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8 H 8 H, HEHFirgelRE (IEA) KA (HHILRedf Pk 2017) H5H, 2015 4F
SPREEE T SR EIA P 136 12N 29 &, 8 2014 A 24, U E5HE K 0.3%.
Ak, BEE TAT I R A DLSARE R BT, SRR A TR H il K, Ziteh
i, 2016 FABREER P~ B RIE T 4.58 12, R VEGH 4 T 4Bk 150 ZA4NE KA
X I REIRBERR AL, B SR

2015 4, EFREEPSEIAR T 137.9 /20l &, #2014 FEHEK T 0.6%. H
oA PRI N %, HIE 2.3%; SKEEIL AR AT EAEREIR (+1.9%); T RIRSA
REIIE N 1.4%, ArH)EE =, A RedR S RETR S =R 1 81.7%, %% 2014 K T 0.2
NEIT A, FEFEE R 8 KR T BRI 7 RS A M m. e aEdR
v, AEWDIRRL R W R FE 3 S A BREEYR S Y 9.6%; /KHLPEE N IE T 0.5%, &
1989 LRI E IR NIF, REil, KBV S SEREEE 21 2.4%; JEE. KFH
REFNRFH K BHREYGAR A R RE 4k S PR FF T 5 BN 5k, R IRIE N T 16.8%- 6.8%-
29.7%F1 4.1%, {HAE/K HEJCHR A] B4R BEYRAE S BRBE VR~ &= 1Y o K IH DT 2%. #4588
o7 L RS N, 12X 3 4.9%.
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1 1971-2015 £#0 2014-2015 S £ TkEER =~ 2K TG
i LRV (1971-2015 4F), RER—RERIRAL N 2N T — %2, HAtRg
MR T BERN: 2015 4F, AR R R EEZRIBRIRIE, (B A — IREEIR (LN
F LB RREIT 32%, 5% 1971 4F (44%) FRFET 12 NE 8. R SN

1 Coal falls as gas rises: World energy balances in 2016.
http://www.iea.org/newsroom/news/2017/august/coal-falls-as-gas-rises-world-energy-balances-in-2016.html
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(1) BAREA R T AR s = i Se Bl 1l St B g s, (H3R
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W, AR TR T ) SRS AR S IXR VR 2 BILAT 1A i 8t B R 5 A
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R LT T S v U 8 R REHE LA AR R OK F ) T AR A R Kk . DR D
REA LD BA B Eh VT A GEIR e 06 eI LU B EI, - RS ROt L Akt
KB, HASZ HRMR IR TS IR . IRt ekt (DAL AR H
JAERBNI L STS TT, R R X SR B A A A IR FL ) T A e B PR R

2 Staff Report to the Secretary on Electricity Markets and Reliability. https://www.energy.gov/downloads/download-
staff-report-secretary-electricity-markets-and-reliability
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K, IR SRIGHKIN SR DAL E AN JZ T — SR AR . R RURIRM UG e 25, AR 520
TAEG A R, U AR FIA% HL T . 2002-2016 4 H1A], HriG LA Bk
390.5GW; 15 LRI 3 132 GW 1)k BRI A BB, 29/ 2002 4 BN A &
(1) 15%, AR RIBRIE R BN 531 4, KHEREL 59GW, Ak, 1F 2015 4F
BRI 18 GW K HFHLA B, BRIt 53] 80% LA . BEARK L BRI 5 A
ZIZRE, (HUUT LR FECT Sl R AN WG iR 4% 7 -
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FARRIRACARRHE (RPS) IS AZ H 2000 4 DR R TTIRIA 2, FIRZ2BIRBIIR
HLARABUMAE S (BT REEFURBHBE R AR AR 2R R %D o BT IX L 5HR
(IEAT AR Lo AR G () e ter A IS, AL T Se i B, A5 AT FH I 35 4 g %
oo S22 FIRKMEECR FIs2me, A 45 B B Aer B 77 A J BN T, SR L TN
TR,

