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AL E o m A4 2 ik (£7 8  Heat Content) BBt td K Lehpign 4 5
To ARG (A% 57%CHy) AR H s 208 e R Rz £ 0 % F o
ERY AR ERET AR AT R o X AF ATk § IR

F R g Btu (# 44 H = > British thermal unit) et e (£ 2.1.1) >
FEAZ D F MBS RARMPRIAN T B fikF o R B Rg —*”ﬁi#k
Hapio-Log g ug 4 P2 (FEgIETAL - F PG E) Rk
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TR A A F > F T Bl TSR ﬁ?ﬁﬁ@%f_’ B 0 PR BRI T 2E
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211 3 Rl - § LRE VR

(kg CO:2 emitted per million Btu)

& '§ % Coal (anthracite) 103.7
T % Coal (bituminous) 933
% 4 Diesel fuel and heating oil 73.2
% Gasoline (without ethanol) 71.3
[ = Propane 63.0
% #X 4 Natural gas 53.1

7 4L &R : US Energy Information Administration ; #22:k 3 ## &£ £ ¥ =

%212 AT 2704 BE2 B3 F W% R EKke COeq/kWh)
(2016 ~ 2018 & F#L)

ST P 0.770
SHTA AP BARF AT RRLF B 0.417/0.383

p AT A SR BAREATNAERER RS E | 0.918/0.775
FARR ST P I £ &R 5 (2019) ~ FIE1R(2020)
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https://www.nature.com/articles/d41586-019-00959-4

53



(0.963 GW) ~ % * 41(0.944 GW) ~ ¥ 37 (0.861 GW)® 2 2008 & 5 2018 & [ » 373
EEFEHF | Lt DAGes 0 1317 GW #2010 £ F 357 448 52008
E3 2018 ERFAITHEEFES 22 %5 2R84 R (0.956GW)~ £ B(0.599
GW) ~ # 77 (0.509 GW) » fri= & j#(0.421 GW)® -

TR EFRPERDERT LEGPFE DG S A BB RANHE DR T K
BEFAEREBOIMW ey LGBk 3F ¥ = 5 if4ioF & en A 33 GDP 7 3] 2000 #
£ NG ABNE 63% LI UAE TS%H AFE TR A AL AL
Kenya Electricity Generating Company #7#£ % % 267 0 2008 # 3 2018 # fF 37# %

 FER L e BHY H - Bl 2 BHERT DR (BT FUDEE
% ¢ > Feed-inTariff» FiT) ¥ ¥ 55 105 %A~ (=55 @24 aF

ARt RAMERHXE » A2 FR

[

TH)BREFEE TG S E g

243 RNFFE Y a2 BN L 7

AR220 EFFFAFTEEFTETH0OIMW > F 2T £92008 B> s FER
RN N R E A TR AR BT R AR LR ER A
TREM DL ERFIAS I A feng B > 5 ok B8 T R 1981 £ 3
1993 & @ » @ E L pF T2 P ERN Ev‘«]f{fj-l,ﬂ_fg o LA E ‘FK?’%&“
BAFTHNIRFTRET > 3 A SR PP AT - T2 e R 0o RE

e B K8 5E o~ 3] T o= 2 B (Valley of Death) ;> @ £AR 7 H 5 i o

8 Richter, A. (2021) ThinkGeoEnergy’s Top 10 Geothermal Countries 2020 — installed power
generation capacity (MWe) . https://www.thinkgeoenergy.com/thinkgeoenergys-top-10-geothermal-
countries-2020-installed-power-generation-capacity-mwe/

Richter, A. (2021) Global geothermal power generation capacity reaches 14,600 MW at year end

2018. https://www.thinkgeoenergy.com/global-geothermal-power-generation-capacity-reaches-

14600-mw-at-year-end-2018/

67 Macharia, M. W., Gachari, M. K., Kuria, D. N., & Mariita, N. O. (2017) Low cost geothermal energy
indicators and exploration methods in Kenya. Journal of Geography and Regional Planning. 10 (9),
254-265. https://academicjournals.org/journal/JGRP/article-abstract/4C7023B65573

LR ¥ AR 3 § P i g PR Y e (2019820 230) SRES EE
#Fu it e & 53 o https://rspre.ntu.edu.tw/zh-tw/m01-3/en-trans/1112-green- nuclear—vote—
necessary-knowledge.html

66

54



S AREREEFEERS LB ERARERRPPH O FT AR B FITH

!
=

:r%ﬁﬁ)]ﬁsu£ iz‘?#ﬁ,%;:ﬁ”j:?‘]%’a? P 2018 {5 B g Y ik 2 BB 4 0 P

I

=
i
I

AR R B BE T RS PO AR A IE R oo P A 2023 # VR R B

)‘5’%&
&
i
gt

s 3 BT E3SMW (4 2E) - B o AR BB RIS 42

L 3fmp #Fb 1 CFBER S LRAFRITAF TR P D AR 2E
RHERBZEGRNE YN APLHEARIF L BT RTE > BT FBH
e R S RO I B TR S AL it b i e fR
L R PFAREEE T RERE S RBAS B o BT N AR S
R

2. P EFRPHFREL RS B IRE R B EGS T RES 0 H
#E R Rk 0 Blde oK gREE (horizontal drilling) $L 7 » 2 R 25 T HAEH A
ThREE -

BAWHFER GRF > HLRFEAFET D 2TRGF 40%:h B GEF 6 12
Poled o A RSP L FHG EofRY e RFERTRGES P PR G fk
Rrense i pRJRe 45 %5 4o 1135 84 o

4, 53/ L F R ARt ARG T BT T R
iz o e —L%ﬁg@vg *%p 4 (F i&@hz{mbﬁﬁ» * 2 50% 0 F L ETE R -
st 2018 Eofan TRFE BT SRAPFFRwD 2 PR
B R BF T LS 3R AR TR IOMW > ey #3585 8
o FF R R MG PERFRCEFERL- XL T E2
B kim: Bu2 i a  THZ% I8FEE TEpEd R e
FAPPFURARE LR RBATS IR FES LA AFTE

69 Bill Gates (2021) How to Avoid a Climate Disaster.
https://www.penguinrandomhouse.com/books/633968/how-to-avoid-a-climate-disaster-by-bill-
gates/

OEELQ2) (B TFIFE) S ) A B SRR EE L EART P[0
X T S23% o https://www.cw.com.tw/article/5114679

55



BphEge LRt BALIRY ST 2P L B RN L PR AL P A
G311 %3 RAlE amin § P (2011 &) 15 e < REEE B H AT

EPREE SN R R S PR S SR TIE

%241 % ~ P EEFTE sz‘ai;jﬂﬁﬁbbﬁl

Bl R Y £

KR
FFH A Ak ma‘iﬁw‘cﬂ’;\ i A PR
At 84 50% ks FaE i e O O*
100%A4F 85 B 28 5 o B SLp? ’

# 3 e % o v

R 1&@:

TRGRBCL Y 1S MW
FERTHE 273 p | ERTALR

s P

B s F ool 15 MW % & 5.1956 7 **
RTHA42P R

WrgiE 4 R F AR R FIp O EEE

T IR 2 Ry

RORGE T BB 20228 50 20 P E
110 £ R E 4G RT A R
PO R R R SR TR 0D 2 P RRARE S AT R IOMW 1T Lk

2.44 AFPE P G 2 BN BT

RIS P 2FTR ARLERE G 159.6GW> e ¥ B# £ 1 20~22%-
N BB T 9 0986 GW (£ 2.42) @ 4 4 EGS #ir 7 i 31.8GW (%
243) tcd #2050 % F#cp 4 1§ EGS A £:07)3 o & B EGS HiFihk
P & B B TR R T i e BR R AR G 5 meniR e o B PR 4R
b M AR 0 T AF R TR R T M LR R 1 2 EGS TR
degt A A B 2050 £ o R RE LEERSCHAMF T E G DR T IR blde
PREARLE R EY Pk 2R R ATREAL S TR E 2020

£ 02021 E R BP T CFTEN 7,000 A H AR AT ROEFESR - 31 0%

LR B A (2015) AR B RE BRI s BXEFR o Bab ET] 5 61-82 -

56



e dedh o ARG EP I FEAFA NG 2 F AP Ik -

3242 AR RS BER =R

¥ % &R F(C) B & A WA (km’) # T (MW)
A 200~290 40.0 514
7K 180~220 6.0 61
fpr 160~180 3.0 25
L 150~210 45 41
Py 140~200 3.0 25
¥ 140~180 6.0 48
Bk 140~180 2.0 16
P 130~190 1.5 12
¥ % 110~160 2.0 14
%R 80~160 1.5 9
%R 150~210 2.0 18
i3 120~180 2.0 16
¥ 120~140 1.5 9
& b 130~180 2.0 15
515 130~170 1.5 11
=4 130~170 1.5 11
e % 140~210 2.0 18
i% 150~210 2.0 18
L3z 135~185 2.0 16
758 170~210 2.0 19
5 % 150~200 1.5 13
M A 120~190 1.5 11
. A 120~185 1.5 11
ik 100~160 1.5 9
Pk 150~210 1.5 14
) 130~190 1.5 12
£t 986

2 g Bk ¢ (2013) AR B DA BB T A AR
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Fokos 23 909 223 760 7.8
s 279 210 209 2.0
AR~ 467 195 297 2.6
HR e F 571 196 366 3.3
PN 701 214 545 5.4
¥k 476 205 336 3.1
B 7 A 510 197 334 3.0
77 8 w5 & 343 192 209 1.8
£3 4,532 208 3,307 31.8

TR E T R AR R R B E - ET AN 1T MW

B 32025 v v SI MW Ea 12026 2 B pH B F £ 1 - &
25~35 MW » 3% & ¥ #7360 F535 & 2050 & 97 H 4r 625~875 MW )

o EMGT L 676~926 MW ; @ Aifk ¥ £ 6 0 PR %A 2035 &
5 S00MW-800MW > FE3+ 2050 & 7 4 7.5~12GW 0% 5 8 5 1t 0 &
2050 & ¥ #EE G R GV T 8.13~12.88GW > 11 80% % & Fl#ick — & @ % #ic

5300 % B3t E o F TR GT ET 46829~741.89 fa k0 TEFE T E 5 605.09 &
B o

245 FRER

BBl h 4 Fihov el 2 P ERZREIER RERF TPy b

E2ZT o B RT R A AT o 45 R HOETE & pTehh R Tt s AR $

B ARG R B (2014) 2014 E iR A X L F o
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L 4dREARNIRAFES BT RLR 0T RIZ FRIFHPH - Fr 0 RS
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fif B AE )0 E 2 B R R

Tl FERE Ry R AR AR F2EF 2 BB > dode Y en The Geysers

AR R e (det B R EE B

ﬁ’\%«

FITFHFERPEEFS & 1060 & > FREE 2 EAREEO08GW S A v s -
HEBENREEC §EA o T HT 1 GWOE A B B T BN B
*EER EGS ken§ » it 2 A R4 A4 0 A hT AR
BAGAH L > RO FTR] A EF HEGS ik o A3 GDP 4 Y 6% ¥ I
e g 0.861 GW ek g 387 A B g B R A Bk kL A4

SRS BRERASARRA S RETLELGE -

WRBEHRI G T T AE AL TS BA L AR RS L E S
3

Flob Fenh o LR - LAARPEA RS PRI AR RED

o

§ R UEET 0L EE MR B T RR e BB F S Ay £ AR

HOLET A P(022)110 £ £ B A HBRT A E Tk o
https://www.taipower.com.tw/tc/page.aspx?mid=207&cid=165&cchk=a83cd635-a792-4660-9102-
f71d5d925911#b04

ToaERA 2P2022) f TR HETREN
https://www.taipower.com.tw/tc/page.aspx?mid=204&cid=158 1 &cchk=82b957e-2fe8-49b6-90a9-
b750387de936

® California Energy Commission (2021) California Geothermal Energy Statistics and Data. from
https://ww2.energy.ca.gov/almanac/renewables _data/geothermal/index _cms.php

T FF(202]1) iy & kB3 %5445 o
https://km.twenergy.org.tw/ReadFile/?p=KLBase&n=20210609172327 .pdf

B eI 72 o

™ Alexander Richter (2021) Global geothermal power generation capacity stood at 15,608 MW at the
year-end 2020. The current pandemic situation clearly slowed down development with limited
growth reported. Turkey represents nearly all geothermal generation capacity added in 2020.
https://www.thinkgeoenergy.com/thinkgeoenergys-top-10-geothermal-countries-2020-installed-
power-generation-capacity-mwe/
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2. B RFFF AP REE P RPLIBM - NPCREFLRE R
EEBRY - hd A EFE

EARpPEE R O ARFEFREZ RGP R FEH o FLE-
FrokiREFEREE R EF AR R AR c BEREY LK
Fp P EER O FRABRF LA B L8RP RBEF LR 2FEE
A TR o T B h AT AR R R T B R F T LA PR
PR (2020 # 12 7 31 P Beab )~ ¥ #0878 B2 (20222 59 20 B
FA DAL LR RS FE FE R AR F LT E HREAM AR 7o
FoLR R LA RTREYG ErEAFTREFEER N ABR T A
koo R AT BN ER SO R AL EH L BRI AR A
VELRR A ARG ERER R RGERAR AL AR GESRLA
hbe B R P R

o

&u%ﬁ%%#ﬁ%&%ﬁ?i%@#ﬁ%’%%Eﬁ%&% FELEH P
FeoFE3t 2050 # AR #kE 72 £ £ 7 8.13~12.88GW: % 7 £ 468.29~741.89
BAE

Pod e ffie LR FITETLIRY  ORRE T FREESR
EEIIGW Lt > ARG PREE TREBROFHEY > G 2 ARNER
SHRAFERS AP ek FHEVLIEL B2 BER > REFARE 2B LS
HRMAE T 3DE FFR "fﬁ%< PR RBRFRY 20 4 F R UEEPRIF

»k

BB AR TIRANBE R B A ER R REE AR AR A AR

B HRghsk  F Y M AFTE A2 2 (2019) AR EE BE T LFBRZANEF] o
https://km.twenergy.org.tw/Publication/thesis_down?id=220

S 2R ATAL(Q020) B 7SR SRR PG w0 2 RO
https://law.moj.gov.tw/LawClass/LawAll.aspx?pcode=00090012
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dok p 2025 EdeF ET B 2535 MW o A R B A 2035 Edcd BV B
500~800 MW » 2050 & pr ¢ B+ # % B % £ 7 £ 8.13~12.88GW » %14 80%% £

Flc: # £ @/ 300 235 0 #TE N7 E D] 46829~741.89 A -
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FAEE ARk A ko BB E RS TP o PE FALG - JERER
R HRFFe R s N (%211 &) T o TR kI o B Eiaei 088

EUEHFT B A ES 0.6 AN B R T K0 0.5 KT T 20k
F(0.8~0.9) o #i @ o & T E PRI 0 ALYF TH P F oo 0 TR ok

Tt TR R R R R

FEIR R R A RIFA O NERA T A ERAE L [ K& E¥Lower
Heating Value, LHV)iE 120 MJ/kg ( 4+ 427 ¢ % 0.97 MJ/kg ~ i1 7 (gasoline)®® 44
MJ/kg ~ & fit(ethanol) 26.95 MJ/kg &2 % #2 % 8 47.13MJ/kg)]) > e 884 @ 2 Bl A

¥§i°§t'€_%}i"‘ﬁjﬁ+}£%ﬁi’%,mlﬁ 3%} r-tiﬁ‘x—,“%l 1’37f'jyijﬁ'fl§'—°
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embrittlement)I % > FIM & §F PR FF BEERF R FAHAHPE T TLE
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Zi’ A BRI B R T FRE DR FT L REEDEY Lk 7
o ’ EhFﬁj\’Twf’lﬁii”é’]mJ\PI&’"'T'liﬁz’ﬁti}i&l%wm/}i/%ﬂb/&l"
T J\é_; P (MAE) :}:{—ﬁ@[&]“ﬁu i F 2BARE] 0 P T A 64% 02030 EIE e 2 69%
B ZATE 74% - i % L 1EA (2019) IEA G20 hydrogen report : Assumptions.
https.//lea.blob.core.Windows net/assets/29b027e5-fefc-47df-aed0-456b1bb38844/IEA-The-Future-
of-Hydrogen-Assumptions-Annex CORR.pdf
Mol E (F FFERE) TRLZEETE T 2RE (B4 i 25°C) £ 82 A 5 g
B AR 3] 150°C "’L’rﬁ*i’rﬁ%ﬂ °

B hgps s BT ANEP DR EBRA S 250~270 Whikg » ¥ 097 MI/kg - 3% 2 ASME
(2021) Advancing battery technology for modern innovations. https:/www. asme.org/toplcs-
resources/content/advancing-battery-technology-for-modern-innovations

8 Shadidi, B., Najafi, G., & Yusaf, T. (2021) A review of hydrogen as a fuel in internal combustion

engines. energies, 14(19), 6209. http://dx.doi.org/10.3390/en14196209

433 p H2 Tools. https://h2tools.org/hyarc/calculator-tools/lower-and-higher-heating-values-fuels

8 ARMPRELAARAEL E NREL L ni 0 3] 2050 # > #F5a Fenikd #5253 Ak
FoRP df» AFZHFHEGNY - B7 FE# (2050 #5% 1.5 USDKWh) 28 pv
magazine (2020) NREL study backs hydrogen for long-duration storage. https://pv-magazine-
usa.com/2020/07/03/nrel-study-backs-hydrogen-for-long-duration-storage/
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A k2 A a ’ HiR AT oA % 1 30%89;

Fou R A 4 A ngE o0 72030 & f
IEA 2021 #3p 2 7735 (5 » 2050 &2 BEAFHT - A & B 2% Mplfgr
TR RAZ EHRL 2RT60% H 40%Kkp XRF AT A F PRFESL
i 22 a3 e @ 2020 # & o £ B ¢ (Hydrogen Council) s # e a s 4 ¢
= & 4R & (Path to Hydrogen Competitiveness -A Cost Perspective)3F 2 Rlzn 5 » 4ok
FBiEF G2 A ML KE R 2R 2030 F & L fRAS 2 AR
R EF 'R L 50% 3 FEHP 2050 £ & A ReE B2 TR 18%hE K i R RO
K2 £ 4 i k5% (International Renewable Energy Agency, IRENA)2019 & i & >
AR ER RSS2 T8 § 3 A (Levelized Cost of Electricity, LCoE) »
12035 £ F A GUREE A ABEN L R RPR P d LARRFET 0 &
EAK30EPERBPEBEL > FAFARE T A NET T BRAARD R

R R Y T E AR 2050 5 B4R D T e E o

SRFE I R B @ R A g2 T4 B
2L GldeR B A 2020 £ 7 7 20 & ap sk (EU Hydrogen Strategy)® » i %% 2030
Eo it MBI RY N ELEEAAIEARE nA L # 4 i ASEM R Y in
VB R 3% L T 14% o 2 WA RISA ST F v a3 R % E 2020
(Hydrogen Program Plan 2020) » % £ W& s #77 ~ BH¥ fer e * &7 2 # K
W@ R4 TG A 2 A FARDPEFE T ot F L SR 0 0t A
0 R EBP L2 F AR o 720 2020 # % # hd 57K T Bl(Road Map to

a US Hydrogen Economy) ] F = # B 3] 2050 # & & &4 sc Ry 7 B E 0 14%( 5%

wr

ERHEH) Mo p A5 0 82014 EB S G £ AL 50 B

8 IEA (2019) The future of hydrogen. https://iea.blob.core.windows.net/assets/9e3a3493-b9a6-4b7d-
b499-7ca48e357561/The Future of Hydrogen.pdf

0 feFhir 12 o

%1 Hydrogen Council (2020) Path to hydrogen competitiveness : A cost perspective.
https://hydrogencouncil.com/wp- content/uploads/ZOZO/O1/Path—to—Hydrogen—Competitiveness_Full—Study—1.pdf

% L BELRIT 5(2020) BB & a2 BRLBRE 2R E A B -
https://outlook.stpi.narl.org.tw/index/focus-theme/detail 7id=4b11410075b8452d0175d9e81838139

% EU (2020) EU hydrogen strategy.

https://ec.europa.eu/commission/presscorner/detail/en/FS_20 1296

Fuel Cell and Hydrogen Energy Association (2020) Road map to a US hydrogen economy.

https://www.fchea.org/us-hydrogen-study
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VLR ARG B 2050 R P AR P AE s W B JXTG T
(2019 &) &% i o L A HE A B X ik 5 T4 KORiE FaRsk 0 Mok
TN ET FEETCEF R SRETF BE A5 (7 Ak k= > Methyl
Cyclohexane, MCH ) #v k3 » i # @ # 408 v 3| p 2{8 > L kv i 5 &
PFECAGF AP AFFRET T FREAFVERRNLREEFTCFF BHER
SARP AEHARN A PR BT R EFAF PRS0 (B251)-
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Chuang, D.(2021) » T s % |, 5 P e 2020 A % B iF > F F R & it 42 § 8 2
https://technews.tw/2021/08/05/hydrogen-2020tokyo-olympics/

B AR L FE202]) P A GiES 2050 EE R ARz ERRIT G o BLp AN A A ARE -
https://mnscdn.moea.gov.tw/MNS/ietc/bulletin/Bulletin.aspx?kind=54&html=1&menu_id=33779&
bull id=8838

M p ApNRFF SEQR021)250 £#H—F Yy =—a2—FFNITE )Y =YL EEE o

https://www.meti.go.jp/press/2021/06/20210618005/20210618005-3.pdf

pv magazine (2019) Queensland sends first green hydrogen shipment to Japan. https://www.pv-

magazine.com/2019/03/29/queensland-sends-first-green-hydrogen-shipment-to-japan/

% QUT (2018) QUT leads new hydrogen pilot plant. https://www.qut.edu.au/research/article?id=135488
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100§ % % %A E HPF L £ ¥ ¥ —(2019) Succeeded in the world's first technical verification
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hydrogen based society. https://www.rcast.u-tokyo.ac.jp/en/news/release/20190315.html

W RMPF RS PR F L E T S E A E T E(2020) PRFCAE 1T E A B R4A

Eak- ) %x P 3.5 mE S o https.//1know.stpl.narl.org.tW/Post/Read aspx?PostID=17195

fe R R (2021) P A enE s B Bed 2 fooT o http://www.nengyuanjie.net/article/45067.html

Hellenic Shipping News Worldwide (2021) Blue ammonia’s role in the energy transition of Saudi

Arabia and Japan. https://www.hellenicshippingnews.com/blue-ammonias-role-in-the-energy-

transition-of-saudi-arabia-and-japan/
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combustion-in-gas-turbines
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hydrogen-fuelled power plants by 2030. https://www.euractiv.com/section/energy/news/ge-eyes-
100-hydrogen-fuelled-poer-plants-by-2030/

O p ks b S IR ﬁ PAER AR 100%; ® 5 Vo A A F IR Wil eh
IGW = A% & i1 2030 & = + 7 i & BjFf IR o 3% L NISTEP (2020) % 11 w1 ¥ 5
W RIBAE FLTABE o
https://nistep.repo.nii.ac.jp/?action=pages_view main&active action=repository view main_item
_detail&item id=6692&item no=1&page id=13&block id=21

