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ABSTRACT: Climate change is among the most important issues facing mankind in modern society. However, global PV energy
expansion has been driven mainly by OECD countries. We investigate the determinants of PV energy growth by panel data of selected
OECD countries from 1991 to 2018. We investigate four categories of driving factors: socioeconomic, technological, country specific,
and policy factors. The test results support that PV capacity growth is significantly driven by technology development and
multidimensional environment policy factors. Socioeconomic factors such as CO,, GDP, and electricity price are statistically significant
on the growth of PV energy, too. Whereas, country-specific solar potential factor is the least related. As most of the socioeconomic factors
are exogenous, we need to focus more on PV technology development and policy measures.
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Subscript

AR(1) : First-order auto-regressive process

EPS Index : Environmental policy stringency index

FE AR : Fixed effects with autoregressive process ° |4 H5-2 OECD =7}
FIT : Feed-in tariff 55 A0 R 2= o] 2|9, F7PEE BrgS Ho|al )

o} E3, ejokd o] Bga Qlof 3 A 2000 HE A
e QA ASARE o 2 g AlRFA A= 2010
HE 24208 o]FoHrt i34l A5 Marques et al.

LCOE : Levelized cost of energy
NDC : Nationally determined contribution

OECD : Organization for Economic Cooperation and Development

PPP : Purchasing power parity
RE_AR : Random effects with autoregressive process
RPS : Renewable Portfolio Standards
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Table 1. Research on GDP and renewable energy growth

Research Scope Period Methodology| Result
Marques et al. | European 1990 FEVD SH)
(2010)? countries -2006 regression
Son et al. 2006 FE
017y |SouthKorea) - onis | regression | o)
Sener et al. ) Literature
(2018)" Worldwide N/A review S(+)

Note. S means statistically significant, NS means non-significant; (+)
means positive, (-) means negative correlation.
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Table 2. Research on oil price and renewable energy growth

Research Scope Period Methodology | Result
Lin and Omoju 46 1980 Panel co- SH)
(201 7)1 % countries -2011 integration
Escoffier et al. | OECD, 1997 P""t’r‘;:i'tri‘g:th S(+)*!
(2021)® BRICS -2016 ) NS(+)
regression

Note. S means statistically significant, NS means non-significant; (+)
means positive, (-) means negative correlation; *Statistically significant
when ail price changes over 6.7%.
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Table 3. Research on electricity price and renewable energy growth

Research Scope Period |Methodology| Result

Carley us 1998 FE NS(+)

(2009)'® 50 States -2006 FEVD NS(+)

Panel 1

Chang et al. 1997 S(+)*

(2009)"" OECD 2006 threshc?ld NS(+)
regression

Note. S means statistically significant, NS means non-significant; (+)
means positive, (-) means negative correlation; *Statistically significant
in countries with high economic growth.
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Table 4. Research on CO, emission and renewable energy growth
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Table 5. Research on policy and renewable energy growth

Research Scope Period |Methodology| Result
Sadorsky . 1980 Panel co-
(2000)® | G7C0UNtES | 5005 | integration | S\
Aguirre and
EU, OECD 1990
Ibikunle , ’ FEVD S(+)
(2014)"® BRICS -2006
Marques et al. European 1990
(2010)? countries -2006 FEVD S6)
Lim and Jo . 1990 .
2017)° 104 countries 2014 REM, Tobit | S(-)

Research Scopg and qulcy Method Result
period variable
Marques et al. EU
(2012)"® 19902007 | T | PCSE [ S()
Aguirre and EU, OECD,
Ibikunle BRICS FIT FEVD NS(+)
(2014)"” 1990-2006
Lim and Jo 104 countries .
(2017)" 1900-2014 | T | Tobit S(*)
Carley US 50 States FE,
(2009)"® 1908-2006 | ° | pevp | SO
Zhao et al. 122 countries
(2013)® 1980-2010 RPS PPML S6)

Note. S means statistically significant, NS means non-significant; (+)
means positive, (-) means negative correlation.

HPYATEA AL 54 2712 CO, MhEo] £25E B
EA] i B2 0] 18 FlolH R AR AYS Hek AT

Note. S means statistically significant, NS means non-significant; (+)
means positive, (-) means negative correlation.
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Table 6. Basic statistics

Variables |observation|average|variance| min max
PVCAP 364 2.29 4.65 0 19.81
EPS 364 2.09 1.1 0.21 5.25
MODULEP 364 3.79 233 0.41 7.96
CO2t1 364 10.12 441 2.58 | 20.47
Ln_GDP 364 10.42 0.46 8.81 10.94
ELECP 364 175.10 | 76.89 | 56.63 | 415.89
OolLP 364 4954 | 3258 | 1272 | 111.67
Ln_SPOTEN 364 11.58 1.96 855 | 14.76

R
2F0] HL(PVCAP) o]tk o] Bidrz 4] (1) Ljehdl 4= 92

Cumulative PV Capacity,

PVCAP(%) = (1)

Total Installed Electricity Capacity,
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Table 7. Definition and source of variables

