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ABSTRACT

In December 2020, the Korean government announced the ‘2050 Carbon Neutral Promotion Strategy.” For the paradigm

shift to a carbon-neutral society, it is necessary to examine factors affecting carbon productivity considering the two goals

of carbon reductions and economic growth. This study investigates the potential factors affecting carbon productivity of firms

participating in the Korean Emission Trading Scheme (KETS) and examines the relationship between innovation activity such

as R&D investment and environmental policy with carbon productivity. In this study, carbon productivity is defined as the

total output divided by total carbon emissions. It also considers innovation effect on environmental performance of firms by

industry because each industry has a different production process and carbon reduction ability. The results show that carbon

productivity has been influenced by innovation activity such as R&D investment and introduction of first and second phases

of KETS. In addiotion, technological progress and environmental policy effects on environmental performance vary across

industries. Thus, in this study, determinants of carbon productivity are analyzed and compared by industry. The results show

that innovation activities have a positive relationship with carbon productivity by all industries at the 5% significance level.

On the other hand, it is confirmed that the effect of environmental policy varies by industry.
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234 2HR
Table 1. The trend of data 2500
Carbon emissions Total sales Total R&D -
(unit: Million tons) | (unit: Billion won) | (unit: Billion won) —’\’_\/
2011 518 1,080,000 13,200 -
2012 536 1,140,000 14,600
2013 555 1,150,000 17,800 -
2014 572 1,120,000 17,700
2015 564 1,020,000 16,700
2015 574 969,000 17,700 5“
2017 592 1,040,000 19,300
2018 620 985’000 21’300 : 2011 2012 2013 2014 2015 2015 2017 2018 2019
2019 573 1,210,000 27,000

Fig. 1. The trends of the carbon productivity

Table 2. Sample composition

Total Carbon emissions Total sales
Number of firms . . . .
(unit: Million tons) (unit: Billion won)

Building 40  (6.10%) 36.90 (0.72%) 659,000.00 (6.38%)
Mining 5 (0.76%) 5.45 (0.11%) 1,820.00 (0.02%)
Machine/Equipment 15 (2.29%) 9.14 (0.18%) 104,000.00 (1.01%)
Display 5 (0.76%) 97.53 (1.90%) 411,000.00 (3.98%)
Wood/Timber 7 (1.07%) 3.29 (0.06%) 9,920.00 (0.10%)
Semiconductor 24 (3.66%) 115.00 (2.24%) 1,560,000.00 (15.11%)

Energy/generation 19 (2.90%) 2,200.00 (42.92%) 1,110,000.00 (10.75%)

Nonferrous metals 29 (4.42%) 68.05 (1.33%) 393,000.00 (3.81%)

Production complex 14 (2.13%) 115.00 (2.24%) 24,400.00 (0.24%)

Petrochemicals 103 (15.70%) 453.00 (8.84%) 1,190,000.00 (11.53%)
Textile/apparels 19 (2.90%) 40.91 (0.80%) 129,000.00 (1.25%)
Water 2 (0.30%) 6.59 (0.13%) 599.00 (0.01%)
Cement 30 (4.57%) 347.00 (6.77%) 38,400.00 (0.37%)
Ceramics 10 (1.52%) 14.07 (0.27%) 7,940.00 (0.08%)
Glass 21 (3.20%) 42.45 (0.83%) 72,900.00 (0.71%)
Food/Beverage 28 (4.27%) 25.00 (0.49%) 246,000.00 (2.38%)
Automobile 39 (5.95%) 39.25 (0.77%) 1,140,000.00 (11.04%)
Electronics 28 (4.27%) 29.91 (0.58%) 539,000.00 (5.22%)
Refinery 6 (0.91%) 214.00 (4.18%) 784,000.00 (7.59%)
Pulp/paper 44 (6.71%) 60.42 (1.18%) 83,300.00 (0.81%)
Shipbuilding 12 (1.83%) 20.97 (0.41%) 311,000.00 (3.01%)
Complex energy 21 (3.20%) 9391 (1.83%) 252,000.00 (2.44%)
Steel/metals 45 (6.86%) 923.00 (18.01%) 610,000.00 (5.91%)

Telecommunications 9  (1.37%) 29.73 (0.58%) 463,000.00 (4.48%)

