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Abstract

Environmental Kuznets Curve (EKC) which discusses the dependence between
environmental pressure and economic growth is pioneered by Grossman and Krueger in
1991. After that, more significant deterioration of global climate change can be observed,
hence, the research of EKC is transferred to the correlation between per capita GDP and
CO2 emissions per capita. Due to the great different situations of various countries and
the impact from international trade, technical capacity, policy execution, development
history and measurement conditions, there are many comments about the accuracy of
EKC hypothesis.

To simplify analytical model, this study is based on the view of development

economics, and take ‘population’ as a constraint of a country’ s economic scale and

industrial structure. The countries with more than ten million populations and more than
10,000 GDP per capita are chosen for further analysis. There are 18 countries (including
Taiwan) satisfied above conditions in 2011 from the IEA global statistics, and the 2/3
countries have commercially operating nuclear power plants. Focus on the countries with
more than 30,000 GDP per capita, there are 8/9 countries with commercially operating
nuclear power plants, and significant inverted U-shaped curves can be observed in which
6 countries.

Furthermore, this study describes the effects of socioeconomic background,
energy strategy and nuclear strategy for the 18 representative countries from the point of
energy economic. Especially for Taiwan, multifactor productivity (MFP) method is
utilized to find the difficulties currently encountered in our country and to seek solutions.
From the analytical results, we know that national democratic extent, markets open or not
and independent of energy (including nuclear energy) proportion are key factors for a

country with more than ten million populations to keep sustainable development.

Key Words : EKC, MFP, nuclear energy, GDP, independent of energy
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Direct emissions | Infrastructure & supply |Biogenic CO; emissions|  Methane Lifecycle emissions
Options chain emissions and albedo effect emissions (incl. albedo effect)
Min / Median / Max Typical values Min / Median / Max
Coal=PC 670/ 760 / 9.6 0 47 740/ 820/ 910
Gas— Combined Cycle 350/ 370/ 490 1.6 [ 91 410/ 490/ 650
Biomass — cofiring na E E E 620/ 740 /
Biomass — dedicated na. 210) 27 0 130 / 230 / 420"
Geothermal o 45 0 0 6.0/38/ 79
Hydropower o 19 0 88 1.0/ 24/ 2200
Muclear o 18 0 0 3.7/12 /110
Concentrated Solar Power 5 29 0 0 8.8/27/63
Solar PV - rooftop 42 o [ 26/41/60
Salar PV — utility o [ 0 a 18/ 48/ 180
Wind onshore i) 15 0 u 7.0/11/56
Wind offshore i 17 0 0 8.0/12 /35
CC5 = Coal - Duyfuel 14/76/1 1 0 [ 100 / 160 / 200
CCS5 = Coal = PC 95 /120 / 140] 28 0 68 190/ 220/ 250
CC5 = Coal - 1GCC IWIIID.I’ISd 9.9 0 62 170 / 200 / 230
CCS - Gas - Combined Cycle 30/57 /98 8.9 0 110 94 /170 / 340
Ocean [i) 17 [\ 0 5.6/17 /28

CRRA GHW - BT BEIIFRE S SiF1 EE  BEB R RRER @
B E o s h B ALY gk RE B e L o
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2050~2100
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[g/kWh]

(165
CdTe

PC
1GCC

Poly-5i
Trough
Tower

PV csSP Coal Gas Hydro Wand MNuclear

AMMOrE
W Nitrogen Owides.

Particulates < 2.5 pm
B Particulates > 2.5 pm and < 10pm
B Sulfur Dioxide

JJJJJ.4L41Ll

IGEC with CCS
SCPC with CC5
NGCC

NGCC with CC5
Reservair
Onshore
Offshare

B 2-5 247 4 Fprend G HLCO22 7 5 54k
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B PR 5 AL 00 S
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AR R A RN AL dhu P aeh

BE o LA - CZRAE NP R 8B A0 ER R AR R e B X
FHOFE H (Lkm2) Sk v ags o

% NASA # & 7 Pushker A. Kharecha £ James E. Hansen &%= 3 @ 5 1 @ j&_

1971~2009 # 2 B » >z 7 © reat 184 @

AFZ %M = o 64 BeR CO2e

F)iv 7 e R e 3§ 1 (GHG) #42c - & B 72 Jn 4 1997 & ik o)

