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ABSTRACT

1. Research Background and Purpose

The trading prices of solar-generated electricity have reached new
records worldwide. In November 2014, photovoltaic power was
sold at 6.13 cents (67.4 won)/kWh in Dubai, surprising the world.
The price of solar photovoltaic power likewise reached a record
high of 1.77 cents (19.5 won)/kWh in the Mexican auction market
in November 2017. Also in 2017, Germany, which uses a similar
amount of solar irradiation as Korea, shifted its renewable energy
policy from a feed-in tariff (FIT) system to an auction system, and
in October, photovoltaic power was sold at an average price of 50
Euros/MWh (65 won/kWh). The year 2017 also saw the
introduction of an auction system in Korea limited to small-scale
photovoltaic power generation in which the average selling price
was 182 won/kWh. Despite similar climate conditions in Korea and
Germany, the price of photovoltaic power in Korea has continued
to be twice that of in Germany.

This study aims to identify the reason(s) behind the
aforementioned differences in domestic and global photovoltaic
power prices. A detailed analysis was conducted of the factors

determining photovoltaic costs—i.e., differences in module prices,
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balance of plants (BOP), finances, capacity factors, and taxes. In
other words, the purpose of this study is to analyze the differences
in levelized costs of electricity (LCOE) by comparing and
analyzing the solar cost structures of major countries. Germany and
China were selected as major countries of comparison for the
purposes of this study. Both countries are similar to Korea in
terms of their solar irradiance quantity but have lower photovoltaic
power prices, allowing for meaningful implications to be drawn
and applied to the Korean market. Based on the results of this
study, we proposed policies for reducing the costs associated with
photovoltaic power generation in Korea.

The results of this study are expected to increase the cost
efficiency of photovoltaic power generation in Korea and allow the
government to supply more photovoltaic power at reduced costs,
thereby promoting the healthy development of the photovoltaic
industry and the expansion of new and renewable energy in Korea.
This study also aims to promote market acceptance of photovoltaic
power, which is stymied when electricity bills rise due to the high
costs associated with photovoltaic power. By proposing policies to
decrease costs and induce a healthy growth of the photovoltaic
power generation business, this study plays an important role in

the expansion of the photovoltaic power market.



2. Summary

In this study, we used both deterministic LCOE and stochastic
LCOE methodology to conduct an international comparative
analysis of photovoltaic power generation prices. The LCOE is the
average real electricity generation cost (Korean won) per power
unit (kWh) produced by a particular power plant (or the present
value of the total power generation divided by the present value of
the total power generation cost of the facility). The probabilistic
simulation derives results by simultaneously considering uncertain
or volatile input variables through appropriate probability
distributions.

Since the LCOE in photovoltaic power generation varies by
facility scale, equipment standards must be set to ensure an
unbiased comparative analysis. In this study, for the LCOE
analysis by country, capital expenditures (CAPEX) were calculated
under the assumption of standard facilities of 3 kW for households
and 100 kW for businesses. In Korea, 3kW facilities are mostly
used for homes, and 100kW facilities are mostly used for
businesses; these types of facilities account for 90% or more of all
photovoltaic power use nationwide.

For 3 kW facilities for household use, the LCOE of Germany
was calculated at 118.2 won/kWh and the LCOE of Korea was
calculated at 134 won/kWh for a difference of 15.8 won per kWh.

In terms of the capacity factor, Korea showed an advantage of
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31.1 won per kWh compared to that of Germany. However, Korea
had a higher photovoltaic CAPEX than Germany, meaning that its
LCOE was also 169 won higher per kWh. Meanwhile, China's
LCOE was calculated at 98.3 won/kWh while Korea’s LCOE was
calculated at 134 won/kWh. Korea’s CAPEX was also higher than
that of China, meaning that Korea’s LCOE was 37.6 won higher
per kWh than that of China. In terms of the O&M cost and
capacity factor, Korea showed a higher cost of 5.8 won and 9
won per kWh, respectively.

For 100 kW facilities for business use, the LCOE of Germany
was calculated at 122 won/kWh, and the LCOE of Korea was
calculated at 147.1 won/kWh. In terms of the capacity factor,
Korea showed an advantage of 19.4 won per kWh compared to
Germany. Given that Korea's corporate tax rate was about 8%
lower than that of Germany, Korea showed a total calculated
advantage of 18.8 won per kWh. However, since Korea's
photovoltaic CAPEX was higher than Germany's, Korea's LCOE
was 26.2 won higher per kWh than Germany’s. In terms of the
O&M cost and inflation, Korea was 15.6 won and 0.9 won higher
per kWh, respectively, than Germany. Korea also had a
disadvantageous discount rate, which resulted in a 20.6 won/kWh
increase in its LCOE. In conclusion, the LCOEs of Korea,
Germany, and China showed significant differences in CAPEX. A

sensitivity analysis of the probabilistic simulation showed that the



CAPEX contributed to 75% of the LCOEs for home use and 57%
of the LCOEs for business use.

This study identified reasons for differences in photovoltaic
power generation prices between countries by conducting a cost
analysis of CAPEX and O&M. In terms of direct costs (including
CAPEX), price differences mainly stemmed from modules, BOS,
and installation costs in the case of China and BOS and
installation costs in the case of Germany. In terms of overhead
costs, China and Germany showed costs that were 26-30% that of
domestic costs. The larger overhead costs in Korea can be
attributed to licensing fees, standard facility fees (grid connection
costs), supervision costs, and design costs. In terms of installation
costs, costs in China were 41.9% that of those in Korea and
29.2% that of those in Germany. In Germany, it takes about one
week to install a 100kW facility (Keiji Kimura and Romain
Zissler, 2016), which is about 4 times faster than the amount of
time (4 weeks) it takes to install a facility of the same scale in
Korea. Since the installation period is directly related to the
installation cost (as the labor cost is greater for longer installation
periods), it is necessary to optimize domestic installation periods to
lower costs. In terms of O&M expenses, China’s expenses were
30.3% that of Korea’s, while expenses in Germany were 44.0%
that of Korea’s. More specifically, the land leasing costs of China

and Germany were only 7.8% and 14.6% that of Korea,
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respectively. The replacement costs of inverters in China and
Germany were 61.6 to 69.6% that of those in Korea. Safety
management costs and other part replacement costs in Korea were
37.8% and 60.9% that of those in China and Germany,
respectively.

The results of the cost analysis conducted as part of this study
identified three areas that can be effectively controlled through
government policies—licensing fees, standard facility charges (grid
connection costs), and safety management costs. First, licensing
fees imposed in Korea by local governments (etc.) were found to
be higher than those in other countries. Since China has a unique
economic system, it is difficult to draw direct implications for
Korea; however, Korea could save about 8 million won if it were
to lower its licensing fee to the same level as seen in Germany. If
the standard facility charge imposed by KEPCO were to be
reduced to the same level as seen in Germany, Korea could save
about 7,200,000 won. Although the cost of safety management
could also be lowered, annual savings in this area would only
amount to an estimated 350,000 won, which is a negligible
amount. If licensing fees, standard facility fees, and safety
management fees were to be lowered to the target values outlined
above, Korea’s LCOE could be decreased to 134.9 won, which is
12.2 won per kWh lower than the current LCOE. The Korean

government’s target for solar power generation is approximately
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42,000 GWh by 2030. This places a financial burden on the
public; however, this burden could be reduced by about 500 billion
won annually if the LCOE for photovoltaic power generation could
be decreased.

Furthermore, along with the expansion of the domestic solar
power supply, Korea’s LCOE could also decline with increased
learning in related fields. Assuming that Korea reaches the same
level of expertise as Germany, the LCOE of solar power in Korea
could potentially be lowered to 97.2 won/kWh. This value is lower
than the current German LCOE of solar power, which is122
won/kWh, and is based on the fact that Korea has more favorable
conditions than Germany in terms of capacity factor and corporate
tax. If photovoltaic cell modules drop to USD 0.22 (242 won)/W
by 2025 as expected, the LCOE of domestic solar power will
subsequently fall to 77.9 W/kWh by 2025.

3. Policy implications

This study examined the fact that the LCOE of photovoltaic
power generation in Korea is higher than that of either Germany
or China and found significant differences in capital expenditures
and discount rates between the three countries. Since CAPEX was
the greatest determining factor of LCOE in the probabilistic
simulation analysis presented, efforts are needed to reduce CAPEX.

Furthermore, the costs of photovoltaic modules and inverters in
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Korea are higher than those in other countries, which means that
manufacturers must also make efforts to reduce costs. The main
reason installation costs are so high in Korea is that there are
longer construction periods, which results in increased labor costs.
Since labor costs are difficult to control, efforts must be made to
shorten construction periods. Also, in many cases, civil complaints
lengthen the construction period; to address this problem, policies
must be made to increase residents’ acceptance of construction
projects.

Licensing fees are another issue that must be addressed. The
licensing expenses associated with obtaining permissions from local
governments in Korea are 10 times higher than those in Germany
and 50 times higher than those in China. Obtaining permission
and/or authorization from local governments for development
activities is the biggest obstacle to the advancement of the
photovoltaic power generation business, and there is an urgent need
to simplify licensing fee structures and procedures. In addition, as
the cost of the domestic grid connection is four times or more
that of China, efforts are also needed to lower connection costs.
Likewise, general administrative expenses in Korea are 10 times
higher than those in other countries, and these costs should be
reduced through the systematization of domestic businesses.

Value added tax should also be reduced for photovoltaic

installations. Recently, China's National Energy Administration
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(NEA) announced that China's new tax policy to reduce the tax
burden on photovoltaic power generation would include a 50%
VAT refund on PV-related goods and a tax cut for photovoltaic
land use. This policy will be introduced and in full operation by
2020 and purposes to diffuse photovoltaic power generation. It is
also worthwhile for Korea to consider adjusting corporate taxes
(i.e., the taxes levied on income gained from photovoltaic power
generation). Korea should also reference the United States’ efforts
to expand its new and renewable energy supply through ITC
(investment tax credits) and PTC (production tax credits) for new
and renewable energy.