11 p % New Fortress Energy (NFE) and GE 2 # i+ ¥# # & Long Ridge Energy Terminal & (£ B % &
R4 15~20%4 F ¢ GE 7THA.02 combustion turbine » i® i & kL & dk 5 7 * % & W% o
# %2 NS Energy (2021) Gas turbines in the US are being prepped for a hydrogen-fuelled future.
https://www.nsenergybusiness.com/features/gas-turbines-hydrogen-us/
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d ki &V A w g (1)7 f&-k(waterelectrolysis) ; (2)% 2R & (7 %) %
7% £ (natural gas steam reforming) ; Q)W A2 & A $ ; H@R ‘& T 0 ¥ i
2030 M E *F 2 PR EHN o ¥ 5 (5)X A F £F 43 (methane pyrolysis,
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2 BIRTR AT o fe il R 2050 E P g A s d 0w b A d & E U2,
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Tiakdd LEBTRATH KT EF 2T 47 5 BRLAI P
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AR G PR FIL AR ERL A RRTLS KRR LA AT K
REFKTRALT £ - RS % 2ena i RE  RAPRBIETE mEe

PARF O FHUET R RNERTER PR L S E 74w 1
ARREFE T ROE A B ANE A ROT I B R TR
s 4 ERA S PR ERE § RS (load factor) 17 o B A TR 4 Samed
H_60%~81%% % o 5 & 1kgHy» 97 48~50 BT o B3t 5 7 H i p # & P &
ARFAAZ TR BOIMH) (7@ FRURAMAF 2 ) o HWT A DF R
¢ £ 3] 3,600 TWh (36,000 /&) 428 p #acp - & HET LM %1 Tak

M2 el (4o RF ) FWE A N ehd 5 A & (gray hydrogen) : A & £ §d B 5 $LF
Wh- F CRPERI s Fa g §F A S FL

B0 § BRI PO T AT R L 2] M R £ ARG LR
mole H, © F & 37.5kJ» @ -k & f23 & 286 kJ/mol H » 3% & Sanchez-Bastardo, N., Schlogl,
R & Ruland, H. (2020), Methane Pyrolysis for CO»-Free H, Production: A Green Process to
Overcome Renewable Energies Unsteadiness. Chemie Ingenieur Technik, 92: 1596-1609.
https://doi.org/10.1002/cite.202000029

114 US DOE (2020) Hydrogen strategy.
https://www.energy.gov/sites/prod/files/2020/07/f76/USDOE_FE Hydrogen Strategy July2020.pdf

US ppesde@ M p ot A5 Mt 4 # L3938 52 TWh ¢ 4 (52 kWh/kg Ho) © 3% 2 IEA
(2019) The future of hydrogen. https://iea.blob.core.windows.net/assets/9¢3a3493-b9a6-4b7d-b499-
7ca48e357561/The Future of Hydrogen.pdf
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116 Office of Energy Efficiency & Renewable Energy (2021) Hydrogen production: electrolysis.
https://www.energy.gov/eere/fuelcells/hydrogen-production-electrolysis
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X EHE ARG o WE R R Y B W fEB i (pyrolysis) 0 #-x R F hE F
EET o AHAL E FeEMR (PR TN FERVESFR - FF R A
4o F R A A AET IERAAN A B F AR 2 BH
WA AE TR RS > BRI AE P LB B mp A

AR E 2.6 HL AT

PR RMETETALIRBEE FUNRMI RGP EEME NG ¥
— SR A4 S A A (material-based) s ks & BT 0 & RS RA] ~ T FREL M
(-&(r’,&, ’b&i "Lﬁi)f‘?$}i’1’ it #;’ o H P 1% A& ’b&l'ﬁr EgI%\’DJ‘%Ej

Wn g T B(2016) T 2 RIE AR B2 FARG), B AR R
https://ws.ndc. gov.tW/Download.ashx?u—LzAWMS9hZG1pbmldeJth9yLzEwL3J IbGZpbGUVN
TY INy8yNzU1OC83NGEzZWVkYy0xNTgwLTQwY zktOGUxNy04Y2RiNZEOMDQOOGMucG
Rm&n=5YWo5ZyL50Cn5rCr610955m85bGVSLmL5pW06auU6KaP5YqDLnBkZg%3D%3D&ico
n=..pdf

118 Office of Energy Efficiency & Renewable Energy (2021) Hydrogen storage.
https://www.energy.gov/eere/fuelcells/hydrogen-storage
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M9 ZWNREL20I3 #4235 2 AF #R2 REA Y F i §7 0 &7 b B FR 7 i
A G=F RIS XF VF L XS %) 0 25%PE FHRRCFER 2 ERL RS
2 b '@ s 4215 o 5% L Melaina, M. W,, Antonia, O. & Penev, M. (2013) Blending hydrogen
into natural gas pipeline networks: A review of key issues.
https://www.nrel.gov/docs/fy130sti/51995.pdf

20 gpp RS R % IEA chitzs > b el &g 2 B BP0 BB rLEE T ML R (10%) 0
e L RARR RS o F AR R0 BRDUE S ML (Q2%) i B(6%) LT (5%)
feB e J1(@%) e HRm o F I P2 EERYALTFRT FIRETIAAF R 342 IEA
(2020) Current limits on hydrogen blending in natural gas networks and gas demand per capita in
selected locations. https://www.iea.org/data-and-statistics/charts/current-limits-on-hydrogen-
blending-in-natural-gas-networks-and-gas-demand-per-capita-in-selected-locations
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126 Siemens (2020). Hydrogen power with Siemens gas turbines. Reliable carbon-free power with
flexibility.
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LG o A @ R (pyrolysis) BT 0 BRI F
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127 £ B UCSB 2017 & =% A 4L & # 7|(Science):#= 3 » | * igit 43 f& £ b (catalytic molten
metals)¥ 14 B BT defE i L F B EY 27%Ni~73%Bi & & & 1,065°C T ¥ uiE S 95%
29 z@ v % o 4 0 Gao,Y., Wang, X., Corolla, N, Eldred, T.,Bose,A.,Gao, W. & Li, F. (2022)
Alkali metal halide—coated perovskite redox catalysts for anaerobic oxidative dehydrogenation of n-
butane, Science Advances, 8, 30. https://www.science.org/doi/10.1126/science.aa05023

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

Poyry Management Consulting (UK) (2019) Hydrogen from natural gas: The key to deep
decarbonization.
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130 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

131 Sénchez-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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£261 AARFRFABHE S BT Har2 i Rk v i (L P HE CCS) 2

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
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fei¥ B id 2 T AT > A JaHs R do T

® 2015 # F FIRFF T T =PRI ik 3,000 FE A~ R KR
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P frBa 2 2 7 i RpE P g A A mw R F

® FPAFMNE aE i’F—‘F*{ 4 i (European Network of Network Operators for
Hydrogen) » 2050 & 42 #-7 £ 4% K 9 & Q& AR en= R F £ 510

® [EA % % B 73k %3 & (Environmental Protection Agency, EPA) % {éﬁﬁ
F R T B IR R 3 42 (Leak Detection and Repair, LDAR) % st » 2& =
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132 e 5 i 131 -
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R o https://cfp-calculate.tw/cfpc/Carbon/WebPage/FLFootIntroduction.aspx

134 Tollefson, J. (2022) Scientists raise alarm over ‘dangerously fast” growth in atmospheric methane.
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2?utm_source=Nature+Briefing&utm campaign=d6c58c6a9d-briefing-dy-
20220208&utm_medium=email&utm_term=0 c9dfd39373-d6c¢58c6a9d-44990377

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

1% TEA (2021) Driving Down Methane Leaks from the Oil and Gas Industry. IEA, Paris.

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

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

139 £ B+ ¥ (2015) FACT SHEET: Administration Takes Steps Forward on Climate Action Plan by
Announcing Actions to Cut Methane Emissions, https://obamawhitehouse.archives.gov/the-press-
oftice/2015/01/14/fact-sheet-Administration-takes-steps-forward-climate-action-plan-anno-1

140 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/

141 EPA (2007) Leak Detection and Repair: A Best Practices Guides.
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Fofh PERB R FTIRREE L E REE RPN X R R R
FHL S F AL 016kg 0o s 2 R ok s RS AR

FU-RBETHMBRARF FEeALR 0 AT #0.6 kg (37.9 mole)irx 4
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Fafae 0.151 kg (75.8 mole)eh& fv 0.455kg (37.9 mole) hF fLpL o & 11 & %
o B BT 60% BT ANZORNERT A c FHLRRAT 4 ERER
HLET 0 RA 4wﬁr%owéiiﬂ@wm?éliﬁ% EH A
B T ORAE R R fRAR ARG GEE R R o

FU-RETHREMF RN FIEEFTRY > TR F LS GEL
usaaﬁ¢1ﬁﬁlaaw’a%ﬂ»12&%’%@?”@ﬂ08§ﬁ
TOENPFEENRE RRRERT S da Ry AR R 4 036 kg
1 0.72kg ez F i ph o

Box2.63 ¥rir &4 %% T4 Rk ?

AR R GTAR RETA ko BB T Rk F
M- BT RABEAF (A5 7% 5CHy ) Bk 74 47.3 B (mole)
ST R RS FEAIrE o F 0 80% S 0 RIF 4 i 37.9 mole éh” xS
37.9 B F (mole) shF L fr 75.8 B f (mole)d - % 4 I'Qi—‘ﬁ%;‘ R F o S 4
40~60% (?,‘5%%}3# el E e ) m A4 2.4~3.6 B(KWh)eg o d 3ty i *R A
ﬁ:iﬂ&»&%ﬁaiiavméﬁao&?é”%rm PR
ARG T A B2 R R S S RIFET T ARF 2 A 2 :k;F z{; £155%>

B hn ’**”:*°@¥%E%&Wiﬂ%%*o

4%

Y2 e ghir 131 o
3 7k?ﬁiﬁ§%§ CERRETLL AEHRIALE LG W] LD 2 AR 2 A
£ Jﬂi‘ﬂ’ﬂ#%ﬁi’f’ RpRPTS 2 AP &0 3 RF B EREEE DR o B
;J:SF 2 B U= /E\M% ﬁ z lé{"kiﬁ _11131 {dﬁ L_ﬁ/rlﬁ"l &P:}:ﬁpﬁ,ﬁl ﬁ&r'g rfjﬁi\i&ﬁ , ,’g LL%&;@}‘%-‘;’
BB RAHE GG OB RB B R A L RARAR AR RF R > 7B
ERXAFAARNEI T ET BRATRHFLAPMA LA 4 o
Mot f - RROPRE RS Y 2212 58T 4 20 V4 e B3 F AR Kk
(2016 # F4L) > %212 09kg COY/ AR T35 » ¥ F PR €3 ¥ a- L > 121 045kg
COYR RFH o ErEH R BT - H T o dop o SHT 4 27302020 &/
» ERTRIGEF AR TR R B R © i 64% » MR BLAAIATIS 2 T e
b P AR RR T AL TR R e ok it 44.93% o
145 b 3183 o
¥ 1 B (kWhS T TfkAad > uﬁxrs 2% (80%):+ 5 7 A 0.02kg hd - g A E (B ) 5 142
MIkg > #RBHF A4 2ZHE 5 284MJ - ¥ AR ARG (iBv ) kxR EAIGG R A
109 & & AR E - § "B‘(#“I it o 1R L BT 5 56,100 kg COo/TT (% F 0.056 kg
COz/MJ P 100% %™ ) FBEK X R4 *fri PEFHACTAR T F A R ERET FAA
L (284XA)MI > & B F % @M G B EL T B % (0.056<A) kg COYMI - 5§ 4 % 55
%@%@i(2.84XA) MJ 7 12 & g e 5 (2.84%A) x(0.056+A) kg CO,=0.16 kg CO; °
Wgh &k 934 125 RenT 4 JwJ »?E FLART FHAIE TR2021) 2% LARLF LS
o4 AKREME LA TRk $ 0 45 2034 # fx ¥ o https://e-info.org.tw/node/231418
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?ﬁ$ﬁﬁw%ﬂf’%fmfufﬂﬁaoé—%ﬁﬁﬁoaﬁiv%ﬁﬂ
o

B2o— 0 R AT L R RE A4

IR N E W S EE T
Liﬁgiﬁgﬁ S LR BTN
thoird A2 BT FLELREAREEREY W R RIFET X 2R
%’""1‘ BRI o FRARF AN T i O B ] e g g
AZTLET  FHETEREI- LT EI B R &I AT
B BT R ETE BT AR L TR 4

47y

-Ai £
RATAL RS F RO FREF O PRI F R R

SALTRET e B K R ER BT 2R 00

T (H) fak | e %~ 3R PREALRE
FpL H,O CH4 CH4, H,O
% F 2 2H,O — O, + 2H> CHy — C(s) + 2H, CH4+ 2H,0 — CO; + 4H,
g 572kJ 76 kJ 126 kJ (per 2 mole Ha)
FwEs | 2H,+ 0,— 2H,0 2H,+ 0,— 2H,0 2H, + Or— 2H,O
42 0mE* 572 kJ 572 kJ 572 kJ
A 'E.‘)i‘f'l 572-572=0kJ 572-76= 496 kJ 572-126=446 kJ
BAF — 2R3 - F v
¥ Fa Ad 0 LI AT AP A A 0 HAFER
. BT E EIFET X ARE EAFET X AR F
a R E AL P YRt
*2x D I8 E 0 2 2moleHy A A HE
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2.6.2 FE B RIR

L 2 RFRTAPRHAEE - 206~ F BRI PR

Jit

BA ARG HACERARE L > PR ARG 2 A s BRAA R TRA
e Y A e R (B 2.6.3 ) Fuat A 3% b1 & §4% K« BASF &2 KIT/IASS
R F RE R L 3NN 1,000 B #% = Kvaerner ¥2 # & Monolith materials
wE R ﬂj{f/}ﬁi#,’{#ﬁ" AFRERPRF>EN2000 2 FRAETESHFN
s 22 Hazer Group | E_FF 3 Uit A& 2 Pojhs » 7 i i it & ehpi pb 0 -k g R
B AHEN 1,000 BT oom AEENRAE T > T 51{5& FRELHTE #oa A RS A
B O EAE L RE LA D RIFE S BRI A R A R PR 95 R %

FPRE L fresle.

B £ 1) # R AN (TRL)
. REZBMEHm ° BASF . REREHRE IR
(>1000 ocff TR eEKITIASS S 3T A
(TRL3-4)
s TRIEEE B » k@ Kvaerner o LE T RR/A EIR
%ﬁ e E BB A « % FMonolith materials ( TRL6-8)
s 2.000°C 538

o EIBEALBINE UOP, HYPRO process « FEx%/4 5 T
1E#+1,000 °C ;2 - HBEERKGRET S (TRL3-4)
BT RE Hazer group

W 2.6.3 3 B %4 HpE B R

2. ARFRY AL

2R G B E B PR A & AT R AL T e S 889 kI/mole

148 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

149 = 5 4hzr 148 o
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RIRh  HF 76 k] chFi T — R (16 9ih? A RS BE L fo- B
o B B G e ER L ST2K c RIS X R m s iR T a0tk

?é%%%%?LSWﬁ“Eéﬂi?Jé?ﬁ%*°%?ﬂ“%?&iﬂ§$’

M
.
0
E-)
ey
prad
=y
W
*
¥
A
~
M
o

RF PEFTEH ARG R WP LR
FAR(BRRMEDRFN45% 2438 ) FRNE 044kg =+ - F P
£ B SR R R O B AR A ARy VR AT RGE T 3 R K
L) — B BLFLAT(CaCOs) A 2 = § 1Y pt 3 180K) - Jf w e #tic M3k B 22 o
FACH A BT T RRPAF R AR ART AR D F FRFARIAR
Y o P B - EE R ol IR S I S 2 SRR o O S R IR
BoArz - § PARTAABRECER LR QLR A2
SF R BRI E

s

B EE R A ARA T X AF R AR R B3R

FUES R RS D F e ek

B 2R F & F W R st
FRELY > F AT ERG o BRI AL PRI EFART LD e

3. ARG R AFBRARL K

TRFEIABAN 2RV IEREGT LS ELER M3 F- L CCUSH
BTRZAEFRE-F PR RIGAREARA 2 R - H I RF RS

HIEAR OV BT » 2R RINGRALEF T34 F(ARPA-EYFF 1 7 Fagd)
Rt 20 )8 ;% Bl B4V R * & LR B f%: it > Ao T iJfﬁ
(graphene) ~ #4F% (diamond) ~ £ % 5 ¢ (carbon nanotubes) X % g 4 ‘& (carbon fiber)

FOoT g R B & Rk F (cement) ~ 448 F (steel) ~ 4R E

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

BL Amx 25 (&0 ) #%ifkfics 56,100 kg COL/TI » 1 TJ A 3 277,778 kWh » et 2% % e
315 % 02 kg CO/kWh (100%%2 %™ ) 8 T 2%F 5 45% > AlF kWh 2 COr #3% % 0.2+
0.45 = 0.44 kg -
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(aluminum) ~ # #(plastic) ~ /> £ & (met coke) ~ & 2. (carbon black) ~ % % (graphite)

"2 & g i # (silicon carbide) ¥ o 14 % % 5 (graphene)d 3 - F WO B (g o AW

e

1l a3~ > 2 233 3572 3001 Mte B* N4p48 XL Wt FiR+ 0 >
3§ ¥t 100~1,000 Mt s B > i 42 5% o 1,000 £ = 2 £ 1520 % 20Kk Rl ge 55
F oM REA100F2 2+ e @ g LB P o & Monolith materials = &
W E BN F P R4 Olive Creek 34 % » TR R Faf HiEdzm . 4
LR o G AN EEs s 1 EHE A V8 2P 180 £ ® C-Zero & P B E
FrEFR R R ARAMP NSRS B RS AIRTER G S5(])o

B E i© % fu BASF R ¥ gaoopt it * >t w2 fldp s 2 B L v Rl R &

S

N
)

oo X

‘*q\

A=

AANH o B EE i A3t F T U AEE AR RN AT 2R URR Y

0y
E-
-‘*Y
\m
«3\
3
b
i
el
o
gt
v
5
=
o
el
dik
4~

B Eod WHRAARBOEAEHI - T REA AR § SRR IR

Bom RABERE o BT R G 5 KS B0 AT AN E RS A AHE DR

Pk o BART 54 BB E T o FREHR Y 5 PIE M CCUS Sk fgpe 57
SR AR W F RS F B S G et R BN A B AN

RGEGAET DM A A B eppE TG N

152 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

188 o b 4 152

15 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

55 e 4 Jh3z 131 ¢
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4 %X AF BT RPN LA PR

SFherd o ERE S RE LY EARA T ARG R AR &
ARG WL EH AT - F LG RS e X RF RF HEHITOT

o YR AR { w2 TR AAY 0 UFERGE

*Ms

BEG w27 (Tlhobldr X ARG &% ZfFH a7 Pl > RIvER B * X JR;
ELRE AR F TR AT R AR AR ERIATIRFE TS
Boord 2020 F X ARFFRIGEIL N N5 1,426 F oW BT F T ARES 998 R
BB dp gt E AT RESE N 143 F 26X R @ kB4 2H 2 A % 2050

EERP N EHRLGE I RFAEFHBALIFTES » TR T RF 3,888

o i g7 REN A 1,456~1,685 AR > AR % T F RA TR~ 2.31~2.67

5

Fomp R o AR ARFETL 16~19 8« Fp > It 2 RFas AR
PEEEE R T R RS AR R AR F R ik o ) AN E SRR B

RICER AL 2P Dot FIZANpRF R & 2 AR5 £F AfRHiag 2 A&
FHRABIWAIRFHFTTTL 16~19 B fE RS A (A3 @A SR
B* 2 ENE R ARG RFARTIAHL BT ARSE S A S )R A

feo TR FL R B2 o e A Rk E A H ﬁolﬁrémﬁf‘ik%ﬁfﬂ;&;mw\ﬁ)@

'

°om

¥
PG E R RF R ARHAT G B ERBEI RFET L B

-

fRpar s < 5 & S iE#S 1,000 &g R 3k

BiE* s TEFERFEF2ZHPNESF B2 X 2 edm LR TR ow it
ARZ B AHh BN ZRBRET A TRY R

Eﬂi‘o

5. X RF R F AR AIATE b

(1) $FUCSB it i3 e & 2 2 X F R T Hfasmr

156 0 AL A A RS B B (2022) T SRR ~ o hitps/wwwesistorg tw/Database/Search?Pageld=5
157 @ IR R B e RS & % (2022) 3 7 8 o https:/www.esist.org.tw/Database/Search?Pageld=3
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EFWAN A FRET T A (UCSB)B# 7 % 2 st Mg g f
ARG AT A fEBN o AR i 1 g £ (catalytic molten metals) (27%
Ni~73% Bi £ £ ) % 1,065°C T ¥ 12 & 95002 ¥ x#f it & o 23742 & C-
Zero t 2021 # {8 3| Breakthrough Energy Ventures % # F 1,150 § % ~1%8 . g
ho B ARPAE Tt 2 AR mF A e E 117 -4 o agen C-Zero &2
MIT ~ Stanford % ~ 8 £ = %22 » ¥ E 7 #A2AR (12557550 ) A2 A%
HaBT pad omb e s B AR ORET 1Y 2 A R ARL DR
&% ¥ (CNT) ~ #i(threads)f & 44 (sheets)!>910

(2)BASF = 225 &% 3lf2 2 & /st

MR = #7% (BASF)X 2§ £ 5 A A & /Al 1* ok ¥ - g A fa
7> BASF £ & (v45 F 48 4 RIS 203 7 ok § 3 (BMBE)sh 7 043+ 4 > B 4 % 4

F R HRRATRIRF BV T ABALAK B s 00162, 4 e e gl b

F_

=

TR 2025 & frds R By 0 2030 E B4 R REA
(3) # ® Monolith Material & 5FJ‘F-% TR ERNEY

% B Monolith Material & ;“PJ{T%‘P% Ry £3F AP 40 vl % - 52 jfi
A fREE s @ * 100%E 4 i koo EH a‘:ﬁfé%f% RERE AR LA X
# (RNG) #_4 # 2 # (renewable biogas)ig#t 2 sii?d » ¥ = § x> 353

2024 # P A 5 2B AR X ARF £ A

18 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

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

160 po i $hzr 152 0

161 BASF (2020) Climate protection with carbon management.
https://report.basf.com/2020/en/managements-report/responsibility-along-the-value-
chain/environmental-protection-health-and-safety/carbon-management.html

162 BASF (2021) New technologies. https://www.basf.com/hk/en/who-we-are/sustainability/we-
produce-safely-and-efficiently/energy-and-climate-protection/carbon-management/innovations-for-
a-climate-friendly-chemical-production.html

183 o 5 4Bzr 152 o
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OREF SN EFFEE R T § Y-

AEIFCRFERAL DT LA RFHET VL 2 40% X Ry e

A

(CH4+0,—>COx+ 2H,0) i 4 ) = § 1 48 3 4 4 > %@ & 47 7 Fafcds 1 Alpha
FRGEE C TH Y AREH LRI ARG (7 ) ¢ wtd 4 (CHi>C+2Hy) - f
THREDT FFLTOEDNERE PP HR o L AL PRI T A R

A AN

%
ARSIV R| A fRPIEZ S RE 0 LG Y BRI S PRELEE M AL o

5

W2 WA A UEFHRNL GO BT HBI R 2 5 FE D

Qo BT - MR ANETIE 4 RRE R £ 7 Alpha

é’ﬁg‘l\“iéi%ﬁ'ﬁ ﬁﬁ)\i é/&ilj\:}i,{h‘ j j\u ‘“(:J\:]J:‘ ,:_tﬁfﬁé?)i\']
R R P R R RFABRNALEAE § o X R W d SRl
(Bl 264)> ¢ cieBF TRL3 (§% 2 R&D 534 ) hpbf » T — ##%

