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Life Cycle Assessment and Economic Feasibility Analysis on 20kW
PV System by Actual Generated Data in Busan

by Ryu, Hwa Young

Department of Architectural Engineering, Graduate School of Industry

Pukyong National University,.Busan, Korea

Abstract

The application of Photovoltaic(PV) systems has increased too slowly because
the costs of electricity with PV systems are more expensive than the fossil fuel
generations. However, in the Life Cycle Assessment(LCA) point of view, the
environmental performance of PV systems is more execellent .than the fossil fuel
generation. Thus, the “environmental authorities encourage the application of PV
systems by adopting the incentive. policy that-provides the support fund for PV
system. For these reasons, each research such as LCA, the economic evaluations,
the reasonable ratio of support fund for PV systems has been conducted by each
researcher about the systems in the worldwide. But the comparative researches
of these parts were not sufficient. This research aims to contribute to increasing
the application of PV systems by presenting the environmental performance and
the economic feasibility with the variation of ratio of the support fund for a
20kW PV system in Busan. The results of this research show that Energy
Payback Time(EPBT) of the system 1is 1041(year) and Green House



Gases(GHG) emission of the system is 68.69(g-CO,/kWh) which is 12.8% of
fossil fuel GHG emission; 2,397(g-CO2/kWh). In the economic analysis, the
conditions are the life time is 30years, the performance decreasing is
20(%/30years). The result of the economic analysis shows that IRR is 8.38(%),
NPV is 23,731,0000(Won/30years), PBP is 14.6(year) In conclusion, to increase the
application of PV systems, the ratio of supporting fund should be increased in

Korea.
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1) REN21, "Renewables 2011: Global Status Report”. http://www.ren21.net/Portals/97/documents
/GSR/GSR2011_Masterl8.pdf., 2011
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10) IEA, Methodology guidelines on life cycle assessment of photovoltaic electricity, IEA PVPS
Task 12, subtask 20, LCA, 2009

11) Copernicus Institute of Sustainable Development and Innovation, Utrecht University, The
Netherlands

12) E. A. Alsema, Frankl, P., Kato, K., Energy pay-back time of photovoltaic energy systems:
present status and future prospects, Paper presented to second World Conference on Photovoltaic
Solar Energy Conversion, Vienna, European Commission, pp. 2125-2130, 1998

13) E. A .Alsema, Patterson, M., Baumann, A., Hill, R., Health, safety and environmental issues in
thin—"Im manufacturing. Paper presented to 14th European Photovoltaic Solar Energy Conference
Barcelona, pp. 1505-1508, 1997

14) Vasilis Fthenakis and Erik Alsema, Photovaltaics Energy Payback Times, Greenhouse Gas
Emissions and External Costs: 2004-early 2005 status, Progress in photovoltaics: Rearch and
Applications, 14, pp. 275-280, 2006
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Item Life expectancy(yr)

Modules 30

15 / small size plants
Inverters 30 / large size plants

(10% replacement ./ 10years)

Structure 30

Cabling 30

Manufacturing plants

(capitalequipment) 30

16) & 2, IEA, 2009
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' T2%

» B1%

1%

2010 only

end 2005-2010
WS Eive Year Period

el M= 1997 Al 12k Al AU A ZEshE B o] g REAgo] TxE
ol - 1z oAl A wiH] Al Al A o] Fdbd 2 1999 118,902MWhell 4 2008
9 4,227476MWh= 3564 S7Fetint. o] & BjeFd b 20054 o] §-%
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17) Historical PV data from Paul Maycoc k, PV News, various editions, and from RENZ2I,
Renewables 2005 Global Status Report



AEot B gdFaAdd “THFI00E HFAEEel F 9999 ] gk AlA

A AL o] FoAt B BFPTALNA] e FAYE nGA T 5 U A

o
X
r o
alt)
43
i)
o,
riu
i
o
24
X
o)
v
=
fh
4
%2,
0
Hl
N
L
2
-0,
X
o,
>
>
2
B
X
D)
__>A4_I4(
Lo

