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Abstract

In these last years, the globe faces energy-related problems due to the rational use of
resources, greenhouse gases (GHGs) emission and pollutants by the combustion of
non-renewable resources. Furthermore, the international oil price has been rapidly increasing
with depletion of fossil fuels. For mitigation of these problems, many projects are being
planned to use of not traditional fuels and of renewable resources, such as solar, wind, hydro,
geothermal, and biomass in the world. Especially, solar and wind power have received
particular attention as very important energy source of pollution free and unlimited new
renewable energy. Many countries have introduced a policy to promote the installation of PV
(Photovoltaic) and wind power systems in accordance with the reduction obligation of
greenhouse gases in Climatic Change Convention. For this reason, the global demand for the
PV and wind power system is increasing every year.

Korea has also established to national energy policy for PV and wind power system up to
47.1% of total renewable energy supply by 2030. In order to achieve this goal, the amount of
electricity generation by PV system will increase from 812 GWh (2010) to 1,972 GWh (2030)
and the amount of electricity generation by Wind power will increase from 1,073 GWh (2010)
to 16,620 GWh (2030).

Thus, this study analyses the environmental impacts about PV system including sc-Si
(single crystalline silicon) and mc-Si (multi crystalline silicon) PV system and wind power
system throughout its life cycle. Added to this, economic impacts of target system are
estimated based on the life cycle costing (LCC) method that consider total costs, which is

capital cost, operation and maintenance (O&M) cost and decommissioning cost.
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SREEY 4553 Poly-Si
rEE HEEZ Industrial water, Argon, Ceramic tiles
dx CIRERS Electricity
45E4 Ingot
Industrial water, Filtered water, Caustic soda
wrza Hydrochloric acid 30%, Linear alkyl benzene
sulfonate acid, Glass wool, Brass roll, Hot rolled
el steel coil
Silicon carbide, Acetic acid 98%, Triethylene
HzEEZ glycol, Dipropylene glycol monomethyl ether,

Acrylic binder
PV module CIRERY Electricity
Ammonia, Phosphoric acids, Wafer, Silicon

AnEA
tetrahydride, Silver, Aluminium
. Hydrochloric acid 35%, Nitric Acids 65%,
= HEEZ Hydrogen fluoride 50%, Potassium hydroxide 45%,
Sodium hydroxide 30%, Hydrogen peroxide 50%
SIRER Electricity
Cell, Polyethylene film, Copper wire, Busbar wire
- Aluminum frame, Solder(Sn60Pb40),
ws Ethylvinylacetate foil, Low iron tempered glass,
Polyvinylfluoride film, Silicon
HzE3 -
SIRERY Electricity
Inverter enclosure, Fan, Outlet filter, Cover
PCS TARE support, Duct, PEBB enclosure, Current transducer
T % 29%
d5EH Steel
BOS RzE4 -
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Table 6. Ef 2 &M Al AH

Oy

4= b3 &= (kW) A Z(kWh/yr)
2006 6,350 2,857,460
2007 32,287 15,313,750
2008 403,099 238,898,000
2009 404,584 553,599,700
2010 492,674 1,052,238,810
Ht 267,799 372,581,544

+Z AT A A

P $1F / Hd 2ALEF X i A2" 8% X &9
= 372,581,544 kWh/yr / 267,799 kW X 2,000kW x 30
= 60,252,437.71 kWh

222 39 TA AxH

Sllol A= o7 2MWH WE F9 2 AlA" Az Vleo]l dY EHaHo] A den,
T ¥ vl S AR el @A 7] wEel, AlA A FH Ed AlAE Alxd
Al VESTAS®] 23 HiolEl & st o & Axde] 8448 sttt & dA7-olA
= 29 2 A2dES Axs] fd FAEE B 799 Fd= 2 EE dHelHE 1
sttt Y Table 7.& W 28 24 Al=d9 @44 W7 #d3S 98 " FHE dol

B @ge et

Table 7. 8 &H™ AAH Tl OlolH

g A2 HolH £+ FAE

Unalloyed / low alloyed steel, Highly alloyed

steel, Cast 1iron, Steel and iron materials
(unspecified), Aluminium and aluminium alloys,

Copper, Thermoplastics, Elastomers / elastomeric

%E%;ﬂ
i =2 .
_ compounds, Duromers, Polymeric compounds,
T8 U A=H . ) .
Lacquers, Modified organic natural materials,
Ceramic / glass, Concrete, Electronics, Electrics,
Magnets
BEEZ Lubricants, SFs gas
of| L %] Electricity

