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AR e o TR A R (pyrolysis) Bk o #-2 K g
RIEAA G F iR (B TG FERET U E AL 2 G 0 TR
% 7 % & (Turquoise Ha) » 15 57 & 2 = 5 1 5(CO2) » @ Fo B AW E™ 11 FRY
BRAGFS Y IR S F AR R AL o BOR P i 2035 E 2 W AP R R
F T (<270 gkWh) ¥ 6 » AR RIR T E I 0 2 AR T o i 5 e
Av i d i TS Rk o fEip ST RED LA TA2 2 Al
BT R ALY R FEAREE R LR o B S ki
U RARE P A ARFRENSY% P EIEE R B2 EI o P
PP e HEARFRAF AR -RIFIHN 23 gL TR EFEE AL
B PpEo IR PR R B R AL o § taa L B (s E
AR T A P

P A EE L REFRES ey AEAFE R R LN

£
dn & iR {7 PSS (technoeconomic analysis) o #tiF & AR & fEk 0w > 23k

JdeT A 0F

IR

LA ARG R A 9 %o fid i rR a0 D5 E AR 1050

B (T HE ‘:‘;(_/tli\pll\? °

3. B ML B A b ST R He 0 S A SRR
B

4.2035 #wFm g X ARG mF HipEmr(I AL )F A X AFHFTE (2020 #)
20 2~5% 0 RTIRESE T o T Y M EATHRGIIE B 2 E EE R

2050 £ w0 > fofg A w2 o
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A VT TAE I LRGBS Glhopt 2 s B S AR R ES T s

FTRESEHS AR EHY o F AT 41 A RS 4o &~ B B ER 3
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54 Poyry Management Consulting (UK) (2019)sr%= 5 i{ 335 X R § £ 3 B2 A
FHM A KIEE A AE LY B RARNIF S o PR 2050 & wP T
&9 3969TWh (7 74 ~ s/t G e rh%]) ERKRE M ERF &
FHPRAL 1> 8E55%(2,197TWh) » Bx AF £ 24 d &4 b B 53

30% (1,163 TWh) » @ -k & 24 & @} 15% (609 TWh) 1 & ¥ 5 3247 § 3o
o B AHEL LIRS AMERSRS AL AT TR LAL A
EARBI U HE S AgEE 49

' £ B UCSB 2017 # 7| % &4 5 # 7 (Science) eF= 3 » 1 * it 1223 f& & i (catalytic molten
metals)¥ 14 B #{-:‘%—9 LR T B EY 27T% N1~73% Bi & & % 1,065°C 7 7 i = 95%
ERRIRC S L B % % Gao, Y., Wang, X., Corolla, N., Eldred, T., Bose, A., Gao, W. & Li, F. (2022)
Alkali metal hahdefcoated perovskite redox catalysts for anaerobic oxidative dehydrogenation of n-
butane, Science Advances, 8, 30. https://www.science.org/doi/10.1126/science.aa05023

2 Mitsubishi Power (2018) The hydrogen gas turbine, successfully fired with a 30% fuel mix, is a major
step towards a carbon-free society. https://power.mhi.com/special/hydrogen/article 1

3 Poyry Management Consulting (UK) (2019) Hydrogen from natural gas: The key to deep
decarbonization.
https://agnatural.pt/folder/documento/ficheiro/565 zukunft erdgas key to deep decarbonisation.p
df
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1945 Weger & A (2017):F 8 2 X A (%) &3 HfEyi gAp 51
FARFAEIEE I ARG RF HNPEAL TR BRI (ZERETT )

PIRCF PP E TR S 27%" o ¥ 1395 Sanchez-Bastardo & 4 »t 2021 #

wh

2@
=y
$y

Fhe g PRREFH CCS AP ARFEILE AR AF

v

Q)
S
E-D

e 57 00 PR TS AP 1T(60% vs. 58%) (% 2.6.1) %o FRiTH X K3

B BoiE o gt b s CCS ’,‘ig;‘%.’#gr‘t»ﬁ SO = 0 - - & . SN ;yg &

ey
}E\-
(7

(\x

o
Sk
=

4 Weger, L., Abanades, A. & Butler, T. (2017) Methane cracking as a bridge technology to the
hydrogen economy , International Journal of Hydrogen Energy, 42(1), 720-731.
https://www.sciencedirect.com/science/article/pii/S0360319916333213

