


B X

WITHE
HTRRIREFRETE

Se & IR A R TR

1. JH AT AR R IR SR S B A

e 1) HL Bl 7

PR R R T 450 A HR
e i RE L2 AT e 48 )
5L AR L S AT 4R 4 e i
1 34 AT 4R 45 R IR 28

@ o & e

BUSHWFEEREFER
o EREHIARIEAG
o RABHEARIEAG
RABEER
o ALK HEA T R —— REBIREE R
o WAL B H AT R —— RS R
o ST T A
c B
o FERARAEAL
o RGN A IS A T R —— ATEREEAR

BEFR

f it E AR E R
MEER
i

B %
o B ORI AR I 26 i 4 i
o PSR ITIE W RR SR REUR A UF ——RE R o E

% #HmF2023F485H8

Bt

RE G HE Bl 1T R A AR IR 22 U IX — U A VE 2 0 N SCilk, R I B e VR
(IEAY | EHEBEUEAMRERE (EIA) o 5 B 1 5 s 56 = 1 TAE,

P2 A TeslaZ Bk Al i Bt i) ) 2

Teslalgfmg A
Felix Maire

Matthew Fox
Mark Simons

Turner Caldwell

Alex Yoo

Eliah Gilfenbaum
Andrew Ulvestad

Teslalmi o]
Drew Baglino
Rohan Ma
Vineet Mehta

03

04

05
05
05
07
09
12
12

13
18
19
20
20
21

22
22
23
24

26

30

31

37

38
38
39



MATHE

20234E3H1H, Teslakfi /' (M ZEH =R H) ——iZ5 5 Bl I 20 A6 . TR S 0 A NI RE O 2 I 4 BR AT KRR 2 g I 22 F ¢ it
AT T %o RSO 712707 35 5 BBt . B R IR SR R o XM % SN 2 R

AT = KA S AL

B 7 R B Jy gk 7 4 RL T AT A B

TR 4T AN (A AL BEmIURARNITRE, dakil T € W) B DT R AR R R AT M, B
RO A5 BE il AL 4= BR RE IR 7R SR 9 22 5F D > RIfHRE RV, AW R B RSBIX — HARAT R SR .
X HL R SR & .

A1 Ui FE S

AICRBL, BRI REIR AT AE R ER AT, BT M BB AR R B A AR R SR REIR AR B . ARV 2B RT I UM 1 2R &5
W, (BTG X PR R IE . #3E BE 0 M 3 B LA 5 AR — 2 8%, DU L A T N R RE R A R

24OTWh 3OTW 10734&%77: 1/2

b VA 8 77 CETLP) it e YT
0.21% 10% 0
5 T L oK 20224 2 FRGDP S 5 L

K2 FRE 2 = e 5 5E IR A8 i K T



HTRIREFRETE

RAE H PRI (IEA) (20198 A REIR 1M ) i, AEk —RBERM N EN165PWh/E, LA AR St N EN134PWh/ e, IL
T, H37% (61PWh) 76 31k £ o 3 3% 5 2 57 SV 4B, X 2 o 45 40 BRORHIT SR ARG o 72 bty | A6, DA R Al R b i A AR .
HHE27% (44PWh) K92 om CRIBAM AR D) AR T m it Smokit, A H36% (59PWh) i — Ik gedi L 8 A H
TR Rt o 5546 Wi R o S0 R Bl X 5556 % (Lawrence Livermore National Lab) 148 7 o, 35 [E A4 Bk 1) Ak I8 45 B2 07 TH A7 26 28 L
IR A 22

LABEIREDF (PWh/AE)

105.7:

KI3: EERGEWIE (12T %) K 1 B g IR E FITesla 97 #r

a. FEARBFFHEATIN, [HFRAEJHE 2021202240 1) (R AEWCFHT) M5 AR e B, 11202047 Hy B0 5 7R 248 1 R M AERL 201 Q4R AT T R I, X Wik ST AR G, HL 5 eI AE R A — 5.
b. AELHEF T AR G UR H I S SRR R, o R} s o A AR AR AR

1]
n
r
1l

4 REREE=ZRE—WIKERT LR RFEER K T


https://www.iea.org/data-and-statistics/data-product/world-energy-balances
https://flowcharts.llnl.gov/
http://www.departmentof.energy/

5T & B AL A B R B9 1 X

FEREVR A2 AT RS ML AL R B0 T, SR R R ARG JORE A AR 2 (0 K 22 B0 b il 400RR 30 0 30 e, 5 I v 0 258 i T S 1A 9 45 MG R — A T
e TR R Z R REIR BN (BRI R el ) o 00— R NURE SRR S 75 2 OBt 5 ) b, KB B H R ROR X ) A R LA T
I EERCEN R DI

LA 64> & it i L 7 S B 40 B A o AOA L 58 v R A A BB AE T BT R SR IR AT Bl . X6 Bl VR AT 41 T R R RE R 28 F 1 R ) AR ORI
IF P SN T R 2

TeslaB| HI L F GEWAE EE (EIA) 2019-20224F 1/ PR A die, 58k 1 %) 58 [ REIR 28 UF AU . MR A (R B RE IR & 1) CREVET ) 4R35, Teslafd
FH % [E AN 2 ER 201 O FF REYS Y FEAR B AU A% LI A 1~ X &5 SR 4% — s LU e AT 7 i, DA A BR 8 5F T 5 IOAT 3o XS B S 3 4k 10 1 S R A 15
ARGt — DA, RON AT ERBE IR T SR AR M B B SRR AN R, HL BT 2 B I IR A HERS B . i T RE SRR A LN IR D SRR R R R B A
B, AT S FEHEAT 1 s

A BoR Bl A B XARE . OKFHBE . DU AL BENUK REAL N AT Fr 82 1 R RKIE,  JF HUONELA f AP 5T RE th/E TR SE 1, A5 2 M) 5T RE W] RE 2 Bl o5 I 1) 1
HERS TR DS 5 o BbAb, B 1 S R A R I B 2 Al P A, AT B IR R 25— AN R DA A ORH IS o i TR — S P Tk 1) 3 A7 11 2 5
ARRAT AT L S () 552 it 8 T BE 4G 0 A R BE YR 5 0K

01 FATHEARBEIESIE BN

MR F REVRA S8 e, ASCUASERIBUA R/ NN 0 F5 SRAE MM (IR R AT 1. B BRI oR . AT AR REIR AT I L R H o v BR A 4 X
s, B TIUASEE X . KPR TR ARERD o XA R D SRR IR ME A, AU TR A HURI R AL <

LR FEEE N 25 1 ) il 1T HY — K GE IR 96 5P Wh , H 1L 774 ¥ 46 PWh . 1H 11 F 1L 11 S B FE 1L W ) B9 8 FMG, £FGE K g =2
26PWh 17 779 o 1R 1 19 20 /1] AT B A GE TR A W F 4 K 77 2226 PWh 1 7] 15 56 2 1

02 #EHmEzhE

FL BN 7R 1 RE VA I RCR L R R i 4%, XN T TR R AR S R G RR . REE I BhRe 0 LA AL 5 it X BRI 2R
BHREMSL Y AR LS, mERAPIR,

AR R T4 EES e KL
P 24.2 MPG 115 MPGe (292 FLIf/9EH) 4.8f%
BU-RE/ 17.5 MPG 75 MPGe (450 FLES/ZEHE) ¢ 4.3%
8H K% 5.3 MPG (Z&D 22 MPGe (1.7 FILH/5EH) 4.21%

KN B TR IR

. JH A R AR 1 5 [ /N Iy s & 4 K T fEhttps://www .eia.gov/opendata/browser/ A

d. 5426 PWh [ H ) Hh 4 3.5 PW h A5 Al , I B8 i it 3 R ) A0 IR 7= o R[] I 2 7 S B R HE 0 1R D
e. &RkTesladid) £ (-F Y REIH AR, HHiModel 3. Y. SHIX.

f Teslad:F 47 Mk Jas iy iy 8 i 11 4.


https://www.eia.gov/electricity/gridmonitor/dashboard/electric_overview/US48/US48
http://www.eia.gov/opendata/browser/
https://afdc.energy.gov/data/10310

5t & B L A AR89 1 X

PATesla Model 3414 [+ 2 fu /N B ARG 53 B, £ MR 2 BE SR N34MPG, Model 3HREIR AL F N131MPGe, &1, 2R Hif
3.9f% . W RBEE UL (PIITRAAERIRERED , X ERE S (K4 .

mm BIUHRE
L I Va5

| @ILRYEED |

THFE

FEHEZ Model 3

/&4 : Tesla Model 3 717 H % #; 19 55 FEX) 1L

9T E A Sl IS AR T L s SR Tesla B SCRY AN R R B (AR5 Skt LL I 50 58 [ %7 DA J7 B ] PR A i o i A il Y e O LR