B BRI F AR A2k E 23005 40 0 R AP ke

MmN 23R 43% 2 4 it s b dash 0 23k E £ 5 1,300,000 4

Fea ol gD R LRI R o

A A R E P e BB B PR

UNSCEAR(2011)%: & 5% 4f 2 ¢ 47 )
£ eig B BRI A L d 500 4 2

DA 1086 B TR FRE A

514 wREED BERHBYE

Bt Fo R B AEHHAR Y T Rk F R AT AL LT R

ZEARBIZ - LFFIIfrr P EaER

15 B A T RUR o A 5

e - FE A RCFI PG SR RKop g 0 1991 3 2005 & A fe sk e 87 20

n AR R B %HhE (2014/4127)
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PR TR ERR S
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(2008 ) (2011) (2012) (2014)
BE  1LRESERNE LRI 1=%  0R# - BRIBZE LCEMEREER  THRSHEN
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% 33 18 BH AR A v ~ A 32GDP & s # 7 bt

Flow GDP (billionGDP GDP/POP nuclear
2005 UsSD using share (20)

exchange rates) 2011
Population
(millions)-2011]

United States 13225.9 312.04] 42.39 19.2
Netherlands 690.53 16.69 41.37 3.6
Australia 899.11 22.76 39.50 O
United Kingdom 2386.63 62.74 38.04 17.8
Germany 3048.69 81.78 37.28 17.8
Belgium 407.96 10.98 37.15 54.2
Japan 4621.97 127.83 36.16 18.1
Canada 1234.78 34.48 35.81 15.3
France 2249.13 65.12 34.54 77.7
1taly 1770.47 60.72 29.16 O
Spain 1183.83 46.13] 25.66 19.5
Korea 1056.12 49.78 21.22 34.6
Chinese Taipei 470.55 23.39 20.12 19.0
Greece 223.83 11.31] 19.79 o]
Portugal 194.1 10.65 18.23 O
Czech Republic 151.18 10.5 14.40 33.0
Saudi Arabia 387.14 28.08 13.79 (o)
Poland 399.89 38.53 10.38 O
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Bl - BERNAT ARG RT 2T BRI R AP FERIF PP TR T
SIE E R 3% F4F F30er 2 is < £, E 0 1976~1980 & 3% W iE 3] EKC #73)
A 32 CO2 2 d 3% mATR T % - FAE o

1980 # X7 T fueh= B & 4> A B prBe R W TR B RO B TR
X E oo pPEA 30 CO2 P d B HR » Ligd 8 W CO2/4-ELR T 6 ¥ CO2/4 -
£ TR P A 5~6C02/ 4 -& > Pl T EKC % Z FFEL o L £ 7 iR H
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BEIFFpIBYR
FEAARERZ AR I UL TR ANRE DT PN T EREY L FAD
Bl MG K Rdp e AR P REFL  BP AE S 2 EEBE
BB AEE-¢ £4 7 EKC 2.7 & s i U Al «hnd 42(Bruyn, 1998)(Pasche,
2002)( Roldan, 2001) -
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£ g A BRFEF A0 2 21080 £ ik 0 # EEHE A T EKC ¥ - 1F
BB ir B o e pend 2 v 4ed Wy L 20 E R h@RE > p &
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grx g EAlE S R REAFE AR TR T REL R RE REE 2 SRR -
o) ﬁ%}%ééi@]%:}%ﬁk”x FWFrae BE SRR F R LA #&ﬁ%é‘é#ﬁ*ﬁ?%ﬁﬁ%ﬁ
HR IRFELAARZERFIRATF - GEHR > 7F om0 P AESHE
EKC ¥ - B3 % s ¥ hacHe l R 7o 3 vhpd e T8> F a £ 1982

#5430 CO2 HHEF £ 32 GDP M4 m 245 » L §ehiEr L T RRE » &
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2003) -
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B 4-3432CDPRE2F £ &£ "3 FF£2HK4+ARK

[Group-3]4c®] 4 #77m - A3 e § — B F 4&ch £ 8225 £ 32 GDP /& 20,000
£FEWE O BB EA PR LR R ARY < GDP B i R
Fo a S R Rl T R RS B L B A R SR B
FenF p i EKC 2#7F © R0 A M ASARG B g ? § 25 00 s #arps,
PR TRAET 1 RIFE L > LA CO2 R Ko KRB > EARESTH 2 1
Bl %o B GDP ¢ 7 ki1 £ L enf o TR EKC & 5 N4l F o s

