Contents lists available at ScienceDirect

Engineering

Engineering

EEVIER journal homepage: www.elsevier.com/locate/eng
News & Highlights

THICE RPHRE R MR Rt RLER

Sean O’ Neill

Senior Technology Writer

202012 H, /S ERAT K BH g FRIB R #0011 T
PSSk, XL KPHBE M A R AT SR INE e . X%
B — 2k — 2 & RS SR IS )2 A B A, TR A
112 em?, FEid 747 T35 ERNE hi 2 M /R 8 1 1 B 5K
A FRAE REJRSELG S (NREL) MOBRSZIRIAE, kR
929.52% [1]. a1 & 2, Hr gk F b AR HE S 7 3 B iR
30% FIBLALBH 3L b A FELRE

% HL I RS R AR A T D5 [E 4R 1 Oxford PV 22
R HAT, 1% ) IE AL E G 4 R AT B0 =2 5 £ ) T
J RS AR PR AT AR, DUAR P B R A AR
B/, % I KON 156 mm, B R LN 26%
(B 1. itz e ok T 2022 SEERHRN R, JEiy, H
W At S b 4 A A e v (1 R K BH e H i, T A L
A= 7= BRI DK B BRASEER 1 4 4 33— e H 20%~22%

Oxford PV 24 &l (B G B 46 N e i s BB . AR

B 1. Oxford PV % ] o7 -4 [ 0y 4k /R AT Ik 22 B A 1) T ) s fr) — 4L s
IR /AT KA R B AE L o 1% P44 2022 A4 H 1) o 41k 7 ) el il 0 %
PR AIA$ 26% A 4 . SR Oxford PV, Z¥FHA[,

W) FE 4 8% Henry Snaith BR: “ - 4E 5T RATTHLIT 46 0F 52
BEARAT, I R B — R bl P R i T et ) R A B A
Hho IR R BUELFE LTI R B S ) A5 S R F i
o IRATTFHRAIM RN AE 2000 C LR HUAT LSS 5. Fodl]
AN B, MEE—RBEA TR B bS5 G
EE10%, FEH, =AU, FRATHSED M —
AN FLIB G 0 R 6.1%,  FTRE T FRATT AR 1 BT A 51 36
FUK. REIMES RERKMA EE, (HEYE, EH
NS — B M X R P a8 2 A R A7

FEARHE KPR AEGAR (PV) RN IEA I B, B
NG LA RIS, 7R kSRR R I R R R Ty T
BB 7RI JCARPPRER K BH Ge 4 40 v e T T A
—ANRBR o IX AR R I R AR T E AT R, B
L AR FFORETECH Sk, 8 3 e oAy FRL fr 80000 4 P HHL
TR AR . a AR 1L eV, XEMWERE K
FH. Bei/NT LleVIDGFARRBE T, mT L1eVI
H ARl P2 A A IR T, (I 1.1 eV It T REE
W AARRE R T 2QTR 2l s

FH R, FRARRE M S B R IR 20 N
32%. AH M\ 1954 4 3 B D1/R S5 = i ) 56 — N SEH )
Fek K BH R HL it 2 (2], 7R SIU6 5 ] S I AR e oo A 46 3k
FRAE27% oA o

GRS KRR PR ER . SRS B A )
MR RSE R . 2012 4F, OKPHRE AR 7 93 E ST 4k 4
FAA SR, HAE R BH A H it h (38 7E S 2 312 %
HE3]e FAMA RALH G B a0 8 2 A M- TohL 4 )8
AR, Hh &R e . 35 E E 5T A AR BRI
B (NREL) HIEWRFER . B8R FNR G OKBHRE

2095-8099/© 2021 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher Education Press Limited Company.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

35U Engineering 2021, 7(8): 1037-1040

5| i 4< 3¢ : Sean O’ Neill. Perovskite Pushes Solar Cells to Record Efficiency. Engineering, https://doi.org/10.1016/j.eng.2021.06.009



1158

MW H A7 55 N Joe Berry 7 “ <@ sl A4 R AE AL DGR
ST R, XA HAEESINER Y

T i AR e FL s P S R T ) e BR T IS B 1.7 eV,
DUD 70 B PR AR Ay R (4] G b5 P AABE 22 (1) K BH D i
R 2T, BIBCEZ T, AN ZAREE. e
PR AR B e 40 2% 9 43%.  Oxford PV 23 7] 1]
H W BORH Chris Case %o« “ L 0% 1 /2 Toikis
FIFREARACE . BAT, SERREHACRRIKLF]30%, H
TAVRE, DUERIA ARG S, FRATAT LUK R L i
BB = #)33%.”

