 - UL,

Fuel cell AVL List

Austria

2597 &EDERET > T2 T BOEMA-H— (ARFE&A>THR)

SOFCEFIFURREEACHP (5kW) BSURICLYSIIRTYH-ANT-T52h (SkwW~

20kW) ZBISE. LoD IIR7 249 —FSOFCIEsh%45~50%. 8, 000hiZELDTL. —75

T, PEMFCERIFBUIND-T5> b (70kW) ERI%E. FIRIRAE, /(2. BERL, {LRLH
(-40C) ZERL TS,

25y (NELETRE etc.) Axane

France

Air LiquidedF R4 T, PEMFCZAvIBLU TN I Py TFCS AT LE RIS, AR5E,
. HHERBEHREOFENTS.

14kwOFCES1—-VERIFE. AR DA —IUI NERAETE, hY— MUICT7 K> T2 S RET
F—TEMENTIRE. MIABSRE120,000ZZAML TLB,

25vI8

SFC Energy

Germany

45W, 110W. 500WODMFC )\ 7yT&iR%ES4(>FvT

41,0001=y b T,

BATES0EIRE M. BATSE S MBI RS,

ALV =) e E AR AU 12/ () 7y T REIR. 10Uy MLOXY J—)LT22kWh
(BEFRRICELD) 2B D/ \wI7—ELTNYFU-ZRRL TL3.

Ssusy

Germany

G4 50WDCHADPEMFC. #4X(EW255*D215*H190

/NEYET R
Baltic Fuel Cells

Germany

AT 1kW I I OPEMFC. 24Vdc,48Vdc,110-230Vach3tiEx 51 >3y

Gaussin
Manugistique

France

IR (T —ZAHEDE T\ Ty REND— /Ny )% Ra%E. IRRIEM40kWE/ lyF)—
40kWTEt80KWODH A7,

H2SYS

France

1kW. 3BKWBELUSKW OZZHBFCED1 -2 RIFE. AR AR EIREG/ (vo7y T D218
T SkwAL (LK SRETR A 3% M.

Dana

BOP, &i#4

USA

25y EbERBLUBOPEIFE .

BREYAR-5TL— NOBYE, TV Z9YIDBEHE>ITOTURN,
sElectrodes, electrode plates, bipolar plates for fuel cells
sFuel cells for hydrogen technology

#Other components and equipment for fuel cell systems

Fraunhofer
(UMSICHT)

Germany

JUR=5TL ~ MDA —2BIF. A2 RS- R EO)\1 Ty R, #K190°CTILZ
ALY BIETHRIZTE S, HBER O TMEALHEEL TRABEREINE. - MR TRIV)ZHE
PR TE Z9YIO/NEYENER TE S, e MRIBHROIZME R,

DBI

Germany

FE(C BB A ARTEL 12588 + LU ET 2R FA T

ZSW

Germany

NPODRRD#HH:. A (AROAMEDIHIES) o/NEEFCRIVPRIv)%BYE. BEZDBIH TR
SYDRBYELTHD . B57IVT —SaVBFEITOTELRL,
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Category

Company

AREVA H2Gen

Country

France

Note

The AREVA H2Gen PEM electrolyser is dedicated to industrial markets for hydrogen
production ranges from 5 to 120 Nm3/ h and up to multi MW capacities for
renewable energy storage and mobility applications.
INREIOPEMELKEBAERSY)%ZBIFE. 10NM3/h~200Nm3/hDFRR,

Giner ELX

USA

IR~ RRNEE TR RS R BTN 2.

{EIRMPEMEUKEREZHYIOBIFE. SkW~5MWOIRA WA X2 R . BREIMWOED, P2X
ZIRELTWBEDTL,

Giner ELX has sold PEM electrolyzer stacks and systems throughout the world.
Customers include Lockheed Martin, General Motors, NASA, Areva,

Abengoa, Parker-Hannifin, Boeing, General Electric, and many others. The
company is especially proud to supply the US nuclear submarine fleet with
electrolyzers for producing oxygen for the crew to breath. Giner ELX markets
include energy storage, hydrogen refueling stations, industrial hydrogen,
aerospace, life support, and on-site generation for laboratory instrumentation.

Hoeller
Electrolyzer

Germany

JKEBAEPEMR S BEFE

PEMEUKEAZZFy) DBFE, KRILEBFIC. S (34kg/d : 75kW) .M (147kg/d :
325kW) . L (635kg/d : 1.4MW) %513y, RIRIMKEBISES—FyNILTHD, BAR(E
41-0/kg-H2.

H-TEC
SYSTEMS

PEM electrolyser

Germany

IKFREGES 2T Ln, INELOPEMEBRZZ Sy BT

KFRBEEE ME100/350:13 - 66 Nm3 /h, ME450/1400:25-210Nm3/h
25979 S30/10, 30, 50 (0.31-1.57Nm3/h)
FERZIYIICEOHOEF20bar,

iGas energy

Germany

BNRBEEHENDRIKREIETSY MR, RMY, 12 RISEMA.
BAETREENEAVEP2GEAEL. KFREIEE10NM3/h~320Nm3/hOPEMKEREIK IR
BHE1 Ty MEBIFE, KRBISRCADE T BBOI-y MBS D18 . FERZIYIICEL
b, HOFEF40bar,

ITM Power

UK

PEMEBREK T S AT LBLUP2GREL T2MWPEMAY IR, FIRBANRYY | KERER
45~40,000kg/24h, KIEHEEO9.5~99.999% , FKIEHHAEF120(50 optional)bar.
PEMABRREZ S EAVEES 1) (1277F) BDKREIEEE, KRRT - EM%. B
RSV EDHOE S 20bar, P2GRIEL T2MW RS RRER, KEAF—a> (BR@) &
270kg/ h DR,

Siemens

Germany

BIRAN—21000m212E (33 HEESN DT - APRIC. PEMEBRRRELLE (ARG :
SILYZER 300).

BETREENE AV P2GEIBEL L 750kWDPEMKEBAREIZFYY.,

A29Y%241=y NIEFITBET, 18MW DI RT LVERERLS B, BHEUIIKFRIB) A T51 V2 5ER
I BEEARTEL TS, 2020 R/UAEXPOICT. EEUF(—MIIKREMHIET BT E.

Fraunhofer
(ISE)

Germany

KERIRFES. MRE, Lid A>T -laranhtl, @IRNI-T5OMN 2T A, Hh
70W, FEHBEERBEEDIE T, 7TV 23> BlEL T BEREDIRENS 27 A E R,

Fraunhofer ISE has open a solar hydrogen filling station in Freiburg/Germany in
which a PEM electrolyser produces hydrogen with the helps of photovoltaic moduls.
With two daimler F-CELL fuel cell cars we demonstrate how a sustainable mobility
can look like in the future. In general Fraunhofer ISE develops and designs stacks
and systems for PEM water electrolysis for a broad range of applications.

PEM electrolyser

(& PEMFC) QuinTech

Germany

6 NI/h up to 90 NI/h®PEM electrolyser Bi%
500WOZESHFCED1-VERFE. ARCOVTEEARNZHDE>R RER,

PEM electrolyser

Alkaline electrolyser PERIC

China

TIVAYELEPEMELTE 5 DIKEERRR 2y =% . PEMALI/KIRELER0. INM3/h~100Nm3/h,
HAEH40bar,
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No.

Category

Company

PEM electrolyser
Alkaline electrolyser

NEL Hydrogen
Electrolyser

Country

Norway

Note

IKBREEBECTNERAUIKRAT -3 3> OB,

KIMEKRIIETS> MBS, SRSy TRHZS

AEM electrolyser Nel C-150: 150Nm3/h, Nel C-300: 300Nm3/h

PEM electrolyser M Series: 100-400Nm3/h , H Series: 2-6Nm3/h, C Series:
10,20,30Nm3/h S Series: 0.53 or 1.05 Nm3/h

ABHTA bOKRAEFTKFERE30,000 Nm3/hédTE.

TOfth, FKFRZT -3V FOKRBHARE (920, TAARVY-1E) BFHENTS
FERZYYIICEOHOFEF13bar~30barf2E.

ErreDue

Italy

INRRQT VDB K ERRK R RIS R EZRFE. 0.66NM3/h~170Nm3/hOiHE, RERIZSY
DICEDHAESI30bar.

Eif&Marcury. SRR854 YT EBR THD. GPM256DERAKRFERE170m3/h.
https://www.erreduegas.it/download/brochure_mercury.pdf

Alkaline electrolyser

HydrogenPro

Norway

EEEL (30bar) 7IAVKEBRZFVIORFE.

"For large hydrogen plants, several electrolysers can be connected together.

Plants operate automatically and can be controlled remotely. Plants are designed to
minimise maintenance and service needs.

plants with production capacity less than100 Nm3/h."

AEM electrolyser Enapter

Germany

AEM(anion exchange membrane)&fERAURKBRERIv% T, MEAREOANEN AEL
BOEIZ b, RE®HERS.

COIKEBERR Y ERIFU K RBEREZRIF . MBOKRBEI -y MEHFEDE BT
0.5NmM3/h~20Nm3/hi2EOKRRISHE N Flo. AKRBISTI -y, KDBREIZY b, KEtE
IoybReE, B OED1-VEBADE BBRICLD. ILFIEUT—DHDS AT MEZENTIEE.

SO electrolyser sunfire

Germany

SOC (solid oxide cells)iF. EYWEREBL. H90J D,
SUNFIRE-HYLINK HL40Z_w7K3RFEEBE4ONM3/h, 315R82%.
SOFCEFFALR REEACHPEF #1112, BRI H750W (18kWh/day)

TKSRATHEL, BOE

ERGOSUP

France

PEM/KEBRERI v/ AWK R BER BT, FERZYYIICLOHEOEL00barzEmM. A
#Biczn (FB8n) ZFIALLEBSRILFINKIRRTET /(1 225D. (BIMOKROEEMAZRLES
BROEEREEFIAL TWB50LL)

JKFRFLERL,S to 4 kg/week,10MPa, tank1.7m3, /KF&#iE99.95%, Y1X6,5 x 2,6 x

2 ft3 (2x 0,8 x 0,6 m3)

INBUKSRFEL R Hugreen Power

Korea

EAKREMERIAUKRRE (ftR) KB BEOKREMEN— NySLRHENTHD, 38
#].

BAKEFRER 1L/min, 7L/min, 15L/min 0351 >FyT%ER. FCLOEHFEDEEBEL
2RO FCERR.

Fraunhofer

KB TR (PAM)

Germany

MgH2UR BB A HE DRI/ OBAH G RE ORI FE. MgH2OKE RIS BILTHRET
BKFEFCICHHIAL THREBY 2. R—FTILAEEL TE500mIRy MRMVZEOMgH2 - My THY
1.1kWhOBDFHENTI e, EBERLL TERIAEHIARZOMH2 THIZ80k WhD B #HHEHE]
HEo

Fronius
Deutschland

Germany

JOVT | RERBEODKRREBOPRIF, &z REIOBAERIAEBNZFIAL TCHPELOKRRT—
23T, 2018F(CA-ANT(C1SHERE. KRRERY -5y MNI130kg /dayDIUR,
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Category Company  Country Note

TKRBUERAOKRRT -3 FOIIITULY)| BB,

Anleg is a small engineering and manufacturing company. It was founded in 2001.
The core business of Anleg is engineering and producing N2-Seal Gas Supply
systems for Turbo Compressors. High Pressures Explosive environment, high
security level (Atex Zones, Homologations and certification). It has also long time
ANLEG Germany |experience in handling H2 gases, in refineries and on oil platforms. Anleg has
realized skids and compressor solutions up to 1500 bar. Anleg has designed a
range of TPRd's which has been tested from different manufacturer and passed the
bon fire tests mounted on different bottle sizes. Starting with 2 L 700 bar up to
Anleg is also starting to bring on the market complete tank-systems from L 350 bar
to 700 bar

PEMKBRERIZAYIZAVEES 1-)L (207F) BOKRZT -3 %05, KRRISEF
0.5kg/day~60kg /day#it&,

"The ATAWEY product consists of a short term storage system (day) with
batteries,and a long term storage system (year) with a hydrogen chain.

This product has been designed to be installed outdoors, it is resistant to the most
demanding weather conditions and to any act of vandalism."

Atawey France

BETREBNETINVEUKBREBE A ANEIOKRRISKBORR. IOI-7U2JEI YL
FTAIEBNETHD. BRIXMOBMAEEZREMHEL TOBDEFTERL,

The association Energy Saxony e.V. is an economy driven network that aims to
improve the competitiveness of Saxon companies in the energy sector. Our

Energy Saxony Germany bundled expertise includes high-temperature fuel cells and their components,
innovative technologies for the use of regenerative gaseous fuels, automation
solutions, fuel cell power plants, materials and systems for the generation and
storage of hydrogen, and simulations tools for fuel cell stacks and system
components.

LOHC(Liquid organic hydrogen carrier)&PREUIKREIS - #H63 2T LAORF, BEIRL
EMOKEBEEFIA T HIETIYY NLOLOHCT2kWhiE 53 DK AT AT HE .

Framatome Germany system integrator for hydrogen and battery storage solutions, implements
projects, supplies components and provides services
HPS Home Germany KIS, AR, PEMELKEBRRR Sy Z A ENE L FEACHPZRF. BRI

Power Solutions 1.5kW, P2GIEEDE X TL\BEDTE,

ME
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e SR &BRIME (AR EMEEL7)

Category . Company Country Note

2001 (ST SNIZCHPS AT AX— 11—, FPSEIFE. XA —2 3> ARERRE CFILCTFHNT
HELBIO Greece %, 5kWdc PEMFC ZfEr. RARHE. RANA LPG. N AL A= IETE,
T4 (CERECEREZ RN S SatiE.

Fuel Ce” CHP 5kW*&PEMFC>Xj__L\o E&g94jtﬁ:¥u7.}<§9'fj%5'f\/jﬂyjo
inhouse Germany |tEA1TORELNZKE34%LHY, HLENZKI2%LHV, B4 X(EFW740*D1550*H1159
1kW2AYIDRRN &SI, FFHANEA,

FRMICT. DACHSTSY RT. CHPS AT L\Z2f&RH. 20kWCHP(HRTI>Y) EMER. TD
SenerTec Germany |fit. FC PEMFC CHP(700W)D/\RIL 2R,
PEMELFCZFIFAUTZCHP, &t /7210W~950W., Bt /7250W~700W,




e SR &BRIME (AR EMEEL7)

Company Country Note

PEMFCRAYIX—H—. S2(5~35kWHES, BN AREAR)AYY). S3(30~100kW
Y, KR, BIEAAR), S3%fE#LZ100kW DCEY1—ILMS100%Z &R,

MS100(Z(F. MAX 125kWDCDRAY) (V845580 Ztask. MAFERRE CEEIE
#RT(325,000n12Ht EFHFAER,

Powercell I72 Ty —REDEBOPIEEL (DC/DC, I>I—AFRIERE) LTLBEDIE,

Sweden Sweden |\ . BMWICAtEL. StERth,

S23)—-X(FL>STHATIA—EREBELTWBENDTE, —F . FCVOIND—T5> NZAEE
UleS33VU—-X(F KA. tEkEE0E THRDOE I ERKL TWLWS,

Fuel cell
PEMFCZAYI)—H—, PM2003)—X (0.4kW~15.4kW) . PM40031—X
Proton Motor German (2kw~75kW) . HyRange3V—X (4.8kW~67.5kW) D31 >FvS, HyRanges—
Fuel Cells Y AILOSTHIRTIAHA—BEDTE, SN —-ZEDBNHEETIE, SIEE(IKEEZR) HIHED

AR, MHAEE> 20,000hEFRR,

Metallic bipolar platesz@EFEUL40kWRAYIES 1 - 2 5%

elringklinger | Germany | ¢ \NTLEAPH ARSI B DIERAE S 1~ A,




e SR &BRIME (AR EMEEL7)

Category

A5y (NELETHE etc.)

Fuel cell

BB

Company

AVL List

Country

Austria

Note

29 & B R 71> UL Z0EMA—H— (BRFE & X>TFVR)
SOFCEFIRURZREACHP (5kW) BBNILYSTIHRTIA—RII—-T52 K (SkW~
20kW) %BIFE. LY TIHRAT >4 —FSOFC(33h5.45~50%. #56n8,000hiZELDTE,
—75T. PEMFCEFIEUIZIND-T5>h (70kW) 6BIF. AREEASE, /(2 BERE,
R E) (-40°C) ZERRLTULVS,

Axane

France

Air LiquideDF &1t T, PEMFCZAYIS LU/ (w7 TFCS 2T 1 RS, BR5E. X
AyIEFE, FlHEERFEEFENT 2.

14kwOFCED 21—V 2B%s. BREIA—IUINERABTE, hY— MACI 7 - T=3F 9,
{RET 7 —CEMENTTEE, MIARFRI20,000%ZL TLVD,

SFC Energy

Germany

45W. 110W. 500WHODMFC N\wy iy TERESA >y
41,0001y N _E e,

HATHE50aT2E . HATIS(L S mEEH IR,

AL RAS ) — ) B R RRI S A AU 12/ \w 7y TREIR. 10Uy NLOXS ) =)L T
22kWh (ERIRRICELD) 7E. HH/\wI7—EL T\ —Z2REL TLVB,

SUSsY

Germany

A] 4 50WDCH FIDPEMFC. B4 X(EW255*D215%H190

Baltic Fuel Cells

Germany

AR 1Lk WHHFIDPEMFC. 24Vdc,48Vdc,110-230Vach3téiaz51> v

Gaussin
Manugistique

France

BRIE R (v —=EHEaDE )\ TUy REUD—) )= BaFE, IRRIEm40kWE/\yF
J—40kWTET80kWMDHI T,

FA42YD

rrance

1kW. 3kWBIUSkWOZESEIFCES 1) 2%, AREoIikELERE (/) Wy 7y TN
J— %485, SkwBlL KRR e . 8




e SR &BRIME (AR EMEEL7)

Category No. Company Country

AT EBERBLUBOPHF,
EBENAR-3TL— NORE, WL/ ZFIOENEETOTLRL,
Dana USA eElectrodes, electrode plates, bipolar plates for fuel cells
eFuel cells for hydrogen technology

«Other components and equipment for fuel cell systems

JAR=3TL— NROEEMN)Y—2RFE. RU/ I REBEEH—RED/\ TV R, $190°CT

o (Fljahjfsr‘;(‘:ﬁ; Germany | JLZAREIT B THRIETES. BIISROTMEALEEL CARESETNE. S—ILHBLT
ZITERERTE. 29I DN IRER TS5, £, AHEEOIZNER
DBI Germany |EICGHEREEZETEULHITES + B2 2R
NPODR&DIA. SERF (EPAMEOIHELS) O/NEFCEILPR I AR, TEEOERE
ZSW Germany

TRAVIERIELTHED. BE7 VT -S> BFRZITO TRVRL,

X _ERUIMC, BARRE (MIBROISA YY), #EX—h—T) /) SHEEORRT0D) ORExR&HD



s R &BRIME (KFERIE

7}(? ﬁ%'] -

7}(?%‘] =

Category . Company

PEM electrolyser AREVA H2Gen

E#E19)

Country

France

Note

The AREVA H2Gen PEM electrolyser is dedicated to industrial markets for hydrogen
production ranges from 5 to 120 Nm3/ h and up to multi MW capacities for
renewable energy storage and mobility applications.
INREIDPEMELKERFEA VI ZHFE. 10NM3/h~200Nm3/hDiFRIE,

Giner ELX

USA

INGARE~ KRR FE TEARKRESEREBEZ FHNT 3.

{KIZX FPEMBUKERER VI DEAFE . SkW~5MWOIRILWH A 2 2R .. B RIE1IMWOED., P2X
ZRETELTVBEDI L,

Giner ELX has sold PEM electrolyzer stacks and systems throughout the world.
Customers include Lockheed Martin, General Motors, NASA, Areva, Abengoa,
Parker-Hannifin, Boeing, General Electric, and many others. The company is
especially proud to supply the US nuclear submarine fleet with electrolyzers for
producing oxygen for the crew to breath. Giner ELX markets include energy
storage, hydrogen refueling stations, industrial hydrogen, aerospace, life support,
and on-site generation for laboratory instrumentation.

PEM electrolyser

Hoeller
Electrolyzer

Germany

IKEFRPEMAAYIRHF,

PEMELKERREAIVIDFF, KREIEERIC. S (34kg/d : 75kW) (M (147kg/d :
325kW) . L (635kg/d : 1.4MW) O34 >FvT, EIANKZRRIERF Ty NILTHD., BIE
(F41—0/kg-H2.

H-TEC
SYSTEMS

Germany

IKBREIES T L NELOPEMEFEZ Y IRIFE

KEREEHE ME100/350:13 - 66 Nm3 /h, ME450/1400:25-210Nm3/h
X599 S30/10, 30, 50 (0.31-1.57Nm3/h)
RERZYIICELOEOE20bar.




RN ABRIME (KERIE

Category No. Company

iGas energy

E#E19)

Country

Germany

Note

BNFEEBLAHFEDETKRBIET SV MR, R Y. A2 RCSEMA.
BAOIREBENZAVP2GZAEL . KEREIEE10NM3/h~320Nm3/hOPEMKERR
BUKREE I -y MehiF. KREEEICENDE T BHOI -y MIiFIERET 318K, /T
BZHy)(CLD, HOES40bar,

IKZERIE PEM electrolyser - ITM Power

UK

PEMEFRKRFRAEI T LABLUP2GREEL T2ZMWPEMR W) % BoR. EmANRYY @ K3k
R4ESE45~40,000kg/24h, 7KZFEMEE99.5~99.999%), /KFRMIEES20(50
optional)bar,

PEM/KEBRZEIZAYIZFAWEED1-)l (O277F) BlOKFERRIERE. KFEAT—31>%H
F, FEBZAYIICEDHOES20bar. P2GREL T2MWRAYIZRR. IKFRAT—23>
(B7rGa) (£270kg/ h DFE,

Siemens

Germany

RRAR—-Z1000mM2I2E (I HDEHEFENDT - AHR(IC, PEMERREEZHE (Fm

% : SILYZER 300).
BArIEEENZAVP2GZBEL L 750kWDPEMKERFERIZHY)

AR2HY)%241 2y NIEFIFTBIE T, 18MWDIRT LEIERL T D, BIEUIKER(G/ (1 T51>
ZERTHEEBEL TV, 2020 R/NAEXPOICT, BEUFTA—MmIIKERZMIET 2T E.

11




IR &BERIME (OKZERIERE1L9)

Category Company Country Note

KBWEEE. BNEM, LifAVN\vF)-zlHEDER. BINBND-T3> N AT 0.
F70W, FEABIBESPEEDET, 7T -3 kU T BEREDEFEIS AT LR R,
Fraunhofer ISE has open a solar hydrogen filling station in Freiburg/Germany

Sl alegalear Fraunhofer Germany in which a PEM electrolyser produces hydrogen with the helps of photovoltaic

(ISE) moduls. With two daimler F-CELL fuel cell cars we demonstrate how a
sustainable mobility can look like in the future. In general Fraunhofer ISE
develops and designs stacks and systems for PEM water electrolysis for a
broad range of applications.
IKZREE
PEM electrolyser QuinTech Germany 6 NI/h up to 90 NI/h®DPEM electrolyser F¥E
(& PEMFC) 500W0ZESHFCED1-IV2RkFE. ARCOOVWTEEARNREOFREER.
PEM electrolyser PERIC China PILHVELEPEMELTE /5 D/KEBEER Y ZMFE. PEMELIKFEREE
Alkaline electrolyser 0.1Nm3/h~100Nm3/h. HEOEH40bar,

12




RN ABRIME (KERIE

Category Company

PEM electrolyser ) NEL Hydrogen
Alkaline electrolyser Electrolyser

E#E19)

Country

Norway

Note

IKEfRBELENZFIRAUIKRIT— 23> 0%,

KIREKRELE S5 MBS, AR VYT RBZ D

AEM electrolyser Nel C-150: 150Nm3/h, Nel C-300: 300Nm3/h

PEM electrolyser M Series: 100-400Nm3/h , H Series: 2-6Nm3/h, C Series:

10,20,30Nm3/h S Series: 0.53 or 1.05 Nm3/h

MABHYA MDFEET7KZFRZ(E30,000 Nm3/hede,

oA, KFBRAT-SIVFOKBRMIGEE (929, TAARIY-RRE) 6FHHI3
FERZAYICELhEOE I 13bar~30barizE,

KEREIE ErreDue

Italy

INRBRID Y ) HVBDK EFRKERIERBEZMFE. 0.66NmM3/h~170Nm3/hDFHE, FRE
BRI LD OEH30bar,

fEfaMarcury. Z1RR54 >y BRI THED. GPM256DERAKFZREE (L
170m3/h,

https://www.erreduegas.it/download/brochure_mercury.pdf

Alkaline electrolyser

HydrogenPro

Norway

SER (30bar) 7ILHUKERRAIVIDRIFE.

"For large hydrogen plants, several electrolysers can be connected together.
Plants operate automatically and can be controlled remotely. Plants are
designed to minimise maintenance and service needs.

plants with production capacity less than100 Nm3/h."

13




IR &BERIME (OKZERIERE1L9)

Category No. Company Country Note

AEM(anion exchange membrane)&ERAUL/KERRER V)% BIF. MEAZREOAENRERL
BROEIR N, RHFMwERD.

AEM electrolyser 31 H-14 Enapter Germany |COKEBREAIYVIZFIAUKERGREZHR. EHROKRREIZYMEAEDEZILT
0.5NmM3/h~20Nm3/hiZ2EDKRRISHE N, Fo. KRRISEIZYN, KDBREIZYN, KEHE
IZyhRE, BROED1-IEZEENEREBRICLD, ILFIEUT1—0DHDS AT MEBEEN CIEE,

SOC (solid oxide cells)iRF. HE¥ETRRL. HIOTDH,
SO electrolyser - sunfire Germany |SUNFIRE-HYLINK HL40ZRwIKZEFEAEEA40NM3/h, THZKE82%.
SOFCZFIFUZRERCHPEFENTS. B I750W (18kWh/day) .

PEM/KEMRRIZ vz AWK REEE BZHF. SRR LD OE100barziERk. A
EBCzn (FER) ZFIAUESIEFENRKRETET /N1 A%1FD. (EEEKROIEEYIRZRESD
IKZRETTEL. B - ERGOSUP France fROB S EFI AL TLB500LY)

KFZ|EFEREL,5 to 4 kg/week,10MPa, tankl.7m3, /KZEfHE99.95%, H1X6,5 x 2,6 X
2ft3(2x0,8x0,6m3)

14



eI R ABRIME (KFERIESEE

Category No. Company

$19)

Country

BEAKZR(EYZFBUKERFE (HiE) BE. BURKR{EYEH— NMySICIROSNTH
D, THA,
badd} -
hEGRFE LR sally)  Hugreen Power Korea | o joksee8 11/min, 7L/min, 15L/min D354 >FvT 4R, FCEOEHEDEE
BELUEROCFCEZETR,
MgH2t R E A E D BT/ N BIDE DGR EDRFE . MgH2LKZRISEEBET
KR TR Fraunhofer German FE I BIKEREFCICHHAL TRET . R—5T)LAEEL TES500mIRY NRMVIZED
meAE =i (IFAM) Y IMgH2— NySTHIL. IKWh OB EHAAEIEE, EERL T RS LAE 1A OMgH2T
#1380kWhOEAHHEH BTEE,
Fronius SOV BERREDKEZEEBOPRF. Fit. REIOBARIREEH%ZFIFL TCHPELDK
Deutechland Germany |FRAT—3AVZRFE. 2018F(CA-ANT (L1 SHZRE . KREISSET-TYNI
130kg/dayDiRiE,

% ERUIMNC. BAIEZE. ASAHI KASEI B 7ILHUKERE J-IHD (EYERERL)

15



sE X RUBRBIE (£0D1B5)

Category

No.

Company

ANLEG

Country

Germany

Note

IKRBGER K RRAT -2 FEDI ST, BB,

Anleg is a small engineering and manufacturing company. It was founded in
2001. The core business of Anleg is engineering and producing N2-Seal Gas
Supply systems for Turbo Compressors. High Pressures Explosive
environment, high security level (Atex Zones, Homologations and
certification). It has also long time experience in handling H2 gases, in
refineries and on oil platforms. Anleg has realized skids and compressor
solutions up to 1500 bar. Anleg has designed a range of TPRd's which has
been tested from different manufacturer and passed the bon fire tests
mounted on different bottle sizes. Starting with 2 L 700 bar up to Anleg is
also starting to bring on the market complete tank-systems from L 350 bar to
700 bar

Atawey

France

PEM/KEFREIZVIZFAVEED 1) (O>57F) BOKRAT 23 2R, KRRE=E
(30.5kg/day~60kg/dayiRi&,

"The ATAWEY product consists of a short term storage system (day) with
batteries,and a long term storage system (year) with a hydrogen chain.

This product has been designed to be installed outdoors, it is resistant to the
most demanding weather conditions and to any act of vandalism."

16




sE X RUBRBIE (£0D1B5)

Category

Company

Energy Saxony

Country

Germany

Note

BATREEHETINBUKEFRRBEEFENETOKRBISEREDRE, I>>27 ¢t
BN TA O TEBENETHD. BREMOMREZENL TLOBNDIFTERL,

The association Energy Saxony e.V. is an economy driven network that aims
to improve the competitiveness of Saxon companies in the energy sector. Our
bundled expertise includes high-temperature fuel cells and their components,
innovative technologies for the use of regenerative gaseous fuels, automation
solutions, fuel cell power plants, materials and systems for the generation
and storage of hydrogen, and simulations tools for fuel cell stacks and system
components.

Framatome

Germany

LOHC(Liquid organic hydrogen carrier)zAiUlc/KR&9E&E -GS AT LD 5
B LEMOKFRBEZFIFA IS TLUYNLOLOHCT2kWhiE 53 D/KZRETEN R
Ao

system integrator for hydrogen and battery storage solutions, implements
projects, supplies components and provides services

HPS Home
Power Solutions

Germany

ABZEM, AEEM, PEMEUKEMFERIVIZEHEDRIEREACHPZRHFE, B
1.5kW, P2GHEEEEZ A TL\BEDTE,

17
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CHP (PEMFC, 5kWdc)
Helbio (¥U>v)

HE:RIBO/AUTLYE

|

PLICATIONS

ommunication

B | "WPS-5  entersSouth Korea

A Helbio's H:PS-5 kW Combined Heat and Power
i ki E. system will be shortly shipped to South Korea. The unit
Db arGE e will be installed and demonstrated at Vastek’s facilities
households and other

Unique selling point and expeftise

3 Advanced Hydregen ond Energy |
Production Technologies

3 Products based on Innovative
Technologies, developed in-h

3 Reforming technology of NG, LFG,
Biogas and Bioethanol

- Compact and efficient

catalyst configurations [patented
HIWAR concept]

:;i Reaction engineering and Cata

3 Process design
System integration and controf

+ Efficient integration of hydrogen
generation with fuel cells

'3 4 international & European
registered patents,
“freedom to operate *
enabling a succ
Commerci
& new products

buildings

Sailing yachts and boats
er than 10m need asupplementary
 for power andfor heat produc
o1 of failure
fers the same
attractive characteristics as in any other mabite.
application: reliable. econormic, quiet, vibration
free. and emission free operation

B

Trucks

The market for Auxiliary Power Lnits (APU)
for trucks represents an interesting poten-
tial opportunity for fuel cell pawer systems
Replacement of diesel engines with a
H,PS-5 power system will result in signifi-

cant fuel savings, drastically reduced emis- |

sion of pollutants and significantly quieter
operation

Small-size farms with
biogas availability

Future and developing rmarkets for
H,PS-5 include small biogas producers
in farms, food industries and food chains:
In the biogas field, conventional technol-
ogies suffer from unreliable and inter-

rupted operation due to the low heating 8

value of the fuel, which is not an issue
for H_,FS-5

in Bucheon, South Korea.

VASTEK

Prometheus-5 project is co-funded by European Commission under the SME instrument-
phase 2 call of Horizon 2020

Primary objective of Prometheus-5 project is the industrialization of a highly innovative,

energy efficient and environmentally friendly power production unit for decentralized power
generation (H,PS-5).

