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Abstract

This study estimated the available renewable market potential based on Levelized Cost Of
Electricity and then assessed the renewable derived energy self-sufficiency for the unit of local
government in South Korea. To calculate energy self-sufficiency, 1 km gridded market renewable
generation and local government scale of final energy consumption data were used based on the
market costs and statistics for the recent three years. The results showed that the estimated
renewable market potentials were 689 TWh (Install capacity 829 GW, 128 Mtoe), which can cover
120% of power consumption. 55% of municipalities can fully replace the existing energy
consumption with renewable energy generation and the surplus generation can compensate for the
rest area through electricity trade. However, it was confirmed that, currently, 47% of the local
governments do not fully consider all renewable energy sources such as wind, hydro and
geothermal in establishing 100% renewable energy. The results of this study suggest that energy
planning is decentralized, and this will greatly contribute to the establishment of power planning of
local governments and close the information gap between the central government, the local
governments, and the public.

Keywords: A2 o] Z](Renewable energy), 4178 A ZF(Market potential), Z|Z-o L] Z] 4 H]
(Final energy consumption), |4 %] Z+-E(Energy self-sufficiency ratio), w2 %1H]-&
(Levelized Cost Of Electricity), 7] 22|92 THA|(basic unit of local government)
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GW : Gigawatt[-]

AGL : Above Ground Level[m]

[EA: International Energy Agency[-]

RE : Renewable Energy[-]

LCOE : Levelized Cost of Electricity[won/kWh]
I, - t facility investment costs[won]

M, : t maintenance costs[won]

F, * t fuel costs[won]

E, * t power generation[k'Wh]

r : discount rate[%/year]

n: facility lifetime[year]

SMP : System Marginal Price[won/kWh]

REC : Renewable Energy Certificate[won/kWh]
kWh: kilowatt hour[~]

TWh: terawatt hour[~]

toe: tonne of oil equivalent[~]

Mtoe: Million tonne of oil equivalent[~]

Std: Standardization[-]

P50: 50th percentile[-]
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Step 1:
Standardization on 1 km by 1 km grids
and RE market calculation

gziggtlfjls [:> 1km RE technical potentials

1km RE economic potentials <:j Fize el
exchange costs
Environmental

and social |:> 1km RE market potentials <:| New Policy
regulations ! E

Step 2:
Energy balance calculation and mapping
on 229 local administrative districts for
energy seIf-suff|C|ency calculation

DPONIStrics <:::| GIS 229 district
RE market potentials shape

Energy > Energy self-sufficiency ratio
consumption

Energy self-sufficiency ratio map <:| GIS map

Fig. 1 Schematic diagram of energy self-sufficiency calculation steps
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Table 1 Specification of social exclusion criteria and factors

Categories Sub-categories

Scenic area
Aesthetic district
Fire zone
Disaster prevention district
Landuse area . o
Maintenance district
Settlement district
Airport

Downtown

Cultural heritage reserve
) Country designation
Heritage area . .
Designation
Registerd cultural property
Grade 1

Separately managed area

Ecology area

Baekdudaegan Sanctuary area

Wildlife sanctuary
Fisheries resources reserve
Local plan absolute conservation
Nature park
Undeveloped area Abs'olute conservation-
Natural environment conservation area
DMZ
Shooting range
Cable

Natural monument habitat

Topography 1000 m

Road space 100 m

T ohs, A AR ARl A AP AR vl asto] offulA] AFdE2 22971 57 HE dlofE = Righs)

Cityanddistrict

RE potential
=1 Final electricity consumption
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A0.24% 38.74% '/13.929{:

688,559 Solar
(GWh/y) thermal

27.69% Hydro
0.30%

117,831,470
[toefy)
Solar PV
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Wind 73.64%

5 28 Solar thermal
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Fig. 2 Market potential share(%) of each renewables in electricity generation in South Korea
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Table 2 Details of techno-economical areas for each renewables in South Korea

Technical impact factors Market impact factors
Resources ) ) Total system LCOE (Won/kWh) . ) ) )
Suitable area (km®) 2 Regulation area (km”) Suitable area (km")
Mean Area (km®)

Solar PV 36,457 132.62 (+8.10) 34,786 20,230 14,556
Solar thermal” 36,457 - 1,499 - 1,499
Wind 81,212 129.91 (22.52) 37,848 8,752 11,578
Hydro 78,667 122.68 (+27.93) 6,063 4,350 1,713
Geothermal” 36,457 - 1,499 - 1,499
Biomass 81,212 162.91 19,578 - 19,578

"Solar thermal and geothermal were considered only for heating, air-conditioning, and hot water supply in the building.
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Fig. 3 Geospatial distribution of energy self-sufficiency ratios in (a) local and (b) regional scale of governments