YRR KRR T, AV B B R AR 35 AR R
A, NPHAEXTREVR A A # o2 — MR ARG A E. H
i, M EFZEK, ARSI R R fe R A&
T LT IR BRI B UK L% A EL[5]. 2018 4F, X
I E) SR & 17122 1% (Intergovernmental Panel on Cli-
mate Change, [IPCC) %7K, 2 ABRARZEHIE1S C
PA, B Z07E Re i Fe A 7 TR “ P iz ” i) AR
B, PRI N ZRIE B AR HE R 7 EEAE 2050 R A A
R “GpE7. EERTTEARIEE (IRENA) 22— PMRE
] SR AT 4P 2 Re U R R 2 BRIR PSR I BUR I, 3
BCAE BT AT A 24 K IE R BT A FLEE o IRENA R4 BUR [H]
SRR [T 51 2= il I A kT B AR Re R R 2R ] (RE-
map Case), Tl | — AN AU fige 35 V5 1 R U5 % Y B A%
R Z AT, F 2050 4F, KFHBEGAR K BRSNS —K

Electricity generation

(TW-h-a™")
60 000
50 000
40 000
30 000
20 000
10 000 I
0
y N y N y N
2016 2030 2040 2050
REmap Case
mm Coal m Nuclear
. Oil s Hydro

Natural gas W Bioenergy

(e))/(cluding pumped)

HLATORIR, ARRENLARIAR .S TW, KK ¥
B RHJRIE (B2 [6].

KPFHAEECAR CAE I K R . filan, 2020 4F- 3% EH K
BN A RS, KIIREGR A L 43%, ELHFEKHE
FERE L. TTE 5% K BH B8 7= ML AE A K 10 4 11 7= REK A2
H T 4 F5[7]0 H X — PRIE 3G K 188 4 Ji B2 i 2% 10
R BB AR AR A 2RI R B . AR4E NREL BU%0E,
T H AT 0 K BH g Bt i e R O BT B 20% FE A
FAHSCREE B AR AE R BE, 2010—2020 4, EE A
SR SR R Ge e B AR T % T 82% [8]. NPBHARGAR
FETH S &) R R i AR, (B3 [6].

2020 4 4F K 42 BROK BH RE G AR K HLE H 2019 1)
581 GW L7 EZ1710 GW (K 4) [6]. ZEDRIX— Kk HL AR
BB RBUNL, T EIE KRG R A, SR
M BLAITE L o RRESERD I 5 — M, BN =K
BH R H it BT 75 A5 Bk A R 0.5 ym JE, JEHLBT
MBI 5 R . Oxford PV A 4R, 35 kg 85K 1A
B 7 thE GEW T 160 um B K& D 8K B8
[, FHRARWEHKA — R 56 4 7] ABUREE[ 1]

37 IR JH At S 8 v B O B i A AR R 1) DG B R FE T
EATCARAC R BRI A B Oy Bl B R R EE T, W
Bx X Rimneg, @& mifETHesE, UaET
ToHs R BHREGAR K HL B A 8T K BIR BLZAR 9]

2T, SIS R s B ER AT BT 55 A RHEE B 78

Total installed power capacity

(GW)
20 000
17 500
6 044
15 000
12 500
10 000
7 500
—
5000
0 .___
——
2016 2050
REmap Case
Solar PV mmmm Geothermal

CSP Others
(including marine)
B Wind (onshore and offshore)

B 2. [ i W AR R A AR TN, 7 2 DO A AR LR HER, A B IPCC 2R T AR AL H b, FFAEER I 2050 4F S8 — S 40BR “i%

27 fiK. RE: W FEREDS

; CSP: B AKPHAE. KiF: OIRENA, 4.



