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A review of solar cells: Materials, policy-driven mechanisms and application prospects
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Abstract: Solar energy is a clean and pollution-free renewable energy, and its efficient development and utiliza-
tion can significantly promote national “dual carbon” work. Using photovoltaic cells to convert solar energy into
electricity is one of the ways to use solar energy. In this review, the research progress, industry policies, business
models and development and application prospects of photovoltaic cell materials were summarized. First of all, the
efficiency, cost, advantages and disadvantages of various photovoltaic cells and the impact of material factors on
application scenarios were clarified, and combined with the latest research progress, the future development direc-
tion of various photovoltaic cells was analyzed. Secondly, combined with the business model and supporting
policies of the photovoltaic industry, the influence of policy driving mechanisms on the development of photovolta-
ic cell materials and industry was discussed. Finally, based on the research progress of photovoltaic cell materials
and the development direction of the photovoltaic industry, this field was summarized and prospected. The way
that photovoltaic industry contributes to the national "dual carbon" work under the "dual carbon" vision was ana-
lyzed.

Keywords: carbon neutral; solar cells; distributed photovoltaic; cell material; efficiency; photovoltaic industry
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FHBERIHT, DCAREARA T S8 K e, SGAR i it 44
L R et R B , RECAT H AR 548 20
IR =26 OmHOLMRAM . Bahik . 2 Mkt
RAMAE . QWO . BiLER . B LR
R BT L IR R b A . OB ARt B
A BRI o B AL RO LA AR AR DL 34 A BT B L
EEA YRR A . BRIk . A
HILA FH At LA R i1 i R BH A5 o AR SO SE
T HATCAR AR B ST, X AT T
EANTR PR 5 L B R SRS, BER M
7B RE T K, R H R E IR B A EUR L K™
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M FR IO FH R 35 o

1 RRBHHHARER
1.1 BEEXAKEM

R L GAR Lt DURE AR R AL, B S
i e DG AR P T RN 22 R R G AR L B R A AR
AR R AR R RSN, ELEmET, R
AR H s B B ORI B T 26.7%"), {H 37 3 b R
Prs BB A T 252, 3350 R A
EEAT, AR THSgHE T M. Bk, #FsE
AT AT AR A AR H AR LA

TI&, HIERSA S ULM 2 & ek R AR P
HANATHIEY . 2 A BT RER —FE R,
J5 Tl 1Y) PR BT Ak AR ok Ve SRR e N, EJE DL
NI f A R S HED B 22 A, 3 28 i %
TR0 S ) A ) ) R 25 S R, il A R 2 Al Rk
Z A Gkl & T2 5 RS eE s oy ML, H
HERA EHRIRZ . BT, 2 ek e R i 5
5 2 S ey e AL ANCR e BT 3 AR A ] 9 A ] ISFH A Y
B, ks B oh 22.8%0, SR, ek
B FH 1) 22 i ik D AR Fi ol 2 Ab Ak R A 18% 24,
BRI T S R OGAR H Xt s o B £ A RE
AR A R Y R

AR, W TR 58 0 5 b ik K FH
HAMHESK .. 6l & T25%%8 UL R0E s
ML L, A LT 2 A H R R AR Y
30%, fHHADRZCR TS FE T 8. TR

HRA, ARk, B2 A RORHE S ik ke AR i it
L5 G IR A NN SR, & BV SIA
A T PR Y S TE X G R M, AH B TR SR
W, XA H RS TR i, AR
S 88 AV Aok R 6 AR P b 19 AR T