FKEARELTSKWIEFARZVN, MBORE (BiFE. R—hF) coIb@{tziBo.
SKWZEELDILE,

FREVASTEKICHHE T IE

http://www prometheush com/description-of-prometheus-h

19



CHP (PEMFC, 5kWdc)
Helbio (FU>v)

HNOLoGY

patented re
o proprie wa”gm, the Heat \megmw%m% PRO‘
'!iu o

processor based on the fed sy
u., & power generation step.
,.;es Mupnnu

waﬂdmmanﬁr}i nge
mm(pﬂﬂ( el cell is used

%EE"}JEBS%(LHV) BEEALUNZNER50% (LHV) 8 RIBO/ Tk
SR, HTS/LTS+XA% =3 RICiEH, X9R—3 AR (BT,
fDER(IEE A fR. FPSEAOHFEHEM. COXS5ppmIZE (CHIEIZN.
BEE FREEORBEERVNEDTE,

AIXR—=2 3> &R RE (3200 CL L THY—-45YRCOREE (X< 20ppm.
A9vJ(%. Power cell#t$,

——Z(BOSHLEEEEE) (CSU. UPSHEER. *



CHP (PEMFC, 5kWac)
Inhouse (R1Y)

e ——

QUINITECH |

THE 0
EUROPEAN FUEL CELL suppy,

CREIATERIKIRIA TS FYT (ARYIRISTAEIT D)

AC4.2kW (DC5kW) T. DC/AC 1 >I\—5A i

1ZFRETIFIKWTHDTEN EBEANOTREANDMIG, 2D (FEH) 28 EL.
SkWZ3EIRL TWLBEDIE,

fuel cell gype LT-PEM
natural gas {bicgas /
liguid gas are in test)
nominal power eleccrical Skw
nominzl power tharma 5
total efficency ca 9%
etectrical efficiency 3 34
temperature hesong max 500 70°C
Circuit
coid start time sppr alh
afternation of boad 30 - ca. 15 min
100 %

BIMens2nns (W xnxad )

FaAGx 1550 x 1159 mme?

weight appr.

ca. 230 ke

facility testing

HE: RIFD/UTLYk

£2 https://www.inhouse-engineering.de/en/fuel-cell/chp/




CHP (PEMFC, 700Wac)
SENERTEC (RAY)

| i

o

Der Dachs. Das Kraftwesck 16 Strom und Wirme,

Der Dachs InnoGen
Eanfirch kim Heizen Sarom sesiogen Die innovative KWK-Lasung fur das Eigenheim.

Der neue Dachs mit ' D RTCU BT e s At
Brennstoffzelle.

Brennstofie; Erdgas Typ E und LL

i i 210 bis 950

Thermische Leistung (W) A i
250 b

Elektrizche Lefstung (W) 250 bis ¥00

{Modulationshereich)

Etektrischar Wirkungsgrad (%) i, 377%

Brennstoffzellen-Typ: Pﬂbmei:::'r[g:x; |
Stacklebensdauer: B0.000h @ 5:;.:02;1:

Die Zukunft beginnt im Helzungskeller

* Hohe Laufzeiten durch Modulationsfihigidit,
F00k-Pufferspeicher und Régeneration im Betrieb

« Wartung filr Brennstoffzellen-Helzgerat nur alle 3 Jahoe

- Energlemanager mit Touchsoreen

- Einfache Logistik, Einbiringung und instaliation

dierch micdularen Aulbad

SENERTEC

Topir Doy, (g Forii i re Kol

HE: RBD/VTILYE



A5YY

Power Cell (RUI—-7>)

gaaar you need It.

';*PewerCell SZ

535 kw PEM technology

‘PowerCell has launched a fuel cell stack
that fulfils both mobile and stationary
reguirements and can be used ine.g
emergency power generators in
Eeleﬁnmmumcafmns apphcalmns and as
a

(REX) for battery
PowerCell $2
535 KW prnencsariigy

eiel:tm:ai vehmhs Itis uptlmnsed to use

onba M

35kWiAH,cE

é POWERCELL

e s
HA, ARELER, CEFSSEESAEH

HE:S£IFO/UTLE

23



A59Y9
Power Cell (A91—-7>)

Sy .
.

PowerCell S3

Thcfgmgqmrﬁumpomau s3

runs on hydrogen gas and is compact
with world-class energy density (kW/litre).
The pfbrmype-devddﬂad according to the
automotive industry’s extensive requirements
is based on industrial components

which make the stack suitable for volume
both mobile and stationary

nd transport ve ]
powerCell S3is developed inan £
oration with

Autostack Core: in col
uppliers, institutes and the end users

subs!
VW and BMW.

égol\l/(IXVXD?ZES‘}I;%V—)I/ (O M%) I\ -SSR e
e Sbarin}_&_DEODZ_/S"‘J’]___(JE)I/iQ455$&\ 419x568x156 &
iji,jl/\yﬁj;igﬁﬁaiélﬁlf_/%i fitA0(325, 000h mm) 25
28 (DC/DC, 5IT—F3RIZEE) . VW. BMWICELEL. iR
lz~na N EI iy

https://www. powerc
. ell. se
/wordpress/wp—content/uploads/2018/12/powercel [-ms100-dat
- —datasheet—pdf. pdf

HE:RIBO/AUTLYE




Zg‘ya ) . ) H: RIFO /T
Power Cell (R9I—72)

1
,l‘B
|

Unit Cell power [W]

Ay« 1 5

https://www. powercel |. se/wordpress/wp—content/uploads/2018/12/powerce | |-s3-datasheet-pdf-190129. pdf




A5YY

Proton Motor (RAY)

(HEZEHIFRLELT, )
R=UTHDII%

SRS

PM200 (BOPEZ1-J)L72L)
PM200:2.2kW~15.4kW
X _FB(F2. 2kWEHEE

SR — XS0, 15~75kWETHNGA S Fy T ERiZ

26

UPSSSIIN (-0 | :c oo s 4o |25 oo | o5 | 750
Electrical System
Power Range [ 20-150 | 29-225 | 33-300 | 48-375 | 53-450 | 63515 | 17-s00 | #7-g75 | 87-750
{Current Range [A] 0-500
Veltage Fange [V DC] 055 |48 |wam | 5507 | 90-18 | 105-191 | 120-20 | 135-248 | 130-77
EL System Eficizncy B[ 5169
Hydrogen System
Hydogen Dusity 150 146871 { SKE JIT19
H2 Supply Pressure [Bar | 12-80
Hpfogen Consumption (maxi g | €032 | <137 | ;| am | am | aam | <35 | c4mn | eam
\Wiczh x Height Imm x mm[** 12177
Length [mmj™ 457 541 (4] m B 2102 931 we | un
Volume [] L B I 511 Bz 702 781 562 571 1053
Tare weight ] # 3 5% 65 m 8 B 5 100
* withesit pesigherats
* main dimensione
HE:RIFED/RUTLk
Environmental Conditions
> 5 Ambient Temperzture [ 45 1o =0
Dperating Alfiude® f] 2,000
Humicity ™ [B K] %5
PM 400 Fuel Cell Stack Module, Liketime fop. fes] =
the heart of PM's technology
Coformity (=
Protection Class S5
With over 20 years of experience, * itheut de et
. ** pu cendseing
the PM Stack Module guarantees high
Enmars extepied, bectmical changes reanved,
performance and reliability. Its straight- Prisc? speifications ime szbjert 1o chirne ittt furtes

forward and flexible integration
makes the PM Stack Module ideal

for multiple energy applications.

https://www.proton-motor.de/wp-content/uploads/PM400-Datenblatt-120718.pdf

—



A9vY elringklinger & GIANTLEAP (R/Y)

: P 20/ T0uk
AI)ED 1=
Metallic bipolar plates

https://www.elringklinger.de/en/products-technologies/electromobility/fuel-cells s RIBO/ Tk 27

https://www.elringklinger.de/sites/default/files/brochures/downloads/elringklinger brennstoffzellen_en 20170905 geschuetzt.pdf




Y27 LOEM -
AVL (A—ANJF) 259" & EDHERE P> TUS T S B0EMA—N— (BRES & XS THR)

| Ce 'Engine

T

Cell Engine represents a compact and lightweight
for customized high-performance PEM fuel cell
it, With reasonable development effort, the 70 kW
©r Up-scaled depending on custormer needs:
iger car, city bus, commercial vehicle, train,

SYSTEM SPECIFICATION
AVL develops SOFC REX systems ta increase the range of battery electric vehicles with

| the following specifications:

the fuel cell stack, the fuel cell air 0 -
the media conditioning box, the media e o e o o Bl
oiics and the AVL e-drive. 7

 Very tor ncise - a5 dBCAY
e -+ Lietime up £ 8,009 1
), AVL IP for fuel cell system

needed O lower power ‘SELECTED REFERENCES

- SOFC REX Integrotion projects in passenger care, trucks and specil purposa vehicles
© from

+ Bevelopment partner i1 vatious mabile SOFC
12

+ Hield and demansiration tests of AV SOFC iahge extander systems

of fuel cell vehicias

PEMAAYIDCE>1—)l,70kW(Net) SOFCA%v%,5-20kW
X:about 90kW (Gross)

28



AIYVI&SIAT A
AXANE (J5>R) *Air LiquideDF&%t
\ N n ..‘___._1

Qur benei:

- Power density: More than
to the integrated sol 1W/cme @ 0.6V 20,000 hours
(design, industrialization, at atmospheric pressure MEA lifetime in operation
production and operation)

Field of applications

52
_‘vrr
:
(%) -' & (@) 2 50% Low hydrogen A proprietary technologies portfolio:
. : 3 : d nt terperature consumption: liquid-cooled stacks (graphite closed
Material handing Stationary power supply for off grids Buses (storage, start-up, operation) 0.74 Nm#/kWh cathade cells), air cooled stacks,

for complete system balance of plant, including the
design of key components

eI e i
Fuel cell electric vehicles Marine Aerospace Space, etc...

Unicue experience feedback

Aane, a subsidiary of the Air Liguide group, designs tallor-madle solutions and provides hydrogen fuel cel
enginsering that covers every aspeets required to customize your project invelving fuel cell technology:

N Specifications v Prototypes
v/ Design \/ First series
" Modeling ~ CFD ' Test benches for stacks and systems On deployed and full-time operated fuel cells More than 300 systems

(telecomn base load power, material handling deployed worldwide

' Optimization of energy systems ~/ Performance characterization and military applications)

N Tests facilities: hybride systems ~/ Durability

\/ System integration ~/ Climate chamber, vibration, shock

HE 25D/ Tk

29



A9YI&SATA
AXANE (75>A) *Air LiquideDF*&tt

@ AirLiquide |

/
ane

PEMZ45v4,14kW

gxXane o

Product Datasheet

STACKS PEMFC — LT
Proton Exchange Membrane Fuel Cell Revision V4 -0.2 February 2019

For stationary, mobile and custom fuel cell solutions

€
. B
LY

’,
e

LPS (2.5kW) @ HPS AN

High lifetime PLUS high efficiency, AND ...

... Designed for energy savings on the Balance of Plant
& Lower H2 consumption <> reduced TCO

How ?

Low feed-pressure on: reduced p e & p drops
s Anodic (Hydrogen) path =S
» Cathodic (Air) path Reduced energy consumption of BOP components.
« Coolant circuit Hs re-circulator, Air Compressor, cooling pump, etc

Closed cathode technology
=  Wide range of climatic conditions R
= Air flow limited to process need (not for cooling) => easy preconditioning & high efficiency

= Improved MEA lifetime



AIYI &S AT A
AXANE (73>A) *Air LiquideD¥F&1t

Autonomous

electrical generciior
2KkW@48VDC

GENERAL SPECIRICATIONS

OPERATING SPEC|FICATIONS

ELECTRICAL SPEGIFICATIONS

_

S
5
&

AT =R —

~
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AIYI &S AT A
AXANE (73>A) *Air LiquideD¥F&1t

axXane

Fully integrated
fuel cell controller

An alternative to PLC* that meets your fuel cell systein needs

e
e 1OVAVFIIS

HlfHEiEEETOFHENITVD

32



SFC ENERGY (R1MY)

SFC Energy
Scalable energy
solutions

SFC Energy
Methanol and
Hydrogen Fuel Cells

45W. 110W. 500WDODMFC WO T &EERS5A>FvS
NyF)—FERIFEEI(UFZI RV, A OT RN EREIR
EUithis(CHARIPR E iR &

(FIZE, RAFREZERIOT —FIRDHRETER)
DMMRDZWFRY =y NN 41,0001y b _EHTET,
BHATH50a1EH [, BAMIGIESHEEHIRSE.

(HEZHIBRLELT=,)
R—CTFOURLES LS,

33
EMEREHPIBEL: http://ttc-fuelcell.com/sfc/efoy/
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Performance Dala;
operation pawer
elettrical autput
ELirrent

efficiency

fusel supply

fuel consumption
atart-up time
lifetime

eatimal warking temperature

Intesfaces:
hpdragen-iniet

Pressure rangs

electr. power conbectar
contrnller interface
pwercurrent protection
General Data:
dimensions (L x B 2H)
weight

halse emision

emissions

SUSY (R1Y)

16 -21VDC

450 W nominal, 500 W masx.

TE A At aming] pawer

- 54 ac 500 W

Hydragan 1.0

- b0 KL min ag A50W

< Jame

2000 b &t 200 starly stop-cyckes

55 'L {stack temperature)

178" inaide thread

2 - 20 bar

Amm! screw terminal
SUE-D9 (R5ZIT)

27 4 ffLink)

244 mm x 155 mm x 180 mm
- a0 kg
- 35 dBA in 7 m distance

wates {fumid airy, heat

Installation requirements B Storage:

imstallation space (LxB x H)
Inclination to transverss axis
inclination to longitudinal axis
operating altitude

atart temperature

cperating temperature

storage bempersture

= 155 mm x 215 mm-2 190 mm
0" short-term, 107 permansnt
0" short-term, 10 permanent

max. 1500 m abave ses
5-35°C
5-35"C

-1 -55°C

The ready-to-use Fuel Cell:

Easy integration without expert knowledge!

Dimensions:

Installation space:

215 min

Lufteingang

voltage (V)

- s
S L
- .
-] I
= L
18 = 150
9- I
16 = - 50
T 7 & 2 0 48 & %=
PEMFC
450W (500W peak)
34

https://www.susy-power.com/en/susy500/technical-data.html

trical power (W)
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Baltic Fuel Cells (R1Y)

The Electrum 1000 fuel cell system is the ideal solution for critical back up power applications.

It offers reliable power supply and high system efficiency.

The system’s core is based on PEM fuel cell stacks from Baltic FuelCells and provides an output of
1 kW electric power. The module is built with an enclosed and robust housing. An optimized form

factor enables easy integration in 19" systems.
The Electrum 1000 uses a fully integrated power management system allowing

the customer to monitor and control the system at any given time.

technical data

fuel cell type

nominal voltage
voltage range

electr. current
operating temperature
efficiency

media

Hz consumption

Hz inlet pressure
dimensions (wx hx[)
net weight

response time

Electrum 1000-24

24 VDC
20.5-27.5 ¥ DC

40 A (at nominal power)

appr. 15 kg

Electrum 1000-48
PEM (Proton Exchange Membrane)
83V DC
40.5-55V DC
20 A (2t nominal power)
5°C-45°C
55 % at 1000 W
hydrogen 3.0 (dry), ambient air
appr. 11 5l per min
2 -2p bar
482 mm x 2544 mm x 500 mm
appr. 17 kg

immediate

110- 230 VAC

4.5 A (at 230 V AC)

appr. 20 kg

https://donar.messe.de/exhibitor/hannovermesse/2018/M521260/electrum1000-eng-555392.pdf 35



DANA (USA) , /(L —985& etc.

' autostack

& industrie

[0} N autostach_rew-bede

(_EX(E85kW X45w7)

e
i T mm .

B I S ——— =y
———
Metallic Bipolar Plate: Metallische Bipoiarpiatte:
/ < With integrated sealing and Mit intagrierter Dichtung und
/ «conductive coating
/

Isitfdihiger Beschichtung

metallic bipolar plates

36



INSPIRE : EUEEIVY-SFLABFE Integration of Novel Stack Components for Performance, Improved
DuRability and LowéEr Cost o T— -

INSPIRE(F. BFFE. HMliAFE. TEV AN —La ey
R—h9 BAL—IRBERN— =V T THAMBE
&S 700127(2E D, A—AY/\DOBRFEM IS LUK
FHFEFZE (FCH JU) A LMDT00F 1 —ADEI ST Z
bNI3FRDMAFETOOTINTT,

A—Oy/\DBRHBBEIVKBEIRILT—RFIRRE
BE700 7D EEMEEMI, IREFEIT DiELin

DERIGPEMFCRAVIAVIR—HRULEFEED . CNDE 4y -
ABRECEBERRHENOERILICHEG/ N TF—T g
VR AN, BEVIXFEZOZEHMLVOBIBEER  meee @
TELMHEMITRETHIETT, ol
CNEOAUR—R T CIiRRET— BL TR —
NTEY, SHICHFE. RA7—UL)  BLUEEERDE ... Lomid
BEAREE DRIV INORE LY, EECEET S o, P

BETOT5/0Y—07 T~ A  ERALTUE
UY=L T LD A =Tl BB —R Uk

INEENET, s - )
(SR OURLAS R . BIER) o O

X INSPIRE HP&LDR#

http://www.inspire-fuelcell.eu/index.php 37



INSPIRE : EUEEIVY-SFLABFE Integration of Novel Stack Components for Performance, Improved
DuRability and LowEr Cost

OBIJECTIVES

HFE)—FTEHEFLLR Ry R—R U (BB . —
W AT LY HRILEE ., N R—ZTL—F)DA[RE g
MHEEHL, cChoFBRBEMRFIVIICHELT, BE = o
BHOYEEHZEZ0LVTISW / cm2(Z@ LT 5,

s RGN BELEEZKBRTATHAYILT, 10%F
gg%:? z;a)*;ﬂ:'GG,OOOH%FEﬁ%Eiéi)ﬂ’ﬁ%?@ﬁ*f%ﬁ&

- FEfE50,000 L=y DEERHEHT. HEIERRYY
JDEFEIRRES01—0/ kWD BIEETRISILEE
L9 AaRNEHEAEZ IR T 5,

BT OMGHGRREREL. BIUREDR7T—5
EYTADRAZST. BET HFEMHT TOERAMGR
FEMN—FIT 7 TOEREDEIANRT—1) T
SN-MBOTELELEET, EDHLLREYIHM
AV R—RMDIENLTHED B,

(FERURLA S R L TEIER) | DANA, metallic bipolar plates

X INSPIRE HP&DIR#:  http://www.inspire—fuelcell.eu/index.php/about-inspire/context-objectives 38
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= DBI":.

Gastechnologisches Institut “trse®

InnoSulf

Desulfurization for fuel cells systems

Cost-effective removal of sulfur compounds from natural gas / LPG

Results

= Reliable desulfurization unit

= Significantly increased maintenance cycle
= Very low operating costs:

Technology

= Hydrodesulfurization (HDS) using reformate
= Selective Catalytic Sulfur Oxidation (SCSO)
with air




IMPACT COATINGS (RUI—7>) /dA—T41 Ikl e
coating s proven state of-the-art for both proton

exchange membrane fuel cells (PEMFC) and direct
methanal fuel cells (DMFC).

Offering o unique combination of low contact
resistance. high corrosion resistonce, and low cost,
it exceeds both performance and cost reduction
targets set up by the US Department of Energy.

COATING PROCESSES

Cenunke MAXPHASE™
Steel substrute Stee| substrate
1 Unc ute 2 R aXide 3. Apply couting 4. Ventilution
{vacuum) {vacinim)
The p iza based piazma gls Caramic MAXPHASE™ consists only of safe and low-cost

‘ond involves vaporization of the source material, which materigis gnd there are no noble metals involved.
condenses on the substrate and forms o coating.

CERAMIC MAXPHASE™ TECHNICAL DATA

Superior coatings for metal bipolar plates

PROPERTY VALUE
B Very low contact resistance The Ceramic MAXPHASE™ coating is the Contact resistance <3 mQcm®
7 ¥ primary choice by outomotive companies Corrosion current @ <1 pA/emz
8 Qutstanding corrosion esistance globally for metal bipolar plates in PEM — :
y ek cal Lifetime » 5,000 hours for stainless steel 316L plates
® Mo noble metals involved eeiey - e e
3 : 5 ting thickness < m
: ; Impact Coatings’ kechnology. with urigue NG ki
B Cost-effective production R : - " —
- properties for efficent and durable fuel Coating adhesion ISO 2409:2013, classification O
R e e Chemical composition Cerarnic material without noble metals
production solutions, enables the automotive
industry to ramp up production of fusl ol Substrates Half plates, bipolar plates, and end plates
slectric vehicles today. Recommended substrate materials Stainless steel 31BL (Contact us for other alloys and metalsl)
Typical substrate thickness 01- 0.2 mm (Contact us for other thicknesses!)
Coating systemn INLINECOATER™FC (physical vapor deposition - PVD)

140 Nfem?, measured using gold coated cylinder and Toray 030 carbon paper
¥ Potentiostatic test (1 MM H,S0,.1 ppm F-, 06 V vs. Ag/AgC. 80 *C)

http://www.impactcoatings.com/wp-content/uploads/2019/02/Ceramic-MAXPHASE-2019.pdf i RIBO/ ST b



FI/)EHE (BAF) o090 Fraunhofer (R4Y) PEMKESE+ 100WPEMFC
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TOYOTAD —AR (h&0OY%)

Outline of the Mirai

The Mirai is a fuel cell vehicle (FCV) which uses hydrogen as energy to generate electricity and power the vehicle.

WFuel cell system
The energy source f°r the Mirai, hydrogen, can be produced from various types of primary sources, making it a

y sources. The Toyota Fuel Cell fystem (TFCS) combines proprietary fuel cell
e éhﬁmdete:hno{ogyThe

environmental performance highllghﬁed byﬂo em&sion's'ofm
ing \ berefﬁﬁed in apprwmaﬂely

nuising range, the system promises co

e R

HE: RBED/NTLYE

HE: 2IFD/ Tk

HERIBD/ TR
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FCVatsk

S
ROBEFAHRTMIT- .
IRENNSTOFFZELL

'EST DRIVE THE - AQal
“UEL-CELL VEHICLES - @& t"a7)

9-18 UHR

irieben Sie selbst wie es sich anfiihlt, emissionsfrei und leise unterwegs zu : Wl
iein. Mit Wasserstoff im Tank. Beim Einsatz von Wasserstoff als Kraftstoff > DAILY FROM
9AM TO 6 PM

sntstehen keine lokalen CO,-Emissionen. Es kommt lediglich Wasserdampf aus
dem Auspuff. Die CEP-Fahrzeugflotte finden Sie im Ride + Drive Bereich
ostlich vor Halle 27.

Experience first-hand what low-emission, quiet mobility feels like. Using hydrogen as a fuel
nerates no local CO, emissions. Only steam tomes out of its exhaust pipe. The CEP vehicle
awaits you in the Ride + Drive area east of hall 27.

HANNOVER MESSE
y April 01-05
2018

Hall 27, €88
Exhibition Graunds
Hanaver, Germany

HYUNDAI NEXO MERCEDES-BENZ GLC F-CELL** ' "TOYOTA MIRAI

‘Fuel consumption (H,) (NECD")

= 13.7 kwh/100 km =

i co,mmwwum‘

og/hkm 0grkm 0.g/km >

B aotien Brennstoffzelle Brénnstoffzelle mit Plug-in-Hybrid Brennstoffzelle
Drive Fuel cell Electric vehicle with fuel cell and Fuel cell
lithium-ion battery
Betankung gasformiger Wasserstoff, 700 bar gasformiger Wasserstoff, 700 bar 5 Wasserstoff, 700 bar
Refuelling ‘ gaseous hydrogen, 700 bar gaseous hydrogen, 700 bar mwhﬂmen,méar
Reichweite (NEFZ") 756 km H,-Reichweite im Hyt /. 500
Range (NECD") g o e 47t i
st i im
range In battery mode: 51 km
‘Elektromotor / Electric motar ‘ 120 KW/163 PS. 155 kW/211 95 J 113 kw152 ps.
Tankinhalt / Tark capacity | emke 441g | s
Kraftstoffverbrauch (H) 0,84 kg/100 ke 0,34 kg/100 km 0,76 kg/100
kombiniert (NEFZ") o \ g =20

HE:RBED/NTLYE
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Hoeller Electrolyzer(R1Y)
PEMEUKEREAIVIRIE, KREUSER(C. 3iEZ 51> v

] - ,7 .
| o ‘
ach- ™ R 5
4 oy
W | e 2
i
S i ~ E
peidl ]
El
H
L3

L]
=
=
=
~

HOE e

S : 75kW, foot print 25*21 cmm M : 325kW, foot print 42*29 cm

L : 1.4MW, foot print 60*48 cm
IKZRFEES IKZRFES IKFRFRES
16Nm3/h(34kg/day) 68NmM3/h(147kg/day) 295Nm3/h(635kg/day) .



iGas energy (RA1Y)
R AOREBLEHFEDETOKREE

» PEM-ELECTR

Efficient Use of Renswabls Ensrgy

HE: RIFD/UTLYk

OLYZERS

For generating hydrogen from

&I MR, FAY. A2 RICSEHIA

» THE SYSTEM

Gaz snengy supplies the planis
ready to connect including &
clozed cooling circuit, the entirs
meszuring and control technol-
cgy and all auxilisry units.

Foropen-air use {538z enengy inte-
grates "outdoor” systeme in con-
tainers. On reguest iGsz energy
integrates a gas conditioning sys-
tem which iz eble to schisve 2 gaz

slectrical power PEM-slectrolyzerns guality of 6.0
gain mons and more asssts. They Th ke PEM ks ths
are able to follow fluctuating loads I AR R SRR
A C CES = . i -
O HIGH EFFICIENCY OF STACK instantly make use of the lower temz are exsptionzly compact Al systemz are completsly in-

=+ Mom than 80°% (4,47 AN hydrogen) at 2 Aferm? load range especially and cperst and scalable within wide limits: stalled in the fastory (ready for
Mo than 76 % (4,71 BAVRNT hydrogen) =t 3 Ador? very efficently. Even ‘more their

design is sxiremely compact.

ocpseration) and are subjscted to
a thorough functional tast befors

) HIGH EFFICIENCY OF THE PLANT
iGes. emergy supplies PEM- delwvery
shacrolysie modules with nomi-

=  hlore than 74'% ot 50 % mted power nal outputs of hydrogen of

= hiore than 68 % at T00% rated poser

5 - 205 Nm" par hour. This coms-

= — 7 ) o RO DR LI sponds to an electrical power of
= 10to 100 % of the nominal load 25 W to 1.3 MW Thankz to the
n modular design, & coupfing of

r gl 30-300 PEM WD gEl 100-1250 PEM MD gEl 320-1250 FEM MD
./ O QUICK RESPOMNSE TIME GREEN ELECTROLYZERS o up to BEl 10-300.FER MD gEl 40-300 FEM MD oE 160-1250 FEM MD
= Below 1 s=c fwithin the limits of mnge of operation) ezveral MW is possi itde
; wominal sdive Ares fon?] 300 300 300 1250 1230 ~>'IZED
= 10 sec (from stand-by-operation to nominal load) Heart of the GREEM ELECT =
= LYTERS are cormpact stacks of the Current Density =t Max Load fafom= 3 3 3 3 3 | |
O HIGH PRESSURE : . % R i |
|ateet version from Giner Inc/USA - —
®  Up o 40 ber premune directhy connecsble to naturs] They are charscterized by a high Hydrogen Frodurtion [Kmah| 10 - a0 100 160 | 330
g infrastrunhune or to premure-aontrollsd. processes current density of up to 3 Alom?, n 3
in the industry that thay even achisve in conting- Hiydragen Pressiare [ bar] a0 A0 40 10 40 | 'W
OUE Dperation. Conseguently they B i N |
: Enangy C f WhiNm 5.4 5 5.2 54 54 53
can be sdapted 1o almost any ops- S ot e E e !
; ewruat ok ) |
cific requirsmant of Powsrto-4. ominal Electrical Lozd k] 75 205 400 S50 1050 L2070

Otmer system aenlfgurations on ragoest.

= 1"y N FHFE,
RE 9 DIER. REEIRAYIICED, O£ /140bar, 47

BArJEEENZRAVP2GZETEL. /KRRIEE10NM3/h~320Nm3/hOPEM/KERFEIKZRRGE
KRHSEICEDE T, BHOIZY b5



H-TEC SYSTEMS (F(Y)

o
n
3]
=]
o
1]
=
11}
=
0
[

)

IKZBRIES AT L, NBUDPEMERR R IVIHIFE.

IKZRRNE R E

ME100/350:13 - 66 Nm3 /h,

ME450/1400:25-210Nm3/h

7\’5"]’] S30/10, 30, 50 (0.31-1.57Nm3/h)
”'JZG"J’](gJ:'OH:'.I:U_ijObaro
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ITM POWER (UK)

PEMJ/KESRZ, https://www.itm-power.com/

M POWER

\. Energy Storage | Clean Fual
L\ -\
N -

S Gt ([ Avsioamirican

. B
|
|

0.1~100MW %54 >FvS
IKZRAERNE : 45~40,000kg/day
IKZRMHAES : 20bar(option 50bar)

2MW PEMAAYIES1-) 49




SIEMENS Power to Gas(H2)

e

Lte nijsel~ |
noustiylfurther:

E=a? W
PEM/K E#R 750kWDPEMIKERZEI X Hv)

https://new.siemens.com/global/en/products/energy/renewable-energy/hydrogen-solutions.html#Portfolio

50



SIEMENS Power to Gas(H2)

SIEMENS SILYZER 200
The facility is integrated with the grid to ensure

continuous hydrogen production, even when
here is no sunlight.

SIEMENS SILYZER 200

The facility is integrated with the grid to ensure
continuous hydrogen production, even when
there is no sunlight.

51



SIEMENS Power to Gas(H2)

REEN HYDROGEN FACILITY
EMENS SILYZER 200

Mability

he stored hydrogen will be used for transportation
and mobility at Expo 2020 Dubai.

GREEN HYDROGEN FACILITY
SIEMENS SILYZER 200

Mobility

The stored hydrogen will be used for transportation
and mobility at Expo 2020 Dubai.

e T .

WA RTINS e

2020 RNAEXPOT/KE=HEE
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ASAHI KASEIR (B#) 7IhUKE

Dr. Bernd Althusmann

Minister of Economic Affairs, Labour, Transport and Digitalization for Low
Saxony / Chairman of the Supervisory Board for Deutsche Messe AG and

Niedersachsisches Handwerk

53



Hugreen Power / #5E (MNBUKRRERE)

it

InH
BAKERERE
EmES
AT A A(BEFTXEXSE)
REHRKRE

THILEF—BE

IXRNT—EE

Eh—hUy T

High Altitude,
emperature

HP-1000HGS

Up to 15 SLPM

6,500 g

200 X 200 X 480 mm

3,000L Hz (270 g)

3,330 Wh

513 Whykg

174 Wh/L

CTR-3000A

HP-500HGS

Up to 7 SLPM

6,000 g

195X 195 X 460 mm

3,000L Hz (270 g)

3570 Wh

595 Whykg

204 Wh/L

CTR-3000B

HP-50HGS

Upto 1 SLPM

2,000g

135X 135 X 240 mm

600L Hy (54 g)

770Wh

385 Whykg

385 Wh/L

CTR-600

H# £I/D/UTLyk

Hugreen ¢x

Fuel-Cell Powered Drone
Onboard Hydrogen Gene:

= ’ [—— ﬁ nendidls

HP(BA&EE
http://www.hugreenpower.com/ja/produc
ts-2/hydrogen-generator/
http://www.hugreenpower.com/ja/technol
ogy-innovation/
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SIEMENS J7JRMJ—A—bA->3>
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DMt IJ7IBNI—A—BPA-33 Kbl SR
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INDUSTRIE 4.0 Best Par"lll; |
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LG J7IN—-A—-bPA=->3>

BI.ISIness P Y, N Control Center -

S
aEEnsEn

@ LG Electronics *w%e%%
3

[E0028] File Name Error

Global D~
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ISP EFR-2

2019 FE @BIHMLRIRES

RSB | 2019 F£4H 17 H

1. 3 ¥ % | BANBHNSITLAOBNERICRIEREIRAE
2. Bl & & | —RetEEAN BAREHTES

3. HSREN | BEICSIEEAORNEMBERKROREE
4, R E | N\FYW

5. Rk | YD

6. H £

2019F 4 H 17 8 (K) BEZER YDILEER RIIUCHIEE
2019F 4 H 18 8 (K) YUIE—PHEE—FF lRE

7. HSRETE

7.1 HiROESLAN
EE F(CHERIRE) AORREMOBERRETFENCHEEL TLS Woosuk KF0 L i
LDIEHZSD.
7.2 BEME
7.2.1
HE : Woosuk X%
Hydrogen Fuel Cell Regional Innovation Center Z>4—&
L 4%

L B3, S2ETOKER - BREMRIO— Ry T0HRIOS 17 hofEE LU OEES
VEEFENSAREVNTOSTI MIBISL TV LS THD

(1) TISARECDOT (#E Construction machinery association FANEDIE)
E#IO0-)OVHBEIE £ 186 EUA> US RIL (#9 20 JKARE)
BEHIZRIE : $910EUA> US RIL (39 1.1 JEFIARAR)
COSBEEETORHIETIZRE  £94.5EUA> US RIL (9 5000 EARHIE)
BETRISENTEHIOR 15%(3. &t
(2) EtEDSEROMIZICONT
BETET—EIHBOMMIF. CO2 HEHNAREVERELROTHD, BEENSOMBNKE
LWesh, POIZyEasAbhh&EDEDTE,
21 (7/—TIE) 0 CO2 HEEE(E, A>-ATO—RE-IIEEHDK) 22%% HHTWNS
BRI, /% 23.2M hO CO2 zHEH




(3) HEHIMDOFESIDAX
FHPA4RE, 14 fI35R
FC OEBXH NI 50kW IZE(CRZEBNONS GRIEMFAETDOL T Ost/FiEn 51 &)
(RTEERVFHE(E 2 RS RTHD BRUHIF/ CW7U—7kW+FC8KW = 15kW)
(4) PEHIHEOIRIR (38E)
fliig : 10 h>U3R ~#9 1700 5
INyFU—EEROTEEIHE. BBECERV (FAFRHEncy)
ERRR 9% 6 BERE/H
(5) HEEIHED FCEICDOWT
BBET(E EFRIOSTIMUTIIE LIzt
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Department of Chemistry, University of Calgary
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Division of Energy and Environment, Graduate School at Shenzhen, Tsinghua University,
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Carbon Nanotube-Filled Polymer Composites for Direct
Injection Molding of Bipolar Plates
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Jonathan Young (3), Anthony D. Santamaria (3), Adam S. Hollinger (1)
(1) Department of Mechanical Engineering, Penn State Behrend, Erie, PA/USA
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(3) Department of Mechanical Engineering, Western New England University,
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A1001 (later Abstract only, published elsewhere)

Potentials and Limits of Evaporative Cooling for
Polymer Electrolyte Fuel Cells

Michael Striednig (1), Magali Cochet (1), Pierre Boillat (1,2),
Thomas J. Schmidt (1,3), Felix N. Biichi (1)
(1) Electrochemistry Laboratory, Paul Scherrer Institut
(2) Laboratory for Neutron Scattering and Imaging, Paul Scherrer Institut
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(3) Laboratory of Physical Chemistry, ETH Zarich
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Parts

Spec.