BAEE) o BAURY, TeslaZ= MM sl ik, BEARAELCESUR100% B UL IBEL T, sl 4 i 7 s fimr ek . 31X — e o ¥ 78 il 75 3R 23 A W
P RS ) ——FE e v R P 2 70 78 R TR B AR T 50 % 1 4 A0 0 78 AT A I NI 5K s S E AN TAR 3% T PR 58 30 78 v I T R R o LA I

FATUAT 2/ T RE L SR AP AT A8, LT R 2 M A P P2 BRI P A i AT LR SRR S, PN, Teslaf AE1.7 R —IK, KRB
60% A FI90%. [Hitk, *tF MBI H SN S, HaEG LW Sihe /). RELL KR TR F#a 7o i ARl g, 3% 5¢ 42 0] DURHE o] 77 A fig
FR AT R AL 78 HAT A

BTR35GB FEE28PWh T L AT AL I AT HT B AR, FEEL G [ I S 0 297 PWh 9 # 7) ii K

6 REREEZRE—IERT 2 WHEAER 2 B T

1]
1n
r

1l


https://www.fueleconomy.gov/feg/noframes/45011.shtml
https://www.fueleconomy.gov/feg/bymodel/2022_Toyota_Corolla.shtml
https://www.eia.gov/opendata/browser/

03 EXRM. ARAMILIRERRE

NG T v ) o) A T ) s 4 B Ao A B TR A B R e B & M A V7, AAEREOR A AT LR T 4E L?Fur“llkLI)LII’J SALBERR . K AR BE
KEFHEZ M5, WANEHE FZ T HE.

® ® ®

Ho i J&

: J

Ar

N
— HF
—

ol

! v
iz ik & 4
A 5
> B <«
l ) l
ol # Z bR

W) -
©

&

KI5 . HF A T AF SR P

=

TR R REGEOEIA BRI EAR . WHE9.5 Btu/Whig R F TR AE R4 (HSPF) |, ZIRAE R AL R FE v 42 462 8 L i i
LEHHU%&EEMH’JHL/?%&)%” WA s R R AR AR A R, ORI (AFUE)D £9°890%%2. [A B, # R BRSO 9 REFEAR3 A%
(2.8/0.9) . -


https://iea.blob.core.windows.net/assets/4713780d-c0ae-4686-8c9b-29e782452695/TheFutureofHeatPumps.pdf
https://www.sciencedirect.com/science/article/pii/S1364032116309418
https://www.energy.gov/energysaver/furnaces-and-boilers
https://www.iea.org/reports/the-future-of-heat-pumps/how-a-heat-pump-works

5t & B L A AR89 1 X

G RE
B A

1.4
L
=
K
=
qm
<
&

0.0

A

K6 AT LTI Y 5 ] R AT

KRN

S e VR 5 B E SR 0L T 50 [ & T XS SR AR T B R AR SR B P s e, i T AR IR R AR IS £, I U A R T e A e AL
AR b BV oK o Tesladfi Y2 i 7y 75 5K 00 5 AN I 0 a0 28 BOR Al T R 9 RN B8 0 77 SR AZAG . I 1 B0 75 R 5 58 B2 5 30 R i k) ¥4 16 IF (1)

AT AR T, SRR AT ) R SR IR B AR, L ) v B A I s

72 R R bk B .

Wik T E R o Y A

A a5 B LI R 1 8P Wh 17 16 77 B #1142

[ #2500 #F 6 PWh [ # 7 75 3

R4, ML R A SR 2 2 “TS ik,

140

100 /

- //\\ :jfi
P 2\

& ——

Q

E}_

- /

’ yd

:0\ /,

5

BT - R By T HY PR (7 70 i 7 2 T 1R A9 &

10

HHmE ]

HpkE [EITE S AT LR RE IR Z B

15

20

1l


https://www.eia.gov/opendata/browser/

Tk AT

PREE IR B IA #)200°C A A 1 Tk AE /=i 78, than & dh . &40, i gURIRM Tolk, AT DLAGE AT R AR g s b 2 268, Al B Em &, A
TEER WA I ZE 3G I A% . ATEEERGE A A A, WD) 2RI 25 AR IR RFE I LI 2 Bk T R 4o i of) A (0 AR IR S QIR T 2 e e AR
MAERM KN E) , HNitTeslaxt AT s BLAYRER L iR BEVE BRI 20 ) (6 7 40 1 1 A0 AR %

BT e AetL (COP)
0-60°C/# R 4.0
60-100°C/#IE 3.0
100-200°C/#4 3R 1.5

K2 R HTRCFE A o, il

R FE B RE U5 S8 T ) TV AR EE R R, DA 2R 2R AN [RHELEE A AR SR, AR B A i) T AR AR A ¥ 02214458,
F2 [ RE IR AT BB Bt 1 SR IR 4% 1 DX Tl B T It A A OB 17 S A FE A T . Teslaffisg, Bids — 27w b AR A SUA AL IR S S il
), TakA AR A ] T AR AR P R o AR ] B BE B () Bt . A 45% M Tl AR P i R PR BT T2 IR T-200°C. i RSRN A A AL,
Hpr i ae s L AL A IR R 2. 2% . 18, AEARBIR Y, Teslaks Tolk A2 B i iy g 75 SRR ML L[] e 94/ i) 75 3R

1 11 A4 K ST 42 R AT 7S M 200 CHY T 279 8 T 557 T LTI 1 2P Wh 9 1 TR A6 J AL 0 9 00 57 775 P Wh 9 18

04 IR i B8 R 7T 7 2 I &

TR L A
R R (>200°0) BTk A R, Gk, T, BSR4 2, S ORAE T 2R AR II55%,  E R E .

T TR R 5 ) el AT DL B R BB IO, AT DUEE ARG, A8 AT AR BB FR I R I A AR () BE R A AR AT gt 8 Tolkad e
P AL Wb AE AT RENCRINME, e DL TR AN 5 AOINEE T s S (0, B AR BRI oot ) 128,


https://www.iea.org/commentaries/clean-and-efficient-heat-for-industry
https://backend.orbit.dtu.dk/ws/portalfiles/portal/149827036/Contribution_1380_final.pdf
https://backend.orbit.dtu.dk/ws/portalfiles/portal/151965635/MAIN_Final.pdf
https://www.iea.org/data-and-statistics/charts/industrial-heat-demand-by-temperature-range-2018
https://www.eia.gov/opendata/browser/
https://www.iea.org/data-and-statistics/charts/industrial-heat-demand-by-temperature-range-2018
https://www.sandia.gov/ess-ssl/wp-content/uploads/2020/12/ESHB_Ch12_Thermal_Ho.pdf
https://medium.com/antora-energy/turning-sunshine-and-wind-into-24-7-industrial-heat-and-power-cheaper-than-fossil-fuels-69355cdcde04

HRPE IR 1 L E B £ ) B A R

FhFE=HIE . B AEAR T T = E A A A A
5 it F A o FK e vh HME A R
18 - fif H B A
NERAEFHERE R EE
ARF 0 A B IR A FH T TSR I FAR A
7K AR
1% fE L (ik550°C)
Kol e (Fik2000°CEL D

FIOA : i #e— 8 1L F A% 288 I 11 7 AL 7 2 FE IR

AR AR AR

ELAEAE T 7 b 105 O A

KI9B : i F—— i 1L E FEHT AT He 1 A 7 i R A

FELBEL I AR R T 5 i A B R SR, DR B S AT A — R RE R N B ALl Teslack i syt A 7k e A D Mk L 5 F) o SR R AT AR

ALY A il B R GEAT 9 Tl Uk ) e i A 77 P B RE SR 2 o 4, LA IR R NO95% AR RPN BRI A BB MM X, R GAEAEAE AR TS W)
JRCHE DA AL A R A A T ARG SR o B98I 1 AT RE R R, ISRt 7RI TR T 1500°CH) ol Az 7= ) J LA b 44

1 B A 2 B RCF A 2 T A T A Er 200 CHY Tl 277 S B AU I REE R LU RO P Wh B9 1L 71 48 ) (/1 28 e if 28 21 77 £ 9 P Wh
H9HE 77 g K o



3000

© /K
® FAfkER
® &bkt
o FkA
o4
13
e i
o VREL
o JaZh
o
e /K
o
i
i
1000
500 ‘
[
o 500 1000 1500 2000 2500 3000 3500 4000 4500
o (J/kgKD
BI10: 1% H—— tEF NN
V[T BTGNS T e e
Bl REEEHIEH TG ERL A=

SR, ERNBE AT AR AR AR, IR TR LR S RS R A A AR T B AR SR A A B A ) .

