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ABSTRACT

Traditional power generation methods based on fossil fuels cause many environmental concerns such as global warming
and climate change. Photovoltaics can produce electricity using sunlight, which is a sustainable natural energy source. Thus,
photovoltaics are an attractive replacement to overcome these environmental issues and a promising option for addressing
climate change. This study sought to determine photovoltaics research trends and analyze the current technology level of five
major countries to inform technology development strategies.

In this study, we collected research paper data related to photovoltaics for five major countries (Korea, USA, China, Japan,
and EU). Then, we analyzed research activity and research influence, and compared these results for two periods, 2011-2014
and 2015-2019. We also extracted top 5 research institutes having high time cited figures in each country. Finally, based on
an expert evaluation method (the Delphi method), we conducted quantitative and qualitative analysis on current technology
level by country. The survey results included technology level, technology gap, technology level group, and R&D competency
in fundamental and application development technology stages.

Key words: Global Warming, Climate Change, Solar Cells, Photovoltaic, Research Trend, Technology Level Evaluation

1. M2 ARESHA] ekl ARl ofu ARl EHFE S &85t
Age YA 4= Q7] dieoll 715 HeE sfdd o+ Q=
SAARE Joz o AEAY HE A4 wAe  ANEHY ofuix] 7|&sHon FEWR YehLiv e al,

7 3gOlN ATEsh AFedsh grled Fof ge 2019 Im, 2015)
g7 EAE oF7| st (Sampaio et al., 2018). $HH, A 9] a8y, 2A7A A5 71 SHE gE Ag T4
g ol ARAE U Fohe A7) 59 Ag 5 A BOI01sY HeEenst FAHYOIE BT

Ztoll wt AdY Anvle AKHom JIUSRL Qe

(Sampaio et al., 2018), 7| FHI}E o= F9 AU
2A7t20) iEFE St e FAI91 AATH(Choe et
al,, 2013). o2jet YA, HFHA 7e2 HHA=E

oE|geF BHE GA5H| YallAE 20308714 2018E
ZAAA eFHaA] APAF 2201 480 GW 6H, 2050 7HA]
= 18¥jof| sfgst= HYHRAE F71 AA|stofoF gt
(IRENA, 2019). &, 7|29 HIAA 7& S22 2

t Corresponding author : rurouni628@gtck.rekr (04554, 17th floor,

Namsan Square Bldg., 173, Toegye-ro, Jung-gu, Seoul, Republic of

Korea. Tel. +82-2-3393-3988)

ORCID 3}=&1 0000-0002-7361-5810

ZA]ell 0000-0002-2427-8176

/341 0000-0003-4782-7016

Received: December 01, 2020 / Revised: December 21, 2020 / Accepted: January 08, 2021

http://www.ekscc.re.kr


https://crossmark.crossref.org/dialog/?doi=10.15531/KSCCR.2021.12.1.037&domain=http://ekscc.re.kr/&uri_scheme=http:&cm_version=v1.5

38 stz -

At 50 NS FHET 7Tk 1}8 ofete ol
shol, @S] HleFA 7148 Holdg & St 71434
°| BRSHLHNoh et al, 2017). EF, 7 F 83t 82
P AM7IE2ZN AT BFHA] e G4 71T B4
sto] =4 7le $9E Asks Aol 8742 Aol 9]
of wt, 7]&d4lS flsiAE WA HFHA B 7]&0]
HARE HI7HA] o BA THES sik=A, vlfiAte] 2
AFoIA st 7le/iYd #8771 FIQJIAE uhelsto
A+ 5F & FAY VerEs £45, o)F EUE
Het7]e /s R A=A JAEAE sk Ao
- 2% Zo|th

S, AT 5 2 A9 VesE E4E HdiAe
A7 A AS v & Shi= dafo] RAF o]
&8 x]o] Yth(Flostrand et al., 2020; Gwon et al., 2018;
Kim et al., 2017). @u}o] ZA} WL 2 E7}9] 2314 Q]
T o] &ske 7IHO R, AAE FA o s 57 A&
7Y 1F0] FoE EEdhs WA E XPHTK(Crisp et al,
1997). 18u ddfof] SojA ™A 7]&9] T 5\—57} 3
A 7H&53kgol et o]of] A8t Atew, 59 ¢
FEIACN 2 V&5 AHY AT H]‘—’Pﬁ&i
S7Fstal Qlvt. webA Hal7|ed Aes 8t
oAl 17} Fube] ojA%E Ao R E w2 A
Sfale 71450l et A U 1E4E vt o
& AHolch. olo} Bslol, Y APAELS AFEE,
53] 0] HeEo] tg AL RAS Bo) Bl Feb]
& oo ATNLSET BFE WIS TA ket
T}.(Huang et al., 2019; Sampaio et al., 2018; Choe et al.,
2013; Mohammad et al., 2019; Li et al., 2020) £53], e
AA] FofolA= W e 83 5574 (Sampaio
et al,, 2018), =& Q& UEY T EA|(Choe et al., 2013),
53 @ vlgo] qole R4S B ATEY BHL o
al, 2019), §AE wmpo|dE 283 dA+4=% 4 &5 H