Application

Battery charger on
board

Bike?

BUS

Track(Heavy duty)

Forkift

Train

Portable

Others

Others

STACK

Efficiency

Output Power

Weight

Volume

Liquid cool or air cool

Life time

Current density

Voltage / Current

Special requirement

Operation mode

Constant?

Load following?

Load following?

Load following?

Load following?

Load following?

|Load following

Other performance

Hydrogen Tank

Pressure

Fuel

kinds

Hydrogen

Hydrogen

Hydrogen

Hydrogen

Hydrogen

Hydrogen

Hydrogen/Methanol

Auxiliary

Fuel processor

Purity

Rate

Life time

Start and Shut down
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. N H & : https://www.fch.europa.eu/sites/default/files/
@) ng ht Duty E-o) MAWP%20final%20version_endorsed%20GB%2015062018%
20%281N%203712421%29 ndf

Table 1.1 State-of-the-art and future targets for fuel cell light duty vehicles (including cars)

FCH 2 JU target
State of the art ECH 2 111 tarmst
Parameter Unit International SoA
SoA 2012 2017° Target 2020 | Target 2024 Target 2030
No.
1 Fuel cell system durability h 2,500 4,000 5,000 6,000 7,000
2 Hydrogen consumption ka/100 na 12 1.15 11 1
3 | Availability % 95 98 98 99 >899
4 Maintenance EUR/Km na 004 003 002 001
5 Fuel cell system cost EURKW 500 100 60 50 40
6 Areal power density Wiem2 na 1.0 15 18 20
7 | PGM loading IKW na 04 0.17 0.08 0.05
8 | cell volumetric power KW na 50 73 93 100
Notes:

1) Durability of the fuel cell systam until 10% power degradation. The typical vehicle lifetime requirement is 6,000-7,000 h of operation.

2) Hydrogen consumption for 100 km driven under real life operation using exclusively hydrogen feed.

3) Percent of time that the vehicie is able fo operate versus the overall time that it is intended to operate, assuming only FC related technical issues.

4) Costs for spare parts and labour for the drivetrain maintenance per km travelled over the vehicle's complete lifetime of 6,000 to 7,000 hours.

5) Actual cost of the fuel cell system - excluding overfeads and profits, assuming 100.000 sy Avear as cost cal ion basis.

6) Power per cell area @ 0,66V: Ratio of the operating power of the fuel cell to the active surface area of the fuel cell,

7) Overall loading in Platinum Group Metals at cathode + anode. (to be only used as guidance, not as a development target).

8) Powerfor single cell (cathode plate, MEA, anode plate) per unit volume, ref- Autostack-core Evo 2 dimensions: cell pitch 1,0mm and cell area: 595¢nv

“for cost aspects, when relevant, the European SoA is indicated and labelled with an asterisk

@ FCNZ

Table 1.2 State-of-the-art and future targets for fuel cell electric buses (e.g. non-articulated of bus’

State of the art FCH 2 JU target
[Parameter Unit 5
SoA 2012 1““3"“2‘!;‘1’;?’ SOA | Target2020 | Target2024 Target 2030
Mo.
il Fuel cell system durability h 10,000 16,000 20,000 24,000 28,000
2 [Hydrogen consumption kg/100 km a 85 8.0 75 71
3 [hvailabiity % 35 %0 20 23 3
: :
reatly cperation Lot EURyear - - 16,000 14,000 11,000
including kabour)
5 500 750 800
Fuel cell system cost EURMKW 1500 1,500
HERES SRS ; . (250 units) (500 units) (900 units)
625 600 500
6 [Buscost thousand EUR 1,200 850
us cos ousan i (150 units) (250 units) (300 units)
Notes:

1) Durability of the fuel cell system subject to Eol_ criterion, fuel cell stack Iife 10% degradation in power or H2 leak rafe as per SAE2578

2) Hydrogen consumption for 100 km driven under operations using exciusively hydrogen feed acc. fo SORT 1 and 2 drive cycle

3) Percent amount of time that the bus is able fo operate versus the overall time that it is intended fo operate for a fleet availability same as diese! buses.

4} Costs for spare parts and man-hours of labour for the drivetrain maintenance

5)  Actual cost of the fue! cell system - excluding overheads and profits subject to yeary overall fue! cell bus module volume as sfated

6) Costof manufacturing the vehicls. In case of buses for which a replacement of the fuel! cell stack is foreseen, the cost of stack repk: f is included in the calculation. Subject
to yearly volumes per OEM as assumed in Roland Berger FC bus commercialisation study.

*far cost aspects, when relevant, the European Sod is indicated and labelled with arn asterisk
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Table 1.3 State-of-the-art and future

ets for fuel cell electric trains (300 passengers. 150seated

State of the art FCH 2 JU target
MNo. [Parameter Unit i
2012 S mtonak SoA 2020 2024 2030
2017
1 Fuel cell system durability h NIA 12,000 20,000 25,000 30,000
2 Hydrogen consumption kg/100 km MNIA 24-34 22-32 21-30 20-28
3 \Availability % MNIA &7 94 a7 =09
Notes:
No possibility at this time fo esfimate train cost, including fuel cell system cost and yearly operation costs fargets.
1) Durability of the fuel cell sysfem subject to Eol criterion oufput voltage at maximum power
2) Hydrogen consumption for 100 km driven under operations using exclusively hydrogen feed
3} Percent amount of time that the frain is able fo operate versus the overall time that it is infended to operate
*for cost aspects, when relevant, the European So4 is indicafed and fabelled with an asferisk
T
@ FC finzet
Table 1.4 State-of-the-art and future targets for fuel cell electric aircrafts
State of the art FCH 2 JU target
No. Unit
Parameter 2012 itematmna Sas 2020 2024 2030
2017
il Fuel cell system durability h 2,000 5,000 10,000 15,000 20,000
12 Availability % - = B0 75 an
=20,000 20,000 6,000 3,000
]
Fuel cell system cost EURKW 3,500 =10,000 10,000 3.000 1,500
=15,000 15,000 5.000 3,000
4
[Gravimeiric Power density KWikg -
2 25 3 35
5 6 T a
Notes:

No possibility at this time to estimale aircraft production cost at an assumed up-scaled production level

1) Durabiity of the fuel cell system until 10% power degradafion.

2)  Percent amount of fime that the aircraft is able to operale versus the overall time that it is infended io operate.
3 Actval cost of the fuel cell system - excluding overheads and profits for mass production volumes.

4

a) Ram air turbine - emergency system replacement (RAT) {15-50 kW)

b) Propulsion (40 kW)

c) Cabin Loads - APU [(5-20 kW)

FC Stack & Power converter.
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Table 1.5 State-of-the-art and future targets for fuel cell forklifts

State of the art FCH 2 JU target
Mo.  [Parameter Unit it i | Soh
nternational 30,
2012 2020 2024 2030
2017
1 /ehicle lifetime h na = 20,000 20,000 20,000
2 Hydrogen consumption kamh na = G&T 63 60
3
% 45 - 50 53 55
System electrical efficiency
) |Availability % 90 = 98 98 a8
i Mean time between failures
(NTBE) h na 750 1,000 1,250
(i Cost of spare parts EUR/h na = 7 5 4
7 Labour personh/kh na = 10 ¥ 5
i Fuel cell system cost (10 kW) EURKW 4,000 2,500 1,250 450
] =
Est. FC system cost @ mass EURKW na = 1.250 450
\orod.
Notes:
1) Total number of hours of vehicle operation until end of life {(assuming =98% avaiability in the fleet in heavy duty 3/7 or 3/5 shift operation).
2} Hydrog ion for b of operati using ively hydrogen feed for Class 1 forklift foad cycle @ 10kW avg. sysfem power output (Begin-of-Life}
3} Per tage (%) of electricity g by the fuel cell vs. energy contained in the hydrogen delivered to fuel cell (LHV) for Class 1 forkiift load cycie @ 10kW avg.
system power output (Begin-of-Lifs)
4)  Percent amount of time that the forklift is able to operate versus the overall fime that it is infended to operafe.
3) ge time ive failures ieading to downtime (MTEF in the fieet in heavy duty 3/7 or 35 shift operation).
&) Costs for spare parts for the system it as p tage of system i over the vehicle's complete lifetime.

7)  Man-hours of labour for the system mainfenance per 1000 h of operations over the vehicie complete lifetime.

8) Actual cost of the fue! cell system - excluding overheads and profits.

8) Esfimafed fuel cell system cost af an assumed up-scaled production level of 2024 20,000 units/production & 2030 FC cost level benefits from automotive, bus and
truck volumes.

*for cost aspects, whan refevant, the European Sod is indicated and labefled with an astenisk

® AZR—R KZFTHY

Table 1.6 State-of-the-art and future targets for on-board gaseous hydrogen storage tank

State of the art FCH 2 JU target
No. |Parameter Unit International SoA
2012 2017* 2020 2024 2030

1 ICAPEX - Storage tank EUR/kg H2 3,000 1,000 500 400 300
b [Volumetric capacity (at tank Kol 002 0023 0.03 0.033 0.035

lsystem level)
3 :

(Gravimetric capacity (at tank % 4 5 53 57 6

system level)
Notes

1) Total cost of the storage tank, including one end-plug, INCLUDING the in-fank valve injector assembly assuming 100.000 parts/year.
2) Weight of hydrogen that can be stored over the volume of the tank (including in-tank valve injector assembly, tank walls, bosses, plug and the volume for the
hydrogen itself)



® KZ|AT—23>

Table 1.7 State-of-the-art and future targets for Hydrogen Refuelling Stations (HRS)

State of the art FCH 2 JU target
Mo. |Parameter Unit _
2012 Intemational 5o 2020 2024 2030
2017*
1 Lifetime years na 10 12 5 20
2 Crurability years na - 5 10 15
Energy consumption KWhikg na 10 ] 4 3
14 Availabili % na a5 96 98 99
&l Mean time between failures days 5 20 48 o 168
(MTBF)
6 tsnnual maintenance cost eurosikg na - 1.0 0s 03
7 Labour Person hikh na - 70 28 16
5 |CAPEX forthe HRS Thiremind. ELRS 7.5 7 421 346 2,413
(kgiday)
izl Cost of renewabie hydrogen EUR/Mkg 13 1= 11 9 B
Notes:
1) Total number of hours of stafion operation.
2} Time that the HRS without ifs major nis/parts (sforage, Ix r, pump) being replaced, is able to operate (siorage shall be changed when the number
of cycle reaches the reguiatary imit. Repl of hydrauti 0 ar is fo ted b 10fo 15 years).
3} Station energy piion per kg of hydrogen disp when station is loaded at 80% of its daily capacily - For HRS which stores H2 in gassous form, af ambient

temperature, and dispenss H2 at 700bar in GH2 from a source of =30 bar hydrogen.

4} Percent amount of hours that the hydrogen refueiling siation is able fo operate versus the fofal number of hours that it is intended to be able to operate (consider any
amount of fime for maintenance or upgrades as fime af which the station should have besn operational).

5) Parts and labour based on a 200kg/day throughput of the HR'S. Includes also local maintenance infrastructure. Does not include the costs of the remote and central

operating and mainfenance centre.

8} Person -howrs of labour for the system maintenance per 1,000 h of operations over the station complete lifstime.

7} Total costs incumed for the truction or acquisition of the hydrogen refueliing station, including on-site storage. Exciude land cost & excluding the hydrogen production unit.
Target ranges refer fo a 200 kg/day station and a 1000kg/day stafion.

8} Cost for the hydrogen dispensed (at the pump), considering OPEX and CAPEX according o the operafor's business model.

*for cost aspects, when relevant, the European SoA is indicated and labelled with an asferisk
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Annex 2: Energy systems State-of-the-art and future targets (KPIs)

Tabkis 2.1 State-of-the-art and future targets for hydrogen production from renewable
eleciricity for energy storage and grid balancing using alkaline electrolysers

State of the art FCH 2 JU target
Unit
No. |Parameter 2012 2017 2020 2024 2030
Genenc system’
Electncity consumption KWhikg 57 51 =0 40 48

1 |i@nominal capacity

ENkg/id} &,000 1.800 1.250 1,000 200

Capital cost
2 {EW) (~3,000) {(750) {8009 {480) (400}
3 |OEM cost Ef{kg'd )y 18a a2z 28 20 16
Stack
4  |Degradation %/ 10000rs - 0.13 0.12 0.11 01D
5  |[Current density Alom® 0.3 0.5 0.7 L 0.8
Use of critical raw matenals — 8o 71 2.4 5 4 07

& |as catalysts

Nofes:
*Standard bowndsry conditions that spply fo all system KPls: input of 68kV AG power and Bp water, owlput of
fydrogen mesting (50 146587-2 at a pressure of 30 bar. Correction facfors may be applied if acfual boundary

condifions are different.

2| Capifal cost are based on 100MW produchion volume for & single company and on @ 10-year system [fefime
rutning in steady state operafion, whereby end of iife is defined a5 10% increase in enemgy required for produchion
of hydrogen. Stack replacements are mot inciuded in capital cost Cosf are for instaliabion on 2 pre-prepared sife
{fundamentbuiding and necessary conneshons are avadable). Transfommers and rechifiers are fo be included in the
capital cost

3} Qperation and mainienance cost averaged owver the first 10 years of the sysiem. Folential stack replacemenis
are inciuded in O&M cost. Elecicity cosf are nof included in O&M cost

4} Sfack degrsasfion defmed a5 percenfage effciency loss when un af nomingl capaciy. For example,
O 1255000k results in T increase in energy consumpdion over & 10 year fespan with 8000 operafing hours
per year

5} The catical raw malenal considered here is Cobalt Other mafenals can be used as the anode or cathode

cafalysts for alkaline elecholysers. 7.3 mgW denves from a cell pofenfial of 1,7 V and a current density of 0,3

Afem2, equivalent fo 6.2 mgiom2.
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Table 2 2 State-oi-the-ant and future targets for hydrogen production from renewabie electricity for
energy storage and grid balancing using PEM electrolysers

State of the art FCH 2 JU target
Unit

Mo. [Farameter 2012 2017 2020 2024 2030
Generic system

[Electricity consumpticn

[Einominal capacity kWhikg 54 55 52 50
1 B8a

£/(kg'd) 8,000 2.800 2,000 1.500 1.000

2 |Capital cost [EMWW) (~3,000) (1.200% {200} {7o0) (500}
3 [O&M cost Ekgidiiyr 80 54 41 30 21
Specific system
4 Hot idle ramp time Sed a0 10 5 1 "
5  |Cold start ramp time 520 300 120 30 10 0
& [Footprint AW - 120 100 80 45
Stack
T |Pegradation %! 1000hrs 0.375 0.250 0.1e0 0125 | pgq2
8  [Cument density PEM Alem2 1.7 240 2.2 24 25

[Use of critical raw materiats]
3 |as catalysts PGM mgW - 5.0 27 1.25 0.4

|Use of crifical raw materials|
10  |as catalysts Pt mgW - 1.0 0.7 0.4 0.1

Noies:

Availabilily is fived at 38% value from the elecirolysis study).

1) to 3} and T) similar condifions a5 for alkatine technology (previous fzbie)

2} The time from hof idle to nominal power production, whereby hof idle means readine ss of the system for immediaie
ramp-up. Power consumpdon st hot idle as percentage of nominal power, measured af 15°C outside femperaiure.

3} The time from cold starf from -20°C fo.nominal power

5} This is mainly including ruthenium and indivm 35 the anode cafalyst and plafirum as the cathode catalyst (2,0
mg'em2 af the anode and 0.5 mg'om2 at the cathode). The reduchion of cnfical aw mafenials content is reported
feasible reducing the catalysts af 8 nano-scale.
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Table 2.3. State-of-the-art and future targets for Hydrogen production from renewable electricity
for energy storage and grid balancing using high-temperature SOE

State of the art FCH 2 JU target
Mo. |Parameter Unmit
2012 2017 2020 2024 2030
Generic system®
[Ebectricity
st et KiWhikg na 41 | 40 35 a7
leapacity
1
2 IEovailability % na na B5% BE% Bans
[Capital cost £/(kgid) na 12.000 | 4500 2400 1.500
4 |IDEM cost Effkg/djiyr na 00 225 120 75
5 pecific system
5 Fieversible efficiency 0 B0 E405 57% BO%
g: [oversible capacty na 20%| 25% | osowm | a0
Stack
T Froduction loss rate %1 000hrs na 2.5 18 12 0.5
Notes:

*Siandard boundary condibons that apply to all system KPis: inpuwtt of AG power and tap waler, oufpuf of Rydrogen
meeting (S0 14667-2 at atmosphenic pressure. Comection factors may be applied § aciual boundary condifions are
different.

From 3} and 4) please refer fo fable 2.1 { similar conditions as for alkaline iechnotogy)

5] Reversible eficiancy is defined a5 the elecincily gensrated in reversible mode of the electroliser, divided by the
lower heating value of hydrogen sonsumed.

&} Reversibie capacity is defined a5 a parcenfage of the elecinc capacity in fuel celimode in relafion to the
slectrolyser mods

7} Degradabon af thermo-neufral condifions in percent loss of production-rafe (hydrogen power owlput) &t constant
efficiency. Node this is & different definiion as for low femperature elechrolysis. reflecting e diference in fechnology.
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Table 2.4 State-of-the-art and future targets for Hydrogen production with low carbon
footprint from other resources

State of the art FCH 2 JU target
Mo, | Parameter Unit

2012 2047 | 2020 2024 2030
Hydrogen from raw biogas®
1 System energy use EWhikg &2 55 55 =5 53
p | Systemcapital cost &/{kald) 4,200 3,800 | 3,100 | 2,500 1,500
High temp. water splitting™
4 | elEmEseny e Kinkg 120 110 100 94 88
g | Sysiem capital cost EAkaid) 4000 3500 | 2500 | 1,700 1,400
3 System lifefime years 0.5 " 2 10 10
Biological H2 production™
q | Systemhydrogen yield Ha/C 0.60 062 | 054 0.65 065

kg/m3
; Reactor production rate reactor 2 10 40 100 200
3 Reactor scale m3 0.0s 0.5 1 10 10
Nofea:

*The system energy use values include the energy reguired for heaf generation and for producing hydrogen at 20
bar ouipuf pregoure fo meet 150 14687-2. Correction factors may be applied if the aciual boundary conditions are
different

* Conceming Microorganisms e.g. Algae
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Table 2.5 Siate-of-the-art and future targets for hydrogen storage and large scale
storage

State of the art FCH 2 JU target
Mo. |Parameter Unit

2012 2017 2020 2024 2030
Compressed gas tube trailers
1  |Capacity kg 400 850 | 1p00 | 1000 | 1000
o Capital cost Elkg 550 400 350 350 350
Large scale H2 storage”
1 Chain efficiency o - 60 &7 70 72
2 Release energy use KWhikg - 133 11 10 93
3 System capital cost Elkg 12 11 10 08 0.6
Notes:

*Storage of at least 10 tones of hydrogen for at least 48 hours, including ali necessary conversion steps from
clean H2 input to clean H2 output at 30 bar. Comection factors may be applied if actual boundary conditions
are different



@ /hE
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Taies 2.6 State-of-the-art and futre tangess fusd call syatems for CHP and power only
for stationary applications
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Table 2.6.2 State-of-the-art and future targeis mid-sized installations for commercial and

larger buildings {5 - 400 kK'W)

State of the art FCH 2 JU targst
Mo. | Parameter Linit
2012 2017 2020 2024 2030
8,000 - 5,000 - £.500 - 3.500 1,500 -
1 CAFPEX ERW
10,000 B.500 T.500 500 4,000
yaars of
2 Lifetime plant 2-20 G-20 8-20 B-20 15-20
operation
ik % of the
3 Arailability a7 a7 BT a7 iz}
plant
Diurability of key 2
4 ek k] khrs 25 30w 50 B0 20
oo MTEF - 50,00
5 Reliability 10,000 20,000 30,000 80,000
{hrs) a
B Electrical efficiency % LHY 40-45 41-55 4250 42.82 50-85
7 Thermal efficiency % LHVY 24-40 24-41 2442 2442 30-50
B Maintznance costs E CtEWh B.8 . 23 ) 1.2
Tolerated H2 %
g content 50% 0% 100% 100% 100%
T (Volume)
in NG
10 Land wsel footprint m2KW 0.25 D15 0.08 0.O07 0.08
Nofes:

From 1) fo 9) please refer fo the definifions of fable 2.6.1
10} Base surface (width x depih) occupied by the sfaticnary fuef call module per unit of rated electneal capacity.
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ZHADIHOAREL FC (0.4-30MW)

Table 2 6.3 State-of-the-art and future targets large scale FC instaltations, converting hydrogen

and renewable methane into power in varous applicafions (0.4 - 30 MW)

SoA FCH 2 JU target
Mo. |Parameter Uit
2012 2017 2020 | 2024 | 2030
3.000 3,000 - 2000 - 1.600 - 1.200
CAPEX KW
" 4,000 3,500 =000 2.500 1,750
years of
plant n'a 15 25 25 25
DpEramon
2 Lifetime
% of the
| 88 88 28 88 88
1
5 Availability e
Durability of k
4t b A khrs 15 2080 | 2080 2080 | 25-80
component (stack)
MTEF
5 nia nla® | 25000 | 20000 75.000
5 |Reliability i
b Everhnsl Haenty % LHV 45 45 45 45 50
i Thermai efficiency % LHV 20 2040 | 2240 2240 | 22-40
g~ [Mantenancecosts | ecypwn | nia 2.85 3 3 2
Start’Stop 4 hrs O- 100%1
B characteristics ) 100% ) min
Mofes:

"ingufficient number of unids inztalled fo gef sfatisically supported figune

From 1) to B) please refer fo the definitions of table 2 6.2
3) Time reguired to reach the nominal fue! call rmied oulput when slariing the sysfem from shut-gown mode (at
ambient temperaturs).

ME
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7.2.2 Annex33 &% (10/25)
1. Information from the ExCo and the new term for the TCP(Technical
CollaborationProgramme) (Bengt Ridell/SWECO)

IEA TCP OIRIRICOVTOHRE
£ Annex ® OA (Operating
Agent) DFBIT

IEA Advanced Fuel Cells

= Annex 30: Electrolysis J. Mergel, FZJ, Germany

= Annex 31: PEFC DJ Liu ,Argonne NL, USA
Annex33 (3. IJRFE SWECO# = Annex 32: SOFC J Kiviaho, Finland VTT
O Ridell ENNOP 2#E&EMRHTE " Annex 33: Stationary B Ridell, Sweden new OA wanted!
N = Annex 34: Transport R Ahluwalia, Argonne NL, USA
=N\ S
tb N %ﬁ'b‘/\ OA %:R&)_Cb\étw = Annex 35: Portable Fabio Matera, ITAE Messina Italy
KNI, * Annex 36: Systems Analysis cam Samsun, FZJ Germany

= Annex 37: Modelling S.Beale, FZIGermany
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* Asia: Ene-Farm microCHP in Japan and FCV Hyundai, Toyota and Honda
MCFC Korea and PAFC Korea

* North America: Ballard PEFC, FCE MCFC, Doosan PAFC

* Europe: EU projects and Germany NOW Program
Europe is waiting for larger stationary and cars Daimler....

* Portable fuel cells has not yet succeeded but here are some prospects
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2. Subtask 1 The energy situation and stationary fuel cells in Germany
(UIf Birnbaum)
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3. Fuel Cells in Japan and Panasonic (Hashimoto/Panasonic)
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4. Subtask 3 The implementation of EU Directives and Regulations — Opportunities
or threats for fuel cell systems? (Alfred Schuch/Austrian Energy Agency)
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5. Fuelcells in Finland and status of SOFC(Jari Kiviaho/VTT)
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Minutes from meeting No.1 IEA TCP Advanced Fuel Cells
Annex 33 Fuel Cells for Stationary Applications

Held during EFC19 Naples, Italy December 9-11, 2019

Time and location: December 11, 2019, Naples, Italy

DRAFT version

Participants:

Country Participant Affiliation

Italy Viviana Cigolotti ENEA

Italy Stefano Modena SolidPower

Austria Werner Liemberger Austrian Energy Agency
Switzerland Stephan Renz Renz Beratung

Germany Remzi Can Samsun Forschungszentrum Jilich
Japan Noburo Hashimoto Yamanashi University
Spain Emilio Nieto CNH2

Spain Carlos Funez CNH2

Italy Anna Pinnarelli University of Calabria
Italy Luigi Crema FBK

us Cory Schumaker California Hydrogen Business Council

1. Welcome and verification of participants

The participants in Annex 33 were welcomed to Naples by our host from ENEA Viviana
Cigolotti, who is the new Operating Agent of Annex 33. This is the first meeting in the new
period 2019-2024.

The meeting has been organized during the European Fuel Cell Piero Lunghi Conference —
EFC19, Naples, Italy.

2. Agenda
The agenda was adopted.

3. Information from IEA ExCo AFC

Remzi Can Samsun gave a detailed presentation of IEA TCP AFC on behalf of the TCP chair
Detlef Stolten; please refer to the website for the presentation of Remzi Can Samsun
(1_Introduction AFC TCP Annex 33 Meeting.pdf).

News form IEA:

e Global Outlook was launched during 10th Clean Energy Ministerial and 4th Mission
Innovation Ministerial in Vancouver during May 27-29, 2019
e Hydrogen Report was launched during the G20, June 15 2019
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Advanced Fuel Cells

IEA created a new logo. The new identity reflects the IEA’s modernization agenda,
global policy role, and mission to shape a more secure and sustainable energy future
for all. The new IEA brand will extend to all programmes, starting with TCPs. In line
with IEA digital strategy, IEA has updated the TCP website and created new individual
pages for each collaboration programme
There are 38 TCPs operating today involving about 6000 experts worldwide, who
represent nearly 300 public and private organizations located in 55 countries,
including many from IEA Association countries such as China, India and Brazil
The vision of TCP AFC has been presented: contribute to opportunities and
challenges to fuel cell research, development and commercialization.
Annexes areasked to show the contribution to the growth of the technologies,
showing the priorities in different countries. It is fundamental now to show the
added value from all the Annexes.
Annexes are asked to:

o Product reports to be published on the TCP AFC website

o ldentify possible Annexes and TCPs where we can have a fruitful exchange of

information and where FC can play a fundamental role
o Organize WS with other Annexes and TCPs

N §: |IEA Technology Collaboration Programme

The current list of Annexes and Operating Agents in IEA AFC TPC is:

Annex 30: Electrolysis Germany | Marcelo Carmo, Forschungszentrum Jilich GmbH

Annex 31: PEFC USA Di-Jia Liu, Argonne National Laboratory

Annex 32: SOFC Finland Jari Kiviaho, VTT

Annex 33: Stationary Italy Viviana Cigolotti, ENEA

Annex 34: Transport USA Rajesh Ahluwalia, Argonne National Laboratory

Annex 35: Portable Italy Fabio Matera, CNR-ITAE

Annex 36: Systems USA and Nancy Garland, Department of Energy and Remazi

Analysis Germany | Detlef Stolten, Forschungszentrum Jalich GmbH

Annex 37: Modeling Germany | Steve Beale, Forschungszentrum Jilich GmbH
Technology Application

Fuel Cells for Stationary Applications

Polymer Electrolyte Fuel Cells

W Fuel Cells for Transportation

X

Solid Oxide Fuel Cells

Electrolysis

Systems Analysis
Modeling of Fuel Cell Systems

Fuel Cells for Portable Applications

Cross-cutting
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4. Annex 33 Fuel Cell for Stationary Applications

Viviana Cigolotti presented Annex 33 following the new Workplan 2019-2014; please refer to
the website for the presentation of Viviana Cigolotti (2_Annex33_Cigolotti.pdf).

Annex 33 is an application-type annex with the objective to better understand how
stationary fuel cell systems may be deployed successfully in energy systems. The work
focuses on the market requirements for fuel cells in stationary applications; both
opportunities and obstacles are investigated and discussed. Market development is followed
closely with a special focus on fuels, environment and competitiveness. This Annex will focus
on information sharing and learning between experts with knowledge and experience on
fuel cells technologies for stationary applications, and it is led by 4 Subtasks:

Subtask 1 Small stationary fuel cells. This subtask will handle markets for residential
stationary fuel cells, where there is a viable economic and environmental case, analysing
how the market varies between countries, including energy prices and the framework for
the use and production of electricity and heat. In this subtask the mission is to investigate
market possibilities and viability for small residential stationary fuel cells as well as
residential fuel cells for larger buildings. The work in the Subtask includes comparison
between different technologies ICE engines, Stirling engines, PEFC and SOFC.

The main participants in Subtask 1 are: Japan with Panasonic, AlSI Seiki and Toshiba, and
Italy with SolidPower. Also Germany, France and Korea have a special interest in this subtask.
This subtask is led by Japan.

Subtask 2 The implementation New Directives and Regulations. This subtask will handle the
implications for stationary fuel cells caused by the introduction of new Directives or relevant
legal regulations and standards. Effects on the increase of fuel cell competitiveness will be
discussed to provide IEA-qualified input to the ongoing regulatory processes, elaborating
recommendations and justifications as needed. There are several new directives regarding
energy issues that will influence the future market for fuel cells. The Subtask will first focus
on Europe but also other region will be dealt with.

All the participants are involved in this subtask. This subtask is led by the Austrian Energy
Agency.

Subtask 3 Large scale fuel cell applications. This subtask will handle the analysis of
technology and market development of large fuel cell plants. These are often used in parallel
with the grid in sensitive applications, such as hospitals, banks, offices, warehouses and
supermarkets. The state of the art will be studied by analysing user cases in the different IEA
Member countries and beyond.

The main participants in Subtask 3 are: USA and Korea. This subtask is led by Korea.

Subtask 4 Fuel cells in the future energy systems. This subtask will handle the new
application for fuel cells in the near future energy systems, and in particular the
opportunities concerning the use of renewable fuels and hydrogen, applications for H2
mobility, smart grids, power to gas, and other applications where FCs can play a pioneering
role.
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All the participants are involved in this subtask. This subtask is led by Stephan Renz

Switzerland.

5. Annex 33 Stationary Fuel Cells Subtask reports in the meeting
Subtask 1 Small stationary fuel cells

Noboru Hashimoto presented the status of small stationary fuel cell applications in Japan;
please refer to the website for the presentation of Noboru Hashimoto (3_/EA
Annex33_Japan.pdf).

The market activities for small stationary fuel cells for residential use have increased
significantly on several places. The outstanding region is Japan with now more than 314 000
fuel cells installed within the Ene-Farm program, where of 162 000 Panasonic’s PEFC. The
actual selling price is 8800 S/unit for SOFC and 7000 S/unit for PEFC. For PEFC Ene-
Farm,there are no subsidy programs at the moment, but for SOFC Ene-Farm, subisidy is still
adapted.

Japan is very active also in the transport sector, where 108 HRS have been opened with 3300
FCV running.

Panasonic is one of the three suppliers of microCHP systems in the ENE-Farm program. A
new model has been introduced in 2017 and it have already reached 90 000 hr of operations.
The new model is more compact and more and lighter than the previous one.

The European model developed in cooperation with Viessmann in Germany was launched in
April 2014. It has been tested in Ene.field project.