In Korea, costs incurred by civil complaints add an average of
20 million to 30 million won to the entire construction costs
associated with the installation of photovoltaic facilities. Such costs
are allocated to the entire construction costs, which will increase
the unit cost of the installation of photovoltaic facilities. Therefore,
policies are needed to increase public acceptance of such projects.
It should be noted that costs associated with civil complaints are
not reflected in the unit price of photovoltaic power generation as
described in the text since these costs represent a variable unit
price.

Additionally, it may be possible to reduce the direct and indirect
costs of photovoltaic power generation by increasing the knowledge

of relevant professionals in the solar power field. As photovoltaic
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businesses continue to install solar power facilities, they can
accumulate experience and expertise and avoid unnecessary costs.
However, reaping the benefits of experience requires the continuous
expansion of solar power.

There is also a need for policy efforts to lower the discount
rate. The discount rate is comprised of the cost of debts and the
cost of equity, which can be strategically lowered. For example, it
is possible to lower the cost of debts through preferential loans for
renewable energy generation businesses. Since loan interest rates
and the issuance interest rates of corporate bonds are representative
factors in the cost of debts, the interest rates of preferential loans
for renewable energy generation companies can contribute to the
reduction of the costs of debts. Governmental support for
renewable energy project financing (PF) is also necessary. The
government can reduce financing costs for power generation
companies by actively supporting PF and developing investment
products that help create an ecosystem that is conducive to the
growth of the renewable energy industry.

The purpose of this study is to identify measures to expand the
supply of solar power and reduce the costs of solar power
generation by eliminating unnecessary costs. It is imperative to
expand the supply of new and renewable energy in order to
reduce greenhouse gases, fine dust, and potential risk aversion

associated with nuclear power. However, if the expansion of



renewable energy becomes a burden to consumers due to excessive
electricity tariffs, the expansion of new and renewable energy will
be greatly hampered. The price of solar power generation can be
reduced if policymakers consider the results of this study and
apply the proposed implications. The proposed implications can be
used to reduce capacity payments in power generation, ultimately

reducing the burden of electricity rates on the average consumer.
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H AUAAZAATLAAM TP AT dEH Q] F53}
H|-&(levelized cost of energy, ©|3} LCOE)E HIw3| & uf 2lzjAYol
A9t A2 9] LCOEZ} Rite] & Holi Qltkold &, 2017).
Z au 4A4Y, AA F9, AlAl o] ¥Isd LCOE FF5 Ho|
I, = R, S FE, AlA Aol vl LCOE %8 B
olal AUth.

T3 HZ AAIA SR B¥F Aol AVES Al ol Atk
2014 114l Frtolol A e g A7 o] 6.134 E(67.49)/kWh!)
of d&Eo] AAE =gl Ik olEal 2015 780l ml= AR
L2’ A 4 E(44)/kWhol| BjF3 2d 7hA o] A A= 7]E 7]
55 Zol Atk 2 ol AAH TRl 3 #lo] B g
UG BHA] AYHEE B FE2E 71EIT A Jon, A
Srjotetrlolil A= =4 AeKPower Purchasing Agreements,
PPA) W20 2 SHE(SSY)kWhol EjFd & 7h4o] AA=H AT
FAol] e Ao 45 E(44~55Y)/kWh 52 9 A 714
o A AN 2016 3=  FuHlololA 2,994 E(32.9
AYkWh, oFRoha|o| = 2424 E(26.69)kWhe] 71ES Atk A
w7HA ] BFg Ed vhAe Ao 7152 20179 119 WA A A
Ao GZ2E 1774 E(19.59)kWhoelth o]FA v kR

WA ehis S7kE g Bl AF9 7 FEae 7
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10kW 19 2~54

50kW 2~39Y 6~10%
500kW 125 239
1,000k W 235 45

Z+8: Kimura and Zissler(2016), p.15

F WAZ Kimura and Zissler(2016)= €& mE7IA O3] &
At e 4B BE7HEC] &2 o|E 27HAE YR AWk
AR, dEANAE s BEo] v 7P A= ok ATl
2 Y3 2 YA dEME 5L U 15%4Y =& 714
of #ujEa Aot FASAT =3 GTM(2015)9] AFAHRE <l
&3t (19 2-1]3% Zo] TYT T7 AALY] BEEC] T, 2, <
TollE $0.56~0.58(616~638<L)Well, FHolAE= $0.65(715Y)/W,
%%oﬂ/ﬂ% $0.67(737)y/Well, = A& $0.72(792¥)yWell A =]
I e As BT v=ellAe 4 BEdd o v HA}
BABAE Astar Qo] HIRA AE el flov dE2 39
AFel e BAE FAeHA Levs AAs] 5 7HH0] AdE
ATk A A 8T
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A&: Kimura and Zissler(2016), pp.11-12

YR =& BEH|Eo| g A H-L Friedman et al.(2016) N4 %
YUERATE Friedman et al.(2016)2 Y&y v FE-8 pvel Aqf

T A4 PV(I0kW ©l3t3)9 714 Hlm AFE B3 B9 =&
EEHE 4 F uE YR BE F5AAHES AHsATh AT

ANA LB AxHJA et HAJA x| AL Abelol E FE5H4A, F
A3l AL ol YAIst B2 ag HlE, mixl Fo] TSkl 9}
O Astnt vbd, B ol waghul(Cross selling) Z &2 I

ARE& A FEAA drbEztel SAHAYI &FE JHAA ua
FAE AT wARE AFS FAT 2ANA gE AFS FIE
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HE, v=E SYe] et d vES vla B4 o ATt
2012 ml=o] FEE BFFEH A 2E 7S A Hl%(soft cost)
o7 3 Y vl 28) o] Aol7} Wh(ml= $5.29(5,819€)/W,
= $2.59(2,849)y/W). aAgn]golet B F LA LR HX Al H
23 AAu], IAFAHE, PII B84, 5, AlF 59 =09}
duu]E A3 8-S Tk AN 82 Al%}@lzﬂ, Stsa
TOoE Qs Z Aoyt BT & glon HSFEH ArpEztelw
A 7193t} o]o Seel et al.(2014)= w|=+9] BloFdad v &H7t
< f8l v=3 249 FAL HFBEA Ao AgH & g

@ BAL AAsyT,

>~l

[32 2-3] oj=a SOl HMHIE XI0|

0.36 0.12 0.09 0.21

2
T
La]
o - 0.62
~
Lo

bl nes Pl 5 7EA| 27
D:t|u|2 FER M|

A}&: Freidman et al.(2014), p.223 A+4

4) PII H]g-o]gt Permitting(2 X317}, Interconnection(3A]), Inspection(AA) A F
83 Fouss 23
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NME 1A X BHLFY AHoA BL 2fo]S BHoFa YJth
AR AR A SYL A o $0.07(847H)yWE] B
o] T "k m]=e $0.69(759L)/W=Z 108 o]4e] xjo|r}t Wt}

IAFAN G Fa, B 5o nHAE W& uALE Al el
o g & I3 v o Y2 Aol s #ert 2=
o] glo] IAFAHGo] A2 Gt AAZ FY IS A A o
AA A 5 dom, AAGA} AzgA 19 FEUAo] &
AEol o FAjaA o] AA o] He HFEC] wi¢ Erh N
of Af 5de FHE Az"S & ) FFshE d B 3994
(man-hour)7} ZA8]& WHA Pl=2 9 F+ 7590 Al(man-hour)7} 2
gt AFeAE AX7I3ke] AohEY QAR A Bol LO%
WAl Hol 59L& AANE $0.23(253Y)yW7F = Wb w=
$0.59(649U)yW7t Aotk At w=e] g 1xdH|
of ™3t A2 Morris et al.(2013) AFNAE ZolE 4 ¢
Morris et al.(2013)= Pl=3 FY9| B3 AR HludTE
Fall v A7Fe gl gkl WbE A4d 5 e AN
of Witolgt . FAstAth Aol WEH w52 FA AxdHelA H
o 64%7HA] HAE 4 o ol HEREH AAH LS 10% =
d F Aok FzskAh

Seel et al.(2014)& mpA|Eo 2 wj=o] B3 Qls|7}t A=E A
st W= PII AITO.2 SAlﬁg AHlEHE W 592 gl
A AR 24T F7F AAE HAskete A4 AES U=
Aok =g 5Yo] A9 FEHE PVl tis Aﬂlxﬂ/fﬂﬂﬂxﬂﬂ A
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He wtd v=2e Hi $0.21(2319)YWe &HAZE B3 o)
A= A37} v g d AlAE s =Y Bl oy
2}

(B 2-2) EHQSR RI7HEN MR

AT H @ 27} F8 A7 (47 Aol
Ny | SUE | s, 25
e | 2w FEA, By
Se(ezloflf; )al- 59, v | AAESH@ARRE S, ], Q18 )

2. LCOE &4 4+

7] M= LCOE F43 #Ad 7|E2dTE %ﬁ%%ﬂ. Bhandari
and Stadler(2009)2 ¢ FEX Y9 7148 9 & P’*% Efj g
A A2Ele] Hit vg-S T AHe] ArI7HA R vwate] e =g
gy =2AHE FAsA Aol BEW LCOES HF 4R AL
AL (F2) s vustd  JEdEE EEAAEE
2013~2014 902 FAHW, (W) AY=urt4s vastd J2l=

2] EEAIEL 2023302 FAHHUT AFoNAME FUIE A



7] 9713 Wl mE %i%IEuHﬂZM aglEEE R
FASA. ATl wEE THr]e] B LF7IIS 20~301d(H A
AHE71ZE 25 )0l A RE W] 8713FS 35~40d 02 AASH JE =
e =2 L 2017~20199HE A Folso] 7] &¥71%
o] AE Iguiely =gARo] HA Folta FAst

