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ABSTRACT:

The alternative fuel vehicles technology has been developed substantially to accommodate the
raising environmental awareness for the purpose of providing the general public a future with less
energy consumption and CO, emissions. Thus, to investigate the energy consumption and CO;
emissions of new modes with the perspective of life cycle is indeed inevitable.

This study introduced the technical issue of fuel cell electric vehicles (FCEV), including the raw
materials and production, manufacture and transportation, use and maintenance, discard and
recycling, etc.The study showed you the status of development and government policies in the
world. In addition to the technical presentation, also included the analysis of relevant category of
energy consumption and CO, at various stages of the life cycle. To clarify the total energy
consumption in full life cycle and each stages, CO, and the efficiency of Energy Conservation and
Carbon Reduction, we used the United States vehicle life cycle assessment model- GREET (The
Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation Model), then adjust the
part data to the local values to study and analyze. The result may be used as parameter for promoting
fuel cell electric vehicles (FCEV) in the future.

The results indicated that, In addition, from the life-cycle perspective, the energy consumption

and CO, emissions per kilometer of the fuel cell electric vehicles are still less than those of the
gasoline vehicles. Fuel cell electric vehicles do not emit CO, during the operation stage, and their
energy consumption is less than that of the gasoline vehicles. The energy consumption and CO;
emissions during the other cycle stages (include Hydrogen generation/distribution process ) are
relatively high compared with those process of gasoline. This study also drew up recommendations
based upon the findings with the life-cycle perspective. We hope that the results could also be served
as reference for the promotion of fuel cell vehicles in the future with less energy consumption and
CO; emissions.
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On-board Assessment Results Factory Cost Comparison — Base Cases

The base case Type IV compressed systems’ high-volume costs are projected to
be 4-5 times higher than the current DOE 2010 cost target of $4/KWh.

$20

$19 5.6 kg usable H , :10.4 kg usable H , || O Processing

EBOP
$16

$16  $15 #15 | EWater
F : Recovery
H Catalytic
Reactor
O Dehydriding
System
ETank

Rl

g

v
|

@ Media / H2

Roid
w©
I

System Cost, $’kWh

DOE 2010
Target

$4
L (S4/kWh)

$0

350 bar 700 bar. S.A. SBH LCH2* CcH2 LH2* MOF- GCcH2 LH2* MOF-
(Type IV, 1 tank) 177* 177

MNote: not all hydrogen storage systems shown are at the same stage of development, and each would have different on-board performance characteristics.

& The sodium alanate system requires high temp. waste heat for hydrogen desorption, otherwise the usable hydrogen capacity would be reduced.
* Indicates a preliminary cost assessment, to be reviewed prior to contract completion.
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Off-board Assessment Results Ownership Cost Comparison — Base Cases

Fuel system ownership cost for the base case compressed systems are
projected to be 30-50% more expensive than gasoline at $3.00/gal.

Fuel System Ownership Cost 5.6 kg Base Cases

$0.20
OFuel - Station Only $0.18 Note: These results should be
$0.18 — considered in context of their
. OFuel - All Other overall performance.
1| m®Fuel Storage
$O'1 6 d $0.15
Q@
E $0.14 - 53.13 $0.13
P $0.12 $0.12
< $0.12 4 5400.fgal RFG
=]
© $0.10 - $°1° $33KOH  510.14mg H, _
= equivalent $3.55ﬂang HtE
= equivalen ’
g $0.08 - $4.22/kg H, $4.74/Kg LH,
c
B Fuel cost =
8 $0.06 $3.00/gal RFG

$0.04 -

$0.02 A .
$0.00 . T T \ T

Gasoline  350-bar  700-bar SBHFCV LCH2 FCV Cryo-comp
ICEV FCV FCV (prelim) FCV

MNote: All fuel costs exclude fuel taxes.

((] m; MK092010/D0268 TIAX On Board Comp Cost - Sept 2010.ppt 50

F 4% kiR Technical Assessment of Compressed Hydrogen Storage Tank Systems for Automotive Applications,
Argonne National Laboratory

B 2-18 WhAL T s 22t B dmE E 0 2 At R

oA BRI 4oipdp o 3 W B 2 VRO AR~ 0 2013 E 42 H
BT BVERL Y A4 2t4 12025 #3308 iﬂw#k%f»?’iﬁi P
ThgEe FHHTAE CTEE CFANBTRED AN
IR AIRE N FREE N T A B LA A R 2P s T A
R BEEETE L AR RN CM HERL R BB INE F

ORGSR R A R ET g IR HEEFRY E LR B R
A

ii¢$ﬁﬁ%%%$ﬁ*a“i¢ AT A iR 2 2
2R PR REZROF L AR A SR TS S T § HEs &30
d W% T 14 R ¢ (International Electrotechnical Commission, IEC)
2 Pk B ¢ TCLO05 fo B #% 2 ‘= & (International Organization for Standards,
ISO) z #tjitrd B ¢ TCL97 f F > ¥ ¥ s g ~ e ~ 2 8 A ks
eedd KR TS RE > B FARRE A :
L

IEIJ% ~ l‘ t‘,, _:é‘ @\lle N T;ﬁ
EEE5 X SRR Vi SUNU T B R PR R S B E RNT

PARERVAS )|

-

=
X
&=H
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B 1 fgf7 5§ ¢ (Society of Automotive Engineers, SAE) & i > = = %l 3 @
%ﬁiﬁgﬂ?ﬁwﬁﬁ’u?@iéﬂ~%? SR E R ey A
2% PR R F D E PG S 4 B maiE R oA A
iﬁ’* PR S kAeh® » s B~ F A {ow ot (Recyclability) 5 T
PR AR HaE 2 RIRAEA 0 R AR K R
Mt BlFEESF - ROV RAH - F 2 & FAafFanie F Repaivg 57
AR A 0 F oY (4o B 2-19 #rm )

STATUS: 100%
Complete

Primary Building and
Fire Godes {| codes)
IFC Chapter 22

! 2 STATUS: 75%

STATUS: 60%

L‘omp lete Componant standards that are referanced in the NFPA codes
AﬂfOX. 57 documents and standarcs such as:
a. SAE documents 02719, J2579, J2601
CSA America H serfes of documents for hydropen dispensers
bs. CGA H seres for hydrogen storage and transfer
6. CGA 5 documents for venting

4. ASME B31.3 and ASME BPV

7ok %k & Evaluation Protocol for Stationary Fuel Cell Power Plants, National Evaluation Service, Inc.,2014

Bl 2-19 2 Wa APk 2 4 Flhw

Feb— 23 g o Frena$ 30 £ v 5 H2USA 3240 B & 2 WA RiRg p
Z A B~ * A d s Daimler s g RIS S Bt oiiﬁx,’a‘;%?m <
Ated HEE O AEBFE IEARLT IR EBTEER ¥

3 w:ﬁ;’ﬁwsvxm%ﬁﬁiwﬁcz&’iws:»ﬁvers\sw
AE SRR 20 B S AR ERBE TN E LB > kg
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2.3.3 &M
B 42008 & frds S FNP L T /R R A A TR TS FE
it £ I $4 /7 # H(FCH JU-Fuel Cells and Hydrogen Joint Undertaking) ;- %
2013 & & Fr QR T 2B IR BT RV RS T 0 B E 18 et
@ #b 2 2014~2020 #:2 7 % = FFE e FCH JU- TFCH2 JU | - 2013 & fx - 24
fg},@ ' B 3 % (TEN-T : Trans-Europe Transport Network) £ )
W g o A#HEX I F (HIT-Hydrogen Infrastructure for Transport) | - 2015 +#
= FCEV & 4c @ s LB %R -

{4

A.

hom #FF S % 0 F R 428 FP6(6th Research And Development
Framework Programme of the EU)% FP7(7th Research And Development
Framework Programme of the EU):* #4174 ¥k T # %@ 2 < AL it
B o FP A4 ATE 20 T A 0 1 W AR 15 13 AT
F 2017 #:2 % 30 v fod F #b% 3,000 R T4 B oK Y 2020 £ & | R
BT A D
FEBRE LR R N2 F R E AL 02013 & L
"2 il F % 4t R 2 & (CPTP-CleanPower for Transport Package) > & & # % @
F g R RO FE3 2020 E R N AR ERIEE T 2R

B ¥ 30 2006-2011 # ¥ 24 = HyChain Minitrans 3+ % (4B 2-20 #751) »

£73 24 % & ¥ %% > HyChainMinitrans 3+ & % 1B # & e 2 4% % 2
FEEOME R S E R~ § 517 2 & & JIEFE & 2 ik 5> HyChain Minitrans
VR 1S8Rl AR T B E i Rt 2 FE 0 B2 T LR
2EAA 4 B REFT PGB Fo R R BRI RO
BE & o b R ﬁf@?ii;ﬁz&?{%@’x%’**m“ci”’“{."wﬁ%ﬁﬁﬁﬂ
SRR E NSRRI ES B SR T S B ERE A
Roo®p = o ile o dl vl 204 2 e d § L3 5L g d )
wy F?"
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N

R+D, Manufacturing Technology demonstration
& Homologation 2003 & business model validation 280l

Vehicles

Infrastructure

Operation

sl

F AL kIR ¢ https://www.iit.upcomillas.es/cessa/presentaciones/Juan_deBlas.pdf

®] 2-20 HyChain Minitrans :* %

2

B 2RI e AR F ARR(BMVBS) £ 55 2% g A iR (BMWI)
aPoe o dadd § o~ PR E e s 27 F (Nationales Innovations programm

Wasserstoff und Brennstoffzellen technologie,NIP) - 245 NIP 3+ % > 2007~2016

#0110 E B RPN 14 RE (T 2L NF - 20T 0 WHER S BTl
2 (Ao B 2-21 #7m) o 353 E IR 4 2007-16 L EFH O~ 14 RE AT B
B ~FFETE o B BA%NEF R ARA BT (FHIFLALY

§sbazg) 1B
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Vorbe reite n der kommerzie llen A nwendung

Phase| - Phase Il Ausblick
2007-2010 = 2011-2015 2020
F&E
Fahrzeuge: Wettbewerbefihige Rolle

Ficle: PEI.!FG-S’ﬂdt. Puiphuielum!amemm. elektrischer Antrieh, HZ- der deut=chen |ndustrie
. Kosterssduktion Speicherung, HZ-ICE, SysEmintegration bei Wasserstoff- und
= Gawichtsreduktion Brenn off2llentechno-
= Volwmenreduktion lzgien etabliert
= [Erhthung der Lebensdauer Infrastruktur
» erbesserung der Tanksielien & Tankinfrastukr