(4) MR AR 5 BT o St B R B M P A T ST S, S R HL T
B g (2015 45) 5 HLT T B S5 IR DA S AR K G 8 15 205 5 A K

—EET 2011-2022 F IR EEE RN K R A T AN FIRR R . Bl
u, 2015 AR BERANA I T AR S EMARHE (MATS) U inis Gtz il i & i1
G IR, SR I BAEE R Z N — . FE, EERSAY SR (EPA) B4
AR TG E IR, 0 S A T S AR R R R R IR . ) T
FHWERA . B =K EATK AR Bl # AR Bei 2 % B MRS, H_izd
SRR 2 —

ety d g A, ARSI PR G ) B A H T R A E — A AT B AR, DALRIE
A T K A B AT S e AN RE T . & AN X IE AR T I W] B 2 R M v 238 RSk v )
N A FEPE RN RV RS . KHL . RZRE . SR RAR SR 7 2 Fh 1 s ) 92,
XUHRBEH S RGP (RE RS BREE, TEXH XA E K2 HE 11

BEATRRSE ARG VAL, JT R E N REIRBTIRAL A, W DR F T SEPEAN R
(REN FRHERR)

A SHIAATN 2024 2 TKE LR BRI AFRET 60 GW

8 H 3 H, WiHW 5L Global Market Insights & A4fi (4xBkifg X HL T 17 g 22 )
5 FEH3, 2016 4Bkl F R RENLA A ISR 14.4 GW, TIgHIBIA 2] 626 145
Tho FEETHFARIT . [EBR AR A 7Sk 03 T ARAT 25 £ B LAG S 7388 et v b X g
5, i XA RAT IS A R — D sl . B Bk 2ty BUR A LA
G2 & 22 AT AR REUSUAE DG 254, 3] 2024 4E4 TR H R BT A E
it 60 GW, HAMKERKET 17%.

REVR 75 SR I FE B K DL S I PR K e, 2 (it b IXUH T 32 () 34 K T
WIE . R R BRI 2 S BER 22 A G E R N, g (et bR kR
J&. SREREFEERIRGEEE (EIA) Wit JFaa g E K KLt K ef i i
JIW AR N F] 50% LA F . #2040 4E, JEZL-SHSUE S S5 Bk
FERYEII) 61%. FHACT Rt b XU, SBURPRT BEVR Z50R 1) SRAG HE B b XU T 3% 43 0

3 Offshore Wind Market growing at over 17% CAGR by 2024. http://www.gwec.net/news/wind-industry-
news/?rkey=20170803MN56416&filter=1818
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i R o AR L 2SN LB B 88%, A 12% A ARfESEE . HE .
H A E . g bR B 5Kk )3 ) TR0 5 FIBUR LI H 2550 18 I Re IR AL -
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AT NVAETE 1 BRIRTH 2R A0 R HLI P2 B AR HES Y, 31 2024 FRHIA ERHIEF] 12 GW
PL L
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7 A 10 H, S EE TR S RS R AR S B BRI ST Oliver
Schmidt 2321745 ) 72 B BAAE (Nature Energy) ¥ATI F k36 7 8RN (T 456 #h 4%
(it BE B AR AR AT Y 0 3CHe Y, B S FM T SRAMERI L, fihss
BB AR 2 RREE T 1%, MR A i BT REAE 2022 1% 2 546 40 WIRHLIA
A G BIKF

