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Yeongok, Mulno and Booyoung Abandoned Mines in Kangwon Province, Korea
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A Comparison of Wind Power and Photovoltaic Potentials at

Jinyoung Song, Yosoon Choi*, Mihyang Jang and Suk-Ho Yoon

(Received 17 June 2014, Final version Received 28 July 2014, Accepted 20 August 2014)

Abstract : This study assessed and compared wind power and photovoltaic potentials at the Yeongok, Mulno
and Booyoung abandoned mines in the Kangwon province, Korea. Resources data of wind and solar for each
abandoned mine were collected from the renewable energy data center in Korea Institute of Energy Research(KIER)
and Korea Meteorological Administration(KMA). RETScreen software developed by Natural Resources
Canada(NRC) was utilized for analyzing the electricity productions, reductions of greenhouse gas emission and
net present values of the 600 kW wind power and photovoltaic systems at the three abandoned mines. As a
result, we could know that the wind power potentials are higher than the photovoltaic potentials at the Yeongok
and Mulno abandoned mines. However, the photovoltaic potential is higher than the wind power potential at the
Booyoung abandoned mine when considers the net present value.
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Fig. 1. Maps of wind and solar resources in the Kangwon province, Korea. (a) Annual mean wind speed (m/s) at the
50 m altitude. (b) Annual mean daily global horizontal radiation (kWh/m*/day) at the surface. The locations of Yeongok,

Mulno and Booyoung abandoned mines are displayed.
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Table 1. Meteorological data collected for analyzing wind power and photovoltaic potentials at the Mulno, Booyoung and

Yeongok abandoned mines

Type Parameter Booyoung Mulno Yeongok
Latitude (deg) 374 37.9 37.6
General
Meteorological station Wonju Chuncheon Kangneung
Wind speed (m/s) 5.4 6.1 7.3
) Atmospheric pressure (kPa) 93.2 95.3 93.8
Wind power
Shape factor 1.7 1.2 1.2
Air temperature at the 50 m height (°C) 8.2 9.1 8.6
Global horizontal radiation (kWh/m?/day) 3.65 3.70 3.69
Photovoltaic -
Air temperature at the surface (°C) 11.9 11.0 13.1
Table 2. Design parameters for the 600 kW wind power system considered in this study
Parameter Value
Turbine manufacturer NORDEX
Turbine model N43
Unit 1
Power capacity (kW/unit) 600
Hub height (m) 50
Roter diameter (m) 43
Swept area (m?) 1,452
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Fig. 2. The wind speed—power curve data of Nordex N43
wind turbine. It represents the total amount of energy
produced from the wind turbine over a range of annual
average wind speed (http://www.nordex-online.com).
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Table 3. Design parameters for the 600 kW photovoltaic system considered in this study

Type Parameter Value
Material mono-Si
Manufacturer SAMSUNG
Model LPC250SM
Unit 2400
Power capacity (kW/unit) 0.25
Photovoltaic panel Total power capacity (kW) 600
Efficiency (%) 15.6
Nominal operating cell temperature (°C) 45
Temperature coefficient (%/°C) 0.4
Solar collector area (m?) 229
Miscellaneous losses (%) 5
Manufacturer SMA America
Model ST36
Inverter Efficiency (%) 97
Unit 16
Capacity (kW) 36
Miscellaneous losses (%) 0

ot
it
_|>4_
(e
ol
o
ot
N



AS

&

= Az,

=\

WEGEY. 17F R XA
thCelik, 2003).

=[] e 2] o

71 plos B4 x(mis)7h WA BHE, ke FHEE
o] HAE YElY= g QXK (shape factor), c= SFAIF
(scale factor)E oJu|gict. AR = YR O Z 104 3
7R 9] FE 7AW AR 9] Zh2: Table 19 AA|s}
etk

SOA4 Bq. 28 AMEsle] AAS 4= 9ItH(Heister
and Pennell, 1981).