Betrizbsbedingungen
» Erhdhung des Wirkungsgrades

Projektbudget: 355 Mio. € Pmjektbudget: 250 Mio. €

Diemonstration
dele:
» Techndogealidienung PKW Fotienbetiebin Regionen q
unter Altagbedngungen | mitgesigneter Hi-infrastruktur | SUSWEILING derPKWFlotie
* Markivorbereifung Uberwachter Flottenbetrieb ;
{Hunderskzeptare) (2B. Busse) in cinigen Schiis- | ~USweiung derBus-Flotter;
- . L Flottenbefrieb in weiteren
selregionan mit ge=igneer H2 - Sohli -
In f astrulkiur isselregionzn
Opitimierung und Enweitenng Ausweitung des Tank-
der Tankstellen in PHW- und stellennetzwerkes fiir PRW-
Bus-Regionen und Bus-Flotten /
Projektbudget: 126 Mio. € Projektbudget: 360 Mio. €

F AL kIR ¢ https://www.iit.upcomillas.es/cessa/presentaciones/Juan_deBlas.pdf

Bl 2-21 B NIP 3+ %

Aol pIETE A RN kL £8P (Clean Energy Partnership,
CEP) ** 2002 = F:?itéf’ﬁé AR PHRAL S ERE RL F TRl E ﬁ“"]
"%’f@?ﬂ‘ﬁ?.‘%iﬁ}%%ﬂ o $hr B E 7 BMW ~AG2r ~AgdF ~ i % ~ ¥9 X o
72010 # 5 ok e kg +ﬂﬂv’? 53 % PEEC o (% - PR 12003 3 2007 £ o

5 254w ‘2@_%5':&"_;55? - BN AG % o & PR 2008 &
ZEZOIOE,IE’E;:%“?ﬁ%’*,%,m‘rm;}iﬁtr %o B B R o] 40 dm( ¢
Fo L) A HREEEE B EATH 3 A d Hb o ¥ 2 RFEOT 2011-16 £k
= ﬁiﬁé?ﬁ‘ FivivHg 2009 & 9% > % M’ﬁﬁ AT ot & & 201
‘ B ENE AR BER AT 3 7
FREPMPWF LAOBMW o fra g B3 & o & AF B
ML § (2P EHEREL ) HOBMW Hydrogen 7 0 345 d F B % A
2006 &ifcé SR B R 2T o poaE 0

& Clean Urban Transport for Europe(CUTE, 2001~2006) & % = 74 7= %
AT A B pa G 2004mE BT 2B ARHEA '%fEf#iéﬁ
2-25
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i HyFleet CUTE et > B g 2 5 23f bt cng YR 23 % Rido
¥ - BR R BER*E 5 Daimler 2. GR/V (Group Research and Advanced
Engineering Vehicle and Powertrain) FCEV » %% 4L 3 7 & Ff o1 ipa’*g A
T BEEVSR TS BT & G AR 0 TR R NE A B AT
(BB & 107 3 #5427 Well to Wheel 47 %) B

ERNa "f PR ERD s A RS G BRS RER T ¥
{70 j8 2003 & B 4 0 30 ifﬁm’f%f'?, T4 w10 A D ¢ T §eiE
7o BpH > 2100 § 8~ izt AR 9 Jis B engu R IE 3R
i# §i5 3+ % (Clean Urban Transport for Europe , CUTE) » fr ik § 92 fi35 7 &
ﬁgﬁl % ¥zt 3 (Ecological City Transport System , ECTOS)» B fa%bfl s = L
A e iEiEE T R  eF R2 10 At d Hb o A4 uERT TR
wWa -~ fé&«i BRI GIEEARFEIR N O REWET A T LTE

q
\L
>

m;;f,

@ﬁ%i%%ﬁﬁﬁﬁ%@ﬂﬂﬁfﬁ’Bﬁiﬂpi*éﬁ%*“
B F T mE R AP PR 2R EREZRFERAD o
234°¢ R+

YRS Bt HIERE UG BT
SRR S IE P B S e 02012 4 RS
g_;% #3(2012-2020 %) 1 £ 42 FOV -

PR LA - AR R IRAS A FARHWE A
B p AT AR T # SR e AR
Mg B FCV A 3~ 7 %5
PR T Rk B H PG 2016 £ > FCV TR 5 6.9
A/F AT &3R5 592 /F 2252030 #>FCV Tiawfr i 5 2
JF 22 &ixald s 45 A/F 22 -
Ryt a3 85 FCV R4, 12016 & #F I FCV A £it, &
R A A ERES P e, 2 F 4 A8E S 1000 e EPE, B
B A ARBED B0 F A RPN o
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Pan e R s B BRI NP ARG ftE P ARFEARE
+

fEoak s A fEA %@/3 Moo Mt B AT HE LBk ShopR e
10 2015 #qde 1 oo poAFORE R B F MDA o 2 S L E RS R

N T =y i@HU&Kf§§uhé WiE o G RY E(Tx ALY
B ARy REE L
w A B mie R AT RS 5 H g
20 e BE AR R RS

FTRH v JJ—LF{F‘T{ SH O BB TR
PhoE R F B BRRESD RERC  T EE AT SR WP R
ﬁﬁ%aiﬁ@*’%%*%@#Biﬁiud?ﬁé¢’$ﬂﬂﬁﬁﬁw

il AP - SN
ERRpPROZTIHILASABREERY R L RhE I R
FORALD o $ > FRE P A LA RN AT R TR A
& e %%w**zgﬁa’f%pwswb%? BRGEE A
FRARBE R L EEFHE P AP URRE R LR S TH
TR B CERE PN L AT 2 m BT A A R

BB SR D YR T s Fr2 AR Y 0 F Rt Rt
¢ oo ipH FAAF P T AR L o TR R AR RIS RO
FART BT R R A S BR e R R o d FoRfRAE S
TEAAAHNIM BRERARD R ARG > T2z PR TR Y T D
Lo R iRk B R A X ‘@%ﬁﬂﬁﬁéﬂ%wﬂﬁﬁﬁi

R ERARE AL FALER LA CER - EBEREY 4
R R TS AL TR AR T A 4T 0 e ARG
A0 F - BRARSER S ERBEFERY R FRRE T DR RG
el R ARPF L REHLEFTARREHI X SRS

Fo eI m i i R R TR o SN TR p A5 A e
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o AR FORPETAAL T FAL EREFIRIEFE . p AT ER
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Mo ARRTEAL AN o pRERY T EEF L LGP E TR
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Frfon B A S B2 G A RFARLER P R

PR A AR BERFEDRS FH P 9 90% PR LE R
v

sl
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L

gasification Coke
heavy Hydrocarbons |

- light hydrocarbans synthesis gas |
Petroleum — rofinery gases
w Partial Oxditation

Matural Gas - ¥
u"-f'\-l farm entation |—"‘| hbiogas Reforming/purification

methano| synthesis/cracking

~t
Waste Materials e .
Tharmochemical cycles

{Weslinghousa process)
Nuclear Energy i
»| process heal _I_,..I thermoalectric cycle | phatoslectrochemic

al process
| T

[ohotovoltaic |——+{ alectricpawer |-+ water electolysis
. L
| thermaoslectric cycle Ii

Wind ‘ HYDROOGEN

direct furbine I:I : feedstock

generation |:| I processes

[ ] ® intermediate products

Coal ™

¥ ¥

it

Biomass

Ooeanic

F4L kiRm : A HYDROGEN FUTURE? An Economic and Environmental Assessmentof Hydrogen Productio
Pathways

F3-1 & F chkik

MRADRARTY > & Fehd A3 FFT AL A A8 - FEd L
RAEEE > ¥ -l it e R RAT 2P wE RN ETE
BRAEE P wd it i 96% ot ikl xRy 2w ﬁ§é1 %
AP nE F AR LR BE BT AR X AR DPAT o d R 2 AR
RAEH T R A AT AR ERE B RFE G MR ok T
ek b Bied  MEERE LR AL TEAk RS T A RF LT
g T g 2 a0
TR R 3 F 4 AP T Wi o &I R e g

TR T L R e r RARI F i v P RAETNEE R
L s B AR sy 2 VRS (On-site) A & ¥ 2 5 o B4ofEeiacd b F
B2 ¥FRLFL R o RIFL R RIS Z kA B 4

,éﬂii’§%¢ﬂfﬁ%@?%ﬁ?ﬂ*#ﬁ”vﬂ%%ﬁﬂﬁé
(Photoelectrochemical Method) » % ~ F £t 5 e £ iv & Hjiv o

o
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3.2 [EiRt AR R sl

Paniry R E g LR TR A RF (7 =,CHy s

96% 11} > AR BARL T A 34

I #ATe i L HEHNY SR hflg > 2 Bp i
Ridc% B Air Product ~ 4¢ B Carbotech 2 2 Wz ® WL ¥ ~ 5% £ i

BB R R R R (4 AT

REVFRAA G F BREFH A chded mamiligz * o
A2 EFFEF-FURECDF PRPEEF -

2. MG AR FALRE R MR ERREL A F 2T
dp L FRBERE AT FRTETEE - S HEY B
o~ fﬁm‘ VBTN 1Y £ ke R AR VKL e Fpt HGEIR #
PR RS YR ERALUG - R FRIP  BHRE DA F
FREeng BREAR - TR F SRR > T R FHGE . p o<
Rf ~RICERF -FE LI REFEVRY o pm Lt ARAES S
% ¥ ~ Texaco Process ~ %2 Shell Process & "2 % o * fg i3 * o

3K E  AEFCAARE AL L F R F O A e S
(Syngas) » £ 1% -k # F J&(Water-Gas Shift, WGS) » # CO £ H,0 #
= CO, ¥ Hy 22 L 5ema § o

© 3 fE R Y U A 4 (Centralization) B s 0 1 & i * 3+

ARAME  SBEFRBEFL VR LI IFI AT D ETE 2

Tl F A N end T R Fpt R fE L BN (Offssite) 2 & 5 A

+ Z % (Onboard,On-site) iR e R F B4 2 ~ i 3 R~ 3 5 7

AR DY F A A BT

Pofd $hxEr 2 o BWUL 5 B0 3r REGCR 3-2 #77) 0 7

S SR mﬁ_ﬁgﬁﬁ_g\gfl JEn x> ehgd b 22X

A rmpERE R Bt e r B BFE F 0 & § ) FRPEN

REA A RELEEFREFFPR L AF I e n i LA ERFE R R A

650~850°C 1% i T 5 LLA At 19 F) T0~80%:1E F # 1L o A BE

i@E?PEF%E } \s;;mﬁ Mg HOREE L RALH A F b ] B o

FEBRER STV MR E RS MR TR R Z B A RALIE T A
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Fuel reformer Fuel cell

C‘?‘,l.‘;?ﬂ’,;,, |::> Vaporizer PROX _@_L

__::% ________ =

Combustor

Target of the present study

F AL kiR © http://www.eere.energy.gov/hydrogenandfuelcells/pdfs/hv_report_12-17.pdf