Er TRLAFFE  m TR TR T RBEGRIAPIBERE 7P AT et 7

REET  PIEE s T RFF W E2 BEEE RN pEFIRART (XA

o

T
FEF AL ) 0 £ 50 B Rk 2050 & P R enp

W 264 ¢ LETHRUIARF AT HABARS 1

164 8 g2 Alpha 2 it A7 5 B3R &
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2,63 FRERK

L AN AT BT AfHpyrolysis)pir » -9 %4 j33 E frARR LR E
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SR L RBRTBEFELROIT LA E s NiFHEAL > Bl
Poof WG 2F B R B A S 3§ RE S A S A B

EFit cZEAPRMAELEBRIARGF UF T KRB E ST R
H G oA ARG AT HABALER RN ok > N LA
SR BE KM R TAR Y DAL RN AP
ZHEEAGTTG 0 SRS R E S AR ZFEFE AT FHERER

Bl EART ARG AT HRRITE B SR H8

B EFiRE (<20~60%5 ) Y P TF A RA T4 2 F R P g T

R
Dy
pol
i
=
b

PR
o

e 7 R W L R 2030 £ - E TSR B

e

BT )P T R TR Bk BT TR T X IR R T gk
FH LN R AT AR ARSI EAFFRE ARIFTRE > 2

NIRRT ERFHABHMAT S T AN RS T

o

pLeb s TR R AT A 4 2035 & W MR P X AR F B R (<270 g/kWh)F o~
AFRRETER > AR MR Ay e THRET | &

B FERLAP ST RE L2 R

S AFHRZAT RE A HEEY BARH o AR ?ﬁfﬂ‘ﬂ-"lf%ﬁ‘
&

By APBANZPRRBIAST LRI ST LS E IR RE T F-
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EVEFTE O FERGIE AR SR 2 )
ErEARE T - R RAL e R BARHR T R R BT
WiFLIERE FaHEEHE s SRV RES LR BRAHF S L

TR o AR A AAAHBHL EAEET TR o

4.2030 EHFF I RF RFHAPRLN (IRAT) FANPIAFFIL - &
FREFT T EAREANRLERITRPFR 2L RRFET 0 2050 £ 2
S SRR

ﬂ@%ﬁ%ii%@ﬁiﬁ%%ﬁ?&z%o&iééﬂﬁﬁ’éﬁﬁﬁ
2050 = R p fRchd 2 0 T E AIATRBE AU L PN SRR Tt 2
e 2035 R 2 T BT R 2%~5%% A F T8 (2020 £ 5 AR
MR RE R FREF T F A AT BN A AR AR T T
FLRBEHFHZ 22T FHBT > 7 EH e F R 2050 £ 23 %

BHE T

SRR RS AR BB kR

A
RE R ARG R AR H o TN 02021 £ X R F BT 1,944 R A B
WH2050 Eidr 2021 Eiev A AFE2 2B AIARIF T oRTEET A
fRAE A RF R 5 3,888 e o mF AR iE 80%fTA, T 0 3,888 F R X
MEFTUAINEER S S 1,685 AR - FRF HfES EE 60% 0 3,888 s

REvUENEETS L 1456 R 532050 # 23 # 77 iF 1,456~1,685

ek

I

BB R R E £ Fl¥c(capacity factor)ik 5 0.8 wihrE KR 2 E KR R

=k
EIS

9% 20.8~24.0 GW (L *44x2H) -
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27 2 i

K2

4 A i dp #-2 F 4 (Biomass) B A ¥ & STk H RIE 18 TR T 2 iR o T
AFF R A F P kL ER E L o F A A Renp Tl AR E S )
TS T RBETL RN DERY AL D F L TR o
(Carbon Neutral)2- #3k » i&# 5 4 Fai gl 5 M REIE > 4 237 5 B e
W dE R - MAEET o ARSHE B L TR S RUNEP T HF T
TR H TR ROk S BURA RR S MOE RLR A B ehpt o 2E

REPNFE LT 3o
1. B ST

(1) ™ a3 %z (Pyrolysis)Hk -4 ’F.‘r}%r Bg i gd o g o I FEA
M3 E o 'gj};lg%’:‘gg{\% °
(2) MA PRk LT 2 BRI sxF > Bt R

G R A Rl (Ep ) 24 Ak oo
2. Phr A F R

(1) Focich =g Rikichfled FRme i 2 o
() ®AgPFIB I FREP S TS (WREY)-

() v A FRMUELEF o

3. =

b

ERS VS 53

(1) Feiamf whues T i

() 22 RRmIAIL T2 BERPFEEER el -

4 LI 26 TG 2 T 3 FUEHR ~ T (10-85%) i 5 T 18 e

LB S - PRV R RS ST RED A T RS
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3

5. Rypm3t» AW 2050 & > 2 FAFTERFETHRALL 25-83GW 0 # 7

97 EI 122~194 B R -

271 # 2

A G RARRIRSEY A3 2Rk A bR ahE R
W B T R A J R 5 224 T % (Nonbiomass
combustible materials) > 7 fLZ EAL o m A FRAAP ZM KA RS A F P2 o F 0
B RIFE S RTR o 2 B R EERE P AT - F (b pR o R FHES /1T A2 K EARY R
oo F PR ARTH A F Y D F PR o m AT RBEFETRS LS FHAR
(Direct Air Capture)sii— 8% »x A 4 » { VARAR Z ALY frZ it I - FL L L35

ﬁc‘w\'pﬁ T?QIE j‘_ ¥ ;‘;. é Ef\;}iﬁ-}? °

T3 AFRARD NRES (e WAQLFWE R REE 2 EAY
BRI OB RATE ) T R HREE SR TR R 00 g Y R0 40 g
TRERF PG 60%~T0%T IR A T ARtA (4ot f oA %) 100 i
ARTEARRFRFEN R RN G WEPFEE SEAIETE S 2R
TR A PR A E T R AL R R A o BB AT
BALRIF d kS F B T T A8 NBFATH A P RBA S LR

BB s m e (ol iR B K S ) 17 R AT e T .

2 RARAE S AR o A B AR AR T ER P F - BL TR
TRBEAIANAET ZTH O AL QR R REL R (dedeg ) &
Wit L F 8 (e d ) &g T &A% - REFF L REF(EAH 2050 % F

BB T 2 AR e e B0 g s (e s

\/

O IEA R TR~ GF  RECAE D PRI TF AR T BRSO & THRAEAK
] %«‘ﬁ%\ Bk

190 (7 ekt W (2012 £ ) pBRITR RFER P £ B 1300 pR A U 5 4 TR
Jr P o https://www.epa.gov.tw/DisplayFile.aspx?FileID=8BD164AEASEBODEE&P=5¢eee2 5bf-
b45f-4e05-bala-a201552ca66¢

67 Jeowi Pz 12 -
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BE L F AL SRR o e BT & 2050 E° k2108 oA
2RI TR MR EEL T Ak R XA R B 14% AR A
2E A TR E E 3% e @IS A A (20%)F 5 - B2 B (20%)

(16%)#5&%7 e R TE o

F o F SRR HEBEE L A Bela s 0 P A 2018 Em 2 iR
AArd pHO FZA2030E 0 HRALFRFT P L5%RA 3 3.7-4.6%
PR 1R X i faE v g SepaAk TRk (Wood pellet) » B2 2% Bk

FH RTFRG U 4 3T B E R s AL BRI .

AR FN P REAL LA G RERBHFREET Y L TR AT
FEOOHARES 2050 2 FPRAPHE G F T F o FuE L T
FALR RO BB ET IR A FT I AMEEFE AR 8 B
- AP T A i NG - B2 EET A gttt 1 R
2@ e 2 PR ERY 2 Fa &5 A7 fort 2 R0 v o )
B

4 ?ﬁrﬂlﬂj}#/‘}]ﬁ\l P[’-J}l-/‘}]7|%q+o* L’;? ‘Eé”ﬁgégt}iﬁlégtﬁ’fﬁ

"™

=

BLo ¥ IRA R B I R R der 2 FORURE R R 8 ~ Y

FR LR TARAGER TR | 2 e o

2.7.2 ﬁ]’% B4 TR 2ZBRR ’&EA\ "H

FIARAY FHG TR PR F I ARF RETE AR, T ARA
T g BRougfii -He 2019 RAFEEFE B2MW(Hit%):
‘%?%S%E’ﬁﬁﬁg:i?%(gﬁ@£$ﬂ)%ﬁ$§WMW’%?17
BR o &2ETOOMW > 7 38 AN B 271 LTt & AREKEL -5

108 AR A Bp G 1R A AR E(2019) pEART LB PR .
https://info.taiwantrade.com/biznews/ p # 4p 7 £ & 2 %‘r el -1826030.html

109 1 R RHFT T RSN EREFA T YT(2019) £ A R
https://www.re.org.tw/information/statistics_more.aspx?id=4093
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FROVFORBMEAL AN REEF R REEFE AR 22
iR 7 B 2011 #5158 GW % & 3] 8.57 GWH! > A Ris+ & p B F & 0.72

Gwm,ggﬂagggwwﬁﬁﬁ%% Facenle pr o> SAET Vs 2 24
TR ENRE BAR S TR AR RN KA KT < EBox2.7.1)e

8 8.57

5.8

GW

0.71 0.72

A b b Nt Nt Nt Nt b

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
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170 Nhede, N (2020) Top ten countries with the highest proportion of renewable energy. Smart Energy
International. https://www.smart-energy.com/industry-sectors/smart-energy/top-ten-countries-with-
the-highest-proportion-of-renewable-energy/

171 Net installed electricity generation capacity in Germany in 2021 (2021) https://energy-
charts.info/charts/installed Joower/chart htm?l=en&c=DE&stacking=grouped

12 ’j{_/t‘f"m i B R (2021) £ A Rk %é:ﬁ EHRI110# 62 (7 4R o
https://www.re.org.tw/information/statistics_more.aspx?id=4093

98



AR TR RBE DR T AT

L A#2FRES 2 PHEEHRTREES 2
AREET REMLIKY 646 F AR 5k p pow e AL/ - &
BRI BB PR R EIFR A A BB AT FL A i RBe § A
B R - E AL AR P RERIT 500 § 2 HET dofeqR s 3f R
SERASE RARKEL L AL 0 By AR REARKARRETR
Pt ARR KBRS WG RS RAB] » Flhedt o AR 7 AR
FRRRLF A LF TR VgL ¢ (@ R AR A IR L RE A
WEF AR kAR E
FORR L AL RRES FAM A HEHRRET A 60%
Fl Ak T R b o BHAL G MOV AR S B A HA L R @AR AN EH
B— B RERG AT R P A (PR 2R ) Shp B F A 5 2%
AR KB R v AP EPE S T ARG EAHE -
S AHIELZL TR V- 26 AT EEAM AR A SR R

2. R EF SHES I A B FR

P g &g il BECHNS AR TR RAFHEA S
ERRE F R A TR F1nf ~ BB 2 e (T 2 i jie s o AL 1 g a8
=

WK I PATIE 2 E P AR R AR KA S

[«

i 2 o0 AR BRLATL M LR BB T ORTRN ) de D B
# i (Pyrolysis)t>8177 « & iv ;% (Gasification) ~ # 4+ ## ‘% (Biorefineries) ~ B # 4 #7

B Frehlh B W F R B T R Tk 20(2021) FiE &R o
https://swims.epa.gov.tw/Statistics/Statistics Year.aspx

174 8 ges RS F4(2020) 109 # B F R ATIRR S AR 2 o
https://www.stat.gov.tw/lp.asp?ctNode=4867&CtUnit=1352&BaseDSD=7&mp=4

175 Bakenne, A., Nuttall, W., & Kazantzis, N. (2016) Sankey-Diagram-based insights into the hydrogen
economy of today. International Journal of Hydrogen Energy, 41(19), 7744-7753.
https://doi.org/10.1016/j.ijhydene.2015.12.216

176 C. H. Bartholomew, R. J. Farrauto, Fundamentals of Industrial Catalytic Processes (Wiley, 2011)

17 Upham, D. C., Agarwal, V., Khechfe, A., Snodgrass, Z. R., Gordon, M. J., Metiu, H., & McFarland,
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E. W. (2017) Catalytic molten metals for the direct conversion of methane to hydrogen and separable
carbon. Science, 358(6365), 917-921. https://doi.org/10.1126/science.aa05023
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185 ¢ 4 FH A €(2022) & prEpaH B -
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195 3.6x10° t x 142180 MJ/t x 0.2778 kWh/MJ x 60% (% T »c& ) =8.53x10° kWh

196 8.53x10° kWh x 1,000 Wh/kWh /200 = /24h/%* =1.8GW

197 Adamovics, A., Platace, R., Gulbe, 1., & Ivanovs, S. (2018) The content of carbon and hydrogen in
grass biomass and its influence on heating value. Eng. Rural Dev, 23, 1277-1281.

ARt AT AT AR

19 Liao et al. (2016) Fueling the future: microbial engineering for the production of sustainable
biofuels. Nat Rev Microbiol. 14, 288-304

200 Oh, Y. K., Hwang, K. R., Kim, C., Kim, J. R., & Lee, J. S. (2018) Recent developments and key
barriers to advanced biofuels: a short review. Bioresource Technology, 257, 320-333.
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43 FIE % F e Fop e %0392, 0010 £ 3 2018 &£ 4 B fF 2 e R
it 2 $k ¥ 3% ™ (Land Use, Land-Use Change and Forestry, LULUCF)& & &g #5 % 5

% 1.8~2GtCOeq» X7 # K,ért A3 FE EGE R F E 10% (B 3.23)0 F

359 e 4 4h2x 358 o

0 g & WA F iF R B FPLR §(IPCO) #1357 £12006 & B FE 3 # Wik ddps > L £
HRE e 3 )% (Agriculture Forestry and Other Land Use, AFOLU)3& B # > & 3 +k$ ~ B
PR R CRM T EBEHG 4R

361 UNFCCC (2020) Greenhouse Gas Inventory Data - Detailed data by Party.
https://di.unfccc.int/detailed _data by party.

%2 UNFCCC 2 %)%~ * § 43 B2 OECD © B3 224 B ¥ 'S 5 1 »
https://unfcce.int/parties-observers
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oA AR RN L » 2IRELTE B - F (Global Carbon Budget Project) 2 2 3 /4 /%

44 B B od BRI Y > 2010 & T 2019 & 2 FF 23RE E R R 0X

At g 7 i 19~23 Gt CO%2 -

Gt COyeq

20
15
10
5
0
-2.03 -2.05 -2.05 -1.96 -1.93 -1.91 -1.94 -1.88 -1.88
5
2010 2011 2012 2013 2014 2015 2016 2017 2018
| R EEa S B35 2% LR
" REIN ERLE IS LR SIS N
o = 1.5 0% EE-3

W 3.2.32010 # 1 2018 # UNFCCC 2 5t - R REINFE T fﬁ#’s%ﬁcﬂf’;'ﬁ%%“

1 ISR % © Fthk~ 2B (5 BB

TERFRER oE FR DT R RE L B AR R i~ 12
PRI R2021 & 117 2 BB & Mf R HE 2% 20048 93 « £(COP
26) > 141 M & F 13278 A4 42 2 = 41 * ¥ 3 (Glasgow Leaders' Declaration
onForestand Land Use) » K k2 &2 3 200t > a G frE My 3k &
BB B 2 SRR RO N T R300 pmiplgE o G 3Tl

32021 £ =2 F x4 25 A7(Climate Impact X, CIX) » $t = £ ¥4 Fp R 5

H

363 Pierre Friedlingstein et al. (2020) Global Carbon Budget 2020. Earth Syst. Sci. Data, 12, 3269—
3340. https://doi.org/10.5194/essd-12-3269-2020

364 o 5 4021 362 o

365 European Commission (2021) Land use and forestry regulation for 2021-2030.

366 U.S. Department of State (2021) Plan to Conserve Global Forests: Critical Carbon Sinks.
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A 5 1 (nature-based solutions carbon credit) 75 a W 14
VERRA df £ @ » AFOLU #f e s B = (Verified Carbon Units, VCUs) ¢ +* 3
AR #3 2021 & 10 7 % F ARiE L H3aE e VCUs & AFOLU 4p B 308

BT R B R R RS
2. AFEBIL AR AT (k- RiT BT R)

BEZ LA A Rk A e AL R e (blue carbon) P A AT FEEL > B
R A - RAVER R 2 230 d mE R ‘2 % (Conservation International,
ChH B ERFT ~f#HF2 >t w8 »FF 4 | ¢ (Intergovernmental
Oceanographic Commission of the United Nations Educational, Scientific, and Cultural
Organization, IOC-UNESCO) 2 R % p R % % % B (International Union for

Conservation of Nature, [IUCN) & i% = = e % &8¢ 1§ 7% (The Blue Carbon Initiative)

r

iﬂm’¥§MQﬁ%$ﬁ%@%§@%ﬁﬁﬁ#’ﬁwﬁﬁW§ﬁ%MEﬁ$
BERHFEASRE DR ARG RE R FROFBEAEFEA TR
WAE- BT R REFERTE R P R HERHRA L B a2

& 4 sk Le 3 RPN PR, s N Y I L A S . N R
B A TREF R %',Rm/ﬁiﬁ PP X2 A0 A2 8 k3 e U2 4o [ PR

VT B F A S (2021) FrAcHBL P ARG AAEEL L P FRELS LA LR T o httpsi//e-
info.org.tw/node/231675

368 DATA AND INSIGHTS-VCS Quarterly Update (2021) https://verra.org/datainsights/data-and-
insights-october-2021/

S e h kR ;T‘};_}_-;ﬁ R RaE ARG E TR E 4L palEp o o N oy
RABREFE > EFAXIRMA RERRHEL A ZFEREETEE T L2 B ARSI

L4 B R & F #&F az B o Howard, J.et al. (2019) Coastal Blue Carbon: Methods for

assessing carbon stocks and emissions factors in mangroves, tidal salt marshes, and seagrass

meadows. Conservation International, Intergovernmental Oceanographic Commission of UNESCO,

International Union for Conservation of Nature. Arlington, Virginia, USA.

Isensee, K. et al. (2019) Blue carbon: Science developments of relevance to the UNFCCC.

371 L, Donato DC, Murray BC, Crooks S, Jenkins WA, et al. (2012) Estimating Global “Blue Carbon”
Emissions from Conversion and Degradation of Vegetated Coastal Ecosystems. PLOS ONE 7 (9):
e43542. https://doi.org/10.1371/journal.pone.0043542

372 Murray, B. C., Pendleton, L., Jenkins, W. A., Sifleet, S. (2011) Green Payments for Blue Carbon:
Economic Incentives for Protecting Threatened Coastal Habitats. Nicholas Institute Report. NI R
11-04

370
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1 k%

HHREMBA LAY AR AR TS F YRt §F LR TR G
TR AN o T e RS SRS RS F G R B E
2T T B RE R | U ik § RS PR Y o
FREDEAR ~ B E 4] T et - R A E RN (do- E R FiRen
foo § R R o AR A ARAEOLE 0 4 R R0 S FSRRF BB

% E ¢ (Intergovernmental Panel on Climate Change, IPCC)** 2006 # = % 15 e

g E 5 WFr :}ﬁ (2006 IPCC Guidelines for National Greenhouse Gas Inventories)
SRR S R G ARG B B H 0§ R R ATH R BN

TRCOHRE R TN VA FARREEL R e A RS2 Y e X 2R
BTN E S %830 o BEHA F s L BB 2 fetko i 8 2oty 2 %
FEE BTV R A g 0 o d T AR e B i AR T (T A

TSIV ES XS EES R SR TR

A2 (2021 EARBFEEFHERFEEL)F AR T E Y
FEAIT A AREIT P R L BRI ERB G ET 40 2019 &
AR HRE IR B f—"" % 21.4 MtCOzeq/year (21,440 + ¢ COzeq) > ¥ H ¥
TR RS RBE R 96.1% TR 2 B ER LR RBLE L 39%
(%82 321 577 )o i FeEdfrp % ARENRPORBELE A 1990
&3 2019 & 9 & 18.9~23.5 MtCOzeq/year # B » K48 @ 3 9% § K » w4k
A AR A BRI FHEHRE Y B (L FHEHE
SPALEE 0 T p 1992 EATF A X AHRFC K o TR bR R F B e R
et (AW 322 ARpRABETFMAFERRAGT ) £ F 02019 &

A TR RS hE A S 2,119,110 2F 0 Bl AR 2015 & T H e 5 2

WML &S HRTE 252 2 LT Q017) R R kR s o p RIET T
No0.99 - https://www.tesri.gov.tw/A15_1/download1/30141/3

$74 a5 rp B~ R H C MIEIL(Q02]) AR ERAITLIERA LB F ST B ERBE AN
T % L g ¢ &7 (2021 &) p74-87 -
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HHT RN AEE  (FEERP 2T ER) 2 5417 Bl HHRAR A
ks MG T ek 3 IR A S R B (GFR A 322907 )02019 &
TRE SRR DR 508 AT R 323 495 ) it L 20
G 10 2N G AL 1§ TR~ R R R - Aef B 40 1990

Ehg G M 0 3 2011 E PRI T R B R e Y o

# 3.2.11990 & £ 2019 & 3 FHRF I RH % £3°

i+ 2epz 5 it d £ (Mt COq)
Hedr e He 4% s ke
PN ReFOR S map
'7' LFERBHE | 1FEspwd | AFERAGE | pyiaco; w4 (%)
(ACO20) (ACOz1) (ACO20)
1990 -23,902.42 607.25 -90.75 -23,385.92 7.57
2019 -20,710.34 115.73 -845.17 -21,439.78 8.84
% 3.2.21990 # &2 2019 i i BIFHE 6 57
Hix: 2F
A 2 ap ;E;;: % R X1 ;;i X * % Atk s
1990 220,100 | 286,376 975,800 [ 218,400

37,287 | 144,600 67,537 | 152,300 | 2,102,400

52,335 | 115,442 | 114,127 | 112,474 | 2,119,110

2019 202,647 | 116,131 | 1,312,722 93,232

% 3.2.31990 & &r 2019 & 3 3 &% 5+ & #°

i
S FRERA BEH Atk
FEODpaa o | ERR L [ RERR | o | R | BT
& i & i & i o
1990 959 959 67 67 2,696 2,696 161 3,883
2019 102 102 0 0 406 406 0 508

¥ 17 el TR B Rk F (2021) 2021 E AR R RIE  F MR RS o
36 e #4832 375 -
ST Je 0 831 375 o
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S 2050 R WA B FAT T B A R AR R BT A
ﬁm’%{@é@%W%&wﬁ%%@’ﬁw%EﬂWﬁ%%Ww%%ﬁ%%°
ETRRGP R PSR ERS 7T e Gy 5 R EFH e
BO(EBEI AR ) RS BT AR A T 0 TR AR B
THRBEOEE G RE o FI T A SRS - 3 2 40T

(1) Bii- 4 nlF RSy RBRES (54
(2) BIZ= e nf g RS RRREY (D)
(3) Bz : ks B iR P IR B RS

Tk i TR RRGFR BRI AR o B A R 2
R TE A RFE S FRA LR 5 LA SRR " o P 7m B 2R /,,\fl%
11]?33\?%&%?1:1;,_3_ it F VREHIRE AHA RS aui@ﬁﬁg{g@;&,@]wj@%g

