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Analysis of the Regional Inequalities of Renewable Energy
Resources using Gini’s Coefficients
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ABSTRACT : Most of countries are trying to increase the supply of renewable energy as the substitute of the fossil energy for

reducing greenhouse gas emissions. However, renewable energy sources account for only about 3.86% of the total Korea primary

energy supply. To increase the rate of renewable energy in Korea’s energy consumption, various policies for expanding the use of

renewable energy should be applied. Also these policies should be consider renewable energy resources distribution and regional

inequality. In this study, the potentials of photovoltaic, wind power and bioenergy from rice straw, livestock waste and food waste

are calculated and the distribution characteristic and regional inequalities are analyzed using Gini’s coefficient and Gini decomposition

method. As the results, technical potentials of photovoltaic and wind power of city region(Gu) has more potential rate than

theoretical potentials. Livestock waste has the most unequal distribution (Gini’s coefficient: 0.617) among renewable resources.
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Table 1. Data and sources for natural and technical
potential evaluation

Data Source Year
Photovoltaic Korea institute of 2010
energy energy research(KIER)
Natural Wind speed Korea institute of 2007
potzr%tlal (average) energy research(KIER)
renewable tt)ioenelggy (?Cek Korea institute of | ,0¢
energy | S ock, livestoc energy research(KIER)
resources waste) _
Food waste Korea Environment 2013

Corporation(KECO)

Photovoltaic Korea institute of 2010
Technical | €nergy(average) | energy research(KIER)

potential Road length Statistics Korea 2013
of small X tand and
scale Area of zones h orea fand anc 2010
renewable ousing corporation
energy | Rice cultivation Statistics Korea 2010
No. of livestock Statistics Korea 2010
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Table 2. Assumptions for technical energy potential evaluation

Resources Assumption Assumption value Reference
residential zone: 46%
ional 1 lanni
building coverage industrial zone : 68% rNatl(:EiiZ;?jn pa:i]jlmg and
Rooftop ratio(average) commercial zone: 67% . .
photovoltaic rural area © 35% national status of coverage 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

spacing

highway : 100m
national road, si gun road : 50m

researcher’s assumption

Roadside wind . .
turbine capacity

highway : 3KW(Blade length 2m)

Geum Poong Energy Inc.

power road : 200W(Blade length 1.2m)
efficiency 30% Lopez, A. et al, 2012
operation rate 75%
regional utilization rate
utilization rate (No. of farm households selling rice straw or Statistics Korea, 2010
Rice etc/total farm households)
straw dry weight rate 85% Park et al., 2013
energy basic unit 3903 kcal’kg Park et al.,, 2013
energy yield 69% Lee, 2007
utilization rate 85% IPET, 2010
korean beef cattle: 13.7 kg/day.head
(%U, Livestock generation unit milk cow: 37.7 kg/day.head Ministry of agric.ulture, food and rural
2 waste pig: 5.1 kg/day.head affairs, 2013
& chicken: 0.12 kg/day.head
. . 3 data of biogas plants (Ministry of
biogas yield 3.21 m’/ton environment, 2012)
metropolitan : 267 g/day person
. . city : 150.7 g/day person 2011 Waste Statistics Survey
Food generation unit small city : 143.9 g/day person (Ministry of environment, 2013)
waste rural area : 102.4 g/day person
. . Resource recovery data from
biogas yield 116 m’fon waste(Ministry of enr\ironment, 2012)

2. o5

TevEhes 23070 Al Z1ERARGA7E A
(2010 71), Al ] kA X750, (86N, T
69HE = o Atk ol2d AHe AF == N
A4S 7 ARE #487] 8l Dagum®] A|YAFE

& (Dagum, 1997)< ©]-8-5}9 T

1Aele) grow s
o|FoIAE FEE
ol 1S SHR

al., 2014).
AUATFE

F2 AW, 252, 29

r (

Lo

Hed, 02 93 W5 Belv)
Hlshe, 1] 2HBSE BHFo
5g ojujdt. QukHow o404
wjio] ol T ke AL o

£50 BRFE S A3 1=l
H=

59 217 A8

7y AYA

AUAFE olgEote] FAAHC. GINDZF AIAT
Ayl fHo| met e Age JdiHos T &
e AEE el FX2 29tk 53] &5 Euljo
EHSEE UER7] fs) AHEHEH 28T EE dF
At 2RlzsdoR Z8Ael |HoR Y ol&
s gt ﬁo%, Zzo02 SN AzHEe WAow

