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it 1A 23T R FIHE WA & 1.5°C 1 p

1345 IPCC $372% 2021 & 23R en% = 3= 42— ¥ - 1 16/ 2(AR6 WG

o

Do AREe P e A F 3 F e amit s A st ang R { 448

0 &M KARA  Bap s (& 5 AF R ~BE kLB -258) 4 7
A A RET AR AT T AN LRI SRR R R F
FAAFEFFMERFE DA pE ok # 23T A A (1AL

(IPCC » 2021)873 »
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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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Impacts and risks associated with the Reasons for Concern (RFCs)
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Impacts and risks for selected natural, managed and human systems
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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.
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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 e — Pathways limiting global warming to 1.5°C with no or limited overshoot

Line wiqms 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 )

_ N Methane emissions
Non-CO, emissions relative to 2010 !

Emissions of non-CO:z 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

2020 2040 2060 2080 2100

Black carbon emissions

1

2020 204C 2060 2080 210C

Nitrous oxide emissions

2020 2040 2060 2080 210(
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o F R 3 2010 & £ R 2 45% (IPCC > 2018)%70 o i3 841 5 f
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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
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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
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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 | _ Socio-Economic Goals

* Produce carbon-free electricity
. Critical * Electrify energy services in transportation,
buildings, and industry
* Improve energy efficiency and productivity
by 2030 * Plan, permit, and build critical infrastructure
* Expand the innovation toolkit

+ Strengthen the U.S. economy

* Promote equity and inclusion

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

actions

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 SRR e
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AL R R (2021) 4 R
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7P A 5F) 7R i ® ¥ i~ #ir
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J J
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BEL el Y ’ 5 2\%\/\% Y 3@‘?3\?‘% 14.87%
k| 2FRERRS 1,696,500 | ® iR 114%
, 2019 g . o
BEL | P 9,359,429 ® it 6.31%
KLOE | @ -4 0.36%
k4 529,836 K 0
o 1# 0.005%
B A 723 ® kP 0.26%
*HkT 383,746 ® 4 0.12%
< FE 0
B4 180,813 ® A 0.07%
SR 101,058
w3t 85,009,791
R R 7,469,203 LR
1 ¥ 26.819.239 ® . 8.79%
= — — 2 |@ 1% 31.55%
ey 2 134100521 " | e & 15.77%
iR R ” 2019 g ]
B 833,643 o 0.98%
, KLOE e
PR 5,790,800 ® JRir% 6.81%
> ® iz 7.73%
: 6,570,657 ® LAY 2837%
i R 24,116,197
*TRER 2019 13.83 | B/+ =
A
NRBER 2019 442 % 8/F | ®P R B /4 T GDP
Hu £ A2 RRE R/
. 2019 5.56 %
EEHW | AT E
AR/
2019 2.38 %
A i R
AHREEEE
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
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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
Bkt RFlem AR RN L AEE F BEE 2 90% 0 5L & F A ORI

PRAEEFERE PR T IMER L AF A3 -F%EnhiLFJEA)
412050 B PR R A k30 # 2T RBELE T R AN RELS
oo R RESG RS H P s B p Rt (det 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) 0 it g i O ot 2 EH 4 o d 2020 £ £920.0%

£3 2050 £ 1 49.1% (3L HE) e v A5 L PFERALE 0 L0 5 L e i

ALAKBIBE FR"  F BRVRBEARL G PR > 22030 £ % AF FotiE

BORU  FF P EB o

2B AEERHEL (EJ)
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600 1 A CCUSH ML 5§

500 Bk A CCUSHY R 3% 8
e i

400 B BCCUSH B ART

300 Bk ACCUSHI R AT

A
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100 m A AR

2020 2030 2050
Bl 2A1 EFHETERT 23R8 R GRS R Y

T U1EJ (X ER) =105 4p 4 »+ 277,800GWh (F # & )

89 TEA. (2021). Net Zero by 2050. A roadmap for the global energy sector.
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- TR B T U IR 2T 2050 # T B #2020 F S £ 27
#7] 71,164 TWh> & 278 2050 £ 5 4 2% % 847§ 2020 &£ 2 £ 43 2 > &7
33415GW (Bl 2A4; BI2A5) 29 X B ehi 8 R 7| £ 8 2 i henfl i
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feod ARFLTELEEF

1““‘3
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B T UEAD wREDL A b AR S £
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® Phaseout * FRHEF T —FHFAPRRZIRIFR > RFFT 5 HEAEA

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

b5
BT R RS GER L REEROBESE LS LR R R

—

TRHMEE DG T RFHT T L2 BRI

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

-\

o 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 3891892893 e ’:f: F—_‘; Wi F.,a—.}gﬁ-;‘q']’ @/ﬁ’?q’ )(;1-11! » A 2020

£33 2030 EH R AFRB IR E TN R 2 Flhost o 22030 & 240 L
FATRETIHE A B E K T 2040 E 2 L BE]R 90% (B 2A.6) ¢
. o — i
z A A CCUSH M RH T
E . . W kERCCUSHMEST
: . B 4 F CCUSH LT #H
£ ¥

.. gt

l A B A AR

UL mk

JLfE
" ABAT

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.
81 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

893 kA ¥ % (2020) L EiFA XA T OB RS wHLELOPR.
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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2030 & 2_ {8 = K R i B F o it T 2050 & 3t E ouaE B] 821 TWh( 8,210

'\5

i
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A EEHBEARTL 13%RHFTE B L - FFREF 02050 ERT T
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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
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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
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234 (LU 22533 ) EraARon etz 3 rae &
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B R ENF RELE T AIARR R L2 FRAFRFHELET I E
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—
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e
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[