Branker et al.(2011)2 SPAMIE F4ASE LCOEE F43ta, F
8 g g s E4& AAEET W E B4 ¢4+ LCOE
W 5 2715 EE, FA, Y] 9713 FAEE)
Zro] MzbalA WkE-EFAth Branker et al.(2011)2 A2 LCOE &
Aol FAAEIY Agzey zole IA adsA AT
LCOEE o] Tag g By A WgtE 753 4 ol
FAAT wEbA, BdES A, A 2 Ve ] 2
2 AFoUA AR HESHolA a8AY F o I =vgE
o gA =228 + ok A&

HEH | Daring et al.(2011)2 LCOEY] HA9 HTE &
A& B3 EF8ATh LCOE &4 Al FAH| (201§, &-FAH|
8), BAGE T A8 /A WAzl sy Azl et
LCOEE ZA 22k 4= 9t} o] Daring et al.(2011)S Y=z, )
d B84, 918, JAEY oA %—94 HEE ZHIEE AlEH ]
As Sl A £27F vdee 4

Ul A A2 LCOEE A4S A7+ BA ¥tk A&7
(2013)2 =W EAAYGE BT EADIE o
2 v e HAGE Adstd sy 1ElEdEE REAAEES
&3ttt A7 23, T BgF LCOEE 2013'd kWh 3009
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A 202039 2009 ©)EtE, 2030@7HA] 152907 leksls Ao
2 Yephgt) skAIYE 89 LCOEE &3) ©ln 1509 +5F& 2435}
H 71 Agrg 133y JdFAR

APAT B o2 gofd LCOE E4lo] that WHES Frd

AATE D7HEA WHEL Seel et al.(2014)S 7123t 5, =

5 a7 BB AaY Q718 FPEE BYSIA o A
PYAT BHS 53 ANME TE Y DR BAS 5
A AL e AT BWH AP Uee ¢ 5 AUk ©
P A2E U7k ke LCOE skt ojolx)7] mze] ok
Al 2w Yl u@ BAe gl HHAT ol 714
BABE 237) 98 WeA Aviiol s Fiolth wehd, ¥ o
T Fe33) F) e AN Mg AolS FYSIL LCOE
WEe olgsld Fo7 B LCOES F4ala Fu) Bk 4
9ol WAL AT AAHE ANITHE ol A 7)1 LCOE WHE
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RIS Sihel YUY S8 2

1. AlA %8 LCOE ¥%

AAIA o &2 715 Wt th-3-3t7] 913 FHOE LB qA] By
ol Foj=i Qlvh 20151 AAl YA F FFTHISH TPES)S
13,6477 TOECIR oW, 1 F AR = 13.4%<1 1,823 1k
TOEES 2FASFATHIEA, 2017a). [183-1]3 2] A=A e] 49
T 35 AFEL 2.0%E, A4 TPESEA AR 23 HF<l 1.8%H
ot Eon 53] HgHE45.5%)°0 7HE & SUHES B T A4

o AAANAA] ke dREH oz FAdstal o

N

[32 3—1] MMoAXIEE HEHFSIHE(1990~2015)

50.0%

45.5%

45,0%
40.0%
35.0% -
30.0%
25,0%
20.0% -
15.0%
10.0%

5.0%

0.0%

11.4% 10.1%

i 3.1% 2.4% iq%

HH TPES mMoIUx| YR 2 Hiol2ois  EHEE A -} 8 L
FirT HiojeHe HiD|2HE

A&: IEA(2017a), p.3

X
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3ol 4o BT = UM ol T shue HY
FEA A=" P AEH0R ZdastiA LCOE7} sHefshalL,
FFEAo] FHAR A 7H4 FAY S 27 7] el

AykWholl A2 = A
EQ79)/kWhe 7153, B3 ArtaS dY

AR 23 &

<l 20161 9

DEWA+

6.134 E(67.4

opsrhalolA] 2.4241

AR7hAL A

&1 gk
(B 3-1) =M EfYZ Hzh71H
A7) 2014.11 2015.07 2015.08 2016.05 2016.09
. Fulo] o] = A0 FHol |
A4 DEWA B A} 2 F DEWA il
A
(;@ﬁ,&fh) 6.13 4 ok | 5 o]} 2.99 242

A} &.: Apricum(https://www.apricum-group.com/dubais-dewa-procures-worlds-cheape
st-solar-energy-ever-riyadh-start-photocopiers/),CleanTechnica(https://cleantechnica.
com/2015/07/02/worlds-cheapest-solar-power-lands-in-austin-texas-under-4%C2%A
2kwh-sort-of/)(https://cleantechnica.com/2015/08/12/another-low-solar-price-record-
saudi-electric-company-lands-solar-ppa-5%C2%A2kwh/),Bloomberg(https://www.bl
oomberg.com/news/articles/2016-05-03/solar-developers-undercut-coal-with-another
-record-set-in-dubai),Reuters(https://www.reuters.com/article/us-abu-dhabi-solar-fina
ncing/abu-dhabi-closes-872-million-financing-for-worlds-largest-solar-plant-idUSKB
NI8KILG) & AlZZIALIA 2, AU - 20179 5€ 12¢¥

rlo

[2™3-2]91A4 & 4 1ol 2016 B3 AlxH 7}7—%
$1.14(1,2549yWE 243t 2010 thHl $2.102,3108)yWit 2
sttt 1E]al EFEEd A"l 7EAS 2020d9= $0.86(946
Ayw, 202530= $0.70(770Q9)/WS 7= Zo7 HAEo] go
2T AEFH0F Zhad 7107 HOITHBNEF, 2017e).
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(3% 3-2] et HR| 7H(ISgTR]) ($/W)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
= Module Inverter = Balance of plant = EPC Other

Z: ‘other’= 7H'&A|(developer fees), EAIQIFA|, A|48]E. ou]H](contingency), T
9] R v gS 23
ZL&: BNEF(2017¢)

u)

B A" HA slEte] o ARl BE vHA9 sjEte R
A3 A7} Afbo|t) [193-2]9F Zo] BjE X5 @i 20104
ol AFTF oF 12~13% 3ttt =
BE 7ol st sRdskd 20309 R ERdUbE
$50~80(55,000~88,000¢))/MWh7}A] ateted ol th(737ds), 2014).
E 7o sEete Qe A A 7 E AR E

AR, E2|HYEe] FFAYR Qg FHYE 714 s R
EEQ/PE ARET ok BEALY lENEE QlE] REAAt
Fag FAYE o] =1 JUth 20169 7E, AEE =
st7] #8283 ZYAEEYS F 4.9g/Welr, 2002
71& BHOZ 22% HAZ 3.8g/WHHO. R T AAto] 7158 A

- THBNEF, 2017¢c). WabA, &3 o3 F87} Z714)

o
r (
N
N

b
i
A
i

H3E =2l L S =
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92 Fage 2 Wl 9 Ao Btk s @A AA
e E N8R 15-22%7F FF I FEIoIHBNEF, 2017d).
EF oldF FFHRNE BTSHL FFNAE AT BeldYE
AR AYsA s dATBel JH3 EASHL Yo EJAYE
TERYELS oz Astd Foz nag

SH, 7% B o8] Bl mEe) HEAT Atso] i

I ATk 2009GHE] 2015G7HA] BE EES M A& B
18%0ll A 22%= 4%p et om, e 8 2E 7le ¢4
o 3ol B 40% F7FSIATHEAIA, 2016). o] olHTr Y
Al T4 AAT 7 AE Axshe 719Ee] 51 U, =S
Fr3l7] 3 A% JAES AA ol ADaA L ol thE AefolA
ANEHE BE7H0] A steEtetal ok

AR, A ART FAOE AR Algo] BAT o wis)
Holle B2, #F F NEEGTAAE tiE ARl =
FAE7L FAHD Yok a3, o] Frhe ZERAES HALES
g13l7] S8 us 3448 4rt stEhe AAska ok

npA et g kg o] i Avlrto]l shAs e 7]ofst

At A= J27F BAAE SEAA JHEsEE a9E 7HA 3
o} [2¥3-3]13 2ol AAZ 201008 AA efFFA HF Aujrt
$250(275,000)/MWhI A 2F 20163 $50(55,000)/MWhE 7] 235}
o 6@ Aol $200(220,000)/MWht} ZHASFATHIRENA, 2017). 73
o EFd AmjAs =f=o]l mEA Friske FAE edd At
< ﬁli st Aol ol B 7H4 st AR &
£ ZloE Kot

P o H



[22! 3-3] 2010~2016d EHYZ ZOH7HEHX]) 30|
Solar prices
300
280
200

150

UsD/MWh

100

50

2010 201 202 2013 2004 2015 2016

A& IRENA(2017), p.3

ol A AF R npe} o] ejkFHz Azl @bt stEsithEY
A @rts 2Akd 28| shgstal 9lth. BNEF(Bloomberg New Energy
Finance)oll @29 2017d 44t7] 7|& S LCOE(HEH #A])9)
£ <¥E 3-2>9 Zo] glokgo] MWh B $86(94,600), S73F 0]
$67(73,700¢)), dFFH o] $124(136,4009), 21EHO] $64(70,400Y),
YAH o] $155(170,5009) F=olth. 2030~2040d0] HH A Yol
28] LCOE7} th& ARG vropd Zlow AYH, 53] [1d
3-410014 B 4 %ol Blod LCOEE 20400= A4 v Zuk
(66%) °1 AT Aoz oAATHBNEF, 20171).