IR CREVRSRIZ R, AW FEPE SRR b BE bR CREVS SR EE AR, 7 A A [ AR B S A 7 it P H A 9  HT BR B 77 ) AT RASE I AT
SR

R 1 ST SR b R T
o R L R A 7 B
OB N EBOE R T2 R B

BAr

AMZ5. WIESGT A (RBNFesO4) FT g i S 4% i TR 34 i s W i 5«
HIH K 5

- Fe,0. +H, = 3Fe0 + H,0

- FeO +H,=Fe +H,0

o EERITH SRR B A gL

g TR R A T LU A R A R SC L, X RN, (TR AU R R, T LR USR BT RE A, (EIR I Y T AR R S .


https://www.bostonmetal.com/green-steel-solution/

AR LR T TR AR B, A BRAT R S 0 R BN BZM/5E . AR i ORI AL — 55K, 5 22207 2PWhIK AT {75 H jh 2021,
Teslaf o7 1 il ST HL 0 5 sRBEAE, BT ohoflg i ) 75 SR AT D B B 7 SRR A 30 G, 3 T i OB (B H AR R SR AU AT D R Bk T T
IR LAy e KR IRLI R AT o AR, FATH T4 A7 AR A3 6 B0 PT BA SO v il it s B oh, SRR Sl 2 5 30 % 2 A I BL A
R AE AR . WEER, AR RO CRLandh ) EIBE B R A IE AN, S Ou ik SR PR, T REAE A S AT M RERE DT R .

£ A0 S5 7 LAY IR 6 P W 7 £ T R BE AL, DLJE 4 (2P Wh 9 95 IR A 028 77 MK T LY 3 55 467 PWh 1 B34 1%
AR 1

05 7E WHLA AT AN b B W 2 AR IR

I e ST AT 2, K Bt A Bk i A2 FR A AT B S A R AT 2 b PR R /N B R TSR 5 R T R S T o AR T s R U ) R
P AERWEIS RN A A RI3.2PWh o 0 R N A A9 1545 A AR AL S, e A s, R A RIS L2 2. 1PWhf )28,

BRIV O 4o B AE 1) R b BB R FE AR, SRR T R DU R A A ROL B TR AT B S B A A es, KB T HE UM o5 TS AT REJRI AR 180 %
(EEREREE 850120 -& T MR 1 AT ek 9 A AT 35 75 W )7 AR OB R RE o X A ORI A R T BRAT AR T, A
— AR AT R O B R R A BR AL A ). X SR W A RN S AR AT AT iR 2L, REEE T ESPWh WAL Ty, Bl

- BEBARKEAR

- BN AR A 28

- R A RR N A ) AR

T B R BB RNt AT CLAE Y B b SR SR R SR O R AR ) A OB A O IR s B, RE R R S v A R AT DS AR TR
A AT B AERONE £ R B SR

TeslaXfs & A 7 1 HL ) 55 SR I B8 D9 A 4 2 R 0 PR ) A0 10k 7 5K o & F R 0 i A PT DOE e A RORE i 7 B R OR S B (IR B P A
121D o IS R ) SR AR B AE E IR BRI R

P IR T BLHT T 5 2L 75 AR g (B BT L BRT PWh T 16 77 S #4118 0 4 57 PWh 9 2 I 11 7 i 3K

06 i #F L REIRETF

FEST AT EL RISV I R S il e AL ORPHAEHIMBAR . RUERA BRI i) FRE L2 AgH ). X L ) i SR d oy AV STt e i . WITER . [ e
HRR/INR R . S VR LIS, FTIE AT e IR D ——REU L .

h T H A0SR R, BOE T SR A R TR (BORIRR A # 2D o B ELE BT A R AR R I e AR T, R SR o B SRR R AR U ZUBT G i BE &, IR L 5
gk ) A LB
i R [ B BE U 0 KR 85 % 1Y R AR AR BE IR FE T AL AL AN AR


https://www.nature.com/articles/s41560-022-01065-y
https://pubs.acs.org/doi/10.1021/acsenergylett.9b02574
https://www.energy.gov/eere/bioenergy/articles/sustainable-aviation-fuel-review-technical-pathways-report
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7712718/
https://www.iea.org/reports/direct-air-capture
https://iopscience.iop.org/article/10.1088/2516-1083/abf1ce
https://www.iea.org/reports/hydrogen
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7712718/
https://www.iea.org/data-and-statistics/charts/natural-gas-consumption-for-non-energy-use-by-application-2019-2025

BIY2HAFENEREFRE

SR 6 A A S T R E R, SRR RS R A RER ALK — oK. Mk, Teslafli kNN BOAS e U 1 A1 A B gy JRE IR E AL o
T2 XA R R RIE BE RO 25 75 G800 LK SR 23 A DU T DX, P A T DX B — 5 FX A i B ) S A ST, g R A DY A U5 4F - (2019-2022
) BT R — RAVAIR A s, JHRYEILSE i TR i (NERC) [ X Isefh (JEZH & fier (SERC) &, THfH Jy i %
e (WECC) &, BNy fatEZe i 2 (ERCOT) 32) A () 3 Sy FiL B A% ¥ I AT 24 3 7 0 1 20 o il A5 D3 IR) 0 i Pl PR ) o 881 5% Sy il 7B
GrHIREIR R SR A 1 o

FRAR X 300 e ) L

K
i
-
B

T L X TE

Joo I PRARREAY T LLR S S R A T SRAN IR AL, R SRR T Iz R i, BA RS SR S E B TR RS (I, AL UM S T AR R B L B AR R O BRI
BEVR RTINS T A SRR R A AL A, AL T 20 BT 14 DU ARSI B/ INE 53R A /NI 2L HEAT TR BE DA AL TR o 2R A e IR A BE st — 2B Ak, R T AL AR B et
RN B R IRARM, AEAERER AR AL, IR RS HEAT T LA WTE e 2 B SRAN L T BE A AW NS I P R AT . o SR A R SR (B, fE—BUN T, Al
HL D RAAHREA A BACIALE) | SRS A AT SRR BE RS (B, D9 T ORBAT LR HEAT & AR AL TR, 4NN RAZ I 2 D R AGERE) o IR BO o™ T it d i, (BrEsEAS
B BenT LA VA B 2 ) ST SR AU

k. 7E C BTl R K A 2 Ah AR R T AL A /NI 16 % 38 AT A AR i, LUR DR R FURI it B AL N — R AR AR A

1]
1n
r

13 HERES = AE——IkE RS AR B T

1l


https://www.serc1.org/docs/default-source/committee/resource-adequacy-working-group/2020-serc-probabilistic-assessment-report-redacted.pdf?sfvrsn=58904e0c_2
https://www.wecc.org/Reliability/TAS_PathReports_Combined_FINAL.pdf
https://www.ercot.com/files/docs/2020/07/30/ERCOT_DC_Tie_Operations_Document.docx

1800 I I I I I | I

1600

Hik [GW]

200
194E1 H 194E7H 2041 H 2047 H 21461 H 214ETH 2241H 224TH
BT [ 4 [ T I 5D A R - PR Tok B T (<200°C)
[ ey I A A
o #= e
. A (>200°0) I ST (A SE R

Teslax & A X A REAT K BH R BRISEAT AL, AEBERY b 5 1] 17 4% X% B AR/ IR R 0 CRDRR R LML A AR/ AR 2 0 ) o i L AR A
PR ) d KA o FRATIM ) S [ BEISA 1238 2 A1 1A 17 2 JXURE /R BT BE A i A o 17 4% DX IXURE AT K I RE AR R /NI 2 B A 48, MU 412 81 - X A
T3 BRI VR R ) 22 Setm o AR AR TR Sl i F £ E” (Net-Zero America) BF%, AR REGIT T #H:5, IR ATHE M3,
A LI (R RCRE MK FH RE O R /NI 5 B 2R 405 I TR ) SR R B0 PR BT s o 5 FEL 9% DX - 24 7 B R ORI 7 SR B 3 BT s

I ST HUAT MG R R R AT B S [ AR 15 2B A 0 5 A W Y DA b R e b X A P 0 L ST A 27 )04 2 96 BRI S U e DR Pk 2 R 00 17 sk B KR R L IR AT 45005
lisEARk .