ANUE Sl A R
(4) Beiiw AT A RS (F AT 700 25 )0 4ok Ak
(6) BieI :gnd AR (Bl 1F > 2HF)

(6) Baif+ A EEAl* v A SRS (FEier 600 § m® oA FiRA

Ed P RS R E 0 £3589 7 iE 5.1~8.2 MtCOzeq/year » Ap#IR 7 A K]
BIRE % F BB 2 ik £ e w535 7 4 23.7~38.1% (=

D Y A - S T - - "F 2 0B 3.24 %71 )e

378 637 A(2021) 2050 JE F £ e Ao Homk B BT A 4T o
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Bg— mBRAAREERRE | (772193 MICO,eq /year

RA 3t Bh (BHEAH)

E&m:

B A #H BAE = iR HAESRE

1% 9 b, — —

b e B RAFRRERE | 52842 MICO,eq /year

Biaw MEEHAKER)

(& S FHET00AE) + ko | 0-0203 MICOseq (20504)
A AR BEE D HATHRERN (K
W¥EE B B8 AH) 0.02 MtCO,eq /year

e RURERBERR | 07 M1CO,eq /year

%R # 1600
i@ig N E-ﬁ:-{f—:ﬁ g Hho ik ARG MHEEHRBEENETREBLR2-S
R H AR 100, eq i 45 3 k4545540 o TR # B 10100, eq

B 3.2.4 2050 % F $ % Aol B iB4 BT A 4557

2. B EIEHI3 ERE

£ 42020 £ LR B G A S 79.0 § 2500 HE 2004 & ¢ fRIT R A A
3k §F 43+ (moderate resolution imaging spectroradiometer, MODIS) 7 38! » % ER IR
Both s BT hd R G fHEE T s /3002 2 F s Be /X RfEARE
36153 2 E~E R 134 g 2 ~F R366F NE e i TINTE N &
122020 E 179.0 A E ki AkE P BB EY il B G AL Wb o
& F B T4 %4 A& § (net primary productivity)®®? > Tiag 4 3 awpsy/ (2
EP N ToA LR 7905 A EF ERER YL 237 § 2 ea(868.5
owE COy)e R ARIA N (cfamgibd AR AMAHkEer ¥, v pa

B F R RIS T LS4 § R E R AR PP T R SR

79 I 4 $h3r 378 o

¥ (TR 2IR T M RE(2022) R EEF R
https://www.ey. gov.tw/ state/CDOSOF4E4007084B/Oededcaf—8d80—428e-96b7—7c24feb4ea0d

8L 2 #%5 (2010) s * MODIS B i dicdy o B 5 W4~ 54 2 & o
https://hdl.handle.net/11296/tby776

B B FE RPN R § e H s R

National Library of Medicine. (2010) Spatial and seasonal characterization of net primary

productivity and climate variables in southeastern China using MODIS data.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2852544

384 Naser, H.M. et al. (2019) Carbon Sequestration and Contribution of CO2, CH4 and N>O Fluxes to
Global Warming Potential from Paddy-Fallow Fields on Mineral Soil Beneath Peat in Central
Hokkaido, Japan. https://www.mdpi.com/2077-0472/10/1/6/htm
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oA F R FAT ot T EAE AR EG T2 2 B A
TESETV RS Lz REHE I EER A0 20 Y R R E

ABTER R AT A P s R B RN ERFE- BT AR

3. Erm® (B X ~BH)
(1) v 23k Eapt B 3 A B AR

AR 2 ERA A g L LA RS 2o b kR
EE T E@ L ERATEES o 1245 IPCC (2019)2 6 7 i3 T 2 4 X2 ki
LR 4385, 2o L Mg R AL A Rk 5L Blde dz BHFR(mangroves) ~ 5 S ¥ (tidal
marshes)fri% ¥/ (seagrass meadows) ( 7 i5 4 a4 {5 4k 3L) 0 7 00 3 4o pl
BT KERF BRI DL PP ER I REN05% L (P ERRE)-
12020 £ prkehs § R P] 34Gt (340 o) ¥ bk Eala iR
WP R - E 017 Gt (1.7 aeg) o 445 & #(03 G)® ¢ >3 (34 G2
0.88% » 14t X5 M ERMABRL § 23 FT 0 b B L ERA R
i BB 9 1.5 MtCOzeq/# (150 F v/ ) o

(2) R EmEL " Fw AP AT R

M FCIR Y ik oS R B A & @;ipi_gg?y‘ra“gx,»ﬁ BB B §€¢§388,389 , ,,/%

BEFATBLRF TS LD AR TERE TPED RER RS R TR B

I~

GEERE O SAERP R AR > U2 BEARS TR TENET 0

35 TPCC (2019) Summary for policymakers. In: IPCC special report on the ocean and cryosphere in a
changing climate [H.-O. Portner, D.C. Roberts, V. Masson-Delmotte, P. Zhai, M. Tignor, E.
Poloczanska, K. Mintenbeck, A. Alegria, M. Nicolai, A. Okem, J. Petzold, B. Rama, N.M. Weyer
(eds.)]. In press.

36 (7 itk B R ¥ (2020) 2020 E D IR EE R T%A R 4 T o FrE B e
https://ghgregistry.epa.gov.tw/ghg rwd/Main/Information/Information 3 detail?r id=3058

By 2L 121 R EFRT S ZAFFAL LR AR T § ARk

38 K& ph LT rs’i~] RS FEAE R G S HREE réi/s' PamiEw B E 3R ZEQ01])

F106-107 # R £ & BFEED L F ) F35FL L o M2 P T FHEF o pgedtyE ¥
¥ 5RE B & % o https://wetland-tw.tcd.gov. tw/upload/ﬁle/20190521161653265 pdf

B Py RS AEEAFQ0) MAEEREAREA AN AT ERBFLE o B HPHA
g %«@ Z719 % B {7 - hitps://wetland- tw.tcd.gov.tw/upload/ﬁle/20190522110235955.pdf
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ERpEmg £8 e o 4o Ware % < OUE ¥ s g g v A2 Y & 3w it
ﬁ%om4thc%$;§ﬂmo%§w&,mﬁgg@wmﬁ%;ﬁﬁsﬁ
AP A B AR e B2 R o e B A G g R TR -
%épiﬁ%%ﬁm’%%ﬁﬁT’ﬁﬁ&ﬁﬁﬁwﬁﬁWﬁﬁowﬁﬁ%&%
o VEBPIULA - BRNFrAFIEL A EAMRITAE AR
i o ied W e B RS FF R L PR EEA TN ERBTAY
FEERE G A EFM oA MBI P RT R TR %R EX
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B3 U B AR T AR AH R TR TSR SR

=f

N S THRFRRARPB AL FERAET e o

W {f$ £4(2020) - F 0F P BT ERRE o fLE 4 RT] -
https://scitechvista.nat.gov.tw/Article/c000009/detail 2ID=6cb9c91e-8b10-4830-8683-
7ad15cdc57a7

%1 Ware, J. R., Smith, S. V. & Reaka-Kudla, M. L. (1992) Coral reefs: sources or sinks of atmospheric
CO,?. Coral Reefs 11, 127-130. https://doi.org/10.1007/BF00255465

392 Guerra-Vargas, L. A., Gillis, L. G., Mancera-Pineda, J. E. (2020) Stronger together: Do coral reefs
enhance seagrass meadows “blue carbon” potential? Frontiers in Marine Science.
https://www.frontiersin.org/articles/10.3389/fmars.2020.00628/fulll
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33 B3 CCUS (= § “RHFE ~ £ 17 2at s )
#&

patens §ORITIE BT S H G TACEE 0 v § AR E
FESH TR UE TR A S MR EI0P D BgEen o 2 § R B

BE BRI s A R o Ty AR Y -T2y £ R

N

s

.

A

AR A CRETS RERES A 0 fyt B ] R e R

|rml.

oA

BHEAF P2 f_ 3 1 g (Direct Air Capture, DAC) s jir { £ P8R4 ~ "$ 4 4

Z

i (A7)t B g CHBE R R AR TR S AP R K
SEDE T g - Wi dE o S A TR Y RE LA R (Fa
o W) 2 B RE TR K R (T2 AT R BT R A2 B - R REA 4

GRS B A AR LR SR T A iE L
1. 5 i CCUS HitrE H 8 S ER ALY 38 2376 » mifkdur s 5id '

ViERE R/ E L P E o

2. 4abeE B F A EDACRKITE B > ¢ Fa A B2 B BB F R

331 %3

CCUS #jtri = 5 P B H & ~ £ 1% & 4475 F(Carbon capture, utilisation
and storage) > &I B4R T 4% & 5 3 S (capture) ~ 8 i (transport) ~ 4 7
(storage)£? ] * (use)% 7 F FF L o B3 CCUS HivFa & £~ ik (D
FOHFE=F b bldeR * P R A A B IRl T8 1 k0% 0

o iTES BT UEREAF Y FESF L E BT F i B EDACT®

o

ok ke § PR R O QIT B HBERGFE o LR A e B

CEEREE S L R L CU SRS TS R R T

3% TEA (2021) About CCUS. https://www.iea.org/reports/about-ccus
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W 332 B 23 CCUSR W - § a8 kB>

CCUS % 233>t 2050 & 9 % FR3asry 4 oh- 35 € 8 HjiF o 3n i
PURECS &S R 30 R 2 F A% 0t ;g A EAoil RK e a1 o
BOEE R AT G P B o 2Ll B v B e g 2. CCUS #Hlr (328
34 2 RS R B 62 AR F A ERN) TV U E RS F
PACF R (el AR E R F PRI RS R ERACS F A
Ko F MR R ERBGE B RSUFEAL S F REOT A 3% o g R
(IEA):7dE 2 3 f5 & #f CCUS £/ 2050 Net Zero 2 F % » 5] 2030 & 7 4f
JE 1.67GtCOxeq > ¥ 7 2050 # B ¥ + 2 3 7.6 GtCOzeq> & 2050 # 448 £ 22(30.2
GtCO2eq)2- 25% = H ¥ » jE v 7 el flaedf & 5.25 GtCOeq > 54 F it 4f JE
1.38 GtCO2eq » @ % E 2 4% 7% F 4 £ 0.99 GtCO2eq>”

3% TEA (2020) Energy technology perspectives, CCUS in clean energy transitions.

https://iea.blob.core.windows.net/assets/181b48b4-323{-454d-961b-

0bb1889d96a9/CCUS in clean energy transitions.pdf

IEA (2020) Energy technology perspectives 2020: Special report on carbon capture utilisation and

storage. https://webstore.iea.org/download/direct/4191.

397 TEA (2021) Net zero by 2050 : a roadmap for the global energy sector.
https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-10b13d840027/NetZeroby2050-
ARoadmapfortheGlobalEnergySector CORR.pdf
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2442 RIS UBIREF K MR kRS

Greenhouse gas

Conversion technology and key contributing processes emissions
(kg COzeq/kg product)
Injection mould processing (Europe) 0,962
Electricity, medium voltage (Europe) 0.620(64%)
Heat, district or industrial, natural gas (Europe excluding Switzerland) 0.220 (23%)
Blow mould processing (Europe) 0.917
Electricity, medium voltage (Europe) 0.720 (78%)
Solid bleached board 0.120 (13%)
Stretch blow moulding (Europe) 1.140
Electricity, medium voltage (Europe) 1.060 (93%)
Calendering, rigid sheets (Europe) 0.322
Electricity, medium voltage (Europe) 0.210 (66%)
Steam, in chemical industry (Europe) 0.070 (21%)
Extrusion of plastic film (Europe) 0.416
Electricity, medium voltage (Europe) 0.280 (67%)
Heat, district or industrial, natural gas (Europe excluding Switzerland) 0.030 (8%)
Waste plastic, mixture (Europe) 0.030 (8%)
Extrusion of plastic pipes (Europe) 0.294
Electricity, medium voltage (Europe) 0.210
Heat, district or industrial, other than natural gas (Europe) 0.050
Polymer foaming processing (RER) 0.513
Electricity, medium voltage (RER) 0.330 (64%)
Heat, district or industrial, other than natural gas (Europe) 0.180(36%)
Thermoforming with calendering (Europe) 0.642
Electricity, medium voltage (Europe) 0.420 (66%)
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FARTF s FAasp s R Rk 2 B 378 A TR B o
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BRI FAREM e A LA R RS T A ALK
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TRL 4 TRL3
. Prish RAA R A MR
i #1L Hydrogen % ik
production fiom  Steam cracker
methane pyrolysis electrification
TRLS A RACUR F A T 8D TRLS 4 % fit(A &)* TRL6 A H Fi#47BTXAEA
Biomass gasification Producing ammonia via biomass Lignin-based BTX
(deriving methanol from waste) pasification production
TRLS-9  ZKIMAZ X T : :
Tl A Ethanol dehydration for ethylene LT > RS Lt B";;? 3.’3:.3 .
St A A - i A L W production
TRLY ol AL A KM AFE - AR from methanol

Naphtha catalytic cracking (high-value chemicals)

AXan _ 1 48 R b ®AL 4 3 (Crude Oil to Chemical, COTC) 5 4 iR ~ SES EH P H
s TRLG-T & % fifi 424 & 8251~ TR ULE M EPERTA LT
By LN Selective conversion of syngas to light olefins Applying electrochemical processes to make
(by a bifunctional catalyst) Honanes
LXUTES L
TRL7-8 ¢ g SAE IO HATA & T/H 1> OF 0 AR A i R A A A U )
Oxidative coupling of methane to ethylene/propylene Applying alternative biobased processes to
"HH TR KA make alternative monomers

W 448 £ &2 ¥7 0242 FISRA R 2 A ATH 0518

2. 4I#T% bl

D EAARERLLS -

/

AAHBEAE IR - B4y Bz ¥ CRPETRZ - o dr % R AT
ARERRTF 28I %2 (kpRAnR) EFAR (B449) 7
BAFAHBRRFIREEL FYEA S PR 2 Fl B G R ES 0 p
2019 & B 40 = &% £ i* = & —BASF -~ Borealis ~ BP ~ LyondellBasell ~ SABIC
4v Total B3 & 3 4= T X % B f2 % & 53 B* (Cracker of the Future Consortium) | » 4% %
P EARRT R TER A AT EAABEL R ARAR B R PP
BASF~ /S & A # 1 ¥ 2 7 (SABIC)2 ++:48 & ®(Linde) 4 ¥ Z T 23 4 % (7 4 #t

S e 4 $h3x 439 -

18 McKinsey (2018) Decarbonization of industrial sectors: the next frontier.
https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%?20insights
/how%20industry%?20can%20move%20toward%20a%20low%20carbon%?20future/decarbonizatio
n-of-industrial-sectors-the-next-frontier.pdf
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1% &% AR AR Tk LR AR
o GREW s Bk % §18
% &
850°C l Il I 850°C
Fumace Eh “ hs eFurnace cecsssenscssssns®

e

W 4.4.9BASF 4c 1% % T4 & § A koo d DR FEL N a2 s

(2) BT %5 ML AL A [ %

% K Siluria 2 @ ] 378 42 Gemini™ » 1 &
(Oxidative Coupling of Methane, OCM) » {1 * * X § 2 & ¢ % 2 [ % ([§] 4.4.10)"
CRUECH SR Tl S R S S 3 Eoh i R B SRR
PHTE A R R A B AIETE K R L B S B AR 4L 100 &

s W A MY L ET A R endi TR R (200~300°CE2 5~10 B~ F &)

19 BASF(2021) S £ #TH fa—= #72 ~ W HFAH L L HAB IS 2R F AT B EFTHAR
Y ° https://www.basf.com/cn/zh/media/news-releases/global/2021/03/p-21-165.html

520 BASF (2021) BASF, SABIC and Linde join forces to realize the world’s first electrically heated
steam cracker furnace. https://www.basf.com/tw/en/media/news-releases/global/2021/03/p-21-
165.html

521 e 5 $h3E 520 -

52 3 % (2019) # AGUSATHR L AFEL P AEFEMHSE R L BFEFT
= ° https://www.pipo.org. tw/Hr/artlcleimore?ld 31

528 e 4 Pt 522 o
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PRAET %R F BSAR T AP RO A kS L T AR RGBT Y T

Natural ( ‘ : : Purity Ethylene
Gas I__ Iand
Separations J | , Power(optional)
OCM | |
oxidative or ;-*[ Gasoline ]
coupling | ! :
: 1or
= of :>[ Aromatics ]
----- | (]
(optional) liquids) ) 0 { Distillates ]
E (diesel/jet)
101
- Condensates J

W 4410 % @ Siluria 2 X R §F 5 @42 & 2 F/F 4 B rn il 1552

(3) & = § E & iz s (OX-ZEO ##2)

PE A F R R G AT A 3 R L R T R
TR~ ARG AL TR MR B> F k2 Ay (R4411) 2
PP RALE R g F IRy At 2016 & 3 A Y E R 5 (Science) P T e
— T8 AIFTHMY L § 4 oA 7 (Oxide-Zeolite, OX-ZEO)#l #2 » 2 H s 557 & &
P (do? fifos P EE ) 2 & 2§ B fisip o detpt > L & LR ETR
N2 OX-ZEO gE# i 2 44> REFF (7 COE Hy) MERFREL 2T
MG (4ol 4401 897 )0 BT I B ER R BB s flar i

B ke AL RS F R UL B - 2019 & PET AP WAL T

524 Siluria (2020) Overview . https://siluria.com/Technology/Overview

525 fp 5 4531 522 o

526 e 3 $hir 524 -

527 Jiao, F., Li, J., Pan, X., Xiao, J., Li, H., Ma, H., Wei, M., Pan, Y., Zhou, Z., Li, M., Miao, S., Li, J.,
Zhu, Y., Xiao, D., He, T., Yang, J., Qi, F., Fu, Q., & Bao, X (2016). Selective conversion of syngas
to light olefins. Science. 2016 Mar 4;351(6277):1065-8. doi: 10.1126/science.aaf1835.

B G E S HRF Y R R AL %(2019) F R PG FRapt R F R o ¢ HAE -
https://www.ctci.org.tw/8838/publication/10798/42506/
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Coal \___synthesis ) (

e
A w1 b
i?}ﬁfl_. {E\ﬁiﬁ. _‘_:F%%E_ %4’&& ﬁh.fdi ﬁﬁ% {&Eﬁkk‘fﬁk&_
Natural Gas Syngas H,/COtL Fischer-Tropsch Cracki Lower
s - liquids racun Olefins

£ % =k
Biomass DME
o S

fie R A A LIsathIE |
Fischer-Tropsch to olefin(FTO) J

W44ll &3 FERBUEF T > OX-ZEO 2 & % § £ 1 f2>P

T

= F it H pae
(DMTO)

@) R RS § CRGRI LA E RS

Mo F PRARIFLZ MR B ET RS BT R CRER RS E R
B d I AP SRR - F L RBRTERSY TRILE BES AT 2

kA2 G F o FH#E B F PR IRCEEF #2) &1 F R (bl
Goro R R ARG A ST e ] T S B A AT e K opk
Fenichign & af R apRReSri EHier (Bl4412) Forie s
HT A ERP LA RRA SRR S FTR Y D e § P RIE S
AARPEERS P RE T ETE f PR E E R U L RP A
KFried Fofd Rtz - VR UBRAPHERLI AR R REON AT E
AR FRE (FEBRERL) P EZEHFERAPRE AL ARIEE

ERL LA S FRTUEER LI LI L 60% ¥ L A i kg 4

~=h

29 P FALE(2019) FE LR FE #%ﬁlfiﬁi‘l'ﬁ QAR S
https://www.cas.cn/zt/kjzt/2019nd1ldsx/zyzh/202001/t20200113 4731128.html

50 e $hir 528 -

58! Luna, P. D., Hahn, C., Higgins, D., Jaffer, S. A., Jaramillo, T. F., & Sargent, E. H. (2019) What
would it take for renewably powered electrosynthesis to displace petrochemical processes? Science
364, 350. doi: 10.1126/science.aav3506
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(5)& 3 #3

R FHCBRT RSB RS E A LRI AR R o
BERFLEZNAR T - Pk W IR B AFTEY R e B R R A
BT ?E’?Sil

A EBAfERY A Y F %(Crude Oil To Chemicals, COTC)

COTC #H itz 1 * R Hjzze & ﬁﬁ%"‘}‘_ﬂff‘ff?"“x“ﬁr’,@ﬁ@wa
H 5

w4
Y%/ 42 (naphtha) 5 RAgden ;84 & o e ERERRMAHE (2014 &7
) ~#pit gt A (2019 EFH ) 12 R4 & A2 (2025 e ) %
B0 gAY E R 2 ] 0 MR 2 P Deloitte 335 3 mid 7,000 mE &~ -
AZiB 650 F L FH EFH 0P B HTH L1 eh COTC 1 o #riE & - COTC
1 B AFBEA G BRI WA A AR WA P E g ST
# 2 40%~80% T & GRS (A 443) LB FELET TS 4

532 e 5 $h3L 531 -
533 fy 8(2021) 2 E R A E S(COTO)E AT B o 1 £ 5 g ¥ RS
Kook g B At o 15304 B 4 o https://www.materialsnet.com.tw/DocView.aspx?id=45755
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BBCLE LD G PR T COTCHE ¥ A R* MWATEZ ARG EF 1 RP o i
*iEE > @ 2014 & ExxonMobil » Aramco/ Sabic JV ~ Aramco ¥2 Chevron Lummus

Global (CLG)# I & it &afseski® = ¢ A i 5 100 ¥ /& 2 COTC %%

534,535,536,537

2443 FRAPBRI AU FRY IR BRS F 2 St @5

Bid 2 COTC # 5

B e b B b B K 5 15~25% | R EdE S F 2 51 5 40%~80%

Wit - B ETE R A Sl B
r' t 3 ,g@‘y s m X %é J;J_,},/Eb /E}(,gﬂ/é % l']’
A NCRA TR E TR FEARY)

Wi - RBE R
(Refinery-Petrochemical-Integration)

AR A3
P A o Fib 4F & 35 B f#
WAt JEanF o R

B.&RFE 4t

SHELL = @ A®E FA&F LT > BE R R ERR /TR ALE
ITM Power %1€ Bl = F ke % & f§ it /& fv i* 1 Bl % (Rhineland Energy and
Chemicals Park) > 2= £ % & * (10MW)4 7 28 Refhyne» =1 {8 &% 27 4 & 4
1,300 (13k)% & >+ 5 1 EMB % E LRT > R E 2 ARk p AR T
AR S S L IR R G AE S IHF LAY FAEEY R
BASF B BPIFE 4~ 32 40 e~ L T~ AARF - JI* L2 R AT A4 F
N AR B 0. 3 BP 2 P 592050 % R AR Y 0 K 22030

53 e 4 $hir 533 -
55 e 5 4531 533 o
536 fp 4 $h3E 522 o
57 e i $h3E 501 o
>% *’%E 7(2020) B B E SR 1EHMF L IRAFPHERFRE T B T E
SRR T
https.//www.moea. gov.tw/MNS/doit/industrytech/IndustryTech.aspx?menu_id=13545&it_id=305
® REFHYNE (2022) Project overview. https://rethyne.eu/
0 BASF (2021) BASF presents roadmap to climate neutrality. https:/www.basf.com/global/en/who-we-

@
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g 3 50 GWH o
C.e# 1

FRBP 2P ML TR LR BRG0P P HABIT S B WS T
$*BP R G (o) ST IEER > KR HETHD ATRENF
B Lol el DX TPET 2030 #H* 2T HD

3 70,000 % B2
D ﬂﬁ-& 4 ~;

16 ¥ BASF § B A PEAL A B 1 BUE 0 RSB E L 7 o Fd HF

% (close the loops)- % it SF & 2 & > %P 2 b WAL R B 473 it FihHT 5

Y

FARIAG A QOFEAFFTAREAY (o Wg Bd 2 HCO ¢ T
HAr L B2 A k)l 1 S EE BB R RER S S wH e Wlme

ARIEH 2 R AR FAER S TR TR

are/sustainability/whats-new/sustainability-news/202 1 /basf-presents-roadmap-to-climate-neutrality.html
%41 BP (2021) BP sustainability report.
https://www.bp.com/en/global/corporate/sustainability/reporting-centre-and-archive/quick-
read.html
BP (2021) Volkswagen Group and bp to join forces to expand ultra-fast electric vehicle charging
across Europe. https://www.bp.com/en/global/corporate/news-and-insights/press-releases/vw-
group-and-bp-join-forces-ultra-fast-ev-charging-europe.html
53 BASF (2021) Circular economy at BASF. https://www.basf.com/global/en/who-we-
are/sustainability/we-drive-sustainable-solutions/circular-economy.html
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AFN A ET S RREF YRR U TR R i D e 3 o
EH PR ARRE A RBEFFR > FAABRRELS P D RFHL T
o PR R AR BT o T2 AR BB T ARG > AR Y AfE AR A S
FIfb G 2 5 F AP B TR FEFAABERTF 1S
RS L TR E L EFTARERTF %4 b
(2) # B2 F Rtz 2 4 @ 4% (bio-based processing)H 5 * f b

FF i AERT 2 AEMALR B RS SRR L AT HA MR -2 A<

ERUS RRBEARART WS LW EREY ¥V E B
BEBRBOFJEIFEE X ZRNF R SEFHERF W E G S AP RITF
ﬂ’§ﬁ%iﬂﬁ%ﬁﬂi?&ﬂii%ﬂﬁ%ﬁ$ﬁﬁi?ﬁi@ﬁ%lﬂﬁ

I TR

AR A FICERZ S G REARS o B2 AR e mg s
ER A FAh T FHFFHT A ko2 R 2 H ekt F 351 1,3-PDO
1,4-BDO - lactic acid ~ ethylene ~ PLA ~ 1-Butanol ~ isobutanol ~ succinic acid % >
1T # 7% B % terephthalic acid ~ ethylene glycol ~ diacids ~ diamines % # %% H 48 ¥ 4|
= 24 F & F % ¥ (bio-based plastics) °

A FRAAEL L FEUEL R AL E RS PR B
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545 Gopalakrishnan, B., Mardikar, Y., & Korakakis, D. (2010) Energy analysis in semlconductor
manufacturing. Energy Engineering, 107(2), 6-40.