16 ‘@Tiﬁ:{@](-ﬁ! P||GS) ;r‘r,gq 4.¥—r@] X Jé“kw aaﬁumws }\A’\.%fr_:lz § ,f‘_.. uf—'rsa—
AR ﬁ—%ﬁii’%% SEE T U AP 33 i A m?wfp- tyy A “%“*““’3 (Portugal) &~ 41
(ltaly)~ & & g (lreland) ~ # "8 (Greece)~ @ ¥£7 (Spain)

7 2011 ifﬂ?l M § i (¢ GDP chp At ) Bfer b e SR 5 237% &+ 13
266% ~ & 11 2 249% ~ i R A 384%’4r/5€*wupﬁz%}§’"ﬁﬂ‘-’i%ﬂﬁ
http://data.worIdbank.org.cn/indicator/NV.IND.TOTL.ZS
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RpEA A BB B ock 4 &3 S4B % 5 (4 12 GDP # £ e 4 12
CO2 - 3x7mjpt 7 o BEAR G FFFRaBHe 1 ? iR FLTHLEH S 7
BRI Y AR SDEKC St B U Al K §F 7 A R
MEHEE T AR T F I FRFDELRF G (2T ) IF I RF B e
PUOBRE o K OE R RS (S HET S S B X AR F v E e 0 1TH 4 35 CO2 Bk
BOERBEEARKRRT FERABGCDP R G M o
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BHBE AHGDPE® T A FD A ey o 1980 £ 120 £ RS E L
FEREFIRRES Y B T i‘aﬁﬁ‘rﬁé%@?}w’:ﬂCOZ#&ﬁ'}#ﬁi‘%ﬁc ' e g
X ¥2 GDP £r 7 SdF bt ph 4 e A ECTEE I ihi R A B Aol < e £ 4 i T
L c R RPN A BGDP g PR HEKC AP E F R Bl g 2 g
Ve Fem g o (¥ F *,2010)
%42 8827 18 BHR AR 04 12 GDP ~ it ikt~ BB 2 1 ¥y
vl B3 EKC e 8 189 g o
L Prac b g~ B r T4 K@ E% F R F o T ke
STHRE B R B AL T RO AR P EKC § C PR BB 4
BATRE L LR -
2. A¥GDPiE-g 2 syt I EY EKC adFi U R § s & 1%
o HNL kS L4835 GDP &2 CO2 & £ 3 4 G ¥mi4y o
3. A EKC ehB 3o 5 i B /SfriE 4 £ EKC & - [FE 18 » (v 4p
¥ RIH PN 1 E A @ GDP s pt (225%) - i ¥ GDP & CO2
o AR F-NHERESIFEAFIPELR -
4, *135GDP* 15255 % 42 FEKC W a8 Bk 5228 (/)M
o BRARENLALT R L 2R%D > L35 GDP &2 CO2 x4 £ ¥
R4 o
5. AEZEiAZ AR T A 158 CO2/4 » HAR T F 2
6. BTG HAY N5 AE S BOoL B 1990 £ (5 B F chal R 3 R
CER R AR R RS Al A oY LE R
B EKC R i U oA ehk Flz. - o

8 TR kR %4217 http://data.worldbank.org.cn/data-catalog/world-development-indicators

38



% 4-2EKC 22 x 35 GDP ~ #: 4t i1t ~ 2B AB% 2 1 Frigsc i & P2 B %

GDP(US$10 2011 vs 1971 | Industry,
IEA- Nuclear/TP
00) coal value added | EKC
2011 ) ES _
[capita consumption | (% of GDP)
us 42.4 9.8% 20.2 N
NL 41.4 1.4% 0 24.5 N
AU** | 39.5 - 0 28.5 /
UK 38.0 9.6% ! 21.5 N
DE 37.3 9.0% ! 30.7 N
BE 37.2 21.3% ! 22.3 N
JP 36.2 5.7%* 0 26.2 N
CA** [ 35.8 9.7% — 32.0(2008) | N
FR 345 45.6% ! 18.9 N
IT 29.2 - — 24.9 N
SP 25.7 12.0% 0 26.6 N
KR 21.2 15.5% 0 38.4 /
TW 20.1 10.1% 0 - /
GR 19.8 - 0 15.8 /
PT 18.2 - 0 24.1 /
Eastern
Cz 14.4 17.0% ! 278 European
transition
SA** 13.8 - 0 63.8 Special case
Eastern
PL 10.4 - ! 31.6 (2010) | European
transition