T A LA 7] FHIAEA, 2006)18)0 A A -&&ki= Akgzol o] 3hH A A - Adn]of A
WA E = GHG emissionS HiF 2,397 g-COy/kWhols, o] o} oA ol y =] (e %
)7 A skE v &2 23% =2 AAEH I ok E 22% UE AdUAEdE A4

T = UEHITH

E 22 YA of X 28 GHG emission

Resource R By i on Unit emission
(%) (g-CO»kWh)

Nuclear 23.30 10.00 2.33
Coal 31.80 991.00 315.14
Oil 9.80 782.00 76.64

Natural Gas 25.50 549.00 140.00
Hydro 7.30 8.00 0.58

Alternative 230 57.00 131
energy

Average 16.67 399.50 89.33

Total 100.00 2,397.00 535.99

18) International Energy Agency, World Energy Outlook 2006: Summary and Conclusions, OECD, p.
11, 2006
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A3 ¥ 7HLCASLife Cycle Assessment)v “Sstoll A FE7kA]"ek= 7hd ol A
1960 o A o] ol |qA] An S Blashy] 3 A= AFE AT o= F4

2 o] A (Goal & Scope Definition), &5+ 4](Inventory Analysis), 3 &%

[}

o

7FImpact Assessment) ¥ Z 3}3] A (Interpretation) ] 494AS A XA o}, A
ol FUE Y59 I5qMFEH AZx, AFE-E Ao o|27|71A] tAtES] &

ojZatol 2ol BAY FFZW D WA FAIFE FYBY Ao Zg
2 PPl 1 AN A 52 Bl sersts dAel H7< ol

/_ire Cycle Assessment Framework \

e % /_ o

/ Goal B . \ o
| Definition. and |

Scope

£ ~

‘ Inventory

Yy

. Interpretation
Amnalysis !

__ W
—h—

4 A

\ ‘ Impact
\
\

Assessment

.

o 22 MopgEot o

o2

_ﬂl_ ~

o

22) U.S. ENVIRONMENTAL PROTECTION AGENCY, http://www.epa.gov/nrmrl/lcaccess/pdfs/
chapterl_frontmatter_lcalOl.pdf, 2011
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SR dolH FHe B WEH Aol aTHE AMF Agown A

Tt AAR] FAE AYER & dFolMs HEFTAANLTE S HEe

19, 6, pp.155-162, 2003
25) o173, AFS, AFGAARAEE o] &3 FFAFEY oUA AnF o isteth wEF AEA
T, A F8 3 =4, 18, 5, pp.99-107, 2002
26) = AV)EATY, AS5E] ARFEILE A A9y A F Z2 oA, 2002
27) E. A. Alsema, Energy Pay-back Time and CO; emission of PV Systems, Progress in

Phtovoltaics:Research and Applications, 8, pp. 17-25, 2000
28) E. A. Alsema and M. de Wild-Scholten, Environmental Impact of Crystalline Silicon Photovoltaic

Module Production. in Material Research Society Fall Meeting, Symposium G: Life Cycle Analysis
Tools for “Green” Materials and Process Selection. Boston, MA, 2005.
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A44%5 HWIAERE FE ARAFYIL HoHA AMREE
EPBT, NER A& o]&3st™, 2t B7FA3ke] s A AS % 263 2o
X 26 EEMS HIK®
Environment performance index Formula
O]Qﬂ%iﬂﬁ%% GHG = EHOJ:%L}‘]-é@ :IL% 7@7’]’]6]%({.
GHG emission HH%% © ﬁ\_i}%i %%(gCOZ) /
(Green House Gas Emission) FH713E sk AL A F(kWh)
o ] 2] 5] 1 EPBT = H4#AI 2" 75 A4 59
EPBT FAE YA (kWh) / Az
(Energy Payback Time) 9 2:(kWh/yd)
Y NER = B 3% 420 A3y was
I P e s S RE B

(Net Energy Ratio)
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2.31 AAREA A9