PR, X Tk SRR i ok B, 48 TR Y
IR 2 8T e, b T ' 1 A WA 3R R et/ i, Tt 5 T R
o AR, Btk kG R R BB
(Passivated emitterand rear locally-diffused, PERL).
4= 75 HL AR 22 il i A K FH F Tt (Interdigitated back
contact, IBC), &h & it 5 i 45 K FH 68 # b
(Heterojunction with intrinsic thinlayer, HIT), & X
& 20T 4% fih 52 T 45 (HIT+IBC, HBC) 45 Hi th 45 14 1
Py, AR R G AR H Y SE 0 R AL ROR IR
Shockley-Queisser # R , {H 2 fif: & 56 AR H s 19 i
WA E AT, i edl g T2, FBRARH
b ] A AR ol Ay ik S D' AR R VLR B B S T I AR
e TG AR AR MR T 28, R ak BB AR it
BB R RL 45 G R, AR R AL Y S T 4
it R, WA SRR RS S, W
H A 25 0 B0 1 B8 gl i 8 etk B 7E mT UL B oA
SRS R LW G AR -3 TSR E 5 R NG IR LA
Gk, I OB B R RS AR B,
# LA, Sl AR .
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TR AR F b 2 A Ak B O AR F b S B A
—AOGIR M, 5 G AR e AR b RSO AR
wHPE > HEe WA m AR, TR
XK BEEE, TR SR — Kk (Building
integrated photovoltaic, BIPV) J& 55 Z 24648, 17 i
AR HL Y B 2 B R SRR A R AR (B 1) RE B AR
A RIS Y VN = N NS G L 315 6% 7 N2 I
FE AL WAL AR OGIR Bt (CdTe) . 4 #8155
fiff 3 O AR L (CIGS). A 1k &% O 1k Lt
(GaAs) %,

CdTe i JIE ' AR Pt 2 O 4F ok R it , H 32
B HRERERRE | ) AR B RIS
PR s TAEMEDUR B, BAIEF B AN K
e, HE e A AT AN 2R A Re R A
I B rpoC il ] CdTe H A/ Sy & B b, DLREH
fE A o BE Al B JRHE R B R FHDY, SR, CdTe
HBOGR B Te TREMA LR, RAGME
AR, H TR K R e T8 R RS
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Fig. 1 Physical map of flexible translucent battery!®!
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AR B R BT I — ), U
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23.4%", BRI, CIGS Hi 3t 75 7= b Ak 2 72 o i 38
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o i EEAR R, I T OCHEEA R In TR 2
St R RN s, (AR E In ST E it it 2Bk
H—, NI LR CIGS Hi it 32 Bt B i 1y b1 R 3
filho P, CIGS Hi it th )2 3 [ B AR 7= b 3 45 % J
(R b AP 2 . b fli CIGS HL ML AEAE BY 1 “fR
SR M 2/ [ F A S =N R S L o s
171 BRIt B A R RE X BRI . L, %
HLT AR (0 2 R B0 . — R o vl o 1) 4
ZZwp)2, BT HAT CIGS HL i Y 28 vh 2 & cds, H
AREME, AR H AL B e CdS; — 2
KAMEMANRIZ; = EWESEhibikR,
B LS5 it , PRI b AT LR B g R Hh 1 ROR
PR R MR, bR E s — iy i 28
A, Hur, FREC LA CIGS H LR i it
etk A — AR R, anlE 2 i, 95 R B

P 2 J5 ) [ HL 5 460 LR T H

Fig.2 Tonglilake jiayuan hanwa roof project in Suzhou
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fifi BIPV S 4% (0 AR A H AN 42k 55 L RE ,  [i) Hof 32k
JGAR H b B R BT DL FAE 22 T80, 2 B 45 01 22 40
B, MR e, BhOFRE MR TAE,

e R HE T HEBE AR T N, TR A
H gt B AR o i, T DA O R e AR



-+ 1850 -

EEMRER

SR AR W AR it T B SR TR, WA
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AT ARG H b () AR MY e Ah TR T DAZE A S
SR A AR, R, BRTENIT
FCARAIE A b M RE A AR, Ak R Tt B o A TR
REf AR L S 1 i) 5 AR
1.3 BB