*2011 p & F1 5 311 F & BB 0 304 a0 TR

TR R ER A r R

PR et 2010 5 15.1%

; 2011 "% 5 5.7%

19 ok kiR & % 4245 http://data.worldbank.org.cn/data-catalog/world-development-indicators
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14 BTA P fd CERRF o P TPES ¥ et 5% 0 R R 0
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1. +35GDP & M& g % MEp kb ko

2. By ]%rg I'{b"‘?*% bﬁﬂgﬁﬁmﬁ’g lé’ ) I‘Z‘ff'ﬁ)iﬂb/}f”’ ~ ]%ﬁ:{’?# 1—,”:7 Fﬁg °
3. TEAd AR FO FETHY FR IS AIE AT §F LA

SRR (P )
4 5P iR AIOGDPAZE S FE & AR T L UL B o
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MEREEFTA Y D2 2eFERFNCO2 o (dos ~ 4~ % ~ 4o VB E

®)

41



# 4-3EKC & A 35GDP~ p A cilibvy ~ T4 3 HF 1 £ R 2 B %
Energy Electricity
IEA- | GDP(US$1000) | Nuclear/ _ _ Industry
. producti EKC Liberaliza J
2011 | /capita TPES _ price
on/TPES tion
us 42.4 81.5% 9.8% N Open 2.05(1)
NL 41.4 83.2% 1.4% N Open 3.55
2.52
AU** | 39.5 241.5% | - / Open
(2010)
UK 38.0 68.9% 9.6% N Open 3.75
DE 37.3 39.8% 9.0% Open 4.63
BE 37.2 30.8% 21.3% Open 4.08
Regional
JP 36.2 11.2% 5.7% N 5.28
Monopoly
CA** | 35.8 162.4% | 9.7% N Open 2.36
FR 34.5 53.8% 45.6% N Open 3.58
IT 29.2 18.8% - N Open 8.23
SP 25.7 25.3% 12.0% N Open 4.38
KR 21.2 18.0% 15.5% / Monopoly | 2.18 (2)
TW 20.1 12.5% 10.1% / Monopoly | 2.35(3)
GR 19.8 35.9% - / Open 3.70
PT 18.2 23.0% - / Open 4.10
Eastern
Cz 14.4 73.8% 17.0% European | Open 4.71
transition
Special
SA** | 13.8 321.7% | - Monopoly | -
case
Eastern
PL 10.4 67.6% - European | Open 3.59
transition
FH kR 2Fg R
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$5% ARTAHEARILZEN

51 AREEI EFTELASE

F 5-1 EARE P X TR ART A EE L R THELARDT A F
TR Glch R o TR A AR AT H > GDP hd £ ¢ fp RO H # B R iR

B BIhT 4 o FPTNREP 0T BAN AR T L LApRT T b 5 RERG P
e EARTEAAAN Y LR AR A4 R S P AR R

LRI ERPRARR S FRER

# 51+ TEHFEARZ T4 EMET

5] %] S EE | R2 MEFLE | Ry
¥ o 0.853 0.234 0.000*** | 1972~2011
s ® 0.672 0.617 0.000*** | 1972~2011
p oA 0.774 0.749 0.000*** | 1961~2011
bo £ 4 0.706 0.098 0.000*** | 1961~2011
£ 0.674 0.152 0.000*** | 1961~2011
R0 0.526 -0.774 0.000*** | 1961~2011

TR KR AT BT

FREdARTA 7B REREEER GDP = & F a5 407 £ 4-
Solt A ABNT A AR EGDP XK enhf REFRI i d B R Z I ARG R
2 XA FRFT RS L2 GDP & K Bt A L R[4FEPH T L A EKC
TR INA3E CO 2 A 35 GDP S dpd = £ e 2 > 2013 E R ib AT 4 B
7796% ° AR k4 # R 47 #FEY > THPF R EETH 2013 £ 5

PR T EH215% o Prac F R K 1978 E B ALF RS 0 AN e E T R

43



) S En
gr 2 R A

&~
3
T

P Az HopERipy 2 2V BETA TR0
AR R RSB 4R 1345 2013 & Hodp AR
16.50% (1993 & 7 % i 29.82% o ) o pb PRI

PRTE RORGAR

-
i}
+h 7,
g

prit 2

A AR GTE
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Tk ERT Bk

A £ T T

2 5B2ART A ETAEL GDP XL 2B
7 B % fic R2 ME LR | R
kA BT 0.0406 0.052
V4o 0.2309 0.000***

0.4936

¥ a0 B 0.1765 0.000%**
W It 3.1785 0.000*** | 1972~2011
1EET 0.5862 0.000***
LZEEELRT -0.0230 0.4275 0.8531
W eIt 3.3946 0.001**
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FORARIER A A0 2 5 R ﬂl%ﬂ'ﬁ’*% FE R d GDP < &g ilite w2
H & 2 MFP hR k7 4o
AARM Y 1 BB 5 g AT

2 k4t GDP kg o F b A B4 G o 7
g E A T % 1500~1700 2 B 5 (kb 7

22z o BV L HBEME .