B3-2 AT ®iETRE

3 @?J > FRA X ARG om £ 2B 2§ (Synthesis gas generation ) #
2 F Ao T AT

CH4+H,0—3H,+CO

K-F LR R

CO+H,0—H2+CO,

C N

CH4+2H,0+#:—4H,+CO,

TRy BEFES LT F‘(Plasma)(%zr%] 3-3 #7570 ) > @ Jf::pL
AR RRRE R 2T - HFROA o J\'{— w4+ pd RBERF N3
EE A o LF BT o B (L A d 2 FRIUSE SRR (Aot~ B
i?f%é%%@i)ﬁ;*‘*i%wwﬂeﬂﬁﬁ*#ﬁﬁﬁﬁ°$ﬁﬁ

TIRAMR AR T W R ot R E RIS RE R A S

B g3 Jenit Br R PEAMBEAL T - F P ARELILZFH A
A e £ B8 T4V E(Plasma Torch) 7 4 B 3 FAR e L B R TR
AT e T anck o VERERE

3-4



—

g | -

b Composition
) e
DATA ACQLUESITION - — — —

T Temperatres |F"|'! SEUFE
Dtz controfer

5 =

H

HE PLASMA REFORMER
LIV TT]

Gas
Chromatograpsy

1

HDIR - TCD
analysls system

F A% kR : Plasma assisted fuel reforming for on-board hydrogen rich gas production, 2010 Adeline Darmon

®l 3-3 a,jf’(‘é“‘ e ]

?%ﬁ B ?%Eﬁﬁﬁ%iiﬁ’ﬁﬁi%%@ﬁ@,
R ﬁﬂlgiﬁﬁﬁ%,ﬂé 5 4 o

it
ﬁﬁéaﬁ@@ﬁ,@@ﬁiﬂﬁwg@uﬁ%v%@ﬁﬁaﬂﬁﬁ%
ke B A ARR 8 ke 4Pl e
mﬁlﬁi’%#‘ﬂﬁf@ﬁgplxﬁ)@m;]}n\ﬂfr@ LB B R R
b’ —iméffef"%/ZZ@Llﬁ'”Lﬁi‘ ‘mﬂbjl_°lj§£ﬁa4ﬁ B &

' A
iﬁl?}j’gﬁRFg L2 G /f%/ﬁ»'ja"?_,;ﬁ,ﬁ_/fiiﬂ_,m" —\7\,’@’(
2od WARF WA F BT FFRTIE T LE RAT K (Thermal Plasma)

3.3 IKEEEIE

mik A d 3R KRR S R S RTARE T I R i
W e HER P A FMNIEFER Y - g2 RERE o ki KRS
# ¢ k& f2 2 ( Water Splitting by Electrolysis ) ~ -k % § & /%

( Photo-electrochemical Water Splitting )
KRR EHZEI F A - Ao g SR PWLT F o> E o WEXRA
B RRMS B B AT AR ¢ B RAEE - § A
LR BRAER T ERY ml\fj‘ug b fiE
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EFRE A

BAGVR T2 R Y RIARITL TRR D TRIT LR R
TR A RT Rk SRk Y B Y 0 T L G BT Al
o BIERMBE 1924V 22F 5 47%~64% » F % 53 {4 T 1.1 H 4o
FRAZGAFR > PIEETRT %5 1.65V »2F 75% o

P 1 ¥R fEZGHEY BB A+ T f2F (Solid Polymer
Electrolyte, SPE)enT &3k 3t > M4 M2t 2 %3 L Hw s TRT
PR p g F o %9 2T FEERLZIS0TC T ERI16V
Tonm A 100 Alem? 0 gt ﬁé?ﬁiﬁ%iﬁp ] 80% = + » B A A INAR{RGLE >
AR D D EEAFRE o - B AET A2 T5TI85 2% RAR R
Q%’—i;é_*i’%é}qmi%"u/ﬁzﬂiﬁ # 45~55kW/h = + 7
A EEREAFH 0 EET] 80% M F o dok £ KT R F
Gk AL AR R 4 R TR E R F A AV
€025 5% 2@ kTBEULELG A BEFREE b4cd ALk §
BRB R AARET AT LFTARET RRF R KRG o gt
kA SR SBRETREROE R S F AT T L S
o ’ki’,ﬁ’i#'@i&w‘—k%ﬁﬂéﬁ oK RARWE T RS AL P DT A
WA TN TRIRRY LR -

phob s R ERCRTREL o4 BV - BER - SAEAR T T R HS
B FRA T R TE S TR T LG send g TR R IIT A 2 50
b ook RRHI AR R IR d g2k BEAN S E T § VR
A EE G FNIRIEG ARE TRA -

3.4 BEBERAS

T+

AERBLANRLEE S BEAAEKANT oA BN B Ep HR
s gavkizA i fAn F M B EAIRET AP oA E ko )I}ik
Wk 3 geh B IAGEHES 3,000 B b A K EF R A RS E AR 6
OFELR AT R SR o AN RALEE PR B SRk
S Pl EAY FhT a2 & oo

/

BN E A NRG BRARERE T RE F TR R AR
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gL L R EDITERY AR D o B RER F A L s
KT °L_§li?'1”}’*7qﬂi§‘éi)§lé‘:}é’}<" S hoAy o~ FTHERER S B A
FNRBEER BRI 34T) ) AREY PR S BTSN R4 @
FHB T R FERPEN -~ < HBE R it 5% (Photoelectrochemical

Method) » % % [ # 45 fieft it 5 Jresei N

Algae: Methods for utilising Gas: Natural gas or bio-gas are Qil: Hydrogen is produced with
the photo-synthesis for hydrogen sources with steam steam reforming or partial
hydrogen production reforming or partial oxidation oxidation from fossil or
renewable oils

Coal: With gasification
technology hydrogen may
be produced from coal

Wood: Pyrolysis technology
for hydrogen from biomass

~ Alchohols like ethanol and methanol
derived from gas or biomass - are
rich on hydrogen and may be

Power: \Watrer electrolysis
reformed to hydrogen

from renewable sources

4L %k 1 HYDROGEN PRODUCTION R&D:PRIORITIES AND GAPS, Trygve Riis

W34 L 2aimhEa

TiR2E LT HE RS R kAL RS BRI S

e B RREL A L RRT RN PEAET RO BREF AL A Nk
FRLBEROHIRETRE (EBALIF O LEBALFF o1 1
fed fa-kEmfl* sBEFT IRk id a5 555 '
ﬁ”iiﬁﬁﬁﬁﬁﬁﬁ‘Bﬁﬂﬁﬁiﬂﬁﬁ*%%?ﬁ$wﬁif?§
25%r0k o w1 X ERE S E NG EliTe A (T2 32% - R 5L
BEmmaF 7 A o R B3 AP L RERIBRTERT R
g
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FodnEFkasfE WwEF 2T I A A2 RRERF BF L
=N A RS Z@;Jﬁuﬂ«z’?" o FlULif f X ERT LR R F e b £

&E(16N226V)"k3 %35 PE»E]%‘F"“PE‘!J? J\m 'Lsﬁlﬁ'?fr_’_"“ﬁa’f%’fﬂﬁg
TRt ERRRT A S Lo P D REL P E S wtﬂ,;;@mw4 W
/7 F % % (National Renewable Energy Lab.) - H ff 4i-x * £k - 47 g5 /40 (- 4755/

(p -GalnP,/n-GaAs/p-GaAs) > it 22 F 3 F 15% >+ R H X AR » &
DTE A AR AREHEISFE A~ ARk ﬁll 3B F[ZZ]

Algae production Algae concentrator

bioreactor and adaptation chamber Hydrogen photobioreactor %
(light-aerobic) [dark-anaerobic) (light-anaerobic)

o, O,

Sunlight

A

Sunlight

NN

Algae recycle

F 44 kR 1 HYDROGEN PRODUCTION R&D:PRIORITIES AND GAPS, Trygve Riis

Bl3-5 & 1Bk a2

Voh- fag B P e h X AR A E R 2 RIZ L KA T

3000°C 11 e if »MA KR EER/AfEST FfoF § > L AT HUER

FLEA 4 R ARk Y 2 53 P FE3,0000C ERT 0 F R

"t’”@lfw’““mﬁﬁ Poabeg B e AURCR A B RG SR AP R
i B (4o 3-6 9777 ) o & i 800~1,000°C i B > FFeif § 2~ R4
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= Backup power
= Portable power
= Distributed

» Solid electrolyte
reduces corrosion
& electrolyte

Polymer 60%
(3=l Perfluoro sulfonic 50-100°C transportation

Expensive catalysts

Membrane [N 122-212°F TkW-250 kW 5% _%eneratlon . management problems . _Sensm\{e to fuel
- ) = Transportation impurities
(PEM) stationary * Low temperature
» Specialty
. * Quick start-up
vehicles
Aqueous solution ' gittlgn:(ii:;ﬁ(a‘\ac“t;zn « Sensitive to CO, in
Alkaline of pota;smm 90 IOOn C 10-100 kW 60% Military Teenale fuel and air
(AFC) hydroxide soaked 19-212°F * Space . * Electrolyte
. . high performance
in a matrix management
* Low cost components
. » Higher temperature
Phosp_hom: Phosphoric acid 150-200°C EILDLEL] = Distributed enables CHP [ .
Acid N . o 100 kW module A0% . « Long start up time
soaked in a matrix 302-292°F generation * Increased tolerance to e
(PAFC) fuel i o = 5 sensitivity
uel impurities
. - = High temperature
S_olutlcm o : 300 kW-3 MW NI it EffI.CIjEI.KY corrosion and
Molten lithium, sodium, + Electric utility » Fuel flexibility
600-700°C 300 kW breakdown of cell
(oE1, L BT and for potassium o 50-60% = Distributed » Can use a variety of
M2-1292°F module . components
(MCFC) carbonates, generation catalysts . L tart up fi
soaked in a matrix » Suitable for CHP ong start up time
« Low power density
« High efficiency + High temperature
» Fuel flexibility corrosion and
= Auxiliary power  + Can use a variety of breakdown of cell
Yttria stabilized 600-1000°C + Electric utility catalysts components
Zirconia M2-1832°F TkW-2 MW 50-60% + Distributed + Solid electrolyte « HT operation
generation « Suitable for CHP & requires long start
CHHP up time and limits
* Hybrid/GT cycle shutdowns

: U.S. Department of Energy (Hydrogen Program), “Module 1: Permitting Stationary Fuel Cell

Installations™ (http://www.hydrogen.energy.gov/program_records.html.)
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Current collector Current collector

Bladder plate Piston Plastic plate Flow ﬂelds Plastic plate  Bladder plate

F AL kIR : D. Greene et al., “Status and Prospects of the Global Automotive Fuel Cell Industry and Plans for
Deployment of Fuel Cell Vehicles and Hydrogen Refueling Infrastructure,”

(http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/fcev_status prospects_july2013.pdf)
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F AL kiR © D. Greene et al., “Status and Prospects of the Global Automotive Fuel Cell Industry and Plans for
Deployment of Fuel Cell Vehicles and Hydrogen Refueling Infrastructure,”

(http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/fcev_status prospects july2013.pdf)
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rrlles per mimBtu
natural gas
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Drilling, Processing, and Transportation W NG Compression CNGV