1159

0.5
0.4
<
0.34
g
[a)
%]
2
& 0.2
o
RS |
0.14
0 T T T T T T T T T
2010 2011 2012 2013 2014 2015 2016 2017 2018
Year
. Australia . Germany . Japan Spain United Kingdom
. China . India Netherland . Turkey . United States
France . Italy . Republic of Korea | ‘ Ukraine . Vietnam

B 3. fEid 2 104, & [EH 5™ 1A RSV BOR B D' R ITH (F-FHEIL REVRCA (LCOE) K& T F[6]. LCORE &£ & A BH AT B A i J I 4

NSEBUM WS, T B RGPk . kUE: OIRENA, £ .

700 000

600 000

500 000

400 000

300 000

Installed capacity (MW)

200 000

100 000

B 4. (51 5 104E 9, SRR BB RSN K, JF 20k
ARG [6]. KIH: OIRENA, LVFAl.

Ay TTHAMARAE. Berry . “EAAEFEM T— &
B RBEARIIN L. BRI R 2 TR AT LA AR A Ak
A, AH RN 7 e o B e il 2 B, TS R B i 075 5K
ACRIEEARRR R AR o FSERETIEAT — L E 3 Ah
Friess, AT SRS BOeR AR H w7

SRT, BB AN A Bhm . A FRTRA 1
PR, AEFCR S m SR P & A e /A BRET

FR IDC B A HL it )32 8 FH T I ) — A B S5 Bk ik e HE A
AR E M. 2 H SO AR IR 1) 75 i 75 1A 3 25 4F
Foti. BAREHE RN THREILK, T HAR K
Jre i, AR AR T R IRAF AT .

SRR, ST 28 THE, RS ER Rl
M ZRIRD . Bk, B A S R R G
Oxford PV /A @) $45 Lb HoAth AT o] 41 2458 22 1A 5 Bk K PH
HEARAA KL RI[10], AATTRE FC BT FE A R 2 07 v
IRAEE 0o Snaith Fom: “7Eid 22 104Ed, N T iREHE
EVE, FRATTECSCRE R MR MR & M4 77 T
W TIRZHRE ). TEIR LW T, AT A AT
Z/KE 1 MM EREERELRNRE I&E . (HI
15, FATREX TR A R A e AR G E 0.

1RZ Tolk FEFIRNE SN B I LETF 7U AR U5 k0™ 1 A2
SEMERE . 20205, — MG Berry F1 Snaith 256 72 A 7
TEN I E REEHIIR R T — 0 K TH R e R A e VP
FEFIHR S LR A BI[11]. Berry o : “fEid 2 104E T,
AT BEAERN TS B MRE, DU XS AR 30 4
HEAT TR o X Fo R0 o} 22 00 B R EESRAR w1, (A BN H AT
1k, FRATE ISR ATRLZ 0 70 AR B 51 N B R
o ML, WMEHAR T AREH AHEARMERTTE? B
UREEREICZ D piA?” S IX R )

TE K BH fE AR AE 77 Hh i PR Ak A I 3 2 48 i



1160

A, H T AN E X0 T 7 AR AT A S A . Oxford PV
O E] A 7 H R IR R BN A . R R K B,
LCOE /& — /N RBEH 2R o X IUH AR VIGEN ¥ AT AR B 7E
KRS X T IR e 4 A A R e T A K B LCOE R F% .

Oxford PV 22 & (il i& )~ H A 1= LLAEEE 100 MW &
HUBEREAT A, H bR 31 2030 4K % i )R Ha HLAR
PORBIEREE 10 GW, IR FHBEAT WA L) 120 GW
REE . XA EARRT KB RRAT IR BEAMESL I . oAl T
KA CAREAR B R, B H AR AR
(Panasonic) FIFKAL 2% Tk bk 4L (Sekisui Chemical
Company). H[EA A48 H (Microquanta Semiconduc-
tor) Al JjJEfE (WonderSolar) . i [E [¥] Frontier Energy
Solution & % ~% ] Saule Technologies [12].