_\-1;_11

vl EA(Li et al., 2019) 59 AF53F @ 7|&530|
et 24o] == AT

o3t FH | Ao R, B AoAe AT

4T AT W OR St HiFHA EE F2 570

=7t AE EFES EAEL A7t dafo] 2ARE

HIO & 3 7|eadE 2AMRA] 23E AlFstast i

2. g
& AT HFHA 2ok AF=2 TF 4L V&

Journal of Climate Change Research 2021, Vol. 12, No. 1

Ao

- QM

aﬂ%ﬂ sl A1 g
2 SAHEE, v, F,

29 49, fopaxis Betstol =
SRR R
ottt =RAHEE HASH] YA Web of Science
(WOS) FHEZHAEE &85} Web of Science (WOS)
Analytics”} A5 gloE o] AR
Science Citation Index Expaned (SCIE)Q} Social Sciences
Citation Index (SSCI) 5ol A= 6,0005H7 o]Ae] =
£ £4 4T & 9ot ol =EAR AUAYEE

1o
hewt 2t

Ir

= Clarivate

- TS=((((solar*) near/2 (battery OR batteri* OR recharg* OR cell*
OR generat*)) OR solarcell* OR solarbatter* OR photovoltaic*
OR photo-voltaic* OR (photo near/1 voltaic*)) near/2 (module*
OR inverter* OR ((thin*) near/l (sheet* OR film* OR
membran*)) OR silicon* OR efficien* OR effectiv¥))

wedE AA Ao =29 AlE, 25, AR 719E
(Author Keyword), 1€ &3 7|dF 7]¥=(Keyworld
Plus)9] 4714 FES ZA o7 AMHQE A5l om,
20109158 A AFQ 20208 69714 AAE Article,
Letter, Reprint, Review FE]S] 21,5377 =& &4 9
o2 349irh.

=] A Il UM 7 FAlSke "
Aok T gl HlolEol dsjie HE & wiASHAH.
1%, Y9 =2 A #A £ 573,
1=, $=, €&, EU)oll 259 7|84 AAR A=
ARtstATt. ofm, =1£o] 27 o2l A}, 271 o)< 7]
HE7Hel 2550 e B¢ 44 719 === AAT
Aoz mesqch

AT FHEAS P 20109014 20144 7HA] = 7
7 2k, 201597F 201992 FHT ko8 dAsta,
/AT P08 9 b R0 AR A4, AR 4,
AT E5E(Activity), A7 FF(Influence)E 712 &
HyBos st BT AT FE(Activig) =
EAAAFAYARFB)oIH, A+ FFE(Influence)=
Y ABAFCY=2AAAT(AZ HsIAT

pAE e 2 AZ7t difo] 2ARE F9tY] F82 ST
o] BigdA ok 7erE 9 7Ie4AE BT &

O

d



EQIRE| 2OF 22 5EO| APES S U J|aaF FAb- 24 39

duto] FAN= 20201 7THRH 108744] SPH o H
FHA 2ok AEZH 1S HFez F 248 24 4
AlStRiTt. 12 duto] 9] - 72+ A7t 71esE, 71s
A%}, Zlerels, d7r¥sY 52 HUeHAAL, 2&
dulo]o] ¢ 12t dufo]o] AIE AA|sto] A0l
SHEHS FAste HAHoRE sy FAF R, Ve
Fo Afole 9A F8 M= F HieEfae