“14 kg COz/mmBtu of NG 16 kg of COz/mmBtu 19 kg COz/mmBtu 80 kg COz/mmBtu
of NG of CNG of CNG

97 kg COx/mmBtu 103 kg COy/mmBty 120 kg COx/mmBtu 120 kg CO»/mmBtu
of H, of H, of H

9 kg COy/mmBtu of NG
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of electric ity of electricity of electricty of electricity

EHRIACE ¢+ Using Natural Gas for Vehicles: Comparing Three Technologies ,The Office of Energy Efficiency and
Renewable Energy (EERE)
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M- v A 5 £ E 1 (Metal Hydride) ~ 1 & £ & 44 # (Chemical
Hydride) 2 = ¥ 3] 2% 3 #1421 (Sorbents) - K & £ ¥ a % & KRR LT 5 5
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Hydrogen Storage
“Physical-based “Material-based

Compressed C:ycr e
(‘ﬁ

\

Non-
Reversible

Chemical i —
Hydrogen Reforming

Ex NaAlH, Ex MOES Ex NH,BH3 Ex. Isooctane

exae
@=H @=A @=Na ;%;-L-nn-::?hh @=H @=N J=8

a1 A

Adsorbent

F# %R © Hydrogen Storage Technical Team Roadmap 2013 Driving Research and Innovation for Vehicle
efficiency and Energy sustainability US DOE
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P E AR RN ETE R RS 0 PR IR RS 5
i i 1) 2 Wa k2%(US. Department of Energy)#rik % ¢h
) CLP R GEE M 0 e k& AR D &
Fo Pl e VRHEE S Rk ArEE B W% o
2010 #02d fRA R PR(ARECERRLI RO

B L B hgd EigE Mo

41 FRERIGETATT L NBET & ST
Hydrogen Storage System (‘ﬁm :3;1:) cimg;f) projecteg‘::ts{gg,{g:; ;lmitsfyr)
700 bar compressed (Type IV) ° 1.7 09 19
350 bar compressed (Type IV) ® 18 0.6 16
Cryo-compressed (276 bar) ° 19 14 12
Metal hydride (NaAlH,) © 04 04 TBD
Sorbent (AX-21 carbon, 200 bar) © 1.3 0.8 TBD
g:gﬁj:l illcll;\. l:d.ro gen storage 13 11 TBD
2017 Target Values 18 13 12
Ultimate Target Values 2.5 2.3 g

F# %R : Hydrogen Storage Technical Team Roadmap 2013 Driving Research and Innovation for Vehicle
efficiency and Energy sustainability US DOE
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fraction £ percentage by mass » 58 Wt%) > £ - AR &5 R
KR o LR R AR F AT R v 60

2010 # 2 MR T B A * kEa kiiz p ik 2010 & 5 45
wt.% » 2015 & 7 5.5wt.% > 4] 4-2 #7oF o

Target 2010 (New) 2010(O1d) 2015 (New) 2015 (Old) Ultimate
Full Fleet
System Gravimetric Density 45 6 55 9 7.5
(% wt) (1.5 kwh'kg) (2.0 k%'kg) (18 kth'kg) (3 kWh'kg) (2.5 kWhr’kg)
System Volumetric Density 28 81
(g/L) (09KkWhL) (15 kW].L L) (13 kthL) (2.7kWh'L) (2.3 kthL)
|
70 1 | ]
1 | Ultimate
|
60 + | Revised
4 1 DOE
550 RS
\;.‘.]/J 4 | = 2015
47 L= i Hydeogen
a = 3 ) =
g T . . ) \;\
@] Chemical Hydride A
2 307 .
E 1 C omplex H\'dﬂd;ﬂ@ — C ryocompres sed
= —+ ___ ____;
35 20 c_—__—.—‘_‘.—_-l-——.__—f,
- T C-sorbent @
10 T
0 } } } } } } } } } } } } } } }
0 1 2 3 4 5 6 7 8

Gravimetric Capacity (wt%)

T %R : Hydrogen Storage Technical Team Roadmap 2013 Driving Research and Innovation for Vehicle
efficiency and Energy sustainability US DOE

Bl 42 @i minEs s nB o B ¥ olf i P e

Ifg
1.8 kWh/kg 2 1.3 KWh/L » 3% (58 B % “o3%d & F 3 2 (dodk 4-2 97
) e 5 EFERN AT B L BT HE 0 L

HIA 4 R BB R4 REE BN LR A BB B i ]
Rz p el

2 R hInipzt2. 2017 & i@ @,J AT R MBI BRAYG
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+ ¥ o > A sy 2% PN 44
242 ARARSERD T EE F D RESE R
Storage Parameter Units 2010 2017 Ultimate

System Gravimetric Capacity: kWhikg 1.5 18 25
Usable, specific-energy from H, (kg H/kg system) (0.045) (0.055) (0.075)
(net useful energy/max system mass)

SystemVolumetric Capacity: kWh/L 0.9 1.3 23
Usable energy density from H, (kg Hy/L system) (0.028) (0.040) (0.070)
(net useful energy/max system volume)

Storage System Cost: $/kWh net TBD TBD TBD

($/kg Hy) (TBD) (TBD) (TBD)

* Fuel cost $/gge at pump 3~7 2~4 2~4

Durability/Operability:

* Operating ambient temperature °’C -30/50 (sun) -40/60 (sun) -40/60 (sun)

* Min/max delivery temperature °’C -40/85 -40/85 -40/85

* Operational cycle life (1/4 tank to full) Cycles 1.000 1,500 1,500

* Min delivery pressure from storage bar (abs) 5FC/35ICE SFC/35ICE SFC/35ICE
system; FC = fuel cell, ICE = intermal

combustion engine

* Max delivery pressure from storage bar (abs) 12FC/100 ICE | 12FC/100ICE | 12 FC/100ICE
system

* Onboard Efficiency % 90 90 90

* “Well” to Powerplant Efficiency % 60 60 60

Charging/Discharging Rates:

+ System fill time (5 kg) min 42 33 25

(kg Hy/min) (1.2) (1.5) (2.0

* Minimum full flow rate (g/s)kW 0.02 0.02 0.02

* Start time to full flow (20°C) 3 5 5 5

« Start time to full flow (-20°C) s 15 15 15

+ Transient response 10~90% and 90~0% s 0.75 0.75 0.75

- ) ) . % H, SAE J2719 and ISO/PDTS 14687-2

Fuel Purity (H, from storage): (99.97% dry basis)

Environmental Health & Safety:

Scc/h

* Permeation & leakage
* Toxicity
« Safety

Meets or Exceeds Applicable Standards

* Loss of usable H, (g/h)kg H, stored

0.1

0.05

0.05

F# kR : Hydrogen Storage Technical Team Roadmap
efficiency and Energy sustainability US DOE
4.3 SRFES
SEER TR TR L
TR N R R %
+ 5 & 20~80MPa > #1ac iF B e 7;351 LR
43 st7) o A AT srg BT B gwiak
2 -

4-4

2013 Driving Research and Innovation for Vehicle

2T R - A bR S R
%) £_ 36kg.m*(80MPa, 4= ]
d 3 g 4 e

BREL PP E

R 2

’ri’. [35]
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10"
H Metal Liquid metal
8 sl amssssspon
2 10*,
2 H,
2 gas
gim
Critical poynt
H
10° o
i
H, qui -
solid Triplepoint : :
10” =%
gas
Y

F # &k MR : Technical Assessment of Compressed Hydrogen Storage Tank Systems for Automotive
Applications ,Argonne National Laboratory

B 4-3 3 Ra 5 haiga WHERA

BRI FREGP D AD T A LA B 5000 psi( % 350 bar or 35
MPa) % %f- 10,000 psi (¥ 700 bar or 70 MPa) % % > 322 5 ;3 8 fu & %3
MR EPEL B P 05000 psi Emend BiET FESHEAREEL £
AH TP E FFEfoda B IR R RS £ 1D
WA WA EERE A RA H B P T 4 o p A 5,000psi & & ik
a2 B R 5 2.8~3.8wt% - 0.017~0.018 kg/L -
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35 MPa
High-pressure
Hydrogen Tank

F # Kk SR Technical Assessment of Compressed Hydrogen Storage Tank Systems for Automotive
Applications ,Argonne National Laboratory

Bl 4-435MPa 3 BRiti 7 %

e

10,000 psi % Beh® Rk d F E > tad £ R ¥ T3 2005 2HFP
P AT irg B Rde T A D T e B 30 B R LB 4-5
AL FEL G FEMREBAIRESCL IR F RS BT K
p N s ae 1 TR 3 A4 (CarbonFiber-epoxy Resin Composite) = 4 %8 » &KX 3
Ba F B4 - LRET REMELS I FAFHE P FFG S
BTN FREES NIRRT ERAT DR R g
FrEE®mAEL o p o 10,000 psi £ &kt i % AR L 25~44wt% o
18~25g/L - % B a # 3~ P JE A3 A > B o 53t 5,000 psi = & 17
% = /kWh ; 10,000 psi % * 27 ¥ ~/KWhE .

S

Trishield™ Composite Hydrogen Storage Cylinder

Proprietary Fiber/Resin
External Shell

Impact-Resistant
Polymer End-Domes

Yollow = Polymer Liner
Gray = Carbon Fiber Linner Shell Pronri - 100%
Gold = Fiber/Resin External Shell roprietary 1007

_ Premium Carbon
Black = Polymer End-Domes Fiber Inmer Shell

F A% kiR Technical Assessment of Compressed Hydrogen Storage Tank Systems for Automotive
Applications ,Argonne National Laboratory

Bl 4-5 70MPa # Rk 4 %
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npm Y s AlgEA R 70 22 MLk adpkz FT 0 2 5,000
psi ¥ it K~ 6 2 eha & > 10,000 psi ¥ oaw o~ 10 2 H chd F (4B 4-6 7
) WARTEE 1 BYOR A nE VR s B ARE R (T RAZE 200 22 0 F
Z AR Z TR 2 gRrT FR500 2 0 o igs WP
TeerRe 401361

CRER

)

(1) Comparison of fuel amounts (2) Comparison of ranges
(Tank capacity of 70L) (Tank capacity of 70L)
Gasoline equivalent (L)

500™

ETL gy 0 m——

: Gasoline
Gasoline ICEV

CNG (20 MP
CNG (20 MPa) ( ICEe:}

H2 (35 MPa)
FCHV

H2 (70 MPa) H2 (70Fl\gi|83

H2 (35 MPa)

F AL kIR : Technical Assessment of Compressed Hydrogen Storage Tank Systems for Automotive
Applications ,Argonne National Laboratory

i8] 4-6 J&: {ﬁfvﬁi NGRS BTN 28

BREI T -BABELEIREEIE ERAFPERRFT%HZ
( Argonne National Laboratory, ANL ) 2 # 7% 5.6 = 7 :?:%LHJ’S,OOOpsi@
4z & 101 2 7#5% 4 - 10,000 psi p % & 109 = 'iéﬁ?’acﬁ’ » 2 e 6%
T oo g ST 7 0% 1 e 3 i (o B 4-7 #n )B