5) HAEAE BHFO R 715X T LCOE



(& 3-2) 20174 xHMo|LX|&¥ LCOE(ZIEHRX|)

=A< LCOE, 7}% % ¥|($/MWh)
oA 68
A& (coal) olejA o 50
R R e 73
HFA Y 52
E3rsl e (combined cycle gas) olEf x| & 102
55, 0rz g7t 76
oA S 102
a3 (CHP) olE) A A
8,55, 7 64
oA 174
A8 (Nuclear) olej A A
+H,5 8,07} 161
42 (Large hydro) 76
248 (Small hydro) 80
dlo]Quj 2~ - 7|4 43} (Biomass - anaerobic 146
digestion)
%% - 57 (Wind - onshore) 67
B3 - FHA2H" (PV - no tracking) 86
B3 - B]F4 (PV - tracking) 56
SAAYEH 7] E (Municipal solid waste) 102
dlo] Qu 2~ -7}2~38 (Biomass - gasification) 128
A4 - F7] (Geothermal - flash) 58
g7k~ (Landfill gas) 57
%9 - 31’ (Wind - offshore) 124
g -nlo] 2] (Geothermal - binary) 96
Bl %4d - £53 (Solar thermal - trough) 255
glokd bak PV - thin film) 99
Hlo] Qu 2~ - 47} (Biomass - incineration) 130
B - B}l 8 (Solar thermal - tower) 258
Bk - Zg 24 (Solar thermal - LFR) 347
Z¥ (Marine - tidal) 442
3}2] (Marine - wave) 499
T 349 s 2 dAE LCOEE AYHEE st dAgH 74 ApolE 71
U3, AEHZ} LCOEC HX& dFe] Z7] wo] AgERE £/

A&: BNEF(2017a)

20



(32 3-4] 2= ejLFU™ LCOE MY

$/MWh
80
70 \ AR
60 :

50
40
30
20
10

0
2017 2020 2025 2030 2035 2040

O[22 0f

e

L& BNEF(2017f)

[29 3-5]9] BNEFolA 2017\ &3 5718 g3 LCOEE 4
HEW, F4, 5%, otz 2017d A7) Bl LCOE(7 %
TANE $56~94(61,600~103,400¢)MWh =22 20161d 3157 o)
H] 15%($73~102(80,300~112,200¢))/MWh) slEtstth. £3] o}l
2 ES Bl93 LCOEZ} $35(38,5000)MWhE A AANA 714
& LCOEE 7153kt 39 Bl¥3d LCOE e F8 A
FARSH], g AHAH 52 =9H7F $10,000~15,000(1,100~1,650
T yMW FEo2 H1HEZ]($15,000~35,000(1,650~3,8505 )/MW)
i dF ZAFHWY] WEolth #4, $%F, okt =7t T olxg
d, dotze7tgsle, ofglrE, B & ARAALE Qs
LCOEZ} Auk7] thr] 20% AL Z4stlon, ofitH], S, =5

RI3E 2uhel EHYY S 24 21



2, O8]l T2 20161 SHEZIRE 20179 ZdHH7]
g 9 Fu Folgt AulAERE As elFF 714 stk A&E A

o2 HRIY

[32! 3-5] 201749 AlHl7| Q¥ == 0p=2|7} EfUZ LCOE

= v YO8
=7} 7t A
B7) ¢ 0 ($/MWh)
VER © = 94
s2 ‘0 i 86
ojgglo} 81
Hotza)7gaa ¢ O
=4 78
oA ¢ O
ol el b2t 69
WEGIES ¢ O
P 65
ojAa ¢+ 0
olgu g E 56
0 20 40 60 80 100 120
o] ~gtl 56
LCOE 29 & 0178 907 Z13EEN O 20164 ofH7| AEEEA

A}: BNEF(2017b)

nF2199] 20179 4] B9 LCOE(FH A e A4E = 3d
3 QIHE 7149 slEtez [18 3-6]3 Zo] $60~171(66,000~188,100
AY/MWh FFE 715319t PIFAY 5 A9 LCOEZF 7] o
H] 20%($75(825,009)/MWh) 223+ $60(66,000€)MWhZE 7}
gkom uwl=e LCOEx Zubz] thHl 24% 7ZHATE $54(594,000
A)YMWhE 7|28ttt

22



(O3 3-6] 20173 AHt7| O|FX|Y EfYZ LCOE
Haee ’ LCOE
ecas " =7} 71 EH A
Kot [ SR
REEE 171
LOyrEEs ¢ o=aa 164
B ! Avilo]7h 136
gt ¢+ _
- - =rustE e 136
e ' 2204 120
i s olz slE L} 116
X e 102
e W A 81
B Fel 7
43 ‘ shu} 71
03 ¢ o = 70
1 ¢ ERE! 69
90 100 150 200 280 u) = 67
(COFEs ¢ AUENEIEREN O AIGMa| EEEA A9 60
Z}%: BNEF(2017b)
ol A 99| 2017 ZdRE7] BiYF LCOECIeH A= [T 3-7]
I o] $68~161(74,800~177,1009)/MWh FFo2 A4y

($81~188(89,100~206,800)/MWh) thH] 2% 31359} 53] A=

o] LCOEE $68(74,800)/MWhE 713l A7) thH] 16% 74
st om ofAof A Ho A THE B Ejd 7S Bfskal ok

O geo 7 337 $71/(78,1009)MWhE 7] =59t}
LCOEE $161(177,1009)/MWhZ A AA A A3
o} ZFolAlol= AR A B AulE 20161 12€9]

H3E Fho| EHYR S8 24 23



AZ7HA & TR A FUA T $90~100(990,000~110,0009)/MWh A
S5 dE™ AuE A& BF FE HERF 7HE0] s b
o] & Aoz Rt}

[32 3-7] 20171 AlHE7| OFEHX|S EHQFZ LCOE

oz 40 LCOE
: =7} 7V A

HEH $0 ($/MWh)
oA 0 SIS 161
0l 0 H Ev 152
21 0 QA=A o} 155
i 40 kg o] A] o} 108
2 K A 109
7 K B} = 107
e K 3 76
N Y R N a7 71
(COFBY ¢ 20T 97 333 O J0L6Wa) 15EY A= 68

A}2: BNEF(2017b)

2. 34 ¥ LCOE A%

20163 715 U AR AR YAHFL 15,670 TOECIH 1 %

gl oFgo] 1,097 TOE(14. 3%)E A Skl I 71ER A Aol A
o] B Al & TR AAL J7E S <E 3-3>F <3F 3-4>9}
o] 20153 71# Fﬂ%@%ﬁ%%—% = A HHEF] 3.6%, A
A BAFY 0.71%° Edsiey. oeh, T BFREH S dH e



7€ 2 20150 AW thH] 45.7%7F Ui lon LA =Ho
ME 55.7%7F EolU vk AAES HAFa Qlo] &5 F8 oy
APo g YA E 28 Ao R A tiI=olA TS, 2016).
(H 3-3) i EHUZ EH MH| SEHKkW)
T 2010 2011 2012 2013 2014 2015
A+ 92,350 42,983 232,978 | 467422 | 857,353 | 1,040,107
A7FE | 34,295 35,835 62,180 63,298 68,910 93,793
= A5t 126,645 78,818 295,158 | 530,720 | 926,263 | 1,133,900
oo]:
=l AP & | 533,492 | 576475 | 809,453 | 1,276,875 | 2,134,228 | 3,174,335
A7V e | 116,847 152,682 | 214,862 | 278,160 | 347,070 | 440,863
3 650,339 | 729,157 | 1,024,315 | 1,555,035 | 2,481,298 | 3,615,198
% WA A H) 79,983,793 | 83,263,146 | 85,849,093 | 91,077,485 | 96,925,225 | 101,590,229
A5 KESIS(http://www kesis.net/), HZEWEY 2017. 9. 19.
(H3-4) =L LHIF F0|(GWh)
TE 2010 2011 2012 2013 2014 2015
F A 474,660 | 501,527 | 532,191 | 543,098 | 546249 | 560,974
21214 5,889 17,346 19,498 21,438 26,382 37,079
B o33 773 917 1,103 1,605 2,556 3,979
A}&: KESIS(http://www kesis.net/), HZHEY 2017. 9. 19.
H3E ZLi.2| EfYE S 2M 25



=U B3 LCOEE [1H3-8]914 & & Sxo] mME £5& 3}
2ol ok Bl9g LCOEE 20053 kWh3 802.4 0] 041t 2016
Woll= 167.19S 71&3tH, A¥d oF 12.3% STl d 4,
2015). oA A E &9 el9kd LCOES ¥lwdtd 39| LCOEE
$150(165,0009)/MWh FF0 2, g2 $65(71,5009)/MWh, W)=
$67(73,7009)/MWh, <= $68(74,8009)/MWh, = $76(83,600
4)YMWh, olgg] o} $81(89,1009)/MWh, = $94(103,400)/MWh
Hth b4 52 Y95 € 7 Ak A, & dFE 8 sU9
B¢ LCOES] #to]l RS fista, = efdd HdS 91 4
et A7 AAH AAde stz g

[22! 3-8] 2L EfYZ LCOE F0|(¥/kWh)

BBO

GBO

5B0

2 /' h
|

k|

A5 o] 4 -8(2015) A3
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i3
hu

4% gt

—
o?.i

£% LCOE

LCOE= 54 iaoA Aibd A8 Go(kWh)d H A28
g (o=, THAE FR8o AAVIAE FEATFY &
Lol ARt LCOE= A2 8713 &9k wd s 27] 14
-, & fFA ol2 A FBAA AL FHE B LS
ol

o] e AQ8% e FH8 Z7]F A (capital expenditures,
o3} CAPEX)®} did ALk 94 A8Fe AXFHE
(operation and management, ©]3} O&M H]-§)Oo.2 FEHATE T4
O 2 ZZ|FANES ARRe} PHIZ RS = ok A= T

AR, EaH] Z1AAdNE] gl A REAEH] o8 FAEEH
L=NYe}

HMAZ g

0z
OII
i3
T
N
~



OM,+FC,
CAPEX, + E T
n=1 (1 +T)’L

ET (1—d)" x CF x 365(days) X 24(hours) X Capacity
n=1 (1 _,’_,r)n

(4-1)