T 3 AR H Tt L R 9 R ' £R: v it A e} ) A
o7 FH 5k e 3 AR M i ke, AR N DI R R
14 Bk ok S AR F b =l AR HE R, TR TR
NG ERILRE PN NG RS S Dot N
FRR R WAL . ER R RCR S L R E
T, HATE AT ROk A . ek
B H RS R L e 45

ek Ak G AR B i (Dye-sensitized solar cells,
DSSCs) S Fr b A5 075 ' G A FH it 2481 9 ) s 1 —
BT 20 ) O F A A Lt AT 7R 4 2R R sl )
B2 RO RE At R A Ao AR v R R Sk 11
— B R FR T 3 4 T ek i ek
HL LAY 45 0 R R, LRI DSSCs £l 54~ &
BT, A o T R B (B AT i I )
Z L2 SR (98K TiO,) . YLkl fb ) . H i
AT LM . H AT DSSCs Y it i 7 AL SR AL K
13%, FH EPFL 4™, #F58 A B3 A 5t w54
KSR . BT B IR RE G557
PRI H KA Lo e T AL, 34 %k Yok g BFF, A T
PE L RE s DU i O AR ROR . T
YUk T 1Y) Pe AR A% ST, BN T YRk
AR DL S W N B E SR N & I L

i .
T
_‘).: Transparent electrode Dye molecules (photosensitizers)
L)

TiO, layer Metal counter electrode

Electrolyte
I I E%
Ef# \
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I- I

External current loop Load
7
3 JURHEALLR R 2Lt

Fig.3 Structure of dye-sensitized solar cells (DSSCs)"”!
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Bpa, BRI Tz ol A A R

38, A — B ARG AR Lt R A5 Bk OB AR
i 7t (Perovskite solar cells, PSCs), % Hith =2 H fif
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R, HAHAME R R, & 478, PSCs
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ik — 20 B R S ER T L H  G F RAR R, TESY
AR AE HL ML R A T Bk A
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JrEATHE— . SR AR, E R R
AREFEMFFEBE . TR KDL K 5 [ [ 50] 154 g
P LR AEST, 2020 45K PSCs Hi b 5 5 &
LT 26.7%%, HAT, FHEK LAY R KIS
FOEM BT E , BT it P A YL B T 5
AR, WNMTSBESH® 2. T2, BAESN
AR M A AR S BT 5 R T 45 [ B A
B, YRR R — A AR R R & R
SCIESERET HL OB A, Ok AR % Rl R M E] DL R
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ABERE FH T A5 8K A i DA AR T LT A% %, i T
VEAA AT LA AR A= o e b 1 o 5 O AS - [) it
AT finsE PSCs A9 7 il ALk A2

SRR AN AU N A B R VNG R

Metal electrode Metal elecrode

Hole transport layer

Electron transport layer

Light absorption Light absorption

layer layer
“@e Electron transport  Hole transport '
m _ layer layer
Transparent Transparent
electrode electrode

(a) PSCs with positive structure
[ a SFHEESHESERD It (PSCs) 45 HR 2 K0

Fig.4 Schematic diagram of planar perovskite cell (PSCs) structure "°

(b) PSCs with reverse structure
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Table1 Comparison of various photovoltaic cells

Conversion . Applicable
Cell types efficiency Advantages Disadvantage scenario Cost (Cells)
Monocryst'fillme silicon 24.2%" Mature technology ~ High cost Phqtovoltalc POWET 1 04-1.12 Yuan/wW
photovoltaic cells station, etc.
Polycrystal%lne silicon 22.8%" Mature technology ~ Low efficiency Phqtovoltalc POWET 4 73.0.83 Yuan/W
photovoltaic cells station, etc.
Silicon-based thin fil Translucent, flexibl .54 Yuan/w
tlicon-based thin frim 11.9%*! ransiucent, Hexible v efficiency BIPV application etc. (Mitsubishi heavy
photovoltaic cells substrate industries)
Copper indium gallium Lightweight: Low light C ins th
Selenium thin film 23.4% '8 ftwelg t; Low l% t lontalnsIt ¢ rare BIPV application etc. 5 Yuan/W
photovoltaic cell(CIGS) performance is good element In
Cadmium telluride thin film 127 . L 4.6 Yuan/W (First
22.1 .
photovoltaic cell(CdTe) % Stable performance = Component rarity BIPV application etc solar)
Galli ide thin fil High efficiency; High A
allium arseni ethinfilm 5. o 11z temperature and High cost erospace 38 Yuan/W
photovoltaic cell(GaAs) radiation resistance engineering
Dye-sensitized thin film 3] Long cell life; Simple Liquid electrolyte is
11.7% _
photovoltaic cells(DSSC) ? structure volatile; Poor stability In the lab
Perovskite photovoltai Low cost; Abundant J Yuan/W
erovskite photovoltaic 26,7920 ow cost; Abundant o BIPV application etc. (Golden concord
cells(PSCs) raw materials nano)