® Séanchez-Bastardo N., Schldgl, R. & Ruland, H. (2021) Methane pyrolysis for zero-emission
hydrogen production: A potential bridge technology from fossil fuels to a renewable and sustainable
hydrogen economy. Industrial & Engineering Chemistry Research 60 (32), 11855-11881.
DOI10.1021/acs.iecr.1c01679
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2261 ARFRFABAEA W AR § Bz kg ) (LHE CCS) °

energy efficiency in energy efficiency with
technology transformation (%) CCS (%)

coal gasification 60 43

steam methane reforming 75 60
biomass gasification 35~50
thermochemical water 2045

splitting

water electrolysis 50~70

methane pyrolysis 58 58

i)
262)° 2 FARL A A BRF F AP 90%5 7 = (CHy) o - 5 BF B0 ek i
WRER M T EREEE T R ) BRABEARY AR ARG AR
a0 P PR Y PR AT IBRYAE o T2 L E mvﬁ‘F.%f ’“F T 5 Rl Tt 0 R
K FE e L AT AR AL 0 2 RS PR B B T it M (Box 2.6.1) o gt
o ARFEEPE AR ORBRAT T ERF I W A Ry Ry ARR

e o B RSB A ik
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3
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E-D
ey
w
Iy
Y
[
ES
(\x
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-l> =i
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Box 2.6.1 F%F ¥ 179 S48 AP T2 RN ER
PIRT PRI BRI RIBEE A ZREEE S RRARM T Rk
‘/’JJ” 23%9° f*_]:K ?1‘7‘:{: lt-v W%b /}57@ ]ﬂ ;};’\/ﬁ—@/)iﬂh /}J—a‘lr‘rli. ¢ > At /}Ei-(\:KFm

e S T Wsﬁi FECR ARG A AP 0T P RS LR
81 RTE P EL(44%) nﬁiﬁt’ % B (vented) § &0 ¢ PFEH A

35% > TiFahg g L2 ﬁs?lﬁja 21%0 o JaiF 2 ¥ = RE 4 A4AY hY R
SR ] R RS - e ) R BN 7
Aot o FERE L EBrEARL 0 2021 & 11 7 COP26 ~ ¢ ¢ > 4| B (7 30 %
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Pz LT A %) PRERE TP FA2 [T 237 %K% (Global

Methane Pledge)E k12> & e dadojp > X AR F B4 ~ 41 ~ 35324 4 ~ flfez

fei B =2 7 R AT o A E RS AT

® 2015 # 3 MIEFF T 27 m Pk > R iE 3000 §F A 0B
S AE FACR BT B F KLY Tz P, TR R f XD A REAE
B e 2 7 i MpE N A R A

® FPEAEMNEE f’k’—‘ﬁ e B (European Network of Network Operators for
Hydrogen) » 2050 £ 4=#-% L 3 B E P 2 QL AR E AR 5 -_i'r_—*zl“

® [EA * 2 R 73k %L & (Environmental Protection Agency, EPA) % 154
é%%%% 8 B ¥ /P 27 12 4k (Leak Detection and Repair, LDAR) & %t » 2% =

RFEFAGRH ORRIE SRS > T RPREES RS AT

W%ﬁ’%%%ﬁixﬁ K BT xR g1 o

6 a3t S

THEPE-BEAH NI A S EWA FAP AL DR T F BT AT F RS AR
Wid ~pEH L R PRI AT LR AR LT (2022) REPA S — P
FE_F o https://cfp-calculate.tw/cfpc/Carbon/WebPage/FLFootIntroduction.aspx