"6& T JWeE 7Y 7EFES 100%E 24t
W% Bew o] 1 9] 2t 7erEe Bk
Sttt ZleARE Al BeT 1SARE 0
Woz o, A7 Jl& BeRo @A JErEA ET
Shedl 209 202 AT AVE Wkes o
o} 1 2o g I/ME 7|e5E1ES A X (Leading),
73‘(Chasmg) B9 (Following), ‘#—%(Laggmg) o= v
ol A7} W 89 IS ¥R A s
e 71@ BobE ARSI Q& 18, FAIES WS
of mupieol Mt 18, FULES AR71%0) 9
8ol 7Psd 1, YFIES APAT So| Fok

go2 Hojselrh Beh by J1E5E18E 5
297 93] BT UL 48 IAE Ane W4s)
% 1004 o Satslo] Yepfolth. 71 714
FEIES FT BAT ABE 41 AAE A JjRe
2 357 oY A9 Ax, 2.58 ol 3.5F vt AF¢
370, 159 ol 257 U A9 L, 1579 vl 7
UBagon BuSeln tAteRE AT
A5 A 9 38T dACIA Q] A S0l His]
-2, §-, BHE, B, WjREEe] 53 gAHE =
2 ¥ F7FE $3% & 1009 o g ghibsto] UEt
iolth 57k AFedsEs 9 247 2= 53
HAE Hx 7|Eo® 457 oY A -, 3.58
o4 4.5 mvtd B &, 2,58 ol 3.54 v A4
L HE 153 o)At 254 mutd AL H=E 1.5 by
A% Rz oz WSt

=

o

‘{H‘L 53 —E&W%Cﬂ 2010W+HE 20204 6%17/};(] A
= o S7ME R 5
= Table J—} Ao 4719 RS =5 AR 47
dlojEolA HQas, Fof o Het

ez e

- 1__\__

4 gt & AA| dolg] E4o] €8 =52 Ust
o} AA BEAA =2 21,5374 71208 P we

gt F7M= F2(7,69474)0. 2 35.7%9] vl
At THEoZ EU 6,4297(29.9%), b=
3,38971(15.7%), 3TH+ 2,5887(12.0%), Y& 14374
(6.7%) 2.2 YERTY.

Table 1. The results of effective papers researched
about solar cells

Country Number of papers Period
Korea 2,588 (12.0%)
usS 3,389 (15.7%) 2010.01.
China 21,537 7,694 (35.7%) ~
Japan 1,437 (6.7%) 2020.06.
EU 6,429 (29.9%)
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Fig. 2. The number of published papers per year for
each country

8 570= tfH] ZF =7k9] 3HA (20109 ~20149)2} X
(2015 ~20199) 59 AF=E9] H|S5Z Fig. 3(a)¥}
2ol Hlwstct 2010004 20149 AAE =& 7+
O & EUsx AA =& thH] 345%2 7P =2 AA H5
< ZAASHAL IS T o 2= S 26.2%, U= 18.5%,
S 13.4%, Y& 7.5% €02 eI 184 20154
oA 20199 AAE =2 7122 HWHS 1, 529
L= HEL 14% S5 402%2 FoF S & 7P
A vehdth theog EU 27.6%, Ul 14.6%, 3HE
11.4%, Y& 6.3% <02 YERGOoH o|= I4A 9t fAS
FEOZE E F Aok ol g Bl H sd 5%
BFHA] okl A S = AE Pitgo] 3]
F7hle2 52 5 Aok 7 =7k A (20104 ~
2014 o] 2220159 ~2019%) 59| =& S7iH|&

Journal of Climate Change Research 2021, Vol. 12, No. 1

x| - 2%

© Fig. 3(b)9k Zo] vebEeh. P4, Fig 3@eld 95
T U= A Zol, T =1 B4 S7HES BA
B 166%% E@jgon. thgoal T5to] 47.8%, Y&
45.2%, EU 38.7%, Y& 452% Z7} £0=2 Uehygr),

80
&
<
g 60
=
-
g
= B B
z -
0
Korea USA China Japan EU
m2010~2014 m2015~2019
(@) The ratio of published papers
200
)
< 150
)
£
9 100
@
151
5 50
=, 1 = I
0
Korea USA China Japan EU

(b) The increase rate of published papers for each
country

Fig. 3. (a) and (b) in past (2010~2014) and current
(2015~2019) 5 years period
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Table 2. The number of research activities for each

country
Period Korea USA China Japan EU Avg.
2010 ~ 2014 1.26 1.22 1.23 1.14 1.12 1.19
2015 ~ 2019 091 099  0.78 1.03 0.95 0.93
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Table 3. The number of research influence for each
country

Period USA  China Japan EU Avg.
2010 ~ 2014 392 109.7 524 40.7 67.0 61.8
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Table 4. The point for technology level group and
R&D competency for each country

Classification  Korea USA China Japan EU

Technology 67.9 90.3 69.1 77.0 87.3
Level Group Chasing Leading Chasing Chasing Leading
R&D 723 88.2 71.8 82.7 84.5
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Competency Good Good Good Good
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