546 Huy, S. C., & Chuah, Y. K. (2003) Power consumption of semiconductor fabs in
Taiwan. Energy, 28(8), 895-907.

ST It ¥ 5 (2020) kT ¥ M BRI RE
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# Wi rEER () ERE e s
3 it - 1
= 4 7 %(CH2F») 5 550
2 4, i B (CFyg) 50,000 5,700
N £ 7 2 (CsFs) 2,600 8,600
A & Tk 7 % (c-CaFs) 3,200 10,000
= 4 it ¥ (NF3) > 500 10,800
= 4 ¢ = (CoFe) 10,000 11,900
+ & 1 £(SFe) 3,200 22,200

548 Houghton, J. T., Ding, Y. D. J. G., Griggs, D. J., Noguer, M., van der Linden, P. J., Dai, X, ... &

Johnson, C. A. (2001) Climate change 2001: the scientific basis. The Press Syndicate of the
University of Cambridge.

9 F etk R F (2020 4 10 7 ) 2020 AR B FOE  F MR R -
https://unfcce.saveoursky.org.tw/nir/tw_nir 2020.php
0 Gides & TR VRS 5500 Bl 1 T2 & T mpaadis §F A E R L 55007 o
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W 455 AFET LhE & F s

452 T3 ¥ >3RS

I~

HiEe X EA A ¥+ ¢ (World Semiconductor Council, WSC) i i® » L 3
WEES - BERim L2 ERLPEDEF WSC 21999 #8 F % - = p i
FEFWREEE R AR (AR RE P A BRARLEWEE) Y
p o 1999 & i LB, piEd 2010 & R 10% 0 B R 32%A 4% R B
o WSC (AT R eda? MEEMAE) 22011 #FF 5% - cp Rz 4§41
FEFR 2010 F AP S AR o PR A 2020 £ o AR PR
(normalized emission rate, NER)™ " 30% (12 & H i+ 5 Fl# & kgCOseq/cm? |
» NER ehk o £ RIHESE o bRt pffcnd &0 B EH £ feed AR lAzd &
o g R AT cF ARG RREER > TR ESH WSC HEERP Y

FLEAER o BATTORAE T > 2020 # NER T '8 22.9%! -

wE & B F 1 % 1Y % & 2 %) (United Nations Framework Convention on Climate
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1245 IPCC B 375 2021 £ 3R ens 2 X3 E 44 —% - 1 17/ 2(AR6 WG
D AR Pregd IR X F ~ 3 s amg it > A oeg it gk R { 148
42000 0 kAL Bah ks (¢ FAF A~ BE S KEE 25 E) LT
AAEARLIRRDFN AT LA I EE AR g F 5
BASFEFFMERFF L Ao 320l 2 TR R A (HI1AL)

(IPCC » 2021)873 »

°%C
2.0
Warming is unprecedented
in more than 2000 years
1.5

Warmest multi-century
period in more than

| 5 1.0 100,000 years
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0.5 i

L 02 | e o o N
02 NwﬂmwMVM“WV”ﬂﬁﬂw\
0.0 v i \\J\ \j/\“r\ \'l'MVU‘f
reconstructed
-0.5
= —
1 500 1000 1500 1850 2020

@ 2}pLiFRAST (LrTB) Hd i E1EFH(reconstructed)(l # %
P

2000 #) - 2 ¢ S BRI FR(1850 & 3 2020 #)

873 TPCC (2021) Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to
the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Masson-Delmotte,
V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis,
M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R. Yu,
and B. Zhou (eds.)]. Cambridge University Press. In Press.
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£) (M 1A2)° #58 $2018 # %6 IPCC ehFuldp 2 » 7 & L8 2 ird] 2 xk =
B 15PCHp (AT 2 ) A P AR EeE B8 > 5 grd Fpp
o 2R B BB R X 2050 & 7 iE 3]0 F $%(Net Zero) e P 0 & 7 2050
EpF > 2R ECF PR (CO)E BT D ENR S F e E & 2050
E2 18 {BFHE- B e E f #2chp E(NetNegative) » & T 23k & = § i 5l
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Impacts and risks associated with the Reasons for Concern (RFCs)

3 Very high
o 1 M
H N |H - M
H 1 H ] 1 B High
) I 1 1 [ 1
i o : I‘M -
= S A - -
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|H M-H
1H
(O+—— Undetectable
RFC1 RFC2 RFC3 RFC4 RFC5 Level of additional
Unique and Extreme Distribution Global Large scale :’:5‘:’;“; :"::_‘hda‘:‘e ]
threatened weather of impacts aggregate singular 8
systems events impacts events
(a) &7 1 32 d (the Reasons for Concern, RFCs)4p i 2_ 7% 27 b *&

Impacts and risks for selected natural, managed and human systems

, " .
! l l” Moo ‘.EM ﬂ M
] | R, i : w ]
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M - ' o ] ' b
| Tod - ] ] .
t : - - Bl i gy
f ; M s
i H | i
! H
i | M
Warm-water Mangroves Small-scale  Arctic Terrestrial ~ Coastal Fluvial Crop Tourism  Heat-related
corals low-latitude  region  ecosystems flooding flooding yields morbidity
fisheries and mortality
= level for ition: L=Low, M=Medium, H=High and ¥H=Very high

(b) &4 &~ FILAZ A4 SAp bl 2 7 B G

+ RBldRT F et it AR R HAT A 2*»",\‘.“:3,%1 AR AN 2Z BN RS EHEE L H Y
Bd Am W F(veryhighh ' > ERREHrF/R 'Y T AFRFOI FTHPNFE S
&%&wwﬁ%’ﬁlﬂfimf?éﬁ§ G B4 7' 24 58 A (high)

NS %«ﬁ:ﬁ_f Rt et ¥ /b e § 4 5 ¢ & (moderate)h 'k 0 A /R e 5V 0
/le’ vEobAd E:I wﬁﬁi"‘"ﬁ?ﬂ W x i giB 9 ¢ 5 & &P 9h(undetectable) »

874 TPCC (2018) Summary for Policymakers. In: Global Warming of 1.5°C. An IPCC Special Report on
the impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas
emission pathways, in the context of strengthening the global response to the threat of climate change,
sustainable development, and efforts to eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O.
Portner, D. Roberts, J. Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S.
Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, and
T. Waterfield (eds.)]. In Press.

381



Global total net CO2 emissions

Billion tonnes of CO,/yr

In pathways limiting global warming to 1.5°C

with no or limited overshoot as well asin
pathways with a higher overshoot, CO2 emissions
are reduced to net zero globally around 2050.

Four illustrative model pathways

P4

Timing of net zero CO2 o — — Pathways limiting global warming to 1.5°C with no or limited overshoot

Line wichs depict the 5-95th s— Pathways with higher overshoot

percentile and the 25-75th Pathways limiting global warming below 2°C
percentile of scenarios (Not shown above)

(a) R 1.5°CE & iF Br(no overshoot)# 3 *Lif r(limited overshoot, <0.1°C)
(4 ) % #F & tbr(higher overshoot) (At ¢ ) ePpef& T 2. 23k 4 5 = § Vot
AP o ERINA BT 32 3 IPCC 4R 4 95 A 47 B AT e 2 38 4 )

. . Methane emissi
Non-CO, emissions relative to 2010 ethane emissions

Emissions of non-CO: forcers are also reduced
or limited in pathways limiting global warming
to 1.5°C with no or limited overshoot, but
they do not reach zero globally.

1

202 2040 206( 2080 210

Black carbon emissions

1

Nitrous oxide emissions

(b) Pz~ 2~ F (CdrF 2o & LR APEY 2010 E 2 Panp T

W 1A3 2308 3 F W xRt

55 4 4hiL 874 -
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&gt pET 5 IPCC { 4 7 72030 & 12 %

o F R 3 2010 & £ R 2 45% (IPCC > 2018)%70 o i3 841 5 f

BEFWPEREZFREHEM 2

-—_A

AU F RO O 2 R R 2 g TR 3 (Carbon Budget)shpe & 0 KR R

SRR F SRR DS T RES BRE s FREHDE A 1SCH R
FRAKRET

PR S s R RSP R RN T AR R

ERFE2050 2 FRERhER M > L Lk it fad Re 4

876 o 0 $h3x 874 o
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“t4% 1B 2> 3k42# Net Zero 2. 4 %
® & Rind Net Zero 2z + £

F ERRBI DA ROFIB CHE R~ a AR AR BRI A TR

SRJEE AT X H - RRE A A FIL B ERT RS PR B
FEHLF R B e p 1992 £ L R F F R HE 2 (UNFCCC)
B QR4 AS2 R LR BT F 5200 B INRE > & EE 7
N2 2 ¢ BB ATprhEmpE o« FAXER I AMEPHF g Fo
GESPP TR R FE AR LI LTS IrFL R S
R o EFZL 5 E R ER 2T F(Box 1B.1) o BEIRITA £ 3F F R R
K € 47w 2050 & Net Zero thp $hdiE » & & 2021 2 & R F % % &
% 26 &K % §(COP26)" » & BEFAK Tihf i B v A2 irdlE 2
1.5°CefiNet Zero P - 3% 2 2030 #2322 PR A G K@ B hieh 2

HART I AFRAFERDE RS TR FRE T

Box 1B.1 & M d §F iz PR FFFALELE 2 20

T ARG R EE LY, (UNFCCOM-B 4= A L =8 wit- & f
(LB Edqpe 1 ¥l 97 FERERADRFOFE- AR (A& LGk
Eir g B F‘«OECDE\ﬁ)Wﬁ;’U'T"“*ﬁ( EFREY WRO - FIE
§ AR A oo R LR B A T > UNFCCC % 39 #4357 e 454 2.
R MG AR EE e ;&hx g%izsiiﬁ 3 R4
© 1997 £ AR IR FE 3 X5 G § R(COP )L E TR 48K TE

(Kyoto Protocol) ;> 4+ # 3£- % i B(CO) AP £ Rz 58> TN EW
FEPE DRFERFEFATE- SR o
« 2015 & % 21 B @ 2 € R(COP21)#73d i eh [ = % 5 % (Paris Agreement) >
W R L2000 E LB (4 LA &R RTE L T ARE g
FIR TR g b 5 2°C P e B0 BB D LSC P ehp 5 B0 #
RRERBE Y REER by AR ET &£ 5 - %8 37Tp e
FEDE—R 7*p T3 TE,‘}*J% (Intended Nationally Determined Contribution,
INDC) » 3+ 53 7 & 3t &
c 2021 E AFREEIE By 2021 EWMAMF GRCHR ST 26 24
=~ € (COP26)/n 2 & 4R & W INDC » # ¥ i i 3| Net Zero P % 7 & % »
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LRI F iE P IREEE A2 LD PR AR 0 F 5 R K
Rpdv & F 38L& K% @45 0 8% F > % & (Phase down unbated coal)
DIV CRAGER D T R s SR 2 0 2 g M R s BRE K
LR EMIE R E o

® & Wychrded NetZero2 4 & (F&%E)

195244 1125 Energy and Climate Intelligence Unit . 53877, & 5 2022 # 3
Ak e 137 BRRSREKEE T SRR THE T 88% 2Tk
90% >3 GDP > 12 % 85% 2k A v » [RigE RGP wiB 2R 3 - 0§ EE TP
it 2 %A 2050 £ blde BE P A ik J‘Mi@li”ﬁ")?“}@]?‘\ﬁ%ﬁ
WA S PP B BTy L R T A 2045 & 0 FFR LA2035E 0 2l § R
PR LB B blde s ¥ B R R 2060 £ 0 B R K F A 2070 & o 230

Bt

A7 0 2F 5 W RS #-Net Zero P £ 7% > 5 #R 7 ¥ 4 * (@ 1B.188%)

He o Fp e 2202029 7 i@ (FP # %2 (European Climate Law)) » 2
#H ¢ R @]?Ki/ﬁﬁﬁ B 2050 & i 2 F R A 32030 F R DR R F B
e 5 1990 & o ® 2 55%:hd 2P o gt b B R 2007 E RS F A £
B 5N 4R bl B A TS R K 4 £ (WEEE) ~ 454 & 58
kAP b A &4p £ (EuP & ErP) % > gl i fLeny 5 3% & 54 0 51 i fpdaz
B ES AF S A o 4 Flhopt o R TEIE 2023 pade g 5 2 A s
#](Carbon Border Adjustment Mechanism, CBAM) » 2027 & B 4444 5 s £ & Sk

TRUE S 0 R B T AR WP R kRS PR

877 Energy and Climate Intelligence Unit. Net Zero Scorecard. https://eciu.net/netzerotracker
878 National Public Utilities Council (2021) https://www.visualcapitalist.com/wp-
content/uploads/2021/06/Race-to-Net-Zero-Carbon-Neutral-Goals-by-Country-Full-Size.html
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® # ¥R NetZeroz2 # §

BRI IR AR TEREA] F i 25 (The Climate Group) 2! s h &
3+ 3 (Carbon Disclosure Project, CDP) i #— 38 >3k £ 4 it R 1§ —RE 100 » 4c »
RE100 s f # & JF o B /K3 2020 & 3 2050 # i = 100% i€ * £ 4 & iqen@dp
PR R SR ER AR RRRE B BER KT A F Y SR
4 it /7 & 7% (Renewable Energy Certificates, RECs) ~ % 37 % it B & & ) (Power
Purchase Agreement, PPA)% £ £ » i A % @ % P& o £ 3 2022 # 3 7 5 4 >
RE100 ¢ f @ i¥ 359 7> @57 # ¥ 2 35 1 Apple ~ Google ~ Microsoft + Panasonic

CEZEFERED LREET REION: { B8 RH P 5FE BB

FEAHFEPAPB L > SHARRFF SRS o0 Flhept o L8375 ¥

Ko V-3 3P UFRGLERF A EASFTF R Bl s ST s 5o

s Pl RBENFIIMEGEEANR G ST RKTFT AP
TP fRL EE A iz ke 0 G20 2 F'E £ A& T4 A ¢ (Financial Stability
Board, FSB)*t 2015 & ‘== 5 iz 4p b 45340 & & % /| %2 (Task Force on Climate-
related Financial Disclosures, TCFD) » & & 3 # g FEit % 340 M MG F b E 2 R
Bﬁ’l.i]‘é’e%:b’l? l"k’i—ﬁ\ Jﬁ’#‘ﬁ‘“i‘ b TV { BariTn oF FAPR 2R 'R
gy g > B3 2022830 5k 23k 3,100 F &% L35 TCFD® o § 42 ¥
P AL ELEREEHBF FAAMMBTRSRE L BT P WS LER

B2 2ATCFD » Btz p L h'e > TRAB2 -

879 RE 100. https://www.there100.org/

L ARG E 16 o e r HA L DA F 02 (TCD P4 B 2 P (Tridle) -
BB 2 7 (Hair O'Right): § §72 2 4 2 7 (Grape King) & #1185 #1182 7 (TSMO)-
FEa ‘,—.’ 2 7 (Kingwhale) ~ & i & + 1 ¥ = @ (Delta Electronics) ~ iz#7 Fx(Jolab) ~ % fA = @
(Acer)~ B £ T 3 2 7 (UMC) ~ & ~4 ¢ ;5@ #ap PV ERT %S 7 (ASUS) ~ % 29 %

X 7 (Merry) ~ £ #+ 8 + 2 7 (Taiwan Mobile) » % Z % § 2 7 (AUO) ~ =+ fi1 £ 2 7 (E
Ink) «
8l TCFD. https://www.fsb-tcfd.org/
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® =X Fid NetZero2 # £

%Wjﬁﬁﬁiéiﬁﬁ?Jiﬂ’%@iﬁi&*ﬁﬁ@Nﬂhm’?%
B ERERE PR 1 E A ABAE R R o T K LR - H R g A

T2 Gk REFAFAFEZER > 640 RE100 (405 i ) 3 EV 100 377 & &
$¥42030 EFRFAF2DHEL  FERFEEHKGB50.0rg)F 8 &1 B AL
gt JERF zREkE *i‘«’j}ég\ Race to Zero :#8#> 8% & i 272 % 4
R8N 2 F 448 TED £ % 42 2. Countdown §3%° 1 & & "F'i‘ e 5N

S SNdE R F i RB 2 £ & RAE | E w(BIll Gates)?t 2021 £ 41

rE T d f iz 08t > RO LA E B TRAFTOV 3 > £ H E

e

Aok 10 & I A~ RIATRORE F i AF R R o

A& ARFENPRDFAFEFES LR TE o bl iRy F iR
Greta Thunberg F17% j& rcfip¥tf iz #1872 iR 5 - F4el 5 § i {3k, 7 do
2019 # 23k 5 4B 700 F A B A RE BEFR D L ROF FRoR o
X R I
=R
iFRB g F F P 0 2018 E fF AL SRR R S e iR 3§

‘(

)
\m:

F iEFF 3 om0 2012 & j7 i 27 Roger Cox #% 11172 23

5 0 2013 # i i O 8 S M R R %#r%%ngg%,%»

16‘“-

o 9455 WP 4 I < F Sabin § iz WBiE A w3 2T 30 5B E RS

[

il

E L E ’ﬁ # 1,700 1—51;719:‘,’1‘ Tk FigiE RS }E\L;”E.’%FE'»&@{QT&J%JQ:}T\T
SHRI F HC A 2R o ARREEM AL SR D (78 5k
BF EFESE S NHARE RS Gl BB AR EEME RS

d b ¥ Lo B A FF4Ed NetZero 4 £ -4 5 = F § iz B BFF RN

AEFHEAPFAERAR S A AL iz AN AAEDEH 7 R A KR
:T‘J

FE% R 58K 0B fi}"j-mzfﬂ;?%"‘\« 3ciRend 4 o e f(ﬁ-}-}@.p AN
F” —E_ —é—z—@ C?ﬁ&%% /ixﬁ' ~ P F%;[lfrl]& A=Y ‘)//Qb':i e E i) ‘\. ) E,"L}éj:_,iﬁ]%?\%
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® Fm R id Net Zero # £

Bois AR S S F @A 8 Net Zero » £ 7 IPCC 2 f %
PEFEHFRL 2 FIFATARAFRE RIS 2 T E R AR 7
#4 & p(National Academies of Sciences)*t 2021 & J15x T 4vig £ R ac iR & SLipt a3t
% (Accelerating Decarbonization of the U.S. Energy System) | 82 » -4+ 2050 # % B
FREAERREO KT S PR RS A A SRR BMEER o 1R
B s BR3Pz pr ik (B 1B2)o 4R 2 7 W3k g o L & $0 41378
W2 P~ AAEE 2 FEIRER (MEFTE A EAR G L ARG v B

FOREE D ARG h 2 T 5 115 ] e A 1 o

‘Accelerating Decarbonization of the U.S. Energy System

Technology Goals L | Socio-Economic Goals

. Produce carbon-free electricity
| Critical * Electrify energy services in transportation,
: buildings, and industry
* Improve energy efficiency and productivity

« Strengthen the U.S. economy

* Promote equity and inclusion

= Support communities, businesses, and
workers
Maximize cost-effectiveness

actions

by 2030 * Plan, permit, and build critical infrastructure
* Expand the innovation toolkit

System-wide Policies Sector-specific Policies

U.S. GHG emissions budget

Economy-wide price on carbon

National Transition Task Force

Office of Equitable Energy Transitions (within
White House)

National Transition Corporation

* Green Bank

* Comprehensive education and training initiative
* Triple federal investment in clean energy R&D

* Setting a clean energy standard for
electricity generation
Advance clean electricity markets
National zero-emissions vehicle
standards

= Manufacturing standards

* Meet labor standards, and Buy
America/Buy American provisions

W1B2 4 AARHER Tsed £ Mk sy d  #L €

e % 2021 & > 3% B A & € (Nobel Foundation) ~ % & 74 § Fv(NAS) »

R AR R K f 1 B 1 #T(Potsdam Institute for Climate Impact Research)+

82 National Academies of Sciences, Engineering, and Medicine 2021. Accelerating Decarbonization of
the U.S. Energy System. Washington, DC: The National Academies Press.
https://doi.org/10.17226/25932.
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I #7%2021 = # P 5% € (Nobel Prize Summit)4 € 3% > 1485 M ipenk
7% > A enk K (Our Planet, Our Future) ;> ¢ k& # a0 B#F L~ #2158 Ro
FORFIRE ~ AFAA  FEAR R - PR AET Rt E o 2 AT AR
PREEE s R R RAF RS ? ERETFF T APk AP
FAR—— PREFHAEE FP A BT R AET R B TERES

F2 BV - FEEPR TLF R RS R

d B FET 0 N 2T L AR 30 Net Zero @RALS B4 AN F pren g
T K RES R ARSI L AL g~ oo e 2 % Bt Net Zero

RAEZERM S BREAEEF O nEEREALFH
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e 1C & AR % § 1042 %ip M 4 - 8cd5 FACT SHEET

