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Abstract - This paper performs a historical analysis on the various factors contributing to the current carbon
lock-in of Korean electricity industry by using techo-institutional complex. The possibilities of the industry’s
carbon lock-out toward more sustainable development are also investigated.

It turns out that market, firm, consumer, and government factors are all responsible for the development
of the carbon lock-in of Korean power industry; the Korean government consistently favoring large power plants
based on the economy of scale; below-cost electricity tariff; inflation policy to suppress increases in power price;
rapid demand growth in summer and winter seasons; rigidities of electricity tariff, and expansion of gas-fired
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and imported coal-fired large power plants. On the other hand, except for nuclear power generation and smart
grid, environment laws and new and renewable energy laws are the other remaining factors contributing to the
carbon lock-out. Considering three key points that Korea is an export-oriented economy, the generation mix
is the most critical factor to decide the amounts of carbon emission in the power industry, and the share of
industry and commercial power consumption is over 85%, it is unlikely that Korea will achieve the carbon

lock-out of power industry in the near future.

Therefore, there are needs for more integrated approaches from market, firm, consumer, and government all
together in order to achieve the carbon lock-out in the electricity industry. Firstly, from the market perspective,
it is necessary to persue more active new and renewable energy penetration and to guarantee consumer choices
by mitigating the incumbent’s monopoly power as in the OECD countries. Secondly, from the firm perspective,
the promotion of distributed energy system is urgent, which includes new and renewable resources and demand
resources. Thirdly, from the consumer perspective, more green choices in the power tariff and customer awareness
on the carbon lock-out are needed. Lastly, the government shall urgently improve power planning frameworks
to include the various externalities that were not properly reflected in the past such as environmental and social

conflict costs.
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Table 1. CO, emission in the power industry(2003-2010)
2003 2004 2005 2006 2007 2008 2009 2010
CO2emission
126,305 | 138,448 | 143,843 | 150,051 166,753 | 180,286 | 187,773 | 199,903
(1,000 Ton)
Growth Rate - 9.6% 3.9% 4.3% 11.4% 8.4% 4.2% 6.5%
Source: World Bank(2013)
Al AR 8L Aol glojA BRIl s A a8k el SR
o] AR oEAQ EAS 2] wiitolth4][5]. =g Carley(2011)% 7= thiti 3P s Wb o] o
AR AR} B A AR AU £ 5o diiti sds 7o qte] AA 2
v} A nle] HEee HAaL Q7] wEel, S R HE Arh BESe A% 719t A1E7
A9 ARuGe] ARATA A, /1Y, AL B AP AN sk anlk A 318
AR Fol 4% Ageh AZYH B4, WAAR  BA)E BAR F05he A, A4-719-aH A0
el sslolEl MFHE BARE B YEAESHE ARG FESE 4% 2L 15 Aol
1 S AENele] BaslEn ol OiE AF  BAs AEAge] Baue fusha drkn 41
ARl A& vy BEsln) Fame] g F= 9 T}, Unruh(2000):= AR HFAIZH
U] Anle} A, olrksteka wljEel] #3st AR (techno-institutional complex, ©]3} TIC)ol&= 7Id
4 (Soytas 5, 2007)¥ SAHA WRHES 283 A = 83t olggt Ao A IS Argit T1o
77} E2e] o] FolA] gitHe]. WhA f-Evhs 17 2, TICE 7]&X1ne} A JaFHo] 4%s
2H) 9 BAVES TR AREEA] o] FolA & o] A&A 0T 7|E AlLES Ak A5E AT
OW(FreE, 2005), &5 M An], A=A 9 sk Aolrh = At tiati IR 7)o
sle] FAb Fol F7F ¥R AHa e e o] 7w dsske A, 719, &anL A
(Hossain, 2012), o|xbsfeha: wias} HdHA|As] A i 5ol TICE ofFo] A7) d&4% 545 7
Wkl et FAH A FAISE skt 7]8]. w5, AR or AREZS AUA drhs Ao
ofe] ¥ =S 9AH B4 VNS &89 th gk, olejgh HREOES Algto] Aol et
Unruh(2000)9} Carley(2011)] <+ A3= njgho T8 52 A 78 el o|2A =&, ofgh
2, = A9kgde] gAateh o] vholErd =l TF il A= vkl Z]eEdolut Al=AQl A
ol2A] ¥ vt ANES EAlskaL vt A9 sPF ASH o mwt o] Fo XA "tk v el Ak
Aol Aol EA RollA Hlojut A&7 bsd AA| = it st s Bx7|ee] o] by,