B Ry 4 BES G oTE Rd SRR CRET EEF gt dde o
TAREFRZRY MO EREE G B RBESFTRREF I FIEEL I
HEq i R ERRGE A LFFREL L & MFP b (k7 2 31 % - 1

N

244 0 EERIMFP B2 A K
RFE o RRIAH T R
12N

4 53ARE 4 B
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FHFAEMPARLLER RS T
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MFP & £ & T4 EF P RRpET RS LG
0 S S S A¥OKE
TA LA LS 0.5322 0.000%**
¥ B -0.7911 | 0.2553
peig B (R2) 0.4986
kA FTEAEF 0.0340 0.142
PadrREAE S 0.1105 0.016*
XA FRESLF 0.1846 0.001**
¥ #m 0.3047 0.6504
Feit & (R2) 0.3765

FR KR AR
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M APEAS B L LI EP AP > A ZARF ML R AP A
BETh > APORRIFIAE ENP R ER (RT/GDP) g1 ¥ & LM
PR RAREA T EFFROHEERNF L L) 2 TARAERE AR
PR EH R AR VO o R RARIOF M LA § R 2 GDP X

4 B-ANRT A E SR MFP 2 B
MFP = £ 3 TAWF RS R R LN R
#E EE S BERE | A% KR
TAN R AL 0.5370 0.000%***
¥ #R -0.8183 0.2475
peif & (R2) 0.4925
BFRA PP SEF 0.0662 0.4131
IETA PR HEF 0.4694 0.000***
¥ B -0.7378 0.2997
peit & (R2) 0.5171

TR KR AR

3 RED BEIEERE S R B R RIS It A T
PRt gl A TMmAEME ol wahilizz 147 A
SRR A P REA R EL D SAOMPP s o - H kR % L
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% 55 ART 4 I% ¥ MFP 2z B %

MFP = £ 2 & E 5
3% P 'S By-k® % i B oK
iz g -0.1197 | 0.510

1ETH 0.1561 0.265

B % -0.0264 | 0.165

¥ BT 3.4164 0.652

feig & (R2) 0.1577

iz g 0.4903 0.011*
1ETH -0.1860 0.137
B -0.0276 0.206

¥ HooE 2.3898 0.000%**
peig & (R2) 0.2535
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AR E@F 1L LM TR L 2RERTENET% R ER L
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PHEARFENZERNE 160 p AR EF 08 F BB I E® T REET
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# 5-62012 & & W-T35T v

izr g ¥ T
SE SH 2
RN ®l EEN 3
BWw | (~ / (=~ 1/ (=~ 1/
flu | (RIR) " o |
) E) )
kol
<1 & s
22202 | 18 | 7 6.0459 1.7045 | 18 3.4449
*% E\: E,\:]
F
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+# + ®]
253
& .
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it 11
i
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UK 68.9% 59.3% 38.0 8.16 261.5 N
DE 39.8% 30.8% 37.3 8.34 234.7 N
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PT* 23.0% 23.0% 18.2 7.81 115.4 /
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Cz 73.8% 56.8% 14.4 8.19 135.8 European
transition
SA**  1321.7% 321.7% 13.8 1.77 12.9 Special case
Eastern
PL* 67.6% 67.6% 104 7.12 12.7 European
transition
JP(2010)|19.9% 4.9% 36.3 8.08
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3. %% &A% 4 Democracy index 2011
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2 DDPS (2014) ,

Three principal approaches are available to balance an electric power system with a high penetration of
time-varying renewable resources: first, to compensate for the intermittency with other
generation; second, to coordinate and control electric demand so as to coincide with power availability
(known as “demand response” and “flexible load”); and third, energy storage.
Examples of the first approach include grid networks that link uncorrelated or negatively correlated
supplies of intermittent energy, as well as hybrid systems that combine wind and solar energy with
gas-powered electricity generation. However, gas hybrid systems are limited in how much natural gas can
be used while meeting the falling target emissions intensity of the grid.
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