FE Ak o)y s AUAIS 3 07

AT Ryu, 2004; Sung and Kim, 2006), < T3k
Ao AFEE Adsled &85 Yok O]h AYA
7t 242 Ao B JTEE delee Ax=

289 + 928 ehis, ols) R ArEs %4

o
E BT EMHan, 2006), oJWUEl ALY FJFT=
(Lee et al, 2010), X< 7+ 374 EHPFTE Z%(Yoon

and Kim, 2014) S°] Qlth

vol. 22, no. 2, 2016 111



SRR

L A YA E

Dagum(1997)2] AUAIG &3-S AYATE F3t]
At 7hed Ame] A W e AW 9] Vo=
£ HallekA e dAE S5 5 v WHeE A
o F e EEE Ao vFed EAS /R
(Sung and Kim, 2006). Y202 AMEE|T Q= XYA
T (GF &5 Ev A s= BAD9I7) ¢, <

old ZAgmeol kel sl e s vherty 4(1)9]
AW AUASE Gk JE 3 AYAS G = 28
3he] A 4 Qo

n n

G= — —y 21
Qu iy 4 /| A(1)
nj nh
= “Ynr
2n /L] lh=1li=1r=1 h|
G;; + Gy,
n n;
-y
J//LJ1—17‘— J,|

n;oon,

E E |y/L yhrl

nimy, (N +m) 23

Sung and Kim(2006)2 ©]&3gF X
&3l ALUEAAS AL, AH, A7IZ AFe

e b 2FeE 79=E 243len, Pak et
al2014)= sE0he A= A9 AAE sk

‘w""

3} Y 7

LLLLILLIEEEE]

(a) Photovoltaic power (b) Wind power

(c) Rice straw
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(d) Livestock waste (e) Food waste

Figure 1. Distribution maps of theoretical potentials by Si, Gun, Gu
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Figure 2. Histograms of theoretical potentials
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dom 7o AxE FAYe] & ol FFdE AY
7} ot 7P A JEhgteH, IAEgE S8 A
A3t FAHLE AEze b BEE e oE
UESTH(Table 3).
Table 3. Theoretical potential of PV (GWh, %)
Total Si Gun Gu
No. of regions 230 75 86 69
Potential 1.13x10" | 4.45x10"| 6.49x10"| 3.81x10°
Average 4.68x10%| 5.94x10%| 7.55x10°| 5.53x107
Rate of Region 100 32.61 37.39 30.00
Rate of Potential 100 39.33 57.31 3.37
max-min 2.03x10° | 1.68x10°| 1.95x10°| 2.55x10°
Variance 1.84x10"7 | 1.74x10'7| 1.06x10"7| 3.09x10"
Standard deviation | 4.28x10%| 4.17x10%| 3.25x10%| 5.55x10’
Skewness 0.700 0.426 1.220 1.856
Kurtosis 0.070 -0.535 3.136 3.131

28 AT FHAYPATAA FE3 AH9E gt
28 Y7} 200W/m 0421 A<
o) FAFE ST BEFE BT 200W/mr o]
Ql XYL 2307 AT 56702 UERgoH, o] A
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TAYL AYn]FL 23%°v ZAAF HlFe 2%l &
I3k Aoz Yehyith w3 EXEAS Ayud A
Aol Fx3t= ol HFHA ot A=gke] 7P A2
e 7Y J- 71X A g WAl £Ed E4S
A, AT T T wAY o] BEE 7P ke &
ZE HUTKTable 4).
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Table 4. Theoretical potential of wind power
(equipment capacity MW, %)

Total Si Gun Gu
No. of regions 56 13 30 13
Potential 154,598 43,176 | 108,130 3,292
Average 2,393 3,321 3,604 253
Rate of Region 100 2321 53.57 23.21
Rate of Potential 100 27.93 69.94 2.13
max-min 8,218 6,397 7,354 573
Variance 4,360,862 | 3,923,512 | 2,668,341 29,302
Standard deviation 2,064 1,981 1,634 171
Skewness 0.508 0.203 0.986 1.032
Kurtosis -0.291 -1.268 1.457 1.007