DAy AW Aedxe] Aol o@ dAe] AN 5 AR AT
2 Al Qo Wad AR AT HAY FALE AR B ABA
A(FEFFHF A A2011-518%, 2011.9.26, LF-7174)2ef o] stH “AJoff 5= 7] H]
SLCOIolg AT /h5E T FYAE S0 2ok ool 7]
3, A AA, 29, AF, 9, FATE EA S Mg L HEAAL £H
Ak, 393 “LCC BT 2/1FAN S fHpn B AN A5y §
o WA AohFEIIu g AR
AN Qe olel weh Loe BAe Wi ow AAQ Rl 2146

= 3o
232 BABEY BIHAE

AAA Hrbo = Ak o7 AAAAEA ALEEH3E IRR, NPV, PBP % 7MA &%
£ o]l &3, Zt HIEA Fof| sk A A2 ¥ 2739 o] A AT

29) AA9 AARS AR #F AFAZ (AP 2011.10.1] [FEHSFF-LA] A12011-518%, 2011.9.26,
A7 A]
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Economic index Formula”
T T
Wl & 2 o _ co
(+IRR) (I+IRRY’
IRR =1 =1

(Internal Rate of Returns)

TH/HEE A A H) = o
NPV NPV =Y {55 — oot
(Net Present Value) t=0

3l
PBP PBP= FAkel / vt A7k 9)
(Payback Period)
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E 31 CHA EfLTAIAY of & x| 8 =
Radiation Dur(?)ﬂft on Amount Temperature Relgtiye
Date | op/wy | Sunshine | ©f couds | gy | humidiy
(hr/day)™
2010.08 487.10 6.86 55.2 27.88 80.55
2010.09 402.88 6.41 53.4 24.14 71.43
2010.10 387.41 6.24 49.7 18.25 62.89
2010.11 293.69 7.61 22.3 11.28 46.15
2010.12 266.56 6.56 26.9 5.18 47.42
2011.01 280.22 7.98 20.5 -0.74 34.85
2011.02 327.01 5.86 50.2 6.11 56.24
2011.03 419.10 3.66 29.5 7.44 42.48
2011.04 509.03 7.81 42.5 13.08 58.45
2011.05 564.12 5.55 64.9 17.29 70.03
2011.06 503.30 4.23 73.0 21.34 78.43
2011.07 469.24 5.65 64:1 25.08 79.10
Monthly average 409.14 6.62 46.02 14.69 60.67
4909.66
Annual total 1.363.79 - - - -
(KWh/m')
x 7174 AE 200 F 1 (1990~2009%) EE AL o] B <.
wx 713 AE Bl FE g FAA Y dxAIRE HlolE 9.
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31) FFY9A AFelE, Solar PV module. Junction boxes, http://www.solar-tech.co.kr/,

Inverter, http://www.dasstech.com/pub/prod/prod01010218 html, 2011
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Item Information Notes
A Z = /A 22 A A = o) 9l = /% 21 H 2.(57)/2010
module size(WxLxT) 1584X787%40
(mm)
Module 17m
Cell E/F/7M+() A /72 odule/
array
2] A =
o= T 170
(Wp)
A 2= /A ZAL O] k9l =/ vk2x B A(52)
& x| 2=
VR AT gl 650x1300x700
(mm)
e 8 7
Inverter (kW) 20
3 4212
]_/\
k™ (ZR A1)
ol
(%) .
Az /A ZA tf 391 = /(55 )KPE
Junction boxes
£ 20kW
PC Monitering Epe BEUH, #AFH, z23
system ° X3t




Junction Box

DC Distribution Board

Y

Inverter

PC Monitering.-System *

- AC Distribution Board
KEPCQO'’s Power System

27 36 HhAb Ef FRAIAE TN E(H S A

o2t

)