#ggx\m ,?.883

EP & ¥/ g St & (=8 * %3
WIEEF LY 287 AL
%g iy BN 261 ® ik
(Frctkaky | 1 FWAE2 A 20 R 90.94%
X = —- 2 L g
FEERFRE | aa"*ﬁ._smﬁi o 1 ¥
3§ M | B EOP 2019 3 iE 6.9%
b - Mton CO,eq o B
#) )
K- L = > 104%)
(2 &4 B3 e FRFE 3 ® i
LULUCF) L04%
L 27 COq/* B &
R~ ]
w4 il | 2019 0.509 ke COneq/kWh
; YRTA R
HuEg . X5 COY~ et &
- TR 0.01352 g S
B FETERER | 2009 kg CO./NTD = ¥
B3
Ve - §
SV S 2019 10.96 | =¥ COy/ A fl“lz}“ '
X
AL g T B oo o
B P L ¥E/5nTE | St B (=8 = #3
2 e f | 2020 3,619,707 | 2F FRALE ST R F L
E /‘:L’}g-!\s}y \;;Jw,ﬁgt
I FBom 4 N = 1
AATH Rw fR 2020 934,411 3 Y
AT 2020 23,582,179 | 4
GDP 2020 19,794,055 | 374 W7 § ~
g7 etk i Q021) SRR TR § F MR 42
https: //unfccc saveoursky.org.tw/nir/tw_nir_2021.php & 32% it ik £ (2022) (ic msizt 2 45) o
https://www. 651st.org.tw/pubhcatlon/monthly
884 (7 Frhr i A E2021) ¢ E R R FY
https://statdb.dgbas.gov.tw/pxweb/Dialog/ Saveshow.asp
885 . prm = pT i (2021) st TR A3 o https://www.ris.gov.tw/app/portal/346
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T 166 2
R & 3,635 36
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%y | pEoks 2010 2,602 | 5 S| FARE | g pp 6.9%
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T SRR e
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T 77 0.08
R 632 0.6
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4 [ - ’ AR , RE % o
T 2019 1 LO] gy o IR D Bt
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886

AL R R (2021) 4 R

W F AR A kS o http//www.esist.org.tw/database
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%P A/ | B E i) " & g %3
/3t 15,255 153 LR AN RE
oW ok 5,545 55 ® ¥ k4 3635%
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7P A 5F) 7R i ® ¥ i~ #ir
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J J
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= — — 2 |@ 1% 31.55%
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PR 2019 0.12 | MW/km?
%R
888w AN R B (2021) A iR ALt 2 4R o https:/www.esist.org.tw/publication/monthly
SR R R (2021) e RALEE TR B39 & A o http://www.esist.org.tw/database
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Hir#8 4

3P Hixpg # ¥
kW e :
5 MW 1 F # F£(GW) = 1,000,000 E£(kW) ;
—— 1 + &E(MW) =1,000 B (kW)
5 /%R A g GW
%; B kWh
e + & MWh 1 7 & & (GWh) = 1,000 * & (MWh) = 1,000,000 &
Fd&A GWh (kWh)
#mAE 100 GWh 1 L+ @& (TWh)=1,000 F & &(GWh)
L %A TWh
2T %% KGOE |1 27 % £(KGOE)= 10,000 + =+ (Kcal) ;
N~dE % LOE |1 224 % £(LOE)=9,000 + =+ (Kcal) =0.9 2 74
244 ¥ # KLOE | % £(KGOE);
A & £ TOE 1 24 ¥ 8 (KLOE)=1,000 == % % £ (LOE)=0.9
e 2eih § £ (TOE) 5
i R BB 293 5 | s ¢ £(TOE) = 1,000 2 7 3 % £ (KGOE) = 107
MTOE £ % (Keal)
24kl 1 24.(kl)=1,000 22 (1)=6.29 i (% ) barrels
PN 1 22 (1)=1,000 = = 2 A (cm’)
SWE t 1 = #g(ton) = 1,000 = 7 (kg)
T oA 1 T2 28 =03025 3 =001 23 =0.000103 ? =
‘ 0.0001 2§ =0.000001 = 22
ﬁ 1 3 =0.03306 2 = 0.00034 7 =0.00033 ' =
0.000003 T = 2 2
# D 1 24 =0.01031 * =0.01 2*F =0.0001 L= 28
g 1 7 =0.96992 2 =0.0097 L= 22
2 12 = 001 T3 231
2 Aw ] T=232 =100 2 =103.102 " =10,000 23 =
- 302,500 £ = 1,000,000 L =+ 2 &
BRI Y AE
78 g v+ PEoBYE | FEEREE FER
(TJ) (Geal) (Mtoe) (MBtu) (GWh)
e & B (TJ) 1 2.388x10? 2.388x10° 9.478x10% | 2.778x107*
+ 2+ (Geal) 4.187x10° 1 1.000x107 3.968 1.163x103
FHE R
A 4.187x10* | 1.000x107 1 3.968x107 1.163x10*
(Mtoe)
T HE#E =(MBtu)| 1.055x10° | 2.520x10? 2.520x108 1 2.931x10%
7§ B (GWh) 3.600 8.598x10? 8.598x10% 3.412x10° 1

395




e 24 B i RARH

P RTRE R F RT3 kRN T g 1 R SR
AR B RGE S A IR B F Wi R AL S 2 3R ISR R E
Bendox RFoa ARG BRIV F AR EFHERE 2 90% B4 R A F LRI

PRAHEFZZE PRI TINEE L LF &2 -WEARLEJAEA)
GL4E 2050 2 RS e A K30 E 2NN AELEE R A hELS
BB RELT R aAEE o H P, B 2R (o B SRR
ARFO)APERFS 2030 A REFRS R LR RS RS IFR A T
el A A B 1% 22455 $AF(CCUS) ¢ v B 42030 # 2 18 A 3% wr = £ (R
2A.1) ¢ tiv Rg Ry % R b < kR4 0 d 2020 # 6920.0% %

£ 3 2050 #149.1% (7 X ) e MR R 5 A AEEEE LR G a8

FLA K BIBTE RS F G ORBEAG P OB 0 42030 £ 5% A bt

BORU  FF P EB o

~

23RBS (ET)

700

600 £ Al CCUSEY 1 1L5 €

<00 m k4R A CCUSH 0t 3 8
B i

400 miE A CCUSH M AR T

100 =R A CCUSH AT
# fie

200 AR R

100 w A AR

2020 2030 2050

W 2A.1 & B EACHFHET 23R8 R E0AET R Y

1EI (X ER) =108 4p »* 277,800GWh (F # &)

89 TEA. (2021). Net Zero by 2050. A roadmap for the global energy sector.

396



SRAFARNRN P UAEHRD S BRI TR MEF L
(F2A2)-d W ARIELBAEFE L EFHRAF RS &RAGPF BT Y
LR ot REFREREFET > 232§ FR(CO)/PE BRI > > £ 2 I
TAVE T4 P PaEd 2020 £ 0 123Gt - F LR (X 363%) ' I 2050
Eenp & (R2A3) B TRl EMA L T4 | 2 RIVF R GH &

A5 \P" °
=3
2HEREHE (EI)
450
400
- 1 .
300 — m
250 m B Ak
200 BRI
150 m R AR A
100 BEHh
50
2020 2030 2050
W 2A2 ZEFHEFET 28K -}ji' F’ A F—vplu)
(1B (T ER) =108 4p§ >+ 277,800 GWh (7 § & )
2 _RALmIFFIHNHAE (ML)
40 000
35000
i3
J— mEETRER
H ik
25000
20 000 =t
LRCE
15 000 P
5000 - = E AR
= ]
2020 2030 2050
-5 000

W 2A3 EERCFHET 23 - F L AB BT Iy
1Mt (F F#¢) =10%0n; 1 Gt=10ton ; 1 Mt=0.001 Gt
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- TR B T U IR 2T 2050 # T B #2020 F S £ 27
E3] 71,164 TWh » v 23k 2050 # ¢ 4 X8 % £ 4r# 2020 & =~ & 43 & » & 7]
33415GW (Bl 2A4; BI2A5) > 29 £ B & R P £.8 24 o Rl s
fod ARFLELEREFEchEH v EFwp B RE OB HRFAEFSE

B2 A AT

2HBEEE (TWh)

80 000
60 000
m sk 4E A CCUSH) b B Mkt
50 000 ® & f CCUSHy b B
40 000 A
=
30 000
= A AR IR
20 000
10 000

2020 2030 2050
W 2A4 EFHCHFET 2RETE Y

3010 ®A(TWh) =10° kWh

EHRENELEZE (GW)

40 000
35000
30 000 — ERA =
25 000 m kg B CCUSH ba #H
m{# Al CCUSE 1B ¥
20 000
f.5
15 000 it
10 000 u 4R

2020 2030 2050
B 2A5 ERFERFRT 23024 REFEWHEY
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® Phaseout * ZRHF LT —EHFEAREZ BRIFET > RFFTLEAEAR

2020 & PIRHF TP 123Gt 2 F LR H P O1GH(T4%) k p R E T
27 Gt Q%) K p 5 FT > 1E 06Gt(A%) Kk AbFE > BAREFT 5P
WARFT RS A R AR R F R R AR R iR b e
F P e E RS LG B R R ol AR AR T

R
S RCT RS TR E SR RS S SRR T AT R

—

TR FT LG TS RFFT G 2 A0

IEA $af e FRTHFET » 2IPEF L2 BB F T 400 g %

-\

v o

2030 & R AR T0% > R W 76% 0 H ¢ AERAIET B 2030 £

HL

FARRE TR P RS TR (2040 F 24 0 TF B Z R TR E A
Ak SRR F ARG A REE T b R P A FET ke

i" N 3;_891892893 e ’? Fl—_‘: Wi ﬁ/}hgﬁ;quf @/}i;?;s)ﬂ_,}l » A 2020

32030 S FRR o B TR S Tt > (2030 # 24 B
FAT R IIEE A (8RN T 2040 £ 2+ R 90% (B 2A.6)
g S CCUS B 1% 2B
% 80% - . B k{FERACCUSHBKRHT
3 | . B 4 F CCUSH LT #H
N o
£ u it

606 . ﬁﬁg

l YRS
40% - . B *;Jt
JALRE

HABRAT

2010 2020 2030 2040 2050 2020 2030 2050

W 2A6 ZEEFHRT 237 TAET Y

890 TEA (2019), Coal 2019, IEA, Paris https://www.iea.org/reports/coal-2019.

891 Europe Beyond Coal (2021) Overview: National coal phase-out announcements in Europe.

892 Government of Canada (2021) Coal phase-out: the Powering Past Coal Alliance.
https://www.canada.ca/en/services/environment/weather/climatechange/canada-international-
action/coal-phase-out.html#shr-pg0

9 G mAEH(2020) L EE T OFKEEE L LomE.
https://www.nippon.com/en/in- depth/d0062 1/
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® Pumpup E3 R AFR—RRATEARFRAA S AR LIRS AR

LS A F 2 RN S NI E S L AES s R R L S RS
o (L ERPEZEHEFRBL AN R IBA G » AR FRRFHRT 0 2P
AR T v 2030 E FATE 60% 0 2050 EEF] 90% 0 & H E KBk
fok BT FIHPE I pEFIRE  EFE RN wa b2 FEH
B o200 ERELEFFL R2RATEL T2 F TR AT I MBI B2
ToPEFAE R R TENEERS SR AN R AR R IREHBY
P o R ELPFERSY CFTERD FT A AT oy
HE AN RARFHES R ABFT R forc L 2 F a2 LA o
B 27RE T (72 3HFE S B4 # T Concentrated Solar Power > f§ £ CSP)
foh T2 %% 5B A 2050 T ] 14458 GW ~ 8265GW > 4 ¢ 2% T
4w F 2 68%; kT T 23,469 TWh (234,690 & )~ b T 7 4% i 24,785
TWh (247850 a2 ) (7 & "FH AL 2FFTE2 8% M FrEHT 5

2020 & 23R AFTE2 90% RAFETER TOFTH L HT LS
BT AZR FI g FaEp o B4 R REEMT A NP R R
2 (B2A.7; BI2A8)¢

R BRI R o R R A RRIEL S R Blde P
Ho7VERAFRT AAHRLET R FRT 2T 2 Epmk e
B FRETRBOE B BTN ERRER IEAYER » AEFERERT 0K
PETERAE > P 2050 2AE T A K 1.9 B 0 E 5 8461 TWh e T & 0 4
Jiﬁ%?ii1w%:i?ﬁ%?*ﬁﬁ%(iéﬂl&iéjui%“%%
CEIE R R P M) ] 2050 7 AL 46 % 0 E 3] 3,279TWh E
o 2B T EL 46% P AFRUTRTIRER kA FT R AR
e HFT(EH L 165% 2T E)MEATRERIL S 7 7 AP REA -

Feo R B s RRRp R R ARE S R F R e IEA

894 TEA (2020b), Renewables 2020, IEA, Paris https://www.iea.org/reports/renewables-2020
895« hpx o b 3T E 0 IOMW 12+ E AZRALR 152 AR .
https://technews.tw/2019/01/18/huge-new-wind-turbines-are-the-future/
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72030 £ 2 {5 = £ i B F > Fua B] 2050 & FE 3 F ouaE 3] 821 TWhH(8,210

AR ) F TR AR D] 2050 £ T a2 3] 132TWh (1,320 A& ) 9% T

TS FEHERESL 13%2gFRE > RS- FFREE 2050 £V A ¥

PALERDES cFU AL RIS RA R BTN EREEE T AR B
A BRPIIFERL £ o
2HBAEEREEE (TWh)
70 000
60 000 S——
50 000 b A BE
40 000 BAGREEREE
A H AR
30 000 e
20 000 - LA
10 000 BAGAE
= ]
2020 2030 2050
W2AT7 AFEEFAT 2RELNAFTE N ARY
HBAERRREEE (GW)
30 000
25000
m AR
20 000 AR
mKFRERMEE
15 000 w4 HRER
KA
10 000 = U
B kEAE
5000
2020 2030 2050

W2A8 ZFHXFRT2HRLIN AT XEFE N Ay
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® Pioneer B # Mpd it » EFFLTFR - I7 a2 5 A/

B R O R R 2t A A ko s AR 5 - R E R REA
PRI SR TIRRAL AR R AETS S F R FRAY TR
BEa 0 FEERTERFCELANATS (BR) 2 aAWl T®iE o H

R H LAY g PR N AR B YR VAR B P s S MR E

1\“'

e 7ot X AR F 7T £ % (Steam Reforming) et &~ 3E H @ At £

e
e

L=

FgE et I 2 3455 B(CCUS) N & ~i * f it fhfimeidhd ~ 112 LIFTRF 2
fa L is(Pyrolysis) sy % & » EEA R AE > 2 HE S EL 2 RE L M
WL P P IR 2030 E1E A T A REE EER > T dopt 0§
mARAR 5 2050 & i PE R R 4EE IR o

IEA 3¢ % 2050 # & # %4 (Hydrogen-based Fuel)®®# % £ ¥ i 1,713 TWh
(17,130 @B ) > ¢ 28 T € 24% > 2 HEEF L & 035 7 Rr3td oo
S FEFR AP > hE e e AFRBEAFE MR L o om P R
2Rz ¢ RBCIEA » K T P AR L AR TE3 42030 3% ¥ 850GW 7 AN,
A% 150 Mt Bt & F 5 2050 £ 3% % 3,000 GW T j34% » & % 435 Mt Mt d § o

FPmARF NI E A W R BRE AN REA R T
oA MR E A R ennigE L o Flopt s M A N R 2TReng T ¥
BE s 3 SRR ET N LA RSETE > bldott R E 4 R

i e@H T e 22 ARBIEZT Nr R aF i RRe @ B4R AKED

IR SIS SIS E R SR R Ve e

8% & L ¥l (Hydrogen-based Fuels)# 7 & it ~ & ~ & S %L o
897 TEA (2020c), Hydrogen, IEA, Paris https://www.iea.org/reports/hydrogen
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® His & BLigg
(1) kel 2 2P 5 TR §HmA &~ £ 117 235 %3 (CCUS)

BEARAARL A R LR OFETRFo B ERgINAs L e ET EYE B

~ B!

R e E ~ £ % & 4475 £ ¥ (Carbon Capture, Utilization, and
Storage, CCUS) » 14 jpt b g iac » A {2 BT 4 - CCUS Hprfp* g 4 04 i
AR AN S WAL P T 2Tk A BP ET Rped CCUSHE, & & v 3 24
Mtehiz § g H 424 5 CCUS 7 4 224 0™ B 3 1e 8% gt #b s e f CCUS

FETRTT ELIRRP RS E S F PRV IESABIREI LR

~

1y
#L > 4eiE B Drax 2 %‘r E T Rt 4% Humber %3t g 281 £ %8 B2 [4

) BB LR A FA B il d o F iR QIATR A R AL

PR AR ARG MAE R R R TE RPN AE T REER

\\\-

¥y B 2t
PRTIFIF 2T E X EPTREET R R EE  dop A B E S LARY

—L‘,%ffz

PR T A B B R ATH T Rt d o IEA TR AR R P

W R ctE & 0 2050 &£ 93 5,497 TWh (54970 A& ) s R € » 94 2

sr

HELTEZ 77% P HiEF A et RFQAD 5 & Rafra sl

T o At Fe P AeE BRSSP EPFER LS ¥

b

BT R 7 R TR I LR A il ek
& SRR R R P HT P T b R i R AT S8 AT

W2 2030 E 2 SBR[ MAIRTPHATT LR 2 £ RAEATAH ]

898 4y £~ FE#re} HiTE 4 (Saskatchewan) ¢ Boundary Dam CCUS #1¢7 £ F4g ' ¢ Petra Nova
projectC o

899 CCUS:H:}#‘:F”/?&?*“?ﬁﬁi Yook R s AiAl s R ARF E o AFRIMEP CCUS 7 4 30
s * 5 4 o 1945 Global CCS Institute’s CO.RE 3t » j 3P 2021 & 0 2IRE EAR
#oe7 CCUS r/{% (7237 2 8@ 7 F*;ngc X)) £ F 148 > H P # " i
SICCUS+ 47 26 > 2 B ai@fhd (T30 898) % # % CCUS hf £ 7 s 4o £+
Boundary Dam CCUS > 2014 & B 438 #& o

90 TEA (2020d), CCUS in Power, IEA, Paris https://www.iea.org/reports/ccus-in-power

%1 TEA (2020e), Nuclear Power, IEA, Paris https://www.iea.org/reports/nuclear-power
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Q) W HFRPE—REDF PR 7T KRS RSN

FUER S  L T A2 £ RARR 2 b NN i Y T R
Blde D 00 £ FHB RN Z R DT R EREHE TS R Sa s
(FRBEAFTHH 257 % - T AE) RFARTF 224 (B 2A9)-

P MEPAOKE 1%2a ks & (F#i BT 2ERg) @ [EAffER A

‘E

2050 £ F 34T 20% B P o R AL FRGRE A g A BT 2050 & pRE VR
A42% 2 TR iy AT R R %025 @ PR AT A B MR eA Tz AT

fed £ o0 PIESE G & 2050 £ 7 51 F % (gas grid)i K 35% 2 F T & o

ISP B 5 2 Tkt < 3ned Bivdod R 258 - 2 2972 A0 FA
KB R A PR R LR TR AR SERER PR
AR R S PR R S G 2 A il d o B2 b S T LT AR 1
FopdsFR-EFRC FAAMASTIE IBAFRIERT L AA L 10 203
Hib oo sy e ZA R nE 0 AR TR T 5 R g 0% (Sustainable
Aviation Fuel)erié # #-€ 1% b3 4o > 3] 2050 £ 55 45% 7@ * sz 5 % %409 (Biojet
Kerosene) > 30% i * & = & %4 (Synthetic Hydrogen-based Fuels) °

Liquid biofuels in transport

202
020 PO A
2030 W RE
2050 HRER
Low-carbon gases in gas grid
2020 mAHTR
2030 : : ¥}
| : : : ‘m AARTFR
2050 | e
Hydrogen-based fuels in TFC
2020 Y
: : : S 3
: . : : Pom EE— AR
10% 20% 30% 40%

\

W] 2A.9 2020 & 3 2050 #& 2> 3k Hpd okl 4 & IR enik v B

N2 e i A FHOR 14% 0 & 82 E fTA R 28% 0 £ 42% -
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i 2B S R R0 R e IR

PRSI R A ﬁ%gm’ﬂn9ﬁfh§HZ%§§% rid 1 R 4840 8 24 E
£ (Kiloliter of Oil Equivalent, KLOE) » ' % %372 5 8491 F A b § & - ¥
—%a’mwﬁﬁwﬁWﬁwﬁﬂ,J%%Wﬁ%ﬁ WoE o B iE 31.5%
BxZzbinhig p (B R~ ~ 2R %~ R T ““)%4%~‘%%W
15.8% ~ iv 3B A * 8.8% ~ L RINF 7.7% ~ PRILE IR 6.8% > & P E 0w
1L0% E@LL AR AT RARA P F AL 2R (20 AR FRHED)
234 (LU 22533 ) EraARon etz 3 rae &

SRR R T LA

AR REL S kg 22019 E#FE 97.9% H P fRA O pliv 5L BB
B R ENF RELE T AIARR R L2 FRAFRFHELET I E
P LR RAMRAS ARV R LGE R ARG ROFT AN RGP 2L

Roae RALTE B MIFA R hE 22 ERET?