W )

7|4z Bt
Uepie,

FENO) 5ol T AR E4ERA
Ark(Fig. 2). F4-EA2AN A Yol 7
A%Fe] Z<0] AJ5-F<(cut in wind speed)} &

Z8o] GAHE= A AES(rated wind speed), *]i
oFAS sl AAE AXF<L(cut out wind speed) 5
A7} Eshen, oloh TeiE A Feeyle] A=
Aol 4] A-E-gtet

J.aE_]H]o] /HX]E ;(]0:14 4/_\'1:1_;5 EJléjr_]_ S
FAE ol g5t TR A AF o Ry Vg
A RS Bq. 33 o] DA O AN

W BAA 2 AL

Z2(m/s), I+= gamma function F}&

A

=

ol

Lu@j&ﬂ

(

}_

gl

oZ’lgF

J

|
T
-{> H}{NV
30 1%

30 ol 4
>

B=YP, x1xp(z) 3)

0#7%1 B, = A7hg s Mg AAEKkWh/hour), P,
= 5 Y o FE-EE3AcREY 245 FYE
H19| %Eﬂ(kW) 12 7k AJZHh), pir)= 5 x71 3T
Sh5S bt E45 xi 0 misRE 25 mis(RHEL)
7 T m/s 244 Ao ©9]9] grog aeEh 004
257HA] Aoz 2FEH 5 23dolA T AR F¢t
of A2 ARHRWh)TH 545 24 BHEO-1) S Fe 5
W gbsle] e AY AR AP,

ARV Fat e Aakego] AP EH Eq. 45 o835t
o] AZr AY YAHEy, kWhiyear)& Ak 4= 3lch

, 5 A A oMo T

Az e WA vl 529
Ey, = E,x 24 % 365 )

o714 24t 512
Uebic.

A7k % ot 2] AAIH By, kWhiyean & F2jEllo]
M Age] LEt Y 2AL Wgste] WA 2
o, Eq. 5% ol§ste] Ak,

Fke] AZK), 365 A7 A 4

il

E,=E ;X — X (&)

o714 Pz FEENlo] A dkof|x o] th7]Qk(kPa),
Py 3 H17]4(101.3 kPa), T+= S EHIo] Ax]=
Bz A e 71 (K), T)+= FSEH-25E(288.1 K)o|tt.
FEERIo] AR oUA= thatst &4 aglsol 9
| Aam7] giiol, deder 338 A T
FEENlo] AL | x| o] FFEDE Eol5A |
. & ol A= Hag} Kim(2005)°f A|A1E A A4
HAE0] A S 4 B, 62 ol g9l
degoz Fg9 of|Re FRHE, kWhiyear)
welsh

il

1

ol

o & rp T rlo
>4

w

fﬂ

(1=2,)

m

(©)

Eo=E < (1—=X,) x(1=X,)x(1=x,) %

A71A A= FEER v Y(array) £AAS, A,
R Iofef] 2Y E= 3 F2o g Qg WS
A A|9(airfoil losses), A\, = AH|E4 SO2 2%t
(downtime) £AIA|G= )
Ag ofnjgic

2 Aol BRI o o) AXsHs Zom A
Agtgong ZEERIY wjdo] e E£AASE= 02
2 2RSSl E3, Jang 5(2013)9] 4519} S USIHA
FRE Wle] 2 i BA FAow ola) Wit
= Cfn_ A=A )= 1%, ZAEAAFN)= 2%, 71E
ADE 2% Agsle] B stk

LI 4

= f 6§
2] 3] 2
— R

o oox rr
> N

+= 7|EKmiscellaneous A]

m

01

HFFEA A2

B AIARIY] Ay Ak 42 QlsiAe W
A BFHA] olglo] FHOR o] YARES At
of gith ejFAA ofFolo) EEdh= i EAF oA
o] JEL 2 A= A UAKdirect radiation), 7
5 52 WA 9sff AkEe] YAk ARt AKdiffuse

FOI‘

Als1d A4z



530

o

radiation), X|3EH Fof FH& QkrlE]o] ¢JAlsh= HhAL
A AKreflected radiation) 2 FLEECE efjokadbd Ajx
2 9] 37HA] AL oA S B 01% IR

= AAtER HYEHA ofglo] FHf| EYsh= AA|
EH%‘: UAFFS Eq. 73 o] AHggich

cost 1+cosf
H = be(ose )+Hd ( 5 )+

l—gosﬂ)