. AR DX AR R b XA A K BE e B AT @, R R A RA R R EERCRRUR R B Sy KRR T IR NSRS, B £ T I U R S @ IR, S £ 05 H
14 75 5k 2 0 NN/ L B AR e, R B AT T B A L T R e S, BT T b AR R e R


https://netzeroamerica.princeton.edu/img/NZA%20Annex%20A3%20-%20Inputs%20catalog%20for%20EER%20modeling.xlsx

90

‘90

80

70

60

50

%\

\
30
B

PRTeY WU N

ool il

N 14|11H 19}7 N 204|11 T 4‘7H - B 214t T 1‘|17 2/‘?1)4 o 24137H

12 5[0 15 % 1 17 R 19 7 A R AR PNl W
X35 NS =Y NS ik [PWh/F]

R 29% 22% 4.6

v 7 3 40% 27% 3.6

K 36% 27% 1.9

T 37% 23% 1.6

43 34% 24% 11.6

R HDCHEHY R GE T[T S LT IR PR 2 T 2R DR i K

Lk J lelhm{tﬂl .h\ M.'L I

IR R E BRI A . TEREIR I, AR MUREEF B AR I Bk H b, SRR AN AR RELL A o 2R B DX )y v 2 A B4 T o o

N T BRAE AT S A W ) R, A L A i OR B BE R REAE 2 0 LR S IR e 7 6, IR 2 SECF R M. 2 (1) K FHREA/ B RE A
T AN # R, (20 fRRERE T, (3) WA A L RE R 2 A I F A B A DO, At 2 AR S I R
fO AT PR AR BE YR R R AR R L R I AR BT R LR R 0], AR AE R DR AT . X AL AT RE 2 B A PR I PR BOR R R BT A AR AR A, E AR

R s St h, B SR R A A e R e 2 & th & R BUB2% I FE .

n o HFReR BB B R A BT

o PRI AR A )i F A N 3TGW, A3 T R TR AR 2 [A] 28GW, K
o RN X P A L S A RN D9 1.2 TWE A, T84 o 6 R 2 3 2 ] PR R A AR %/ BTGW e ELJE F AT, i v 8 B S I AN B X R UE T SR AR % (B, 1905 0
WA o AR R, N RRAT T LA A AR RE AR SR, (R, 7ERRBCTE B M A R DR CE 2 R N B2 A, AR SRR .

J Ak R T AL A (BB % M BLR S, @ iy CO&M) (¥ [] 5E AT 48 pli A .

AN PG 2 7] 924GW, A SEB TR T 76 3 2 (7 H20GWoo X SEREAR 24 T e XA (i 1 98% A A7« 9, FEFRATTABEARY
A R, AR

7 2 BEL R



PAEREE XA R TS A2 AR RN SRR, SR U CAF /. 20204, J5KE 2 19%IM R REA Al i L 202248, fNJHB% AR RER HL
CIpASL /G E R (CAISOD ) #lFil, JRBRIZATIRE, @l k EAAUCER ZRGET AL, B AT A2 Ry i i R 4 Rk L g8aeas

AT 2 RE YR 20 Y AE RE VST 0 I U198 01t 70 AL 9 BR AN RE VS HE VY B B AR, (EK 2 S W R IR 1 4 11 5 SRR T

FER A2, BRATHIRK 3= B R AR St Ui W RN R BE RO B0 o oS 1 A8 b A RN A BE R R S 4 (R R O T A A [N K B RE S
R ep Ay, A A B T 2 T vk LR DL

1,200

GW

10H31H 11H1H 11H2H 11H3H

......... nuﬂﬂHﬂﬂuu----__--_-_--_nﬂﬂl]ﬂﬂﬂl]ﬂn----_--_-_---_-Euuuuuuu.____-_--__-__.Buuuﬂuuuua_____-
| B | Wiy AR BN kmaeek - K

WA BT R AT MO ATRAE TR | T

NNl L R — AR [ N e

— EWR

BI13: 2019 4 3 [5 5 31 IX B 17 A B I 1 48 (A6 5539 1 17D


https://www.ref.org.uk/ref-blog/371-constraint-payments-to-wind-power-in-2020-and-2021
http://www.caiso.com/Documents/ProductionAndCurtailmentsData_2022.xlsx

900

30
800
25
700
\/ 20
~ 600
= i
O ~
- =
2 =
4 -
0
10
ﬁ
il
029
Jm
i
401 l*\E
5 o=
300
0
1941 1947 204FE1H 204E7H 214E1 214E7 221E1f 221E7f
B14: FE B I S A 9 E TR CH T D 25 HhL BT A A B A+ RS R
RS
EE4T, SRE—MRAEE A CREFEMKTE) B, SRR RIGA TR TRl B FRREBUR, KPHAEFIREER AR S FIRE, B E T4

R BRI, AR R D, TR AL TR I SRR AT .



fi# BE 332 AR TF

X[ E BN ], Tesla s BRI 24 H Al cOHUBRE 5 (A RE SR . BB 7~ it 4R 12 LiIFeP O/ S8 BB T i . B BRI R b O
SR R EIBEh, AT TR R B R RATE . BRSO EUR, I )R-E A (Fe MFe,O 3% Ak i4 7 S M)
HEA RS 7 R, B IS BOR R BN R AR AR B R 3 L

2030-2040%F whemk | RO

fee HoA b |ceuti| S | EEEERE | Rse | s GaRt

Bk I (15/hE) $78/kWhr $15.009 95%r ¥ 20 SO0} Y R A7 A
= K& Be >$270/kWhae $17.8042 80%44 N 100 4 <26TWh (i) 38
' Gz * * ' AATD 100 o @

HAL %%4%8TJ\EE‘?I{? $184-$231/kWhr $0.8022 95%r 365" 20 4 =

“n TVATEN NS 19kg @ % 98% % 50+ ¢ :

K4 g FE AR A

p. X ACLIE fif BE VA A . ARGV ROAS L A 4 PR
q. WHEEMIIHCE . 2R A UERGE R .


https://www.nrel.gov/gis/psh-supply-curves.html
https://atb.nrel.gov/electricity/2022/technologies
https://atb.nrel.gov/electricity/2022/technologies
https://www.nrel.gov/gis/psh-supply-curves.html
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2022WR032210?af=R
https://energy.mit.edu/wp-content/uploads/2022/05/The-Future-of-Energy-Storage.pdf
https://www.osti.gov/pages/biblio/1840539

& BRI

TRV T AE A R REIRA T 2B BRI T AR BOR . Teslait i 52 [F [F 5 Al A REIR I8 2 (NREL) X§2030-204 04 (R 7L AN MR 2 1 22 L (R

FRIF S T 2 A
K 2030-2040%4F %45 i A
KPHRE $752/KWik+ T %40
i LR e $855/KWA44 + T 40
3 o6 $2,401/kWAA-+
W REE T a0
i $4,200/k\Wae
= %$7,000/kW
%o $10,500/kW
3 $5,616/k\Wit

HE: KB FL

P A B

(=

AN AR T O R b AR R 5 B R

IBHERA

(S TTIKW-4)

$15.974

$27.574

$76.5144

$61.4144

$127.354

$99.3242

23-28%4

36-52%40

48-49%42

g

>95%:4L

8 A fi

30 e

30 s

30 s

100

<80 &

30 fFad

R R ) 2% 1

FEMXI RS 140

FEMXIRBHRSAEA ) 40

RIS EHESAEA ) 140
JUPEZR 8 XS] H AR

152 GW
BE AR i H

WA BRI H

WA HELH

FEBARE S URFRMED

<153 TW
(AT i) 42

<11 TW
(AT i) 42

<1 Twai4

<152 GW
GRIFLATE ) 48

o
(HBEHEED

<100 GWu

BB A A S8 AT A ARV SR B S (NREL) (20194 KGR A A A ) LL2B4E LA frfE 9 2%, (NS0T A BE A, I LABOAE i) F 4 iy G & 1 SO AR Hodis
AL B AR S KT B S T R URAE L OB R RO B AR SRR D) Y B AR S KT 150 % -


https://atb.nrel.gov/electricity/2022/technologies
https://netzeroamerica.princeton.edu/the-report
https://www.eia.gov/outlooks/aeo/assumptions/pdf/table_8.2.pdf
https://netzeroamerica.princeton.edu/the-report
https://atb.nrel.gov/electricity/2022/technologies
https://netzeroamerica.princeton.edu/the-report
https://www.nrel.gov/docs/fy12osti/51946.pdf
https://netzeroamerica.princeton.edu/the-report
https://www.eia.gov/outlooks/aeo/assumptions/pdf/table_8.2.pdf
https://netzeroamerica.princeton.edu/the-report
https://netzeroamerica.princeton.edu/the-report
https://www.nrel.gov/docs/fy12osti/51946.pdf
https://atb.nrel.gov/electricity/2022/technologies
https://netzeroamerica.princeton.edu/the-report
https://atb.nrel.gov/electricity/2022/technologies
https://netzeroamerica.princeton.edu/the-report
https://netzeroamerica.princeton.edu/the-report
https://www.nrel.gov/wind/offshore-resource.html
https://www.nrel.gov/docs/fy22osti/83650.pdf
https://atb.nrel.gov/electricity/2022/technologies
https://atb.nrel.gov/electricity/2022/technologies
https://www.energy.gov/eere/water/articles/hydropower-vision-report-full-report
https://www.eia.gov/outlooks/aeo/assumptions/pdf/table_8.2.pdf
https://atb.nrel.gov/electricity/2022/technologies
https://atb.nrel.gov/electricity/2022/technologies
https://www.nrel.gov/analysis/tech-cap-factor.html
https://atb.nrel.gov/electricity/2022/technologies

RBEER

WRFESIMBER——RERRER
X RER YL, FEBIRGR R RO b, AL RN R R R A MR REAL 7

WRRITR -

RHA EHAEE (GW) L BEY (TWh) gAY (TWh)
it E e 1,971 6,060 1,721
b 64 212 62
KBAfEAR 3,052 4,046 2,431
ZaE (A 99 699 I
E=S 152 620 x
At 5,338 11,637 4,214
il i/ H Al AR AR (GW) AR (TWh)
8/ LS - fifi g 815 6.5
Tolk gt 453 6.9
v e 418 T
fitEx ¥ 107
=47 1,686 120

K6 N T 5

SEAh, BT AR AR UK PR AR, 72200 2 A e S 1 8 Akt b, AN 1 1. 2TWhi 4347 20 s it . 3451500 /5 7 i A1 R TTUKBH Rk
AR AR il RE T8, 43GWARSQF) S HI E THUK FHRE A Tk RE,  LLJe 2/ 200GWEL I BLA % HI A LA S (Al RE T v o A1 Ui BE TS B 2 I i o 4
RIHMER R, BAMEEEE AR e 2 iR AR ABRAELE PR RIRZ) . thin, 2 5RTORBH A BRI, ol i i R ki B A 28 B 2.