2= 0]

2= o)= B0

xghel 7hsAdoll gk SAA A4S

&

= giAshE 7lsEHoly A=Al sk} of gyl
7o)t} Unruh(2000)= £3] olU#] 714¢] 79 «o]
bsteba 735 7)so] 7R sk 3, AAAA
Hold % Eetal 7] diift s A s T 7]se
719kt TICE olitsleba 7H57]49] ke AA8t
A R A A AEH SR T2 opal 5
Ela=8
Carley(2011)T "|=r¢]
Unruh7} AAE TIC 7Y
<9 1>3 22 dAgREe
mE, va dEA Hx
W FARSE A7 Y
sl AL o] 2 Eaf izt

o
Ry
Pz

+

e}

|
=

o

7

Journal of Energy Engineering, Vol. 23, No. 2 (2014)



128 A -

Consumer

Fig. 1. Electricity industry’s techno-institutional
complex from Unruh[4]
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Fig. 2. Korea’s CO, emission trend in Korea(1960-2002)

Source : World Bank(2013)
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Table 2. Generation mix(1961, 1976)

Year/Fuel3) Hydro | Domestic coal | Imported coal Oil Gas | Nuclear | Etc. | TotalMW)
1961 143 223 - 68 - - - 434
1976 711 700 - 3,399 - - - 4,810

Source: Electric Power Statistics Information System(epsis.kpx.or.kr)
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Table 3. Power sales by use (1965, 1976)
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Year/Use Residential Business Industrial Total(GWh)
252 1,535
1965 2,464
(9.3WkWh) (3.83W/kWh) (-)
1076 2,390 3,012 14218 10.620
(33W/kWh) (32.6W/kWh) (15.7W/kWh) ’

Source: Electric Power Statistics Information System(epsis.kpx.or.kr)
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Source: Economic Statistics System(https://ecos.bok.or.kr)
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Table 4. Generation mix(1977, 1982)>
Year/Fuel Hydro | Domestic coal | Imported coal Oil Gas | Nuclear | Etc. | TotalMW)
1977 711 700 - 4,380 - - - 5,791
1982 1,202 650 - 7,187 - 1,266 - 10,305
Source: Electric Power Statistics Information System(epsis.kpx.or.kr)
Table 5. Power sales by use(1977, 1982)
Year/Use Residential Business Industrial Total(GWh)
1977 2,909 3,379 16,549 2837
(33W/kWh) (40.6W/kWh) (17.8W/kWh) ’
1082 6,599 5,810 25,440 17849
(75.2W/kWh) (149.3W/kWh) (58.6W/kWh)

Source: Electric Power Statistics Information System(epsis.kpx.or.kr)
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Table 6. Generation mix(1983, 1993)>
. Imported ) New &
Year/Fuel Hydro | Domestic coal Oil Gas | Nuclear Total(MW)
coal Renew.
1983 1,202 1,050 1,060 | 7,888 | - 1,916 - 13,116
1993 2,504 1,020 4740 | 5574 | 6200 | 7,616 - 27,654
Source: Electric Power Statistics Information System(epsis.kpx.or.kr)
Table 7. Power sales by use(1983, 1993)
Year/Use Residential Business Industrial Total(GWh)
7,742 6,562 42,620
1983 56,924
(73.3W/kWh) (141.3W/kWh) (56.8W/kWh)
23916 27,293 76,524
1993 127,733
(82.3W/kWh) (85W/kWh) (46.2W/kWh)