313 43 ¢HF

A BFdA g AR Hole= £ 333 #2u. €9 223867 kWh
&

= AAkstH, tfd7]17H2010.08~2011.07) &< & 26,863.00 kWhe] ¥
S AAEtE o2 vEhgch 20109 1290 HA @l 1,732 kWhE Kol

a2, 2011 39€el] FHa wbdEEel 3015 kWhE Hol:= ZHoeg yelhygow # 33
3



F 33 CHA& B A AR Hdrat
Date(yyyy.mm) Generated energy(kWh)
2010.08 2,327
2010.09 2,246
2010.10 2,234
2010.11 2,031
2010.12 1,732
2011.01 2,194
2011.02 1,790
2011.03 3,015
2011.04 2,745
2011.05 2,254
2011.06 1,980
2011.07 2,316
Average generated 293867
energy/month
Annual generated energy 26,363.00
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& 34 BN wEAE"e AR Jle s Aeg Aotk
H 34 Mo EIH EILE It A e LA A MR iR
Item Value Notes
PV installation capacity (kW) 20
PV system unit cost(1,000%/kW) 6,422 *
Government aid ratio(%) 50 ok
PV module area(m’/module) 1.25
Cell(sheet/module) 3
Life expectancy(yr) 30
Module efficiency (%) 14 otk
* B /A E/A A A A SRl Y A e e 9,240 A /kW)
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o
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A A s H7MANEEE GHG emission, EPBT, NER A %2 o]&3&%ow ¢
% Module?] oz AAHI J&= 03 S 7oz AAAFH} BAS 73
Ao BB AR BE AN WES 299 E 269 Fuskd vhach

1 dely +3

E 35 EfFEAAEH Sl Fo4X[ZF I O| (eI HfE T
Ttef Energy input CO: output
(MJ/m’) (kg—CO2/M])
Mg silicon preduction 450
Silicon purification 1,800
Crysta{[hza‘gon & 2300
PV Module A w
Wafering 250
Cellprocessing 550 0.055%
Module -assembly 350
Module frames(Al) 500
Array support-roof 700
Balance of
system(BOS) Inverter(3kW) 1
(MJ/KW)
Total 6,901 0.055

x WesternEurope(UCPTEregion)S thit oz 3t

(FHds &3

H] : Nuclear anc

Oil- 10%, Gas fired- 10%)

Hydro—electric plants 50%, Coal- 20%,
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Aol o] 271744 Qi oAt o]iksteta WM& AES 9% HolHE
e = AEE Ay e
o

B ) 2= 51
e we gt Aol
AYER B ATNAE fde F4

R

A2

Palok go. A doly +
2A A7 sYssd ddge a4
Alsemazl ARZ%4k m2pAyol 7] zsje] AAg 4RI v
sttt A =l A Fold = e AlAskE otk & 350 B FEA
2go] oUAFAF B oolhhster A wiEEe Akt
2) NER, EPBT, GHG emmission
9l & 355 AR oE oW HYFAILE 5 AR FAE AR ZFH o
Ahster 2 WS RS ALsE T Feu A e A A A S Blalste] NER,
EPBTE At=3stlon, olitskits sk D H A A s st GHG
emissions Ab=elAvh L A= F 369 £
I 36 tHah EfFAA|ARIS SHAM S
Item Primary energy demand
PV Module(M]) 904,289
Balance of Array.support=roof(M]) 102,097
system(BOS) Inverter(3KW) (MJ/kW) 20
Total(M]) 1,006,407
Total(kWh)(A) 279,557
Generated energy(KkWh/yr)(B) 26,363
EPBT(yr)(A/B) 10.41
GHG emission(g-CO»kWh) 68.69
NER 2.88




A B FFA=d e P FAE AU AES F 279557 kWhelw, Azt

LA TS 26863 kWhelth, o5 wg oz HFFALT G sE A=

in)
o

, NER 2.88, EPBT 10yr, GHG emission 68.69 g-COy/kWho & }E}y;T}.

323 AAAR 4% H7}
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324 ARA A3 A

1) NER
43400 A AR vlol Zo] o B g3 A Sl NER2 2832 WEHNEH. ol &

<3 o BFRAs" H FREet FHE A FS A e r1hEt 3u)

2
G717 A= Ao g Hlth
3) GHG emission
hA BlFg A 28 o] GHG emissione ¢F 6869 g-COy/kWho & AM=% <t}
ol 2%l AN AA HHAAHAAA HiEH= GHG  emission  535.99
g-COy/kWh thH] 128%=H 7]& oA o] 23k A ~eo] Hls R}
B850l Hold o R Bl
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Item Value note
PV installation capacity (kW) 20
PV system unit cost(1,000%/kW) 6,422 *
Government aid ratio(%) 50 ok
20 kW installation cost(1,000%#) 128,448
Government aid cost(1,000%#) 64,224
Annual maintenance cost (1,000%#) 642 otk
Life expectancy(yr) 30
Rate of interest(%) 6