FACIRARFTREY e kg LRES T F LB (o FE R H

—

F
225 @@?J?Hﬁ TRAKBAERD BT A NFR L .:F_]'z e B L

e

ERARLI R ABTS B P ¥
AR S - S PN
v Ed EFRE I M AL L2

W R(RE100)%%4 ~ 2 2 g i bt~ LS B E FRE BT % > AR EMP e F
v im0 i S B AL RT Y Bt E o S G

MM I FIR R B A 2 hd AL R AT B R i 2

&=
(%
wa
[

AEART A RERE O NFTEEFER FUE RN R T

F1906, 0010 & AR T EE % BiE 559149 FREMW) > BB F T LA o b

903 s AR AL R o (2020) o 108 # it szt Ep

04 3 >3k 100%% 7 & & o https:/www.re100.org.tw/

905 g BB A 0 7 23R A ¥ o https:/ec.ltn.com.tw/article/breakingnews/3530772
906w IR IR By (2020) o 108 # it iR st E 3R
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$37.6% A 2537 314% R 20 RF T 13.9% Pt F T 6.9% - i
FTSS%ERMERAFTA4T% B s LA N RER RS > NAB AT
533% 5 < 7o B AR A kY HFT268% b 4 FT 10.8% AP F i # T 8.1%
AR ET 1% (B 2B ) E U E T iké’mwﬁﬁﬂﬁiﬁéLMO%
B2 33518 ko f 0 3E461%  H= 505 3T 33.3% - f2at

11.8% 2 2 il i 5.6% % B3 2.1% > M2 E L+ 37 12% L 25 ke
THORA kA 364%5 55 Hu i R T 263% AR E T 23.8%

B4R 124% &2 o 1.1% (B 2B.1)-

BT Ao AR T BRI R 5 REART S At
AR THEFET LR FHPERE -RBEANLALTEZEE OF 2
T4 R aEST ) ART 4 R A 5 2017 £ B4 0.554 kgCOreq/R *
(538 & T i 0 2018 ~ 2019 ~ 2020 # 4 %] 5 0.533 ~ 0.509 ~ 0.502 kgCOzeq/ & ° 3
%%ﬂ@QJ%Wﬁﬁi’ﬂ@QMiQJﬁ%ﬁ&%KfﬂB%’%ié@ﬁ
BRANAFT IV AER I RPN EHERART A ko5 AR
fREAIRL G e TR SR CBE 2 Y - E R G e —E S
FlRiE R L AN AFT o PR AR 7T 2025 EL A R AFR IR
20%%8, He s A BRTERAFTRELLS DI ABRTEE TR
20GW o ik 4 558 7 £ A 57GW 12 b oo ja gt pigg gt p R EE3E 2050 2 R £
P R - AL PR AR (FEF e F R R AgE

=
Fm G  E AP o

07 RN R B 0 108 E BT 4 PR Gl
https://www.moeaboe.gov.tw/ECW/populace/content/wHandMenuFile.ashx?file_id=7249

08 AR s fud i R TE S SR F o RE 2
https://www.moea.gov.tw/MNS/populace/Policy/Policy.aspx?menu_id=32800&policy id=9
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A E 235 FY R ITAL GTEELE AR (L) A L PFHE BT S Ha
Wbt AR L 55 EARFAG o TR EELAR Lb=143h 27 h=Lo
sin(23.59) > Fp L,=0.5577TLo > &£ 4 %F £®X LA L B ¥ 2 E R L (Litho)
=147L Fl- B B TR F L FF & 00 MAIRRA G A4 147 (R 2C.1 )
T RAP W E U K 20%E 2% HEF A ata s EE AR kWK E
STEESER GHF L O8I o gy S IMWEEEEGHFIE 1 2
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e 2D % Bk T s

P oac i 1t B a & 3 38 R RO i (photovoltaic effect) #-w jz e < 5 Sk i

B BN A 0 AP B P o X R THTNA R TH L UL F AR ATSS

N

ke fe 0 FoE ® + — % F ¥H(electron-hole pair) > I & p 7 Hedmc* T o F 4
TN ERERLII AT AN ek A P Bk o E
REERBE AR PRI TN THINR A FR B AT TP s B R R
AEY R Rk PR A LR - KA T SR HERE &

LEMET 2 L = BEA

oSBT HMIUERF A ERTHA FEHE A Y S

Ny

EXB~E (52063%) 2FE3 %5 RSV sHBA RS PR

o s EXEMAETF ARG A B TE P W AR R ehd |
B -2 R 5 - B ASHERT ~2H 1954 #d D. M. Chapin & = + &

PRAZTFAN v R TFPRRNZATNF PSR AED
el — FPUE o %1961 & - W. Shockley £ H. Queisser & % 1345 T ik 3T
B Y REEERT (FE- e RSB S S ) VY E -
p-n 3 F AR EFeFELE 33% o B 2D 5 A A R S ehd A iR

kTt B oD i i oo B B2

d £ B RISE RE 2 i R T F (National Renewable Energy Laboratory)#7

RS ERL S B R TR R Y (R 2D2) %% § 40 B 5 g e i

.
%

Hh 233%=+ 7 E L7 BiE 26.1%~27.6% > @ # £ & # 6 (Heterojunction
with intrinsic Thin layer, HIT) = Fr ic & % 2- 8 i* ¥ & 26.7% © 4o % & {7 I 3% 3%

FALE 30%ch~ 2 0 RIPRFEF A R 2 T S 3G (multi-junction) shig4E

910 D. M. Chapin, C. S. Fuller, and G. L. Pearson.(1954). A New Silicon p-n Junction Photocell for
Converting Solar Radiation into Electrical Power. Journal of Applied Physics 25, 676

911 W. Shockley, and H. Queisser. (1961). Detailed Balance Limit of Efficiency of pn Junction Solar
Cells. Journal of Applied Physics 32, 510

912 7.Li, T. Ma, H. Yang, L. Lu, R. Wang. Transparent and Colored Solar Photovoltaics for Building
Integrations. Solar RRL - January 2021 DOI: 10.1002/s01r.202000614

913 NREL (2022). Best Research-Cell Efficiency Chart. https://www.nrel.gov/pv/assets/pdfs/best-
research-cell-efficiencies-rev220630.pdf
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FER DGR HEAESS FARE S D o p Al(p-type)F S+ B
MRATHACAREED FARB DD 2B S I H R v a1 -4

Ao fe e E P 22%08 X RA DT F S F U G TRF A E HER O R

® % n-type B T oA 5 T - BARF A 0 2 on-type H B AL G T A

3T p-type ergF i
® gk it 2 ¢ i B (carrier lifetime) ;
® HEBRTFIARRE

® 7 EiRiL T AR f Fl#2 5 ¥ (Boron-oxygen Pair)m 2 4 ¢k iR % 19

F]H R n-type B S HRls X AT - FEERAH & S A R 2 iy

o

m%
Gy

B4 A ntype B S S HER TR PE IR S L R PR

e

P
® ntype ¥ H# 4 A BT BER S Ap AH Y A F il
® on-type #iF b #semneng B WA

® P E LR B G T4 (HIT T4) R 4civompst  a i
ALEE 4 AF A B

® it HIT % fUR fARenll » § & #ped o enfGR W 3BT 3 AL
BPITHM e SEF S R R O RS e & T R AR kAR
H 5nAl(n-type) s HBae R d 3w ARE i iRg o LR E S L ARBE R

B A F a4t
BB TN BRERUNS S Re ) B e B Lt B 4
%WﬁdHV%m@Lﬁ@MQJHH%WW 45(CdTe) ~ I-II-VI % 4 4F B3 /o
(CIGS)Z 2o 7 o 43t 5= S Hl 52 S S B L TR 8 B KL e

%?%ﬂ%&%%ﬁ*ﬁ%ﬁﬁwnﬁﬁﬁ’%?&kﬁ§*2m4mﬂmﬁﬁ
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FOrReaE ko B Y M ARk TS A AREE - AHERA
T BT FTE29.1% Rt AR HN YRR TR FRK P S
LR AR F AR BIEMOCVD) 2 i > W29 E Hhy i
FRn o g BE b g 2 RORA] AT G R AT S B SR T
FRBHEGA AN B SN AE T AR R
Bk o ] 25.5%% 23.4% < 25 B N B T4 FIH e on g 4(14%) 0 ©

O AT P

PR A SHBRTAREY FHEF P B Rl TR AL
s dp 3] (Tandem) > HE b § i > pfdsgalenk T A2 AL SRR L » %7
Foh Gk F RS R B PR AT hP I B A BT s
E -V %X EML 3 > 12 MOCVD Eﬁﬁ AR i3 InGaP 2 InGaAs & &
PoAaitd FAFInGaP &% ~InGaAs % % Gefro 0 & — BHEG L kT &

Feoov Ao b A B ET AR LiRe L BT K LG P AP

b2
i
=K
&3
4y
e

R HEE 2 cF A - BRGSO R T LG f T
AR RS A o PAEAAAE S N EEE - ABRBAET > BB Vi

39.2%=e F > e etk F] MOCVD % 47 % iﬁzé‘aliﬂ‘;ié»ﬂ\rs R S R i Ml

\

it S R SHE AT O R E BB IERAET BB 7 E47.1%

-

e BEF BT A RT I S EEME R B Lhoe i AR
ARBRIEBAEFPELC DR APR P BEHMTAE S 2R G S
THRY > ZEFL @M MOCVD % 4 2 g2 A Z FH L &2 K34
g o tp bk MLV R Bt A G I AP L RIS A oA
23R R AR S BT S R G S B T AT R PR LT

Wl H L R CBATAFERE 0 TiE29.1% o

CEE RN AN R Y R aﬁéyﬁfﬁﬁﬁ%**#iﬁﬁﬁéﬁﬁﬁ

&

o
F}-

= [ it & # (Organic Photovoltaic, OPV) ~ & + BEE 4T 4x A S it T4 &

94 Kelsey A. W. Horowitz, Michael Woodhouse, Hohyun Lee, and Greg P.Smestad (2015). A bottom-
up cost analysis of a high concentration PV module. AIP Conference Proceedings 1679, 100001
(2015); https://doi.org/10.1063/1.4931548
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SRATECTR X B AR

5

ko H TS N Ae il SR Y P (e 4T A%
ThefE TR AR o P ARE RN AT £ X B R A KL et ¢
BOCRAERIBERTHE P T F ARG SRR AT R RRE A P
JoREAE S o F B E T ] R A AT SR B A e RO .

AATHE AR B AR B AR P ABR TSV E

iy
b

15 hG e a2 REHY o P BT C 1T 30%  FH O~ TR AT

HALZ A R HAR BT et #E 2 L EDvna 33% M 2 SRR e “f RIFT

d
30}
) 4]
& CIGS o
~.20 | CdTe GalnP
Q organic
o
= e QD [ABX,)
L )]
10 | pc-Si DSSC ®
a-Si
® Not recommended @ Sustainable and commercialized
0 ® commercialized but restricted @ Emerging
.5 1.0 1.5 2.0

Band gap (eV)

B 2D.1 L EREAHEHFEF E

%15 Christoph Messmer et al. (2021). The race for the best silicon bottom cell: Efficiency and cost
evaluation of perovskite—silicon tandem solar cells. Prog Photovolt Res Appl. 2021;29:744—759.
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Wk 2E £ 2E TR EFRR

2 2E.1 483 #5 T B BRI

ZE
- b‘ g : % N\ b1 A %ﬁ F e
B 12 R 5 i (MW)
AR AR TBA/
2018 | A A% s | BLFFELRIR | prop @ e 0.030
2o P
e . BOT+ROT | 7| » 2% 4 27
2019 | # Wik S 2873 | snapexee| Y
- '_:\zv }:k ) o
2000 | £ KwA | %if Bl opepe NP 0.010
L _ BOT + ROT e
2021 | ik £ S CEL 1.000
2021 1444 PHR A fEE gz | BRRREFERL | 0500
2022 | Fia L Ak q2ing pyopiE | Y pRged 1 REE | 0.500
2022 RS E LA o B SEEL %A 0.200
2022 | A K 4 N REE Ly p ok BETEIE 9.981
Baseload Power
2022 =iETh AR Taiwan AP piE AL YRR e 2.400
( s} Px ) 918
e . oM/ . ,
2022 ORI e /?;ﬁ; ~ 5 v E‘m‘]’ﬁ b B H R i - S 2.000
{ = 4 R
2022 | AT A | B TAFREF | e pz | ¥l okEd 1.000
S j;F-’B g & :m ﬁ'\' 1 5O
2022 | AheE |7 ;;”‘ o pupe Y s 0.499
2023 | A A & H* s fEB p i ¥ v 2R 1.000
2023 | A A &R x Fa B p i ¥oor 2R 1.000
2023 | ATk Ak %A H # % = TN e 1.000
2023 | A K E* w7 fer pz v REXFALELL | 1000
e It P AN S .
2023 | T H PSS B st | 1582 & TR 3.000
{ = 4 B
2023 | £ 44 A RREE fEppiE | BETELRHT 9.990
A 2L
&3 35.410

*E RS

O16 s AR T R A (2022) 110-112 & 78 %% & 3 £ % H- o

T 2|k ¥ (2021) (M rE) VW E W RS
https://www.cw.com.tw/article/5114618?template=transformers
N8 gk (2021) (BRI ) LA L AU B SRR EE DGR TP

& fPgt

+ 2 = T X2k o https://www.cw.com.tw/article/5114679
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W 2F e r % EF TS BB

B E EHEWE P BE R R E T TR R § ¥ LAY

A B R RS D RTA A AR AL R4S PR P A v R

B AR 2k Sl FARE AT 8 1 & 10,840 # - R AE 160,000 = 2
o ¢ 919920921 0 10 840 wi4p % >t 1,084 F o7 0 & FE 120 MI/kg > A 51

P HE L 3.6 kWhe &R A R TS G 60% 0 RIH T 4T

T 217 RkWh( R )e FHE T ITX 250 % » & X & 404 s dy > P E 727 1,084

MR TEM2017 £FEEE ARG kEE 265 45 (M) 2 RIET Y 0T

FR SIS BE  owEBEC L F RS G5 ST5~1,084 R - MFERRE E Flik

(capacity factor)zk T_5 0.8 w47 K8 F & 5 8.2~15.5GW »

4 2F1 BT S EFLHES B E
LR 10,840 | ¥
Hipi, v i ¢ 8 10,840,000 | 2 7
s (§ 48 120MIkg) 1,300,800,000 | MJ
1 kWh=3.6 MJ 361,333,333.3 | kWh
§REFEREE T ek 60% 216,800,000 | kWh
g §ART F T R K 2.168 | A
A250 % - & p 24p 1,084 | R
B.— & 265 4 575 | R

919 Kawasaki (2021) Kawasaki develops cargo containment system for large liquefied hydrogen carrier
with world's highest carrying capacity—AiP obtained from ClassNK.
https://global kawasaki.com/en/corp/newsroom/news/detail/?f=20210506 9983

920 Kamiya, S., Nishimura, M., & Harada, E. (2015) Study on introduction of CO» free energy to Japan
with liquid hydrogen. Physics Procedia, 67, 11-19. https://doi.org/10.1016/j.phpro.2015.06.004

921 TEA (2019) IEA G20 hydrogen report : Assumptions.
https://iea.blob.core.windows.net/assets/29b027e5-fefc-47df-aed0-456b1bb38844/IEA-The-Future-
of-Hydrogen-Assumptions-Annex CORR.pdf
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W 2G § MRF AREF T oed

mt TR A RRPLF R G FR L o e A d
ERVEERES  wHELFHRIPTLEANE PR ERF A ARE R
WD G R PR A LR ES A e R AR S e 2 AR M IR
BEMIIRG RHREBHET UL R e R E aredrEie by G

=
=]
k¢

‘Zﬁ

Hau

TRl NOx 544 > 2 ZRAFEZTFAME SN R ® A o iR g @
FARCTRBERFG Sk o ea § TR AT R
BCPE T TR M AR R R BT Y PYRERN G I BEE o TRt o BRI b 2 4
MRS PRF ERAARF F - o m NO«# € %8 0 ¥ F B AR
BHTLLSPERT I WG ST § R ES N SR EE
AERCPBREFEFREMESL > UM NOKAZ ZTR2%2FF LTRSS o f
WEBIREBBREORF P E R LEARBEDL PP HRIFH (combined

cycle turbine & 4% gas turbine £7 steam turbine ) ¥ £ %A 4E X X F e & 4p 17922923,

92 ETN GLOBAL (2020) Hydrogen gas turbines. https:/etn.global/wp-content/uploads/2020/01/ETN-
Hydrogen-Gas-Turbines-report.pdf

923 Chiesa, P., Lozza, G. & Mazzocchi, L. (2005) Using hydrogen as gas turbine fuel. Journal of
Engineering for Gas Turbines and Power-transactions of The Asme - ] ENG GAS TURB POWER-
T ASME. 127. 10.1115/1.1787513.
https://www.researchgate.net/publication/239399848 Using Hydrogen as Gas Turbine Fuel
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‘e 2H < AF RF APBREEHLF 6 X

2021 & X FE AT 1,944 e 3K A 2050 @ 2021 EiE T X R F

B2 2R A2 @RI gT Y  viERF HiEAL I RFE L 3,888 gt

Fli- BEmole) A aiAEAi e T6K i wBHEI Y
hod 3~ — B % T (1kWh, 3600Kk]) > # 100%3c % T » 7 A 2 3600--76=47.3 mole

(0.757kg) ® *2(CHa)» & 17 3| 47.3 mole(0.568 kg) 5 57 94.6 mole(0.189 kg):hi o

ok @ F BfRocF it 80%  F HH-H ¢ 80%T 37.9mole (0.6kg)% A F & §
iz (20%A AT RF A EAFERLFEFRF AMR) ¥ A2 379 mole
(0.455kg) e 52 75.8 mole (0.151 kg)ind o #7 {8 chd * >0 s 5 Bk 3 T o
% 60% > & (%) 5 142MJ/kg - 1kWh=3.6MJ > B] 0.151 kg chd 7 3 ¢
0.151x142+3.6X60%=3.6 kWhe g 3 # » 1kWh th 323 4 & 4 % 2.6kWhe
#0.6kg X HRFH/ > T UEF26kWhiEF 4 T > 3888 §epx Af 7 (75 en
AR 5 1,685 BAR BT R £ Fl¥c(capacity factor)® i 0.8 w iR AT E K

BEFAE A 24GW (7227806 R AR 385 32GW)-

FRFABFEE 60% £ 7 H ¢ 60% 28.4 mole (0.454 kg) %
Ry a5 AR (A% AN RF A EAMERL T EFRT AR 742
28.4 mole (0.341 kg) = 12 56.8 mole (0.114 kg)ihd o #7{F ehg * > s T )
KT T 60% 0 B 0.114 kg hd 73 T 5 0.114x142+3.6X60% =2.7 kWh ° j
2 H > 1kWhen% g > 234 295 1.7kWho 5% 0454kg @ =48 » » 7 1 {7 5]

1L7kWhEZ 4 T > 3888 FWix Rg ¥ MR e g 4 5 1,456 & ¢ 3 7

% & F]+ (capacity factor) T 5 0.8 wiasrZ AE 2 € > 5 208 GW (% 2 £ 7]

R4 B AT ARG AR N2 G 80%F AF T Hi 20%A 6 1
o pFEAmINNR RGN RETERFQ2) BT EFEL (2L W FE
https://www.esist.org.tw/publication/monthly detail?1d=34490dec067 - &= % 2% = & 2050 & 4 5
PEFETHA O BRERLT 22 FRc A ARFEE PR THE2 f»ﬁf‘_ (3,888 @ #f) u*
HA BRI BT T AR 532050 F 1 EE REIVIEE ARG E R AE TR
WP T 2 AR ARE > 1 L F RN EF A RS SRS g rbz};tﬁtn\/ﬁr;kgi )
RFERFLNARY 2 F REEEBFER S TF AR DIFRETF L 2R TR BPR -
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N
o
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=3
e
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\

26kWh ™ > 3B %%5 &3 4 5x10° kg &
FR 086 A BHAF2035 EmTEE R AF £F HfRos g
25~60 0 712020 # X AR FHF TR S 998 MR L AH HEBRZE 25%2 X
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925 ARPA-E (2021) Monolith materials : taking methane pyrolysis from concept to industrial plant.
https://arpa-e.energy.gov/sites/default/files/2021-01/08%200K %20-
Monolith ARPAE MethanePyrolysis2021 v3.pdf
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9% Tetsuo Fujihara, Haruo Imano, Katsuhiro Oshima (1998) Development of pump turbine for

seawater pumped storage power plant. Hitachi Review Vol. 47 (1998), No. 5.

https://www.hitachi.com/rev/1998/revoct98/r4 108.pdf

International Water Power (2000) Japanese pumped storage embraces the ocean waves.

International Water Power & Dam Construction.

https://www.waterpowermagazine.com/features/featurejapanese-pumped-storage-embraces-the-

ocean-waves/

8 B EF ~ T A(2010) FELAIX LA K KET . 2 A F £ A(SCE Magazine, in

Japanese) vol.95 no.3. http.//www.Jsce.or.Jp/Journal/student/mhonichi/Z01003.pdf

Okina wanderer (2016) Experimental power plant in Kunigami dismantled. Okina wanderer.

https://www.okinawanderer.com/2016/07/experimental -power-plant-in-kunigami-dismantled/

B0 TR Aok FFTHMT ST IART T F 52048 0 T 9194 -

Bl JF % ATH #(2005) S TEE B RF TR EATHE R o
https://tw.appledaily.com/headline/20050904/SDDQJBKFIM2YNVWGKHAJTSGIDM/
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Ha s g RPTE T o s (FI201) 0 £ 4 /B T o Fok 4
RRURSEL F i (LB A ) LR T g Pl BT R SRR

M 100 MW I & GW #F > F A3 F 7 ame @ P v ok Bl i) Bt
AL ACFRETEXFETRFEL Y o LAV REPHT B oL R
BORAT S A TR ERRT S E o ARG S IR LY % 5 L4 100kW
FITOOMW =+ el o i ¢ 175 Lagggpe T e f @2 > R4 @Rl
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T&D Grid Support and Load Shifting 1
Management i
' I
AR ] AN |
(Hydrogen Energy/ Fuel Cell) | (A=) ) 1
%' RHAE ‘R*_']I (Flow Batteries) : £ 4078 7 & #& (Zn-Cl, Zn-Air, Zn-Br, R &5 Atk :
"g" VRB) / 155 4 3% B . SB) /¥7 16 2 41 B (New Chemicals) (CAES) :
g = 489 273 % 7. (NaS Battery) :
)
T A 1
g 3z %, 3B 258 ¥ L (Advanced Lead-Acid Battery) :
-
w2 BRERBEE | I
ﬁ ] /\R' (High-Energy Supercapacitprs) :
Los g § 4% E b, (Lithium Battery) :
2= I |
&2 | '
2 ] I
= = 1
2 B Rk |
- (High—Pn:wer Flywheels) :
= I i
g 1 1
Q SRR RTE b 3 e st I
“ (High-Power Supercgpacitors) A gl;ﬁ Hr B REEMES) :
1
| | 1 I , | !
I 1) T i u t
1kW 10kW  100%W 1 MW 10 MW woMw 16w/
o -

% 3R X oh % » 4 R T (System power ratings, module size)

B 20.1 & FE 62 a0 $AFiE & 2 iy ¥ Ha 934995.9%

934 Asian Development Bank (2018) Handbook on battery energy storage system.
https://www.adb.org/sites/default/files/publication/479891/handbook-battery-energy-storage-
system.pdf

935 Cigolotti, V., Genovese, M. & Fragiacomo, P. (2021) Comprehensive review on fuel cell
technology for stationary applications as sustainable and efficient poly-generation energy systems.
Energies 14, 4963. https://doi.org/10.3390/en14164963

9% Canadian Energy Research Institute (2019) Electricity storage systems: Applications and business
cases. https://ceri.ca/files/publications/427
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i

dot
e
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P RBIE AR T IR AR E G PR

S

@) AHA* 2R REFTERL > AINEARN AR EEFRE 2 g T

AT L R EES DR

(G) Bk M h it b a2 bt $f > Ll ARTERILEARBE o

BT phiE T HREAL LA P L RQ0IT) FEE AN RS E LN faE g o
https://tpri.taipower.com.tw/Publications/2. & 48 3R £, (Reports /' Papers) 2.5 5 th < & %
/RP/2017 12/)}%# 4 E‘b /}E’:’\"“‘—V'vqﬂb ;\ 4 /Ulﬂz’ 5 _,Hiid;,—h “ pdf
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BT RGW)= 4B RT £S5 EXI0%+h 4 5 T E£E x26%

PR R N F 2128 ° 2050 X B R R E(TE )L 51.24 GWSE
B4R R (FHBegEE) 4820GW » Ja i 2 & 17.65GW ki % £
S RWARR Pk REEFENMEE B .