Variables Definition Source
PV energy capacity (in %) to bpze)
PVCAP total electricity capacity EIAT %)
EPS enwr.onmente.al policy OECD®
stringency index
solar module price 34, 35)
MODULEP (in 2019 USD per W) OWID
COuus CO, emission per capita, WB?)
lagged by one year
log of GDP per capita 30)
Ln_GDP (constant in 2010 USD) wB
household electricity price 32,33)
ELECP (US$/IMWh) IEA
Crude ail price 26)
olLp (USS$ per barrel) bp
log of solar energy potential 31)
Ln_SPOTEN (TWh per year) WB
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AARR 1R Al A A1 o] A1 A 11-9]/d 0] E o] A]+= OILP
©} SPOTEN Bl=5 =2H4] © & A| 7 5}o] 75 (Model 2)2}
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FH(EPS) 9] QRS 5712 A E 7 flste] 4714 7w
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:(O g01'

(Model1) PVCAP, =, + B, EPS,, + 3, MODULEP;,
+ 8,0, +B,Ln_GDP,, + B, ELECP,, + 3, OILP,
+3,Ln_SPOTEN,, +u,; + i,
©)

(Model2) PVCAP, = o, + 3, EPS,, + 3, MODULEP;,
+8,C02,;,_,+B,Ln_GDPF,, + 3, ELECF,,
+ 3 Ln_SPOTEN,, +u,; + i,
@)

A 0.2 o] AHEHAS Thola] 1 uk, €Oy, Bloke
H5714(MODULEP), A %H(SPOTEN)-2 B 43 %19 H]
S(PVCAP) I} S0] A E 7HAH, 453(GDP), §-7}
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Table 9. Test result (Model 1~2)

(Model3) PVCAP,, =, + 3, EPS;, + 3, MODULEP;,
+B,C02,,_, +B,Ln_GDP, + 3, ELECP, +u; + 1, Model (1) Model (2)
®) VARIABLE | FE_AR RE_AR FE_AR RE_AR
(Model 4) PVCAP, =0y + 0, EPS, + 5,002,y o ZV;D g‘;zzp z":’?p g‘;af’*
+6,Ln_GDPF;, + B, ELECF,; +u; + py, ©) EPS . - : 34
(0.182) (0.175) (0.182) (0.174)
-0.388* | -0.422*** | -0.387* | -0.417**
npz|ato 8w E W2 23k5lo] 3714 HHHE(FE AR, MODULEP
RE_ AR, GLS AR A 2 ao] B o (0.151) (0.111) (0.151) (0.111)
)91 Slstel A8 S gslo] 2. A oo oate  osm | oate
Az 27], 4 A8 Fol4E 52 Ay 0 & v|wste] A COz1 (0.153) (0.124) (0.151) (0.124)
W Q1 1 g o] 7471 /d(robustness)-2 213t} L oop | 8975 | 4000 | sgsst | 4153
n
- (2.596) (1.259) (2.477) (1.237)
4. H|AE Zdn} 4l o ELECP 0.011** | 0.012*** | 0.011** | 0.013**
(0.004) (0.003) (0.004) (0.003)
0.002 0.002
4.1 HAE Za} oILP . .
(0.004) (0.003)
t}. 71 A¥E Q.9FsHH Table 83} T SPOTEN - (0.376) - (0.375)
-51.514*** | -34.860** | -55.440*** | -36.458***
Constant
Table 8. Pearson correlation (1.310) (13.717) (1.251) (13.492)
Observation 351 364 351 364
. Ln_ MODU Ln_
Variables [PVCAP| COz-1| oo | OILP | ELECP | * o0 | (oo | | EPS Number of - o s s
PVCAP | 1.00 country
coz, | 013 | 100 _ad. 0.0353 N/A 0.0378 N/A
(g'gz) — tho_AR 0.954 0.954 0.954 0.954
Ln_GDP 1 100 | (0.00)| " sigma_u 1.905 0 1.975 0
0.38 |-0.02| 0.22 Ho: Ho:
olLP 1.00
(0.00) | (0:61) | (0.00) W(aF';’d rejected NA | rejected N/A
0.65 |-055|-0.12 | 043 1.62 1.61
ELECP | 0.00) | (0.00)| 0.01) [ (0.00)| T Ho: e
062 | 005 | -026 | 075 | -0.56 LM2 S o
MODULEP | 6.00) | (0.28) | (0.00) | (0.00) | (0.00) | *° Chbar? NA regzcged NA rijgitjd
Ln_ 013 | 055 | 0.08 |-0.00 [ 036 | -0.00 | o - :
SPOTEN | (0.00) | (0.00) | (0.11) | (1.00) | (0.00) | (1.00) | Hausman Ho: accepted Ho: accepted
(Chi®) 7.32 7.71
EPS 056 |-0.04| 042 | 070 | 043 | 083 [ 011 [, _
(0.00) | (0.37) | (0.00) | (0.00) | (0.00) | (0.00) | (0.02) |- model selection RE_AR RE_AR

Note. p-value in parenthesis.