Table 3 Quantitative summary on the level of energy self-sufficiency

Energy self-sufficiency (%)

Category . .
Mean (Std) Minimum Maximum P50
Gwangju (R5) 119(62) 74 225 92
Daegu (R6) 80(29) 43 125 77
Dagjeon (R7) 70(27) 36 108 67
Metropolitan Busan (R8) 60(40) 33 203 48
city scale Seoul (R9) 35(10) 17 54 36
Sejong (R10) 132(-) - - -
Ulsan (R11) 49(30) 9 87 57
Incheon (R12) 164(306) 16 973 34
Gyeonggi-do (R1) 127(147) 26 624 68
Gwangwon-do (R2) 331(183) 59 676 204
Gyeongsangnam-do (R3) 544(547) 60 1576 307
Gyeongsangbuk-do (R4) 847(931) 44 3894 469
Province scale Jeollanam-do (R13) 479(387) 18 1415 372
Jeollabuk-do (R14) 652(501) 52 1622 608
Jeju-do (R15) 582(136) 485 678 582
Chungcheongnam-do (R16) 424(317) 48 1120 402
Chungcheonbuk-do (R17) 454(391) 68 1199 338
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Table 4 Regional renewable portfolio and estimated market potentials. Italics indicates a major contributor resource

Seoul (2015) Busan (2018) Daegu (2015) Incheon (2014) Gwangju (2014) Daejeon (2012)
Dissemi Estimated Dissemi Estimated Dissemi Estimated Dissemi Estimated Dissemi Estimated Dissemi Estimated
nation market nation market nation market nation market nation ~market nation market
scenario potential scenario potential scenario potential scenario potential scenario potential scenario potential

4.9 1.6
Solar PV O 0.8 TWh O 2.1 TWh O 4.5 TWh O 4.0 TWh O Wh O TWh
Solar 11.8 8.2 6.3 6.2 3.9 3.6
thermal O Wh ) Wh O Wh O ™Wh ) TWh O Wh
. 0.05 0.02 0.4 0.02
Wind - - " © twn © 1w - Twh O -

0.2 0.4

Hydro O - - - O TWh - - - - O GWh
Geother 2.4 1.2 1.1 1.1 0.7 0.6

mal O TWh ) TWh > TWh O TWh O TWh O TWh

. 0.3 0.1 0.1 0.01 0.03 0.05

Biomass Oty 9w @ e © v € twn © tw
Ulsan Sejong Gyeonggi-do Gwangwon-do  Chungcheonbuk-do  Chungcheong

(2017) (2015) (2015) (2015) (2017) nam-do (2016)

Resources Dissemi Estimated Dissemi Estimated Dissemi Estimated Dissemi Estimated Dissemi FEstimated Dissemi Estimated
nation market nation market nation market nation market nation market nation market
scenario potential scenario potential scenario potential scenario potential scenario potential scenario potential

32 2.6 47.4 29.0 36.9 63.1
SlrPV Oy e O e © o © 0 o O om
Solar 4.2T O 1.1 35.7 O 8.6 9.7 O 154
thermal Wh TWh ) TWh TWh TWh TWh
. 0.2 0.5 2.9 1.5 5.6
Wind O gy ” ) C wh © 1w - ™wh  © Twh
0.8 0.01 22 0.9 0.6 0.8
Bydo - g 0w @ v @ twe T twe @ Twa
Geother 0.6 0.2 59 1.0 1.5 2.4
mal © TWh © TWh i TWh > TWh > TWh > TWh
. 0.09 0.7 0.01 0.1 0.3
Biomass - TWh - - O Twh O TWh O TWh O TWh
Jeollabuk-do Jeollanam-do Gyeongsangbuk-do Gyeongsang nam-do Jeju-do
(2017) (2017) (2015) (2015) (2012)
Resources Dissemi  Estimated Dissemi  Estimated Dissemi Estimated Dissemi Estimated Dissemi  Estimated
nation market nation market nation market nation market nation market
scenario  potential  scenario  potential  scenario  potential  scenario  potential  scenario  potential
38.2 30.7 84.7 39.3 18.3
Solar PV O P O P O P O "h O Wh
Solar 14.2 17.3 21.0 20.1 3.3
thermal i TWh © TWh © TWh © TWh © TWh
. 1.7 7.3 0.2 32 6.1
Wind © TWh - TWh © TWh e TWh © TWh
0.4 0.1 0.9 2.7
Hydro ” TWh ; TWh © TWh © TWh ; ;
Geother 22 2.2 2.8 2.6 0.4
mal i TWh e TWh © TWh e TWh © TWh
. 0.3 0.2 0.2 0.3 0.02
Biomass O Twh O TWh O Twh @) TWh O TWh
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Fig. 5 Geospatial distribution of electricity consumption with the 50" percentile as reference (units: GWh)
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