12 Wb AT R, R R R R
PREL L, SR, B ALK L R T A R g 1)
WA, HibfoR B — B, ERASMEE
N B — A AR i 4 50587 2R AR H v 17 oMb A
Feo Wk 2 /o, b HETES o [ A ARG IR i
WA FE R o AL — BB AR A = 75 A 1T A
7, HOUH R E— A m A bnifE . BR T
FELRUE AL Y 5 AL Ah, H I B AR AR E Pl
Je HEDUR B R E T mz—, HECY T
$ v B PR R Mt AR 1 AT T A S g
— g B BRA FL A AR H A, A R R AR A i
FEH Ao s RR A IS B b B A HOR
BELASH PR Y 5 0 B PR A A RO o L R R A BRI
J U R R SE — Rl AR FRL b BE 7 DR LA RO T ) L
—HENR . PPN G FERH T A . —

JEMIR B HEE A FILRP, T RAMB R
FB, BAREJCA TR IREIE . A Tt o im ARA
F AR R BE A 52 BB B0 AR F v b AR Y s —
Ao HAET, AR 2208 DGR i b i 5 B R AR 2
SLHEMTME N, JCRk T KM Tl Al AR 7 e
it (9 R T AR LA SRR 9 25K o H ke, H AirsS T
IR T R 1] 152 AR ) 32 B 5 05 1] 2 A ] £ I b el
A BEAT PR DAy R T AR 7 T AR O LR AR B AS )

[ B

2 A=A AR R AR KR AR R
2.1 BAlEs
RAESECAR T K R, R L R AR R AR
KOAF A B, R, £ AX06k
S AR TR DG AR S v f b 5 A 4 X 1Y 32 S A,
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Table 2 Research progress of new solar cells at home and abroad
Types Time and authors Description Efficiency
: The invention relates to a perovskite solar cell coated with a
; [30]
2019 HU Jingsong perovskite precursor by an air knife 19%
Perovskite polycrystalline films with larger grains and lower defect
. 2018 ZHAO Qin™"! density were obtained by using cesium chloride enhanced lead 22.1%
PEIOVSkllte  cell iodide precursor solution two-step method
photovoltaic cells 2018 PAN Xu"! Introduction of mixed cation perovskite cells 19.94%
2018 WANG Zhaokui™  Ternary Pb-Sn-Cu perovskite solar cell 21.08%
’ An anionic engineering technique was developed to improve the
[21]
2021 JACKI Jeong crystallinity of thin films 26.7%
2018 ZHU Weihong™ Stru'lc_turally stable and efficient dye-sensitized cells with additional 11.7%
Dye-sensitized solar cells auxfiary receprors
¥ 2019 YUMA Kurumisawa™ The team achieved high conversion efficiency with the help of a new 10.7%
dye molecule (DfZnP-iPr) ’
2018 LI Yongfang™ PTQ10, a low-cost and efficient polymer donor material, is a simple 12.7%
Organic solar cell D-A copolymer
2021 ZHANG Tao PB2F was added to the PBDB-TF: BTP-EC9 blend as the third 18.6%
component
Quantum dot solar cells 2018 MA Wangli®” A solvent-processable quantum dot solar cell was prepared by using 13%

polymer hole transport materials

RS AR v ot 9 R LA 3 RTAR D B, (HZ RS
WA R B e W, R ARG,
B RO, T ELRADE AR L — s
FH R S B, B A i L 0 AR L LR OB AR K L Y
ROR KRR AR GOAR e v BB B /NG A Uk
PR T AR B il e PR X — R,y 0 A 20
A DIAEAL GERE IR T A A S iy RAB RN, 7Ry
A AOL R, L ol DUEHES 59T H R4
A F T A 2 TR N PURIT R IE T RE A9 1 B2 A
k.