Fpirs 2t = 5t e B 2030 i f ok R W AR P AR 2025 £ S B
it 20GWo & & 34 1GW>2030 # fi5 5 25GW; b 4 3 T 2025 £:% 6.9GW>

BEie 7 K5 624 GW o 40k 2K #75F o

% 2K.12030 g2 2050 & kKA &

¥ f2. 2030 2050
BER TR 6.24 GW 17.65 GW

2050 & % kit F R 17.65 GW > 4ok 4 %k 4 B 226 GW > Bl & ¢

1539 GW ehigac 2 B o i § REANB L R LR EFAS (wEEFET R

ZEFRBI AR ) B A 2NEE P R T ek e merg
TG o NEETAZERETR 726 208 165 ¢ (286 #ed

M

65wt ) FERGAHL 12T 328 5 - 21082 (£ 7TMW) (R4 FHR) #7
THAEL 1202 2 o EFIARM NI - EEXTTH MRS S B S 600 T
S 0% o E &% A 15.39GW (15,390 MW) » B4 it 4 % & 1,999 £ (15,390 MW
/77 MW) > &5 #5 & 1,199,400 T = 22 (g5 120T3 28 ) 9530462

B k2 B

938 (43.95 GW+67.2 GW) / 2=55.6 GW

939 (1.2 GWH3.8 GW+43.2 GW+48.2 GW) /2=48.2 GW

%0 Megapack Tesla Product Details. https://www.tesla.com/megapack/design
UL AR FlG A5 26 20 =026 T 22
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al 20504’15‘@5]@%?“&?%&@?@?@”“ VAR F A
B » 12 Tesla Model 3 Long Range Dual Motor 2. R # 2 &% % & > HE§wT# 5
75kWh942’%5“@]E&”}§ 833 § imit & (2021 &) 342050 # = >3 &
£3 625GWhenT # T (1§ > 625GW £E F 2655 10/ P> AF £ iR

AL ) P EFEEN My P EES O AN RIBEOAAEL E R

T

2. R F ARG —BARRE LR A RPRBLL LR B THRE IRKEZFE
aRAEL LR L

BRI E U WE € B R HEL R T et 50, 5oy

| ¥

AR FREBFELL R TN T RO EE 7 E BT S5
K.l #55F o & BRI RO ®enfdac 3 3 748 > B REARACE § FER
RV EFRE B ER N Z2HEE 3N M AR 3 EEFRFHPE S
feRd e b (hodv ~ S &) €M S REA LR 3 EGW)mE Ko 123532
AL a%FEE 7 ailem R AR AR E 20 Rd v 5 45%F T R
ﬁﬁﬁﬁw’%f%ﬁ%iﬁﬁj$%GW%®o$i?ﬁ%Bﬁ%%%%ﬁﬁ
Boat 22050 £ enf it G 40%F T o FZE RS T MR AR AR E Rad

A

%2 BV database (2022) https://ev-database.org/

3 Qi A A3 (2022) 80 P R T el o
https://stat.motc.gov.tw/mocdb/stmain.jsp?sys=100&funid=a3301

EASE (2018) EASE study om energy storage demand. https://ease-storage.eu/wp-
content/uploads/2018/06/2018.06 EASE Study on Storage Demand.pdf

%5 3 & §_ % p ** Horizon 2020 7 24 StoRE 3+ % ¢ £ < Je e
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e 3A ERAEELS
AT RA RS A L RE (& 7 B2 (salt marshes)® ‘= #+k(mangroves) )
BAR R o R A T 0 PR R RE & BK (2020 ) X G 42,699 2% -

B9 REE (PR F 83% R (1) § 89.8% 1% 3 2 & (P1)

i

1.9%%6 o @ > R 18 Lt R 7E B R¥ > B v e § 3712 o 40 d 3A.1 %757 o

Ba L F 21,200 2°F

1 3A.1 2R RFE & B ({FH12 &)

-ﬁﬂﬁi ) '3 ] ﬁ ( LF)

1 MR 0.15
2 3R 6.70
3 B RIRE O 1.60
4 §51v s AR 21,152.00
5 g9 Ry 20.00
6 PR 2 12.60
7 Te AR 20.00
8 M R 3.00
9 1 R R 3.70
10 X mgige A 1 R 55.60
11 794 1R 14.00
12 A1 R 0.70

kA 21,290.05

FEPHERRE R RS HARNRE R RE G ff 0 JBF Ra FE 5 63,989 2
TV SR BFAEFETRMEHL RS R BE Y SRR
M5 30 2% o SR ] 681 2F T AR KRG G 5,456 2

LE,Q&&”\&%%X&%%"%?QT} é‘f"li/b%?ﬂ;,%”ﬁ 5’420 2\"?0

T MR G M (PN 7RIS AR ) 'liiﬁ"fﬁ?’éﬁﬁ:ﬁﬁ#& 2 B

M6 M FrIn i % (2021) 0 W RE B RE BT 3 H®F - https:/wetland-
tw.ted. gOV tw/tw/ChartsContent.php?ID=20&secureChk=4678008501c6a6318c39859decca9aaf
W NG HEF B E L FRRE R RS FTERT (2019 AR RE B RF BT 2 (7o
https://wetland-tw.tcd.gov.tw/upload/file/20190522151004267.pdf
M8 HRF 5 (2021) ¢ (TTERE B RRRIT R R L (T B — 4 RS L R (FHRASE )
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o fF B Ae 4 3A2 PToT o

1 3A2 ERARG HEL

]| A (2F)
R RE &R (B 2020 & &) ¥ 42,699
AR FE R By (12 4) 21,290
B (FRREERRRe F) (13 63,989
AE R (Fhw) ™ 5,456

949 4n i 2020 & > 2011 £ BF > B RE & BRE
%0 >R 18 AR RE BIRE 0 P w e [ ET
Bl e i $h2r 948 o

oA 5 56,865 2t o
12 fw-o
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e 3B ER R ¥ 5 AREF T K5

@z Hra FARATE KRN BF2017#1 2018 F R E &
ﬁ%ﬁ%ﬂE?%%$%$%%ﬁ%1ﬁ%&ﬁﬁﬂﬁﬂ@?%ﬁ%Li?ﬁé
A AR R AR RE AR TRER G R AL G B
Pi@ﬁﬁﬁo&“’%ﬁﬁ%ﬁ%%ﬁpfé 2T BBz - §
CARCO)UE & X Mp i W5 "B ims e Y s sz £5 52 %
8. TWn0083 & -k i@ & A & A %_5 9.59 tC/ha/year (4p § ** 35.2 tCOszeq/ha/year ) »

‘*q

KK TG R X RRS 2O SR AR BA S A el

ZF’

LR T e S e T R oA 1M F S L G R

G 3E (A R SRR TR ATH e i

Witk B AR R 0 1 2021 & R BTt 3R B4R
i B ST B o b B e R eR BB 5 5 1,086~2,764 gCmtyr!
Y H =i 5 10.86~27.6 tC/ha/year (4p§ ** 39.82~101.2 tCOzeq/ha/year ) °

4 3 5 (Lagoon)egf e » et 54 P iR T4 > £ A X A o EPad §
% 1,453 gCm2yr! (& 423 S g T4 ) 3 B H =15 5 14.5 tC/ha/year (4p %
** 53.2 tCOzeq/ha/year ) °

2 kot M HRK 2RI G R ECRTY CRET BT R 2EQ018)
T106-107 #F R ERBFRER AT H  FFFFLE WY BAFHGE P IFLSF S
FRF B & % o https://wetland-tw.tcd.gov.tw/upload/file/20190521161653265.pdf
%3 R# b (2021) (TrCRRE B RES L T (FE -4 PRE R HEHE (FRAS
B)o
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' 3C R BT I

i%&%ﬁi—EW%JQ%%%ﬁﬁ%%ﬁﬁﬁﬁé%ﬁﬂ%ﬁ’é%

WAEST S ER D R B B § O (CON) ~ R IR e b (s

1. "k B2 % 3% ¢ 2 (Cloud or ocean treatment with alkali)

BoF CRGRRRY mEALRE TG F Y A F R R
»%ﬁ%?iﬁﬁﬁﬁ’ﬂ ‘PERERRD T%ﬁ%éi%@%“ﬁﬂ’#
e A (CaO)f +e 27 H > 3 W 4eja o fes § Haehiv 4 o
Pre TR B ERT R FAZTEAIAR BORBMELEI A B K
B R Nt X Rrkens §OCRERET EY w R AR 0.4%:02 K
O E R 5,600 AL F (g0 kS 0 A K F Y 0% 10 Res FRRE R %Y

25 PR R A E o

B e f R A 1 $47 ] 3 (CSIROVHCHR fo+ B eflis Ao kg
A (RPEAT £ F 4T EAE L AT ) T *m%#ﬁ%% )
SRV AL PSR o F AR EY % 35,000 e § R e i E FE R

BBE L RAFRE SR e 2R AR i (A TR 2 R R R
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JHAEF £ TR S T e A f Y S aend h X R R4
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LB REE R T WY K~ 0 A g ek £ (v 7 i 5

kAR A F R R ST FORT RSB ARR T F s o

94 Carbon Brief (2016) Explainer: 10 ways ‘negative emissions’ could slow climate change. Carbon
Brief. https://www.carbonbrief.org/explainer-10-ways-negative-emissions-could-slow-climate-
change

95 Mongin, M., Baird, M. E., Lenton A., Neilll, C., Akl, J. (2021) Environ. Res. Lett. 16 064068.
https://iopscience.iop.org/article/10.1088/1748-9326/ac002d

956 I i $h3t 954 o
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PR DA R T KRG i Y i AT E2Z A o ¥ A
MATE R F BRI AR 7 A e R F R fRRehd R A EY
BT gt 4 o E R AT o dolea - I TG ASTA XA T B
P R R P ARFREET I R A RI AR E AR

TaAEs R kR SRR G A
3. E M- § ibplix » 5 E R K (Ocean direct injection)

ERANESES (] f“ﬁ‘wﬂ#ﬁ#digw’%ﬁ AR bk Y TR T
ha il oh > T AR T F PRFHABEREEERSF VLR
BiaBeha RFBERMT A >R 5h- §F VR RSB - F CEUER L A LT
BAKE G T QT RE S F CRA KA RERELFAY e Rl
FREERTHIT v BRI RS § R R R R S
A7 o e f4eim B4 fesk @i G o 2ol N2 L3 V7 f Y E

oA PR LI f R PE TR LR E g

Y- A%y 8 4 R @HLA 3R E3RBESL > BER 1972
'&ﬁ;'Jir]’ ,, I;,‘;— /M#‘f”?ﬁ[‘i.i‘,ﬂ/i-; ]J(Mff" \3(]J)959,J‘15§#l]£_,

>z

LRI BB E (RRiTE ) 2 13 1996 3T T B LK 1996

‘h_‘\
.

RN LS SR N R ST e FTE ST R TN R

N

.

PR A RRIE - T R e T e T R A LA

18
L

Bdo ORI B ERE TR0 P T A3 B RIE LT

EHREG o U b iR /ji?ﬁ%* Rl ek 4d o

BT % 2 9 (2015) (L5 2 7]) F ik h X o L1 o https://pansci.asia/archives/90334

98 Haszeldine, R. S., Flude, S., Johnson G., & Scott V. (2018) Negative emissions technologies and
carbon capture and storage to achieve the Paris Agreement commitments, Volume 376 Issue 2119.
https://royalsocietypublishing. org/doi/ 10.1098/rsta.2016.0447

B9 B TP 0w (2006) FIRG RSN (FICRTRE REF B3R SRR P4 SE AR Z o httpsi//e-
info.org.tw/node/16001
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4. 4vig k i (enhanced weathering)

DN AR R EE A RPHRBET R fioaE? g F PR E S
FRfe e AT BREBE LA I BER P PRS2k
.

i (BR) EPIE P 2 Frrl BT

alN

CRLEE et ff K 4eid
Ft ok E

ey

PLIEER TS A R E 0 2P 2 W4 Working Lands Innovation
Center #7150 #w i P % &~ L4 ERW (Enhanced silicate rock weathering):* %
Lyag R ep ke @A (Basaltr 2 ) (FL 4 w»gga
B pis P Tk R A ‘;L%g_},ﬂ“?r FY A kg LB R
Ei@@itﬁ"5j?‘t9%%%7ﬁf%iékﬂ3?."lﬁ$ii§"fﬁ%k\ HRESFA B A
EEES FYT SR LT PR SRS A - A

5. 2 %22 # (Building with biomass)

184 & 441 (plant-based materials) ¥ * >t H > ¥ AE AP FAR LEH Y 0 F
FIPe R S B kAT e F L afE b Ao A e n F 7 ¥ pE P < e
LT GG E AT AR &S a2 245 £ M (hemp-lime) T * At
BE o drigret mit e fe AR AR L AR e R R a0 H
BB ERALT G DG IR o L (TR RO RAER e
FEHPIVERED] CEREAS LG F cFERAESRAL T PR T
FEHRAL LKA NAF T AL YA e i BT R FS o Flerdrdize
FALBRE ks g RIFWARET LR 43 il 2 Fi R E

HE BT T RS AT R AR T A R R R T A

%0 Beerling, D.J., Kantzas, E.P., Lomas, M.R. et al. (2020) Potential for large-scale CO; removal via
enhanced rock weathering with croplands. Nature 583, 242-248. https://doi.org/10.1038/s41586-
020-2448-9

%1 Cosier, S. (2021) How Adding Rock Dust to Soil Could Help Get Carbon into the Ground. Yale
Environment. https://e360.yale.edu/features/how-adding-rock-dust-to-soil-can-help-get-carbon-
into-the-ground

%2 o gl T T 5 (2019) AgAR @ KR R4 2 $ 2 4 o hitps:/agritech-
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PR BRE AN ARETFRERGLORT L F o o
R RN E O E AR PR R B 7R F AR

72993 ¢

“

oo fFEAHmLs @R 7 BE 43 2s T oI EER K
Eo B e R RS AR A dE 2 (<05 mm) TR g A

RRAEREASP RGO TAL Y X RE Pk e
6. 2 ¥ & (Biochar)

AP R B (oAb R ITFBOR e 1) B3 = 2 PREDET
E&F B faPyrolysis)A 4 foiie ~ B £k 0 22 CO £ 578 @ Fl4phR 1
LRSS S ST O ST . S LN -E 0 T EE L S
A aE o 2O A RTNERAGH R A T P37 LA RS
RGBT A VMRS Y R RS ok~ By

(#8) 2HehpH &> b pry PHSFHHEH7 1% 4 2 &3 (v
EERIEE SR )]
HUER B S TR F &2 BT R At 0 Sl BT R
Bohl B AEDTHFPEL G R DA
A7 FALHER 2P REGFEHG 5 E 48 - F LY S o 2
WS R P B 0 ook R e w R A f R g iR 2

Behgpd { 2o @a NI HF S ML gt Feh i B TR

-

A odcdy § Sk F 2 1 (TerraPreta) 3 ¥ & b+

Bod 27 g A p R ke 5%

(&Y

PR IEOER O HR Rk F A7 R B Hg L.

foresight.atri.org.tw/article/contents/1704

93 e 7 53 954 o

94 National Academies of Sciences, Engineering, and Medicine (2019) Negative Emissions
Technologies and Reliable Sequestration: A Research Agenda. Washington, DC: The National
Academies Press. doi: https://doi.org/10.17226/25259.

9“r?%$%ﬁﬁﬁ@f? T E(2019) FE TR EAE RO ER P ARE 22
o BERTE A o 2 ¢ o o https://e-info.org.tw/node/222186

9%r@%;yﬁ;@ ?W§§Qmﬂ*#ﬁﬁ$W FE T
http://arget.atri.org.tw/uploads/ckfinder/files/# # & & ¥ F*454% 45 £ pdf

%7 e % 531 954 o
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B S SR SR SV IR LU e o
B Aed A (4opH @A b )~ FRBIEE (B R 29 k3 3f) 13 F18 %
EHFT TR AR Y prAp A B R

hifs 4o T FL R RS R BB BME S K T N BT 0 g

S (F ERE #IL) Beh2 3 e

=

CF R A H SRR CiE o R S ARSI R B ERY > &

CHy %38 % § ML 0nlED) » 4 B 582 4 R e ¥ 8 5 o o

—=\

% 3C.0 H# §AREAIFTHATE 21 o5 1§ chpr |70

7P s P
$ I s N 2 ZFCRARN ko w B ESN L A EE
(Cloud or ocean Zho g B F R W irg dvid |2, BB A FEEEEED
treatment with alkali) e - § Rt ELPN

ﬁiﬂ'ﬁ’;{f" ;lbiﬁ‘L%ﬁ H#-
§ LK S F

- SE A L BE (4 2w ig Segste |1 R EE W ALEE A
(Ocean fertilization) P¥RE T EERTE LR - R A

§ AR R |2 M E A
{52 F RIS g
ta)‘Oé’fﬂ*’” "‘g/JL)\fﬁ

S Bt TR > A B AR | L —‘#ﬁﬂxzﬁ’z\fq%r
(enhanced weathering) | fr#3# £ F o 4ri E FBfts | 2. BB A L f w 7 F
3 Cpianp AR
1R LFAAIET P HER | # LR A b
(Building with biomass) | #% » 4@ A4 {oe 3 % g4l | F Ao

EEEE }TT“TV'—"*' EREE T
i T]’P’i i RE H%l)*‘lgwu

ZRAMF eosp 1)

LF R PER T N R DT T
(Biochar) 3 F BB fREAD AL 0 | Mo 3 BBt
* AT ap be 33 EEN 33 iR

968 e $hir 964 -

%9 Osman, A. 1., Fawzy, S., Farghali, M., El-Azazy, M., Elgarahy, A. M., Fahim, R. A., Maksoud, M. 1.
A. A., Ajlan, A. A., Yousry, M., Saleem, Y., & Rooney, D. W. (2022) Biochar for agronomy, animal
farming, anaerobic digestion, composting, water treatment, soil remediation, construction, energy
storage, and carbon sequestration: A review. Environmental Chemistry Letters, 20(4), 2385-2485.
https://doi.org/10.1007/s10311-022-01424-x

970 e 5 4531 954 o
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- SR R (B AR _ ks '
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R ARAR) il _ b Iﬁ - ‘Ei_> Yon 22 E‘ % @’, SANLIASEIE
- ERAGEA S Y | W ) | = | wa REEERS T
PSHEMAFR | muT o g 5 > B
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- EGERSA o B/AEIENISE BT {
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oAk BB 3 o=V @ s il
b A% R SR S AR T ] By Yoo AF F
INBIE
R4 NSRRI Z
H AP 5% R 1R 48 $L4m
Le 5] 13.3% 422% 28.4% 16.1%

W AAL1 dwdh ¥ Blaz g atge v o)

dOR RS MBHE L ER (e &%) S RE S L RF R HE
MBI EET TRR S A MR T B S T

KRG T TG SUBTF RO BRI S AR 15
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WWAEY AL R THLBRE  SERFFESRETIFLRRY LR OHS
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971

972

Wang, P., Ryberg, M., Yang, Y. et al. (2021) Efficiency stagnation in global steel production urges
joint supply- and demand-side mitigation efforts. Nat Commun 12, 2066.
https://doi.org/10.1038/s41467-021-22245-6

PESE RS F(202]) Ep R BT RSP Rt o
https://www.chc.com.tw/source.html

436



d 3 (%) YAk 04 Bk AR AL ~ % 548 (sponge iron) ~ A% 48 B (Hot Briquetted Iron,

HBD % & Roftend (3%) Spfdh > L40% 3 BT G g 4 5 det A dh

RAED A TIERY T4 LA BRI (8) paiERY A4
TRT G F I RERRG B AR BT LR F AT LA

FoREAT FROFEE TN EARF R I AR FR S T
TR () L RIFHL 0 T (5R) Y

i

B B
PE M BEAE IR EIEBR LR EER 51 2R EARFT A
oo BB RAERT TR ERRDS AP IR g2 o

973 TRENA (2020) Reaching zero with renewables.
T4 e 5§03 972 o
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e 4B SRR F R BRI A P

PRI oBET AT ERE 2 ¢ 03 ARAE 2020 #2352 F-kik 1,179 §
D EGVREFEREL 1211 F oM A ARK TR A BT RE 9249 F
NWE L T OREE Q2B F oW AR T RRS ER (60F W) B kI
(41 § =~vf ) 22 2 é-?f' (40  2¥f ) o ARPPKE E A 2019 & a2 4431 9.3

Fep (2019 Ep - 225 o) F AR EE G 33% 5 E 2 2050

AR AR AFIVRE ERARREF 1T SR
1. 3% 2 #oat 8 R

KRR E T R AR iRt s T WM sehE IRk 5 4o [SO 50001 it
JE Tk %~ ISO 14001 st # 3 %k 5e 2 ISO 14064-1 8 % # M4 & > g2 i
i r s R E MR F F RPN I ORE 2 T RER S b BB
B 1 fe o B MRS B ET E S 5000 S AR o 4p g 2t 012,000

SPERE F AP ¥ SR ATERL NE EH ]k VR EREED

Pl o EETOE YR 3,500 20 0 A 20 S 8,000 2 PR F AR o T
o %ol kiR R AR AR R KR R B RRE T s £

SUBAIATHA M B A o o 1 SRR 2P S b K EH T MR eRY

FHHEEFTET D 13 BRI 29 B 02020 Ecnspa g R RV
119,024 & > 97 " 6§ o= § P R(CO) i3 o B fd > KL ¥ 7P hf 4

FoRkR AR RE Y 3~4% 0 VR AR EESEE AR (T HR s o s B
B TN E) EREN RS RS IR T g o L SRR NP G
B22020 #  FENGFLFTFE L SOMW F T E42BE 129 RAT » H7F R
65,815 AwEs F iLp s H P HEA2030EF 2R SOOMW hi 2 W AT R

D 35%endh Rt T oo
2. FRRHEE RS

KR fq"-‘ﬁf@/ﬁ‘“ CoREEARY TR R oS P BFR EREY L&
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8RR A AT

MR ATREL B B AT AR 2 SRR E X AR B
Bk AT i 1,500 B AR B RN & TR WERE X
ETASLA EAA P MR FRCEY BB KR AR R
FR EBE LD P KRR TR GEE T R kR
Rd AR S o T TS EREAA kR e S R hie v (e

BB AL B de LC3 kiR ~ FABEHE o
4. + Rfapk s £ 17

EAICR R p 2006 &£ v E B - 5 LR RS 3 BN Y > e
B F PR EFEL R MRDEAE SRR R IR DR A G S
i F 2 (786 =« T ) AT AT R R o L R L I O
KGR B E A 1.9 MW BochdT i BRSR HE < 1 10 MW 3T (N 4T e B
TS B R 2030 £ F I EE T E 10§ S/E > 2050 £ iE 160 F
HR/E o ¥ Jad AT BL S 1SR R AW O e FAE 1Y 0V E
BRI AT F ¢ ERBAMEN RS F RO R D F LR

AMHEY P ER M T IR RS WAL TR DT R RPN KRR EK
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CEZFEHRIBMBARAME bled 2 R KGR FREL L ARG E
W AFESEEEES
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4 4C 7 1L 2 ¥4éa

PRALPESTRRAA T AL c RN FRRE (P HAREN S
,;-;4)3)\{,&@14E1¥\1L§@#ﬁ%% gﬁlr’f’iuﬁﬂlﬂwig75°*\@q 25
EFAFET R BB TR R, 2 A 7w %% (Naphtha ~figi ) 1T 5 R

ke,

-

o2 ACHF AR EAFANE AL R BERAFET AT HEE L F
RS EYUREE A B EF ek F e REE S BT H
BRAL (doF e F(PE) ~ HF % (PP)~ & ¢ FPVOR L~ 29 F it H 2 7))
FIOTARIEANY ¢ AN R B R - HF A1 o DSt ] A )

PREE e EFE PRS- LY LA A LR

a
R T R E SRS LN ERE R S ES LN T e

> World Resources Institute (2015) % it {7 $i8 % F R FTALE 22 % 4 BeEH i 3 o
https://wri.org.cn/research/study-key-technologies-greenhouse-gas-emissions-data-management-
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