AEART A RERE O NFTEEFER FUE RN R T
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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
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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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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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v o PR é Bk imppme Ue 3 H &~ 5 B H L/2ELRE
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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5 TR B B S HE B A FI R A F i g e s
Ffe A F oA R TR L 17S5% B3 BABA RS RS 16.6%:
MATAN T S e RS R AL R R BT S BdFen- fA o v i 25.5% o B2

SRATECTR X B AR

5

T o R ok F AT BT B 8 fUEH4T 4%
TR e Ao g MARISNAENAT E LA T T A B R gge )t b
BORR AT I B RS PR E G AR Bl R A SR IR 2 &
G EARS s d o BB E T RO A AR L st A ana RO

e HEd WARE S VAR BRAARBEF BT A T 2SR
A5 e EEREIRFHNY P BB FEAE S T 30% B T IR AT

AL E A R BT AL & 2L E P 33% 00 2 r%uigoﬁ £ 3T

d
B GaA
30 5 S
S-Q limit
InP ©
oy ® ABX
X CIGe @ i ®
<. 20 CdTe GalnP
O organic
5
&_% CZTS QD {ABX3)
L Q)
10} Me-Si DSSC @
a-Si
@ Not recommended @ Sustainable and commercialized
5 ® commercialized but restricted © Emerging
1 | L 1 i
0.5 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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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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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

419



e 21 ARk FER RS

i
—

PAFBRFNA KRS FIR (T GRS BTR FAR2LL) B
EROR g R b g B 2 LR EY AT A MR RB )G g AU
Bokimo 2 e TREH ARSI R RFR BT R

A - R E ARk F R RORT R LA B ST SR L T
Ao RRME LR AP SEAEY TREDFF NPT ARE o Lt
PR E KRS R e S BT R R EPE T ot T LD SE e
926
Ab

B 5 EH

PELTREETE

[PRTA

ETIS
w
(@)
<
=
=]
ETS
)
b=y
s
s
ki
(\x,
N
Tl
3
&
.7“_
@Yﬁ
ﬁ

»L

{

SEE B ATORBREE R - kY RRE B R B e
B (FLW2A2)0 7 - 25 T RAKEF B RS TR K PR
£

R (upperresewoir).&éfﬁ%ﬁ‘ﬁfi% IR AEME L FREAREL T

iﬁﬁyw%&ﬁ%%&ﬁ?@’ﬂjﬁﬂ%?ﬁ%%iﬂ%’ﬂﬁ%iﬁ$%
SRR AR RS RARNRL S BBERBER A  PBER

B R R B E N kR4 g R 52928929,

ST PN BT RBERRF AR EE T HAdE 90 2 g0
2005 #RH)hE A RED R T I s # AR TR K Y
PELAS LI HEFT

RPURERFEVEIGW T 2527V 12 AR

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/
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2 MRS R WA I0OKW 24 PR AL as s
B B o & A /POR TS ek MR R G gﬂﬁ%’4lkw 3 3 100 MW 12 ¢

BT RRERRL R RS TR ES TR ) SR
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L~ 3] 3 1\
V)
8T L B P b
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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AEZRIP I 2 BT ARLEARE AN RGOS SR FTE
THETCBET AL REMEOET AR AT L TR
Wep LA RV E M TR T TFIHAE YR T RN 2

=¥ 2 SOk R N g = vk L OF g\ R ST B A
RERF AL DA 2P FEF L] S F B B AR PG

R8T hiEg 2 F R AR RBER LT

—~~
'—\
N
l-b-
=
oo

S
v
\.‘

(2 TS 2PFEFLART AL HL T RBR S 1526%: 7 5T

SPEEFT A RBEL ST CPRATHE ) B ARZIEFE S 10%

b

R rEZRE ZTARI I PHETT LARZ T FH80MW~180 MW (£ 1 GW
i

dot
e
(=1
el

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

944
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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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N
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d N Gk A R g § R P R L R

JHAEF £ TR S T e A f Y S aend h X R R4

»L

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

435



ek 4A B F B AR E RPN b

WARE PRlAE R R Y AP LA ARET A S D A AT 0 AR
2B 4A.1 #1oT
5 /AR 9 ; L) -,
SRR A . ilils da 82
WA & iy [ meTe > =— - @
FACAR/ S B p T
2R LK) il | i S ER R wazr | B - @Y% mummn
B MRAA(RE ST s = | wm RREREN | T
PSHEHER | mm il Z
49) i illli -
mowp RIS 3 — E‘ > B iy
EAEIN) $e 2 o E/AEEMSE BRI9 {
HMRABREEA P -z
BAELDE M o=V @ s =z v
b A R SR S A% T B3 B Yoo F FZ
rh INEREmS i G
Hazpen P BRAK po &2} 449
b 45 13.3% 422% 28.4% 16.1%
W 4AL il ¥ A s v o7
ORGSR B RS B (XA A B RAL LAY R
CBAG SR F R RN B R TS B RS TR
KEBEMHR > L TRA o SUBTHE RALE RIS ~ Wdw ol fes f3
T R EERG o R R FEEN SRR RR Y ] A A e
BARY A B TR BRT o SRS ES BT LTS R AL €& SR
B R REL ERE BTA e T ARG AT A A v T T
SRR F SN IBTIEL RS Ry NI EAREE TG
T OIE L é;@:{» et Bt e LR L )Frrnq'_}l ) ‘{;-g,bt_fug%?f;
€5 Aok g d % %72 o
971

joint supply- and demand-side mitigation efforts. Nat Commun 12, 2066.

https://doi.org/10.1038/s41467-021-22245-6
PESE RS & (202]) ERpEEE P BT RSP
https://www.chc.com.tw/source.html
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Wang, P., Ryberg, M., Yang, Y. et al. (2021) Efficiency stagnation in global steel production urges



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 £
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