Source: Electric Power Statistics Information System(epsis.kpx.or.kr)
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Fig. 6. Key energy wholesale price index trend(1965-2012)
Source: Economic Statistics System(https://ecos.bok.or.kr)
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Table 11. Power sales by use(1999, 2012)
Year/Use Residential Business Industrial Total(GWh)
34,581 58,775 120,859
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(86 W/kWh) (87W/kWh) (46.1 W/kWh)
63,556 153,921 249,135
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Source: Electric Power Statistics Information System(epsis.kpx.or.kr)
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Table 12. Summary of TIC analysis on Korean electricity industry

year 1976 1982 1993 1998 2012
Emission vs emission emission emission emission emission
Trend = trend >trend <trend >trend <trend
Lock-in vs lock-in= lock-in> lock-in< lock-in> lock-in<
Lock out factors lock-out lock-out lock-out lock-out lock-out
government
government government dominance
. . government
dominant/ dominant/ dominant/ government weakened
Market KEPCO KEPCO dominance (KEPCO
(KEPCO monopoly
(government (government share enhanced) weakened unbundled)/
share 15%) 100%) private capacity
share 15%
golden sahre of
LNG/Nuclear/Coal
maintained/
domestic coal, . LNG as base load
. . nuclear dominant/ .
oil, combustion idomestic coal mped-stora imported coal & plant/
. dominant/ orvdo e's © o P .pe storage LNG dominant/ oil decrease/
Firm . dominant/ increase/
(Tech.) Gori nuclear nuclear output oil decrease/ golden sahre of FIT
' plant . P . LNG/Nuclear/Coal launched &
. increase imported coal & .
construction LNG 1 hed formed abolished/
started aunche RPS
launched/
Smart grid
launched
rapid electrification
TIC of heating &
Factors tariff by use/ tariff cuts/ rapid growth - coohng/.
. . . business/ summer & winter
residential . . midnight rate . .
. . rapid growth in . summer load spikes/ load spikes/
increasing block . . introduced/ . . .
C rate/ residential/ rapid erowth in relative price system | severe energy price
onsu- | Ind.(67.2%)>Resi.(1 pic 8l shaken/ imbalances/
mer Ind.(72.5%)>Busi . business/ e s
. 7.4%)>Busi.(15.3%) . tariff increase/ over 85% share of
.(15.4%)>Resi.(1 Ind.(59.9%)>Busi.(2 N . .
2.2%) 1.3%)>Resi.(18.7%) Ind.(56.2%)>Busi.(2 Ind.&Busi.
’ ’ T 6.7%)>Resi.(17%) consumption/
Ind.(53.3%)>Busi.(3
2.9%)>Resi.(13.6%)
Ind.: Industrial, Busi.: Business, Resi.: Residential
"Power Plant
Fast-track r . . .. ..
. Alternative Energy | Environment Mini. Electricity
rate of return Act; implemented/ . . S,
reaulation Heavy indust Act; implemented/ established/ Commission’s role
Gover ) Gl hed/ yrt i i Clean Air Act; / public energy minimized/
n-ment aunene . S.u pport potiey Environmental utilities take over New & renewable
L power planning implemented/ .
(institu . P . Impact Act, demand side energy target set
. implemented/ Energy Efficiency .
-tion) n . implemented/ management/ (11% by 2030)/
Inflation Act, Act .. R . .
. . Energy Mini. Ist National Energy Smart grid policy
implemented implemented/ . . .
.. abolished Plan established implemented
Energy Mini.
established
L.coal(29.5)>LNG(26
. nuclear(27.5)>LNG( | nuclear(27.6)>Lcoal( | .9)>nuclear(26.1)>hy
Gerat 0il(70)>hydro(15) ‘2’351619&??‘1*“61;2;130 22.4)>0il(20.1)>L.coa | 23.5)>LNG(21.9)>0i | dro(8.1)>0il(4.3)>
nc.:re(lo/l(;n =D.coal(15) 4 al(6 3') ’ 1(17.1y>hydro(9)>D. | 1(17)>hydro(7.2)>D. community energy
mixt7 ’ coal(3.6) coal(2.5) (3.3)>new&renew.(3.

1)>D.coal(1.4)

D.coal: Domestic coal, I.coal: Imported coal

Power supply

and demand

Demand =Supply

demand<supply

demand>supply

demand<supply

demand>supply
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