* B R/ AR E/a g A VPR A G HelH A d 2] e ) 92400 9 /kW)

o A HA AR (A A F 2 F )  50% ©]sf

A R}7HE S A 3 399 Ak le Rl Ag A AAEAF
26,363 (kWh/yr), Al2=®l Z7]|F 0] 128448 ¢S vl& o2 IRR 838%, NPV
23,7313 ¢, PBP 14692 Aoz YetY

B Fg Al =gl o] AAgol sl T AF A
Ask A3 Case 1(FAxAAYA 55034 % / 30 yr)e] A5 AR AXAL=+
0%o°ll 4] IRR 9.73 %, NPV 49,221 ¢, PBP 10.1 Yo = Yestow MHXXHd=
Hl&o] 10% @9 = 60%7FA S5 7FstH IRR 26.79 %(2.75 ¥l), NPV 121,928 €
(2.47 9}), PBP 4.0 d(0.40 wj)7kA] W 8tsh= Aoz veEpRt Case 20023 24 A



55034 W/ 20 yr)eol A= BEFe AAALE 0% IRR 838 %, NPV
23,731 91, PBP 146 do = yestow AXALE Hl&o] 10% 9= 60%7
Al F7Fek¥ IRR 26.60 %(3.17 HH), NPV 96,437 %1€(4.06 ¥i), PBP 58 (0.40
)72l W stelke Ao 2 UEstth Case 3(E A4 A 606.64 W / 15 yr)¢] 4
T Ao AAAYE 0%°A4 IRR 8.04 %, NPV 16,351 <€, PBP 17.2 d°
2 vepgon, AXxd5 Hgol 10% ©AZ 60%7A S7hstH IRR 29.17
%(3.63 ¥l), NPV 89,057 (545 1), PBP 6.9 (0.40 v)7tA] Wg}st= Ao
LHERSE T

I 39 HRFo XA wE AMNM it 2ot

Case 1 Case 2 Case 3
T
550.34% / 30y 550.34%/ 20yr 606.64% / 15yr
Govern- NPV NPV NPV
ment aid | IRR PBP | IRR PBP | IRR PBP
) (1,000 (1,000 (1,000
ratio (%) (year) | (%) (year) | (%) (year)
W) W) W)
(%)
0 0.73% 49221+ 10.1 (N8 23,731 /14,( 804" | 16,351 | 17.2
"

10 11.08 | 61,339 9.1 991 358497 13.1 9.86 | 28,469 | 1565

20 1273 | 73,457 8.1 1175147966 | 11.7 | 1203 | 40,586 | 13.8

30 14.70 | 85,574 7.1 14.02 | 60,084 | 10.2 | 14770 | 52,704 | 12.1

40 17.51 | 97,692 6.1 16.94 | 72,202 8.8 18.10 | 64,822 | 10.3

50 21.24 1 109,810 | 51 20.87 | 84,320 73 22.64 | 76,939 8.6

60 2679 | 121928 | 4.0 | 26.60 | 96,437 5.8 | 2917 | 89,057 6.9

AN X] A5 Case® 2 HAHFA L1 & F7Fe] 2 IRR, NPV, PBP W3l
3.

a9 3.8, 3.10, 3120 AAstR e, 19 39, 311, 3.13% 7 AAAE HIMAEE
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) 2 7P = vEive, ARA eSS A &S u 8.04% (71 thH] °F 0.96
ELDA=A o i 2 [ = 2

F7 dE 7IERES ddeE FAHR(2009-2 IRR 17.7%, 78 H(2007)
IRR 4.6%% AAlstal low FA]5(2008)> = v (351 400, 500 kWh)
IRR 46, 55, 88%% A Askal itk A dd=kel] o3 2 A4 237t o =
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