8 Tollefson, J. (2022) Scientists raise alarm over ‘dangerously fast’ growth in atmospheric methane.
Nature. https://www.nature.com/articles/d41586-022-00312-
2?utm_source=NaturetBriefing&utm campaign=d6¢c58c6a9d-briefing-dy-
20220208&utm_medium=email&utm_term=0 c9dfd39373-d6c¢58c6a9d-44990377

° IEA (2020) Methane Tracker 2020, https://www.iea.org/reports/methane-tracker-2020

10 TEA (2021) Driving Down Methane Leaks from the Oil and Gas Industry. IEA, Paris.

11 A.R. Brandt et al., (2014) Methane Leaks from North American Natural Gas Systems. Science
343:6172.

12 Global Methane Pledge. https://www.globalmethanepledge.org/

13 2 ®e ¢ (2015) FACT SHEET: Administration Takes Steps Forward on Climate Action Plan by
Announcing Actions to Cut Methane Emissions, https://obamawhitehouse.archives.gov/the-press-
office/2015/01/14/fact-sheet-Administration-takes-steps-forward-climate-action-plan-anno-1

14 The EU Hydrogen and Decarbonised Gas Market Package: Revising the governance and creating a
hydrogen framework. https://fsr.eui.eu/the-eu-hydrogen-and-decarbonised-gas-package-revising-
the-governance-and-creating-a-hydrogen-framework/

15 EPA (2007) Leak Detection and Repair: A Best Practices Guides.
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W262 AFRIAPBREL AT HFLAELT 2802 AP RIOV

F1 - BAKWhS%T » 7T R o (DY BRARAET
A eQFEmEE R T AN REAKERL L RTRY c Q)R fEL
A R MAFT - DRFFRAT EF NI FR-O)RF HAPBRIRF AL rH
- SRRV S SN () E R SR M S

FERRY PR F AR R A AR F SR RT 4 045kg
g 0.9kg cho g e FREBEIRY > UT RN R ETRY T H L
LT HI0% - RS 09 B oApEEF & ERF 4 041kg 2 0.81
kg eh- F it c R P RN ES R4 X RPPRENLT S o

EFNU-RBRSTRMBKAL 0 1A B %K (80%) 9 > ¥ A& 0.02kg chE o
EEagER > FERBRF5E 60% MV AL 048 BT > pREF &R AT
% 021kg 2 043kg eh=- § i“pl ot A G ae s> ¥ FH EREZEL R AL -
Blifen VR PRE c FRIFRALT L S WEFRUBEIRFHEH R
TR F LA 0.16kg® o p 2 R RF frd EF FoLF PR Y o

FHU-RETHMEXRF » & frHEA > BF #0.6kg (37.9 mole)sh = X




F A 3= 0.151kg(75.8 mole)sd fr 0.455kg (37.9 mole) e&E fiat o £ 14 & %
T ERBREF 60% 0 T ANBZORDERT c Bl ERT A ER ’?;’i&
HeBT ORALAFTIAR - TAL Z FGARRAT 51 P -2 las

Mo AV RE PR fRAX ARG EEF DR

FHU-RBRETHRENME RS L TLEEFETRY TR E LS
125 B2 k4w s 1 AR &FHE > 1RST HEY NFIH 8RR
FUUF DI AR R T A AR F A B ERT 4 036kg & 0.72
kgenz ¥ it B o

-

Box 2.63 4P & 2 %% T4, Bk emck?