BRI F O TEAZIRIEGFE O REIAHT AR > BT
i LNTWE% 24 F o EME R A AL SRR ZRE BN T
HaoedBi g2 NFRBHELF > BHFPARFLFTeEL
2006 B4 o
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On-board System Gravimetric Capacity

Weight Distribution (%) Weight Distribution (%)
350 bar, 5.6 kg Usable H, 700 bar, 5.6 kg Usable H,
H, 6% Hs 5%
BOP 19% Liner 119  BOP17% Liner 7%

Foam 4%

(+]
Foam 5% GF 4%

GF 6% |
CF wy CF 62%
System Weight = 101 kg System Weight = 109 kg
Gravimetric Capacity = 5.5 wt% Gravimetric Capacity = 5.2 wt%

Argonne

44 kiR : DOE Materials-Based Hydrogen Storage Summit Defining Pathways for Onboard Automotive
Applications

B 47 RAEHE fnt g

4.4 REERES

Rk d ’F 'T—'E] TV &R 'pf]i g SLH fiiiﬁjiéﬁi - wWiEz
i EHBI R AL F R ERMCERET c MB48EH ) ARG -
B 42 %% # & (Superinsulation) » 7 %K 347 52 o



Ho & » Tank-System
10 W e o
-training forliquid hydrogen (]_HZ)
PRVREE S g AL v Operating temperature of in-between 20 and 30 K and 0.5 to max 1 MPa pressure.
¥ Problem: Unavoidable head flow through:

= Thermal conduction.

= Conveclion.

Part 1 * Thermal radiation.
: ¥ A efficient multl—la er vacuum super insulation is necessary (approximately 40
layers of metal foi

v Boil-off losses aﬂ.er several days.

Part 2 ¥ Energy to liquefy hydrogen consumes 30% of the stored chemical energy.

Part 3 Ligquid hydrogen (-253°C) Suspension
Shut-off valve _ - Superinsulation
Electrical heater Innar vessal

Part 4
Gaseous ydrogen Lewel probe
Safety vahves Fifling fine

Part 5 Gas extraction
Filllng part Shisld
Cooling water heat axchanger | - , ] el - Outer vessel
Casecus extrackorivale 00 L |

= Liguid extraction

Liquid extraction walve Q = ..-‘. it 2l =
Lequid refill valve s Electrical in tank heater
- Source: Helmolt/Eberle 2007, 838

T4 %k : DOE Materials-Based Hydrogen Storage Summit Defining Pathways for Onboard Automotive
Applications

3
PlARE AR ERZFLBI2ZHWTIAF - 452083 V5 & @
&%’fziifﬁm/féﬂaﬁz{%% T 2397 R P E Y Y AL

BEBRFERBRERLAILAT OREIFATEFE SN 91
34]
9 .

hpas)

TR E T M ME R 35400/l B BT B
B4 % 5~6.5WEY% - {6 F BMW 2 A4t 41 7 — 4648 4R £ F #55 b 2 0
fﬁu%@m;]%,muig IR A T u';%l"_?
’Eﬁé‘ﬁ?k BREL R sggm, ;
E‘?*L‘i;‘é’_)ib‘*iféi:egﬁ;g ,ﬁ%%%i e TR AR R
T R R S mawm;ﬁagg%;?a :
4.5~5.7wt.% - ;‘.’%ﬁg}i’x B EFER O MR F el Y

41 % Cryo-compressed =24

= -
F.
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FiR i E o e TR

Loy ik Ll P —%r
ARG F g a2 400% 0TIt S e MR A R RO E o B
P ARA AR FBALEATS hE RN ML IS RSB T - 38
L ARG F 2L B RME AR T
B MR L £ R A ¢ o BABIEE,

ﬁéi‘?%@%ﬁi?i&@%im&}_@s@’,m;_4%;5(gg)@tﬁm@
* oo d A2 d % AT E 1500em3-Hiem® o i B R 4 o

13@%f&§%ﬁﬁﬁm;m0%§@%ﬁ%§ﬁv
200cm/em® « A% B2 E £ 4 kX B A A (99.9999%) & F o % 14 R

p e o T EPTEREREL ﬁ#F%'ilﬁf‘! P - BTE 2R G AT E o
AR L ¢ ARM2ZBELETR - F " 5E £ /TS G L
EAREE R S FEE Rk E F R EARRS Y xR F 2
P AL AR g

B ATy hE R *K'“H‘r;ﬁf@” g F R
dAZEH L9 L L e 5 - BERFEFIrE F B S ELHE
$oo 32 F BB £ BE > AN ER A 4o TivZr- Mg Vo
1}'»‘4m%”o¥ BEBET B et R > A F LA XTI P frd K
feeifAe? § R fcH R AR B4 H B (oW 49 #77) > 4o Fe~ Co -
Ni ~ Cr &Pk,
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A hydride forming element; B: non hydride forming element

e
Be B
aMg Al Ar]
2 \ili Fe Coll aGe AsRfE
Rb b Mol Ru Rhizs] Ag Cd JqTe
B3 = Re O Ft A Q b B

La Ce Pr Nd[gliSmEllGd Tb Dy Ho Er TmYb
Bl ThPa U NpPUA

moirr, I N—
kJ/molH,

- -40 0o+

744 kR : DOE Materials-Based Hydrogen Storage Summit Defining Pathways for Onboard Automotive
Applications

Bla-9%x#3 s HAESHI £ E B EH LY

EAEH(A)E G L waied o sd BRE o« 3 RIE 5
A EF (B) RIS F AR cnfbff o - 355 & & E A7 A 67 b
peng e b a s &35 AmBn £ (#]4- AB - A2B ~ AB2 ~ ABS -

AB3-AB7 %) » 64 Ed £ 4iBd AAAiHlEE A B <
gl g ch T g L L A d o Hg{raﬁﬂ;gﬁg,ggg
ﬁ%ﬁm%mwww’?@’Aiﬁ%i-°ip¢ﬂ VES AL 2 H
ﬁuw?ﬁ FHAEFL 2 hF LR \gﬂd]@;;ﬂﬁAf# BAs

£/ ¢ 3 * Fpinit 352 = = (Stoichiometric Composition) 2 5 & #
Boo- MW RLNREE EECIAFE ko E kMK A RS ETHES -
WL LTI RARE Y AAZE 2wt% > A4 K E AV B 6 wt% vt

LRI {7 AP RBLI o BT - PR L bRy
RBRAEHRPEG o A foHgd L g
Eh- PP RfRY T o frd FRATHF
PV iR il f‘f‘bk}};ﬁ%]:'%g"‘{éi9c,\

BB hiEARY g A F A AR HES T G o Rifo
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F AL kiR o http://thesis.library.caltech.edu/7198/5/Stadie_N_2013_Chapter3.pdf

Bl 4-10 v Hpxd
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1

P-C-T v REIFERI HPERABIPLHELHFPY B J Td QT
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pcT-diagram van‘t Hoff Plot

F 44 kR : Thermodynamics of Metal Hydrides:Tailoring Reaction Enthalpies of Hydrogen Storage Materials,2012
DOE

Bl 4-11 2 BHfieed w12 PCT (B - 24 -8R ) M%7 2 B

Tﬁﬁﬁ%@]é‘éiﬁfﬁév\#‘r#ﬁﬂ’,’ﬁﬂé EHEE P ARETY T
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Wi%(MgHp) » 15 & X kB s b " 2 jo@?%J’ﬁﬁﬁﬁia
BEFPRE-KF P CERERLFL A
FEE > TR AEEE T (400°C P ) Bz A @ ¥ AAQE S WELY o
FE AR 350°C uT > MgH, 274 2§83 7 pixhh » 7 EPFRF L
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et ’W
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X o pAEw ﬁ—&%$%ﬁqﬁﬁ’ LA RAHEMEERT G
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EEM T WHLIWAITE BRZ 3TWLY A FTEOWLU i
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FEAFEET R ZBRERS Y ARG F BEF P
BEPELE A RAMRE c ARBELILETBEFILELAB e 1 51
MG 2 &G A I FREME SR e A (¢ T R A
L) MRS £BFE S BTN N Zf{ﬁP%L%H;
IR ENEFERLE LR FL R AETE A RB R
Bl E5 82 it2 piko
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¥
S
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Mo MBRGHE ~ FIRRE R E hE s T E B RIN R A B
Sl 2 A g o p i) $mir 2B BF EHRE
(Metal-Organic Frameworks, MOF) ~ z s g ~ A ~ 7 5 7 K A
EAPAMELR R MM EFRET FE o AMGETTK)Ed 2
ME G - LI c FAREEETREIIEHMALERF £ ERE
(Metal Clusters) s fenifa52. T > 3 5 /5% rq 7 4218 1 wt% > #72
Ml awTy £ 24 MOF 2 & % i & 32 (Doping) =it & #4L - 3 4
A+ Ea @IV ETHDRERLE o

MOF it fe =% 4 + (Coordination Polymers)eh— 48 » d £ fHag+ &2
feim A leEm & Bt AE F GBS 1099 £ 5 f1* g oy
- % frﬁ(benzenedlcarboxyllc Acid, H2BDC) & = 4p § #& <=1 % 3 MOF-5 44
# o MOF # # &_% & pe i it & (Coordination Chemistry) & 4z ~ +
(Supramolecules) E"f’l)?}_;‘}’ﬂ o AN EAd EFY wBHREAA S D ST
FhipEEF A3 > B 412 5 MOF & % 5 fena 3 REIE .
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Metal Salts

+
[ |

/ﬂ/

(o

MOF

Ligands

F AL kiR - STATUS AND PROSPECTS OF THE GLOBAL AUTOMOTIVE FUEL CELL INDUSTRY AND
PLANS FOR DEPLOYMENT OFFUEL CELL VEHICLES AND HYDROGEN REFUELING
INFRASTRUCTURE,David L. Greene Oak Ridge National Laboratory

B 4-12 MOF & = F &7 & B

T T4
AL AR dk 2 EE B M B BERBEERAE o e
AR B v g RN H B RS A L A9 MOF fe iz A fasf
el 4-13 1T o AR £ v infe iR i A B e &
TSR R ek B A e iy 4p IR

F 44 kR : Thermodynamics of Metal Hydrides:Tailoring Reaction Enthalpies of Hydrogen Storage Materials,2012
DOE