Note. ***p<0.01, **p<0.05, *p<0.1; standard errors in parenthesis.
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©.2 HkRS ull, EPS index7} 1 7|41 5w gfjofsd A ¢l o] n)=o]
0.346%p A o2 A o0& 2238 4= 9l

MODULEP #4=2] A A|4= ol gt vpe} o] Fof Akt

O

Jﬂ

A Al 4] S0(99%e]) A0 Liehie nhet
A SF28 Y A 0] 471291 BAoIA] HORE ), 714 A} gy
F 9] Shfol U9 e GG WA AL o S 9l
Model 3] 2 AIE 7|0 2 & o, th2x710] YA shhd,
=29 g 5712 0] 1 USD/W s1EtalH ey A X

T 50| o} 0.414%p A= 27tk 228 & 2= gick.

CO» WiZTFS) A4 A 0314004 -0417 252
LheuleF, EPSO] 4| =01 uo} ol714] o] 9. Model 3] -
A AR o2 BRHY AR Welt), $AY AE4E
AA] 95% T 99% £ O 2 8951t o] =2l 190
COx o] & FrHARE Hopg - §e5] vlo]

& 74 oulal}. o]t ofubi AlA| EkR e #7H7HCO,
Hi e 9 gfokd A YH|-E(between-effect) 2Fo]o]| 7|15t A

E

i

O

r_>i

TA K -0.4140]4 -0.422 Aol ] =4 AvfE ASIT}. 1e|aL T2 Abg Hr,
Ln_GDP 2] A|4= 374 A1}E A5 Kol Model 10f|4] 3712
Table 10. Test result (Model 3~4) 4.0000] 4 4.172744] wj-9- Q2| Q) A= Eﬂﬁ}i Ak 1
1 EA A G-04F% 99%0]t}. MODULEP H&E A|9)3t
Model (3) Model (4) Bl A frofEe 99%ol . - el
VARIABLE | FEAAR | REAR | FEAR | REAR Model 40f}4}:= 5.249} A5 H, 44 MODULEP7}
| elE 5 Ne) 2N 0 [e]
pvcap pvcap pvcap pvcap FAA & Fofu|gt kS oh& o 4= Ut whEkA Model 35
eps 0.347* | 0346 | 0316 | 0462 7|02 AT HH tEX o] AT A2, 2010W =7 7=
(0.182) | (0.174) | (0.183) | (0.174) 1915 GDP2] A} 2 71 Zfo] | 27 }6} 1(121% GDP7} 9F2.71
MODULEP | 0387 | -0414™ ] ) ull7} =] 9) g A o) Wl S0 9F4.172%p S/t Ao 5
0.151) | (0.110) =}
COpy  [oa” | 03 | AT | 0399 ELECP #42] 37 K= 4714 Modelo] 4 2-0,0119]
0.151) | (0.115) | (0.149) | (0.117) H0.013.0.2 A3k ATHE o1]T} EAH 0 2w 0992 1Ak
5.935% | 4472 | 3.897 | 5249
Ln GDP Al Ao] &=k} e 240 st o], /1AL 7|02 A8
- (2477) | (1.232) | (2.389) | (1.234) ;ﬂ g0l st EL ]]ﬁ :—E HLL} A ;Ek ] )
Z OF31 2] 9] °
ELECP 0.011*** 0.013*** 0.011*** 0.016*** EIO] 1 USD/MWh :\Io]-? o EH [ele) ;S_C]_O "] H]EO] =
(0.004) | (0.003) | (0.004) | (0.003) 0.013%p 571 A 0% 4.
olLP - - - 71eheh e, 7kt el I A EAIA 082 79
Ln_ gt A3E Koz gholrt.
SPOTEN ) ) ) )
-55.440** | -37.606*™ | -31.748* | -50.694***
Constant 42 ZA7HM BEM
(1.251) | (12.565) | (1.159) | (12.439) oo = o e o
i p=4 = 735 A7= =
Observation 351 364 351 364 7180 2= S T Model 19} HFgess
Number of 7HA] B4 BP9 2] 271A] W 2o Blsto] 14| 247143 GLS
13 13 13 13
country
r_ad. 0.0378 N/A 0.0187 N/A Table 11. Test results comparison among methodologies
rho AR 0.954 0.954 0.955 0.955 _
pr— 1075 o 853 0 Variable FE_ﬁR RE:iR GLS:;AR
Walad HO: HO: COZ = (- ok (-)*** (-)***
) rejected N/A rejected N/A Ln_GDP (+) (+) (+)
1.61 1.61 olLP +) +) +)
LM2 Ho: Ho: ELECP (#)* (+)*** (#)**
N/A rejected N/A rejected MODULEP ywx \xk _ywrk
Chbar? 42 56 48.60 () () ()
, Ln_SPOTEN N/A ©) ©)
Hausman Ho: accepted Ho: rejected
(Chid) 6.95 16.35 EPS ¢+ )™ )™
model selection RE_AR FE_AR constant (-)y** (- (=)

Note. ***p<0.01, **p<0.05, *p<0.1; standard errors in parenthesis.

Note. ***p<0.01, **p<0.05, *p<0.1
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