LCOE, =

2] AollAl CAPEXE Z|AANN], F2EFAM], AlFAA], A7k

AA AR, N 52 TR 27|FAAER)RIE, OM, 3

FC = 247t n7]19] O&M HI&3 5§ HIE, r& SALCIEHETA
2o]go =2 tA), CF= ©]8E, Capacitys WdA ABEFF T
713 =

HR7] &97Iteltk. LCOEE &xAdn| o] +H7I3t Febol] &Y
=

HAE 7EoE &

Lo
-

AR A BHE Y dss 29 W
d(Deterministic model)? &2 Ed(Stochastic model)=

3| &
b b
TEE F A [1E 4-1]2 7] F e S-S Blaste] Yepd

td

28



M F2

|

[O2 4-1] &

Hit 2HFIEZ 7Y Hlw

49| Modeling & 8f & Solution

X
Y1
X;

Input Modeling  Output

At KBE8AF 4 9AT4(2017), p.2

Z]

AR 34 mde] 54

£247 3l(Analytical solution)S

o, &4 xde| &y &3 At

2 Agozn ) B4
T

A
Y

(e
i)
]
:
of
L
4»

ro
(R

%
Y
fob
4]

Ir

drE BT
(Probabilistic) 5= Rt
AEEolAd 7 S o
& A teiA T3

= A

>
i

T

o

A

mlm m}l_‘

[e]
s

=2

X
fru
é{r

L
M
H

(Sensitivity analysis)®] Z]

rlo

Ny
)
o

=2
(=

Y

Reliability=47%

o
iz
e
=]

2t 22 oM NTje|
th=2 Madel A&
&l o]

HY=HE2 =9
H

0
THL
HI
o4
1o

%0
o

e
A
At
=°,L_"
®

o

o
fru
1A/

N
o

N

oz

2
)
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o
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= 2 AEHIAY 84S AWshy] HsliA GERS X
FELETT K)E AUH, g9 &5 gE 7PEET. olw e
Zh(expected value) ol &} ZT}6).

«Q
—
>
(2
o
S
>-E

o

471 g(x)2 719@S FA-s7] A FEHS X EXZHE n
Mol BE(X,...x)= FE3 g(x)o] Hate offel o] At

9,(X Zg (4-3)

L*l

o= E(g(X)d EHIZIEZ FA % (Monte Carlo estimator) 2.2 T
9] HZ|(the law of large numbers)S 7|HFO.2 3t} o} o] o]
O<=2] 2FH 2] (the weak law of large numbers) 2.2 EHS}IH, FEO]
AFm)7F F3hoi7E 2 o F&2o o3 g(x)9 B E(gX)ol 7

e Ae ¢ 4 Aok

6) ZH7FER F49| FE2

A

4] A& Anderson, E. C.(1999)2 =3} th

30



1i£noP(|£/;(X) ~Elg(X)|=e)=0 (4-4)

olol we}, g, (X)E olgle] B5AS wEsn] E(g(X)e BHFH

%(unbiased estimator)©] FT}.

:E(%ig(xl) =—

grope] g7k e Fee FEE FolArhd AR Aol of
4 A 47 %L@ QU Eth. tialel, ZH7EZ Agdold

£

2l FFgFS FEZ FoZ FEEEE == Y (Random number)
=1 H [

o] w9 FQa3lthy) [18 4-2]& EHIIEE A&

7) A AL AR Ao AFE A AT dee Aol T
A Zeo] opr] wZol] AAF SuleA dere ol vl darE]Eel
o3t G et Y F ‘d‘—’F(Pseudo random number)2} BT} G
A Gl e AAS W82 Jickel, P.(2002)5 #=x

= s

M4z HEHE 31



(33 4-2] 2El7iE= 24 Hit

EEH(x)2l Mgy
-
H0| SIZRIT f(x)MEl

AlZg|o]M4
£3(NE])

Z1h At
+
SAX| ALt H Zakel

At o] &8 FF3](2005, p.9)E ENE ATFA

2 7o 2ol ok el LCOE #49] 4%, AALL 2
A Fa 0 WA NG A4 QAST 7)ER EE
AR wet WEe] vl IAG BRAF 54 AUn Yot
olsh ol WEHT BAUYL AU WEE AW B B 7
AY BHA HYHL SEE AEIAAL BT B JEtARol,
uele] BHUG QLSS Beskslel Wt AUE SHES WY
shA b fek eu $EH AEdole BHUAY WEY

W Qe W5E A4S FEREE Fo SA0 nse] AE

32



3}& WS LCOES A

~

i

o

=3 2o

S
.

719 52| ALt

1A=, AlEgoelded o)

;OL

N

(o] BAZIE(v)E okehe] A4-6)3% 2ol N

oF
&

)

N

)el A HlSS YEeRd

2
7

AlFd Fh(r;

(4-6)

()7 HHE et
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Aol A =9 ABASF(r)
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H5E =2l #S=t HIE Hlu =4

1. LCOE £4& 93t AA=zxA

3 EFEAH AAo] dasith B AFoAMe = A 7PEES
3kW7F 7H8 Bom AFIES 100kW TFE7F 90% ©]4-S A3k
A7) wiEel =7PE LCOE #4& 3 ZFAHE 3kW(HE8),
100kW(AFE8)E 732 CAPEXE &3 T
EEAVZ HAHE kW7 E), 100kW(AFE8)2] CAPEXE 29
<3F5-1>3 2T CAPEX ztol= =718 23 n], I H], F7HA 9 2to]
2 3 A EE AFE kW, 100kW SLHA 3= tin] v, dB
S 2 0 S 592 9 BAEY 2] A g2 =71
¢ =7 CAPEX7} 433 =/ UHetu=d, ol 2 B3 FIT
Srtel w2 AXTrte] AAY 35 9 A AlF 7l o As
fZ AoZ ZAEUT LCOEE CAPEXS| dFHo| aB= Jh=
APEX7} We T57 5Y& to R Ao|Hs EAto #
g AFRE EEIEE Jrh S vx RN E B AT 5F
J A <]

< @A AT A EE0] ofH7] wEol &4 thdlA Al

Au)
=
Q

HoZ =2 #S3t HIE Hlw

2l
1z
w
a



(& 5-1) 271 EjLZ CAPEX

TE Ele )= == du =9
3kW 5,503,674 6,983,150 3,715,166 | 14,538,304 | 4,576,104
kW= (1,834,558) | (2,327,717) | (1,238,389) | (4,846,101) | (1,525,368)
100kW 161,038,270 | 229,351,904 | 93,153,531 | 526,072,048 | 108,292,400
kW= (1,610,833) | (2,293,519) (931,535) | (5,260,720) | (1,082,924)

oA 0 0 o)
A5 g, v, F, QEEIYE AR JIERE B A 24D, &

Y(BNEF, 2017g)

[O2 5-1] EfZ 3kW 27t CAPEX

(HH)
16,000

14,538
14,000 -

12.000
10,000 4

8,000 6.083

6.000 + 5.504
4,000 4

3.715

2.000

&=

W 3kW CAPEK

[32 5-2] EfZ 100kW =Z7HH CAPEX

(3
600,000
526,072

500,000

400,000 -

300,000
229,352

200,000 161,083
93,154
100,000

108,292

o of= =

R

e

B 100kW CAPEX
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273, 59, $7) LCOE AL 98 AAzAo R 7180
2 0&M H|E, o] &&, &U&, WA, AL,
AE, WA, A5Aste 59 ARV 86t

&2 o= 2

7t. O&M HIE

ZAHE =7hE 2 PR 0&M HIE-2 <3 5-2>9 2Tk 3kwe| A
© gato] A7F 350009 0.2 JH =3, FFo] 13284902 JHA
T EQe 14100902 Z23 GAS 43| 100kwe] A% =
°] 37365109 0.2 HA /b =1, $23 59 7hz) 113387597
1,643,205tk T-A12Q1 0&M HI-§ WY& tha AollA =282
gt

(# 5-2) =718 B A7 O&M HIZ

T # 3% 59
3kW() 35,000 13,284 14,100
100kW(2) 3,736,510 1,133,875 1,643,205

Ag: =, v, S, dEEIGE AR JEFRE B8 AR 24D,
5Y(BNEF, 2017g)

=

Projected costs of generating electricity 2015€ 7|22 S5 16%,
=Y 11%5 A&tk <&ES-3>04] e viel o] 5de g

5% 2.2 #S3t HIE Hlw B4 37



of wrov} ek B HF @ rfo] AEA
2 o) S AAYAUA] I A7} B
olck.

(# 5-3) Z7IE EiE OIE

7k | ol&E =4
o ., | FFAUAZTD (2016) P.126 HF 4.4 AAHA B
o= 14.93% A7) 2 goksd Ao &5
== 16.00% Projected costs of generating electricity 2015, NEA
=9 11.00% P.42 Table 3.5:Solar generating technologies

Ct gols

Sl (Discount rate)e] 745
A& o F8F 8otk

st =7PE ERle9] Aol T83% 8
H RS A A7 ARE 7|FoE A&son = &
E2 5.5%, TS 8%, FYE 3%

fr
o
H
=
R
ofy
H
flo
N
<
o

=y

, FYE 25%p He AR AT

=71 | A& =4
k= 5.5%

A&, ¥HET(2015)
= 0, bl
0 8.0% A E2016)
=Y 3.0%

38



HRIAE(Corporate tax rate)> A4 KPMGE 20173 1A 7|&&
gt om =Y 29.79%, T 25%, T 22% TOF T Ui
=, FY°] 3%p, 7.79%p E=2 ASZ ZAEAT

(% 5-5) 271 HelMig

=7} HolA & =4
Sk 22.00%
= 25.00% A KPMG 2017'd HelA &
Y 29.79%
ot 2xig

FAELS B LAY S e AR B L= Asl 70%
= 7Hskoit

Ht. tHEOIXHE

)& o) A2 TRADING ECONOMICSE] 20179 1€~6L7FA¢] HH
O|AE(FAF Al A7) F)E AEste] Agston, 5Y 25%, 5
o 435%, JFE 346% O F T TiH] FIL 089%p EiL, TS