i BEBOARAEAR R AR B ) RGE M K AERBEAE R, T A REBOR AR %
A, BERT G I T M5 0, A BT BUR 1 8 SRl A B
B H AT BEFOR AR S M B IR IR B = o 8 SOl i A4 B 42 06 il 280X — o i T ok
X R REBOR AR A E A AT 700, B4 fhoKAeE. BRI, #HEY
THH (B3R o (B3R ERD. S8 Faih (i), #
BT CARELAD. S-S EENY . PUR I BT R Bt B
FN GR A THEA T BRARBA I M ZAR R B 7K, , By R K™ RE 2
ARATBEIR BA A TES T) o X RETUCEAR LA, B0 eT B T2 58 A 37 5 21
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IR BRI AR P2 AT JE R T B RIPEAS R B, B 2022 4, Toie Wb i Ae T
A, HIBAMFERE —HEF 1 TWh, BEEREERS (B FIRARIE
FI| 340260 35 70/KWh, B ZH i B ASTE 3] 175225 55 70/KWh, 045 48 20 Ha A e gl A
B FE A 135 EIT/kWh. R AREIAR] 1 TWh (IR E, %% Eit 1750-5100 123 7T
BT, FETX IR, RS OE S| 2027-2040 A RESCHL. BEEHTH
ARAE IR RAN 2 25 B A7 7 THI RIS IR IS 5, BSORE T B AR R BRI
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10,000 s Pumped hydro (utility, =1+ 8%)
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g
£ e Lead-acid (residential, 13 + 5%)
= . LA
g 2,000 g, ¥, .. a X & Lithium-ion (electronics, 30 + 3%)
> e ., "
2 ithium-i +
§ 1000 4 = Lithium-ion (EV, 16 + 4%)
?“’: ( Nspg Price ranges Lithium-ion (residential, 12 + 4%)
= 4 Dacky
& 500 k) - * Lithium-ion utility, 12+ 3%)
E e AL 150-200
g .m i, e Mickel-metal hydride (HEV, 11 +1%)
& 200 4 T g =
bl - & anadium redox-flow (utility, 11+ 9%)
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4 0. Schmidt, A. Hawkes, A. Gambhir, et al. The future cost of electrical energy storage based
on experience rates. Nature Energy, 2017, doi:10.1038/nenergy.2017.110.
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5 DEPARTMENT OF ENERGY ANNOUNCES 21 NEW PROJECTS TO DEVELOP HIGH-PERFORMANCE
CIRCUITS FOR INDUSTRIAL, CONSUMER USE. https://arpa-e.energy.gov/?q=news-item/department-energy-an
nounces-21-new-projects-develop-high-performance-circuits-industrial
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6 ARPA-E ANNOUNCES NEW FUNDING OPPORTUNITY FOR HIGH-EFFICIENCY DISTRIBUTED GENE
RATION SYSTEMS. https://arpa-e.energy.gov/?q=news-item/arpa-e-announces-new-funding-opportunity-high-efficie
ncy-distributed-generation-systems
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7 DOE Invests $17.4 Million in Projects To Advance Recovery of Rare Earth Elements From Coal and Coal
Byproducts. https://energy.gov/articles/doe-invests-174-million-projects-advance-recovery-rare-earth-elements-coal-an
d-coal
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8 Shinbuhm Lee, Xiao-Guang Sun, Andrew A. Lubimtsev, et al. Persistent Electrochemical Performance in Epitaxial
VO2(B). Nano Letters, 2017 (4), 2229-2233.
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{Advanced materials) °.

(FBHEAR)

9 Robert L. Z. Hoye, Lana C. Lee, Rachel C. Kurchin, et al. Strongly Enhanced Photovoltaic Performance and Defect
Physics of Air-Stable Bismuth Oxyiodide (BiOl). Advanced Materials, 2017, 1702176.
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10 Jibo Zhang, Chenhao Zhang, Junwei Sha, et al. Efficient Water Splitting Electrodes Based on Laser-Induced
Graphene. ACS Applied Materials & Interfaces, 2017, DOI: 10.1021/acsami.7b06727
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11 Gautam G Yadav, Xia Wei, Jinchao Huang, et al. A conversion-based highly energy dense Cu: intercalated
Bi-birnessite/Zn alkaline battery. J. Mater. Chem. A, 2017, 5 (30): 15845.
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