AR A9 Exted 4

HlolQuf2s F BlZe] A9, AR HolH
AE A A ZF Al ZA] RS A i
A & THA g AYe ALsta F 2100 AT
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U TAGEY ol AHr] HIFolA FAYGe] 23%E
yepgton A nlFe 2%=2 ul$- HA Jehgth
AeF BA AL AZF A7RIFL 34%, 38%E HISTEH S
o, AT FE 44%, 54%Z 2 Xpo]E Holx| gttt
ZF AL, T REEAS AVEY, 7AYol E4kgh
o] Za Fx It 7t Fom YFo R 2o &
ZE /M, AEE 7 #A YElgTh ol wiel Al

e I ARG =AEE Aol
A FESIER A, HAgke] A7t 7t ZA Ve
£ & & 5 UtKTable 5).

Table 5. Theoretical potential of rice staw biomass (kcal, %)

Total Si Gun Gu
No. of regions 221 74 84 63
Potential 3.23x10'| 1.407x10"| 1.75x10"| 7.10x10"
Average 1.46x10" | 2.07x10"| 2.13x10"| 1.13x10°
Rate of Region 100 33.48 38.01 23.51
Rate of Potential 100 43.57 54.23 2.20
max-min 7.35x10"| 7.35x10"| 6.62x10"| 1.42x10"
Variance 2.57x10% | 3.26x10%| 1.86x10”| 6.93x10'
Standard deviation | 1.60x10" | 1.80x10"| 1.37x10'| 0.26x10"
Skewness 1.237 0.882 1.058 3.824
Kurtosis 1.137 0.143 1.214 16.847

FEY dolems FE JIXEHI e FHEEE
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I FEHE Ui ok FAYLE o] FL Fk

.
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Table 6. Theoretical potential of livestock waste biomass

(keal, %)
Total Si Gun Gu

No. of regions 189 73 84 32
Potential 1.64x10" | 8.84x102| 7.46x10"| 1.22x10"
Average 8.69x10"°| 1.21x10"| 8.88x10"| 3.80x10°
Rate of Region 100 38.62 44.44 16.93
Rate of Potential 100 53.84 4542 0.74
max-min 7.04x10" | 4.00x10"" | 7.02x10"| 2.30x10'
Variance 1.06x10%| 1.36x10*| 8.37x10%'| 3.17x10"
Standard deviation | 1.03x10™ | 1.17x10"| 9.15x10"| 5.63x10°
Skewness 2.117 0.778 4.090 1.770
Kurtosis 6.927 -0.518 24.151 2.962

nto] Quj 2~ F FAE2H 7= AR AUAH o] H Al
B nlo]emjz zpdEolE] T FHEES] AlEHA ol
2013 #H7|EA 2 X2 d8(Korea  Environment
Corporation, 2014)°|4 4 FAsH= S2E2H7] ¥
(ton/day) o2 A3t OE dlo]eujx9} G 52
27l FAY0] 7HE & A S UERS
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TEAYR] TAHe EHo] wigd At dddrh
AR H FHaghe] Hxkel E4F grol 7 A o
Ebton, #AHe e g EA4te] #a T £XE
Btk ARQEY & %}1\'0] ZHA| YRt o, e =gho]
0ol 779l 71&o1o] A& HE@EH% Eﬁiofq A
SHA| A o] BEXxsh= A LERSTHTable 7).

Table 7. Theoretical potential of food waste biomass
(ton/day, %)

Total Si Gun Gu
No. of regions 230 75 86 69
Potential 11,138 5,130 688 5,320
Average 48.42 68.40 8.00 77.10
Rate of Region 100 32.61 37.39 30.00
Rate of Potential 100 46.06 6.18 47.76
max-min 2352 226.8 42.9 169.3
Variance 2,634.69 | 3,606.75 63.89 | 1,489.28
Standard deviation 51.33 60.06 8.00 38.59
Skewness 1.437 1.357 2.319 0.408
Kurtosis 1.987 1.250 6.366 -0.104

(a) Photovoltaic power (b) Wind power

(¢) Rice straw
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Table 8. Factor’s contribution to theoretical potentials
inequality

