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An analysis of the efficiency of renewable energy generation in contributing to
greenhouse gas abatement
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Professor, Dept. of Economics, Pusan National University, Busan, Korea

ABSTRACT

This paper presents a theoretical model for evaluating the efficiency of renewable energy generation in contributing to
greenhouse gas reduction during the low-carbon transition in power production. Through empirical estimation, it also examines
how efficiently renewable energy generation has reduced greenhouse gas emissions among five public power generation
companies in Korea. First, in relation to the low-carbon transition in power production, which involves replacing fossil fuel -
based power generation with renewable energy, a production function was established to account for the contribution of
greenhouse gas emissions to electricity generation. An optimization-behavior equation for power companies was then derived
through a cost-minimization process, providing a theoretical framework for assessing the efficiency of renewable energy
generation in reducing greenhouse gas emissions. Based on this framework, the greenhouse gas reduction efficiency of
renewable energy generation was estimated and evaluated using data on power generation facilities and generation volume
from five public power generation companies from 2015 to 2024. The estimation results indicate that the greenhouse gas
reduction efficiency of renewable energy generation was not statistically different from zero in analyses using both
facility-capacity and generation-volume data. This finding suggests that renewable energy generation has not yet achieved
greenhouse gas reductions efficiently within the current low-carbon transition process in power production. The empirical
results indicate the need to establish power systems and infrastructure that enable renewable energy to contribute more

effectively to greenhouse gas reduction during the low-carbon transition.
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Table 1. Description of variables
variable description obs mean std.dev.
R Renewable energy generation capacity (1000 kW) 50 269 189
' Renewable energy generation (1000 kWh) 50 1,062 895
KR Fossil fuel power generation capacity (1000 kW) 50 10,282 891
Fossil fuel power generation (1000 kWh) 50 47,714 8,784
E Greenhouse gas emissions (1,000 CO2ton) 50 36,207 8,278
User costs of capital per installed capacity in real (won/kW) 50 45,036 21,624
r
User cost of capital per unit of power generation in real (won/kWh) 50 9,393 4,620
Greenhouse gas emission allowance costs per installed capacity in real (won/kW) 50 71,670 32,147
m Greenhouse gas emission allowance cost per unit of power generation in real 50 15213 5041
(won/kWh) ’ ’
P Electricity unit price in real (won/kWh) 10 118.2 13.6
Y Real per capita income (10,000 won) 10 4,025.6 263.2
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Table 2. Estimation of equation (17) using power generation capacity data
1 (2 (3) “ (5) (6)
z 1.2508 0.5956 1.2754 0.5977 1.2093 0.6673
(0.3623)*** (0.2162)*** (0.3180)*** (0.2170)*** (0.3484)*** (0.2383)***
» 14.5917 -1.0358 26.5813 4.9590 10.9961 -0.6987
(22.8785) (10.2086) (15.3932)* (7.2245) (20.3462) (11.4008)
. 11.6652 -1.7391 20.8401 8.2958 9.0925 -1.0470
¢ (17.6214) (17.1130) (12.7753) (12.2306) (16.3863) (17.0694)
221.00 398.99 317.64 262.50 221.98
Wald ¥ (0.0000)*** (0.0000)*** (0.0000)*** (0.0000)*** (0.0000)***
” 39.29
(0.0000)***
Breusch-Pagan 15.958 20.745 17.187 21.742 16.052 19.109
LM ¥ (0.1009) (0.0229)** (0.0703)* (0.0165)** (0.0982)* (0.0389)**
) 2.39
Hausman x~ (0.6646)

(1): fixed-effects(FE) model; (2) random-effects(RE) model; (3): generalized least squares(GLS) FE estimation with a heteroscedastic error

structure; (4) GLS RE estimation with a heteroscedastic error structure; (5) GLS FE estimation with a common AR(1) autocorrelation error

structure; (6) GLS RE estimation with a common AR(1) autocorrelation error structure.

Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1.

Table 3. Estimation of equation (17) using power generation data

1 @) (3) ) (5) (6)
5 1.3139 0.7363 1.3125 0.7385 1.3169 0.8338
(0.3538)*** (0.2171)*** (0.3515)%** (0.2409)*** (0.3457)*** (0.2374)***
R -1.5088 -0.9768 -0.8169 -0.1258 -1.5328 -1.1958
(3.5300) (2.1276) (2.1530) (1.3447) (3.1269) (2.2189)
. -1.1483 -1.3266 -0.6224 -0.1704 -1.1639 -1.4340
¢ (2.7249) (2.9114) (1.6399) (1.8278) (2.4185) (2.6953)
196.45 345.50 302.20 229.72 200.58
Wald 5 (0.0000)*** (0.0000)*** (0.0000)*** (0.0000)*** (0.0000)***
7 33.97
(0.0000)***
Y 18.844 23.869 18.033 21.620 18.853 22.440
B-P LM X (0.0423)** (0.0080)*** (0.0544)* (0.0172)** (0.0422)** (0.0130)**
) 3.07
Hausman x~ (0.5458)

(1): fixed-effects(FE) model; (2) random-effects(RE) model; (3): generalized least squares(GLS) FE estimation with a heteroscedastic error

structure; (4) GLS RE estimation with a heteroscedastic error structure; (5) GLS FE estimation with a common AR(1) autocorrelation error

structure; (6) GLS RE estimation with a common AR(1) autocorrelation error structure.

Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1.
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Table 4. Estimation of equation (18) using power generation capacity data

1) (2) (3) “4) (5 (6)

1 0.1482 0.1639 -0.0592 0.8541 0.1986 0.4213
(0.3919) (0.3768) (0.3061) (0.3441)** (0.34806) (0.3732)

r 0.1527 0.1524 0.2002 0.1861 0.1196 0.0780
(E) (0.2394) (0.2322) (0.1982) (0.2861) (0.2098) (0.2234)
Inr -0.1721 -0.1724 -0.2701 -0.2856 -0.1709 -0.1740
(0.2413) (0.2340) (0.1903) (0.2806) (0.2171) (0.2453)

Inp -1.1733 -1.0986 -2.0665 1.9943 -0.6140 1.1596
(1.9436) (1.8697) (1.5296) (1.7849) (1.7170) (1.7030)

Iy 10.8145 10.7927 11.0888 10.7665 10.4929 8.7146
(1.3159)*** (1.2761)*** (1.0479)*** (1.5811)*** (1.2393)%** (1.8796)***

~ 0.1563 0.0552 1.6445 -3.0545 -0.2320 -3.1668

¢ (2.6910) (2.6014) (2.1111) (5.1874) (3.0431) (10.1812)

~ -40.8652 -117.7646 -2.0359 1.7589 36.0343 4.0432

0 (727.4305) (5619.8976) (3.0780) (1.0657)* (459.4806) (5.3904)

(;) 6.8169 6.3727 7.6511 -6.9825 3.5925 -6.6643
8 (14.3124) (13.4521) (7.4129) (8.9697) (10.9708) (12.8003)

; 62.8300 62.6013 41.0543 37.6947 61.3939 50.0804
(5) (91.3911) (88.1794) (30.5717) (39.7208) (80.9881) (74.0413)
/»y\ 8.2167 8.8233 4.3657 -6.3984 16.0891 -8.5147
(;) (14.7187) (16.1476) (3.7566) (5.2780) (46.7313) (11.9313)

e 25.90
(0.0000)***

137.48 306.14 104.94 201.03 39.00
Wald X (0.0000)*** (0.0000)*** (0.0000)*** (0.0000)*** (0.0000)***

) 9.668 7.566 8.324 11.333 10.356 14.036

B-P LM X~
(0.4701) (0.6711) (0.5972) (0.3321) (0.4099) (0.1713)
) 0.02
Hausman XZ (1.0000)

(1): fixed-effects(FE) model; (2) random-effects(RE) model; (3): generalized least squares(GLS) FE estimation with a heteroscedastic error

structure; (4) GLS RE estimation with a heteroscedastic error structure; (5) GLS FE estimation with a common AR(1) autocorrelation error

structure; (6) GLS RE estimation with a common AR(1) autocorrelation error structure.

Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1.
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Table 5. Estimation of equation (18) using power generation data

1) 2 (3) “ (%) (6)
I 0.8722 0.8819 0.9515 0.9372 0.8905 1.0152
(0.5641) (0.5442) (0.4699)** (0.5512)* (0.4736)* (0.5041)**
r 0.4076 0.4063 0.4412 0.5636 0.3298 0.2826
(E) (0.3676) (0.3552) (0.3098) (0.3692) (0.3006) (0.3156)
- -0.4830 -0.4799 -0.6032 -0.8111 -0.5114 -0.5061
(0.3458) (0.3340) (0.2709)** (0.3329)** (0.2951)* (0.3201)
Inp 0.1803 0.2224 0.3861 0.5625 1.1212 2.3189
(2.8169) (2.7180) (2.2954) (2.6930) (2.3076) (2.3572)
ny 15.1606 15.1327 15.4976 15.8272 14.2700 12.7442
(2.2921)*** (2.2129)*** (1.8985)*** (2.2789)*** (2.1199)*** (2.6207)***
. -0.9547 -0.9893 -0.8707 -0.2236 -1.1495 -1.8009
¢ (1.9855) (1.9420) (1.4214) (1.1837) (2.0630) (2.9603)
A 3.5691 3.4874 3.8707 8.9335 3.6375 2.9635
0 (4.2512) (3.8447) (4.3812) (40.5776) (3.5578) (1.9836)
(;) -0.3732 -0.4634 -0.6400 -0.6935 -2.1923 -4.5810
16} (5.8962) (5.7423) (3.8758) (3.3947) (4.8552) (5.6842)
(?) 31.3858 31.5277 25.6902 19.5112 27.9018 25.1767
8 (22.8664) (22.3252) (11.8349)** (8.3888)** (16.7069)* (16.8789)
(:/\) -84.0782 -68.0263 -40.1376 -28.1333 -12.7268 -5.4958
n (1323.544) (839.0159) (242.5843) (137.8442) (27.6453) (6.4082)
F 30.22
(0.0000)***
Y 161.69 302.94 163.24 182.08 73.606
Wald x” (0.0000)*** (0.0000)*** (0.0000)*** (0.0000)*** (0.0000)***
16.245 16.241 15.430 14.464 17.485 19.210
B-P LM ¥
(0.0928)* (0.0929)* (0.1171) (0.1529) (0.0643)* (0.0377)**
; 0.01
Hausman XZ (1.0000)

(1): fixed-effects(FE) model; (2) random-effects(RE) model; (3): generalized least squares(GLS) FE estimation with a heteroscedastic error
structure; (4) GLS RE estimation with a heteroscedastic error structure; (5) GLS FE estimation with a common AR(1) autocorrelation error

structure; (6) GLS RE estimation with a common AR(1) autocorrelation error structure.

Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1.
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