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General equilibrium effects of substituting
subsidy on carbon-intensive fuels for
low-carbon fuels




Research background

» What would we expect from ‘FTA with the EU’?

More harsh env. And climate related regulation
No way of avoiding economic losses in vulnerable sectors (Agriculture)

o

Adaptation to the FTA and next generation industry for losing sectors
» 38% of total electricity generation in 2007 was coal fired!
» Coal is one of the most carbon intensive fuels

CO2 emission of coal: 4 TCO2 /TOE
> 1.4 times more than petroleum, 1.9 times more than LNG, 4.8 times

more than ligneous biomass energy (solid bioenergy)
» Annual subsidy on coal production and consumption: 200Bil. KW

‘Low carbon-green growth’ can coincide with this subsidy policy?

Remove subsidy on fossil fuels first, then discuss carbon taxes next!

o




Objective

» Under the below conditions, subsidy and emission charge have the
same welfare consequences

> Short-run, homogenous firms, No information bias between regulator
and pollutants

» Application of ‘Pigouvian tax and double dividend’ to ‘conversion
of subsidy’
> From carbon intensive fuels to low carbon fuels

» Which kind of environmental tax reform is better for
increasing DD?

- Recycling of revenue for reducing labor income tax, capital tax, or excise
tax etc.

» Expansion of public demand or subsidy on solid bioenergy?




Theoretical background

Weak DD vs. Strong DD
C(t,,At,) <C(t,,At, ) vs. C(t,,At,) <0
Bovenberg and De Mooij (1992; 1993)

> Increases in non-environment related welfare if and only if

v

v

v

uncompensated wage elasticity of labor supply is negative
> So, reject strong DD

- Distortions in labor and commodity market leads to reduction of
non-environment related welfare

Bovenberg and Goulder (1994)

- Extended model for accounting ‘intermediate goods’

v




Theoretical Background

» Parry (1995)

- Tax interaction effect > Tax revenue recycling effect

- Demand for dirty goods is a substitute for demand for leisure

» Schwartz and Repetto (2000)

- Non-separability of environmental effects on utility

U(X,Y,I,Q),QZQ(X)
- Improved environmental quality affects labor productivity

- If higher labor productivity leads to more labor supply, tax
interaction effects are reduced

» This study:  C(S,,AS;) <or> C(D;,AS;)

Price subsidy on Extension of public
biomass + removal of expenditure on
subsidy on coal biomass + removal of
subsidy on coal



More on research questions....

» Comparison of welfare change between 1) conversion of coal
subsidy into price subsidy on biomass 2) conversion of coal
subsidy into public demand on biomass
> Which option is better in non-environmental aspect as well as

environmental aspect?

» In order to answer this question,

- a static Korean CGE model for accounting potential ligneous
biomass energy is developed

» Previous CGE literature regarding bioenergy

> Kancs(2002): remove subsidy on fossil fuels vs. reduce VAT on
bioenergy

> Ignaciuk and Dellink(2006): Impact of extended bioenergy on
~agriculture and land uses




Potential demand for bioenergy

CHR|: TOE

» Substitute for coal Fe o

I
f|red power plant 23 1,094,610 1,094,610 109,461

- Replace 10% of coal input
demand

96,911 120,613 217,524 217,524
683,342 399,998 1,083,339 541,670

1,874,863 520,610 2,395,473 868,655

» Kerosene and coal demand
of agricultural sectors

n
0
15

a
o

ox Wy

At

[

» Petroleum and coal
demand of steam industry
- Replace 50% of total demand

226,593 0 226,593 22,659
20,061 55,316 75,377 75,377
106,093 283,029 389,122 194,561

352,748 338,345 691,093 292,598
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AlLtg|21: MEF Bx 5 HX| + HiO|OfA BZEF =y