Panasonic presented the new model using hydrogen as a fuel for cogeneration and
monogeneration which will be ready for 2021, having a power generation efficiency of 56%.

SOLID POWER from lItaly is a developer and manufacture of complete SOFC system. SOLID
POWER has acquired the German part of CFCL, Ceramic Fuel Cell including the BlueGen and
the manufacturing facilities in Germany. In 2019 Solid Power has opened a new production
plant in Italy with 50 MW/y planned.

Solid Power has installed 1500 units in 12 countries.

The main product today from SOLID POWER is a 1,5 kWe unit called BluGen BG15. The
electric efficiency is high about 60 % AC for the complete system.

SOLID POWER is participating in several EU projects including PACE project, where the
objective is to install 10 000 units in 2020.

The next step for SOLID POWER is to develop larger units from 6 kWe based on the existing
in house technologies.

Please refer to the website for the presentation of Stefano Modena
(4_SP_PPT_SOFC_IEA.pdf).

Subtask 2 The implementation New Directives and Regulations
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Austrian Energy Agency presented the status of this subtask. Please refer to the website for
the presentation of Werner Liemberger (5_AEA_Annex33_Naples.pdf).

The main background of the Subtask is that the upcoming EU regulations and directives
strongly influence the market uptake of fuel cell systems. The aim of this Subtask is to
identify upcoming opportunities or threats from the implementation of the EU directives
and regulations in the various countries.

The directives listed below will be analysed in order to identify the possible impact on the
market uptake of fuel cell systems:

= Energy Efficiency (EE) Directive:

= Ecodesign and Labelling Directive:

= Building Directive (EPBD):

=  RES renewable Energy Systems Directive

AEA will analyse the different directives and will prepare a report to be share with the other
participants.

In particular, a first report on the impact of Ene-Farm concept in Austria will be presented in
the next meeting.

Subtask 3 Large scale fuel cell applications

Stephan Renz presented the status of this subtask. Please refer to the website for the
presentation of Stephan Renz (6_FC+H2 in Switzerland_Renz).

Stephan Renz presented the status of large fuel cell plants in the world, where Korea is still
the leader.

Subtask 4 Fuel cells in the future energy systems
The Operating Agent invited two project to be presented during the meeting, as example of
applications where FCs can play a pioneering role.

The CH2P and SWITCH projects has been presented by Luigi Crema, FBK. Please refer to the
website for the presentation of Luigi Crema (7_IEA AFC_CH2P_CREMA.pdf).

The purpose of the CH2P project is to realize a new technology at high efficiency and limited
impact on carbon emissions, able to generate hydrogen and power for use in refuelling
stations of the next future impacting the sustainability of the transport sector.

In the project SOFC is used in a new flexible and variable way, including reversible mode in
next future; it combines hot and cold components with capacity to reach high efficiency, low

costs and highly pure hydrogen production. Using one single technology, it can realize the
distribution of all the alternative fuels of the EU — compliant with the DAFI directive

SWITCH project is the next step, with the production of green hydrogen in a flexible and
reversible way.

The second project has been presented by Prof. Anna Pinnarelli from University of Calabria.
Please refer to the website for the presentation of Anna Pinnarelli (8_IEA_Pinnarelli.pdf).
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Anna Pinnarelli presented the new concept of ComEsto project. ComEsto is a reaserach
project funded by Italian Ministry of Research, with the aim of addressing the integration of
innovative solutions, based on PEM and SOFC technologies, in a nanogrid located in the
university campus of Cosenza, Italy. The nanogrid is a hybrid power supply system of

nominal power not exceeding 5kW able to integrate several different types of generation
and storage systems and operating both in grid-connected and stand-alone configuration.

6. Presentations from other countries

Germany

Please refer to the website for the presentation of Remzi Can Samsun (9_Annex
33_Germany.pdf).

A presentation was made of an update from Germany about the status of development of
hydrogen and fuel cells technologies: there is an active support of market entry for fuel cell
heating systems to stationary fuel cell heating systems for buildings in the range 0.25-5 kWel.
The funding considered is a lump sum of €5 700 basic plus additional funding of € 450 per
100 Wel (total: € 6,825 to € 28,200). The potential applications covered are private
households, companies and municipalities. The program covers PEFC and SOFC technologies,
with electrical power in the range 205 W — 1500 W and electrical efficiency 34% - 60%. Since
2016, 6,600 systems have already received subsidies (KfW-Programm 433).

Actually the activities on SOC technology are running fast in Germany. Sunfire GmbH is
focusing strategically on sector integration with renewable hydrogen and synthetic fuels at
their premises in Dresden to be ready for industrial scale up.

Moreover, the activities and the installation of micro-CHP solutions for residential buildings
are still very active with a spread participations of several companies (Hexis, Viessmann,
Bosch, Ceres Power, Solid Power).

Spain

Please refer to the website for the presentation of Carlos Funez Guerra (10_AFC-TCP
ANNEX33_Spain.pdf).

A presentation was made of an update from Spain about the status of development of
hydrogen and fuel cells technologies. Carlos Funez presented the activities at National
Hydrogen Centre (CNH2), focused on hydrogen and fuel cells technologies development
covering the whole value chain (laboratories, test benches, experimental stations, cells,
storage systems, engineering, security, framework and standardization).

USA

Please refer to the website for the presentation of Mark Williams (11_2019 US Fuel Cell
Program.pdf).

A presentation was made of an update from USA about the status of development of
hydrogen and fuel cells technologies. The funding remains on the same level and only
activities on the SOFC program are covered.

California
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Please refer to the website for the presentation of Cory Schumaker (12_Fuel Cells for
Decarbonization and Resilience.pdf).

Cory Schimaker made a presentation on behalf of California Stationary Fuel Cell
Collaborative. Fuel cells meet California policy priorities by providing baseload power that
supports an increased penetration of renewables. Almost 290 MW fuel cell systems running
in California today. Several best practice can be cited, for example: Telecommunications
Verizon, T-Mobile, AT&T -use large and small fuel cell systems for long-duration backup
power with high reliability; Data centres want to reduce emissions, resilient power and
create high energy density in a small footprint; Hospitals —fuel cells are OSHPD certified in
California (meet all special safety requirements).

In the Town of Woodbridge, Connecticut, a fuel cell microgrid supplies grid and maintains
power during outage for 6 critical town buildings. 2.8 MW FuelCell Energy system has
blackstart capability and provides heat to a local high school. Critical loads are sequenced by
microgrid controller and inverter follows microgrid load.

There ara other real installed plants in microgrids located in California.

7. Request for data from AFC TCP by IEA

Please refer to the website for the presentation of Viviana Cigolotti
(13_Annex33_Cigolotti_future plans.pdf).

The AFC TCP was not involved in the Hydrogen Report, which was published in June 2019.
Afterwards the IEA contacted TCP AFC in August with a request for technical and economic
information and market deployment of support / complementary infrastructure for mobile
and stationary fuel cells and electrolysers.

This input is needed for meta-analysis in the IEA and it is important to emphasises to deliver
valuable answers (with sources) so that AFC TCP will benefit from this feedback and have a
greater impact in the future work with the IEA.

The output should also be published on the AFC TCP website to clearly state the origin.

Annex 33 has been involved in the data collection for Stationary fuel cell applications, and in
particular:
Tracking market trends
e Country-level data on current sales and stock of stationary fuel cells in buildings, split
between micro-CHP systems and BUP/UPS (the latter being a niche market), by power
and/or dimensions, and by technology (PEM/SO FC) whenever available. Price and
subsidy data on the sales of these units would also be valuable.
e Recent deployment trends of stationary fuel cell systems in terms of installed
capacities and number of units (ideally by fuel cell type, application and country).
e Any available data on H2 boilers using catalytic burners.

Current and future stationary fuel cell technologies — costs, performance, and potential
e Breakdown of the current costs of PEM/SO FC production for buildings applications
over a range of production scales and at representative specifications, as well as
broken down by component / material.
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e Estimates of FC system durability that are maximally representative of (or easily
translatable to) common use cycles

e Potential for cost reductions and performance / durability improvements at a
component / system level.

e Strategies, and associated costs and risks, of reducing costs and improving
performance of a number of the components of FC stacks (e.g. bipolar plates,
membranes, reducing the platinum load of catalysts, gas diffusion layers).

Any further qualitative or contextual information on the above topics that members and

representatives of the AFC TCP judge to be of value in enriching the IEA secretariat

analysts’ grasp of technical / economic fundamentals or considerations would be
welcome.

The Operating Agent, Viviana Cigolotti, will share as soon as possible an excel file with the
requested data from different countries asking their valuable contribution.

8. Next meetings

The next meeting has been planned to take place in Switzerland in July 2020, during the
European Fuel Cell Forum, Lucerne 30 June - 3 July 2020.

The meeting will be organized as joint meeting with Annex 32 — SOFC and the exact date will
be shared asap.

A suggestion is to organize a meeting every 8 months trying to meet during scientific
conferences as in this case.

The next meeting in 2021 could take place in February in Japan in connection with the Fuel
Cell Expo in Tokyo. Noboru Hashimoto will investigate and see if it is possible.

Solid Power is also available to organize a meeting in the near future.
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® VX?A®ﬁ@%ﬁE?6
©@ BEHBTCTEN Wt U728 & el 5
©) %%ﬁff%@%m?é#\Wﬁﬁﬁ%S%Wi?ﬁTéﬁé

VAT LOBBIRDILIC X0 B R ORE OGBS TR EE 2N SIRWIEEIE, B
WTIERAE S, #GTONWTIIANy 7T v 73— F— (i A AFA) & A CREE 2
Tbok Lz,

VL EDZM 2 FRIZ T AT 2% 10 B S B 72356 OB L OHETT A A DEE EEE 3-6
R T, T OT7 —Z ITRBEMIEHT [2017] 2K T2 2 b—2a VORERTH Y,
AREDOFEMIZHT=0 JEMA L TR0 0 ThH D,



® 36 BARUVEMTHAADEEE —&

HAHHEE BEOHES

[MJ] [kWh]

R & - ©) 1,253,760 12,936
@ 1,260,884 11,445

©), 1,233,155 17,247

24 Q) 362,937 36,526
@ 378,179 35,035

©) 287,161 43,935

1 HOMHBEEN R Oam B oML, ThenX 32 (PR KO 3-3 (Z4) o
nE&ind,
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4.1

SATHA N4 R BRI

TITE, KREICRBTIDTA T A I N A X NSO FERICHTZVRE LT 1
T AD AN IERE O IR T —Z SO AT IZ DN TRT,

i, AR TIE, kT —# & LT ecoinvent version 3.4 (“allocation, at point of substitution”
ETIV) &, £IZLCA Y7 hv =7 & LT SimaPro version 8.5.2.0 ¢ L7z, SimaPro % f{#
M LTS R OBRHICH T > TE A 7 FRET v 2T 2R E TR Z1T o 72,

M - BRRERE

411 BEFRSHFIER

ARFIETIE, FERES THE LTR—T A m 2V iR BB O® A 2 f8E LT,
=T Fu ZVIR ARRBHFERONE T n A7 n—x X 4-1 1TRT,

T FZZ07A
IFL

A~ T LAOZAF LY ~xyonAn N\ | | si-ona0z-su _ -
YA FBE —'Gumwrw«r/ Bt "C’*“”*—“’”Mﬂ "

HEE
K= 2IA 02 4B B K= 702 LA B
EATIE LiE FEmEE

X 4-1 =27 AORNLKUBRREREENRETOLRA 70—

~FYTAAr T a L F RS RRE T 1t 20 A DIERIE, BTIEE ST [2005]
EH LTz, 72720, ATIEEWRRME [2005] TIIBELE LTH7H 25 ELTHDH, K
FAE TIERART ABRO TEMNBHE AT 200 L L, T 7 OEE)N IR FEEE~
DBGRIZDOWTIILL F DO/ T A —F —%mH LT,

F 7V Ol E © 0.7274kg/L  (Hi# : NEDO, JEMAI [1995])
TV OEMEEE . 33.6MI/L (Mt - BREEE [2015]))
FEENE: D WAL : 093 (H8L: A A L X — R Z2AT [1999])

. RBHHIEDO T 7 O PN O T, UEOE T oA THEZNH DT A—H
—HAWTHRE L, ZRT — XTI RARY Ad k0 TEREE 28 A Uiz,
UEORNFEZIEIZ, KFETRE LA 7 vt oL 4S04 FlET e+ 2
DA HRAE, BWH L7 ZIRT— 2 25 HR 4-1 177,

11



R 41 AXHIILAOTOEL VAT A FEETOERDAR DIER

HH HE - B HE, ZRT—2DEWH
HEAY CHCI3 0.749 kg Trichloromethane {GLO}|
market for
HF 0.251 kg Hydrogen fluoride {GLO}|
market for
[ 0.096 kg Oxygen, liquid {GLO}|
market for
BAIRILEY— | FI7H 0.003 kg Heat, district or industrial,
(0.128 MJ) natural gas {GLO}| market
group for
BA 0.0004 kWh | Electricity, high voltage
{GLO}| market group for
EEY AXH LA TOEL VA 1.000 kg —
YA K

ANVIKR=NVTINFTA REGE =7 VAo —7 LilET o v 20 AHSIE#RIZOWT
b APIEEWAEE [2005] 22 L7, TONELOEM Le kT — X 2R 421077,
. BIAET D 0=CF2 |\Z2WWTIE, A TIEEHRBMF [2005] ITEWVELE L 13E5 2T, A&
DBEIITO o T,

£ 42 N—2)AO0T—FIIEETOEADARNIER

HH HE - B HE, ZRT—2DAMN
HEAY TrIZLADIFLY 0.224 kg Tetrafluoroethylene {GLO}|
market for
FhS7LAOTOEL VA E 0.744 kg = 4-1
YA K
|IKERBR 0.179 kg Sulfur  trioxide  {GLO}|
market for
BAIRILEY— | FI7Y 0.011 kg Heat, district or industrial,
(0.47 MJ) | natural gas {GLO}| market
group for
EEY ANWKRZLIILAS4 FEEHF | 1.000 kg —
N=7)LFaIT—TI)L
HEXY) O=CF2 0.148 kg —

SN—T AT AR VEEREIEIL. ALKV TN AT A RESHE A—T7 v Fa—F L
ET b7 TF LR EA GUEEA. L LIIBEES) ¥ LTiEsh
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b, ZOREATOEAD A IERD . [FEEICATIEE AR

WAL Lie —IkRT—% %2£ 4-3 117,

[2005] =& L7T-, =D

% 43 HEATOELADALENER
IHH HE - B HE, —RT—2DEFR
BAY AIKRZILIINAS 4 FEEFN 0.471 kg = 4-2
—)FARnI—TIL
TrIOLABIFLY 0.529 kg Tetrafluoroethylene {GLO}|
market for
BAIRILEY— | F7Y 5.000 kg Heat, district or industrial,
(215 MJ) | natural gas {GLO}| market
group for
AF—L 70.000 kg Steam, in chemical
industry {GLO}| market for
EEY IR—2 LA ORI EERHEE 1.000 kg —

IN— T )L AU R R B I,

=T N8 ANV VSRR E BT 5 2 LT

WESND, F2ORETEZ, HPIEEBREI [2005] (XA LHE LEES 503
XFx AMETHDL L EINTWVD, AFETIE, A7 XAOAHE#HRE LTLCA 71y
=7 7 —% (JLCA [2018]) @ [EiEOMHLINTL) (F—% ID:000796) D7 —H &k
ALz, TONEROCEH L ZIRT —4 2% 441277,

. BEUERDFREDNSA o ZIZDONT S, /N—T A1 ALK R EREN L ko~
nEACHEINLbDE LT,

x 44 BEETOEADOAHAER

IHH HE - B HE, —RT—2DELFR
BAY IN— A B RILR D EE RS 1.043 kg % 4-3
BAIRILTX— BN 0.901 kWh | Electricity, high voltage
{GLO}| market group for
EEY IN—TILABRRNLKUEERER 1.000 kg —
=fL]
BEEY B BEEY 0.043 kg Waste plastic, mixture

{RoW}| treatment of waste
plastic, mixture, municipal

incineration

13




412 fhig
PREFE A 2w 7AW i 5 SRy Ze il i o BE e 2 7 v — %K 3-1 [ZRT,

RHIEEE 1B : At

X 4-2 figofEotwx 70—

RRPRELE

fiitilE 7 1 A O A IIERIC OV T, ATIEEHREAF [2005] 22 L7-, 7272 L,
ikt m e L CHWONDIHAEE =R 77 v 7 OBAEEOLRIL, JEMA L JHbgt
W W BRIt~ 7, fEEE T o A0 A IIER L OSEH L7 —RT— X %3 4-5

(R,
% 45 fEEE IO ADALHER
I5H HE - B HE, —RT—2DEF
BAY | Bf 0.333 kg | Platinum {GLO}| market for
h—HRoITIvH 0.667 kg | Carbon black {GLO}| market for
158 (HCI) 1.682 kg | Hydrochloric acid, without water, in 30%
solution state {RoW}| market for
fHEE (HNO3) 0.308 kg | Nitric acid, without water, in 50% solution
state {GLO}| market for
7 EZT (NH3) 0.116 kg Ammonia, liquid {RoW}| market for
AEY | AR 1.000 kg —

41.3 ¥LELE
AKFETIT, EEL LThH—R o = R—DHEHALXBE L, EEEofE a2 7
o —%X 4-3 |27,
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2 —+<jﬁ§mmt:}74 B b R [ REERA | T
e N i
B > REEHE -

X 4-3 #EEOEEO+ER 70—

i, IR [2005] Tix, RIEHM RIS, P8, REEMEHELE, RTEERO 4
SDOT kA (K 43 POWBOEF) IFEREAMA TS/ NSV E LTERZ LTS Z L
NE, AREICEWNTHL ZINDD T at AR L BREAM 2 L,

T =R _R=R= D EFTET I 5 KRB D TIE 7 1 & ZZHOWTE, AT IEE T
[2005] LIABR, AAMIZETHH TS [1999] 726 PAN SREFEMHERIE 7" v & 20 A 7)1E
WEBB LTz, TONEROEM Lz ZIRT — % %K 4-6 ITR-T, W, ZIRT —Z OO
B 207 AAMZETH T2 [1999] 12ht- 7=,

# 4-6 PAN RRFMHASTOELXDOALNIER

IHH WE - B HE, —RT—2DELFR
HEAY Toya=rJIL 2116 kg Acrylonitrile {GLO}| market for
€/ X 0.046 kg Acrylonitrile {GLO}| market for
ik ¢ 0.017 kg Acrylonitrile {GLO}| market for
B (iR E) 0.069 kg Acrylonitrile {GLO}| market for
PAN ;i 0.011 kg Propylene glycol, liquid {GLO}| market
for
BRE 0.022 kg Sulfuric acid {GLO}| market for
iR SR XH 0.012 kg Epoxy resin {GLO}| market for epoxy
resin
7K 13.703 kg Water, decarbonised, at user {GLO}|
market for
2% 11.408 kg Nitrogen, liquid {RoW}| market for
BAIRIILY— |BAH 458 kWh | Electricity, high voltage {GLO}| market
group for
AR 42 kg Steam, in chemical industry {GLO}|
market for
HEEY PAN % ik Sl #E 1.000 kg —
B9 C02 1.793 kg Carbon dioxide, fossil
NOx 0.001956 kg Nitrogen oxides

15




H—R = _N—DEGEIZHT- > TIE, W LUT-EIEM 2SR - RE(LS T L7720, K
BITHERL 7 0w A0 S 5, BERL 7 1 & 2D AN TIERICT OV TIE, AT I E ST [2005]
PEM LT, TONBEROCEA L - kRT—H2 %K 4-7 125877,

x 47 BETAOEROALNER

1EH HE - B HE, —RT—2DEH
‘AW a7 1.000 kg * 4-6
21 &t 0.000 kg —
BAIRIILY— |BAH 0.865 kWh | Electricity, high voltage {GLO}| market
group for
Y H— s R—s$— 1.000 kg —

414 +/NL—4&
AHETIE, B —Z L L ThH—RUMIEE—N R XL —2O@EHEZBE Lz, &8
L—X g 7Tov A 70 —%K 4-4 12577,

ol — S s

T SN S —++<i%‘ﬁjﬁﬁﬁ{”“i>

BIREE

X 4-4 H—HRIUBEEETE—IL FEAAL—4n&EET O 70—

AR = EET 0 2D A IFERICOWTIE, A PIEHERBIT [2005] OFLEHENEE
T, B =X OERBEOHN E kg HT-VICHELE Lz, -2 0OB, SEEME L
HE DB ANERELILIT JEMA K0 TRV W ERICHE L -, TONELOEH Lz kT
— X EF 48 TR T,

=R 4-8 H—ARUBEE—I FEAL—42&ETO0EANDARNIER

I5H HE - B HE, ZRT—2DEWH
BAY EEMH 0.800 kg Graphite {GLO}| market for
Bitis 0.200 kg Phenolic resin {GLO}| market for
BAIRILTX— BN 15.000 kWh | Electricity, high voltage {GLO}| market group
for
EEY t/L—4% 1.000 kg —
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415 <—)L
ARETIE, =& LT oRAL (T R I 7FrTF Ly - IRl ran) v—
ILOBAEZBE L, v —LolE ot 270 —%K 4-5 277,

j:tﬁ-a- FFZ2NAOIFL -
= JOFL A
\—- AR - R —rGw%jhv—JD

K 4-5 A-FRILV—ILOEETOERT7A—

FOE L S FOEL

FhrI7AMF R F L L L OHALESIC L ALES St 2O A IEHRIT.
PN WIRAF [2005] 22 LT, TONEBELOEH L2 —IkRT —HF 2% 49 1277,

% 4.9 ABATOLRADOALHIER

I5H HE - BN HE, ZRT—2 DA
HEAY TES7LADIFLY 0.744 kg Tetrafluoroethylene {GLO}|
market for
JoELy 0.256 kg Propylene {GLO}| market for
BAIRIILY— |BAH 0.500 kWh | Electricity, high voltage {GLOY}|
market group for
AF—Ls 7.000 kg Steam, in chemical industry
{GLO}| market for
EEY TrIOLAAIFLY - 1.000 kg -
JoEL>ydL

SoBIALE S — VT T AHEM - RIE7 2t 20 A IERIZOWT ., ATIEEHR
A [2005] #2fL7z, TONERONEH L kT —% %3 4-10 IZRT,

R 4-10 B - A0t XOAHHIER

I5H HE - BN HE, —RT—2DEFR
BEAY TrIONLAOIFLY - 1.000 kg %= 49
JoELydL
BAIRILTX— BN 0.400 kWh | Electricity, high voltage {GLO}|
market group for
EEY) = 1.000 kg —
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416 BMHEBEHMRZ2 VD
F 3-3 TEMEEREZ R UIZBRENEMA 2 v 7125\ T, ToHRET ot 20 AN ISR M
WA L7 kT —% &£ 4-11 ITRT,

& 4-11 BHENRE I BETOERDOARAER

IHH HE - B HE, —RT—2DEH
BAY | BAE | K NR=2L0FBaR)L | 011 kg x 4-4
aFE RUBRERER
NAVE | "=T)LABa X)L | 0.008 kg = 44
RUBRERER
BB (WEUR) RS 0.50 kg x 4-7
i g B&., A—AR>rT 0012 kg =& 4-5
A
Z/AL—4 ANERR, 7/ 6.0 kg #* 4-8
—)L#thE
o= PAIE 3= PN 0.25 kg # 4-10
£ER i 2.7 kg Copper {GLO}| market for
Sheet rolling, copper {GLO}|
market for
i AR ATULR 6.3 kg Steel, chromium steel 18/8,

hot rolled {GLO}| market for
Sheet rolling, chromium
steel {GLO}| market for

Z D fE D8R & % 41 kg Steel, low-alloyed, hot rolled
{GLO}| market for

Sheet rolling, steel {GLO}|

market for

op
N
g

AEY | BMHBHRRZ VY 1

417 HERH

WEAROMBIZ AN ENDLT =T JMIONWT, AT IEERBHE [2005] Tik, HRFMmE
CE-oTRLNTARENT =0 AOBIREKITAS : VT =T 5=0.736 : 0.005 THY |
PEHIEIZAS - LT =T A=1.000:0.136 ThHodE L, BORMRLRo7-AGMET 11X
DA ERIZ 0.005/0.736 2 F U, FZ 0.136/1.000 TERT 52 L TLT =T A lkg b=V D
AR E 2D, L LTS,

AFHATIE, ecoinvent version 3.4 IZHEH SN TWDH 2 7 [H (av 7, M7 7 U H) BT
57T FF OB - T vt ADF —4 (77 : Platinum {RU}| group metal mine operation,
ore with high palladium content, Fg7” 7 U » : Platinum {ZA}| group metal mine operation, ore with
high rhodium content) |2 Z OFFHFEZEH L, LIV T =0 AOEFREE % kg /0BG 32
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ZLT, IS 2 »EHOLT =0 LR - T 0 2D A IERERE LI, FONEKE
BFR 412 (v 7)) RO 4-13 (BT 7V H) 1257,

R 412 OYTFIZEITRILTZOLEE - BEITOLXDARHER

A H5%E EXTD0— - o0 —% B e, B
&R Copper, Cu 3.2E+0%, Pt 2.5E-4%, Pd 7.3E-4%, Rh in ground 7.12E+01 kg
2.0E-5%, Ni 2.3E+0% in ore
Nickel, Ni 2.3E+0%, Pt 2.5E-4%, Pd 7.3E-4%, Rh inground | 5.14E+01 kg
2.0E-5%, Cu 3.2E+0% in ore
Palladium, Pd 7.3E-4%, Pt 2.5E-4%, Rh 2.0E-5%, Ni in ground 1.62E-02 kg
2.3E+0%, Cu 3.2E+0% in ore
Platinum, Pt 2.5E-4%, Pd 7.3E-4%, Rh 2.0E-5%, Ni inground | 5.56E-03 kg
2.3E+0%, Cu 3.2E+0% in ore
Rhodium, Rh 2.0E-5%, Pt 2.5E-4%, Pd 7.3E-4%, Ni inground | 4.44E-04 kg
2.3E+0%, Cu 3.2E+0% in ore
Water, river, RU in water 1.87E+01 m3
Water, well, in ground in water 2.52E-01 m3
Occupation, mineral extraction site land 3.18E-01 m2a
Transformation, from unknown land 4 48E-03 m2
Transformation, to mineral extraction site land 4 48E-03 m2
Ruthenium inground | 1.00E+00 kg
BAY Blasting {GLO}| market for 8.98E-04 kg
Chemical, inorganic {GLO}| market for chemicals, 8.42E+01 kg
inorganic
Chemical, organic {GLO}| market for 4.06E-01 kg
Conveyor belt {GLO}| market for 3.98E-05 m
Hydrogen cyanide {GLO}| market for 6.32E-02 kg
Lime, packed {RoW}| market for lime, packed 3.58E+00 kg
BAZRILFE— Diesel, burned in building machine {GLO}| market for 1.38E+02 MJ
Electricity, medium voltage {RU}| market for 5.26E+02 kWh
Heat, district or industrial, natural gas {GLO}| market 247E+03 MJ
group for
EEY AYT7ELTZDL 1.000 kg
KRBHEY Antimony low. pop. | 1.47E-04 kg
Arsenic low. pop. 6.44E-04 kg
Beryllium low. pop. 1.91E-06 kg
Boron low. pop. 7.34E-06 kg
Cadmium low. pop. 8.08E-08 kg
Carbon dioxide, fossil 1.98E+01 kg
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UN::Pakay | EAXOO— - HEOIO—% BN e, B
Carbon disulfide low. pop. 1.79E-01 kg
Chromium low. pop. 7.34E-05 kg
Cobalt low. pop. 3.32E-03 kg
Copper low. pop. 4.44E-03 kg
Dioxin,2,3,7,8 Tetrachlorodibenzo-p- low. pop. 1.10E-09 kg
Fluorine low. pop. 6.98E-04 kg
Lead low. pop. 3.44E-03 kg
Manganese low. pop. 6.98E-04 kg
Mercury low. pop. 3.66E-08 kg
Nickel low. pop. 3.48E-03 kg
Nitrogen oxides low. pop. 7.04E-04 kg
NMVOC, non-methane volatile organic compounds, low. pop. 2.20E-02 kg
unspecified origin
Particulates, < 2.5 um low. pop. 3.62E-02 kg
Particulates, > 10 um low. pop. 3.84E-01 kg
Particulates, > 2.5 um, and < 10um low. pop. 3.58E-01 kg
Selenium low. pop. 3.66E-08 kg
Sulfur dioxide low. pop. 5.90E+02 kg
Tin low. pop. 7.20E-04 kg
Water/m3 2.85E+00 m3
Zinc low. pop. 1.13E-02 kg

KEHEH Y Aluminium river 8.72E-05 kg
Arsenic river 6.10E-06 kg
BOD5, Biological Oxygen Demand river 7.36E-03 kg
Cadmium river 1.39E-06 kg
Calcium river 6.94E-01 kg
Chromium river 4.14E-05 kg
Cobalt river 7.90E-07 kg
COD, Chemical Oxygen Demand river 1.11E-02 kg
Copper river 1.93E-04 kg
Cyanide river 6.96E-03 kg
DOC, Dissolved Organic Carbon river 4.32E-03 kg
Iron river 2.94E-04 kg
Lead river 3.06E-05 kg
Manganese river 2.50E-05 kg
Mercury river 4.62E-07 kg
Nickel river 8.44E-05 kg

20




UN::Pakay | EAXOO— - HEOIO—% BN e, B
Nitrogen, organic bound river 2.30E-02 kg
Sulfate river 2.38E+00 kg
Suspended solids, unspecified river 5.22E-03 kg
Tin river 4.08E-05 kg
TOC, Total Organic Carbon river 4.32E-03 kg
Water, RU 1.61E+01 m3
Zinc river 4.16E-04 kg
N RN EEEY Nickel smelter slag {GLO}| market for 8.30E+02 kg
Sulfidic tailing, off-site {GLO}| market for 4.84E+02 kg
& 4-13 M7 IVAILEFINT I LEE - BRI O XD AL AIER
UN::Pakay | EAXT7O— - T7A—%& BN HE, BN
&R Copper, Cu 5.2E-2%, Pt 4.8E-4%, Pd 2.0E-4%, Rh in ground 6.40E+00 kg
2.4E-5%, Ni 3.7E-2% in ore
Nickel, Ni 3.7E-2%, Pt 4.8E-4%, Pd 2.0E-4%, Rh inground | 9.12E+00 kg
2.4E-5%, Cu 5.2E-2% in ore
Palladium, Pd 2.0E-4%, Pt 4.8E-4%, Rh 2.4E-5%, Ni in ground 1.78E-02 kg
3.7E-2%, Cu 5.2E-2% in ore
Platinum, Pt 4.8E-4%, Pd 2.0E-4%, Rh 2.4E-5%, Ni inground | 4.19E-02 kg
3.7E-2%, Cu 5.2E-2% in ore
Rhodium, Rh 2.4E-5%, Pt 4.8E-4%, Pd 2.0E-4%, Ni inground | 2.10E-03 kg
3.7E-2%, Cu 5.2E-2% in ore
Water, river, ZA in water 7.68E+00 m3
Water, well, in ground in water 2.06E+00 m3
Occupation, mineral extraction site land 2.61E+00 m2a
Transformation, from unknown land 3.68E-02 m2
Transformation, to mineral extraction site land 3.68E-02 m2
Ruthenium inground | 1.00E+00 kg
BRAY Blasting {GLO}| market for 7.40E-03 kg
Chemical, inorganic {GLO}| market for chemicals, 218E+01 kg
inorganic
Chemical, organic {GLO}| market for 3.33E+00 kg
Conveyor belt {GLO}| market for 3.14E-04 m
Hydrogen cyanide {GLO}| market for 5.19E-01 kg
Lime, packed {RoW}| market for lime, packed 2.95E+01 kg
BAZRILFE— Diesel, burned in building machine {GLO}| market for 1.08E+03 MJ
Electricity, medium voltage {ZA}| market for 1.22E+03 kWh
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UN::Pakay | EAXTO— - HETIO—2 BN HE, B
Heat, district or industrial, natural gas {GLO}| market 1.01E+03 MJ
group for