Wi, 7& “BpA” pEST, ek lkm
it KA Ry o A 2OLAR I B o A SOL R R
WA H AT 23 A OGR4 B0 Rl A 2k 45
A, F3FIH T H AT EZ A A FOLR R AR,
X EE T A [ 3R G AR R ol B8 BT AN OB
B LSOz M Yeda 77 aTRAR ), 3
PP AR AN A R A TR BE R A AR X

P 245 A S 5 SR AR ORI R THOG AR H o R BT A
U o A A =l T 2 i A AR T IR
A, SR T Bt ) GRS S AR 7l B b U s L, gy
A XOCAR A Ry A R 75 RE 2 B R A7 BE, o
FSN T (ST O i e oY VN A S e S
CHIR M OBRT R AR iR Rl AR T )
AR FLI A AL B, bR s Ak o s o A OB AR
BH, R I H et AR R A
(17920 /N A= I S L A 1T - A o0 Wt 2 N
PEADOCRB B 5 B2B -, LEGAR R i 1
PAESE A A5 5 fErpilesn 1y, dBOUR RGNS
T B ULBOUIRR S 5 &, SRR 6T
WAL s Ben, 7R PRI T, EESLOBIR G E
T, JEIRE IR TRAREI 5, &
ZRREA T, X RS R KRHEOLIR &
S =g DE 52 8

&3 SRR LR

Table 3 Distributed photovoltaic business model

Mode name

power station funds

Owner of photovoltaic Source of investment

Source of income

Personal investment mode Unit or individual

Contract energy

Energy companies
management model 8y P

Network crowd-funding mode Energy companies

Personal rooftop PV power

. Energy companies
station rental model 8y P

financing

Domestic investment
Bank loan, lease financing

Raise many investors

Save the electricity charge, the extra electricity to surf
the Internet, get the government subsidy

Charge users' electricity, access the Internet with excess
electricity, and obtain government subsidies

Charge users' electricity, access the Internet with excess
electricity, and obtain government subsidies

The end user signs a contract with the energy company,
pays a rental fee and shares the revenue
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TERU HAR T, il & 1 8 EOu Rl A
EREECR, R ENLCF A AL I A LR SR
R TOGCRIE o 76 28 A J' Je R 28 ALY i
o, ZUWSE RN R RICIRTL . JCIRHE Ik 2 1
JeREIA . Toil e R OB B ik 2 @ OB R
NIV S R NI R NCER(LR B S N U E S C AN
e, N, ShiEsB R R E R, Rk
UESEY SIS NG ERTLY 2 e BN TS B NG ER(LE S

I, SEAR % v 9 B HA R R A £ A
RE AR AL I AAS , 3 Pl R A SR L AR B 4 30 4
AR R BORAR R A IR R R . R, &
FE AT o 7E G RO Mk e R 1 2% A K R B BE R 65 5 1
RSB SR B 3 G AR b ) e BRE A R

R4 RAFWARBER

Table 4 Photovoltaic industry-related policies

Content of representative policies

Policy type Number of policies Representative policies
Development and 28 Guidelines on Energy Work in
planning policies 2021
Notice on the Weight of
Given policies 9 Responsibility for Consump't1.0n
of Renewable Energy Electricity
in 2021 and Related Matters
Notice on Accelerating the
Subsidy policies 14

Wind power and photovoltaic power generation should
account for about 11% of the total electricity
consumption in China.

Starting from 2021, weights for provincial consumption
will be released at the beginning of each year, while
weights for the current year and the following year will
be issued. Weights for the current year are mandatory
indicators for provincial assessment, and weights for
the next year are prospective indicators for provincial
project reserve.

Make it clear that all projects that have completed the

Review of the List of Subsidized approval (filing) procedures and completed full
Renewable Energy Power
Generation Projects

capacity grid connection in 2006 and later years can be
declared into the subsidy list.
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