_&

H,,X( ™
o714 H= AR "R ofglo]& QlAlsh= AA|
EHot K W/m®), H= 30 2 YA W/m?),
Ager} AR

£ A oldoloiel 4 REd
(deg). 0.1 Blope] ABZen), Ay L] )

AFRW/m?), B BjFHA] ojfo]e] HAzKdeg), Hp
L ZE HAE-S oJu|FHHNRCAN, 2005).

i FHA] ojfolof A ATt AAtE]l= A2 Eq. 83
e,

Ey = H, X 365X 24X §x 1, % [1=8, % (T,— T,)]
X< (1=X,) < (1=A,) ()]

oA71A Bz Bl A] ofgloloflA Azt AAtElE MY
F(kWhiyear), 365 A7 A 4=, 24+ 8HF 52| Al
ZHh), S= BFEA ofdlo] WH(m?), n,= & |
A9 eFx] o] 58, 3,5 HFAA del
a8 IS 2EAS, T+ Hde] Hd 2%5(°0),
T,+= 25°C, A\, = HFAA] ofgo]o] 7|e} &4AIS, A,
£ A9 A2 7]el £AAE 2Ju|FITHNRCAN,
2005).

EFHA] ofgo]e] Azt Y AYALEHE,, kWhiyear)
of An{E]e] WBt G-8(n,,,)S HotH Eq. 99 o] 4

T ASA SEvhe AHH Ly kWhiyean) & A
4+ 9k
ES = EA x Ninw (9)
2M7tA BEY BN

2 A" ol ¥
| 7] ofld

- 2 ase-

P73 A = 24
7}~9] oF RETScreen2 =7} &
gﬂiﬂﬂg 7]% Mo fﬂ S e s
MWh)g SHAsH= A7k HiESH1CO,) AHRE AlF
gk w7hE 2A7EAHE 718 g Aol Ay
she Suld SAR(B, %)< WA Lefshd Eq. 102 2
o] ©¢] M o 2A7IA wlEEH G, tCO/MWh)S
AAE 4= Qi
G, =Gx (1+p) (10)
S-EueEre] A9 2AVAHE Ve ZHG) 0467
(tCO/MWh)o|H, B Lujd £488 3.69%o0]ch
(KEPCO, 2011). wabx] o] A= F 247k~ &
ZH G,)L 0.485(1CO/MWh) 0.2 AAFETE 9FA of %]
AE ol AL Ao s S oUR] THE,
MWh)3} &9 A o 247k iE8H G)S 133s)
H Eq. 113} Zro] F2Pd A H B gy Al
A8 ARE Bl 7 = e 24V ASTH G,

O
tCO)= A = Stk

T

ol

e

Gy=EgX G, (11)
2SXN7IX| AHH
2 dTolae S AL} g AAE
o] ARl wWE AAF BAE 24517 ote] AAH
9] &&A7}2)(Net Present Value, NPV)ZE Eq. 129} Z+
o] Akt

N
NPV = !
; (1+r)t

-G (12)
A7|A NPV= &= A7), NV AlAE 29713
), G d=E(t) dHgPAe 2 dA He Tt
A EH]82] A, r& L, G 27 MY
oJu|git}. 27]|AHE3]4=7]7H(payback year)& 4@ 7}
A& 002 THE 5= Qe AlA" 97|7HV)olck
Eq. 12& o]&3le] dA7IAE AXkelr] e+
A AE 7HA 9 A8 e 27 Exu|el A7E
—%‘%‘HL ﬂo]%, EEZ“E 717} & H& %O XH—‘?J’*

El
o= KDI(2013)7} zﬂx]s} AF8)] srelgel 5. 5%5 Zi
€ 20 Wix] Q= Ao APt T



AS

&

d

AE 717k HFAA g atd =5 2Estod 20
Hdo 2 71AsH E](Klm and Kim, 2008; Kang et al.,
2014).