EEY M7 I7VABELT=DL 1.000 kg

KRBHLEY Antimony low. pop. | 1.16E-03 kg
Arsenic low. pop. 9.01E-05 kg
Beryllium low. pop. 1.50E-05 kg
Boron low. pop. 5.78E-05 kg
Cadmium low. pop. 6.34E-07 kg
Carbon dioxide, fossil 1.53E+01 kg
Carbon disulfide low. pop. 1.47E+00 kg
Chromium low. pop. 5.78E-04 kg
Cobalt low. pop. 5.34E-04 kg
Copper low. pop. 8.45E-04 kg
Dioxin,2,3,7,8 Tetrachlorodibenzo-p- low. pop. 1.40E-10 kg
Fluorine low. pop. 5.50E-03 kg
Lead low. pop. 5.15E-04 kg
Manganese low. pop. 5.50E-03 kg
Mercury low. pop. 2.89E-07 kg
Nickel low. pop. 8.95E-04 kg
Nitrogen oxides low. pop. 1.96E-03 kg
NMVOC, non-methane volatile organic compounds, low. pop. 2.79E-03 kg
unspecified origin
Particulates, < 2.5 um low. pop. 2.84E-01 kg
Particulates, > 10 um low. pop. 2.94E+00 kg
Particulates, > 2.5 um, and < 10um low. pop. 2.56E+00 kg
Selenium low. pop. 2.89E-07 kg
Sulfur dioxide low. pop. 1.06E+01 kg
Tin low. pop. 9.12E-05 kg
Water/m3 1.46E+00 m3
Zinc low. pop. 2.51E-03 kg

KEHEH Y Aluminium river 717E-01 kg
Arsenic river 2.45E-02 kg
BODS5, Biological Oxygen Demand river 5.84E-02 kg
Cadmium river 2.63E-03 kg
Calcium river 5.67E+00 kg
Chromium river 4.56E-03 kg
Cobalt river 6.51E-03 kg
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UN::Pakay | EAXTO— - HETIO—2 B HE, B
COD, Chemical Oxygen Demand river 8.79E-02 kg
Copper river 6.56E-02 kg
Cyanide river 5.73E-02 kg
DOC, Dissolved Organic Carbon river 3.44E-02 kg
Iron river 2.41E+00 kg
Lead river 2.32E-02 kg
Manganese river 2.05E-01 kg
Mercury river 3.13E-04 kg
Nickel river 2.02E-01 kg
Nitrogen, organic bound river 1.89E-01 kg
Sulfate river 1.96E+01 kg
Suspended solids, unspecified river 4.29E-02 kg
Tin river 2.03E-05 kg
TOC, Total Organic Carbon river 3.44E-02 kg
Water, ZA 8.28E+00 m3
Zinc river 6.29E-01 kg
N RN EEEY Nickel smelter slag {GLO}| market for 3.58E+01 kg
Sulfidic tailing, off-site {GLO}| market for 7.62E+03 kg

WG AN T =0 ARG~ SN2 5G0a v THELMET 7 ) HEO BRI OV T
IL. ecoinvent version 3.4 OFERE L 77 FF O HG~D A 7 7 & A (Platinum {GLO}| market
for) ICBITHa T THEEMT 7Y WEOERILEFEEE L2, /2, VT =U A0HEET 1
TRZOWTIE, EBE, BHT L TRk T -2 TERESR T T F I odi~offa 7 n
A ERERE LTc, BLEORAEEZE 4-14 177,

2 “Platinum {GLO}| market for” TiX, R TELFET 7 U HEOMIZEKINE (RER) &ZOMD
HIE#E (RoW) O T FFTMEBE SN TNDN, KFEICB T DEHE VT =0 LOTHG~D
e 7 m e A A IIERTIE, 2 b 2 Mg I me Lz,
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R 414 BHEEAILT = LOTEAOHEIE T Ot XD AL HI1EHR

IEH HE - BN HE, —RT—2 DA
BAY A TFEILTZVL 0.150 kg & 4-12
M7I2VAELTZ=DL 0.850 kg # 4-13
Bk #%E 0.3448 tkm Transport, freight train {GLO}|
market group for
A AR RA 0.0363 tkm Transport,  freight, inland
waterways, barge {GLO}|
market for
fEE (F3vD) 0.3614 tkm Transport, freight, lorry,
unspecified {GLO}| market for
CARE ZiRYi 0.3633 tkm Transport, freight, sea,
transoceanic  ship  {GLO}|
market for
£EY | BEREAINTZOL (THTEH) 1.000 kg —

3% 32 CEMEERRZ R L WEREE g A0 A IEBR LA L IRT—X %
U EORNEZIEIZEK 415080 & LT,

= 415 hERIETOERDOABHIER

IEH HE - BN HE, —RT—2 DA
BAY W E g Ru 0.0138 kg = 4-14
Al203 0.4462 kg Aluminium oxide {GLO}| market for
27 Mg CuO 0.800 kg Copper oxide {GLO}| market for
Zn0O 1.00 kg Zinc oxide {GLO}| market for
Al203 0.200 kg Aluminium oxide {GLO}| market for
EIRELAE | Ru 0.00160 kg £ 4-14
AL203 0.3984 kg Aluminium oxide {GLO}| market for
E{R 14.1 kg Steel, chromium steel 18/8, hot rolled
{GLO}| market for
Sheet rolling, chromium steel {GLO}|
market for
AEY | REHR 1 &5 —

4.1.8 [EDHsH
# 3-4 TR LIEREMERZ R LICEBRBREER L AT 2055, o "—28E7Tnt
ADNHIERK A Lz IRT— 2 %% 41612, Ko7, 7a7fE7Taw 20 A
TEWMAEONE L7z kT — 2 2R 4-17 12 G S 7 o v 2o A IGHR A O L7

24




TWRT— A FR 418 1T HERRICEE LG o A A IIEREOSEH L kT — 2 &
#£ 41912, ENEIRT,

& 4-16 A vN\—2BETOEADAHAFER

I5H WE - B HE, ZRT—2DEH
BAY | &% 3.8 kg Steel, low-alloyed, hot rolled {GLO}| market for

Sheet rolling, steel {GLO}| market for

TILZ 0.9 kg Aluminium, wrought alloy {GLO}| market for

Sheet rolling, aluminium {GLO}| market for

Z D 1th3EE% 0.4 kg Copper {GLO}| market for

Sheet rolling, copper {GLO}| market for

Biig 1.2 kg Epoxy resin {GLO}| market for epoxy resin

Blow moulding {GLO}| market for

EEH | A4 1 &% —

& 417 Ko F. JO7RETOLROALHIER

15H WE - B HE, ZRT—2DEWH
BAY | &% 9.5 kg Steel, low-alloyed, hot rolled {GLO}| market for

Sheet rolling, steel {GLO}| market for

£EY | KT, Ja7 1 8% —

R 4-18 BX|BRETOLRDAR HIER

I5H HE - B HE, —RT—2DEH
BAY | &% 8.0 kg Steel, low-alloyed, hot rolled {GLO}| market for

Sheet rolling, steel {GLO}| market for

H£EY | BAIRR 1 8% —

F& 4-19 PFRERZEHRETOEADAHNER

IHH WE - B4 HE, —RT—2DEH
BAY | &% 8.0 kg Steel, low-alloyed, hot rolled {GLO}| market for

Sheet rolling, steel {GLO}| market for

£EY | IREREERE 1 &% —

# 34 TR LEREMHERZ R LCEBEREIER Y 2T L0055, Bl - 7r—7 L 0iliE
Zat ADO A IEHRIZT- OV TIX, ecoinvent version 3.4 @ “Cable, unspecified {GLO}|
production” D7 w1t A7 — & ZH\Z | BIKEWIBOFM K OFAE R A JEMA X0 ZHR{t
WETEWEERICEDE T ARSI~ A X T H 2L TRIE LT, TONEEE 420 12577,
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& 4-20 B8R - r—JNEETOERADALAER
IHR HE - B H#l, ZRT—2DEH
BAY | 0.57 kg Copper {GLO}| market for
Wire drawing, copper {GLO}| market for
Bt (PVC) 0.43 kg Polyvinylchloride, suspension polymerised
{GLO}| market for
Extrusion, plastic pipes {GLO}| market for
7K 145 kg Tap water {GLO}| market group for
EEY BodR - 77— 1.00 kg —
Bt | K (RKKEHEY) | 8.86x10° m3 Water/m3
K KEHEE®) 0.00136 m3 Water, GLO
SNEPRFTNIEREEY | 1.60x10° kg Hazardous waste, for incineration {CH}|
market for hazardous waste, for incineration
6.14x10° kg Hazardous waste, for incineration {Europe
without Switzerland}| market for hazardous
waste, for incineration
0.000128 kg Hazardous waste, for incineration {RoW}|
market for hazardous waste, for incineration
1.24x10° kg Waste plastic, mixture {CH}| market for waste
plastic, mixture
0.00019 kg Waste plastic, mixture {Europe without
Switzerland}| market for waste plastic,
mixture
0.00211 kg Waste plastic, mixture {RoW}| market for
waste plastic, mixture

# 34 TR LUEREMHERZ R LCEEREER AT 2055, r—2E7at 20
AN AERE O Lz kT — & 25 421 12, AKOEEEE RS 7 0 20 AH O FRE O
WAL RT— X &8 422 10 GRG0 20 AR AFESR L ONEHA Lz kT —#
BF AN NI Ty I NR—F =G T o A0 AN OERKE ONE Lz kT — 4 B
42412, ENENRT,

£ 421 y—RBEETOEXOAHAIER
IHH HE - B HE, —RT—2DEH
BAY | &% 30.0 kg Steel, low-alloyed, hot rolled {GLO}| market for
Sheet rolling, steel {GLO}| market for
AEYW | 7—X 1 &84 —
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& 4-22 KURBEBHETOLIDODALNER

IEH HE - BN HE, —RT—2DEFR
BAY | &% 3.6 kg Steel, low-alloyed, hot rolled {GLO}| market for
Sheet rolling, steel {GLO}| market for
AEY | KLERE 1 &% —
*® 423 FFEBRETOLIOALNER
IHH HE - BN H#, ZRT—2 DA
BAY | &% 474 kg Steel, low-alloyed, hot rolled {GLO}| market for
Sheet rolling, steel {GLO}| market for
ek, T 2.6 kg Glass wool mat {GLO}| market for
£EY | IHE 1 &85 —
£ 424 Ny O Ty ITN—4—EETOELADAHNER
HH HE - B HE, ZRT—2DAMN
RAY % 23.2 kg Steel, low-alloyed, hot rolled {GLO}| market for
Sheet rolling, steel {GLO}| market for
TILE 24 kg Aluminium, wrought alloy {GLO}| market for
Sheet rolling, aluminium {GLO}| market for
Z D IEEK 9.9 kg Copper {GLO}| market for
Sheet rolling, copper {GLO}| market for
1thE 1.1 kg Polystyrene, general purpose {GLO}| market
for
Blow moulding {GLO}| market for
. Tt 14 kg Electronics, for control units {GLO}| market for
£EYM | NVIT v TN—F— 1 &5 —
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4.2 DRTLELEERE
# 34 THEMHERE R LZEEABREEL Y 2T Lo T, ToflE 7 n v 20 A
e QM L7 “IRT — 2 2% 425 1277,

® 4-25 TERBHEENIRATLHEETOLIDOALNER

I5H HE - B HE, —RT—2DEH
BAY) HEEBRE VY 1 B9 | K 41
WHEE 1 87 | K 415
A iIN—4 1 B9 | & 4-16
RyZ7,. 787 1 B9 | & 417
B 1 &84 #* 4-18
BB EUINEE 1 &84 = 4-19
BoiR - 71— 10 kg = 4-20
T—2R 1 &84 = 4-21
IKALBEE 1 B9 | & 422
BTimtE 1 &84 #+ 4-23
Ny YTy TN—F— 1 B9 | & 424
LK 304 kg Water, decarbonised, at user
{GLO}| market for
BAIRIILY— |BAH 55.3 kWh | Electricity, high voltage {GLO}|
market group for
e B AR 283 MJ Heat, district or industrial, natural
gas {GLO}| market group for
LTS R b #giik 701 tkm Transport, freight, lorry 16-32
* 3,500km ZHEE metric ton, EURO6 {GLO}|
market for
HEEY EERMHENL AT LA 1 & —

EERABREFE Y AT ADOHSLIZMLE 2 T RV E— 20Tk, JLCA [2018] @ TH 2%
Bien] (F—% ID : 000078) DOF — X & HIC, BHEEMOERIIC L - T L-E M OME
TREIOME BEEZ A Lz, (LAREIOME IS T2 kT — 1%, KERH AHROTEH
A 2T Lz,

F A2 TITER LIV AT AOIE T o AL EEN TN D, 58K L2 Y AT A OB b
VRO EICH T TiE, PEP. Association [2015] (ZFEH STV Dk T U A2 H-S
. 3,500km O Flgt AT Lz,
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43 VAT LERARRE

# 3-6 TR LIV AT LOFEHBIEICIBT 287 2 K UHk

HEIOWHEEIZHOWTIL, BK

MZBITAFEHAZBE L, WL ecoinvent version 3.4 LV . # 4-26 TR L7- kT — 4 %

wWH L7,

& 426 TERBHEBLSATLOGERARBOIRLY—HEISERYT S-RT—4

I5H

HE, ZRT—2 D&M

AR Heat, central or small-scale, natural gas {Europe without Switzerland}| market for heat,

central or small-scale, natural gas

R#EESN | Electricity, high voltage {ENTSO-E}| production mix

44 JRATLRERFENEERRE

VAT LOEHZICIIT D BEFEALIREL D A ERIZ OV T, AT IR AR [2005]
RLHTITEBRM [2008] TOE X FHITHAS X, —#8% ecoinvent version 3.4 DT — F [TE &
iz, & 427 D@V L L7, F7=. GHG Protocol [2011] T/REI TV D “Recycled content

method” D& X HIZHEW,

RAMHIBE RIIAFE TITBRELR2NED L LT,

29
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xR 4-27 FTERBHEN SR TLRELE TOLIOAHNIER

I FEEDOR HE, B HE, ZRT—2DAMN
B4R DRATLE2EDEE x40kmx (1 19.3 tkm | Transport, freight, lorry
+H1-REER (71%)) 16-32 metric ton, EURO6
{GLO}| market for
BERE - E R AT LEKROEEN LR ER 180 kg | Waste electric and
AAVYDEEFRE electronic equipment
{GLO}| market for
By | 8% DRATLERIZAVWLONLHDE 142 kg |Scrap steel  {RoW}|
EXHOBEE (8Bi1) F (9%) treatment of, inert material
landfill
FILE DRATLERIZAVWLONSTILE 0.297 kg | Waste aluminium {RoW}|
NDEEXEHOREE (BiL) =X treatment  of, sanitary
(9%) landfill
i DRTLERICAVONDIHADE 168 kg | Scrap copper {RoW}|
ExXEHOEE (#BiL) FE (9%) treatment of, municipal
incineration
BiiEEE | DATLZEICAVLWLNSBIEED 2.78 kg | Waste plastic, mixture
EE XBEDBEZE (i) FE (34%) {RoWs}| treatment of waste
plastic, mixture, sanitary
landfill
BB DRATLEEKICAWVLWLONSHED 0.16 kg | Waste plastic, consumer
EE xBIEORE (KA & 2%) electronics {RoW}|
treatment of, municipal

incineration
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5.11

T4 794 7 IIVEEFHE
A, T/ﬁxf/b\m%LLfﬁgr@mwfﬁgﬂ%m%fmtx%ﬁﬁﬁé

CLZAME LTS ZENE, REIRORERERIIITO Y, fHx Bos BRI FIA T
XL LTV OREBER A TARIRLETIbDL L,

AR T U 72 BREE BRI AR 5-1 0@Y Th D,

& 51 AAETHRE L-RIBELEFTMFE
BB F & PUE $: b Hi gt

CML-IA baseline, version 3.04 EU25 4 [E CML [2012]

ILCD 2011 Midpoint+, version 1.10 g a—nNL JRC [2011]

ReCiPe 2016, version 1.00 g a—nNL Huijbregts et al. [2016]

CML

R ER

CML # W=t 5B, # 3-6 TRUZFHY - OOFMORs R4 3 5-2 KO 5-1
[N

% 52 CMLICKAZEHMEFER : R - D

. =M -E& | VAT L " B

Impact category Unit $*%g igs L ﬂzﬁ- it} A BEE &it
Abiotic depletion | kg Sb eq 6.73E-02 | 9.91E-07 | 2.76E-07 | 9.50E-04 | 8.59E-05 | 6.83E-02
Abiotic depletion | 1.00E+04 | 6.26E+02 | 1.36E+03 | 1.37E+06 | 1.47E+02 | 1.38E+06
(fossil fuels)
Global warming
(GWP1003) kg CO2 eq 1.01E+03 | 5.44E+01 | 9.46E+01 | 9.67E+04 | 1.40E+01 | 9.79E+04
Ozone layer
depletion (ODP) | K9 CFC-11eq 1.25E-03 | 3.14E-06 | 1.75E-05 | 8.39E-03 | 1.01E-06 | 9.66E-03
Human toxicity kg 1,4-DB eq 6.23E+03 | 1.36E+01 | 2.50E+01 | 9.22E+03 | 1.95E+01 | 1.55E+04
Fresh water kg 1,4-DB eq 2.75E+03 | 1.40E+01 | 1.68E+00 | 5.75E+03 | 1.36E+03 | 9.88E+03
aquatic ecotox.
Marine aquatic kg 1,4-DB eq 7.22E+06 | 6.03E+04 | 7.23E+03 | 1.94E+07 | 3.00E+05 | 2.70E+07
ecotoxicity
Terrestrial kg 1,4-DB eq 1.14E+01 | 3.72E-02 | 7.20E-02 | 1.59E+01 | 3.28E-02 | 2.74E+01
ecotoxicity
Photochemical kg C2H4 eq 1.03E+00 | 8.43E-03 | 1.09E-02 | 1.16E+01 | 2.42E-03 | 1.27E+01
oxidation
Acidification kg SO2 eq 2.29E+01 | 1.94E-01 | 1.62E-01 | 1.01E+02 | 5.62E-02 | 1.25E+02
Eutrophication kg PO4-- eq 8.37E+00 | 7.77E-02 | 2.11E-02 | 3.27E+01 | 4.78E-02 | 4.13E+01
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Eutrophication

Acidification

Photochemical oxidation

Terrestrial ecotoxicity

Marine aquatic ecotoxicity
14%

Fresh water aguatic ecotox.
Human toxicity

Ozone layer depletion (ODP)

Global warming (GWP100a)

Abiotic depletion (fossil fuels)

Abiotic depletion

0%  10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
EH RS e vAFLEE wifE eoEA eEE

5-1 CMLIZ Kk ZFHE#EE - pEf - @

CML ZHW=3Hio 9 5, 3 3-6 T LI« QOFEliof 4% 5-3 KO 5-2
\ZRT,

32



% 5-3 CMLICKAZEHMEFER - h/EH - @

Abiotic depletion

0%  10%
B E RS aVIATLEE miE

20%

52 CMLIZ&D

30%

40%

50%

60%
ks

70%
mEE

HEFER - PRS- @

80%

LEmo | s,z =
Impact category Unit ?1‘%% ﬁgﬂ"” /g\gigA iz} fE BEE At
Abiotic depletion kg Sb eq 6.73E-02 | 9.91E-07 | 2.76E-07 | 8.76E-04 8.59E-05 6.83E-02
Abiotic depletion
(fossil fuels) MJ 1.00E+04 | 6.26E+02 | 1.36E+03 | 1.37E+06 | 1.47E+02 | 1.38E+06
Global warming
(GWP100a) kg CO2 eq 1.01E+03 | 5.44E+01 | 9.46E+01 | 9.66E+04 | 1.40E+01 | 9.78E+04
Ozone layer
depletion (ODP) kg CFC-11 eq 1.25E-03 3.14E-06 1.75E-05 8.37E-03 1.01E-06 9.64E-03
Human toxicity kg 1,4-DB eq 6.23E+03 | 1.36E+01 | 2.50E+01 | 9.00E+03 | 1.95E+01 | 1.53E+04
Fresh water kg 1,4-DB eq 2.75E+03 | 1.40E+01 | 1.68E+00 | 5.42E+03 | 1.36E+03 | 9.54E+03
aquatic ecotox.
Marine aquatic
ecotoxicity kg 1,4-DB eq 7.22E+06 | 6.03E+04 | 7.23E+03 | 1.84E+07 | 3.00E+05 | 2.59E+07
Terrestrial kg 1,4-DB eq 1.14E+01 | 3.72E-02 | 7.20E-02 | 1.50E+01 | 3.28E-02 | 2.65E+01
ecotoxicity
Photochemical 1\ coH4 eq 1.03E+00 | 8.43E-03 | 1.09E-02 | 1.15E+01 | 2.42E-03 | 1.26E+01
oxidation
Acidification kg SO2 eq 2.29E+01 1.94E-01 1.62E-01 | 9.90E+01 5.62E-02 | 1.22E+02
Eutrophication kg PO4--- eq 8.37E+00 | 7.77E-02 2.11E-02 | 3.07E+01 4.78E-02 | 3.92E+01
Eutrophication _ 78% |
Acidification [ 81% |
Photochemical oxidation - 92% |
Terrestrial ecotoxicity | S 57% |
Marine aquatic ecotoxicity _ 71% I
14%
Fresh water aquatic ecotox. [ NNGNGNIES 57% ]
Human toxiciry | 59% |
Ozone layer depletion (ODP) [N 87% |
Global warming (GWP 100a) I 99% |
Abiotic depletion (fossil fuels) | 99% |

90%  100%



CML #HWsHlio 5> 5, £ 3-6 TRL=FME - @0

[N

# 54 CMLIZ&KD

FH O R AR 54 KUK 5-3

FHERER - A - O

. =M -8 | VATL - i

Impact category Unit :%*%g iéﬂ o8 /ﬂijﬁ- ping e A B3 &t
Abiotic depletion | kg Sb eq 6.73E-02 | 9.91E-07 | 2.76E-07 | 1.16E-03 | 8.59E-05 | 6.86E-02
Abiotic depletion |y, 1.00E+04 | 6.26E+02 | 1.36E+03 | 1.37E+06 | 1.47E+02 | 1.38E+06
(fossil fuels)
Global warming
(GWP1003) kg CO2 eq 1.01E+03 | 5.44E+01 | 9.46E+01 | 9.71E+04 | 1.40E+01 | 9.83E+04
Ozone layer
depletion (ODP) | K9 CFC-11eq 1.25E-03 | 3.14E-06 | 1.75E-05 | 8.45E-03 | 1.01E-06 | 9.73E-03
Human toxicity kg 1,4-DB eq 6.23E+03 | 1.36E+01 | 2.50E+01 | 9.86E+03 | 1.95E+01 | 1.61E+04
Fresh water kg 1,4-DB eq 2.75E+03 | 1.40E+01 | 1.68E+00 | 6.73E+03 | 1.36E+03 | 1.09E+04
aquatic ecotox.
Marine aquatic kg 1,4-DB eq 7.22E+06 | 6.03E+04 | 7.23E+03 | 2.24E+07 | 3.00E+05 | 3.00E+07
ecotoxicity
Terrestrial kg 1,4-DB eq 1.14E+01 | 3.72E-02 | 7.20E-02 | 1.85E+01 | 3.28E-02 | 3.00E+01
ecotoxicity
Photochemical kg C2H4 eq 1.03E+00 | 8.43E-03 | 1.09E-02 | 1.18E+01 | 2.42E-03 | 1.28E+01
oxidation
Acidification kg SO2 eq 2.29E+01 | 1.94E-01 | 1.62E-01 | 1.08E+02 | 5.62E-02 | 1.32E+02
Eutrophication kg PO4-— eq 8.37E+00 | 7.77E-02 | 2.11E-02 | 3.87E+01 | 4.78E-02 | 4.73E+01
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Eutrophication

Acidification

Photochemical oxidation

Terrestrial ecotoxicity

Marine aquatic ecotoxicity
13%

Fresh water aguatic ecotox.
Human toxicity
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Global warming (GWP100a)

Abiotic depletion (fossil fuels)

Abiotic depletion
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#& 5-5 CMLIZ&X55Hli#ER - EHA

- @

Abiotic depletion
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54 CMLICKZFHEFER . B - D

36

80%

LEmo | s,z =
Impact category Unit $§g ﬁgﬂ"” /g\%i;A iz} fE BEE At
Abiotic depletion kg Sb eq 6.73E-02 | 9.91E-07 | 2.76E-07 1.93E-03 8.59E-05 6.93E-02
Abiotic depletion
(fossil fuels) MJ 1.00E+04 | 6.26E+02 | 1.36E+03 | 5.55E+05 | 1.47E+02 | 5.67E+05
Global warming
(GWP100a) kg CO2 eq 1.01E+03 | 5.44E+01 | 9.46E+01 | 4.24E+04 | 1.40E+01 | 4.36E+04
Ozone layer
depletion (ODP) kg CFC-11 eq 1.25E-03 3.14E-06 1.75E-05 3.89E-03 1.01E-06 5.16E-03
Human toxicity kg 1,4-DB eq 6.23E+03 | 1.36E+01 | 2.50E+01 | 8.39E+03 | 1.95E+01 | 1.47E+04
Fresh water kg 1,4-DB eq 2.75E+03 | 1.40E+01 | 1.68E+00 | 9.44E+03 | 1.36E+03 | 1.36E+04
aquatic ecotox.
Marine aquatic
ecotoxicity kg 1,4-DB eq 7.22E+06 | 6.03E+04 | 7.23E+03 | 3.00E+07 | 3.00E+05 | 3.76E+07
Terrestrial kg 1,4-DB eq 1.14E+01 | 3.72E-02 | 7.20E-02 | 2.51E+01 | 3.28E-02 | 3.66E+01
ecotoxicity
Photochemical | kg C2H4 eq 1.03E+00 | 8.43E-03 | 1.09E-02 | 6.00E+00 | 2.42E-03 | 7.05E+00
Acidification kg SO2 eq 2.29E+01 1.94E-01 1.62E-01 | 9.17E+01 5.62E-02 | 1.15E+02
Eutrophication kg PO4--- eq 8.37E+00 | 7.77E-02 2.11E-02 | 5.69E+01 4.78E-02 | 6.54E+01
Eutrophication _ 87% |
Acidification [N EGEIE 80% |
Photochemical oxidation _ 85% |
Terrestrial ecotoxicity [ NEEEE 69% |
Marine aquatic ecotoxicity _ 80% I
10%
Fresh water aquatic ecotox. [ IEEN 70% I
Human toxiciry 57% |
Ozone layer depletion (ODP)  [NNNNGIEEE 75% |
2%
Global warming (GWP 100a) . 97% |
2%
Abiotic depletion (fossil fuels) [ 98% |

%

90%  100%



CML Z HW=FHMIED 9 6, 3 3-6 TR LI EH - QOFHIiORE R ZFK 5-6 LXK 5-5 127~

B

%R 56 CMLIZCKZEHMO#ER - E8H-©Q

. =M -8 | VATL - i
Impact category Unit :%*%g iéﬂ o8 /ﬂijﬁ- ping e A B3 &t

Abiotic depletion | kg Sb eq 6.73E-02 | 9.91E-07 | 2.76E-07 | 1.86E-03 | 8.59E-05 | 6.92E-02
Abiotic depletion |y, 1.00E+04 | 6.26E+02 | 1.36E+03 | 5.63E+05 | 1.47E+02 | 5.76E+05
(fossil fuels)
Global warming
(GWP100a) kg CO2 eq 1.01E+03 | 5.44E+01 | 9.46E+01 | 4.28E+04 | 1.40E+01 | 4.40E+04
Ozone layer
depletion (ODP) | K9 CFC-11eq 1.25E-03 | 3.14E-06 | 1.75E-05 | 3.92E-03 | 1.01E-06 | 5.19E-03
Human toxicity kg 1,4-DB eq 6.23E+03 | 1.36E+01 | 2.50E+01 | 8.21E+03 | 1.95E+01 | 1.45E+04
Fresh water kg 1,4-DB eq 2.75E+03 | 1.40E+01 | 1.68E+00 | 9.12E+03 | 1.36E+03 | 1.32E+04
aquatic ecotox.
Marine aquatic kg 1,4-DB eq 7.22E+06 | 6.03E+04 | 7.23E+03 | 2.90E+07 | 3.00E+05 | 3.66E+07
ecotoxicity
Terrestrial kg 1,4-DB eq 1.14E+01 | 3.72E-02 | 7.20E-02 | 2.42E+01 | 3.28E-02 | 3.57E+01
ecotoxicity
Photochemical kg C2H4 eq 1.03E+00 | 8.43E-03 | 1.09E-02 | 6.00E+00 | 2.42E-03 | 7.06E+00
Acidification kg SO2 eq 2.29E+01 | 1.94E-01 | 1.62E-01 | 8.98E+01 | 5.62E-02 | 1.13E+02
Eutrophication kg PO4-— eq 8.37E+00 | 7.77E-02 | 2.11E-02 | 5.49E+01 | 4.78E-02 | 6.35E+01
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Impact category Unit $§g ﬁgﬂ"” /g\%i;A iz} fE BEE At
Abiotic depletion kg Sb eq 6.73E-02 9.91E-07 2.76E-07 2.28E-03 8.59E-05 6.97E-02
Abiotic depletion
(fossil fuels) MJ 1.00E+04 | 6.26E+02 | 1.36E+03 | 5.11E+05 | 1.47E+02 | 5.24E+05
Global warming
(GWP100a) kg CO2 eq 1.01E+03 | 5.44E+01 | 9.46E+01 | 4.01E+04 | 1.40E+01 | 4.13E+04
Ozone layer
depletion (ODP) kg CFC-11 eq 1.25E-03 3.14E-06 1.75E-05 3.75E-03 1.01E-06 5.02E-03
Human toxicity kg 1,4-DB eq 6.23E+03 | 1.36E+01 | 2.50E+01 | 9.26E+03 | 1.95E+01 | 1.55E+04
Fresh water kg 1,4-DB eq 2.75E+03 | 1.40E+01 | 1.68E+00 | 1.10E+04 | 1.36E+03 | 1.52E+04
aquatic ecotox.
Marine aquatic
ecotoxicity kg 1,4-DB eq 7.22E+06 | 6.03E+04 | 7.23E+03 | 3.49E+07 | 3.00E+05 | 4.25E+07
Terrestrial kg 1,4-DB eq 1.14E+01 | 3.72E-02 | 7.20E-02 | 2.92E+01 | 3.28E-02 | 4.07E+01
ecotoxicity
E)'(‘igg’tf:fm'ca' kg C2H4 eq 1.03E+00 | 8.43E-03 | 1.09E-02 | 5.95E+00 | 2.42E-03 | 7.01E+00
Acidification kg SO2 eq 2.29E+01 1.94E-01 1.62E-01 1.01E+02 | 5.62E-02 | 1.24E+02
Eutrophication kg PO4--- eq 8.37E+00 | 7.77E-02 2.11E-02 | 6.68E+01 4.78E-02 | 7.53E+01
Eutrophication - 89% |
Acidification [ IEEEIIE 81% |
Photochemical oxidation _ 85% |
Terrestrial ecotoxicity [ NNEED 72% |
Marine aquatic ecotoxicity _ 82% I
9%
Fresh water aguatic ecotox. [N 73% I
Human toxicity 60% |
Ozone layer depletion (ODP)  [NNINENIEESS 75% |
2%
Global warming (GWP 100a) . 97% |
2%
Abiotic depletion (fossil fuels) [ 98% |
Abiotic depletion
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5.2 RiE
5.2.1 ®fEHEA