Within Between
Resources Sum sub-regional sub-regional
inequality inequality
Photovoltaic power | 0.480 | 0.102(21.34%) | 0.377(78.66%)
Wind power 0.420 | 0.114(27.21%) | 0.306(72.79%)
Rice straw 0.551 | 0.147(26.61%) | 0.404(73.37%)
Livestock waste 0.583 | 0.199(34.13%) | 0.383(65.69%)
Food waste 0.492 | 0.120(24.39%) | 0.372(75.61%)
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Figure 5. Distribution maps of technical potentials by Si, Gun, Gu
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Figure 6. Histograms of technical potentials
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Table 9. Technical potential of rooftop PV (kwh, %) Table 11. Technical potential of rice staw biomass (kwh, %)
Total Si Gun Gu Total Si Gun Gu

No. of regions 230 75 86 69 No. of regions 229 75 85 69
Potential 3.28x10" | 1.56x10"| 1.31x10"| 4.15x10" Potential 451x10° | 2.25x10°| 2.18x10° | 8.20x10’
Average 2.08x10°| 1.52x10°| 6.01x10%| 1.42x10° Average 1.97x107 | 3.00x107 | 2.56x107 | 1,188,703
Rate of Region 100 32.61 37.39 30.00 Rate of Region 100 32.75 37.12 30.13
Rate of Potential 100 47.50 39.84 12.66 Rate of Poterttial 100 4991 48.27 1.82
max-min 5.94x10° | 5.71x10°| 5.88x10°| 2.40x10° max-min 2.05x10%| 2.05x10%| 1.41x10%| 2.26x107
Variance 1.29x10"| 1.97x10"| 6.35x10"7 | 2.30x10"7 Variance 9.17x10"| 1.63x10"| 6.21x10"| 8.69x10"
Standard deviation | 1.14x10°| 1.40x10° | 7.97x10%| 4.80x10° Standard deviation | 3.02x107 | 4.03x107| 2.49x107| 2.95x10°
Skewness 1.618 0.915 2.189 2.076 Skewness 2.694 1.992 2263 5.744
Kurtosis 3.365 0.450 10.563 4791 Kurtosis 9219 4597 6.713 40.599

Table 10. Technical potential of roadside wind power Table 12 Technical potential of livestock waste  (kwh, %)
(kwh, %) Total Si Gun Gu
Towml S Gom Go No. of regions 227 75 86 66
No. of regions 220 75 4 61 Potential 6.83x10° |  3.56x10°| 3.15x10°| 1.14x10’
Potential 4.64x108| 2.23x10° 1.64x10°|  7.69x107 Average 3,007,590 | 4,744,877 | 3,668,110 172,722
Average 2,107,428 | 2,971,227 1,950,713 | 1,261,183 Rate of Region 100 33.04 37.88 29.07
Rate of Region 100 34.09 28.18 27.73 Rete of Rtential 100 52.12 46.20 1.67
Rate of Potential 100 48.06 35.34 16.59 max-min 2.05x107| 1.71x10"| 2.04x107| 1,841,906
max-min 8435640 | 8435640 6,695,148 | 3,137,513 Variance 1.38x10" | 2.03x10"| 9.50x10"| 1.10x10"
Smg’;:‘gczﬁ ]133”503]72 fég;lg((); 88;123]5] 32?;1109'3] Standard deviation | 3,721,271 | 4,508,976 3,082362| 332,015
viation s 5 , 5 . .
Skewness 1.444 0.614 1.899 0.907 Skewness 1.750 0834 2.506 3.101
Kurtosis 3.183 0.886 9.195 1.645 Kurtosis 3430] 0173] 10340] 11.210

g wlolem~ F HF AFS 20109 FHHEE
zAke] = AuiE R T} 20103 FHEAGETZAL
7E 8 Agdd 5 A 7ERHE vES
2 Table 29| 7M8& B3l FAZFS Atk
I AY A7)= 31%5 AA S TAYGo] 48%2] A
FS 7, 33%E A S AIAH0] 50%E ZHe A
o2 Ueht AlA Yo o] o & ZACE YETh
TS ARG Hgho] RG] HAgRT o =4
UERTE ol A HollA BiFe] vlg F AR AMS
sh= vlgo] 7] wE] HoE ATt =3 X5
Aol M= ARFo] ejEgto] Al HEgho] Afwaro
7V 77k AL 2 YERGTHTable 11).