Waste 74 (11.28%) 121.00 (2.36%) 4,530.00 (0.04%)
Aviation 7 (1.07%) 14.17 (0.28%) 179,000.00 (1.73%)

2 ATl = FAPAES wiEEAHA o] 71 E 20l 2 7190 R HIRRITh Fig 12 & WEdS
o WjERe BAMETOR He ZOE FORTE F B Bh BT thro] T2 B PAHY Axd 4
4 HiE dfH] 7149 W& Brste] gaHlEES 1L £ Q°Fstal QU Fig. 15 AEH wiEdAHA o7
2ot AEiolA 719 miEdlo] AR w2 ¢ © AEO] BhA AL 20114 o|F A& FAadcHs FAE
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Table 3. Descriptive statistics
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Incpyy = a+B1(InAR&D);+82(phasel )i+43(phase2);
+842 (firm controls)i+As(t)i+Bs(industry effects)
+Eit

(M

9] 4 (ol Incps B<42H  719] i 7]99]
e BAMEFS e B AAEES Juisty,
InAR&D;= t 719] i 7199 3¢ 5919 & A1/E
Aqonoen 7199 4 L deshs Ayusolr
Qutr oz 7|AE9 FAl &59] At EAAAA A
9] ATz w2 AR g &, 94 859 &
9 @ Aol WE A7t EATH EE ga A A
TS YA Gole] ATALEA e vkt ofy]
o 2oidl 717 BAe RAAT} Washy] o] 2
Ao A= e AL o] AL ErERINo] ollg} 39 =
ool d APALRAAS HUBEL theist 4

T2 AMESlYTE E3E phasel L phase2= HjEHA

1l

Variables Mean Std.dev Min Max Skewness Kutosis
carbon productivity 14.816 1.674 5.836 20.557 -0.278 3.519
accumulated R&D 21.990 2.853 11.002 31.439 -0.111 3.725

firm’s age 2.959 0.952 0.000 4.431 -0.957 3.539

firm size 6.046 1.671 0.000 11.560 0.355 3.267

Energy Consumption
. -1.600 1.930 -13.389 8.084 -1.668 9.182
Ratio (ECS)
capital 26.119 2.004 16.130 32.812 0.077 3.712
debt ratio -1.246 0.495 -6.035 -0.073 -2.443 14.961
Table 4. Correlation matrix
Incp InAR&D Inage Insize InECS Incapital Indebt ratio
Incp 1.000
InAR&D 0.309%** 1.000
Inage 0.189%** 0.051%* 1.000
Insize 0.565%** 0.615%** 0.248%** 1.000
InECS 0.149%%** -0.006 0.043%%%* -0.013 1.000
Incapital 0.445%** 0.588*** 0.214%** 0.791%%* -0.072%** 1.000
Indebt ratio -0.001 -0.027 -0.105%*** 0.057%** -0.034** -0.142%** 1.000

** and *** denotes significant correlation at a 5% and 1% level significance.
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Table 5. Hausman test result

FE RE Difference (3(1{:_ (\(]iiaBg))
(b) (B) ®-B) |V
InAR&D 0.065 0.069 -0.004 0.004
phasel 0.032 0.036 -0.003
phase2 0.182 0.179 0.003 .
Inage 0.581 0.377 0.204 0.087
Inage2 -0.181 -0.060 -0.120 0.048
Insize 0.391 0.558 -0.167 0.028
InECS 0.009 0.001 0.008 0.001
Incapital -0.754 -0.706 -0.049 0.030
Indebt ratio|  0.002 -0.049 0.051 0.021
t -0.009 -0.034 0.025 0.009
chi2(10) 102.450
Prob>chi2 0.000