Bl 4-13 £ A5 MOF fe iz A B4
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MOF #iflf~ chgrd EitF ' 2 o fBRETAI I 25 8
3L ¥ B (Porosity) - >+ 1999 & % & % — B 4E T 1§ 3 . MOF # # MOF-5 »
# % # (Brunauer-Emmett-Teller; BET)® i 2,320 m2/g > #4216 - &0 %
BEMR o B E R R 2T > F ST BNt R AR RS
Ba %Eﬁé%f# » 4 MOF 2 m e 3L R - 2010 # 3% % «» MOF-200 £
MOF-210 - i * { & efie i &4 BBC(benzene- triyl-tristribenzoate) 12 %
BTE(benzene-triyl-tristribenzoate) 2 BPDC (Bipheny-dicarboxylate) > # & ##
> Wi 3] 4,530m2/g 2 6,240m2/g > @ 3t 14 & i MOF-5 & % 3% 3 7] 90% %
189% o B % % 6 ff + B OMOFH#L 5 NU-110 o H e & Jodperfeix
A BHEHPI > Uik £ & # % 7,140m2/g (4r# 4-3 =557 ) HUBHEA

% 4-3 MOF 1L & § w2 My v i

Void Volume | Crystal Density | ABET Alan
MOF Metal | Ligands

(%) (g/cm3) (cm2/g) (cm2/g)
MOF-5 Zn BDC 79 0.59 3,800 4,400
MOF-177 | Zn BTB 83 0.43 3,780 5,340
MOF-180 | Zn BTE 89 0.25 | ND ND
MOF-200 | Zn BBC 90 0.22 4,530 10,400
MOF-205 | Zn BTB, NDC 85 0.38 4,460 6,170
MOF-210 | Zn BTE, BPDC 89 0.25 6,240 10,400
UMCM-2 | Zn BTB, T2DC 83 0.4 5,200 6,060
NU-110 Cu BHEHPI - 7,140 | -

44 %k o Hydrogen Storage Technical Team Roadmap 2013 Driving Research and Innovation for Vehicle
efficiency and Energy sustainability US DOE

EFRARNE I AR O AR E L o NAE SR
1 MOF-5 t MGR 2 #5127 > F f’*ﬁfié"?r&"fﬁfﬂiﬁﬁ%% CE RN E
B BRAMBHEZBISEFEFAY O REEIFEF RIELZ A K
PR 2V AL e A BN Tk AR S SR E R ARSE

ﬁ%%gﬁ(%@¢MWT)3ﬁ’ﬂﬁﬁﬂﬂjﬁj@&%@&w
FEET o FIMB G PR ER IR AEE §F AR
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Cooled by gas
permeation o MATI
Adsorbent Form Selection:

® Powder Form

® Pelletized Form

o Monolithic Forms (Puck)
® ENG or other thermal

enhancement

Powder Form

e — e .
Cooled by 93s .
over surface of pll.ets

Tank Selection:
e Aluminum Type |
® Stainless Steel Type |
e Composite Fiber Type llI
e Composite Fiber Type IV

Pellet Form .
Tank Internals/HX Selection:

® Resistance Heater

o Fin and tube

O Wire mesh

O Hex/Honeycomb
® MATI / Isolated-H, insert

“cooled by MAT!
or gas permeationl |

Large Compressed Form
“Hockey Puck” 30

F 44 kR : Thermodynamics of Metal Hydrides:Tailoring Reaction Enthalpies of Hydrogen Storage Materials,2012

DOE
B 4-14 & Vs dliEa kAL

MOF 428 2 o 7 M s W — heda~ £ enf > & R4 f BR
ERAE ﬂ,értﬂ HBEABHZ 4 F UK A W MOF chie® 4 o F]pt
Wi d MO MOF SR FE B O Lo fi > FFIVF <] F7 1%

- ..

Z207nm> > m?% % 1.2nm- &ij‘i’_}i%fg"% & o0 MR &_40.,120001%5
BREFEET > B pHEE AT 5560 W% 4 i & F R Rtz
ARRRFo PR YA ERHMLEEER B PR ESPRE Y
- FPRGERERRIGRE S MOF it B4Eip§ 5 0 Fl B L
i >3 ¥ ¥ @t 200°C~500°C hg if o fw Bt FAE T L e o d 3
MOF fiei=fk$ B F o> aip 7 SMiERET F 5 #i3 > 2 f30 2 §
i [24][28]

N

£ WA RINA 2014 EAcH o~ BAGELT BT ARTHE L =
R 0 LRSS R SR e R R K PR L e R
Mapld e x s A e AR e YEAE VT IEML

AZRE AR5 - FHFDIHABGH B A FEERE
3

(ST AL B R

SR o §F R R e MR R G S 0 B 2§ F ey
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%?maqﬂijﬁﬁﬁ%§ﬁ°mMW&&k“n% BAcRA % 4p
B B RARM > RAAXK > L }I}us,\ﬂ o

Vo ARG E MR 2 A RE REE 0 BT S0 100 F A R 0 23
Zob ks [ 100 A K PE 0 LA A KACE o MR KRR 0 2 K ALE
Ld - B a5 R Rm SERTEGES T HER SRR KR
FooSEAKAE fod EEAARARS DL E o 8§ Ak
?o 1‘?\'#’%“1“??[5@%5“ B R fes A A 2 AR T TR e W 0 R R
R GRS T AL PR e Frit o & AR KRR Y R
AE o3 Koo e R RS R A

P A BEL MR S B B RBEL BT i 0P B AL ey
AABMEREFREL AR TR A FHEPEH 4 30% L o

R E QRN Y - @i FF AR T e hd e (7
B 480 =2 F 358 2T ehd F oo Pyt 0 F WA RIVETR BB ST T
Birg T a4 % 2010 £pF o @ q’%lqiJ,Lﬁymngg_%ﬁ@'l‘jéﬂ

BWEOG (TP 2 Tk E HALT ek 60 A d £ ) :a%%i@ ; 2015 #pF o i
FIfE & v i B R R i B OWEIG iR o gt p RN A R TR o

I

46 EHER

HA

§OtE AR E M IR R R L e B TR b B AT

P A E AP RO £ RS B TL° S FF G o Tt K i b R 4 il‘l
ARt h B gY -—BERaguTy o AV RERRPALR ~ 9TF g & A
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52.1 GREET 12015 #5838 2 %

7 GREETL 2012 #7542 A 457 @3] 8 @47 * chiil2 b 2 1 B
(well-to-wheel, WTW) 441 4 i #p 2% > H e 571 8 R B4 ~ &M~
Flovid bz WTP FREchit 422 B 5 F HE % 0 & e 3 5 HPar
(pump-to-wheel, PTW) (i3 & (& * FFE)cnic 422 B 3 F BT o A At e
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AR SRR BB DA PR RALE R - R P e R
(WTP) #7Z cni it 422 F 2 5 Mg Q3o 24773 F ik
v B ol B 4% (Feedstock ) F& £~ b L 3% W 3 3 3% 7
duih sRFRELZE B gmie * (vehicle operation) Ff £ ihit 422208 % F M ehpt g o
HEAuzsE/o2 (Btukm) 2 25 /22 (glkm) e
PRp Al et e WTP FEE(Trid 2 3 4eid shFFE) 2 so 4288 - § 1 gl ac
SRE A 5 AFT T 54 GREET #258 ¢ 304 SdicAh 2 1t gaf;_r s @I BT F
A WTP FFEenic 4288 - § iV pli g » 3280 4 5-7- 2 ¢ i £ H = Btu(British
thermal unit) 2 =4 |#E 8 = > 1Btu 2@ 1 mavk 2 3 &< 1 B 97 F & (ft
B mmBtu A FHFEHIAEE oSN AR R AT WTP FFE
#2 2 1mmBtu F & 276,415 Btu chsp 42> I ¢ 2 24 14,985 2 5o ch- F it gl
o e d F OWTPFFE® 2 2 1 mmBtu § & 779,481 Btu s 42 > T ¢ & 2
117,480 =5 en= % PP K257 50 4 § 4 2 & WTP FAE 5 mmBtu
AA B AR o F PRECEPER AN -

R PgRAE 2L AR

piu)

%057 % B ATA] SR WTP A E2 it 4507 = § (LR B 4

PRz AL E R~ R Z EE R (WTP)
19l e ) (& mmBtu %424 2 )
w42 (Btu) = F v (2n)
AL 276,415 14,985
i 779,481 117,480

TR kR AP R

GREET1 2015 r2 #fdir dp gl > 2 45 % fe it i * @ iﬁi’l‘iﬁ 2 ERT S
H R (Feedstock) FAfL ~ %480 3 X Pl e b L2 B R e
(vehicle operation) FFfieiic 42828 3 5 Wt g - £ 5-8%2 £ 5-9 4 %5
B RS TS B AR B AT AR LI D F
FAPER (T RILE A 45 0 dod 5-10 4T o

14 BEoid @ S ubi gt B A R I & FEE il 420 RGP 4o

(1) it B B dd Lo 19304 > F Y B dweE ® [FER 10
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EE | T

VAR <o

—_

B LA T B g 42 5 1,567
Btu/km » @ L3 s & cngg 42 8 5 587 Btulkm o 2 2 % g & i Pl
T @ RALE $ (Feedstock ) Ff £~ WHELIE R T 38 3% Tl 4e b 2
Febc 2 Bd@id * PR BT B & 20 2 (38 a0 42 5
Btu/km » @ %L 3 8 B ekt g 42 5 1,043 Btu/km > L 3 8
AT B R Ayl 1 5
BmE B TR TS B RN B RS B A

msb%ié 337 BtU/kmv L_ '}'F’!Eag‘

9 (7B sk 4L KN S

g 42 5 409 Btu/km > 58 @

FEE A B & 02 @R LFIVET S E T D i L5
95 Btu/km » @ ¥4 % s & da 42 5 47 Btu/km o
% 5-8 T B R LR E 4L - F (b pl PRy 4
F 2024 (Btu) 5 & 22 2§ ivpp P (%)
% (25)
ROFBAE | R | B R | 3 | PR | BB EE | iy

Total Energy 95 337 1,567 [2,000| 4.8% 16.9% 78.3%
Fossil Fuels 93 321 1,464 (1,877 4.9% 17.1% 78.0%
Coal 9 21 0 29 29.8% 70.2% 0.0%
Natural Gas 56 191 0 247 | 22.6% 77.4% 0.0%
Petroleum 28 109 1,464 1,600 1.7% 6.8% 91.5%
CO; (w/Cin
VOC & CO) 0.024 24 119 143 0.0% 16.5% 83.5%
CH,4 0.083 0.054 0.006 [0.143| 58.3% 37.8% 3.9%
N,O 0 0.004 0.005 |0.009| 0.0% 46.7% 53.3%
GHGs 2 27 121 149 1.7% 17.9% 80.8%
TR KR AL R
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# 5-9 LT B Ul A pFECA L - F b a4

Sk En el
(2R

RAL B R | AR E N E3 | RAELEE | PR EE | D fpi
Total Energy 47 409 587 | 1,043 | 4.5% 39.2% 56.3%
Fossil Fuels 47 380 587 | 1,013 | 4.6% 37.5% 57.9%
Coal 1 95 0 96 0.6% 99.4% 0.0%
Natural Gas 44 281 587 | 911 | 4.8% 30.8% 64.4%
Petroleum 2 4 0 6 40.0% 70.0% 0.0%
oo c(::c;;] 3 66 0 | 69 | 45% | 955% | 00%
CH, 0.157 0.079 0 0.236 | 66.5% 33.5% 0.0%
N,O 0 0 0 0 0.0% 0.0% 0.0%
GHGs 8 68 0 76 | 105% |  91.5% 0.0%