Domest Absorp

Sector ic Sales  tion Output Export Import
AGR 0.03 0.03 0.03 0.06 0.01
WOOD 4.13 31 427 1069 -0.14
COAL 562 -1.45 -566 -13.82 0.45
OIL -0.01 -0.01 -0.01 -0.01 -0.01
LNG -0.04 -0.04 -0.04 -0.04 -0.04
MINE -0.06 -0.06 -0.06 -0.06 -0.06
FOOD 0.02 0.02 0.03 0.06 0
CLOTH -0.01 -0.01 -0.01 0 -0.01
PULP 0.05 0.02 0.07 028 -0.11
CHEMICAL -0.02 -0.02 -0.02 -0.01 -0.02
METAL -0.06 -0.05 -0.07 -0.15 0
MACHINE -0.03 -0.03 -0.04 -0.05 -0.02
ELEC 012 -0.12 -0.12 -0.44 0.1
TOWNGAS -0.04 -0.04 -0.04 -0.04 -0.04
STEAM 0.17 016 017 0.58 -0.12
CONSTRUC
T 0 0 0 0 0.01
SALES 0 0 0 0.01 -0.01
TRANS -0.02 -0.02 -0.01 -0.01 -0.02
COMM -0.01 -0.01 -0.01 0 -0.01
SERV 0 0 0 0.01 -0.01

2010-12-17
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AlLig|1: MEF B X5 §|X| + HIO|QOfA BHEZ =
Sect Labor Capital Value-ad (ljr.]tim;e
y EFEERO 28 H L1t A= €T ' demand demand  ded Irﬁaende
A4S HO|RO|A 2F20| & Acr 0.06  0.03 002 003
o WOOD 43 427 426 017
S RSS20 AEES0 84T oo g6 0 569 149
o e LiEr 0.01  -0.02  -0.02  -0.01
= = LNG 002 -005  -005 -0.04
MINE 0.04 -007  -008 -0.06
, MEFAFQIO| LET} RFEQ A E(ESTDH 0.04  0.01 0.01  0.01
QL S 27X 0 -003  -003 -0.01
TRE s PULP 008  0.05 0.05  0.01
o J|ZREBO|A MEFAFA O] Xp2  CHEMICAL 0 003  -003 -002
QAO| CHSH 29 7} 91 7| 2o METAL 005 -0.08  -0.09 -0.05
AEAQ Hsl= ol2 MACHINE -0.02  -0.05  -006 -0.03
ELEC 01 -012  -013  -0.03
TOWNGAS 0.02 -005  -008 -0.06
STEAM 019  0.16 015  0.03

CONSTRU

e 0.01  -0.02  -0.02  -0.01
SALES 001  -0.01 0.02  -0.01
TRANS 0 -003  -003 -0.02
COMM 0.01  -0.02  -0.03  -0.01
SERV 0.01  -0.02  -0.02  -0.01

2010-12-17
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Gov. de Output t Import t

>ector mand  axes axes Subsidy
AGR - 0.03 0.01 0.03
WOOD 6.59 4.27 -0.14-

COAL - -5.66 0.45 -100
OIL - -0.01 -0.01-

LNG - -0.04  -0.04-

MINE - -0.06 -0.06 -0.06
FOOD - 0.03 0 0.03
CLOTH - -0.01 -0.01 -0.01
PULP - 0.07 -0.11 0.07
CHEMICAL |- -0.02 -0.02 -0.02
METAL - -0.07 0 -0.07
MACHINE . -0.04 -0.02 -0.04
ELEC - -0.12- -0.12
TOWNGAS . -0.04- -

STEAM - 0.17- 0.17
%ONSTRUC ] 0. 0
SALES - 0- 0
TRANS - -0.01- -0.01
COMM - -0.01- -0.01
SERV 0 0 -0.01 0

2010-12-17
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Sector Z(I)ess 'IA;I;SOC;: Output Export Import
AGR -0.01 -0.01  -0.01 0 -0.02
WOOD 619 6.19 6.19 6.18 6.19
COAL -5.66 -1.48 -5.69 -13.86 0.42
OIL -0.04 -0.04 -0.04 -0.04 -0.04
LNG -0.06 -0.07 -0.06 -0.05 -0.07
MINE -0.12 -012 -0.12 -0.11 -0.12
FOOD -0.02 -0.02 -0.02 -0.01 -0.03
CLOTH -0.03 -0.03 -0.03 -0.02 -0.03
PULP -0.03 -0.03 -0.03 -0.02 -0.03
CHEMICAL -0.04 -0.04 -0.05 -0.05 -0.04
METAL -0.12 -01 -0.13 -0.2 -0.06
MACHINE -0.08 -0.07 -0.08 -0.08 -0.07
ELEC -0.14 -014 -014 -05 0.1
TOWNGAS -0.07 -0.07 -0.07 -0.07 -0.07
STEAM -0.07 -0.07 -0.07 -0.16 -0.01
CONSTRUCT| -0.09 -0.09 -0.09 -0.09 -0.09
SALES -0.02 -0.02 -0.02 -0.01 -0.03
TRANS -0.03 -0.04 -0.03 -0.01 -0.05
COMM -0.01  -0.01 -0.01 0 -0.02
SERV 0.04 0.04 0.04 0.06 0.02