I X 104E, BRI HOR1S 3] VT lR A . H AT,
SEPLES R BRI AL T 2 A M AN €, {H Snaith %
7N, FEESERETOKPH e HE B I A3k A A B2 Ie
B0 MR [a] . thAh, AhITFE . ESERET A IS H A
5 N T BEME . “ESERET AT DLZE SR R B B B4 ) e
AR MR, prRlE R i EEE IR L. Kok, 1E
K FHBE AR R IE F 40% B, 25 BIR G 4T KPHRe 78
JEAE R TTRE (R A IX 22 B B 4 my H Bl ZE 1 78 B AR o
[FIRE, A SRFRATRETF A i K FH R it AT v] LA
KX B EH TR @R . WS XA R CA e 2R
)BT, XEEEAETA10FEZEH 10 F A=
B

2020 4%, SEESGHHE A HGE RS (US Manufac-
turing of Advanced Perovskites Consortium) J%37, H H #x
R k38 E AR G BN 1 i o S0 I B R 3R AT 3 T A
[13] 1%ZH 23 NREL. 7Pt e ] A i oK 27345 v e VR Il ik

5 (Washington Clean Energy Testbeds at the University of

Washington in Seattle) « At -~ &' K g4 K 2% #7712
(University of North Carolina at Chapel Hill) FI& Z A M 1)
i3k £ K2 (University of Toledo in Ohio) #1Jk. ZEEE
s 6 K B W AT LSRR RE[13], oz — R AT
) S8 T 0 38l 7T 7 356 [ 55— K BHRE & W] (First Solar) ,
%A T R — R IET AR AR 1 23 FH Z0 AR ) 18 B K BH
REJGARAIF AT

References

[1] Oxford PV hits new world record for solar cell [Internet]. Oxford: Oxford PV,
2020 Dec 21 [cited 2021 Apr 29]. Available from: https://www. oxfordpv.com/
news/oxford-pv-hits-new-world-record-solar-cell.

[2] Perlin J. The silicon solar cell turns 50. Report. Golden: National Renewable
Energy Laboratory; 2004 Aug.

[3] A decade of perovskite photovoltaics. Nat Energy 2019;4:1.

[4] Kim D, Jung HJ, Park 1J, Larson BW, Dunfield SP, Xiao C, et al. Efficient,
stable silicon tandem cells enabled by anion-engineered wide-bandgap
perovskites. Science 2020;368(6487):155-60.

[5] Palmer J. Solar reaches for grid parity. Engineering 2020;6(2):105-6.

[6] Future of solar photovoltaic: deployment, investment, technology, grid
integration and socio-economic aspects. Report. Abu Dhabi: International
Renewable Energy Agency; 2019 Nov.

[7] Solar market insight report 2020 year in review [Internet]. Washington, DC:
Solar Energy Industries Association; 2021 Mar 16 [cited 2021 Apr 29].
Available from: https:/www. seia. org/research-resources/solar-marketinsight-
report-2020-year-review.

[8] Feldman D, Ramasamy V, Fu R, Ramdas A, Desia J, Margolis R. U.S. solar
photovoltaic system and energy storage cost benchmark: Q1 2020. Report.
Golden: National Renewable Energy Laboratory; 2021 Jan.

[9] Feltrin A, Freundlich A. Material considerations for terawatt level deployment
of photovoltaics. Renew Energy 2008;33(2):180-5.

[10] Snaith HJ. Present status and future prospects of perovskite photovoltaics. Nat
Mater 2018;17(5):372-6.

[11] Khenkin MV, Katz EA, Abate A, Bardizza G, Berry JJ, Brabec C, et al.
Consensus statement for stability assessment and reporting for perovskite
photovoltaics based on ISOS procedures. Nat Energy 2020;5(1):35-49.

[12] Extance A. The reality behind solar power’s next star material. Nature 2019;570
(7762):429-32.

[13] U.S. MAP [Internet]. Golden: NREL; [cited 2021 May 25]. Available from:
https://www.usa-perovskites.org/partners.html.