L BRI F WL .

- PR TR, IR RE LI, 2SR 2 PR XURE B E A HL o BT XURE/ A BH B R AR 1R B0 T T 20 A R L o

- BT S A B HE 8 A7 T SR SR 17 8 TWh IR 2 A R

S [ 5T R AR YR SR80 % (NREL) fE WIS AE SRS A, WA =02 B T KA. B A DA /NI GE LR AT Tl (C&D #E A#& F A HLEARZ T .

< x g <


https://www.nrel.gov/docs/fy18osti/70901.pdf
https://www.nrel.gov/docs/fy16osti/65938.pdf
https://www.greentechmedia.com/articles/read/the-us-has-145-gigawatts-of-untapped-commercial-solar-potential
https://www.energy.gov/sites/prod/files/2009%20Smart%20Grid%20System%20Report.pdf

HWEMBESUER——2HRERER

KM Rt K5 66 PWh/EE ) AT 45 & e v OAC AR S8 B 1 REJR UK (K1 125 PWh AL A7 R RL 2o 55 A ik 7 2850 2 Tk A R AAM 4R 4P Wh,
FH T ) 3 i 5 0 Rt KR B VAR A ) A DL IR BEE 2 LB 3 4T3 AT RS B R 8 T —— BE IR )

R R PR S YT OR6 M5 S, Teslath 545 th T W 2 i 0 H SR BOR R el & o WnRT AR, XA 9 B RE T SRR A R ke i ik — 2B
A, B9 e R REIR T RAEM R L S WA R, BT 2 B A A A2 110 4 o bR T B IR0 ) v R PN B A PR, RATBU E AT T 2047 .

AL ES [PWh/4E]

BI15: A IFAEREIRZEF 28GR AN T T 2 R BE IR 5Y,  [5 F GE IR 2 i Tesla 19 4 #r

z AR AR AR L OPWh AL A7 BR RS A 4 4 A il U5 & W 4

1]
n
r
1l

21 HERES = AE——IkE RS AR B T



32 18 15 ¥ P 75 RO RO

LR

MR H PR EHEE R h 2 (OICA) W%, WA SERG 144026 54, SN 285005, it /N BE, X564 gy 75 %

112TWh# Hijthea,

H 22 B HOR BEIE I e R A R, R e ER A R R A

v S L HURR (Y R B 7R W] DLRE MR RE R FZ AL 2 M (CRERR R D , M KNI a EH E R ER LT @R (RED .« AR )

BFUCE A ER A TR T~ . SRS EIERBNZ HATTesla, Teslaflt b i AU 7t /N 41 1F 78 A2 7= 10 RG 45 64 B 4l 15 4%

Hh AT Teslart /i i e ditaoh cowny | EIFRER T e gppm s | askmari (wh)
93t} [f5E] TR T 53 42 686 36
2kit] Model 3/Y TR AT 75 24 380 28
eSS [f5E] R 100 10 163 16
j@?@‘isuv '\C";g;',trslﬁ(k LT 100 9 149 15
A (5] BB 300 1 5 2
FEREENR S Semi (1) Tl R gk 500 1 6.7 3
mREEM R Semi (FE) R 800 2 13.3 1"
A - - - 89 1,403 112

KT : W3 F ARG

aa N T ORE S 100 % G B AR AT O LA RE, SRR B IR CTRND o A EROR T R B AN R i (298500 78I/ 4 ) Z R T I B 92 o 3 bk £ 4R A
AR o AN TR 20 S 0 R B 22 S AR b 4 RO B A5 B A S0 o oy T X B AR R A ERRT L  Tesladd 56 [H PR A A 9 bR BUBOR T 21545 .



EREHNTFEREE

4’_ 3 J’

- ¥
=
J

- S N
-0 6

A AR L
WAL AR R R T0 . BRI B T75%THEL, W 2 B2, 1 PWhIF 7 5K 75 240 TWh ) Hi ok Ay i i BRI HL o (2 150 33 % 11 1l vt 75 22 00 &
B AR IE R, B A67 %0 il N & AR &

JE IR R (LFP) 1IEM. T aig ki, AR Z15,000% F 4K KHLF A 20% 4 H7MWh
(LA SR At v, B4 A LT HE0.02TWh i HL e

v =
A AN =N

2R

IR LR G ATl T, S B T A R AR T AR L X e Y 2D

LS o

1EMK EHEARE (TWh)
AR AR B A 12
AR BERR kA 28
KL AR 0.02

At : 40

%8 : )N E B R A A E



HSUMXBEHAERE——2KRRBEER

ROBL: AT LU AL AR D F ORI A A RE AL A, R T X HB 5 0 AR AT QAL AR BE
BT oy e B A B i B T 2 LB SR A NI RE XD £ 0 20 I

R E U R -

o (fvf/%) R crwhy | Tw)

FH R AE RE VS AK S BLAT H I - - 22.9 - 6.8
e i B 5 112 - 3.7 - 3.3
EFH Eﬁ;ﬂi@ﬁiﬂ@miﬁﬁ ) ) 6.7 . 2.7
A g = - 4.1 414 1.3

CIESE g - - 4.4 - 2.1
E'E*ﬂ%ﬂﬁ%}j:ﬁﬁ\?ﬂﬁf RELL ) 40 44 i 21

REVA
At 112 40 46.2 41.4 18.3

K9 AL AR T 77 KA I 35 K K R A S

T A IS i PTG A RE

RUBEAH
(TW)

3.8

1.5

2.1

1.5

1.6

1.6

121

KFHRE

o R o | R WD g

10.6 -

4.9 -

4.8 .

2.8 -

3.7 2.5

3.7 -

30.3 25

R HL i RE AL 13 B 4K

(TWh)

642

642



EHRVLGR ——BRSUNXESAATER

ZRERANE & B (TWh)

250 44 240
200
150
100
50
FERT AL R VS SRS BLAT HL Y Ferm i 4 R AR el it e EESE 3 FE AU AL 7 F 7 R e &t

H10: g aE R

AFHREFRKBERE (TW)

35

15
11

FHRT PR R AR SN HLAT FL I Ferrigh 4 B kaE el it e CIEs 2k FERAURIA A 7 F 7T R e ait

w1 KM FERI N GER AT

25 REREEZRE—IERT 2 WHEAER 2 B T

1]
1n
r
1l



BEFEKXR

\\,
3

AR A L P B AR A e T R A R R AR NORE MRk 5%, DL R SR N 2 e o ) 36 B PR A R e R R A L PR
LS CHsRA™) RSt ket o 7 T2 S A P R 1 AR 4

PRI TR N NI EE =Y (1

FEGGTH: B B AR BRL AR, BIBRERIEL.

B 7 —IHARIIBEASON AL, SRR IR WG 20 4R MR AR5 % MR P B A o MRS, FTH/E AT R AL REIRZE5F P i A gl Rl RO b 75 BN
10731237000 ML, $%MH20224F B 38, 204 RO A RHII BT R S Ik B4 {22 Tae .