Al2"O] %7] EAHH|= IEA(International Energy
Agency)oll A AAIGE 57HE QAo A] AlAH 27] =
Aol ek 7% F o 715 A8-5t] 4t
Ak S AJ2FE [EA(20132)9] 7|5l w1
W 1.85 USD9] 27] H|-§o| EYE&= ALz 7Pdst
aom, fFdid A|AgS TEA(2013b)9] 7] uf
2} 1 Wi 2.1 USDe] 7] FApul Hgatgich A2
"o] ez £Jul4-S vl NRELZ} IEAGIA] 7|48k
&S Aglgch % FAUH AAHS | MWhY
10.25 USD(IEA, 2013a), EjFgibd AJARIR 1 kW
19.04 USD(Rick et al,, 2010)2] <17} $-cdu]go] Lo
3 Ao Jhgelgich vske Age
147K2009-2013)2] S| Bhe(olshedl BHaA M. hitps://
www.keb.co.kr) Hat7kQl 1172.70¥S 4-85}o] glsla
ZHiksFS tHTable 4).

Ao s A7 He YA 20120 AJFE
RPSA=E ¥HJ5I3ich RPS A== WA ARIRA|
T WAFoN GAHES AR R FFsteE
O3}t Aol & AFollA= RPSA| =] whet
g AR AE S8 AYS wulste] A He =4
(http://www kpx.or.kr/) T} F5215A(REC) AolA &
= 9F-4= 1Y ﬂaﬂe H A == 5=d(http://
rec.kpx.info/)& 11&3lo] AT 49L& AN E}.

E A3 Bl B9 o Agone) F

W eede] HAd Bl 531

Zdbdo] 1 MWhi 258,979¢, efofdalae | MWh
T 3344449002 AAERIAL o5 AEste] A4S 4
REsr

of
g
4
30
fr
é
o
ﬁ
4 1o
o
o 5
E

A i
il

S U
_>|4_"
o
i

ok fu

Odﬂ(Table 5). ¥
2 A7 1,494 MWhA X‘j_,— s é,“— Qo
7k ZFETES 698 tCO,, AT T 42¢joNS 38
o2 FHrIEG) v, £ it Qo4
2ol A 35 7hset ME=Fo] 873 MWh, 24171
22 408 tCOz, A Tl $QJohe 226 WiRtY o2 i
ZHE At S HPgak 2|92 ATt AY TE, =47t
A s A A9 A g R 7 Hlgal X
o Hrh= 27|, I HgA A9 Bk 2 B71E9
th Al X HE] 24 50 m ILE ABF FE o] Ado]
5}7] ool 600 kW FHid A|lAdl o2 HE AgAit
He AYgE & X}Olé Holz ZoR waert
600 kW efjoFguba Al Ago]
o9 T2 Bl HFAL X Yo] 71 =2A

it
~

— 1% rfo N
>

N

rlr )
R

l>
o
5 4

k=
AT, A R Aol E AolF Holxs ¢

REC 7}l OﬂLiZlJ&FA#DJOM AABHE 71EE FtHTable 6). o] A 3t w4l 2|9] <7t 4~
Wedslo] 1002 AgstErt 1 A3 AL SolE 5% MU 2ol SAE] oIk 1S 712
Table 4. Initial and annual costs of wind power and photovoltaic systems considered in this study
Parameter Wind power system (600 kW) Photovoltaic system (600 kW)
Initial cost
(10° KRW) 1,301.6 1,477.6
First year cost
(10° KRW/year) 2929 133
Table 5. Assessment of 600 kW wind power potential at the Yeongok, Mulno and Booyoung abandoned mines
Type Parameter Booyoung Mulno Yeongok
Energy Electricity exported grid in the first year (MWh/year) 873.0 1186.0 1494.0
Emission Net annual GHG emission reduction (tCO»/year) 408 557 698
First year income (10° KRW) 226 308 386
Finance Net present value (106 KRW) 5,318 7,776 10,102
Equity payback (Year) 59 44 3.6
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Table 6. Assessment of 600 kW photovoltaic potential at the Yeongok, Mulno and Booyoung abandoned mines

Type Parameter Booyoung Mulno Yeongok
Energy Electricity exported grid in the first year (MWh/year) 789.7 830.5 808.5
Emission Net annual GHG emission reduction (tCO»/year) 373 388 377
First year income (10° KRW) 267 277 270
Finance Net present value (106 KRW) 6,390 6,922 6,692
Equity payback (Year) 53 5.1 52
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Fig. 4. Cash flow diagram of the 600 kW wind power and photovoltaic systems at the Booyoung abandoned mine.
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