ILCD 2011 Midpoint+ (Eg

PN

B7y 7Y b L

JRC [2011]) #HW=FHio > B, #*

3-6 T L7 - QOFHli R Rz £ 5-8 LUK 5-10 1287, [,
(2 K DRl TR BB IT DT A TV A 7 VEETYA T AEZD Z b, ¥

BREET v T Y B

5-10 Z 5 ORHIAE R D 7T 71281 D EROR G LRI LTz,
xR 58 BEIYFTYL MI&HFMER : PREH-D
: =M -EB&E | VATLA s =
Impact category Unit §gfp; AA e it f& M BEE A5t
Climate change | kg CO2 eq 1.00E+03 | 5.37E+01 | 9.46E+01 | 9.50E+04 | 1.38E+01 | 9.61E+04
Ozone depletion | kg CFC-11 eq 1.25E-03 | 3.14E-06 | 1.75E-05 | 8.39E-03 | 1.01E-06 | 9.66E-03
Human toxicity, | oy, 4.49E-03 | 7.36E-06 | 1.35E-05| 3.16E-03 | 2.10E-05| 7.69E-03
non-cancer effects
Human toxicity, CTUh 5.93E-04 | 2.06E-06 | 1.55E-07 | 7.17E-04 | 8.38E-07 | 1.31E-03
cancer effects
Particulate matter | kg PM2.5 eq 1.91E+00 | 3.85E-02 | 3.25E-02 | 6.48E+00 | 1.10E-02 | 8.47E+00
lonizing radiation | kBq U235 eq 9.30E+01 | 5.84E+00 | 6.21E+00 | 4.15E+03 | 1.59E+00 | 4.26E+03
Photochemical kg NMVOC eq | 5.14E+00 | 1.08E-01 | 1.13E-01| 9.00E+01| 3.19E-02 | 9.54E+01
ozone formation
Acidification molc H+ eq 2.58E+01 | 2.30E-01 | 1.92E-01 | 1.21E+02 | 6.71E-02 | 1.47E+02
Terrestrial | molc N eq 152E+01 | 3.87E-01 | 3.29E-01| 2.14E+02 | 1.19E-01 | 2.30E+02
eutrophication
Freshwater kg P eq 2.53E+00 | 2.09E-02 | 1.02E-03 | 8.14E+00 | 9.87E-03 | 1.07E+01
eutrophication
Marine kg N eq 1.61E+00 | 3.90E-02 | 2.99E-02 | 2.08E+01 | 1.75E-02 | 2.25E+01
eutrophication
Freshwater CTUe 1.04E+05 | 1.86E+02 | 2.77E+02 | 8.22E+04 | 6.45E+04 | 2.51E+05
ecotoxicity
Land use kg C deficit 558E+02 | 7.14E+00 | 6.52E-01 | 2.89E+03 | 2.64E+00 | 3.46E+03
gvater.resoume m3 water eq 558E-01 | -2.22E-01 | 1.90E-02 | 4.65E+01 | -1.29E-02 | 4.58E+01
epletion
Qg{')‘fgg;ﬁ”“rce kg Sb eq 3.23E-01 | 6.25E-05 | 1.85E-05| 6.39E-02 | 2.33E-04 | 3.87E-01
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£ 59 BEIY MTYL MK DIEMERZR : PREH-Q
. =M -BE | VRATLA - B
Impact category Unit $*%g ig‘ L ﬂzﬁ- it} A BEE &it
Climate change | kg CO2 eq 1.00E+03 | 5.37E+01 | 9.46E+01 | 9.48E+04 | 1.38E+01 | 9.60E+04
Ozone depletion | kg CFC-11 eq 1.25E-03 | 3.14E-06 | 1.75E-05 | 8.37E-03 | 1.01E-06 | 9.64E-03
Human toxicity, CTUh 4.49E-03 | 7.36E-06 | 1.35E-05| 2.98E-03| 2.10E-05| 7.52E-03
non-cancer effects
Human toxicity, CTUh 5.93E-04 | 2.06E-06 | 1.55E-07 | 6.70E-04 | 8.38E-07 | 1.27E-03
cancer effects
Particulate matter | kg PM2.5 eq 1.91E+00 | 3.85E-02 | 3.25E-02 | 6.29E+00 | 1.10E-02 | 8.28E+00
lonizing radiation | kBq U235 eq 9.30E+01 | 5.84E+00 | 6.21E+00 | 3.83E+03 | 1.59E+00 | 3.94E+03
Photochemical kg NMVOC eq | 5.14E+00 | 1.08E-01 | 1.13E-01| 8.93E+01 | 3.19E-02 | 9.47E+01
ozone formation
Acidification molc H+ eq 2.58E+01 | 2.30E-01 | 1.92E-01 | 1.18E+02 | 6.71E-02 | 1.44E+02
Terrestrial molc N eq 1.52E+01 | 3.87E-01 | 3.29E-01 | 2.11E+02 | 1.19E-01 | 2.27E+02
eutrophication
Freshwater kg P eq 2.53E+00 | 2.09E-02 | 1.02E-03 | 7.51E+00 | 9.87E-03 | 1.01E+01
eutrophication
Marine kg N eq 1.61E+00 | 3.90E-02 | 2.99E-02 | 2.04E+01 | 1.75E-02 | 2.21E+01
eutrophication
Freshwater CTUe 1.04E+05 | 1.86E+02 | 2.77E+02 | 7.78E+04 | 6.45E+04 | 2.47E+05
ecotoxicity
Land use kg C deficit 5.58E+02 | 7.14E+00 | 6.52E-01 | 2.66E+03 | 2.64E+00 | 3.23E+03
Water resource m3 water eq -5.58E-01 | -2.22E-01 | 1.90E-02 | 4.17E+01 | -1.29E-02 | 4.10E+01
depletion
Qg;)?gt‘i’;ﬁ““rce kg Sb eq 3.23E-01 | 6.25E-05| 1.85E-05| 5.99E-02 | 2.33E-04 | 3.83E-01
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£ 510 BEIY FTUY ML BETMEFER : hRAE - O
: ZM-B&E| YRATLA s -
Impact category Unit gé A8 B0k it} fE BEE &it
Climate change | kg CO2 eq 1.00E+03 | 5.37E+01 | 9.46E+01 | 9.54E+04 | 1.38E+01 | 9.66E+04
Ozone depletion | kg CFC-11 eq 1.25E-03 | 3.14E-06 | 1.75E-05 | 8.45E-03 | 1.01E-06 | 9.73E-03
Human toxicity, | oy, 449E-03 | 7.36E-06 | 1.35E-05| 3.67E-03 | 2.10E-05| 8.21E-03
non-cancer effects
Human toxicity, CTUh 5.93E-04 | 2.06E-06 | 1.55E-07 | 8.52E-04 | 8.38E-07 | 1.45E-03
cancer effects
Particulate matter | kg PM2.5 eq 1.91E+00 | 3.85E-02 | 3.25E-02 | 7.04E+00 | 1.10E-02 | 9.02E+00
lonizing radiation | kBq U235 eq 9.30E+01 | 5.84E+00 | 6.21E+00 | 5.06E+03 | 1.59E+00 | 5.17E+03
Photochemical kg NMVOC eq | 5.14E+00 | 1.08E-01 | 1.13E-01| 9.19E+01| 3.19E-02 | 9.73E+01
ozone formation
Acidification molc H+ eq 2.58E+01 | 2.30E-01 | 1.92E-01 | 1.29E+02 | 6.71E-02 | 1.56E+02
Terrestrial molc N eq 1.52E+01 | 3.87E-01 | 3.29E-01 | 2.25E+02 | 1.19E-01 | 2.41E+02
eutrophication
Freshwater kg P eq 2.53E+00 | 2.09E-02 | 1.02E-03 | 9.95E+00 | 9.87E-03 | 1.25E+01
eutrophication
Marine kg N eq 1.61E+00 | 3.90E-02 | 2.99E-02 | 2.19E+01 | 1.75E-02 | 2.36E+01
eutrophication
Freshwater CTUe 1.04E+05 | 1.86E+02 | 2.77E+02 | 9.51E+04 | 6.45E+04 | 2.64E+05
ecotoxicity
Land use kg C deficit 5.58E+02 | 7.14E+00 | 6.52E-01 | 3.58E+03 | 2.64E+00 | 4.15E+03
Water resource m3 water eq -5.58E-01 | -2.22E-01 | 1.90E-02 | 6.04E+01 | -1.29E-02 | 5.96E+01
depletion
g‘gg)‘l’gt‘i:;r‘f”“rce kg Sb eq 3.23E-01 | 6.25E-05| 1.85E-05| 7.54E-02 | 2.33E-04 | 3.99E-01

47




Abiotic resource depletion

Land use

Freshwater ecotoxicity

Marine eutrophication
Freshwater eutrophication
Terrestrial eutrophication
Acidification

Photochemical ozone formation
lonizing radiation

Particulate matter

Human toxicity, cancer effects
Human toxicity, non-cancer effects

Ozone depletion

Climate change

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
EH RS e vAFLEE wifE eoEA eEE

E 512 BEIy MU Mok BEMEER : R -

522 E#

BRIE7 > b7V MERWEFHEO O B, £ 3-6 TR LIZEH - OOFHBOR RE K 5-11
KON 5-13 2R3, i, R & FEE, BREE 7 v 77U v M K DRI IO B TR B 1 —
HDOTA T A I NVERE T AT AMEERD Z &b K 5-13 ZEDiHMEfE RO 77 7128
T2 RROTGEDN BRI LT,

-

48



£ 511 BEIJYMFTUDMIKZEER - EH-D
. =M -E& | VAT L - B
Impact category Unit $*%g ig‘ L ﬂzﬁ- it} A BEE &it
Climate change | kg CO2 eq 1.00E+03 | 5.37E+01 | 9.46E+01 | 4.20E+04 | 1.38E+01 | 4.32E+04
Ozone depletion kg CFC-11 eq 1.25E-03 | 3.14E-06 1.75E-05 | 3.89E-03 1.01E-06 | 5.16E-03
Human toxicity, CTUh 4.49E-03 | 7.36E-06 | 1.35E-05| 5.02E-03 | 2.10E-05| 9.55E-03
non-cancer effects
Human toxicity, CTUh 5.93E-04 | 2.06E-06 | 1.55E-07 | 1.27E-03 | 8.38E-07 | 1.87E-03
cancer effects
Particulate matter | kg PM2.5 eq 1.91E+00 | 3.85E-02 | 3.25E-02 | 6.67E+00 | 1.10E-02 | 8.66E+00
lonizing radiation | kBq U235 eq 9.30E+01 | 5.84E+00 | 6.21E+00 | 8.32E+03 | 1.59E+00 | 8.43E+03
Photochemical kg NMVOC eq | 5.14E+00 | 1.08E-01 | 1.13E-01| 5.05E+01 | 3.19E-02 | 5.59E+01
ozone formation
Acidification molc H+ eq 2.58E+01 | 2.30E-01 | 1.92E-01 | 1.09E+02 | 6.71E-02 | 1.35E+02
Terrestrial molc N eq 1.52E+01 | 3.87E-01 | 3.29E-01 | 1.66E+02 | 1.19E-01 | 1.82E+02
eutrophication
Freshwater kg P eq 2.53E+00 | 2.09E-02 | 1.02E-03 | 1.64E+01 | 9.87E-03 | 1.90E+01
eutrophication
Marine kg N eq 1.61E+00 | 3.90E-02 | 2.99E-02 | 1.70E+01 | 1.75E-02 | 1.87E+01
eutrophication
Freshwater CTUe 1.04E+05 | 1.86E+02 | 2.77E+02 | 1.27E+05 | 6.45E+04 | 2.96E+05
ecotoxicity
Land use kg C deficit 5.58E+02 | 7.14E+00 | 6.52E-01 | 6.15E+03 | 2.64E+00 | 6.72E+03
Water resource m3 water eq -5.58E-01 | -2.22E-01 | 1.90E-02 | 1.19E+02 | -1.29E-02 | 1.19E+02
depletion
Qb'm"? resource 1 g sbeq 3.23E-01 | 6.25E-05| 1.85E-05| 1.10E-01 | 2.33E-04 | 4.33E-01
epletion
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£ 512 BEIJYNITYUMILDHTMER: B8 -Q

. =M -E& | VAT L - B

Impact category Unit $*%g ig‘ L ﬂzﬁ- it} A BEE &it
Climate change kg CO2 eq 1.00E+03 | 5.37E+01 | 9.46E+01 | 4.25E+04 | 1.38E+01 | 4.36E+04
Ozone depletion | kg CFC-11 eq 1.25E-03 | 3.14E-06 | 1.75E-05 | 3.92E-03 | 1.01E-06 | 5.19E-03
Human toxicity, CTUh 4.49E-03 | 7.36E-06 | 1.35E-05| 4.85E-03 | 2.10E-05| 9.39E-03
non-cancer effects
Human toxicity, CTUh 5.93E-04 | 2.06E-06 | 1.55E-07 | 1.23E-03 | 8.38E-07 | 1.83E-03
cancer effects
Particulate matter | kg PM2.5 eq 1.91E+00 | 3.85E-02 | 3.25E-02 | 6.51E+00 | 1.10E-02 | 8.50E+00
lonizing radiation | kBq U235 eq 9.30E+01 | 5.84E+00 | 6.21E+00 | 8.01E+03 | 1.59E+00 | 8.12E+03
Photochemical kg NMVOC eq | 5.14E+00 | 1.08E-01 | 1.13E-01| 5.04E+01 | 3.19E-02 | 5.58E+01
ozone formation
Acidification molc H+ eq 2.58E+01 | 2.30E-01 | 1.92E-01 | 1.07E+02 | 6.71E-02 | 1.33E+02
Terrestrial molc N eq 1.52E+01 | 3.87E-01 | 3.29E-01 | 1.63E+02 | 1.19E-01 | 1.79E+02
eutrophication
Freshwater kg P eq 2.53E+00 | 2.09E-02 | 1.02E-03 | 1.58E+01 | 9.87E-03 | 1.84E+01
eutrophication
Marine kg N eq 1.61E+00 | 3.90E-02 | 2.99E-02 | 1.67E+01 | 1.75E-02 | 1.84E+01
eutrophication
Freshwater CTUe 1.04E+05 | 1.86E+02 | 2.77E+02 | 1.23E+05 | 6.45E+04 | 2.92E+05
ecotoxicity
Land use kg C deficit 5.58E+02 | 7.14E+00 | 6.52E-01 | 5.92E+03 | 2.64E+00 | 6.49E+03
Water resource m3 water eq -5.58E-01 | -2.22E-01 | 1.90E-02 | 1.15E+02 | -1.29E-02 | 1.14E+02
depletion
Qg;)?gt‘i’;ﬁ““rce kg Sb eq 3.23E-01 | 6.25E-05| 1.85E-05| 1.06E-01 | 2.33E-04 | 4.29E-01
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% 513 BEIJY MY MILBHEMER: E41-Q

. =M -BE | VRATLA - B

Impact category Unit $*%g ig‘ L ﬂzﬁ- it} A BEE &it
Climate change kg CO2 eq 1.00E+03 | 5.37E+01 | 9.46E+01 | 3.99E+04 | 1.38E+01 | 4.11E+04
Ozone depletion | kg CFC-11 eq 1.25E-03 | 3.14E-06 | 1.75E-05 | 3.75E-03 | 1.01E-06 | 5.02E-03
Human toxicity, CTUh 4.49E-03 | 7.36E-06 | 1.35E-05| 5.85E-03 | 2.10E-05| 1.04E-02
non-cancer effects
Human toxicity, | oy, 5.93E-04 | 2.06E-06 | 1.55E-07 | 1.50E-03 | 8.38E-07 | 2.09E-03
cancer effects
Particulate matter | kg PM2.5 eq 1.91E+00 | 3.85E-02 | 3.25E-02 | 7.48E+00 | 1.10E-02 | 9.47E+00
lonizing radiation | kBq U235 eq 9.30E+01 | 5.84E+00 | 6.21E+00 | 9.85E+03 | 1.59E+00 | 9.96E+03
Photochemical kg NMVOC eq | 5.14E+00 | 1.08E-01 | 1.13E-01| 5.12E+01 | 3.19E-02 | 5.66E+01
ozone formation
Acidification molc H+ eq 2.58E+01 | 2.30E-01 | 1.92E-01 | 1.20E+02 | 6.71E-02 | 1.46E+02
Terrestrial molc N eq 1.52E+01 | 3.87E-01 | 3.29E-01 | 1.79E+02 | 1.19E-01 | 1.95E+02
eutrophication
Freshwater kg P eq 2.53E+00 | 2.09E-02 | 1.02E-03 | 1.95E+01 | 9.87E-03 | 2.20E+01
eutrophication
Marine kg N eq 1.61E+00 | 3.90E-02 | 2.99E-02 | 1.84E+01 | 1.75E-02 | 2.01E+01
eutrophication
Freshwater CTUe 1.04E+05 | 1.86E+02 | 2.77E+02 | 1.48E+05 | 6.45E+04 | 3.17E+05
ecotoxicity
Land use kg C deficit 5.58E+02 | 7.14E+00 | 6.52E-01 | 7.31E+03 | 2.64E+00 | 7.87E+03
g‘;ﬁ‘;&soume m3 water eq -5.58E-01 | -2.22E-01 | 1.90E-02 | 1.43E+02 | -1.29E-02 | 1.42E+02
Qg;)?gt‘i’;ﬁ““rce kg Sb eq 3.23E-01 | 6.25E-05| 1.85E-05| 1.29E-01 | 2.33E-04 | 4.52E-01
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5.3 ReCiPe
5.3.1 ®fEHEA

ReCiPe & W=7l D 5 B 3 3-6 TR L= R - OOl OfE R 2% 5-14 KO 5-16

R,

% 5-14 ReCiPe [T & ZEFME#ER - hREHA - D

EZZRE- T

VAT L

Impact category Unit i i b fE=H BEZE a&t
Global warming kg CO2 eq 1.04E+03 | 5.56E+01 | 9.50E+01 | 9.92E+04 | 1.43E+01 | 1.00E+05
Stram?phe”c 0ZO0N€ | \9 CFC11 eq 1.76E-03 | 1.96E-05 | 6.98E-05 | 2.18E-02 | 6.59E-06 | 2.37E-02

epletion

lonizing radiation kBqg Co-60 eq 8.38E+01 | 4.98E+00 | 9.60E-01 | 3.81E+03 | 1.23E+00 | 3.90E+03
Ozone formation, | |\ Ny eq 3.09E+00 | 8.94E-02 | 8.09E-02 | 5.34E+01 | 2.67E-02 | 5.67E+01
Human health
Fine particulate kg PM2.5 eq 6.77E+00 | 9.66E-02 | 6.18E-02 | 2.73E+01 | 2.69E-02 | 3.43E+01
matter formation
Ozone formation,
Terrestrial kg NOx eq 3.17E+00 | 9.03E-02 | 8.41E-02 | 5.71E+01 | 2.69E-02 | 6.04E+01
Terrestrial kg SO2 eq 1.90E+01 | 1.57E-01 | 1.31E-01 | 8.24E+01 | 4.57E-02 | 1.02E+02
acidification
Freshwater kg P eq 2.52E+00 | 2.08E-02 | 1.01E-03 | 8.13E+00 | 9.87E-03 | 1.07E+01
eutrophication
Marine kg N eq 1.32E-01 | 1.38E-03 | 1.94E-04 | 6.76E-01 | 2.12E-03 | 8.12E-01
eutrophication
Terrestrial kg 1,4-DCB 4.60E+04 | 2.06E+01 | 1.46E+03 | 5.11E+03 | 3.02E+02 | 5.29E+04
ecotoxicity
Freshwater kg 1,4-DCB 4.38E+02 | 6.09E-01 | 2.75E-01 | 2.66E+02 | 1.89E+02 | 8.93E+02
ecotoxicity
Marine ecotoxicity | kg 1,4-DCB 6.27E+02 | 8.50E-01 | 1.02E+00 | 3.60E+02 | 2.26E+02 | 1.21E+03
Human

! . | kg 1,4-DCB 3.78E+02 | 1.41E+00 | 9.53E-02 | 4.49E+02 | 5.41E-01 | 8.29E+02
carcinogenic toxicity
Human
non-carcinogenic | k9 1:4-DCB 1.54E+04 | 1.70E+01 | 1.93E+01 | 7.28E+03 | 5.75E+01 | 2.27E+04
Land use m2a crop eq 2.32E+01 | 3.51E-01 | 4.87E-02 | 3.30E+02 | 1.38E-01 | 3.54E+02
S’t"()'gf(;?}'/ resource kg Cu eq 9.31E+01 | 5.17E-03 | 6.60E-04 | 6.78E+00 | 8.27E-02 | 1.00E+02
zs:z:t;esoume kg oil eq 2.35E+02 | 1.49E+01 | 3.16E+01 | 3.33E+04 | 3.43E+00 | 3.36E+04
Water consumption | m3 1.09E+01 | 5.67E-01 | 1.63E-01 | 1.36E+02 | 7.13E-02 | 1.48E+02
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Impact category Unit ﬂi: "8 B g} Edz BE &it

Global warming kg CO2 eq 1.04E+03 | 5.56E+01 | 9.50E+01 | 9.91E+04 | 1.43E+01 | 1.00E+05
(Sjgste"tisg:er'c 0ZON€ | 1 g CFC11 eq 1.76E-03 | 1.96E-05 | 6.98E-05 | 2.17E-02 | 6.59E-06 | 2.36E-02
lonizing radiation kBq Co-60 eq 8.38E+01 | 4.98E+00 | 9.60E-01 3.52E+03 | 1.23E+00 | 3.61E+03
Ozone formation, | |+ Ny eq 3.09E+00 | 8.94E-02 | 8.09E-02 | 5.27E+01 | 2.67E-02 | 5.60E+01
Human health
Fine particulate kg PM2.5 eq 6.77E+00 | 9.66E-02 | 6.18E-02 | 2.66E+01 | 2.69E-02 | 3.36E+01
matter formation
Ozone formation,
Terrestrial kg NOx eq 3.17E+00 | 9.03E-02 | 8.41E-02 | 5.65E+01 | 2.69E-02 | 5.98E+01
Terrestrial kg SO2 eq 1.90E+01 | 1.57E-01 | 1.31E-01 | 8.04E+01 | 4.57E-02 | 9.97E+01
acidification
Freshwater kg P eq 2.52E+00 | 2.08E-02 | 1.01E-03 | 7.50E+00 | 9.87E-03 | 1.01E+01
eutrophication
Marine kg N eq 1.32E-01 | 1.38E-03 | 1.94E-04 | 6.31E-01 | 2.12E-03 | 7.67E-01
eutrophication
Terrestrial kg 1,4-DCB 4.60E+04 | 2.06E+01 | 1.46E+03 | 4.74E+03 | 3.02E+02 | 5.25E+04
ecotoxicity
Freshwater kg 1,4-DCB 4.38E+02 | 6.09E-01 | 2.75E-01 | 2.49E+02 | 1.89E+02 | 8.77E+02
ecotoxicity
Marine ecotoxicity | kg 1,4-DCB 6.27E+02 | 8.50E-01 | 1.02E+00 | 3.38E+02 | 2.26E+02 | 1.19E+03
Human

. . | kg 1,4-DCB 3.78E+02 | 1.41E+00 | 9.53E-02 | 4.17E+02 | 541E-01 | 7.97E+02
carcinogenic toxicity
Human
non-carcinogenic | k9 1:4-DCB 1.54E+04 | 1.70E+01 | 1.93E+01 | 6.81E+03 | 5.75E+01 | 2.23E+04
Land use m2a crop eq 2.32E+01 3.51E-01 4.87E-02 | 3.03E+02 | 1.38E-01 3.26E+02
S'\"'C'gf(;?}'/ resource kg Cu eq 9.31E+01 | 5.17E-03 | 6.60E-04 | 6.13E+00 | 8.27E-02 | 9.93E+01
E(c:);rscl:t;esource kg oil eq 2.35E+02 | 1.49E+01 | 3.16E+01 | 3.33E+04 | 3.43E+00 | 3.36E+04
Water consumption | m3 1.09E+01 5.67E-01 1.63E-01 1.25E+02 | 7.13E-02 1.37E+02
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% 5-16 ReCiPe [C& ZEHME#ER : REH - O
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Impact category Unit ﬂi: "8 B g} Edz BE &it

Global warming kg CO2 eq 1.04E+03 | 5.56E+01 | 9.50E+01 | 9.96E+04 | 1.43E+01 | 1.01E+05
(Sjgste"tisg:eﬂc 0ZON€ | 1 g CFC11 eq 1.76E-03 | 1.96E-05 | 6.98E-05 | 2.21E-02 | 6.59E-06 | 2.40E-02
lonizing radiation kBq Co-60 eq 8.38E+01 | 4.98E+00 | 9.60E-01 4.66E+03 | 1.23E+00 | 4.75E+03
Ozone formation, | |+ Ny eq 3.09E+00 | 8.94E-02 | 8.09E-02 | 5.52E+01 | 2.67E-02 | 5.84E+01
Human health
Fine particulate kg PM2.5 eq 6.77E+00 | 9.66E-02 | 6.18E-02 | 2.94E+01 | 2.69E-02 | 3.64E+01
matter formation
Ozone formation,
Terrestrial kg NOx eq 3.17E+00 | 9.03E-02 | 8.41E-02 | 5.88E+01 | 2.69E-02 | 6.22E+01
Terrestrial kg SO2 eq 1.90E+01 | 1.57E-01 | 1.31E-01 | 8.82E+01 | 4.57E-02 | 1.08E+02
acidification
Freshwater kg P eq 2.52E+00 | 2.08E-02 | 1.01E-03 | 9.93E+00 | 9.87E-03 | 1.25E+01
eutrophication
Marine kg N eq 1.32E-01 | 1.38E-03 | 1.94E-04 | 8.05E-01 | 2.12E-03 | 9.40E-01
eutrophication
Terrestrial kg 1,4-DCB 4.60E+04 | 2.06E+01 | 1.46E+03 | 6.16E+03 | 3.02E+02 | 5.39E+04
ecotoxicity
Freshwater kg 1,4-DCB 4.38E+02 | 6.09E-01 | 2.75E-01 | 3.12E+02 | 1.89E+02 | 9.40E+02
ecotoxicity
Marine ecotoxicity | kg 1,4-DCB 6.27E+02 | 8.50E-01 | 1.02E+00 | 4.25E+02 | 2.26E+02 | 1.28E+03
Human

. . | kg 1,4-DCB 3.78E+02 | 1.41E+00 | 9.53E-02 | 5.42E+02 | 541E-01 | 9.22E+02
carcinogenic toxicity
Human
non-carcinogenic | k9 1:4-DCB 1.54E+04 | 1.70E+01 | 1.93E+01 | 8.65E+03 | 5.75E+01 | 2.41E+04
Land use m2a crop eq 2.32E+01 3.51E-01 4.87E-02 | 4.11E+02 | 1.38E-01 4.35E+02
S'\"'C'gf(;?}'/ resource kg Cu eq 9.31E+01 | 5.17E-03 | 6.60E-04 | 8.64E+00 | 8.27E-02 | 1.02E+02
E(c:);rscl:t;esource kg oil eq 2.35E+02 | 1.49E+01 | 3.16E+01 | 3.33E+04 | 3.43E+00 | 3.36E+04
Water consumption | m3 1.09E+01 5.67E-01 1.63E-01 1.67E+02 | 7.13E-02 1.79E+02
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Impact category Unit ﬂi: "8 B g} Edz BE &it

Global warming kg CO2 eq 1.04E+03 | 5.56E+01 | 9.50E+01 | 4.33E+04 | 1.43E+01 | 4.45E+04
Stratospheric ozone | | o crc 11 oq 1.76E-03 | 1.96E-05 | 6.98E-05 | 1.11E-02 | 6.59E-06 | 1.29E-02
depletion
lonizing radiation kBq Co-60 eq 8.38E+01 | 4.98E+00 | 9.60E-01 7.68E+03 | 1.23E+00 | 7.77E+03
Ozone formation, | |+ Ny eq 3.09E+00 | 8.94E-02 | 8.09E-02 | 3.48E+01 | 2.67E-02 | 3.80E+01
Human health
Fine particulate kg PM2.5 eq 6.77E+00 | 9.66E-02 | 6.18E-02 | 2.63E+01 | 2.69E-02 | 3.33E+01
matter formation
Ozone formation,
Terrestrial kg NOx eq 3.17E+00 | 9.03E-02 | 8.41E-02 | 3.60E+01 | 2.69E-02 | 3.94E+01
Terrestrial kg SO2 eq 1.90E+01 | 1.57E-01 | 1.31E-01 | 7.58E+01 | 4.57E-02 | 9.51E+01
acidification
Freshwater kg P eq 2.52E+00 | 2.08E-02 | 1.01E-03 | 1.64E+01 | 9.87E-03 | 1.90E+01
eutrophication
Marine kg N eq 1.32E-01 | 1.38E-03 | 1.94E-04 | 1.21E+00 | 2.12E-03 | 1.34E+00
eutrophication
Terrestrial kg 1,4-DCB 4.60E+04 | 2.06E+01 | 1.46E+03 | 9.72E+03 | 3.02E+02 | 5.75E+04
ecotoxicity
Freshwater kg 1,4-DCB 4.38E+02 | 6.09E-01 | 2.75E-01 | 4.47E+02 | 1.89E+02 | 1.07E+03
ecotoxicity
Marine ecotoxicity | kg 1,4-DCB 6.27E+02 | 8.50E-01 | 1.02E+00 | 6.16E+02 | 2.26E+02 | 1.47E+03
Human

. . | kg 1,4-DCB 3.78E+02 | 1.41E+00 | 9.53E-02 | 8.57E+02 | 541E-01 | 1.24E+03
carcinogenic toxicity
Human
non-carcinogenic | k9 1:4-DCB 1.54E+04 | 1.70E+01 | 1.93E+01 | 1.28E+04 | 5.75E+01 | 2.83E+04
Land use m2a crop eq 2.32E+01 3.51E-01 4.87E-02 | 7.19E+02 | 1.38E-01 7.43E+02
S'\"'C'gf(;?}'/ resource 1 kg cueg 9.31E+01 | 5.17E-03 | 6.60E-04 | 1.63E+01 | 8.27E-02 | 1.09E+02
E(c:);rscl:t;esource kg oil eq 2.35E+02 | 1.49E+01 | 3.16E+01 | 1.35E+04 | 3.43E+00 | 1.38E+04
Water consumption | m3 1.09E+01 5.67E-01 1.63E-01 2.79E+02 | 7.13E-02 | 2.91E+02
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& 5-18 ReCiPe [Z & A {Mi#sR : 81 - @

, =M-EB&E| YATLA s =
Impact category Unit ﬂi: "8 B g} Edz BE &it

Global warming kg CO2 eq 1.04E+03 | 5.56E+01 | 9.50E+01 | 4.38E+04 | 1.43E+01 | 4.50E+04
Stratospheric ozone | |\ cEcq1eq | 1.76E-03 | 1.96E-05 | 6.98E-05 | 1.11E-02 | 6.59E-06 | 1.30E-02
depletion
lonizing radiation kBq Co-60 eq 8.38E+01 | 4.98E+00 | 9.60E-01 7.40E+03 | 1.23E+00 | 7.49E+03
Ozone formation, | |+ Ny eq 3.09E+00 | 8.94E-02 | 8.09E-02 | 3.44E+01 | 2.67E-02 | 3.77E+01
Human health
Fine particulate kg PM2.5 eq 6.77E+00 | 9.66E-02 | 6.18E-02 | 2.57E+01 | 2.69E-02 | 3.27E+01
matter formation
Ozone formation,
Terrestrial kg NOx eq 3.17E+00 | 9.03E-02 | 8.41E-02 | 3.57E+01 | 2.69E-02 | 3.91E+01
Terrestrial kg SO2 eq 1.90E+01 | 1.57E-01 | 1.31E-01 | 7.41E+01 | 4.57E-02 | 9.35E+01
acidification
Freshwater kg P eq 2.52E+00 | 2.08E-02 | 1.01E-03 | 1.58E+01 | 9.87E-03 | 1.84E+01
eutrophication
Marine kg N eq 1.32E-01 | 1.38E-03 | 1.94E-04 | 1.17E+00 | 2.12E-03 | 1.30E+00
eutrophication
Terrestrial kg 1,4-DCB 4.60E+04 | 2.06E+01 | 1.46E+03 | 9.36E+03 | 3.02E+02 | 5.71E+04
ecotoxicity
Freshwater kg 1,4-DCB 4.38E+02 | 6.09E-01 | 2.75E-01 | 4.31E+02 | 1.89E+02 | 1.06E+03
ecotoxicity
Marine ecotoxicity | kg 1,4-DCB 6.27E+02 | 8.50E-01 | 1.02E+00 | 5.95E+02 | 2.26E+02 | 1.45E+03
Human

. . | kg 1,4-DCB 3.78E+02 | 1.41E+00 | 9.53E-02 | 8.25E+02 | 541E-01 | 1.21E+03
carcinogenic toxicity
Human
non-carcinogenic | k9 1:4-DCB 1.54E+04 | 1.70E+01 | 1.93E+01 | 1.24E+04 | 5.75E+01 | 2.78E+04
Land use m2a crop eq 2.32E+01 3.51E-01 4.87E-02 | 6.92E+02 | 1.38E-01 7.16E+02
S'\"'C'gf(;?}'/ resource 1 kg cueg 9.31E+01 | 5.17E-03 | 6.60E-04 | 1.56E+01 | 8.27E-02 | 1.09E+02
E(c:);rscl:t;esource kg oil eq 2.35E+02 | 1.49E+01 | 3.16E+01 | 1.37E+04 | 3.43E+00 | 1.40E+04
Water consumption | m3 1.09E+01 5.67E-01 1.63E-01 2.69E+02 | 7.13E-02 | 2.80E+02
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& 5-19 ReCiPe [Z & AE{fi#ER : E81 - Q