0.96%p F& Ao R ZAHAUT 37T F =D ojAgo] 7P Ho}

AFE&golA M FEld F71E 2AE I

HoZ =2 #S3t HIE Hlw

2l
1z
w
©



(# 5-6) B7IE tiE0IxtE

7|13k Sk =T =9
2017-01-17 3.51% 4.35% 2.42%
2017-02-17 3.45% 4.35% 2.55%
2017-03-17 3.48% 4.35% 2.51%
2017-04-17 3.42% 4.35% 2.44%
2017-05-17 3.45% 4.35% 2.54%
2017-06-17 3.44% 4.35% 2.51%

31 3.46% 4.35% 2.50%

Z}E: TRADING ECONOMICS $IAFolE, FHE3ld: 20173 9¥ 5¢

AL QIEE0|ME

AZ ol E&S IMFIlA TAIGE 20161 AEE HE3t9 o F
2%, T 0.97%, HY 038% woZ T thH] T2 1.03%p=aL, =
U2 0.59%p H2 AOoZ AT

(2 5-7) =718 QZ2018E

=7t =g o)A =3

Z?['LL 3?)(7)(;) IMF World Economic Outlook Databases,
5 . () -

=9 0.38% 2016 71 EH ol E 2§

40



(& 5-8) 2718 EfYZ LIS

=7 yeas =
R 20 —

ohey 20 3] 2 (2016)
=2 209 o5& (2014)

d5 A 3H&(System degradation)2 YRHHQ EEo FEH(A%F)
Z 712 utek Az 0.7% ASAFES H st
At AR
A AR UES FAT WEe <E 5:9-9 goh
(¥ 5-9) LCOE MN|dt=H
= 3= = =
. 3kW 5,503,674 2,857,820 3,050,736
CAPEX (%))
100kW 161,083,270 93,153,531 108,292,400
A7 O&M H]& 3kW 35,000 13,248 14,100
(%) 100kW 3,736,510 1,133,875 1,643,205
O &-E(%) 14.93 16.00 11.00
Q&%) 5.50 8.00 3.00
H A A|(%) 22.00 25.00 29.79
FA-E(%) 70 70 70
Z ) AE(%) 3.46 435 2.50
A E o] &(%) 0.97 2.00 0.38
UEdd) 20 20 20
35 H (%) 0.70 0.70 0.70
H5Z 2ol 2S5t HIS Hlm 24 41



2. ARE4 LCOE &4

<¥ 5-9>9 Z7PE %33 LCOE AAZRAL 7vtoew A4gt 4
= [28 5-3]~[2™ 5-6]9 BAHA YERY ok [1™ 5-3]S

I =9d9] 3kWF 7HAE Bkl LCOES RoFt) S99 LCOE
= 118.2¢/kWhel vHH 322 134Y/kWh 5L Hol1 th kWh
T 15.899] Aol Hola = Aeolth o]Hg Zelrt offfA WAy

A SR EeEste] 1#EE vt Qlth ¢ o] 8EAE &
7o o] ZYHRT Fr} =& ZLYHRT kWhT 31.194¢] FE3t
e 7HAI A 788 BFRe] A AL glol L3t g
=2 B-& A7t glok. SFAIRE Fh=r9] BjF CAPEXVE S HY £
o} LCOE7} kWh3 16.990] =& A2 Yehgth =S 0&M H]
| AZY ol &M= Es Ocl kWh3 ZH7F 589, 0.59°] =t
TS AALANME 0] 5.5%, FYo] 3%=E o] 2.5% E &
=2 Q3 LCOEXE 23.79¢/kWh sdhes 37} e 202 ey
=3

42



[38! 5-3] st SYo| Ef LCOE H|u (3kW)

a5

58
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5-519F Zth 3kW RO EFF ARl tiEfx F5] LCOEE
98.3/kWhel HFA =& 134Y9/kWh FFS Holal 9tk kWh3
oF 35.7¢9] AolE Hola . A IALNAE T oo
THHET Fol kWhd 16499 FEld q4dS 7HAD ok 7HE &
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(¥ 5-10) EfYZ LCOE U H
S B FF (A 8) B FF (A7)
EF 7R 100kW 3kW
ATHEE ATEE
CAPEX(%] 9/MW) (=161, A=Y | (Bd=183, EA=HY
10%) 10%)
ATHEE AFEE
O&M HIE(EE AMW-d) | (B=1,167, BA=HF9] | (Hw=3,737, EA=H 9]
5%) 5%)
A ~E BEX
e} =(9
18-E(%) (BT 1478, 2AY 022)
310190 A4y EX
=) (A2=45, AVsA 5.5, Ad=1.5)
M oLAl A7ty BE
B A0) (H&=0, N, Hh=24.2) 0
S, WY B
5 [<) - - -
85 AISrE (%) (H2==0, AW 0.7, A0N=0.8)
tZ ol AH-E(%/'D) 3.46
A=#H el d(%) 0.97
HE&dd) 20
FA-E(%) 70
SHEEE AR dHolH fFio] TEY A AFS S M
A B2 5 AASAT o] ws, HIO]EVP FASAY FE8HA]
Be Atole APATFoAA AAste SELE 8§ AHEE Fas
Aot HEAY FEEE 74 dTES Spooner(1974)7} Atk e
ATE AMAYY wHlEg BIE A AFEENormal
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(% 5-12) SEEZ 2% Z2n

N 2k
wx | XS 53 e

22 2¥ 0.0147 5 =14.78%, 22 9=0.22%

2RHE ¢ 0.0149 S27=14.78%, 227 Y=0.35%, A+ 5==7.28199
At 0.0369 B 7=14.78%, EFH2=0.41%

271 BT 0.0369 N X1=-4714.30%,% TF=14.78%, EFH 2}=0.41%
e} 0.0376 2 2:=9.01%, 3 th=20.54%, 2 3}=100, 1 E}=100
7} 0.0378 ) X]=8.85%, 2= A ¥=0.03%, & E}=207.5021

9}o) & 0.0447 2 X]=13.02%, 2= A Y=1.91%, & e}=4.92757

Hr 3t 0.0868 H 1 7H54=14.98%, 2~ A Y=0.42%

A =% 0.1214 A7V 5 A4=14.57%, 227 L=0.48%

BetaPERT 0.1801 ) 2:=12.65%,3 11 7}53=14.85%,3 t=16.47%

KAZAns 0.2268 H 2:=12.65%,3 11 7}53=14.85%,3 t=16.47%
g 0.3409 2 2=12.66%,3 t=16.46%

Y E 0.4606 A 21=12.66%, 3 El=6.47827
A4 0.5933 H]-8=676.83%

ZA2~E|(Logistic distribution) ¥3*¥2] E-&U =3 (Probability

Density Function, PDF)& T3 #Zo] Fojzit},
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2 Axge ABot FUY A 8T 5 Uk 44 2o 9
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2(z—a) (5-3)

A71M, ae= HSE, me HRE, b ASge Hepdo 5 £2

_atm+b (5-4)
3
9 (a*+b*+m*—ab—am—bm) (5-5)
7 18

AE A ElE APATRA HAET(2015)0] WEH AR F
A& 2001 Hh 7.5%E 71SskoH, A T2 5.5%01H,
FFE 1.0~22%7HA dtetete] =4 a7t d5S AHET
et B B HA 4.5%, HAW 5.5%, A 7.5%S A4 &
TE A& [18 5-8]2 7] 78l o8] AR AHE =
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3 o sSi=-
[O23 5-8] el SERE(MZ
10,000 M & sTym EE 10,000 EAIE
I ForE '
160
140
120
| 100
o )
| W 80 -
40
20

6.00%
HH | 7.50%

5.00%

T00%

$(ATE Akw)

3) O&M H]-&
0&Me| FEFEZ AAS s APAF< IEAQ017b)E F
o A5t EZ(Normal distribution)& AAQ3tAt. & X HFFH
28] 7ol & Aol AL Jhsetth Bz FEUEs
+ of#fje} o] Foizith
1 (z—p)? (5-6)
(x) = ex
/ oy 27 P 207
A7, pv B, o EFAUAE YERITL B dATolA B
22 A9 AL S 37,3659/kW, A7HE 11,6679/KkWE 28351
on, ¥FAUAE AYAT IBA2017b)e}F FLHA Bt 5%= A




qL 1,868U/KkW, A7HE 583QUkWE 7HREIATE (28 5-9], [1¥
5-10]2 71 7Hgel o8l APE A9t BEE Yepd L ok
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4) CAPEX(/kW)

AuEA g FEREZE U4 71T 0&M HIE9} fAFHA A
T &3%(Normal distribution)g A3t doldt M FFHARY
Agolth. ZAHA FAE HHo® HE3 Hoie sYsht, xFH
2= B 10% TFEOE 7Hgst A&ttt old3t ol fE s A
H|EAH] 8- o 7|&zlne o3 vlgstetoly o)A XEk g
Be 8% A FoE 0&M HIERTH ESHAdo] Atha ddsE)A
ojtt.