FHKR: AET AR

% 5-10 A B g ETiz** i J‘E Bl - § it dh 4

A RS Btu) ; & = § 1
Bl A (H, ) <2 - - Ft (%)
LY P (25 >
%A | mEw , RO | EEM | 2 iE
T L B % iE i B gmie £ 208 % i 3
it AL 95 337 1,567 2,000 | 4.8% 16.9% 78.3%
g e | o7
i B 0.024 24 119 143 0.0% 16.5% 83.5%
P
ey 0 47 409 587 1,043 | 4.5% 39.2% 56.3%
)';L/—- w e - %
v ) e-' “1 7‘—]‘ L $
~ B 3 66 0 69 4.5% 95.5% 0.0%
;}-;L—;’I

FHR KR AP ER

(2) 4 4B fp A & PR PR B S RO T B IR > B e
FPFEA S B R o A 4L 5 1,567 Btulkm o A L 3 6 78.3%
VORI R FE PR T2 0 A 42 5 337 Btulkm o F S ERLE B e
16.9% ; & RAL R EIF it 425 X > 5 95 Btu/km » | s, %l iy Hp e
4.8% o BT s BINA o LBIRE P R AHEERF 0 A4 s 587
Btu/km > } 3w ik #p 61 56.3% 0 AR AR 2 EHE PR 2 0 W
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42 % 409 Btu/km» & & sl ik Hp 690 39.2% 0 Rl B BRI B A 45 B Ko
% 47 Btu/lkm » [} % pERLiE Hp 0 4.5% o
PR B AR s B A R AP e F IR RGP e

L

(1) L_/-L/Fbé?b'?m..} ;ﬁdléé’iﬁj_:ifﬂﬁg\#ggg;/}*%%rs&\ i%fag’iﬁﬁ%
FPPEEL o T B A O FRG- §F VAR REREPED ,

o B s F ibpgaE L 119gkm Ra BT R B AERET
P AP F LR BREE T FR R LR
5 00g/kmeo e BEBSEEE > ¢ 32 R H $ (Feedstock )
FEB~ PR T EE P4 id b2 DR R BT B &
N FEa - F pipiac g L 143 g/kmo @ BT S B ko F
LR E 5 69 g/lkm o Rl E s B & 08 (TR - F I P
EPRRGT B Ko Bgms 02 (78 ARFLEFRIFER A §
£ T E 5 3g/km o T B Pt g
» 0.024 g/lkm > BT 4 B PR E AT E S FORYSER R
#

GAUPERE AR FR s § AR E

AR B > YRR R B anptacg 5 669/km o i B R G 24 glkm o

()4 42 fmAd 2 AR L PR o § I R s T B 3R
Ao DR PR F PR B R o 2 5 119gkm o b
PRALIEHp 1 83.5% 5 VMR FEIFE 2 0 2 F PP E
5 24 g/km> [} oAl Hp e 16.5% ; RAL R ERIFE 3 R R E
B0 5 0.024 g/km o F A ALIEE e 0% 0 LT 4 B
BB E FEIFR - F PP T RS o 2 5 66 gkm o b
PERLE Hp e 95.5% 0 A RM B EIFE L 0 - F LRPRE L3
o/km b G weF Hp e 4500 AR T 2 B FRERY & F R
P TPt A B R PR g AW 0g/km > } 3 i
e 0% o

lm

ETI
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5.2.2 GREET 2 2015 #-5¢
GREET2 2015 #-5¢ %

A BAE D FRT

S5 8%

51\

Sl Sl A T A ARA R S 2 SR
BIREH(F ZRAFER)E 22 AP DR LY
BT o RAT Y AT B R4 2 GREET22015 H05 S 4k

(\x,

[l
[N **Y

NEF TR S

FHARGITD o LB E L6 T B EE TR 2 B3 s

t
e

B~ FAmaARE T 2ai. % AL
g

FlAEA R B PARM A e o g AT B 2 BT B
BELZR FLIVHET S By 2B 70Mpa g BEkd fi o LA T8
FAfe g2 Extgr 2 a dERRALFIfpednid o
BEREI L2 R T F MR ik - o

% GREET2 2015 #-58 ¢ > B 4@ (2 2 R * IFE)IMA & 371 2~
Bl T R e TR (F F TSR B ) R
(¢ 22 % 4pRlie Rz W~ R * s &KAD) AT AT ES 404 511 #7 7 o
AT BERFEAPN LA mATE R 2R ki Rl KRR/
TACFF R RBCN IR E 0 AR A B 2 B AR EE 2 Sl R

A

ER gl R e RIBERIr IR E L R G iRl o § R
&

WS>

o

—

EARR S AT R F L > VR R B A fmrd SN LE -
PR ERGTH BB o SRR IS > AR B AR R RIS T P
Fr2 2§ R E NSRS 2 PR A 2 WEIns o BET s B A
Bimrd AP PR E - F LRI AN B
J$_GREET2 2015 #3847 8 @ik ) (3 7 @ * FAE) B B7 » i 2
2AAEY NI RED NI L EFEHIIRA LR TR LR
SF RO RS R AT 0 AT B RA D et
Wi £ 2 2§ PRI e S > A u 2 IRE D 61.8%%
61.9%> B =t & %] 5 i AER (R ALF Z F LR A W | B R P 0 19.9%
2 20.8%)% IR Iw A TR (42 2 F PP RS W | B RS o
16.7%% 16.3%) > &> R E T % @ (R4 E - F R u P miE
B 1.6%% 1.1%) c @il g e 2 Mem ol e i Qa2 -
Fitmpzd b o Al B iRt 89.9%% 90.1% 0 H =tk A G 2R/

o
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20511 b BT B Rl (B S AR FER) AR §

B R Iv Pt B (R 55 - F gt s u) b B R eh 6.5%3 6.5%)% T
BT (RS ZF A U | B R 2002 1.7%) 0 bt )
Eorfer (422 2 F PR P st B iﬁﬁﬁ‘f‘P 1 1.6%% 1.7%) -

-

R EE 4

B 4< (Btu) i (%)
. = 2 L 0
PR F PR (2R) v
S 7
&l B &l
o | eama | SN e lame | | TR R L] e
A5 Bt ~E o Bl
i3 ’ (T # ’ it & *
¥ T B ¥ T N
i 4%
/;j & 51.759 13.982 1.325 16.619 83.685 61.8% 16.7% 1.6% 19.9%
L D3
oo o g
e ! S 3,658,459 961,572 63,047 1,228,207 5,911,285 61.9% 16.3% 1.1% 20.8%
= B
REAN Al &7
.’7{' e %i‘ 193.460 13.982 4.227 3.452 215.121 89.9% 6.5% 2.0% 1.6%
- E| =3
LU (L g
¥ F S 13,349,984 961,572 253,993 257,384 14,822,933 90.1% 6.5% 1.7% 1.7%
~ P
#

;"f—"‘ o AR ER

GREET2 2015 #:8»v R >4 pi¥pentr » Hi & e 7 3 BIF
Boooaw i WTP e~ 2 dmik 8P (vehiclecycle) FEE(# 7 2 gt;ﬁ.é PR ER)
% & fmi¢ * (vehicle operation) Fy £ > &304 WTP Fg £ R chfot
BR ~ et~ 8% 0 - B P T L Ao id b BB @A (TR Y Rk
BERFEE A b e 2 383 3 4o 2R E) 5 B R PR BRI dR
ARy RMEEHE R - PfREE o 2 B M PRAP R IIEER G Z
DR R R DR AR A e R E R o2 WTP
FEEeni 4282 = 5 1 g P §_GREET1 2015 #5558 P e AL B R IR B 3 %%
AL E FEFF R A Tl it fre £ 5-12 2 £ 513 AN ST B 2 v
RRABARERE AFTHHIEE CL AR T2 AP AL S
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OB TE T AT R 0 ek 514 Fror o H 4R - & (L pi P § ohl
FauifE/o2 (Btukm) 25 /a2 (glkm)» ¥ *hs 237 & PR B 45
]—,';3‘ * ILEJ;‘HI:‘)‘{m" LL °
2512 [T B 24 S EPPE S S F AR £
& 2854 (Btu) Fi (%)
Fo - F P (25)
EFT Ry L R
WTP R (P 2 245 | 2w | 23 (WTPR&|(F 2 245| 2imi»
R PR
Total Energy 433 305 1567 [2,305| 18.8% | 13.2% 68.0%
Fossil Fuels 413 284 1,464 12,162 19.1% | 13.2% 67.7%
Coal 29 102 0 131 | 22.3% | 77.7% 0.0%
Natural Gas 247 116 0 363 | 68.1% | 31.9% 0.0%
Petroleum 137 67 1,464 |1,667| 8.2% 4.0% 87.8%
CO,;(w/Cin
VOC & CO) 24 22 119 164 | 14.3% | 13.1% 72.6%
CH, 0.137 0.044 0.006 |0.187| 73.5% | 23.6% 2.9%
N,O 0.004 0.001 0.005 |0.010| 47.1% | 4.6% 48.3%
GHGs 29 23 121 172 | 16.7% | 13.4% 69.9%
FHKR: AT ER
# 5-13 BT B 2 S LSRR D § P RPEREE £
5 4\ g A ;
& 22 542 (Btu) Pt (%)
ol oy i (2R)
2 4R Y 2R
WTP R [(F 2 248 | dygmie v | &3 |(WTPR&|(F 2245 #gmie v
" PEER) ® PR
Total Energy 456 782 587 1,825 | 25.0% | 42.9% 32.1%
Fossil Fuels 426 720 587 1,733 | 24.6% | 41.5% | 33.9%
Coal 96 228 0 324 | 29.6% | 70.4% 0.0%
Natural Gas 324 411 587 1,322 | 245% | 31.1% 44.4%
Petroleum 6 81 0 87 7.3% | 92.7% 0.0%
CO,(w/Cin
VOC & CO) 69 54 0 123 | 56.1% | 43.9% 0.0%
CH, 0.236 0.121 0 0.357 | 66.0% | 34.0% 0.0%
N,O 0.0003 | 0.0012 0 0.0015| 20.0% | 80.0% 0.0%
GHGs 76 58 0 134 | 56.6% | 43.4% 0.0%
FH kR D AP R
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4514 5B T

AR R ¢ R R AT S

oY 4

# 2B (Btu) ;& 222§ itpp Pt (%)
- B iR B Rk
B8 # A i # g B g
t i WTPr g | (2224w fF £ | WTPRg | (R 224 e
i FFER) N i r PR N
PR i iy 433 305 1,567 2,305 18.8% 13.2% | 68.0%
g | |cF
e g 24 22 119 164 14.3% 13.1% | 72.6%
e i it 4% 456 782 587 1,825 25.0% 42.9% | 32.1%
iR W - F i
4 L g 69 54 0 123 56.1% 43.9% 0.0%
TR kR AR R
1 3 MR 2 vl 8 24 Sy & FFE e 4200 RGP 4o
(DixmBBrfgdsd bt 01 FR TP EE ZFHEFT R
GBI B E N GRS T A BN EF