AR R wR s R LA ko P e T Rk
M- RET KARE A (i%“x’jv\:% 7 4% CHy)» 5% 1 7 4= 473 & F (mole)
P s RS B A eE o F 0 80% S e 0 BT 4 2 37.9 mole (77 e
37.9 B (mole) hEfipfr 75.8 B (mole)d » F IS HHF T > raF T
40~60% (i #th & 2AL T3 )0 @ A% 24~3.6 R (KWh)ehT o d 300§ 4 % 7
FoF ROV REAAZTITVARIET -

L £ A R FF%Eo.LI% g T X ARF P WA X RF A ED55%

L 22 [ By oo

b4 s L
[EREC = \F

<
"
N

LR AFT A B o RE Y BAGRNLERRS

16 fo i $H3r 5 o

?ﬁif!ﬁfiz% PR ERAG LS AP AR KRG TRT A L AP XA

: ;:Jﬁ*m%*ﬁ'i!f 15 TRLTAZAAZERMS > e A RFEHEE Eﬁ;]m:}%ﬁto BE AR X

RF2T %k FERIARFAIANBRLERL XD A IR TREP > EPLEARET
éﬁ %%@*ﬁv? PSRBT AR A A > R ARA LA RFREMY > TR
ERARFAAFBEP X R RUATRBF LA MR A 2 -

Vo - RTPREGREY A 212 ST 2P VA e g F Mk
(2016 & 3L ) > %212 09kg CO/ R T35 » % G PRI 25 ¥ a- L > 12 045kg
CONR 33 o LAEHITRER T ARIT 8- H T > 4op 5 SHT 4 29 2020 &
»ERTAIVEF AT VAR TS T ok ¢ i 64% 0 BRPAIATIE kT vV H - H R
SRR SRR T AT TR P e e s ok i 44.93% -

Bopathird ! ¥y ATRFIMR o

1 BEKkWh& R TR kAT > “EB%FO80%):E > 74 002kged - d#E (§) 5 142
MIkg » %27 A4 2 £18 5 284MJ o ¥F AR ARG (v ) ok Gl BGAING R A
109 # & AR RS § VB RRP E AL BT 5 56, 100 kg COL/T) (% F 0.056 kg
COz/MJ’ 100% 44T )0 F K X AR F frd WERFFTIAPRE 5 A0 & FERET FER

L(2.84xA)MJ > & AR F S BR SR T L (0.056+A) kgCOz/MJ o g B s s

%@%@f‘_ (2.84xA) MJ ¥ 11 & 7§ g £ 5 (2.84%A) x(0.056+A) kg CO,=0.16 kg CO;

A E kY OGN RATE KA NE T RT LA Q02D xE THEL LS
B oA AKREME LA TRE T 0 45 2034 # fx* o https://e-info.org.tw/node/231418
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TRREKAZ ATER G RESRQH + 02 22 HRO)I A+ B30 3 f3-k4r 3
ZR B o TR AR AZF I ABRT A AL A2 B - FE T HILE
T F 50%. 4T AT R B GEA o h— REi T e G E ML 3
T

PR AR R T ER BN TS A - KR TR R RA A4
LA LR BB AAIRT IR L R e T Y R R -
ks L AT E1 R RS R R R i 2
FooETERS F T SR AN TR i G R
A2ZREHT & ";F’l%"fé.ﬁ AT l%urﬁi%,_l'lj\E']@ls\lﬂ\%’ﬁo—}f:&ﬁﬁf?%{
R@E ST HERAETE R =HEAL P FR RS o

FoREC NI eEAEE AN EENE 98T B R
RErRd AR § R FREF PRI F R R

T )k | Hfae = dmni REAELE
B H,O CH4 CHa4, H,O
FHr2. | 2H,0 > 0+ 2H, CHs — Cs)+ 2H, CH4+ 2H,O — CO, + 4H,
e 572 kJ 76 kJ 126 kJ (per 2 mole H»)
ERER 2H, + O,— 2H,0 2H,+ O,— 2H,0 2H,+ O,— 2H,0
d2ai* 572 kJ 572 kJ 572 kJ
g EF 572-572=0 kJ 572-76=496 kJ 572-126= 446 k]
HlA ¥ - B i e
¥ Fa Ad 0 LI AT AP A A 0 HAFER
. BT ET] BRI ET X A5 mAFET X PR 5