AHG L9 A EAEE FHFS 16wy JkWeE, FFHA 169
QAWS ALSH T A7HES H 1.8 A/kw, EFHAE 185

YKWE HHgEiATh [ 5-11], [18 5-12]1& 47 A4, A7He
Arle] AitEEs vehdnh

[22! 5-11] AIY2 CAPEX SE2X(MIEE)

10,000 A1 RN 2= 9981 ZAIE
AIZ HIE

T T I T T
1,200,000 1,400,000 1,600,000 1,800,000 2,000,000

T 1610833 # = HEF 161,083
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[32! 5-12] X7} CAPEX EE2I(MFEE)

10.000 A1 BAN EE 9,987 ZAIE
A=HE

1,400,000 1,600,000 1,800,000 2,000,000 2,200,000 2,400,000

B |1.834.558 EZ X 183456

{
“

AeAstee] FERE HALS APATFUA IEA2017b)E F=35}]
Z}4 F-3(Triangular distribution)E AA3sIA T Bl Lo 7
A AR BEete Aty BErt BEd zlos dgdd.
o & d7e =AM A
0.7%% H83tAth HA 9L HYES IEAQ017b)eF T3l 2+
7 0%, 0.8% A-&3tth [18 5-13]12 A7) 7Hol 93] 8" A
¥ BEE Jepdh

_

]_
IEA(2017b)> HRIZES 0.5% 283 Hd
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£ 2 (0.00% EOI=E 070% Z|H |0.80%
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HeAE A Hez g5 22 A s 7M. a3

o HAAM A st Axols EF AAEHE MY (range) =

=t ol2fgt 7Hgel AE3 FEEEE JAAE YYE FAT
AT A E3E(Triangular distribution)”} 2 &3}t

B Ryoe Y 2E2E &8st HW B HUge A

242%(FUA 23HE A3 Hsae a4 Al
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(22 5-14] oM SABRE(A2H 2m)

10,000 A2 dHEME= 10,000 EAE

0.00% 3.00% 6.00% 9.00% 12.00% 15.00% 18.00% 21.00% 24.00%

= 2= |0.00% A=A 24 20% Z|H |24.20%

4, FE3 AEF A Hgd T LCOE &4 23

stal A7 3 QoA oo dE HAAIA 10,0003] 2] HHEA|
PO Z 95% 413K Confidence interval)ollA] #2]3+ B3 LCOE

/KWhE YERIT [29 5-15]= A+
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[32! 5-15] AIHE ENYE LCOE EE2%E

10,000 A2 5 9941 ZAIE
H 2 AIHE) XS H B

400

360

320

280

240

200 :E
160
120
80

40

140.00 150,00 160.00 170.00 180.00 190,00
165.968030576026

P 13371 ZHHE(C): (9500 % 4 18m

(H 5-13) AIYE ENZ LCOE EAZ

EA #* A s

71E%k 160.16 A= 3.01
e 159.75 HE AF 0.0810
F9A 160.03 HA 115.03
EFEHA} 12.95 A 197.42
A 167.64 He Hn) 82.39

= 0.0055 xZx 0.41

2718 B3 LCOEY 79 B+ ZH7F 150.69/kWh, EZHA}
= 1449/kWhE 7|53t 218 4F(Confidence level) 95%°l
£ AlEF7H(Confidence interval)oll Al gk 109.79/kWhs, HUA
e 194.19kWhs YERAAT [ 5-16]F <& 5-14>€ 217 &

74 B9 LCOE EEE%s} 545 yepioh
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0.01 -
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0.00 g T v v T T T T
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P 10935 ZHHE(C): (9500 4 18675

(E 5-14) X712 EfY2 LCOE SAHZ

57 s ol *
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137.11 HE A 0.1050
136.62 H 97.48
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1. =7Pd CAPEX H]& v

7t 3kW(7HH )

-

2 gue] A9 T H 5YL <E 6-1>00A4 B vpe} Zo] g
= i) oF 1447 (BT 29.7%)0] R FELE ol AHH|Y| F
SEF(EE, UHEH, 7E2F 59 = vl AR o)7Ll
A FHE AT e didrpl F2 890w EYEAG. b
Ale TS 75 stedo(RsE, omm Ak, A7,
TEE)N 17%% A& =l tiHl 66.1% Hl8o] AEHH, =
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A iz su B AAR7Ee] 10%0]th

(¥ 6-1) Ef¥2t 3kW CAPEX L SH= CHH| H|E

gz CAPEX(¥) = i) B &(%)
Eis= 5 = = = =9
217544 4,389,000 | 2,920,265 | 3,345,555 66.5 76.2
HHl 614,340 | 364,924 | 499,911 59.4 81.4
EIHA 500,334 | 429,977 | 730,638 1000 85.9 146.0
A 5,503,674 | 3,715,166 | 4,576,104 67.5 83.1
A8 @, FR(EHFF TAAGA JAERE T8 A FAP, SY(BNEF,
2017g)
[322 6-1] EFYZ 3kW CAPEX
5000 4
4000
3.000 LR
u ZHEy|
2.000 m EFEu]
1.000 1

1) AAH 24
7P AHRE <E 6-2>clA YEhd wie o] e V]EeR
THLE 66.5%, FLL 76.2% FEolth 7HA Apolo] Fa AL T
=9 5 EEF BOS, EAEFAHIClAL 5] 45 BOS H %
AR Aoz Uehdth F=ro] tiddde 57 2E7He 449
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Apojo} whe QIml Bk QIS kW AW oF 1249 8, 54
& QIWE, BOS #&9] W& 227143} @r)te] AAeAR Qg
k

oF 1534F Qo7 A=EHS

Mozt =Li.2| Ef

[eXoneld
oo

o F39 5] AuZE Fe ol F7ke] BF ) Bl
B%E Sl o3 Wolele 9% o FEHET
(E 6-2) Ef 3kw ZiTH| si=H o 2l Sk Chd] H[E
gz AAH]() Sh= T H] B]&(%)
B gt = = d | 22 | =9
2 E 2,184,000 1,682,128 2,058,350 770 | 942
QI E 700,000 345375 423,001 493 | 604
A&k 55,000
718 540,000 501,771 569,385 | 100 504 | 572
25 400,000
AR FAH 510,000 390,991 294,819 767 | 578
A 4,389,000 2,920,265 3,345,555 665 | 762
A5 =, FH(EFT FHAGA JEFE T3 AF 2Ah, SY(BNEF,
2017g)
(9
- 1,000 2,000 3,000 4,000 5,000
m2E H 2IHE u Eapt o m FEE B EX|ZA|
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2 Qs A A H]go] 13.4%E, Hl& AA|E F3o] Ydeolx
B35l =T 1.8%p =A UERdTh

[32 6-3] EHYZ 3kw ZITH| =4 HIg

H, o] &0 2 T3 o, 3= 7E TS 59.4%, %‘?:_‘8 81.4%
2 AEERT. F2 o] dlozEs AXAGAY] s 2 By
=, 7H], gekagy] vgo] AEHJT ditdEhlE 719E &9
g o AQHE AR o R HAXFA ] FQHE =
FHul g, v FoFE HFG AHEEE Hlgolth
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we Zgu wbe Hug woﬂﬁ &g FusHE AoR 24}
9k F=olu 59| 714 £
A olae %E AE, F7HA

R R HE Fo2HA tgol 7Hed Hlor %E‘r%ﬂ}.

f

tlo
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(E 6-3) EIZ 3kW ZValH| =4 3 o 812 o] HIZ

3= T HI(8) gk oiH] H]8(%)
B g ok =4 g | 3 =4
REMEIES
HYS 234,999 110,781 102,546 47.1 43.6
71E4 100
Ekisuh) 263,340 19,550 25,636 74 9.7
ki 116,001 234,594 371,728 2022 | 3205
A 614,340 364,925 499,910 59.4 81.4
A5 S, FEEIEE FHAGA JEAEE B3 A3 24D, SY(BNEF,
2017g)

[32 6-4] EHUY 3kw ZHEH| E=g FH

1 (##)
- 100 200 300 400 500 600 700

B 2I57t W RS, A W utgay] W olg

Mozt =2l e Bt Hlw 24 69



7hE e PE weg B B g F2L ool o 0% &
o2 gRrg AT YA, dFe Yl

A5, A Fo| AAY oF 80% TEOE AL
4 il

e

[+:9 10% 20% 30% 40% 50% 60% TO0% 80% 90% 100%

Agule A% F3 8 SUL Tl B 69.5% FolH, o
£ FARH(ZE, UiE, 72 HY T A Yae Aol

kWl BT elow BAHth Aule] 4
kWSHE ThEA QAE7b g, EEANRAIATAANE), z.&atu,
MAN Fo] F7} u1ge] Aol QUdte] FI;3} SYo] v ol o
27% FEOE BAHI RAHE 3kwe] F5sh FYte.

70



(% 6-4) EfYZ 100kW CAPEX % §t= CHH| HIZ

gu CAPEX(¥) gk i H] Bl&(%)

) g T3 =9 bl Ol =9
RSl 109,129,790 72,506,366 79,171,755 66.4 72.5
ZH 8] 39,163,183 10,025,400 11,830,262 100.0 25.6 30.2
FBIHA 12,790,297 10,621,764 17,290,383 ' 83.0 135.2

A 161,083,270 93,153,530 | 108,292,400 57.8 67.2
Ag: =, FEE G FAAGA AERE 53 2y 24D, =Y(BNEF,
2017g)

1) A 24

=7PE AAH] Aolo] FH e B
HAtk AHE <E 6-5>014 UERE uhet
T 66.4%, FY2 72.5% FEO|H
AZD7t Fos UepAT S
AA F5& B 759 BAE At APt 1 @ o

=
H] 65.6%9] 97tE 22| Jhedtn, W JAHE IF AAFAM]
5

A, F2E ) H8S FF diH] 147.9%F Y Qe ols A
2 FAH] 457 BOSO| Z3Eo] 2 2102 1T A Hu] 9

AWEE A9 BOS P AAFA Y dAHL = of
32605 ¥, T 9F 22009 Yoz 3ol 70% FFolth AAF
AR BROA 2 2 thH] 41.9%, YL 29.2% FFo|th o]

ezt =2l e Eot Hluw A 71



T 599 AF 100kW Al AX Al AQFE 77 157 (Keiji
Kimura and Romain Zissler, 2016), $t=r8] A% 452, Yol H|3j
of 4d) £8H = AoR ZAFTE AA7|Ee & AR A9 4
HAQ AWM Ao =8 Ylyo] gong e Ax)7)7t
o] HH sl 875= nrolh