, =M-EB&E| YATLA s =
Impact category Unit ﬂi: "8 B g} Edz BE &it

Global warming kg CO2 eq 1.04E+03 | 5.56E+01 | 9.50E+01 | 4.10E+04 | 1.43E+01 | 4.22E+04
Stratospheric ozone | | o crc 11 oq 1.76E-03 | 1.96E-05 | 6.98E-05 | 1.10E-02 | 6.59E-06 | 1.28E-02
depletion
lonizing radiation kBq Co-60 eq 8.38E+01 | 4.98E+00 | 9.60E-01 9.10E+03 | 1.23E+00 | 9.19E+03
Ozone formation, | |+ Ny eq 3.09E+00 | 8.94E-02 | 8.09E-02 | 3.64E+01 | 2.67E-02 | 3.96E+01
Human health
Fine particulate kg PM2.5 eq 6.77E+00 | 9.66E-02 | 6.18E-02 | 2.92E+01 | 2.69E-02 | 3.62E+01
matter formation
Ozone formation,
Terrestrial kg NOx eq 3.17E+00 | 9.03E-02 | 8.41E-02 | 3.74E+01 | 2.69E-02 | 4.08E+01
Terrestrial kg SO2 eq 1.90E+01 | 1.57E-01 | 1.31E-01 | 8.37E+01 | 4.57E-02 | 1.03E+02
acidification
Freshwater kg P eq 252E+00 | 2.08E-02 | 1.01E-03 | 1.94E+01 | 9.87E-03 | 2.20E+01
eutrophication
Marine kg N eq 1.32E-01 | 1.38E-03 | 1.94E-04 | 1.42E+00 | 2.12E-03 | 1.56E+00
eutrophication
Terrestrial kg 1,4-DCB 4.60E+04 | 2.06E+01 | 1.46E+03 | 1.15E+04 | 3.02E+02 | 5.92E+04
ecotoxicity
Freshwater kg 1,4-DCB 4.38E+02 | 6.09E-01 | 2.75E-01 | 5.23E+02 | 1.89E+02 | 1.15E+03
ecotoxicity
Marine ecotoxicity | kg 1,4-DCB 6.27E+02 | 8.50E-01 | 1.02E+00 | 7.23E+02 | 2.26E+02 | 1.58E+03
Human

. . | kg 1,4-DCB 3.78E+02 | 1.41E+00 | 9.53E-02 | 1.01E+03 | 541E-01 | 1.39E+03
carcinogenic toxicity
Human
non-carcinogenic | k9 1:4-DCB 1.54E+04 | 1.70E+01 | 1.93E+01 | 1.51E+04 | 5.75E+01 | 3.05E+04
Land use m2a crop eq 2.32E+01 3.51E-01 4.87E-02 | 8.55E+02 | 1.38E-01 8.79E+02
S'\"'C'gf(;?}'/ resource 1 kg cueg 9.31E+01 | 5.17E-03 | 6.60E-04 | 1.95E+01 | 8.27E-02 | 1.13E+02
E(c:);rscl:t;esource kg oil eq 2.35E+02 | 1.49E+01 | 3.16E+01 | 1.24E+04 | 3.43E+00 | 1.27E+04
Water consumption | m3 1.09E+01 5.67E-01 1.63E-01 3.31E+02 | 7.13E-02 | 3.42E+02
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6.1.2 P RTLOERAHIE
ZITIE, VAT AEEHT D E L CRON TR < HEAZEE LSS ORI RO
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. ANFHA TIE, kT —# & LT ecoinvent version 3.4 (“allocation, at point of substitution”
ET)N) &, £F-LCA Y7 h v =7 & LT SimaPro version 9.0.0.49 Z£¢ff] L7=, SimaPro %
L7 HlifE R ORI H > Tk, A v 7 7RE T o A IR T 2R E CTHEEZIT-

7=

=M - AR ELE R
1 BESSFIE

ARFIETIE, FERES THE LTR—T A m 2V iR BB O® A 2 f8E LT,
IN=T N F B ANVR VR EMREREORIE T o A 7 — %K 4-1 [TRT,

T FZZ07A
IFL

A~ T LAOZAF LY ~xyonAn N\ | | si-ona0z-su _ -
YA FBE —'Gumwrw«r/ Bt "C’*“”*—“’”Mﬂ "

HEE
K= 2IA 02 4B B K= 702 LA B
EATIE LiE FEmEE

X 4-1 =27 AORNLKUBRREREENRETOLRA 70—

~FYTAAr T a L F RS RRE T 1t 20 A DIERIE, BTIEE ST [2005]
EH LTz, 72720, ATIEEWRRME [2005] TIIBELE LTH7H 25 ELTHDH, K
FAE TIERART ABRO TEMNBHE AT 200 L L, T 7 OEE)N IR FEEE~
DBGRIZDOWTIILL F DO/ T A —F —%mH LT,

F 7V Ol E © 0.7274kg/L  (Hi# : NEDO, JEMAI [1995])
TV OEMEEE . 33.6MI/L (Mt - BREEE [2015]))
FEENE: D WAL : 093 (H8L: A A L X — R Z2AT [1999])

. RBHHIEDO T 7 O PN O T, UEOE T oA THEZNH DT A—H
—HAWTHRE L, ZRT — XTI RARY Ad k0 TEREE 28 A Uiz,
UEORNFEZIEIZ, KFETRE LA 7 vt oL 4S04 FlET e+ 2
DA HRAE, BWH L7 ZIRT— 2 25 HR 4-1 177,

12



® 41 AXHINLADTOELUAFHA FRETOLIOAL HER
HH HE - B HE, ZRT—2DEWH
BEAY CHCI3 0.749 kg Trichloromethane {GLO}|
market for
HF 0.251 kg Hydrogen fluoride {GLO}|
market for
[ 0.096 kg Oxygen, liquid {GLO}|
market for
BAIRILY— | FI7Y 0.003 kg Heat, district or industrial,
(0.128 MJ) natural gas {GLO}| market
group for
BAh 0.0004 kWh | Electricity, high voltage
{GLO}| market group for
EEY AXH LA TOEL VA 1.000 kg —
Y4 K

ANVR=NV T NA T A RIEGA =7 Ve —T7 VG 7 ot 20 A IERIZ OV T
b HTIEERAEE [2005] 2B L7z, ZONEKOCHEA L ZIRT — 2 &£ 421057,
W, BT D O=CF2 IZ2WTIE, A FTIZEHRABNF [2005] ITHEWVELEL & 13B 23, A&
DELFIAT O,

® 42 N—J)LAOI—TLEETOELIOAHENER
HH HE - BAL HE, ZRT—2DAMN
BEAY TrIZ0ADIFLY 0.224 kg Tetrafluoroethylene {GLO}|
market for
FhS7LAOTOEL VA X 0.744 kg = 4-1
YA K
H|IKERBR 0.179 kg Sulfur  trioxide  {GLO}|
market for
BAIRILEY— | FI7Y 0.011 kg Heat, district or industrial,
(0.47 MJ) | natural gas {GLO}| market
group for
EEY RIRZILITNASA FEEHR | 1.000 kg —
N=7)LFaI—TI)L
HELY) O=CF2 0.148 kg —

IN—T I F T AR CEERBIIEIL. ANB= VT NFTA REGHE/ S— 7 Fn o —TF )L
ET T F T LR ES (FUEES. b LIIBRES) SE5Z L TllESR
A7av 20 NHAFERS .. FEECATIEIFEERBOE [2005] 2BW L7z, £

5, Zo3k
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WAL Lie —IkRT—% &£ 4-3 1137,

% 43 HEATOLADALENER
IHH HE - B HE, —RT—2 DL
BAY AIKRZILIINAS4 FEEFN 0.471 kg = 4-2
—2)lFABaIT—TI)L
TESIONLAOIFLY 0.529 kg Tetrafluoroethylene {GLOY}|
market for
BAIRILEY— | F+7Y 5.000 kg Heat, district or industrial,
(215 MJ) | natural gas {GLO}| market
group for
AF—L 70.000 kg Steam, in chemical
industry {GLO}| market for
EEY IR—2)LA ORI U EERHEE 1.000 kg —

IN—=T VA B AR VEESREMRERIL, N—T A a AR CBREEEARIE T A2 & T
fEIND, EZORETIEL, A TIEEEREIE [2005] (2 VX LH LEE S 2 Wi
FYANEETHD ESNTVD, AFAETIE, A7Xev A0 AH)E#RE L TLCA vy
=7 7 —% (JLCA [2018]) @ TEHEOMHLINL] (F—% ID:000796) D7 — % %

AL ZTONKLEOREA L —IRT — X 5255 4-4 TR T,

. BIERE G FREDONA I DONT G, X—T ) v ALk R EE R L Fiko 7
ntATHREI NS DL LT,

x 44 BEETOEADOAHAER

IHH HE - B HE, —RT—2DEF
BAY IN— A B RILR D EE RS 1.043 kg % 4-3
BAIRILEX— BN 0.901 kWh | Electricity, high voltage
{GLO}| market group for
EEY IN—7 LA RRIVKVERER 1.000 kg —
Bz
BEEY B BEEY 0.043 kg Waste plastic, mixture

{RoW}| treatment of waste
plastic, mixture, municipal

incineration
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4.1.2 fmng
PREVERML A 2 v 7 IV B 5 IR e filft o #lE T n v A 7 — &K 3-1 1R T,

RHIEEE 1B : At

X 4-2 figofEotwx 70—

RRPRELE

i ilE 7 1 A O A IIERIC OV T, ATIEEHREAF [2005] 22 L7, 7272 L,
it E e L CHWONDIAEE N —R 7T v 7 OB AEREOLRIL, JEMA X b4t
W W ERICE - 7, fEE T o A0 A IIER L OSEH L7 —RT— X %3 4-5

(R,
= 4-5 fERETOLIDAHDER
I5H HE - B HE, —RT—2 DL
BAY | Bf 0.333 kg | Platinum {GLO}| market for
h—HRoITIvH 0.667 kg | Carbon black {GLO}| market for
158 (HCI) 1.682 kg | Hydrochloric acid, without water, in 30%
solution state {RoW}| market for
fHEE (HNO3) 0.308 kg | Nitric acid, without water, in 50% solution
state {GLO}| market for
7 EZT (NH3) 0.116 kg Ammonia, liquid {RoW}| market for
AEY | AR 1.000 kg —

41.3 ¥LELE
AFETIE, HEE L THI—R A= —0EHAA2EE L, ItHEoE Yot x>
o —%X 4-3 237,
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i B —+<jﬁ§mmt:}74 B b R [ REERA | R

| BlEHESE L BIER -

4-3 MHEORETOELRTO—

W, P IEEHAREE [2005] Tix, BIEHM RIS, P8, REEMEHELE, RTEERO 4
SDOF kA (K 43 POWBOET) ITREAMA TS/ NS VE LTERZ LTS Z L
NE, AREICEBWN TS ZINDD T at AR L BREAM 2 EH L,

T =R _R= =D EFTE T 5 KRB D TIE 7 1 & ZZHOWTE, AT IR E T
[2005] L[AIER. B AMIZEFH T¥S [1999] H 5 PAN AR FHERE 7 v & 20 AH D1
WEBB LTz, TONEROEM LIz ZIRT — % %K 4-6 ITR-T, W, ZIRT —Z OO
B 207 AAMZETH T35 [1999] 12it~ 7=,

#& 4-6 PAN RRFMHAAETOELADALNIER

IHH WE - B HE, —RT—2DELF
HEAY Toya=rJIL 2116 kg Acrylonitrile {GLO}| market for
€/ X 0.046 kg Acrylonitrile {GLO}| market for
ik o8¢ 0.017 kg Acrylonitrile {GLO}| market for
B (@R E) 0.069 kg Acrylonitrile {GLO}| market for
PAN ;H#l 0.011 kg Propylene glycol, liquid {GLO}| market
for
BRE 0.022 kg Sulfuric acid {GLO}| market for
iR SR XH 0.012 kg Epoxy resin {GLO}| market for epoxy
resin
7K 13.703 kg Water, decarbonised, at user {GLO}|
market for
2% 11.408 kg Nitrogen, liquid {RoW}| market for
BAIRIILY— |BH 458 kWh | Electricity, high voltage {GLO}| market
group for
ER 42 kg Steam, in chemical industry {GLO}|
market for
HEEY PAN % ik Sl #E 1.000 kg —
B9 C02 1.793 kg Carbon dioxide, fossil
NOx 0.001956 kg Nitrogen oxides
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H—R = X—DEGEIZHT- > TIE, W LUT-EIEM 2SR - RE(LS T L=, K
BIZHERL 7 0 A0 S D, BERK 7 1 & 2D A IEHRIC OV T, TR S [2005]
BB U, TONBEMOBEH LI -RT—2%F 4715577,

x® 47 BRTOEXOALENER

1EH HE - B HE, —RT—2DEH
‘AW a7 1.000 kg * 4-6
21 &t 0.000 kg —
BAIRIILY— |BAH 0.865 kWh | Electricity, high voltage {GLO}| market
group for
HEY) H— s R—s$— 1.000 kg —

414 +/NL—4&
AHETIZ, B —Z L L TH—RUMEE—V R L —F2 o 2BE Lz, &8
L —X g Tavr A 70 —%K 4-4 12577,

__________________________________________________

ol — S s

¥

pEti)

BIREE

X 4-4 H—HRIUBEEETE—IL FEAAL—4n&EETOLR 70—

AR =2 HET 0 20 A IERICOWTIE, A PIEERBIT [2005] OFLEHENEE
T, B R =X DOERBEOHN E kg HT-VICHELE Lz, -2 0OB, SEME L
HEDOEATE RELILIT JEMA X TRV WTERICHE L -, TONELOEH L7z kT
— X EF 48 1TRT,

=R 4-8 H—ARUBEE—I FEAAL—42&E 70 AN AENIER

I5H HE - B HE, ZRT—2DEWH
BAY EEMH 0.800 kg Graphite {GLO}| market for
Bitis 0.200 kg Phenolic resin {GLO}| market for
BAIRILTX— BN 15.000 kWh | Electricity, high voltage {GLO}| market group
for
EEY t/L—4% 1.000 kg —
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415 <—)L
ARETIE, =& LT oRAL (T R I 7FrTF Ly - IRl ran) v—
ILOBAEZBE L, v —LolE ot 270 —%K 4-5 277,

j:tﬁ-a- FFZ2NAOIFL -
= JOFL A
\—- AR - R —rGw%jhv—JD

K 4-5 A-FRILV—ILOEETOERT7A—

FOE L S FOEL

FhrI7AMF R F L L L OHALESIC L ALES St 2O A IEHRIT.
PN WIRAF [2005] 22 LT, TONEBELOEH L2 —IkRT —HF 2% 49 1277,

% 4.9 ABATOLRADOALHIER

I5H HE - BN HE, ZRT—2 DA
HEAY TES7LADIFLY 0.744 kg Tetrafluoroethylene {GLO}|
market for
JoELy 0.256 kg Propylene {GLO}| market for
BAIRIILY— |BAH 0.500 kWh | Electricity, high voltage {GLOY}|
market group for
AF—Ls 7.000 kg Steam, in chemical industry
{GLO}| market for
EEY TrIOLAAIFLY - 1.000 kg -
JoEL>ydL

SoBIALE S — VT T AHEM - RIE7 2t 20 A IERIZOWT ., ATIEEHR
A [2005] #2fL7z, TONERONEH L kT —% %3 4-10 IZRT,

R 4-10 B - A0t XOAHHIER

I5H HE - BN HE, —RT—2DEFR
BEAY TrIONLAOIFLY - 1.000 kg %= 49
JoELydL
BAIRILTX— BN 0.400 kWh | Electricity, high voltage {GLO}|
market group for
EEY) = 1.000 kg —
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416 BMHEBEHMRZ2 VD
# 32 TEMEER A TR UIFBRBIEMA % v 7125\ T, FORET atv 20 A /E#R M
WA L7 kT —% &£ 4-11 ITRT,

& 4-11 BHENRE I BETOERDOARAER

IEH W= - B HE, ZRT—2D&H
BEAY | BHE | R IR—7)FBRJL | 0.0888 kg x 4-4
DFIE RUBRERER
NA2E | R=T)LFBRIL | 0.00646 kg £ 4-4
RUBRERER
BiE (LEE) ik R 0.404 kg ® 4-7
fih 3% B&. h—AR>T | 0012 kg & 4-5
vy
/\L—4 ANEEs, 7/ 484 kg & 4-8
— )Lt
o= JyERIL 0.202 kg £ 4-10
£ER i 2.18 kg Copper {GLO}| market for

Sheet rolling, copper
{GLO}| market for

AR ATULR 5.09 kg Steel, chromium steel 18/8,
hot rolled {GLO}| market for
Sheet rolling, chromium
steel {GLO}| market for

Z D E DI & % 3.31 kg Steel, low-alloyed, hot
rolled {GLO}| market for
Sheet rolling, steel {GLO}|

market for

op
N
4

AEY | MHEEBREZ VY 1

41.7 REiDBER
# 33 TR LEREMHERZ R LZEBEREER L AT 2055, 4 o —28ET ke
ADANHEIERK @A L7z kT — 2 %% 41212, Ko7, 7aT7f#E 7o 20 A
THEME O L7z IR T —F 2R 4-13 12 B s 7 0w 20 A JEHRE O L7
TRT— AR 4-14 |2 PEEARICEE RUE T a2 0 AR ONE A L RS — 2 &
#* 4-1512, TNEIURT,
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xR 412 A oN—428ETOROABHIEHR

IHH HE - B H#, ZRT—2 DR
BAY | #% 3.07 kg Steel, low-alloyed, hot rolled {GLO}| market for
Sheet rolling, steel {GLO}| market for
TILZ 0.727 kg Aluminium, wrought alloy {GLO}| market for

Sheet rolling, aluminium {GLO}| market for

ZDHIES | 0.323 kg Copper {GLO}| market for

Sheet rolling, copper {GLO}| market for

1t hE 0.969 kg Epoxy resin {GLO}| market for epoxy resin

Blow moulding {GLO}| market for

AEY | AN —4 1 859 —

& 413 RUT, JOT7HETOLRAD AL AER

IHE HE - B HEt, ZRT—2 D&M

BAY | &% 7.67 kg Steel, low-alloyed, hot rolled {GLO}| market for

Sheet rolling, steel {GLO}| market for

EYW | RoJ. Ja7 1 8% —

R 414 BTHBAETOEADARDIER

IHH HE - B HEt, ZRT—2 D&M

BAY | &% 6.46 kg Steel, low-alloyed, hot rolled {GLO}| market for

Sheet rolling, steel {GLO}| market for

£EY | BXBEH 1 8% —

F® 4-15 PFREREERE T OEA0AHAEFR

IHE HE - B HE, ZRT—2D&M

BAY | & 6.46 kg Steel, low-alloyed, hot rolled {GLO}| market for

Sheet rolling, steel {GLO}| market for

£EY | FRERNEERE 1 &% —

# 33 TR LEREMHERZ R LCEBEREIER Y AT L0055, Bl - 7r—7 L0l
7t 2D A IEHRIZT- OV TIX, ecoinvent version 3.4 @ “Cable, unspecified {GLO}|
production” D 7wt A7 — & ZHZ | BIK L WIBOFM K OFAE R A JEMA X0 ZHR{t
WEREWEFRICEDE TR A AT 5 ETRIE L, TOWNEEE 4-16 1ITRT,
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xR 4-16 B - r—IJLEETOERDOARHIER

IEH W= - B HE, ZRT—2DEF
BAY | 0.57 kg Copper {GLO}| market for

Wire drawing, copper {GLO}| market for

Bt (PVC) 0.43 kg Polyvinylchloride, suspension polymerised
{GLO}| market for

Extrusion, plastic pipes {GLO}| market for

7K 145 kg Tap water {GLO}| market group for
EEY Bo#R - 7— L 1.00 kg —
Bt | K (RKEHEY) | 8.86x10° m3 Water/m3

K OKEHEE ) 0.00136 m3 Water, GLO

SNEPRTNIEREEY | 1.60x10° kg Hazardous waste, for incineration {CH}|

market for hazardous waste, for incineration

6.14x10° kg Hazardous waste, for incineration {Europe
without Switzerland}| market for hazardous

waste, for incineration

0.000128 kg Hazardous waste, for incineration {RoW}|

market for hazardous waste, for incineration

1.24x10° kg Waste plastic, mixture {CH}| market for waste

plastic, mixture

0.00019 kg Waste plastic, mixture {Europe without
Switzerland}| market for waste plastic,

mixture

0.00211 kg Waste plastic, mixture {RoW}| market for

waste plastic, mixture

# 33 TR LEREMHERZ R LCEBEREER AT 2055, r—2E7at 20
AN AERE O LTz kT — & 25 4-17 (2, AKLEEEE LS 7 0 2 20 A FRE O
WH L7z ZIRT—# &% 4-18 12, Il 7 o A0 A DIEHR L ONEH Lz — kT —4
ZEE 41912 i = —BE T 2O A IERLONEH Uiz ZIRT— & %% 420 12,
ENEIURT,

% 417 —AWETOLRDAHNER

IHH 2 - BfI HE, —RT—2DEH
BAY | &% 24.2 kg Steel, low-alloyed, hot rolled {GLO}| market for
Sheet rolling, steel {GLO}| market for
A YW | 7—X 1 &84 —
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& 4-18 KMBEBERE T O+ XDAHHNFR

IEH HE - BN HE, —RT—2DEFR
BAY | &% 2.91 kg Steel, low-alloyed, hot rolled {GLO}| market for
Sheet rolling, steel {GLO}| market for
AEY | KLERE 1 &% —
x® 419 FFEBRETOLIDOALNER
IHH HE - BN H#, ZRT—2 DA
BAY | &% 474 kg Steel, low-alloyed, hot rolled {GLO}| market for
Sheet rolling, steel {GLO}| market for
. T 2.6 kg Glass wool mat {GLO}| market for
£EY | IHE 1 &85 —
& 420 #WHAIN—F—HETOELIDAHNER
IHH HE - BN H#l, ZRT—2DRH
RAY % 23.2 kg Steel, low-alloyed, hot rolled {GLO}| market for
Sheet rolling, steel {GLO}| market for
TILE 24 kg Aluminium, wrought alloy {GLO}| market for
Sheet rolling, aluminium {GLO}| market for
Z Dith I &K 9.9 kg Copper {GLO}| market for
Sheet rolling, copper {GLO}| market for
1thE 1.1 kg Polystyrene, general purpose {GLO}| market
for
Blow moulding {GLO}| market for
. Tt 14 kg Electronics, for control units {GLO}| market for
AEY | BN —F— 1 &5 —
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42 AT LBEGEERRS
# 33 CEMMRZ T LI EERAREER Y AF MIHONWT, FOET o+ 20 AT
THHRLE O L2 kT — X &3 421 177,

® 4-21 TERABHEN X TLEETOEIDAHAER
I5H HE - BN H#, ZRT—2 DB
BAY MEEMRE VY 1 89 | & 411
A IN—4 1 8% = 4-12
Ry7. Jo7 1 857 | & 413
Bxids 1 857 | X 414
BEREIREE 1 857 | X 415
B#R - 7— L 8.07 kg # 4-16
r—2x 1 B9 | R 417
KA E 1 857 | %X 418
frimts 1 859 | & 419
B N—F— 1 857 | & 420
LK 251 kg Water, decarbonised, at user
{GLO}| market for
BAIRIILY— |BH 455 KkWh | Electricity, high voltage {GLO}|
market group for
e B A 233 MJ Heat, district or industrial, natural
gas {GLO}| market group for
e R b #giik 578 tkm Transport, freight, lorry 16-32
* 3,500km ZHEE metric ton, EURO6 {GLO}|
market for
HEEY EERMHENS AT LA 1 & —

TEABREFEM Y 27 DO XL —Z DWW CiE, JLCA [2018] @ [ H 2%
Bien] (F—% ID : 000078) DOF — X & HC, BHEEMOERIIC L - T L=E M OME
FREL OB B2 T Uiz, (LEBBIOEE ST kT — 213, KRH A kD T2EH
B A B Lz,

FA2NTITER LIV AT AOIE T o AL EEN TN D, 58K L2 Y AT A OB

X DOBE

X . 3,500km D R A MEE LT,

\Z&7- > Tix. PE.P. Association [2015] (ZRl# SN TV D8k 7 U A2 H-S




4.3 P RT L{ERAER
£ 3-5 TRLUIEV AT LD HBREIC T ik E K OSRIEE T OEE IOV TIEL, BN
BT AHEHZBEL, WD ecoinvent version 3.4 LV | & 422 TR L7 IRT — X &
U7z, . MKFEDOARZ &7z > TILEIAE 7 F M5 (Polymer Electrolyte Membrane ; PEM)
IZ & D KHIBOKEM A2 FEE L, 2 OZhHEIL IEMA XV #2444 521 F 72 i & 2512 SkWh/Nm3-H2

& L7,

® 422 TERBHEBLSATLOGERARBOIRLYF—HEISERYT S-RT—4

IHH HE, ZRT—2DEWH
fikFR Electricity, high voltage {ENTSO-E}| production mix

*PEM IC & HRIREKEFREEE. 2E : 5kWh/Nm3-H2
R#EESN | Electricity, high voltage {ENTSO-E}| production mix

44 DRTLBEELEER
VAT DO T D BEREALELELE O A TEHIZ OV TR A TIEE T [2005]
RTIEIE R [2008] TDOE X FHITESE, —H% ecoinvent version 3.4 D7 — X [T{E &
iz, & 423 DY & L7, £7-. GHG Protocol [2011] TREN TS “Recycled content
method” D& Z JFIZHEN, VA I VATV UM OUR 2T 5 2 L1 Xk 5 M
R AMHIBEIRII AT ETITZE L VWb D& L,
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& 4-23 FTERABHEN SR TLREELE TOLIDAHNIER

I FEEOXRR HE. B HE, ZRT—2DAN
B4R DRATLE2EDEE x40kmx (1 15.9 tkm | Transport, freight, lorry
+H1-REER (71%)) 16-32 metric ton, EURO6
{GLO}| market for
BERE - E R DRATLEKROEEL LR ER 149 kg | Waste electric and
AAVYDEEFRE electronic equipment
{GLO}| market for
By | 8% DATLERICAVONSHOE 1.7 kg |Scrap steel {RoW}|
EXHOBEE (8Bi1) F (9%) treatment of, inert material
landfill
FILZ VATLEEKIZAWLONDTILI | 0281 kg | Waste aluminium {RoW}|
NDEExXEHOREE (B =X treatment  of, sanitary
(9%) landfill
i DRATLEEKRICAVONSIHADE 153 kg | Scrap copper {RoW}|
EXFEHOBEE (i) X (9%) treatment of, municipal
incineration
BiiEEE | DATLZEICAVLWLONSBIEED 2.31 kg | Waste plastic, mixture
EE XBIEDBREZE (BIL) FE (34%) {RoWs}| treatment of waste
plastic, mixture, sanitary
landfill
B EEEN DATLEEKICAWVLWLONSHED 0.14 kg | Waste plastic, consumer
EE xBIIEORE (KA & 2%) electronics {RoW}|
treatment of, municipal

incineration
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5. 54 7494 U IVEE
AFEE, By ARy MW A L CEEE OB R BERC T 1t A L HET 5
CEERAME LTS EnD, WEEROBIEERIITOT, 84 ORBILBIE LT
AGLE LTV ORBERE TENGRLT S b0L LE,
A GOl LT BREE BRI FIEIE# 51 Ol Th B,

& 5-1 XRETHRE LEBRESZETEFE

BB F & PUE $: b Hi gt
CML-IA baseline, version 3.04 EU25 4~ [E CML [2012]
ILCD 2011 Midpoint+, version 1.10 g a—n)L JRC [2011]
ReCiPe 2016, version 1.00 ga—nL Huijbregts et al. [2016]

51 CML
Z 2 TlE. CML & W iHlfE S A4 71, CML ICEIT A EEER O —& N NF OfEk % |
+F 521277,

& 52 CMLIZEITHEBEEN—&E L ZDHMER

FEMEE (RX) FEMEE (FFR)
Abiotic depletion FEEME RS
Abiotic depletion (fossil fuels) FEEMERMES ERHRH)
Global warming (GWP100a) HhEKREE{E (100 F1{E)
Ozone layer depletion (ODP) #*J Bk (ODP)
Human toxicity E S
Freshwater aquatic ecotoxity. RKERESHE
Marine aquatic ecotoxicity EKEREN
Terrestrial ecotoxicity Pl AR S
Photochemical oxidation HEZAXT D FER
Acidification k|4
Eutrophication EXEIL

5.1.1 HfEHA
CML Z#HW=3Htio 5 B, £ 3-5 TRUZFHE - OOFHtoOfs R4 % 5-3 KO 5-1
R,
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% 5-3 CMLICKAEHMEFER : hREH - D

0% 10%  20%

30%  40%

mE-EmEE m AT LENE

5-1

CMLIZ& %

R

50% 60%

A

70%  80%

nEE

HERER - PRS- ©

90% 100%

. =M -EB&E | VATLA g -
Impact category Unit $*%g igs L §£:‘a; it} f# FA BE &it
Abiotic depletion kg Sb eq 5.89E-02 8.16E-07 2.27E-07 3.25E-02 7.82E-05 9.15E-02
Abiotic depletion | 8.18E+03 | 5.15E+02 | 1.12E+03 | 2.77E+06 | 1.22E+02 | 2.78E+06
(fossil fuels)
Global warming
(GWP100a) kg CO2 eq 8.21E+02 | 4.48E+01 | 7.80E+01 | 2.60E+05 | 1.17E+01 | 2.61E+05
Ozone layer
depletion (ODP) kg CFC-11 eq 1.02E-03 2.59E-06 1.44E-05 2.67E-02 8.39E-07 2.77E-02
Human toxicity kg 1,4-DB eq 449E+03 | 1.12E+01 | 2.06E+01 | 1.07E+05 | 1.70E+01 | 1.11E+05
Freshwater |\ 14-DBeq | 2.23E+03 | 1.15E+01 | 1.38E+00 | 1.47E+05 | 1.24E+03 | 1.51E+05
aquatic ecotoxity.
Marine aquatic kg 1,4-DB eq 6.18E+06 | 4.96E+04 | 5.96E+03 | 4.63E+08 | 2.72E+05 | 4.69E+08
ecotoxicity
Terrestrial kg14-DBeq | 8.92E+00 | 3.06E-02 | 5.93E-02 | 3.80E+02 | 2.80E-02 | 3.89E+02
ecotoxicity
Photochemical kg C2H4 eq 8.69E-01 | 6.94E-03 | 8.95E-03 | 4.63E+01 | 2.04E-03 | 4.71E+01
oxidation
Acidification kg SO2 eq 1.93E+01 1.59E-01 1.33E-01 1.17E+03 | 4.73E-02 1.19E+03
Eutrophication kg PO4--- eq 7.27E+00 | 6.39E-02 1.74E-02 9.06E+02 | 4.10E-02 9.14E+02
Eutrophication | 99% |
Acidification [ 98% |
Photochemical oxidation |J 98% |
Terrestrial ecotoxicity l 98% |
Marine aquatic ecotoxicity I 99% |
Fresh water aquatic ecotoxity I 98% I
Human toxicity [ 96% |
Ozone layer depletion (ODP) [ 96% |
Global warming (GWP100a) | 100% |
Abiotic depletion (fossil fuels) | 100% |
Abiotic depletion [ NNNEGEGEGEEEEE— 36% |
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® 54 CMLICKAEHMEFER : bR - @

. =M -BR | VRATFLA - B
Impact category Unit $*%g igs L §£:‘a; it} = BEE &it
Abiotic depletion | kg Sb eq 5.89E-02 | 8.16E-07 | 2.27E-07 | 3.25E-02 | 7.82E-05 | 9.15E-02
Abiotic depletion | 8.18E+03 | 5.15E+02 | 1.12E+03 | 2.77E+06 | 1.22E+02 | 2.78E+06
(fossil fuels)
Global warming
(GWP1003) kg CO2 eq 8.21E+02 | 4.48E+01 | 7.80E+01 | 2.60E+05 | 1.17E+01 | 2.61E+05
Ozone layer
depletion (0DP) | K9 CFC-11eq 1.02E-03 | 2.590E-06 | 1.44E-05 | 2.67E-02 | 8.39E-07 | 2.77E-02
Human toxicity kg 1,4-DB eq 449E+03 | 1.12E+01 | 2.06E+01 | 1.07E+05 | 1.70E+01 | 1.11E+05
Freshwater kg14-DBeq | 2.23E+03 | 1.15E+01 | 1.38E+00 | 1.47E+05 | 1.24E+03 | 1.51E+05
aquatic ecotoxity.
Marine aquatic kg 1,4-DB eq 6.18E+06 | 4.96E+04 | 5.96E+03 | 4.63E+08 | 2.72E+05 | 4.69E+08
ecotoxicity
Terrestrial kg14-DBeq | 8.92E+00 | 3.06E-02 | 5.93E-02 | 3.80E+02 | 2.80E-02 | 3.89E+02
ecotoxicity
Photochemical kg C2H4 eq 8.69E-01 | 6.94E-03 | 8.95E-03 | 4.63E+01 | 2.04E-03 | 4.71E+01
oxidation
Acidification kg SO2 eq 1.93E+01 | 1.59E-01 | 1.33E-01 | 1.17E+03 | 4.73E-02 | 1.19E+03
Eutrophication kg PO4-— eq 7.27E+00 | 6.39E-02 | 1.74E-02 | 9.06E+02 | 4.10E-02 | 9.14E+02
=Bl | 99% |
[ifeZ o | 98% |
AT H R 98% |
TETREET B 98% |
EERESE ) 99% |
worERESt | 98% I
EREE 96% |
Ao EEE 96% |
HERCRIE | 100% |
BEELE LT | 100% |
eRitE I 36% |
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
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Abiotic depletion
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90% 100%