2010-12-17
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AlLtE|22: MEF HET ZEH+ HO| A S3+2 ZHCj

i Interme
_ Sector Labor Capital Value-ad diate de
» HFO| Q@ OfA AHARTL THOf =7} demand demand  ded mand

Oof (2t ==t A= E_/ASE Acr 002  -002  -004  -0.01

=7} WOOD 6.23 6.18 6.16 0.16

COAL -5.69 0 575  -1.48

CE FEE5.24% MHEFUS OlIL -0.01 -0.05 007 -0.04

i . . . .

6% S 7t LNG 002  -0.06 0.08  -0.07

MINE 20.09 -0.13 015  -0.12

ME} ApOHO| AHA} Ol mbgH Zt+ FOOD 0 -0.04 -0.06  -0.01

’ 2 ch A0 E-IT "E'— J = CLOTH -0.01 -0.05 -0.07  -0.03

A0 et st A2 =8 PULP 001 -005  -007 -0.03

2k A CHEMICAL .0.02  -0.06 -0.08  -0.04

i i%#ﬂf 6.05% ZtA m&Tcﬁl]NE -0.1 -0.14 -0.16 -0.1

L ELIIAL 5.78% 2AS T, X -0.06 0.1 012  -0.07

L oIl A i e HEC 011 -015  -017  -0.05

JT 2 =2 A% Aa TOWNGAS .0.04  -0.08 .01  -0.09

o J|Et MY CHEE AZ LA F STEAM .0.04 -0.08 -0.1 -0.04
A CONSTRU

cT .0.08  -0.12 -0.14 0.01

SALES 0  -0.04 -0.06  -0.02

TRANS -0.01 -0.05 -0.07  -0.05

COMM 0.01 -0.03 -0.05 0

SERV 0.06 0.01 0  -0.01
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Gov. de Output Import .

>ector mand taxpes tages Subsidy

» O XM == HIO|2OA  Acr : 001 -002  -0.01
Of Ciot 339 20| A& S woob 20.09  6.19 6.19-

" a7 Ao — COAL i -5.69 0.42 -100
E OIge22ZN s +8 9 o . 004  -0.04-
re) LNG - -0.06 -0.07-

o HFO|Of A0 CHSH A AEM|QF 2~2!  MINE - -0.12 -0.12 -0.12

M= 5.6%2} 5. 8/) 2 =7} FOOD - -0.02 -0.03 -0.02

CLOTH - -0.03 -0.03 -0.03

PULP - -0.03 -0.03 -0.03

y MEFAMRIS N 2or Z7|EF AR cHEmicAL | 005  -004  -0.05

Of A AAEMIQ = QITHAI7F 2F METAL 013 006 013

N MACHINE - -0.08 -0.07 -0.08

it ELEC - -0.14- -0.14
o2& MHAE AZE UASHD MEF TOWNGAS . -0.07- -

Aol CHet 252 100% 244 STEAM ; -0.07- -0.07

CONSTRUCT |- -0.09- -0.09

SALES - -0.02- -0.02

TRANS - -0.03- -0.03

COMM - -0.01- -0.01

SERV 0.25 0.04 0.02 0.04
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Conclusion for economic dimension

» A|ILF2| 21 CHH| 20| A1 GDP &8l =Ai0| et}
NEto] 20| QI3
SO HiO|OlA= 58, 85, 28R UM AE= ChASt=
R

[2fM M Er| Ciot Ex2g 7t A0 0[X|= 285 L0l
Strong DD does not hold for both cases!
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» Implication to real world
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Conclusion for environmental dimension
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