WRFEREEF B ERAE R T REMEAUARERBERELRE0%

$16
[ RETS
$14T [ B
$14 Wl A
$12
$10T
;{E $10
N
=
wo %
-l
®
% 36
$4
$4
$.
F& 20224 I T R X AT RS2 IR 4 DT 20 4F R
KA R RN 204 3% 7%

K16 H 57 H AT

bb il W EIETE A TWhiK) [ 2 AR AR Gk EE (LFP) ruithfiffie, i il ity A7 2048, 84 BTl A it 0 (K IR R 434 2.3TWh.,
cc UM MMBERE BT IR EHL. KIHBEEILAT . dil . R EIRAR N SR KR BN MR DU R L B SE A R A R R R AL


https://www.iea.org/reports/world-energy-investment-2022/overview-and-key-findings

RPFHAE AR T

R

B

LA A L)

] A Ak 2 L T
(fflfiMegapack)

I B A R )

B H-RA A M

IF8 S R A

P - TR Ik

HL) 4 Lt B AL

W7 5 254 rbL i L3 LA 2

HLfi Al

BAl3E (A BRED

WIRE A (& AURED

ST

it

#12: REHME

HLA

GW/4E

GW/4E

LITEE

GWh/4:

GWh/4:

GWh/4:

GWh/4:

GWh/4:

GW/4E

GWh/4:

GWh/4:

KW/AE

1CO,
4

i/ H

kg

e (R

610

402

89M

11,488

2,310

2,070

9,178

2,310

1,013

9,178

2,070

2.5B

800M

5.5M

BT AL

$347.3M

$26.5M

$10K

$95M

$10M

$24M

$91.2M

$81.9M

$136.6M

$24.1M

$16.2M

$230

$200

$70K

$19

Ll E R

$212B

$11B

$890B

$1,091B

$23B

$50B

$837B

$189B

$138B

$221B

$34B

$30B

$577B

$160B

$385B

$362B

$5,211B

ST

(1452045 % 1 4k K

BAS D

$424B

$21B

$1,780B

$2,183B

$46B

$99B

$1,674B

$378B

$277B

$443B

$67B

$60B

$1,155B

$320B

$770B

$725B

$10,421B

TR RIS

HR4iFirst Solar B f7 L5 1) 4%
B, n K B RE [N P R A 5

P EBAE B
B SE AT M P 218
AR SERAT W P2 E, B el
B SE AT M- 28

P ERA B

%%Z\Fﬁiﬁ&%ﬁ‘w\]éﬂ{ﬁﬁ%ﬁ
IS

>

FEF ATHT AR 1) AR S AT
Ak E

%%Z\Fﬁiﬁ&%ﬁ‘w\]éﬂ{ﬁﬁ%ﬁ
IS

P ERA B
PR 5E

53012, To il i B A 52 i+
BRI Ryt
JITH #44% 3001235 70

RAPUTACHE (PEMD HR; R
AKE DT S b 7 2] i 2esa

A R R s AR R 5
Bty 2 > HH £ 3488

AL H ARG S ) 255 i i ae

19 7t/kgi2


https://www.nrel.gov/docs/fy19osti/72740.pdf
https://iea.blob.core.windows.net/assets/78633715-15c0-44e1-81df-41123c556d57/DirectAirCapture_Akeytechnologyfornetzero.pdf
https://carbonengineering.com/wp-content/uploads/2019/11/APS_DAC_Report-FINAL_Original.pdf
https://www.researchgate.net/publication/271200536_Establishing_a_European_renewable_jet_fuel_supply_chain_the_technoeconomic_potential_of_biomass_conversion_technologies
https://www.osti.gov/pages/biblio/1840539

KT RN K. BT b RNE U R B TE 2 VR AN B RS S8 TR RURS MR 1 M 1 A T A T AT M AR e A ST S A 1 P A B

PR

i

FREEME (D

%

ol

HK1BA: FISfHY 157 MR R

LS

i

i

FREEME (D

B

%

ol

HK13B: FISfHY 157 M R T

L K2

kt/4F

kt/4F

kt/4F

kt/4F

L K2

kt/4F

kt/4F

kt/4F

kt/4F

kt/4F

kt/4F

kt/4F

e ST

$51M

$25M

$10M

$12.5M

e ST

$20M

$30M

$30M

$14M

$17M

$20M

$14M

TRkt

2,850

6,785

10,446

6,600

Ry BEASH Bt

TRkt

2,850

16

6,785

6,025

10,446

6,600

530

Ry BEASH Bt

e BASCH

$145B

$170B

$104B

$83B

$502B

AL

$57B

$0

$204B

$84B

$178B

$132B

$7B

$662B



B MM

B

R )

i)

BT

L R R

H13C: BN 52 T

e i F A

R A2 L [l

Here it [ Wi

KB fE e AR [l i

RBE AL AL [] Ui

H13D : BT I 52 F

Lk

HTES

GWh/4:

GWh/4:

GWh/4:

GWh/4:

L-Eina

GWh/4:

GWh/4:

GW/4E

GW/4E

WAL s

$10K

$80M

$10M

$10M

$24.9M

WA EEL/ AL

$15M

$14M

$14M

$14M

89M

11,488

2,070

2,310

9,178

KA B

11,488

2,070

610

402

KA B

e BA S

$890B

$919B

$21B

$23B

$229B

$2,082B

I BEAS S

$172B

$29B

$9B

$6B

$215B

TR SRYE

P A S AT T 4

PR S A7 kT34

P78 £l 55

HRERYE

P A A

P A B



o b R K

X BH B 5t e ot 3 TR R 7 SR AR 2 [ 95 48 A e ) s B 5E (LBNL) 0 S ] 52 B 0 1187 SETIE PP A5 7 50t R 9. % SR P AR KB, 2011-2019
2 2 (1 [ 5 R YR R BT A0 b T 5 5 2 8 JE /MW CEL, 5 FH 1.4 1) 5 4 L SR MW d e i AMWac, KETE3. 998 ii/MWac /i 47 . M1k,
18.3TW i1t 42 3R K BH 8 L B LR AT S0 75 2R 297140 5 85w, (5 A3k L3 B I FA36812 2 /T 1170.19% .

TRV T £ o 1 THT AP 575 SR MR 5% [ [ 5 mT FEAR e YR S0 5 (NRELD 19— 50T A4 5000 o T 0 R DL, A MWV XU 10 1) B 45 - £ 490,75 9%
Trse, [ASL, AER12.2TWER) K LR A B 5 R 20920 /7 94w, Bl 2 T A1A)0.02% -

F14: XMEFARRBOERSHER, ZAYS I 0 TR, e A TR A0 .19%
B R B A, 5 L A TR R 90.02%

1]
in
r
hll

30 AEEEE=RE—HIERT SRR T


https://www.nrel.gov/docs/fy09osti/45834.pdf
https://www.nrel.gov/docs/fy09osti/45834.pdf

7R E K

B

NFHREFMAR . R A LN BR A FE T A O RL B, WA 28 =5 MR EE BT ST 15 o Fat RO RL R FE IR A B A 5. K BE FERCR A A FEATL A

R LRI Y I R D 2 Aty o OKBHRE PR IR BRI AR, B8 BT AR IEED , W =00 2 ORI R LI P 5 A} rh g P e

HRAE E PRAEIRE (205044 FHE IR LR IE) AT 5E, ARk SEL6000/7 98 B, DLStIIAT RS b ARRE T . Rl iR g
SUEI G DA 2R AN R S A R S, DA I 2 ) R RIS ORI . i I T, R B R P 2 T, R R X UBE AN
NFHREA HRIEIR BN VB . O 7RISR, 600075 € HLA HLES T (1990 % K ] 1 LA IR e FL R GE R HE% 5, 10%4

% ) 224 7 v M PR R M T PR 1D ) PR 2 A P2 R8st

n/GW N BHRE N

Rt 56,200 328,250
i 62,800 119,500

B 42,900 8,050
b s 7,900 -

4 7,500 1,050
4 4,300 2,975
ek . 19,400
i 2,000 .
. . 5,500

BEY - 4,600
h - 790
i - 525
i . 340
4 - 109
%iz - 96
R 4 -
L - 18
i - 8
[y - 4
{0 - 3

F15: KHHE: TEGW ik £8a

47 H w5
7 =

JER RSN T e i

R

BT HERR
BT HERR
BT I HERR
BT HERR
BT IR HERR
BT HERR


https://www.energy.gov/eere/articles/advanced-wind-turbine-drivetrain-trends-and-opportunities
https://www.iea.org/data-and-statistics/data-product/net-zero-by-2050-scenario
https://www.energy.gov/sites/default/files/2022-05/Next%20Generation%20Grid%20Technologies%20Report%20051222.pdf
https://eitrawmaterials.eu/wp-content/uploads/2020/04/rms_for_wind_and_solar_published_v2.pdf

kg/kWh
B
Hi
&

fiE

FORESEHE (D *

F16: WM E: FEKWh )T 3 %

((9E: e ER )

RNT - FEFTF: BT RA) T 740

Bk e, Herlh 212815420 (BFE4.444000) SRIZFIBOTWR L. 240TWh Lt fiff GE F16000 /5 2 B 4 v R 25 1) H b o

* LHM CHOKRESELHD) A7 T LIOH-H20, JLR&E R4 IN6 1.