#& 55 CMLICKBEHEHR : E8 - @
. = =] N X - _L\ . _
Impact category Unit i*%g fg‘ L ﬂ:‘a; it} = BEE &it
Abiotic depletion kg Sb eq 5.89E-02 8.16E-07 2.27E-07 8.56E-03 7.82E-05 6.75E-02
Abiotic depletion | 8.18E+03 | 5.15E+02 | 1.12E+03 | 7.47E+05 | 1.22E+02 | 7.57E+05
(fossil fuels)
Global warming
(GWP100a) kg CO2 eq 8.21E+02 | 4.48E+01 | 7.80E+01 | 6.95E+04 | 1.17E+01 | 7.05E+04
Ozone layer
depletion (ODP) kg CFC-11 eq 1.02E-03 2.59E-06 1.44E-05 7.13E-03 8.39E-07 8.16E-03
Human toxicity kg 1,4-DB eq 449E+03 | 1.12E+01 | 2.06E+01 | 2.84E+04 | 1.70E+01 | 3.29E+04
Freshwater kg 1,4-DB eq 2.23E+03 | 1.15E+01 | 1.38E+00 | 3.90E+04 | 1.24E+03 | 4.25E+04
aquatic ecotoxity.
Marine aquatic kg 1,4-DB eq 6.18E+06 | 4.96E+04 | 5.96E+03 | 1.23E+08 | 2.72E+05 | 1.29E+08
ecotoxicity
Terrestrial kg 1,4-DB eq 8.92E+00 | 3.06E-02 | 593E-02 | 1.01E+02 | 2.80E-02 | 1.10E+02
ecotoxicity
Photochemical kg C2H4 eq 8.69E-01 | 6.94E-03 | 8.95E-03 | 1.25E+01 | 2.04E-03 | 1.33E+01
oxidation
Acidification kg SO2 eq 1.93E+01 1.59E-01 1.33E-01 3.11E+02 | 4.73E-02 | 3.31E+02
Eutrophication kg PO4--- eq 7.27E+00 | 6.39E-02 1.74E-02 2.40E+02 | 4.10E-02 2.47E+02
Eutrophication [ 97% |
Acidification [l 94% |
Photochemical oxidation [ 93% |
Terrestrial ecotoxicity - 92% |
Marine aquatic ecotoxicity - 95% |
Fresh water aquatic ecotoxity - 92% .
Human toxicity || NERNI 86% |
Ozone layer depletion (ODF) [N 87% |
Global warming (GWP100a) I 99% |
Abiotic depletion (fossil fuels) I 99% |
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90% 100%

#& 56 CMLICKLBEHEHR : E8-©Q
. = =] N X - _L\ . _
Impact category Unit i*%g fg‘ L ﬂ:‘a; it} = BEE &it
Abiotic depletion kg Sb eq 5.89E-02 8.16E-07 2.27E-07 8.56E-03 7.82E-05 6.75E-02
Abiotic depletion | 8.18E+03 | 5.15E+02 | 1.12E+03 | 7.47E+05 | 1.22E+02 | 7.57E+05
(fossil fuels)
Global warming
(GWP100a) kg CO2 eq 8.21E+02 | 4.48E+01 | 7.80E+01 | 6.95E+04 | 1.17E+01 | 7.05E+04
Ozone layer
depletion (ODP) kg CFC-11 eq 1.02E-03 2.59E-06 1.44E-05 7.13E-03 8.39E-07 8.16E-03
Human toxicity kg 1,4-DB eq 449E+03 | 1.12E+01 | 2.06E+01 | 2.84E+04 | 1.70E+01 | 3.29E+04
Freshwater kg 1,4-DB eq 2.23E+03 | 1.15E+01 | 1.38E+00 | 3.90E+04 | 1.24E+03 | 4.25E+04
aquatic ecotoxity.
Marine aquatic kg 1,4-DB eq 6.18E+06 | 4.96E+04 | 5.96E+03 | 1.23E+08 | 2.72E+05 | 1.29E+08
ecotoxicity
Terrestrial kg 1,4-DB eq 8.92E+00 | 3.06E-02 | 593E-02 | 1.01E+02 | 2.80E-02 | 1.10E+02
ecotoxicity
Photochemical kg C2H4 eq 8.69E-01 | 6.94E-03 | 8.95E-03 | 1.25E+01 | 2.04E-03 | 1.33E+01
oxidation
Acidification kg SO2 eq 1.93E+01 1.59E-01 1.33E-01 3.11E+02 | 4.73E-02 | 3.31E+02
Eutrophication kg PO4--- eq 7.27E+00 | 6.39E-02 1.74E-02 2.40E+02 | 4.10E-02 2.47E+02
Eutrophication [ 97% |
Acidification [l 94% |
Photochemical oxidation [ 93% |
Terrestrial ecotoxicity - 92% |
Marine aquatic ecotoxicity - 95% |
Fresh water aquatic ecotoxity - 92% .
Human toxicity || NERNI 86% |
Ozone layer depletion (ODF) [N 87% |
Global warming (GWP100a) I 99% |
Abiotic depletion (fossil fuels) I 99% |




52 w®BEIJy rITYU K
T, BRE Ty Y v MBI ARENMTEE ORI R A R, BE T >
N7 U > MBI 2EE O —E K ONZFOFMR%E, #* 5-7 TR T,
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FERE (JR30 FEMRE (FR)
Climate change SEZEH)
Ozone depletion AV UBHIR
Human toxicity, non-cancer effects ErFFEE-ENAEE
Human toxicity, cancer effects ErEE—RBALSNDELE
Particulate matter WHFYE
lonizing radiation EREETER
Photochemical ozone formation FibEF YV U ERK
Acidification ER 141
Terrestrial eutrophication EXREIL - BEg
Freshwater eutrophication EREBIL - Rk
Marine eutrophication EXREIL - EKE
Freshwater ecotoxicity ARSI - kK
Land use T F A
Water resource depletion KEIR#E
Abiotic resource depletion FEEYMEIRSE
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£ 58 BEIY MTYL MK DEMERER : PREH-D
. MR | VRTLA - B
Impact category Unit $*%g ig‘ L ﬂzﬁ- it} A BEE &it
Climate change | kg CO2 eq 8.12E+02 | 4.42E+01 | 7.80E+01 | 2.64E+05 | 1.15E+01 | 2.65E+05
Ozone depletion | kg CFC-11eq | 1.02E-03 | 2.58E-06 | 1.44E-05 | 2.67E-02 | 8.38E-07 | 2.77E-02
Human toxicity, CTUh 3.91E-03 | 6.05E-06 | 1.12E-05 | 7.65E-02 | 1.84E-05 | 8.05E-02
non-cancer effects
Human toxicity, CTUh 4.78E-04 | 1.70E-06 | 1.28E-07 | 2.02E-02 | 7.22E-07 | 2.07E-02
cancer effects
Particulate matter | kg PM2.5 eq 1.55E+00 | 3.16E-02 | 2.68E-02 | 1.01E+02 | 9.22E-03 | 1.02E+02
lonizing radiation | kBq U235 eq 7.76E+01 | 4.80E+00 | 5.12E+00 | 1.40E+05 | 1.33E+00 | 1.40E+05
Photochemical kg NMVOC eq | 4.28E+00 | 8.87E-02 | 9.32E-02 | 4.58E+02 | 2.68E-02 | 4.63E+02
ozone formation
Acidification molc H+ eq 2.17E+01 | 1.89E-01 | 1.58E-01 | 1.39E+03 | 5.65E-02 | 1.41E+03
Terrestrial molc N eq 1.26E+01 | 3.19E-01 | 2.72E-01 | 2.01E+03 | 9.99E-02 | 2.02E+03
eutrophication
Freshwater kg P eq 2.20E+00 | 1.72E-02 | 8.37E-04 | 2.68E+02 | 8.61E-03 | 2.71E+02
eutrophication
Marine kg N eq 1.35E+00 | 3.21E-02 | 2.46E-02 | 2.12E+02 | 1.47E-02 | 2.14E+02
eutrophication
Freshwater CTUe 9.03E+04 | 1.53E+02 | 2.29E+02 | 1.96E+06 | 5.88E+04 | 2.10E+06
ecotoxicity
Land use kg C deficit 4.68E+02 | 5.87E+00 | 5.38E-01 | 8.65E+04 | 2.26E+00 | 8.70E+04
Water resource m3 water eq -4.18E-01 | -1.83E-01 | 1.56E-02 | 2.16E+03 | -1.06E-02 | 2.16E+03
depletion
ﬁg;)?gﬁ;ﬁ““me kg Sb eq 2.80E-01 | 5.14E-05 | 1.53E-05 | 1.82E+00 | 2.11E-04 | 2.10E+00
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£ 59 BEIY MTYL MK DIEMERZR : PREH-Q
. MR | VRTLA - B
Impact category Unit $*%g ig‘ L ﬂzﬁ- it} A BEE &it
Climate change | kg CO2 eq 8.12E+02 | 4.42E+01 | 7.80E+01 | 2.64E+05 | 1.15E+01 | 2.65E+05
Ozone depletion | kg CFC-11eq | 1.02E-03 | 2.58E-06 | 1.44E-05 | 2.67E-02 | 8.38E-07 | 2.77E-02
Human toxicity, CTUh 3.91E-03 | 6.05E-06 | 1.12E-05 | 7.65E-02 | 1.84E-05 | 8.05E-02
non-cancer effects
Human toxicity, CTUh 4.78E-04 | 1.70E-06 | 1.28E-07 | 2.02E-02 | 7.22E-07 | 2.07E-02
cancer effects
Particulate matter | kg PM2.5 eq 1.55E+00 | 3.16E-02 | 2.68E-02 | 1.01E+02 | 9.22E-03 | 1.02E+02
lonizing radiation | kBq U235 eq 7.76E+01 | 4.80E+00 | 5.12E+00 | 1.40E+05 | 1.33E+00 | 1.40E+05
Photochemical kg NMVOC eq | 4.28E+00 | 8.87E-02 | 9.32E-02 | 4.58E+02 | 2.68E-02 | 4.63E+02
ozone formation
Acidification molc H+ eq 2.17E+01 | 1.89E-01 | 1.58E-01 | 1.39E+03 | 5.65E-02 | 1.41E+03
Terrestrial molc N eq 1.26E+01 | 3.19E-01 | 2.72E-01 | 2.01E+03 | 9.99E-02 | 2.02E+03
eutrophication
Freshwater kg P eq 2.20E+00 | 1.72E-02 | 8.37E-04 | 2.68E+02 | 8.61E-03 | 2.71E+02
eutrophication
Marine kg N eq 1.35E+00 | 3.21E-02 | 2.46E-02 | 2.12E+02 | 1.47E-02 | 2.14E+02
eutrophication
Freshwater CTUe 9.03E+04 | 1.53E+02 | 2.29E+02 | 1.96E+06 | 5.88E+04 | 2.10E+06
ecotoxicity
Land use kg C deficit 4.68E+02 | 5.87E+00 | 5.38E-01 | 8.65E+04 | 2.26E+00 | 8.70E+04
Water resource m3 water eq -4.18E-01 | -1.83E-01 | 1.56E-02 | 2.16E+03 | -1.06E-02 | 2.16E+03
depletion
ﬁg;)?gﬁ;ﬁ““me kg Sb eq 2.80E-01 | 5.14E-05 | 1.53E-05 | 1.82E+00 | 2.11E-04 | 2.10E+00
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% 510 BEIJY M ITYUMILHHMER: B8 - D

. =M -E& | VAT L - -
Impact category Unit $*%g igs L ﬂzﬁ- it} A BEE &it
Climate change kg CO2 eq 8.12E+02 | 4.42E+01 | 7.80E+01 | 7.05E+04 | 1.15E+01 | 7.15E+04
Ozone depletion | kg CFC-11 eq 1.02E-03 | 2.58E-06 | 1.44E-05 | 7.13E-03 | 8.38E-07 | 8.16E-03
Human toxicity, CTUh 3.91E-03 | 6.05E-06 | 1.12E-05 | 2.03E-02 | 1.84E-05 | 2.43E-02
non-cancer effects
Human toxicity, CTUh 4.78E-04 | 1.70E-06 | 1.28E-07 | 5.35E-03 | 7.22E-07 | 5.83E-03
cancer effects
Particulate matter | kg PM2.5 eq 1.55E+00 | 3.16E-02 | 2.68E-02 | 2.61E+01 | 9.22E-03 | 2.78E+01
lonizing radiation | kBq U235 eq 7.76E+01 | 4.80E+00 | 5.12E+00 | 3.68E+04 | 1.33E+00 | 3.69E+04
Photochemical kg NMVOC eq | 4.28E+00 | 8.87E-02 | 9.32E-02 | 1.22E+02 | 2.68E-02 | 1.26E+02
ozone formation
Acidification molc H+ eq 2.17E+01 | 1.89E-01 | 1.58E-01 | 3.69E+02 | 5.65E-02 | 3.91E+02
Terrestrial molc N eq 1.26E+01 | 3.19E-01 | 2.72E-01 | 5.30E+02 | 9.99E-02 | 5.43E+02
eutrophication
Freshwater kg P eq 2.20E+00 | 1.72E-02 | 8.37E-04 | 7.10E+01 | 8.61E-03 | 7.33E+01
eutrophication
Marine kg N eq 1.35E+00 | 3.21E-02 | 2.46E-02 | 5.60E+01 | 1.47E-02 | 5.74E+01
eutrophication
Freshwater CTUe 9.03E+04 | 1.53E+02 | 2.29E+02 | 5.18E+05 | 5.88E+04 | 6.68E+05
ecotoxicity
Land use kg C deficit 4.68E+02 | 5.87E+00 | 5.38E-01 | 2.37E+04 | 2.26E+00 | 2.41E+04
X‘;ﬂ‘;&source m3 water eq -4.18E-01 | -1.83E-01 | 1.56E-02 | 5.65E+02 | -1.06E-02 | 5.65E+02
Qb'm"? resourcé 1 g sbeq 2.80E-01 | 5.14E-05 | 1.53E-05 | 4.78E-01 | 2.11E-04 | 7.59E-01
epletion
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£ 511 BEIJYFTUDMIKZEER: EH - Q
. MR | VRTLA - B
Impact category Unit $*%g ig‘ L ﬂzﬁ- it} A BEE &it
Climate change | kg CO2 eq 8.12E+02 | 4.42E+01 | 7.80E+01 | 7.05E+04 | 1.15E+01 | 7.15E+04
Ozone depletion | kg CFC-11eq | 1.02E-03 | 2.58E-06 | 1.44E-05 | 7.13E-03 | 8.38E-07 | 8.16E-03
Human toxicity, CTUh 3.91E-03 | 6.05E-06 | 1.12E-05 | 2.03E-02 | 1.84E-05 | 2.43E-02
non-cancer effects
Human toxicity, CTUh 4.78E-04 | 1.70E-06 | 1.28E-07 | 5.35E-03 | 7.22E-07 | 5.83E-03
cancer effects
Particulate matter | kg PM2.5 eq 1.55E+00 | 3.16E-02 | 2.68E-02 | 2.61E+01 | 9.22E-03 | 2.78E+01
lonizing radiation | kBq U235 eq 7.76E+01 | 4.80E+00 | 5.12E+00 | 3.68E+04 | 1.33E+00 | 3.69E+04
Photochemical kg NMVOC eq | 4.28E+00 | 8.87E-02 | 9.32E-02 | 1.22E+02 | 2.68E-02 | 1.26E+02
ozone formation
Acidification molc H+ eq 2.17E+01 | 1.89E-01 | 1.58E-01 | 3.69E+02 | 5.65E-02 | 3.91E+02
Terrestrial molc N eq 1.26E+01 | 3.19E-01 | 2.72E-01 | 5.30E+02 | 9.99E-02 | 5.43E+02
eutrophication
Freshwater kg P eq 2.20E+00 | 1.72E-02 | 8.37E-04 | 7.10E+01 | 8.61E-03 | 7.33E+01
eutrophication
Marine kg N eq 1.35E+00 | 3.21E-02 | 2.46E-02 | 5.60E+01 | 1.47E-02 | 5.74E+01
eutrophication
Freshwater CTUe 9.03E+04 | 1.53E+02 | 2.29E+02 | 5.18E+05 | 5.88E+04 | 6.68E+05
ecotoxicity
Land use kg C deficit 4.68E+02 | 5.87E+00 | 5.38E-01 | 2.37E+04 | 2.26E+00 | 2.41E+04
X‘(’;)tl‘;igis°”rce m3 water eq -4.18E-01 | -1.83E-01 | 1.56E-02 | 5.65E+02 | -1.06E-02 | 5.65E+02
dAb'°“‘? resource 1 g sbeq 2.80E-01 | 5.14E-05 | 1.53E-05 | 4.78E-01 | 2.11E-04 | 7.59E-01
epletion
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5.3.1

5.3 ReCiPe
Z Z TlX. ReCiPe & W 7= RIS B 4 7~ 97, ReCiPe (23517 B s EGHIR D

. F 5121”7,

— & KOV DFNER

# 5-12 ReCiPe [ZH (T2 EEMEHO—E L T DR
s EMEE ("X FEMRE (FR)
Global warming HEKRAR L
Stratospheric ozone depletion BB A YV U BHIR
lonizing radiation BRI STR
Ozone formation, Human health AVER. ABREE
Fine particulate matter formation WA FYMEERK
Ozone formation, Terrestrial ecosystems | A=Y VA, BEHARER
Terrestrial acidification REI DEE ML
Freshwater eutrophication RKDEXREIL
Marine eutrophication BKOEXREIL
Terrestrial ecotoxicity BEI D EREE M
Freshwater ecotoxicity RIKDEREEMN
Marine ecotoxicity EKDERESMH
Human carcinogenic toxicity ENAMDE FEHE
Human non-carcinogenic toxicity ERENAEDE FEMH
Land use T F
Mineral resource scarcity M ERDELHE
Fossil resource scarcity ILRREROFA DK
Water consumption KEE
e £A
ReCiPe & HIWWZFHli D 5 &, & 3-5 T L7 - ODFHEOFE R AR 5-13 KO 5-9
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% 5-13 ReCiPe [C& ZEHM#ER : REH - D

, =M-EB&E| YATLA s =
Impact category Unit ﬂi: "8 B g} Edz BE &it
Global warming kg CO2 eq 8.41E+02 | 4.58E+01 | 7.83E+01 | 2.64E+05 | 1.19E+01 | 2.65E+05
(Sjtram?phe”c 0ZO0N€ | kg CFC11 eq 1.44E-03 | 1.61E-05 | 5.76E-05 | 1.28E-01 | 5.53E-06 | 1.30E-01
epletion

lonizing radiation kBq Co-60 eq 7.03E+01 | 4.10E+00 | 7.92E-01 1.35E+05 | 1.03E+00 | 1.35E+05
Ozone formation, | |+ Ny eq 2.55E+00 | 7.36E-02 | 6.67E-02 | 3.73E+02 | 2.24E-02 | 3.76E+02
Human health
Fine particulate kg PM2.5 eq 5.60E+00 | 7.95E-02 | 5.10E-02 | 3.83E+02 | 2.26E-02 | 3.89E+02
matter formation
Ozone formation,
Terrestrial kg NOx eq 2.61E+00 | 7.43E-02 | 6.93E-02 | 3.75E+02 | 2.26E-02 | 3.78E+02
Terrestrial kg SO2 eq 1.60E+01 | 1.29E-01 | 1.08E-01 | 9.76E+02 | 3.85E-02 | 9.92E+02
acidification
Freshwater kg P eq 2.20E+00 | 1.72E-02 | 8.31E-04 | 2.68E+02 | 8.61E-03 | 2.70E+02
eutrophication
Marine kg N eq 1.15E-01 | 1.14E-03 | 1.60E-04 | 1.95E+01 | 1.77E-03 | 1.96E+01
eutrophication
Terrestrial kg 1,4-DCB 3.93E+04 | 1.69E+01 | 1.20E+03 | 1.51E+05 | 2.59E+02 | 1.91E+05
ecotoxicity
Freshwater kg 1,4-DCB 3.82E+02 | 5.01E-01 | 2.27E-01 | 7.02E+03 | 1.72E+02 | 7.58E+03
ecotoxicity
Marine ecotoxicity | kg 1,4-DCB 547E+02 | 7.00E-01 | 8.39E-01 | 9.72E+03 | 2.06E+02 | 1.05E+04
Human

. . | kg 1,4-DCB 3.12E+02 | 1.16E+00 | 7.86E-02 | 1.38E+04 | 4.65E-01 | 1.41E+04
carcinogenic toxicity
Human
non-carcinogenic | k9 1:4-DCB 1.35E+04 | 1.40E+01 | 1.59E+01 | 2.03E+05 | 5.08E+01 | 2.16E+05
Land use m2a crop eq 1.92E+01 2.89E-01 4.01E-02 | 9.98E+03 | 1.19E-01 1.00E+04
S'\"'C'gf(;?}'/ resource 1 kg cueg 7.37E+01 | 4.25E-03 | 5.44E-04 | 1.27E+02 | 7.53E-02 | 2.01E+02
Egasz:t;esoume kg oil eq 1.91E+02 | 1.22E+01 | 2.60E+01 | 6.65E+04 | 2.85E+00 | 6.67E+04
Water consumption | m3 9.20E+00 | 4.67E-01 1.34E-01 4.63E+03 | 5.98E-02 | 4.64E+03

41




Water consumption

Fossil resource scarcity

Mineral resource scarcity

Land use

Human non-carcinogenic toxicity
Human carcinogenic toxicity
Marine ecotoxicity

Freshwater ecotoxicity

Terrestrial ecotoxicity

Marine eutrophication 1

Freshwater eutrophication 1

Terrestrial acidification

Ozone formation, Terrestrial ecosystems 1|

Fine particulate matter formation

Ozone formation, Human health 1]

lonizing radiation

Stratospheric ozone depletion

Global warming
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
nETREE e ATLEE R oFH eEE

X 5-9 ReCiPe [C& Z25HME#ER : REH - D

ReCiPe & W 7=7HliD 5 B, 3% 3-5 CT/R LRI - QO OfE R A2 5-14 KO 5-10
\ZRT,



% 5-14 ReCiPe [Z& AR : REH - @

, =M-EB&E| YATLA s =
Impact category Unit ﬂi: "8 B g} Edz BE &it
Global warming kg CO2 eq 8.41E+02 | 4.58E+01 | 7.83E+01 | 2.64E+05 | 1.19E+01 | 2.65E+05
(Sjtram?phe”c 0ZO0N€ | kg CFC11 eq 1.44E-03 | 1.61E-05 | 5.76E-05 | 1.28E-01 | 5.53E-06 | 1.30E-01
epletion

lonizing radiation kBq Co-60 eq 7.03E+01 | 4.10E+00 | 7.92E-01 1.35E+05 | 1.03E+00 | 1.35E+05
Ozone formation, | |+ Ny eq 2.55E+00 | 7.36E-02 | 6.67E-02 | 3.73E+02 | 2.24E-02 | 3.76E+02
Human health
Fine particulate kg PM2.5 eq 5.60E+00 | 7.95E-02 | 5.10E-02 | 3.83E+02 | 2.26E-02 | 3.89E+02
matter formation
Ozone formation,
Terrestrial kg NOx eq 2.61E+00 | 7.43E-02 | 6.93E-02 | 3.75E+02 | 2.26E-02 | 3.78E+02
Terrestrial kg SO2 eq 1.60E+01 | 1.29E-01 | 1.08E-01 | 9.76E+02 | 3.85E-02 | 9.92E+02
acidification
Freshwater kg P eq 2.20E+00 | 1.72E-02 | 8.31E-04 | 2.68E+02 | 8.61E-03 | 2.70E+02
eutrophication
Marine kg N eq 1.15E-01 | 1.14E-03 | 1.60E-04 | 1.95E+01 | 1.77E-03 | 1.96E+01
eutrophication
Terrestrial kg 1,4-DCB 3.93E+04 | 1.69E+01 | 1.20E+03 | 1.51E+05 | 2.59E+02 | 1.91E+05
ecotoxicity
Freshwater kg 1,4-DCB 3.82E+02 | 5.01E-01 | 2.27E-01 | 7.02E+03 | 1.72E+02 | 7.58E+03
ecotoxicity
Marine ecotoxicity | kg 1,4-DCB 547E+02 | 7.00E-01 | 8.39E-01 | 9.72E+03 | 2.06E+02 | 1.05E+04
Human

. . | kg 1,4-DCB 3.12E+02 | 1.16E+00 | 7.86E-02 | 1.38E+04 | 4.65E-01 | 1.41E+04
carcinogenic toxicity
Human
non-carcinogenic | k9 1:4-DCB 1.35E+04 | 1.40E+01 | 1.59E+01 | 2.03E+05 | 5.08E+01 | 2.16E+05
Land use m2a crop eq 1.92E+01 2.89E-01 4.01E-02 | 9.98E+03 | 1.19E-01 1.00E+04
S'\"'C'gf(;?}'/ resource 1 kg cueg 7.37E+01 | 4.25E-03 | 5.44E-04 | 1.27E+02 | 7.53E-02 | 2.01E+02
Egasz:t;esoume kg oil eq 1.91E+02 | 1.22E+01 | 2.60E+01 | 6.65E+04 | 2.85E+00 | 6.67E+04
Water consumption | m3 9.20E+00 | 4.67E-01 1.34E-01 4.63E+03 | 5.98E-02 | 4.64E+03
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& 5-15 ReCiPe [Z& AE{Mi#ER : 8- D

, =M-EB&E| YATLA s =
Impact category Unit ﬂi: "8 B g} Edz BE &it

Global warming kg CO2 eq 8.41E+02 | 4.58E+01 | 7.83E+01 | 7.06E+04 | 1.19E+01 | 7.16E+04
jgste"tiss:e”c 0zONe | g CFC11eq | 1.44E-03 | 1.61E-05 | 5.76E-05 | 3.20E-02 | 5.53E-06 | 3.36E-02
lonizing radiation kBq Co-60 eq 7.03E+01 | 4.10E+00 | 7.92E-01 3.52E+04 | 1.03E+00 | 3.52E+04
Ozone formation, | |+ Ny eq 2.55E+00 | 7.36E-02 | 6.67E-02 | 9.85E+01 | 2.24E-02 | 1.01E+02
Human health
Fine particulate kg PM2.5 eq 5.60E+00 | 7.95E-02 | 5.10E-02 | 9.97E+01 | 2.26E-02 | 1.05E+02
matter formation
Ozone formation,
Terrestrial kg NOx eq 2.61E+00 | 7.43E-02 | 6.93E-02 | 9.92E+01 | 2.26E-02 | 1.02E+02
Terrestrial kg SO2 eq 1.60E+01 | 1.29E-01 | 1.08E-01 | 2.59E+02 | 3.85E-02 | 2.75E+02
acidification
Freshwater kg P eq 2.20E+00 | 1.72E-02 | 8.31E-04 | 7.09E+01 | 8.61E-03 | 7.32E+01
eutrophication
Marine kg N eq 1.15E-01 | 1.14E-03 | 1.60E-04 | 5.15E+00 | 1.77E-03 | 5.27E+00
eutrophication
Terrestrial kg 1,4-DCB 3.93E+04 | 1.69E+01 | 1.20E+03 | 4.02E+04 | 2.59E+02 | 8.10E+04
ecotoxicity
Freshwater kg 1,4-DCB 3.82E+02 | 5.01E-01 | 2.27E-01 | 1.86E+03 | 1.72E+02 | 2.42E+03
ecotoxicity
Marine ecotoxicity | kg 1,4-DCB 547E+02 | 7.00E-01 | 8.39E-01 | 2.57E+03 | 2.06E+02 | 3.33E+03
Human

. . | kg 1,4-DCB 3.12E+02 | 1.16E+00 | 7.86E-02 | 3.64E+03 | 4.65E-01 | 3.96E+03
carcinogenic toxicity
Human
non-carcinogenic | k9 1:4-DCB 1.35E+04 | 1.40E+01 | 1.59E+01 | 5.38E+04 | 5.08E+01 | 6.73E+04
Land use m2a crop eq 1.92E+01 2.89E-01 4.01E-02 | 2.74E+03 | 1.19E-01 2.76E+03
S'\"'C'gf(;?}'/ resource kg Cu eq 7.37E+01 | 4.25E-03 | 5.44E-04 | 4.12E+01 | 7.53E-02 | 1.15E+02
Egasz:t;esoume kg oil eq 1.91E+02 | 1.22E+01 | 2.60E+01 | 1.79E+04 | 2.85E+00 | 1.82E+04
Water consumption | m3 9.20E+00 | 4.67E-01 1.34E-01 1.22E+03 | 5.98E-02 1.23E+03
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|

Fossil resource scarcity

Mineral resource scarcity

Land use

Human non-carcinogenic toxicity
Human carcinogenic toxicity
Marine ecotoxicity

Freshwater ecotoxicity
Terrestrial ecotoxicity

Marine eutrophication
Freshwater eutrophication
Terrestrial acidification

Ozone formation, Terrestrial ecosystems

Fine particulate matter formation

Ozone formation, Human health

lonizing radiation

Stratospheric ozone depletion

Global warming

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
RS ERREE mlATLEE mifE oER eEER

5-11 ReCiPe IZ &k Z5HE#HR - B8 - D

ReCiPe Z HW=FHiD 5 B, £ 3-5 T/RLIZEH - QOFIOFE R A2 £ 5-16 LU 5-12
\ZRT,

46



& 5-16 ReCiPe [Z& AE{Mi#sR : 81 - @

, =M-EB&E| YATLA s =
Impact category Unit ﬂi: "8 B g} Edz BE &it

Global warming kg CO2 eq 8.41E+02 | 4.58E+01 | 7.83E+01 | 7.06E+04 | 1.19E+01 | 7.16E+04
jgste"tiss:e”c 0zONe | g CFC11eq | 1.44E-03 | 1.61E-05 | 5.76E-05 | 3.20E-02 | 5.53E-06 | 3.36E-02
lonizing radiation kBq Co-60 eq 7.03E+01 | 4.10E+00 | 7.92E-01 3.52E+04 | 1.03E+00 | 3.52E+04
Ozone formation, | |+ Ny eq 2.55E+00 | 7.36E-02 | 6.67E-02 | 9.85E+01 | 2.24E-02 | 1.01E+02
Human health
Fine particulate kg PM2.5 eq 5.60E+00 | 7.95E-02 | 5.10E-02 | 9.97E+01 | 2.26E-02 | 1.05E+02
matter formation
Ozone formation,
Terrestrial kg NOx eq 2.61E+00 | 7.43E-02 | 6.93E-02 | 9.92E+01 | 2.26E-02 | 1.02E+02
Terrestrial kg SO2 eq 1.60E+01 | 1.29E-01 | 1.08E-01 | 2.59E+02 | 3.85E-02 | 2.75E+02
acidification
Freshwater kg P eq 2.20E+00 | 1.72E-02 | 8.31E-04 | 7.09E+01 | 8.61E-03 | 7.32E+01
eutrophication
Marine kg N eq 1.15E-01 | 1.14E-03 | 1.60E-04 | 5.15E+00 | 1.77E-03 | 5.27E+00
eutrophication
Terrestrial kg 1,4-DCB 3.93E+04 | 1.69E+01 | 1.20E+03 | 4.02E+04 | 2.59E+02 | 8.10E+04
ecotoxicity
Freshwater kg 1,4-DCB 3.82E+02 | 5.01E-01 | 2.27E-01 | 1.86E+03 | 1.72E+02 | 2.42E+03
ecotoxicity
Marine ecotoxicity | kg 1,4-DCB 547E+02 | 7.00E-01 | 8.39E-01 | 2.57E+03 | 2.06E+02 | 3.33E+03
Human

. . | kg 1,4-DCB 3.12E+02 | 1.16E+00 | 7.86E-02 | 3.64E+03 | 4.65E-01 | 3.96E+03
carcinogenic toxicity
Human
non-carcinogenic | k9 1:4-DCB 1.35E+04 | 1.40E+01 | 1.59E+01 | 5.38E+04 | 5.08E+01 | 6.73E+04
Land use m2a crop eq 1.92E+01 2.89E-01 4.01E-02 | 2.74E+03 | 1.19E-01 2.76E+03
S'\"'C'gf(;?}'/ resource kg Cu eq 7.37E+01 | 4.25E-03 | 5.44E-04 | 4.12E+01 | 7.53E-02 | 1.15E+02
Egasz:t;esoume kg oil eq 1.91E+02 | 1.22E+01 | 2.60E+01 | 1.79E+04 | 2.85E+00 | 1.82E+04
Water consumption | m3 9.20E+00 | 4.67E-01 1.34E-01 1.22E+03 | 5.98E-02 1.23E+03
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& 6-2 JRC [2011] (2B T EHEMBEDETHEE TILOHERE

FLEW 25
Climate change I
Ozone depletion I
Human toxicity, non-cancer effects II/I
Human toxicity, cancer effects II/I
Particulate matter I
lonizing radiation I
Photochemical ozone formation I
Acidification I
Terrestrial eutrophication I
Freshwater eutrophication I
Marine eutrophication I
Freshwater ecotoxicity Io/In
Land use i}
Water resource depletion m
Abiotic resource depletion I
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