b= consistent under Ho and Ha; obtained from Second stage
estimation

inconsistent under Ha, efficient under Ho; obtained from
Frist stage estimation

B=

ke

24 J-I-I'
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Table 6. Effects of R&D and KETS on the carbon Az A 34 9 gAaTrEr|49 & 9 FE Vs A
productivity: all industries LI} % th27] giZolct uhA 3.2% oA A ©
iab] Poooled Fixed Fixed Fixed | Random & }\HA}H 7:];{4 Eé% %léé}oq AR g4 AHA]_HO“
vananes OLS | effect (1) | effect (2) | effect (3)| effect FJFe F= 0SS AEIA}; Ity WA A ARE
0.025% 0.065*** [ -0.005 A Al 7HA] AL A, Hor)Es Al 9 28] AR
mAR&D | G020 o | G 1AM BRI AL A1 Akl R 29 4
hasel -0.007 0.018 | 0.094%** | -1.698 )= T'_—rr‘a]‘%q'- ] AL qFH'E A gl /}——j-‘j]‘é‘ 7]
P ©.118) 0025 L OO | (137)  wrog gatshs Ao Holsm 4R3fsk 36, 87,
hasea | 0-083 0.085%* | 0.224%** | 2144 . N - )
P (0.191) (0.040) | (0.062) | (2.267) HAEE, SR, A, AME 2 AR AR o] ZRAY
0.238 | 1.107#%* | 1.121%** | 0.813%** | 1.040%** Tk ok = 2 o ]2 ok w
Inage 1 '55) | (0.084) | (0.084) | (0.138) | (0.330) off = EMO o A" Ve A2 Ve Aot wom
Inagez | 0:026 |0.373%x*[.0.378%xx [ 275kek | -0.177%0x A 71&S 7Hto g Aol AlJo g HojH gAS
(0.029) | (0.036) | (0.036) | (0.059) | (0.066) . 3 olol 2 2lololl SIcks
Insi 0.157%%% | 0.277%%* | 0.277%%* | 0.202%** 0.150 E'ﬂo]’ J_’EX‘" E 1%7];(%;4 ]- O] Zlﬂ- 7]%‘ ]- Oﬂ OH 9_].'
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ECS 1 0:015) | (0.005) | (0.005) | (0.007) | (0.048) o HIFES AAish= Ao s A= 74|, Hf, As
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Incapital | “4033) | (0.020) | (0.020) | (0.037) | (0.083) el & - @ 5ol EHEH O}T ?Z =T =7
ndebt raio | 0180 | 0.012 | 0.013 | 0.090 | 0208 A AAE 7|Htoz 7F A X3 2gS Aot
(0.080) (0.039) (0.039) (0.068) (0.212) 7<1—7'<]/q-<§9] .0 _1__’_7<‘1§’_31} E—g,g_g_ ‘;;5];(.]9] n&Eo= ;\.]E]q—g],
. 0.004 |0.051%** [ 0.041%** | 0.003 | 0.390 ot o e = e
(0.031) | (0.007) | (0.009) | (0.015) | (0.349) AT, A9 AL 2=gx] AX At Qx59] 14 A}
sk ksk skekk skok skesksk
constant 1?66.3(3)0) 1(()&2(7)2) 1%26) 8('8.29770) 9(&.39790) 71l SRt LA} 1A AV et 188
3 Ho A1 F] o] ak ZZAA 7& pdkeis
Industry Yes Yes Yes Yes Yes 14— E%]E ]'00]‘;,;\‘:]‘ ]: ]?“E_:' R ‘4 2 }oo
*eiff“***s. — ——— — o 1A A7 wEst SEan By A=stqict
, ignificance at 10%, 5% 1% respectively. A Jo] A<l
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Table 7. Effects of R&D and KETS on the carbon productivity: specific industries

. High Technology industry Assembling industry

. Process industry K . .

variables . (Fixed effect with first order (Random effect with first order
(Fixed effect) . .
autocorrelation) autocorrelation)

InAR&D 0.097***  (0.018) 0.060* (0.037) 0.068* (0.037)
phasel 0.069 (0.053) 0.108 (0.080) 0.091 (0.102)
phase2 0.281***  (0.087) 0.047 (0.134) 0.294* (0.166)
Inage 0.873***  (0.181) 3.642*%**  (1.073) 1.139***  (0.310)
Inage2 -0.277***  (0.081) -0.974***  (0.252) -0.216%**  (0.071)
Insize 0.271***  (0.074) -0.417%* (0.223) 0.288***  (0.118)
InECS 0.020* (0.011) -0.004 (0.021) 0.016 (0.019)
Incapital 0.063 (0.051) 0.526***  (0.102) 0.070 (0.072)
Indebt ratio 0.166 (0.104) 0.340%* (0.203) 0.100 (0.249)
t -0.018 (0.021) 0.075 (0.043) -0.041 (0.030)
constant 9.888***  (1.339) 2.239%*%*%  (0.476) 9.566***  (1.576)

* kx kxxSionificance at 10%, 5% 1% respectively. The parentheses () denote standard error.
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