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Evaluation and Comparison of the Regional Technical Potentials of Renewable
Energy for Energy Self-sufficient Cities
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Abstract

Fossil energy depletion, environmental pollution and climate change drive renewable
energy development for future generation. Although there are several studies about
renewable energy potential, these are focused on theoretical energy potentials that is not
applicable to the regional planning. In this study, we evaluate regional technical energy
potentials for various renewable energy sources. As the results, rooftop sunlight is the most
important renewable energy source among available renewable resources(rooftop sunlight,
roadside wind power, small hydro power and biomass). Also the effectively available resources
are different depending on the geographical characteristics of all the cities(gu), small cities(si)
and rural regions(gun). If renewable energy is autonomously developed in each region, only
44% of regions (102 among 230 regions) will be self-sufficient in electricity consumption.
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keywords = Renewable energy, Self-sufficient city, Energy consumption, Technical potential, Regional
energy
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Table 2. Data and Source

Data Source Year

Electric use Rerea electrlc. power 2011
corporation

Final energy Korea energy economics 2014

consumption institute

Road length Statistics Korea 2013

Bers GF Seiries Korea land anq housing 2010
corporation

Rice cultivation Statistics Korea 2010

No. of livestock Statistics Korea 2010

Reservoir status ; Winistry of trete, 2006

industry and energy

Photovoltaic Korea institute of energy 2010
energy(average) research(KIER)

Wind speed Korea institute of energy 2010
(average) research(KIER)
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Table 3. Assumptions for technical energy potential evaluation
Resources Assumption Assumption value Reference
residential zone: 46% "National land planning
building coverage industrial zone : 68% and utilization act
Rooftop ratio(average) commercial zone: 67% national status of coverage
photovoltaic rural area : 35% ratio
power residential rooftop : 25% (22-27)
usable area rate commercial rooftop 63% (60-65) Lopez, A. et al, 2012
module efficiency 13.5% Lopez, A. et al, 2012
spacin nigfwayr & 100m researcher’s assumption
P 9 national road, si gun road : 50m P
Roadside : : highway : 3KW(Blade length 2m)
wind power SATHOAIES R/ road : 200W(Blade length 1.2m) el Fssng; Eoskgy Tuc.
efficiency 30% Lopez, A. et al, 2012
operation rate 75%
; ; —_— Ministry of trade, industry
St s equipment capacity  |Investigations of small hydropower and energy, 2006
power efficiency 84%
operation rate 35%
Korea institute of planning
utilization rate 15% & evaluat|or:| for teehmlogy
Ri in food, agriculture, forestry
t'ce & fisheries(IPET), 2010
straw dry weight rate 85% Park, W., 2013
energy basic unit 3903 kcal/kg Park, W., 2013
energy yield 69% Lee, J., 2007
utilization rate 85% IPET, 2010
korean beef cattle: 13.7 kg/day.head
@ ) ) : milk cow: 37.7 kg/day.head Ministry of agriculture, food
g Lg:;t generaien unik pig: 5.1 kg/day.head and rural affairs, 2013
2 Ccicken: 0.12 kg/day.head
a waste z
data of biogas plants
biogas yield 3.21 m’/ton (Ministry of environment,
2012)
njetropohtan : 257 grday persan 2011 Waste Statistics Survey
. . city : 150.7 g/day person b ;
generation unit o (Ministry of environment,
Rl small city : 143.9 g/day person 2013)
rural area : 1024 g/day person
waste
Resource recovery data
biogas yield 116 m%/ton from waste(Ministry of
environment, 2012)
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AEPEZL DT get DR AEWA HISS O AVSIICL AR B0 6WolA 300kW
Agolo] FAgo] Wt AgE 4 o 2 & 39 Z48%s /K EHEICE FOHNERE

go] R&H o=

olo]-]:].

E20| A2

2l Aokl =, AIGAEo

l;l

Aol o] HEARE FX

-4l

, Ut S8HRe= A 7RsS Al sl AREL Qls
Eoloke oURIge Aot fHHeE 4

Journal of Korea Planning Association Vol50 No.6 (2015) |

=
T Al 9 2 Qe RS A

SALE OIS X,

71§9§ == ¢

L

[SE—te.

193



ojx|El - M @

HolACE. 200W, 3kW F EFC IEXE 7F V. 2M ZAat
o=, ZZ10] W/ldol(1.2m, 2m), |FA WA, &
2 J7IRE dA 7 52 ddlel] AR s
A86l9 oM, NRELS] BilA(Lopez, A. et al,
2012)& Falsl 882 30%E A&t

72 =588 B 80 AXEA e 49 o
UAl= 20060 AIIAFRIROIA Aldst 48 AFA
A AFRE VHIOR o dHgEe AFgohl
ANLHEEEN 7FSES 1diolo] AFgsIRitt =R
o} ¥iM7] §80] 084~0.922 HI1l%1l omE
ZEfUA 2810 9EO] ZP A0 §8S 88%,
7] g8 91%7IK AEskal Aol@dET ¢

ATEst oIRIES] Attt VIsd A A
Vg Sdll A9He] 71ed Aol Zxigk
S AAKGt A3} 333,817 GWh/year2 LIEIILE 0]
= 713 2 "HEe ARk A2 HIZoIRZ2
9821%0l EBIFCL 1 teez & ouxge
AN SAEAH7IZ LIERITHTable 4).