' Fri-ikd B AT i RS ¥ B AR

*2xr 0 L I@iE 0 2 2moleHy A ®E




262 RIS ERR
L ARFRTAFRHARE ~ 0]~ F BRI PR

B ARG POE RARE L > PR ARG Z AR s BRAAR TRA
fRe i A A AP (B 2.6.3) # i A 2% 6] L & §4¢ B < BASF £ KIT/IASS
I E P F RIE R L AL 1,000 & #% % Kvaerner ¥7 # K] Monolith materials
% B g %i%\ﬁi#iiﬁ’ AFRAFEBZWHELN2000R ; FRERIEZHEar
= ¥7 Hazer Group P £_FF ¥ i & f35cps > v i i e A afa el » F R R
L1000 BT o b BHATARE L o T RS FREE B A RS RA
BB A EL R B A A D R PFE S BRI R A RER R F 5 R %k

FPAEL RrEg?o

). §: £ #HREHAA (TRL)
. REZAMFym ° BASF o FERE A TR/
ﬁ% ( >1000 °C? ? + B EKIT/IASS BT E IR A
i (TRL3-4)
s TRIBEL B » 3 s Kvaerner o RE T R/AE IR
§§ R E & HAn » % B Monolith materials (TRL6-8 )
n

2,000 °C % %

#1t o EBEALBINE UOP, HYPRO process « 8% /% % T
B 16&#+1,000 °C ;8 s MBEHEKGRET S ( TRL3-4)
)3 ETRE * Hazer group

W 263 2T g B Rm?

2. AARF AT AL 4s

=y

R E BEE E Pt A B AT R AR P e ES S 889 kJ/mole>

22 Schneider, S., Bajohr, S., Graf, F. & Kolb, T. (2020) State of the art of hydrogen production via
pyrolysis of natural gas. ChemBioEng Reviews, 7: 150-158.
https://doi.org/10.1002/cben.202000014
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B B¢ - BEE ARG STOKI e I R RF BT AT T 2 0 nh R

~

3
ERARFHTL 5% L AN TS ZERTA FT A TRLBEL

(w.

~

RFRT HIRH B A RF RS TR R e i E R R
FAR (BRUFT%FNAS%L L3-8 ) 5 ROE 044kg 2+ - §F Lg%
B @R R A O BN R TR S e o F R
L) — B B FL4T(CaCOs) A 124 = § 1t 3 180KI» /f w fediar 1 B 22k o

3
]

i

=
i

(o

FACA G BET (T R R MR G R T A A O HFEL D F PRESCRIAR
RRMKEA TGS R EPF L2 ALY R R ES
cAFL S F MRBET AABMRSCE R R LR A2

R SR S RS RN o

35

—EDL

L)

oM G R L ERA T ARFRET AL A B2 R
FmS R BTG A D F PR ond o e RF AT B R e
FRED O FERTT R o R AL TPRFS P AET AL e

3. ARFRIAPRARL B*

ARFAEFABRAN 2RV I RET LS ELER M 3 F- L CCUS
BT kA F R CRA B RITRA R A R KR RS R
g ao™ i gt > 3R kN kLt 4 F(ARPA-E)= 1 7 F 257
BB 27 F S B iEd e BFT RTS8 BERF GO o &
(graphene) ~ #F% (diamond) ~ #% % 5I' F (carbon nanotubes) 4 % g% 4 ‘i (carbon fiber)
FoonT U R B & s Rk F (cement) ~ 4 48 ¥ (steel) ~ 4R F

24 Energy efficiency = 572 + (889+76) = 59.2%

B ARE ARG (i2r ) P rfcs 56,100 kg CO/TI » 1 TJ A8 % Y 277,778 kWh o gt 3 i ik
¥ % 0.2 kg CO/kWh (100%%2°&™ ) &4 % 2cd 5 45% > RBl& kWh 2. COy 3 % 0.2+
0.45 = 0.44 kg -
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(aluminum) ~ % %} (plastic) ~ /> £ & (met coke) ~ & 2. (carbon black) ~ % % (graphite)
¥4 & g 1 # (silicon carbide) ¥ o 12 T & Vi (graphene)® 3 - F WO E{F o AW