SAHE D vlo] oy A] A EEE 2010 FHAHYTZAL
TEARSTTE B Eade F5k Al el A| )
olHAlE]S] FAFR T Ry @2 A Hol|A HAjFs 2k
= Ao yehgth B2 Jge ARy Axdo] #
A&Fe 52%S ARSI FAHO| 46% AA|FH= HOE
Uebom, AlAYe] Eibgre] B 31 A9 H=
#ol 1022 8 EXFHE YeRIL JTiTable 12).
Bz A g A7l AA ST A He Zol7f AA] &
o} dR Ao HEH Ao EXFEHE e vl
o] oA HHAlAd el A7t HaF Ao|tt

116 =ZA=, M223 22, 20163

AE2Y7E T AAAUA] HAFLS EAA

Aol 55%F At QAL HFEHA &= &
Ho|al o] BEAXY S AA|YAR Do Z AT
3t AR AGEGoH, #X9Le P A2 v
6%°] A FS 23 AT FAE A2 gkl [
X FEE Holn JATk AAYH A Y Fxe A
Egke] @A JEh ZAAFF] A5 §4E Bon,
TFAYo] FA&E 2d7%e] HAL ARAYRTG IA Y
Bl HUH A 27 23 B4bo] 2 FElE Hola 9]
THTable 13).

Table 13. Technical potential of Food waste (kwh, %)

Total Si Gun Gu

No. of regions 230 75 86 69
Potential 2.06x10° | 8.19x10%| 1.19x10%| 1.13x10°
Average 8,972,048 | 1.09x107| 1,378,803 | 1.63x10’
Rate of Region 100 32.61 37.39 30
Rate of Potertial 100 39.70 5.75 54.56
max-min 437x107 | 3.76x107 | 7,033,667 | 4.20x10’
Variance 9.77x10" | 8.34x10"| 1.19x10"| 1.03x10™
Standard deviation | 9,883,662 | 9,132,898 | 1,092,954 | 1.01x10’
Skewness 1.435 1.506 3242 0.692
Kurtosis 1375 1.760 13.761 -0.254
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Y B tHFigure 7, Figure 8). 7 2 AYAIF &
7H A EEW FE Adoldlon, 1 ggo R
THFFo R et olgd AAF AdL Ao
f1e] A=4<1 AdA o] F8F¢s AE F AUk
SAE2H 7Y AYASFE AHEA, AXFGAM= &
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0 e Mod

8203 Hotk 3+ F Q1o g PRt ot B
o] ojugk g]lell o3k AQIA A HoktH(Table 14).
A e g "G W AYAE gl @] 4 Al
AYAT (RHA ThHe ¥R FAEwr 7HE w3
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A ARETE AR Blel o] FHol M sl &
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Figure 7. Regional Gini’s coefficients of technical
potentials

(b) Wind power

(a) Photovoltaic power

(c¢) Rice straw

Qlo] 66% A 78%=S 2R3}
A e7re] Ade] Bixo) &

Table 14. Factor’s contribution to technical potentials
inequality

Within Between
Resources Sum | sub-regional | sub-regional
inequality inequality
Rooftop 0411 0.111 0.300
photovoltaic power ) (27.01%) (72.99%)
Roadside wind 0334 0.094 0.239
power ) (28.14%) (71.56%)
: 0.190 0.391
Rice straw 0.581 (32.73%) (67.27%)
. 0.164 0.452
Livestock waste 0.617 (26.58%) (73.26%)
0.119 0.443
Food waste 0.562 21.17%) (78.83%)
713 FAAFe] BHE5E} o232 A £
55 lud A3 g, T, Hidhe|enas A
A7} gastgont FiEnst S4E2d7le] 7
Zhe Ae ¢ & ATk 53 B ouix el 7

it 5
A% 2 2Qloq AUAS gho] Bl Zolglon,
AgrEr)e] A4 A 3 290 Wol FAE AL
2 9tk oleld Fe 7k 89l AUAF gl 2 4
e A, 2 78 AEsE A4 o) Bad A
YRR lole} & 4 e,

t o o Ho T ofd

V.2 E
AAAYA AR Abdell Bk Tkt A+ 5 ZH o] o]
FAAAL o opH7bA] Ryt A el A e
L&) w2 gEojth & AFelMe AAA
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Aol we AEAQ FHo] destnz AT A

(d) Livestock waste

(e) Food waste

Figure 8. Lorentz curves of technical potentials
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