[E R

0.75

0.09

0.17
0.59
0.04

0.54

Rkt
209,138

17,500

TR A FEth
0.33
0.78
0.42
0.27
1.05
0.61
N L
52,266 12,883
802 -
- 824
- 981
177 531

B AL b
0.40
0.06
0.12

0.73

0.23

0.89

0.63

ol

11,650
1,488

663

B3

1,100

i


https://www.sciencedirect.com/science/article/pii/S0921344920305176?via=ihub

MEERRE MEHER RE

ok RH FiIh, i #it Ik R Fith, ) &t
L 4 36 - 40 i 0 3 - 3
B - 1 - 1 & - 0 - 0
] 150 52 210 412 el 5 3 7 15
i 10 8 = 18 i 0 0 - 1
S 2,826 113 495 3,434 R 94 6 16 17
i 15 49 = 164 | 4 3 - 7

) - 353 - 353 pag:s - 19 - 19

$7J<(§;§1t@ i 118 ) 118 %k(%‘g;w@ i » i .
4 0.07 - - 0.07 4R 0.002 - - 0.002

B 66 - - 66 i 2 - - 3

B - 61 - 61 03 - 3 - 3
R 4,991 - 2,019 7,010 TRk 166 s 67 234

Bk 145 - - 145 Bk 5 - - 5

i 883 - 1 893 i3] 29 - 0.4 30
Tk 37 2 - 38 Tk 1 - - 1

BEY 56 - = 56 BEY 2 - - 2
i 6 - - 6 % 0.2 - - 0.2
=07 9,288 793 2,734 12,815 =27 310 43 91 444

#18: FHEE LT IMt]

EIFR

LR KRR E (MR ) T3 A fh A AT S R A MRS A TP AT Mgl 5 P 3 K AT LT 21O IR S (WLER19) . Tl
FIER R AN N3.3Gt. WA (50%0 frabfr) AAEH (1%0 A ko) » FEREISAH PRk Scbs b, AR AT PR oUR W . BAT B
50% B A A BT A7t 829 100 % 1A /K Hh S B SR B, 7 I, 5 SR 5% ) Jo B 0 31 R 1 0 0.8 Gt

HA (20234 (RFF I 2 M) R IIOIR LIFRMME CREIEAMR) H68Gt, JLh A IRE 515.5G18E, 1 aTHF S AL W T, HHRIFR
B0 10.8Gt KA LUK ITE R, 453, 3G AT A bR TE R FTHUA . A4 B MO, B0 8 5 AR08 O LA A5
) R LT BRI SR 22 R, 36 5L o P MR 1 10 9% .


https://www.sciencedirect.com/science/article/pii/S0921344920305176?via=ihub

W b i EcURE g R KW IEE (M)

B 1.0% 79% 370
Hili 0.4% 77% 5
ks 44.9% 90% 37
fihi 41.9% 75% 2
S 61.5% 65% 293
kil 0.9% 81% 955
PaE 16.9% 86% 128
FOKESEME (D 0.7% 58% 860
) 0.002% 75% 185
B 5.6% 82% 48
% 12.5% 50% 52
R 100% 65% 360
Bk 100% 100% 5
W 100% 100% 30
fiE 80% 38% 4
Ram 100% 100% 2
ki 34.5% 65% 0
Bt 3,335

K19 FSERTFIIF RN 7 K A7

20T A

X 20234 3 HtF )R (USGS) B IRE, Teslax! R 18 TR RIS EHEAT 1T, DIPPAES MR AT Mo X4, SEREM B iR s el A
PUAESE, DUEMERAE . 2 WrR B, KE R SR 7 25 F L B IR R 2023 SR AR M 11 13%, (EAR AT LA AAEr, DIOVH S, BRI EERE. £
i SRR DA RARAT SRR T AT SRR AL —— R B A T RAVRE R, B WA B P SRR A o PRI, R A i N AP R A A SR AR A, A S R
SER 2. I EEREAS A ER A SRR — NS T N T SRR, A SRR S RO AREL . IEAEREAT T A TAT B A PP Al & ™ i 9 N s A
R, ARG SRR AT A U A ) e

BN E 2, AERRATK 2023 88 5% [ 35T 8 2R JR) 1 B0l 1R Al SN, BeA IR R B APRIZ0 B . AL, BRUSRNIGE B A D L b BRI, A
B R OR AL AR, AT A ERE LT RE, MHE A ELee, MRS OWFELITRE . &7 MREHREBAHC, L
AL F] R AR BE YR 28U A A R, B R A ) £ DR AE N ) AR T M ] 2R

dd  fR%50% £ 2 A K BRI o 3 8 2 B R 100 % R UE T A TR .


https://pubs.rsc.org/en/content/articlelanding/2020/gc/d0gc02286a
https://www.nature.com/articles/s41560-022-01129-z

EF30TWERHE. 240TWhiEEM6000 F R EMBEEM ERITENME (ZB2023FEXEHHAHRF/PIBRFERMHER)

0% 10% 20% 30% 40% 50%

BINT - F4JE 2023 4 32 5 15 )7 B IR Jd 58 I 1 5 2 o 50 P i R

AERE R R IR R ——2 IE A

AV IND SRR R

9 9

8 8

7 7

6 6
I8 I8
E 5 E 5
£ £
= 4 = 4
&® &®
M 3 M 3

2 2

1 1

2002 2006 2010 2014 2018 2022

K18 £ IR/ 1 28/ 55 I il —— 24 IE 2 5% A AT

I 4

60% 70% 80%
S B KA 1
s
2002 2006 2010

2014

90%

2018

100%

i

2022



1e] i ) A

N A R AR OR AL U B G, D HE T R SR RE IR A TR M g ML B G . — EURl s B 0. B AR R &l T R
o BI20404F, KA WM. AP RE RN Ry A AL i B, A O (8 B AR TSR e SRR R A SRR T S R T B R R
Kok, (B REA 2T FF .

MR 7SRO B 5 R U -
It 25 [ Wk 5 ) 344 Jn A BB 2 | GDP/ A I HYA 11 #5189 11 /,,/”
[ 5 i il T 0 BT AT, — ==
SR K 1 F R -
B2 R 17 2
L (EoL) iz /& &
FokE, TRFM
%
b
1
=
iy
b B
FoR A
2023 2028 2033 2038 2043 2048
B20 [ &K FITIEFE 980% . o] e F T XS T Z 0 FE 19 7 o & I
203044% 2050 4%

TERIT H TR M A

Tk T 1 5 4k BT [ P65 A

W gE /3 B W g 1 B

BI19: B &K H TN F F980% . [ A XS T 200 FE 9 7 0 o [



i

MAAR R, Bl & i A AT 8 i e BF R AR AW e, T SR DL 4 i -

AT HE A RE U K Eh B A H M

e w3

TE T R R Tl A A A 5
e U it AE K AT R 8 A
FEQBLAT A AR L R HS AT R S5 g U
] & AT S RE UR 22 OF

O~ WN -

ERERY, AE A H TR RRRAE SR AR ATTHY, SORFEIUA MR Rras R SoMLL, TR MEE D, S IR

24OTWh 3OTW 10751&%77: 1/2

RE V5 it 17 A A ] 36 A % REVS T 7
0.21% 10% 0
SRR N 20224 £ EKGDP 6325 7 i ) R I B A

K2 FRE 2 = e 5 5E IR A8 i K T



B3R : % HBF0fif BE BO L& i 47 EC

A3 W N F G JZ TR A RUR RE B TR R EEAT 1M SE, BRI SRR AR SR R RE IR A U T 2 A R KRB RE AR RE . IZ B A
Bl o B0 2% A 2 5 e ) AL S P R M AR B A RE R . BRI, B R G OR P Bl B A R i R R R R, SRR T RE R ) e
BRECE P At

Uk, FE T A 2 R RE AN RO TR 2, DA R ORFHREA UBE IO A LB, AR SCTHSE 7 S I A R AR A JRURE MK B AE
MU B RS FLIMAC B B & R4 X m B e S & um ik, flin, fEA12%M R E S5 a4 70 i R &, iy 8 R o i 4
REY, HEA52TWHIRAGE, K 12% oA MalER A, L1.9TW. Il i 6 685 55 2 0 0 7 R A VTS, FAT % F A 1R 1% 05 75 6 H it
ke A MR A o . — Ok, W R AR ) B AN A, AR AR A b T g R IR E A T R RO S8 L ) TS B I i
REHZ .