EFY wd A Faee B A A e H2 5d Fud AAHe £dF
9 FH o Aawle] wAER D A A GolHE Fhale] 7585565802 kWhw Hd e
Aov 37 B BAAFL o] A ANE svon Axg guzgdd i) 2L ARe
Mg A A8 FHe S e, A fFel wel T 9 %9 LCI delg o) s
Adste] mEatddch
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3008402 T ose+02
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: 418E+01
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SN 2.00E+01 - o Mw
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. l . . 3'GQHOO1.an+00 300 48400 1.28E+00 1 0BE+00 B
0.00E+00
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Korea sc-Si PV mc-S5i PV Wind PV PCS BOS PV PCS BOS Steel Stainless Concrete Others
grid mix system system power module module plate steel
B szzscwe Il A=zexoa [ zeos ] m7ies
Bl Foly-si Ingot RN Wafer [ cen B Module Assembly
Fig. 3. Ef & & &3 Ud™ A|ARo X|F2¢tat ok Aot
g 2l Alz"a =7 A9 = 3 ATedst 9% 2345 vlastd, WA A A
9 ovhag Ae ey da Alzwe) A9, 7k A8 oin) 8.99%, 5.98%¢] A Fevhah o ol
WASG oM, B WA Az A9, 254%0) AT GPo] WAGE Aoz BEHO
A, B3 SHA wig- e Ao vEsith B3 i 2 AJAE 3 Hlal Aol =,
<9 B A|m"e] A 2ust o] g AA s (A tE] 29.60%, tHAA tiH]
44.50%). =e] A5, =7 A8 Ed g 5 2ol 674%F AA st glon, ol %
A8 AL Al gkl 2AVEE wjlE 2 e Ag2dst o] BAS T wepA FE ot A~
doll Hla] Fidor B AdUAS AREets BEF L A" Bu w2 A2 dst o

ol WwAskE Ao #4119
A3 WA F M B Aeds GRe wAsE Ax L 4K v AFevE 9B
NEE ] ) ¥ A A28 FE, PV moduled] AT Va3 Fo

(€]
ol 7H =& olfre YA oE BE AUAE 4H]
4 g3o] AakE ] wEel Hoem FAHII EA
2 317E+01 g CO, eq/kWh UE}own 39
13} 43 7]od = PV moduleo] 84.9%, PCS7F 11.7%, BOS7} 34%% %% %]
CHEA AYE B 2 Alz="d e 7R 2 PV module®] A28t Go] 7 =
Eluton 53] MG-Sie AA st ZEAeZS Axste dAoA v duyAE 4487
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wjitoll ZE| A2 AxTAANA S AF2ds d&o] TP =A EEFEHAh BHA casting 34
S B Y3 Az dAdAE GAd AEE HEd REdE gy vad A AFds o
& ABRE Yl T8 3d A" Az 9 dX gA AFdst 9 g2 143E+01 g
CO; eq/kWhi E=&H%oH, 39 EELS Rotor, Nacelle?] 2 % = Towerd FL2 985%&
A T B 2EHAdYH s 2 AF2dst FEF VT M =2 AoE YER

3.1.2 EPBT (Energy PayBack Time)

EPBT+ W% 2 A=dle] A3 st AnlE= ouxza, 7 st Aitd deEntas

71 AY Ao s wAdey] 98 28 A HE U FH vla

AaAgol AA AMEE = U A 2HEI ARE F Qe oy A #ol
2 dAellA FE EPBT Abg 42 b3} 2t

F ool FQwe o wd Asde) ARge 47 S A 48R oy, A7k w3
e AA WAFE e ol AT Ful 4 B 2= oy BAAFE A
G (kWh)E olyuA] 49 M2 21e u AL&5 = QAREA, dA Il & WS 88t
1kWhe] #A=s ALkl fa8 275+ AUuAHFM)DS 2Hste] =&Y v Table 9.
gokg 2 Fg vl Alxa"e] EPBTE AHAs7] &) AH&d diolgoly, @A 2 tdxd 4
gl& ek, £ wy Alxee] EPBT A¥: zH7t 26549, 1749, 0249002 =25 v}
Table 9. CHAF 9FF A|AEI EPBT AN Z 3}
22 R EAL A 9 wn A29
923 ==
% oA FAZO) 58,350,267 38,438,225 9,868,707
A8 oA
%lﬁ 17 kA 10.97 10.97 10.97
(MJ/KWh)
g A" A7 b
2,008,415 2,008,415 3,792,783
(kWh/yr)
EPBT(yr) 2.65 1.74 0.24

3.1.3 CO; PBT (CO; PayBack Time)

CO; PBT+= tid 2 Alzgle] dapAe digh o]ibstebs WA, +9 sk e dgw
o] 7]& i WAow vy AdEFEFS dAT o A% 7 olibsieba =
A7 k] olikstera WA AtE = olAbstEr Aol oA AHE on|gth. CO.
PBTAHG 22 th&3} 2t

A CON =% [ky]

COPBIWYr] = 2y 0078 % % kg fyr]
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A4 olirshgis MEFS o WA Aswe Asge] AR WEHE ol Asherie] ¥ o
a7k o WBHEA AETFS 1E WA PAel e ol EEa WESI MuBL W oy
WA A2 Fo AREE oldsEad] G gu@tt o Uy W Axwe] Az WA
of ) A O MEASE Felo] AP GE Table 102 BFBF B F @ Axwo
CO, PBTE 2H43l7] S1a) g8 dolgelnl, wad 2 vay o2 ugw, 59 2d Az

gl o] CO, PBT Z¥= zHz 26749, 1.7893, 0450 0.2 =& ).