Q& ipc L > Y LR DN R T

B i 42 5 1,567 Btulkm > @ LR 4 B chgs 42 % 5 587 Btu/km o

G e 32 WTPFEE - B ik 2 2 gmid * FFE
2 7% ik 42 5 2,305 Btu/km o @ LR
it 42 5 1,825 Btu/km » F
§°ﬁﬁ£i$ﬁ$ﬁ%ﬂ’

ik 7},1 By r—g RRE ER e
4 B

TEEY R4

E]J/‘L/‘J’é”c*é\ }aé”rm
7 8 A 20k 1590
T8 A WTP P B e 4£
Bt PR R R 42 5 456

FURB R (P F DR

PEELE B (7B i 4L 0 B F ST

Btu/km > i3 @ st 4% 5 433 Btu/km ;
FPEE) o LR s B At

B TS

782 Btu/km » @ T ¢ & o5 42 5 305

RIS
Btu/km -

MBI o B gE
@ FFE A BB o 4L s 1567 Btukm o & >4 &k 68% ;
b WTP P&z 2 > i 42 5 433 Btukm > ¢ > 2 &% ¢ 18.8% ;
BIREH(F F B A IFE) 428 M > 5 305 B

WP e 13206 0 YR E 4 B 3A > BB fREH(F 5

A

Btu/km-> ¢ >4 &

B miE PR

4

5-18



FEEai A58 ® 4t 5 782 Btu/km > } > 2 & 42.9% 5 2 im
@ FPEEZ 0 a4t i 587 Btulkm o >4 ik Hpen 32.1% ;5 A
WTP P Bt 425 » 5 456 Btu/km » [} > 2 ¢ 3F 8 e5225% o
?%ﬁﬁﬁﬁ%ﬁéﬁﬁi4éiﬂiﬁhm F 1P T R
4T
(DFwBErfdsd bd 00 FRTh-§F VAR ES B
LB gRE PR AW B hE 0 TR F AR TE R
BT AR EE AR d s e d L 119g/km e A T
BAFRPET 6D P F R BF R FRE
sho § bR 5 0gkme e 2 g 22 I (o B Rl 2
RALB-E) s ¢ F WTP FFE ~ 2 @) 2 & gmie * fp b > Rl 2

‘/‘b

08 AR 3 PR E S 164g/km o A PR T e B iy R
TR GG 123 g/kmo AT A B R O TR F R K
W o BRI KPR F LY Bk 0l TR

B WTP PEfienz § PR R R B 330008 » g
B At g L 69g/km i B RG24 9/km 5 AP dwik Ep
(% z 2 4@ * PFEOFE > WL % B ans § IC BT BT
B oo BB B A e R g5 54 glkmo T B R L 22
g/km -

Q&2 AL ar2 G LRGSO F RPN R T BN
Ao BRE G PFEes b EF o g 5 119g/km o ¢
>4 G NT26%; WTIP Rtz 2 § s 5 24 g/km>
b2 e 14.3%; AP iREH(F Z B4R T P )AL B 1L
L22g/km 22 S Ha13.1% 0 LT e B A > & WTP 12
B b ghg o #%E 5 69 gkmo b 22 & n
56.1% > # §Rik (% 7 Bd@ * PFEO)FE T2 0 - F bR G
S54g/km> } >4 & 43.9% 0 hB fwE * a4k FIVHE R
PE LR g § L miplf s § PR PR E S
0glkm > } 22 it dp 0% -
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5.3 /\&E

RAEFART B R YHETE B2 G R AR D F R
3= AT 0 E B Argonne B R S 3 472 2 0 GREET #0358 (%2 32 8 2
1B i 4wz GREETL 2015 #3% & 45 %4 ik 8 » 12 GREET2 2015 #-3% 4 45
BREH(F FRAFER)E DA ST (63 WIPFFE ~ D mit 2 B gmid *

FEE) o d 3R AR L ERE RTR B I ATRE 2 A L F R iR
FHRAERF o FRGF AR PRGN L ik REF AL év’ﬂ?w}fo
AP A BRSBTS E > &2 TOYOTA 2014 Altis 1.8L CVT7 5% 4 &
= ¥tpe e
1. % GREET #5% 4#ch - 6

& GREET2 2015 #5% % » &4 " B F LM F I HAFRLE - 2 45

R R el DR TR AR B B gmR R E
Wrs2 8% @ e ¥ 05 GREETL 2015 3% U4 4 b 38 6y b
D fmi  EARE R F PR BN BRI LR R
ETHEEAL L RE

Fla g * s A>3 FI A R g RS AR o B
REFIhAd B ge d A1 28TEF » N EFRE 7 EH A
B ABR i f 8 - F LR PR R R o
2. GREET1 2015 #5% & 45 % %

T

(1) & § & WTP r¢&+ mmBtu (million British thermal units) # & 2_ it 4= 2
ZF RGP I PR AN -

QFXEF RIIWR*PFE > THDIE T FRAGIEE - F P L Y
% 1,667 Btu/km % 119 g/km > @ %L 3 s B & o 2 (7% iy 42 5 587
Btu/km » e 20 3% 8 A (FREET A £ B Hp s § O B RR
o FIP gl R § LR G 0gkme SRR 0 b dmie * g
Boo U B AR 2 F PRECRESRWEP TS IR -

() &% R E B2 » & 45 R (Feedstock) Ff e ~ 74k m 1 &

Plhed B E(Z R 2ZAMER)E DR * P o 42304 0 AW
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B &2 EFE G S 5 2,000 Bukmo @ gL E 4 B st 42 5 1,043
Btukm » &= § 1 g4 2cdtA » i B 5 2 (TR - § g
2143 glkm s @ LT R B e - § L E L 69 g/lkm o B % o7
EHERBREY T D R TR B i e R - F R RS

HAv > TR AR R - F PR IERE T S D

BTy 45 B TR

B

B

R ER R Y AW B A RPEERRERS 2L
B ESRAERA T B AR

ERy %/ % 5 /‘L /‘J7 °

(a8

mtfpiE o 2

(5) 444 & %;5 B R L PR i 425 - 3 1 Bt )
O AP BIMA > DR RS L AR - F PR B

BooOHEMEFEIFESL 2 RPEREFEREE D F PR
B F 5 B o

@ LT E AL AW FEE 2L FROGEES > R

FLEE R E FEPFE w2 0 R B EMFPERL LM 22 F i
BEEATINA o AR A FEFER PR E AR 0 RPERREEER
g w2 0 BIRE R DD R * PR B 5 0gkme

3. GREET2 2015 5 ¥ A7 AR & 2 SR 8 4% 23 7872 B §g
P (F R TPFE)E 24 bW il 28 - § i 4% o GREET2 2015

BER A 458 B 4o

1) #

(2)

|

—\

EEYEIIRR YR AP A DT FRONEE ZF RN Y
% 1,567 Btu/km % 119 g/lkm > @ %l s & & o 8 (7% i 4L 5 587
Btu/km » fe 2413 4 & A FRPEFT A ¢ B AP §F il B AR
o FplinpEgiens & b peac g L 0g/km e

ELRIAEEH > FHEWTIP L - S iR (3 5 24w ¥ [FF)5 2
B FRE D B AEIRA T B E 2 TR 5 2,305 Btu/km
Ao T 4 B nia 42 5 1,825 Btukm s s F (U RELATIRA o T B
& 08 FR% - F P E S 164g/km o @ BRRLE s B okl - % b
BRI 5 123g/km e SR ETE S EERBL G TN B R T
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©)

(4)

I JESE S S ftﬁé;}zk%;zg_i’aﬁ{% PR R e e LR
S F PRPRBPREETS 2 F

A AP AT ? WTIPIFE 2 2 p (7 7 2 4R * [P ER)F B 2

BT B E DD AR AR - § AR D o

R A EFHERFESN AR 2 F R

O EE 6ﬁ§%rgbf;;b;$&@ C WTP BB it 42502 > B ik

BREE(? 2 B4R % FE )42 5 oMo e - F i pi il > 2 4
P B hog o o h WTP BB 2wt (% 5 2 4

R e R e 1

@  aRLE s B A érj_ﬁ;,i’d}sf B (7 /’\—_ ifﬁ?% PR E) A AR B B B

e Y PR AL 2 WTP R B 42 5 Bt o Am § gt
WTP Fpfcinicg g » H=t 2 2 (7 7 2 4@ * 13 )1
B Bmit v PREL R Ao -
AR e e (7R & GRRET 22 #4477 2 #-2 pk P » 5 2 4
B AR R F Y TR R (F TR EER )R R
B AR AR R R KR)F AL > T UFRF]D R

k,@@E;%Q%ﬁﬁﬁ:iﬂﬁﬁﬁﬁéﬁiiﬁo

A G R 2w R TR o Bt R E T s R .
PR TR B AR AEIRA  NB R P AR RN LR B RALE
IR AW IR R TS R o BB AR o A F IRk

B nBpat Wl R e Rl o B A G EEIBERIT I
“hH
w

BB SRR o PORLT B R PRI Z F BB RP RGP

m;’%f4$ﬁwﬁ%%é’“ hOWTP FEB2 422 2 § 1 Bt sofifr

Fj’;

B - A2 A3 00F 22 P ol n BT R B o
2o LR T d b, R AR ARG RREZ R
P F RV R DR AT S PR AR RS g R
fer ez @
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S L= 44 =A Sag

BNE fhamEEE
AETARARE R ERE B TA 2 FBRITE BRI B AR
#?ﬁ&&%ié @%?@E‘%?ﬁﬁﬁ‘ﬁgé?ﬁgﬁﬁﬁﬁ°%
- A iﬁﬂi fbngx s ATl & Hb/}r%l/ﬂ %i*bb’/n.;b%gﬁ«#kii’ ﬂ\lﬁ B

* £ & GREET(The Greenhouse Gases, Regulated Emissions, and Energy Use in
TmmmMMm1MMd)%§W4miﬂﬂlrﬁ}’1w%@*ﬁ*w>ﬁﬁﬂ§f
FIph Ad CHESREAN IR E R A AW ARRE 24

GBS F BRI B R T o 1B BHE LR

—\\

4 o
6.1 #&zm

Loopofpl R0 M BRm > g 2B it P AR AR S
ﬁ,giﬁﬁﬁgﬁﬁ’jﬁﬁéiﬂﬁgﬁ’ﬂ¥1%%ﬁﬁﬁ%%
fpd]at 2015 Efade b B oo p AFCREREF M c AL E
FE 5 R R B Y R RTGRE L
R ERLEAT T o RIS AR o G R 2
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