XA g3 e 7 0% — b B A R AN U A ST 9, A T AR A £ S X B RE S XU BE R i RE R T SR SN, T 5 e £ i ) 5 SR 1A R A
FIKI, Dk 2 18 9F A RE 72 & 0 T

iy AERAIF R (TWh) KBHEE (TW) Hfg (TW) i % AUt e (TWh)
FHT A e VSR S BUAT Fi 1) 22,538 6.8 3.8 22.9
Fer L Eh 4 9,314 83 1.5 3.7
FESG i R b At fd H #R 11,486 2.7 2.1 6.7
e i 16 2 AT RS 17,472 3.4 3.1 49.5ee
Pa W1 Lt AR R K S 5 9,028 2.1 1.6 4.4

ee  WARSTWh IR E AL it g, At F %l



PR : BEFEEBE

FER]FRFSEREIH L T b, il ag it . KR RE LM ARCRIT A ) A LA Bl 7 2R SR APWh IO IR i g O 71X — i @R, Teslaxy fil ik )
REVS o FZHEAT A5, W PR

RIJR KB fiz

BAF1GWIHAEMIFENE (GWh) 1,052 1,072

<Gf7v}i$> 2 e

WHHEAH (PWh) 0.42 0.65

F20: JRLBEK BRI 1T BE 1 BT AL 7 B A S R R S

B ithee T 2k 2 thos S oo bz
BAF1GWIHAEMIFENE (GWh) 312 190 342 125
(GTV%) 3,481 7,715 292 2,070
WHFEAT (PWh) 1.09 1.47 0.10 0.26

H21: WM IR

ff A T A B AR Sy B AR Y i A
99 MEMEA


https://www.vestas.com/content/dam/vestas-com/global/en/sustainability/reports-and-ratings/lcas/LCA%20of%20Electricity%20Production%20from%20an%20onshore%20EnVentus%20V162-6.2.pdf.coredownload.inline.pdf
https://krichlab.physics.uottawa.ca/wp-content/uploads/2014/06/Peng2013_Review-LCA-EPBTGHG-SolarPV.pdf
https://static1.squarespace.com/static/6213f06671d00e605c9eea45/t/62ce206273cd8e10b634d6bb/1657675880422/TOWARD+A+LIFE+CYCLE+INVENTORY+FOR+GRAPHITE+PRODUCTION_carbonscape.pdf

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39



https://www.iea.org/data-and-statistics/data-product/world-energy-balances
https://flowcharts.llnl.gov/
http://www.departmentof.energy/
https://www.eia.gov/electricity/gridmonitor/dashboard/electric_overview/US48/US48
https://afdc.energy.gov/data/10310
https://www.fueleconomy.gov/feg/noframes/45011.shtml
https://www.fueleconomy.gov/feg/bymodel/2022_Toyota_Corolla.shtml
https://www.eia.gov/opendata/browser/
https://iea.blob.core.windows.net/assets/4713780d-c0ae-4686-8c9b-29e782452695/TheFutureofHeatPumps.pdf
https://www.iea.org/reports/the-future-of-heat-pumps/how-a-heat-pump-works
https://www.sciencedirect.com/science/article/pii/S1364032116309418
https://www.energy.gov/energysaver/furnaces-and-boilers
https://www.iea.org/commentaries/clean-and-efficient-heat-for-industry
https://backend.orbit.dtu.dk/ws/portalfiles/portal/149827036/Contribution_1380_final.pdf
https://backend.orbit.dtu.dk/ws/portalfiles/portal/151965635/MAIN_Final.pdf
https://www.iea.org/data-and-statistics/charts/industrial-heat-demand-by-temperature-range-2018
https://www.sandia.gov/ess-ssl/wp-content/uploads/2020/12/ESHB_Ch12_Thermal_Ho.pdf
https://medium.com/antora-energy/turning-sunshine-and-wind-into-24-7-industrial-heat-and-power-cheaper-than-fossil-fuels-69355cdcde04
https://www.bostonmetal.com/green-steel-solution/
https://www.iea.org/reports/hydrogen
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7712718/
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2022GL101420
https://www.sciencedirect.com/science/article/abs/pii/S0360319920331426
https://www.iea.org/data-and-statistics/charts/natural-gas-consumption-for-non-energy-use-by-application-2019-2025
https://www.nature.com/articles/s41560-022-01065-y
https://pubs.acs.org/doi/10.1021/acsenergylett.9b02574
https://www.energy.gov/eere/bioenergy/articles/sustainable-aviation-fuel-review-technical-pathways-report
https://www.iea.org/reports/direct-air-capture
https://iopscience.iop.org/article/10.1088/2516-1083/abf1ce
https://www.serc1.org/docs/default-source/committee/resource-adequacy-working-group/2020-serc-probabilistic-assessment-report-redacted.pdf?sfvrsn=58904e0c_2
https://www.serc1.org/docs/default-source/committee/resource-adequacy-working-group/2020-serc-probabilistic-assessment-report-redacted.pdf?sfvrsn=58904e0c_2
https://www.wecc.org/Reliability/TAS_PathReports_Combined_FINAL.pdf
https://www.ercot.com/files/docs/2020/07/30/ERCOT_DC_Tie_Operations_Document.docx
https://netzeroamerica.princeton.edu/img/NZA%20Annex%20A3%20-%20Inputs%20catalog%20for%20EER%20modeling.xlsx
https://www.ref.org.uk/ref-blog/371-constraint-payments-to-wind-power-in-2020-and-2021
http://www.caiso.com/Documents/ProductionAndCurtailmentsData_2022.xlsx
https://www.nrel.gov/gis/psh-supply-curves.html
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2022WR032210?af=R
https://energy.mit.edu/wp-content/uploads/2022/05/The-Future-of-Energy-Storage.pdf
https://www.osti.gov/pages/biblio/1840539

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72



https://netzeroamerica.princeton.edu/the-report
https://www.eia.gov/outlooks/aeo/assumptions/pdf/table_8.2.pdf
https://www.nrel.gov/docs/fy12osti/51946.pdf
https://www.nrel.gov/wind/offshore-resource.html
https://atb.nrel.gov/electricity/2022/technologies
https://www.nrel.gov/docs/fy22osti/83650.pdf
https://www.energy.gov/eere/water/articles/hydropower-vision-report-full-report
https://www.nrel.gov/analysis/tech-cap-factor.html
http://www.nrel.gov/docs/fy18osti/70901.pdf
https://www.nrel.gov/docs/fy16osti/65938.pdf
https://www.greentechmedia.com/articles/read/the-us-has-145-gigawatts-of-untapped-commercial-solar-potential
https://www.energy.gov/sites/prod/files/2009%20Smart%20Grid%20System%20Report.pdf
https://www.iea.org/reports/world-energy-investment-2022/overview-and-key-findings
https://www.nrel.gov/docs/fy19osti/72740.pdf
https://iea.blob.core.windows.net/assets/78633715-15c0-44e1-81df-41123c556d57/DirectAirCapture_Akeytechnologyfornetzero.pdf
https://carbonengineering.com/wp-content/uploads/2019/11/APS_DAC_Report-FINAL_Original.pdf
https://www.researchgate.net/publication/271200536_Establishing_a_European_renewable_jet_fuel_supply_chain_the_technoeconomic_potential_of_biomass_conversion_technologies
https://www.researchgate.net/publication/271200536_Establishing_a_European_renewable_jet_fuel_supply_chain_the_technoeconomic_potential_of_biomass_conversion_technologies
https://emp.lbl.gov/publications/land-requirements-utility-scale-pv
https://www.nrel.gov/docs/fy09osti/45834.pdf
https://www.energy.gov/eere/articles/advanced-wind-turbine-drivetrain-trends-and-opportunities
https://www.iea.org/data-and-statistics/data-product/net-zero-by-2050-scenario
https://www.energy.gov/sites/default/files/2022-05/Next%20Generation%20Grid%20Technologies%20Report%20051222.pdf
https://eitrawmaterials.eu/wp-content/uploads/2020/04/rms_for_wind_and_solar_published_v2.pdf
https://www.sciencedirect.com/science/article/pii/S0921344920305176?via=ihub
https://www.circularity-gap.world/2023
https://www.fraunhofer.de/en/press/research-news/2022/september-2022/out-with-the-silver-in-with-the-copper-a-new-boost-for-solar-cells.html
https://asbury.com/media/1225/syntheticgraphiteparti.pdf
https://www.opec.org/opec_web/en/data_graphs/330.htm
https://pubs.rsc.org/en/content/articlelanding/2020/gc/d0gc02286a
https://www.nature.com/articles/s41560-022-01129-z
https://www.vestas.com/content/dam/vestas-com/global/en/sustainability/reports-and-ratings/lcas/LCA%20of%20Electricity%20Production%20from%20an%20onshore%20EnVentus%20V162-6.2.pdf.coredownload.inline.pdf
https://www.vestas.com/content/dam/vestas-com/global/en/sustainability/reports-and-ratings/lcas/LCA%20of%20Electricity%20Production%20from%20an%20onshore%20EnVentus%20V162-6.2.pdf.coredownload.inline.pdf
https://krichlab.physics.uottawa.ca/wp-content/uploads/2014/06/Peng2013_Review-LCA-EPBTGHG-SolarPV.pdf
https://static1.squarespace.com/static/6213f06671d00e605c9eea45/t/62ce206273cd8e10b634d6bb/1657675880422/TOWARD+A+LIFE+CYCLE+INVENTORY+FOR+GRAPHITE+PRODUCTION_carbonscape.pdf
https://static1.squarespace.com/static/6213f06671d00e605c9eea45/t/62ce206273cd8e10b634d6bb/1657675880422/TOWARD+A+LIFE+CYCLE+INVENTORY+FOR+GRAPHITE+PRODUCTION_carbonscape.pdf