Table 4. Evaluated technical energy potential

_ : Note
He 2010), 2 JolME 84%9) AlAHl g€t Resources (g;t[s;z:lr) I?;t)e (Theoretical
0, -
3B%2) 7FsES 7Isl] YEEe APASInh potential)
B Rooftop Total PV :
plojeu2 oURIFOREE HAM FEE T photovoltaic | 32785656 | 9821 131,665,785
1l SAEAHYIE tAeR 19T A Al power GWh (KIER)
_ ~ Total wind
Wy, 7S, Qo] HAAHRIE Holo] A Roadside wind avir | power :
O] gk APHSia =Hot FAELO] B 8% 28 power ' ~[987,000GWh(Kim
2 TEEi0] BE RSP A 92 MO 3 g a L
o} oI5 AYSE oxls), AU X7t o] power 78| 0%
R Y AA dRgo] tist ARE gs & R;znitarsasw 220881 | 066| 3.237.207 Geal
010] ZHIEEAR] o1 =103 -
S10) AL 015 AbSSIZIC L"f:::k 68272 | 021| 16,017,862 Geal
=y EREEO)l WS 2007d AISo| osH
=H RaiEel BEs 20019 ARl oford Food waste 206357 | 062
60%7F EHlo] 018%H, 25%= AlZol ol8%1 Total 3338173 | 100

QOIESE] 9], 2007) O1E AlISt E87Fs Hig

o 1wz AgsilonuE eyt Ot SHEE AT AN TR SaEA
9, 2010, B HolonlAg olgst gma ) Mo ST AN @ A% HE S0l He
o] 48 IOl LIERE ofiiR] 5801 60% Hg /el AOVE S 9= BLSIO AT
SIOIONET, 2007) oK) IS dbmaigly, 1) e o OV B Rk 2 ol

<ol ArigrEe] HIES JRe A AmEg A
79 oA BE SIS HiaE Zit o
gBe AKOl] 4 2 A0R Uekton, T

AYe saE2elr], « A9 sHtE0] &

A

FZAELE 20094 7])E 85%7F EH] 2 o]
2 g8%1 0] 0] AuRgl 7ts Hig= HY
om, Hpo|UtASH feAeE 67149 2008WF
Bl 2012871K19] AR AAEOHE EEotArkE
AX, 2012).
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Table 5. Regional technical energy potential by resources(Unit: GWh)

Do Rooftop PV !{oadside Sl Rice straw Livestoas Faoe Total
wind power | hydro waste waste
Seoul 9,367.26 65.17 - 2.25 0.80 664.20 10,099.67
Busan 8,346.25 25.20 - 9.58 112 130.71 8512.87
Daegu 6,768.62 23.52 240 12.35 6.71 93.64 6,907.24
Incheon 9,620.98 - 0.75 3143 377 101.91 9,758.83
Gwangju 4,156.09 18.70 - 17.07 3.08 56.49 4,251.43
Daejeon 3,223.83 18.22 - 6.65 119 57.48 3,307.38
Ulsan 7.945.27 25.53 - 1348 3.65 4144 8,029.37
Gyeonggi 40,885.35 111.91 4.05 22771 125.05 412.99 41,767.07
Gangwon 28,745.53 90.77 7.80 94.78 36.17 49.83 29,024.87
Chungbuk 19,094.91 69.32 791 116.81 41.59 49.92 19,380.46
Chungnam 36,604.35 43.20 15.69 403.74 118.31 67.40 37,252.69
Jeonbuk 21,519.60 80.72 7.34 359.90 77.78 61.81 22,107.15
Jeonnam 37,478.09 93.94 9.16 403.17 76.64 55.78 38116.78
Gyeongbuk 49,804.85 124.02 19.07 311.99 103.48 89.77 50453.19
Gyeongnham 33,005.72 111.79 411 197.83 67.70 110.76 33,497.90
Jeju 11,289.87 25.28 0.09 0.05 15.67 19.44 11,35040

(b) Roadside wind power

(c) Small hydro power

(d) Rice straw biomass

(e) Livestock waste

() Food waste
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Figure 4. Distribution of renewable energy potential
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Table 6. Renewable energy technical potential
compared to energy consumption (Unit:

1,000toe)
’ Final energy Renewable Rate
Region consumption nergy %)
potential
Seoul 15,398 869 5.64
Busan 6,146 732 11.91
Daegu 4,349 594 13.66
Incheon 10,251 839 8.19
Gwangju 2,507 366 14.58
Daejeon 2,655 284 10.71
Ulsan 25,832 691 267
Gyeonggi 26,296 3,592 | 13.66
Gangwon 6,107 2,496 40.87
Chungbuk 6,388 1,667 | 26.09
Chungnam 30,612 3,204 1047
Jeonbuk 5,341 1,901 35.60
Jeonnam 38,436 3,278 8.53
Gyeongbuk 19,776 4,339 21.94
Gyeongnam 8,963 2,881 3214
Jeju 1,181 976 | 82.65
total 210,238 28,708 | 13.66

*coefficient: 0.000086 toe/kwh®
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