1 g%~ g 22k 3573 7001 Mte % M 4p4 £ 22 et FR+ » >

i

T 4 e 100~1,000 Mt 505 B > 1 1595 o 1,000 % = 2 % 0 % 30k R R fLse 2%
F OB REAELI0 E~Z+ 0 LE%E LB o B W fA Monolith materials =
7 E P g4 Olive Creek 3473 > TRJFIB X A £F HizkiF2
WIFRME > R I E R A LR P R C-Zero 2 7RI

PR R RN RA R S R B A B AT 0] 5 (1)

R E v 4 e BASF R 8 ixibpiie * 2 fll4p e fl4n s ¢ BT B PR %o

/

‘;ﬁr

FHARAN - Eams 2V EFF ot >3 7 n 2
AN o MR A H TS 2T e A A AL 1 T VR B
g

A& od ST AR SR T LA

E’w
y?:‘;
‘ <
\
il
=%
ey
=)
h:2
=
)
~mbe
AN
B
RLl
P
faie
i
$4
A%

Bk B2 BT R RER LR H - 8 F AR TR T o 2
Pk o FREY 25 2R 8T cp L LI F > PR CCUS ik #pe o 57
FArik o F R P A R F YR L R ;g::rgrg»}g Bk A B R e
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6 ARPA-E (2021) Methane pyrolysis for hydrogen: Opportunities and challenges.
https://www.energy.gov/sites/default/files/2021-09/h2-shot-summit-panel2-methane-pyrolysis.pdf

27 e $3r 26 o

2 ARPA-E (2021) Methane Pyrolysis — a potential new process for hydrogen production without CO,
emission, BASF. ARPA-E Methane Pyrolysis Annual Program Review Virtual Meeting. https://arpa-
e.energy.gov/sites/default/files/2021-01/16%200K %20-%20ARPA-
E%?20Meeting%20Bode%20Flick%20Methane%20Pyrolysis%20web.pdf

2 g 3L 5 o
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(1) ¥R UCSB it g g B2 X RF BT A

FRb A BT A R (UCSB)B 4 # i % = st B g B2

30 ORI R B AL RSB R (2022) T Ui~ o https/Avwwiesistorg tw/Database/Search?Pageld=5
8w ARG R B RS B R (2022) 4 7 8 o https://www.esist.org.tw/Database/Search?Pageld=3
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TRFREF AfRP s AR i 2 g & (catalytic molten metals) (27%
Ni~73% Bi & £ ) % 1,065°C & # 1uif = 95002 7 =g it & o % RATH| & & C-

Zero #2021 # ¥ 3| Breakthrough Energy Ventures %457 1,150 § % =% . p
‘t 2R ARPA-E FEt 1 R ARy & F HaEmm L {1 4 > it C-Zero &
MIT ~ Stanford % <~ & = ¢ %22 > T B A fEAp (15 E0) Bz A %
BEBRT (0 ORI A ERFYLRFTMET I AR FRF AL Az

B4 ¥ (CNT) ~ 4 (threads)fr & 44 (sheets)®*34

(Q)BASF % § &§ Hira & /s

MR 272 (BASF)R A F &5 HEA & /AR LA 5 % - s~ fEi
> BASF & & (545 i S22 g M B 20 7 o2 1 I8(BMBF) i e4 -4 » B3 * A&
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Rpkfie s ML 4=

R % (RNG) £ 4 4% 7 (renewable biogas)i# 5 pi?d » Vif =% § $3% > 3f

w

2 C-Zero (2021) Greentech Media: C-Zero Raises $11.5M to Scale Up ‘Turquoise Hydrogen’.
https://www.czero.energy/post/greentech-media-c-zero-raises-11-5m-to-scale-up-turquoise-
hydrogen

3 ARPA-E (2020) Massachusetts Institute of Technology (MIT)- CarbonHouse. https://arpa-
e.energy.gov/technologies/projects/carbonhouse

3 e 3L 26 o

> BASF (2020) Climate protection with carbon management.
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