3L 121}
72 A% 98 A=Y £9 24 29
923 oA
A4 CO, W% Z(ke) 2,656,814 1.773.528 836,179
thAd Al =gl AZF v
2,008,415 2,008,415 3,792,782
(kWh/yr)
A CO, ME=A5
= 2 WEAT 0.49 0.49 0.49
(kg/kWh)
AzF COp 73 (kg/yr) 993.939 993,939 1.877.000
CO» PBT(yr) 2.67 1.78 0.45

3.2 BA4 H7t A3
3.2.1 AH#AH &

U5 Fig. 4.2 HEF 2 T8 2 Al2ge] dagu g A Ad3E R
FHapH CHA| sc-Si PV me-Si PV Wind Power
1400 130.50
1200 A
1000 +
800 - 76.17
- —
S N
x 600 - §
7] ]
400 A
200 1818
0.0 —957  -110 ; 20 141
& & >
200 5 & &5 :*5’\% c“’\% .“’\% o ¢;,°\% ﬁ\% .°\% R4 'S”\% 2 ,“"\%
QT QT & N N & N g N $
n,c-) L.'c-)\ *
= &
Bl 5=z axoy ] 28uy g7igy [l Pvmodule 2eibis [ pcsruss
=L [ =5u2g 2oy [T =25%H 20H|2 Hrjy2 7|EfRr=H| 2
Fig. 4. Efgkat 2 Z= 9™ A|A”RSl MIOYHE MY Z3f
B Fagd Bd Al g AHAHE T oA B8] 122.879/kWh (G2 7), 109.29¢/kWh
(FAaA)ox =E¥o 7M w2 HFTE AA ke Ao® eyt Eg 2AHEH]E oA PV



Kyung Hwan Kim et al. / Korean Journal of LCA 13 (2012) 49-65 61

module, PCS, BOSE x3st= Al=® F+dnl&o] 76.29% (HZ2A), 7335% (HAR)= =55 o
T8 drhsder Agsslon, vy (28E, 257, 2HUE 5) FYHE 2 AAHE
o] 747} 14.4690/kWh, 14.619/kWh= & M &S At Bd3

8.19¢/kWh, 7]E}313° 0.57¢1/kWhz g s flon, #A7H gL ALgd da=d Aol o
oj5o = (-)to] =EH AT

O

9 A Al="e] Ag, AAAHE T AR H)Eo] 76.18YU/kWhE EEFEHo M Be HTS
AR st AER S-S A AR dEE BE AnE AEEd, Alad FYelEo] 46.399
/kWh (60.90%), Ax]1]-8o] 2087¢/kWhz Z=ZFE o] T3 grtsloz 283y +9nj8 2
71epu] &2 ZH2 18.189/kWh, 0.059¥9/kWh= A= lom, #7882 -141 ¥/kWhZ =Z 5 AT
3.2.2 Cost PBP (Cost PayBack Period)

Cost PBP= thd 2 Al=gle] Aol A FAH= v]&3, 718 st Aikd A= dv)
g oo AR E Fo]9s Bl A, AAA ek FYEE HE o]o] FolxE AIHE
olm gttt Cost PBP= th3 2& A A S Fal =&rh

I C.x D,
CostPBPlyr| = Bfac (E(,g-i-E) O MR,
I=%F FJ¥]E, BoemA3t 019, C=AHEN G, D=3 7|H| &, E,= A A= Aikd
E=AEAYNTE, O&MR. =A% 9 B FA B4 &

O b Azdo g Ak dgel A4 (9/kWh)& dEA Y oAl &Fsk= A8 FAA
2®S F3 H 59 "HeolHE FHste AdedHds AL A, HEd T Al=H o]

116599 /kWh, 8 2d A 2~de 117.139/kWhE E55 9t o8 Table 11.2 A 2 A
2do] Cost PBP A4S $ste] =33 dlojg & 1 A%E eld,

Table 11. CHah 28 A|AED Cost PBP &Y Z 1t

8 RE A o wa A2d
a3 a3
ZE-1]8-(Y) 7,403,237,577 6,584,812,224 5,778,466,783
711 2(Y) -67,899,144 -66,470,862 -106,870,113
A7 AE ABAEE(kWh/yr) 2,008,414 2,008,414 3,792,783
AHAY7HE (1/kWh) 116.59 116.59 117.13
A 4 © FA8]L(/yr) 27,419,451 27,419,451 72,811,191
Cost PBP 35.48 31.53 15.27

Cost PBP A5 dyjnd, 24 3 a4 dg2 Hdd 2d Al
%

1] 2~
= = T —
dow mEHgley, 8 2 Alade] 4, 1527do s mEHQdY & ATelM e H
¢l 304 =
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3.2.3 ROI (Return On Investment)
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