(& 6-5) EHYE 100kwW ZIEH| S=E I A 8= ChH| HIZ

L 2 A1) () =t thu] B &%)
c i == =9 = | 1 | 54
E 62,124,000 | 40,759,266 | 55,207,890 65.6 | 889
S B 14,375,000 8,855,770 | 10,010,222 61.6 | 69.6
A&k 2,200,000
271 601,678 | 12,865,930 6,976,821 | 100.0 | 1479 | 80.2
TZE 5,895,677
AR FAH] | 23933435 | 10,025,400 6,976,821 419 | 292
27 109,129,790 | 72,506,366 | 79,171,755 664 | 725

AR I, FEESEE BAAGA AHFE 53 ZAH FAD), SYBNEF,

2017g)

[Z1% 6-6]3 o] 4At=H H|E&E 4351819 of 21 HH]e] tii&
L gokd mEolt) AR 20173 71E SAR HSF g &
o] e A g2 Qlste] Ad] YA As 7|Hte s 3 i
W7} slekea glol, U RER FFE ALK ow &g )
4L UAste

ATHAZAS, 2017). T= 2 FLo BYF CAPEX
b BEe B HHvlel 4 =

9 AN TN HABAES Suslok St FF @ S o)
FaAA el Aol @ FF ] L AWM FEOE AP

o] At

2]

R
ofo
o
n\l

72



[22! 6-6] EfFZ 100kW ZIEH|

oo
nE
2

2 WW
T T 1 1 t (MHEERE)

e 20 40 &0 B0 100 120

B EE B 2IHE W & W MY mIEE § @XSA

[19 6-7]0 e ule} ZFo] 2gH] HEd HlES HE e
A9 BE0] 56.9%, AHEIZ} 13.2%, BOS(HEH, A7ujA, T25)
HEo] 8%, A FAMIZE 21.9%2 FAE S e W, 5Uo] A%
HE] 69.7%, AWEIZ} 12.6%, BOS(HEHE, A7|mjAl, 7+28) &
] 8.8%, A FAH|7} 8.8% % UEIYL 3/l= BF RE
B eSS ARSI YA AR FAY] A g 5Yo

13.1%p=te]l & Hola Qlot.

[O2 6-7] EHYZ 100kW ZIEH| 54 HIg

0% 10% 20% 0% A% 50% 60% 0% BO% 90% 100%

nES W 2HE W S 5 H70uied m PEF W HRIBA|

Mozt =2l e Bt Hlw 24 73



AEA7H Mg P BEAUYTE, Qi
Pl e ARG, DGR

= 52 A% = g8l 5L 1.9%, 59L& 10.1%°]th ol U
R=4

0#0 r_

2 9 lnz] 50l whe Hg old 7AF Ao ZA}QME}(ﬁ

YREREOA WA ANGOR B o FIT SUL 8%
FEIM LIHT Yo ol T AYAY A2HAE T UG
Age] a7HE otk

74



(% 6-6) EfYZ 100kwW ZHhH| &= 2 3 st Ch| HZ
gz ZHu) () = ] B&(%)
K il = = | T =<
Q1570 & 9,000,000 167,090 910,020 1.9 10.1
FEAHESET | 8,390,000 | 1,670,900 19.9

IS 1,141,623

2w 1,500,000 | 1,002,540 1213360 12.9 73
71Er 1] 5,136,649 100.0

A 1,500,000 668,360 303,340 44.6 20.2
ey 6,924,483 501,270 606,680 72 8.8

o) & 5,570,428 | 6,015240 | 8,796,862 108.0 | 1579

A 39,163,183 | 10,025,400 | 11,830,262 25.6 30.2

A5 BF, FREAPE BANGA AHRE 5

24 2Ab), SY(BNEF,

2017g)

AEE PSS [TF 6817 2ol =HFEINe W T3 55U
ol &o] 8 HIE(HAY oF 67.5%)°1t =9 A5 AF| 7} H]

ol FH Hl&(AA L 44.4%)0lt}. Fare] U3
S, Aol e AErEs,
AF5F vgom FAH o

A2 %%ﬂ—%—;-) w::‘:— ]

Ir

>

XN

[

N oo
Iz

afl

al

FBL

ol 875 E Zew Ad %1:}.

HeE 22| e #7t Hlw B4 75



(22 6-8] EHYZ 100kW ZHHH|

ook
E
ol
2

82

(e
0 10 20 30 40 60 70 80 0 100

WO WEEANASCT WWEHS W2 WOEZH W ANH N YUz B o

[29 6-9]0l UERdA ule} o] 7hu] EE v &S B e
735 A7 & 23%, FFALAFFTFAITAA) 21.4%, BRI =
(s, 72, 71EHE0]) 19.9%, AN 3.8%, IutdAEv] 17.7%,
ol & 142%% A= e ¥, 599 B¢ A7 7.7%, &
FAAEEE B AV FEEIE, ZEH, Z1EEH) 10.3%, 2
H] 2.6%, WA Y] 51.1%, °l& 74.4%% YEsTh o]F I7PE A
o|7} FEZHZ AL QIs7F Hl&H oo ®E IyPE Ejdd HA
ztolg YepdTHY & 4 Utk @e] 57t Hl§ vl o] o= A
S PAAQ Aeul g B ATbo] 43E] LAe8te AL v,
o] g By 2 Fojo Ao He 842 AdHAT 5¢Y
| F o]&9 v&o] o 22 HdF AR oA =
A Akarle] fitks s HHFeE ety &

rlr
oo

3 Lo
r_\|(_‘
]I_n_.

= B

to 1o
o2
2

L
o
)

s

76



[O2! 6-9] EHYZ 100kW ZHHH| &=9E HIg

0% 10% 20% 30% A0% B0% 60% T0% B0% 0% 100%

B 2IE7HHIE W BEEA|MERYHS W RS W 2] W 7[ERHy| A W YdiEian] W olg

2. Z7PH O&M H|L H|m

Q, F7 w0z AEHNU.

(# 6-7) =7HE EfE A2t O&M HIE

O&M I 5(3) & O Mg %)

2 | @% | z= | =9 | @=% | =% | =9
3kW 35,000 17,269 21,150 100 493 60.4
100kW | 3,736,510 | 1,133,875 | 1,643,205 30.3 43.9

Ag: =, SER(EEE TAAGA QEFRE T A 2Ah, Y
(BNEF, 2017g)

Mozt =2l e Bt Hlw 24 77



[32 6-10] Z7HE EHLE 3kw 17t O&M HIE

(H)
40

35
30
21
20 17
| I
T T
o= =

sy

(T2 6-11] 27K EHYZ 100kW 217+ 0&M HIE
(#E)
4,000 - 3.737

3,000 4

2,000 < 1.643

1,134
o .

o= =2 S

7t 3kW(7HH )

71482 749 0&M BIEo 2 QIWME mA|H|go] B wAF
718 WrEE vl&S st A&t 3kw 71E AZF O&M H

$& BT, BY, FF £02 2EHACH o)t AME Wil 3%
o= BAHUc



0

(& 6-8) 512, 5, S EIYY KW HZH 0BM HIS ALY

. 0&M H|-8(9) g ] HE(%)
gk 3 =4 Eisa == =l
;;i] QIWME | 35000 | 17,269 | 21,150 100 493 60.4
A= g, FE(ESE EHRAEA AERE 58 AR 24D, SY(BNEF,
2017g)

FEuAN s A7 ddE s A vEo2 ZAE AWE Brlel
WAZTE HHYst] YEAF 20802 e H &S A& T.
A3Tes LA 209 tdeE Hx AX 3 10do] He AlA
of WASE Ao 13 wANES WAt wAFIE AR
A Z2AHEY 10d0]H, BF7|7HE s @02 ZAEQT At BEn
ArlE 13 wAHEo = QIHE ©rtd wet 3=, 5Y, T7 £2
2 Yehgt

(E 6-9) 271 EfYZ 3kW QIHHE| HZt O&M H|E

T Sk il =4
JAHEE7HR) 700,000 345,378 423,001

W&-Ar(d) 20 20 20

WA F7)(F) 10 10 10

A 3 4(3]) 1 1 1
WA AWE WA H &) 700,000 345375 423,001
A JIHE WAH-E(Y) 35,000 17,269 21,150

28 =, FHEISE FAARYA JQERE 58 AF 24D, 5Y(BNEF,

2017g)

Mozt =2l e Bt Hlw 24 79



Lt 100kW(AIE L)

100kW <12t O&M H| &2 LAAGA7E B & ?Mfs% 71Eo
2 AEsiglon, EX dats, FFIANRIHE, F2 5), HAH
gule] Hlgo 2 FAAL A 0&M HIEL S, Y, T O
2 2EFHon, o el B EXJats 9 ke
1A ZA HBFEFR)E QA3 Aoz BAHUY. F33 59 &
AJARE =2 47 7.8%, 14.6% F=ol B3ty T3 5Y
o] QAAME WA HlEL I 61.6%~69.6% F=olth A e n] 9}
IR ERA R = T2 A5 37.8%, 599 A 60.9% FFolth
AAHoZ F=3 HY 0&M HIE-2 T=9] 30.3%, 44.0% FF

(% 6-10) &=, 57, =Y EiYE 100kW AHZH O&M HIE MIFLHS
. 0&M H]E(%) k= tiH] BlE(%)
° g il =< g | T =9
EXdxE 1,500,000 | 116,963 | 218305 7.8 14.6
= L JHE | 718750 442,789 500,511 61.6 69.6
FE A =
B 5 240,000 574,123 | 924,389 1001 375 60.9
Hgitie bl 1,277,760
A 3,736,510 | 1,133,875 | 1,643,205 30.3 44.0
g @, FE(EA S EHAGA AERE 5 A% 24D, SY(BNEF,
2017g)

A O&M HIEL <E 6-11>94 B uie} o] EXYAts, 7
ZwAN], kAAEN] 5 37K FEo7 AR RE A Y E
A B Az S)RELS 100kWe] TFE660m)S skl AA g
= Aoz 3rFeta wgskA Fdth = T tin BA 9

J

ol

80



(

t=7F AA9 40.1%, HAH

= T, FLo g

{r

[¢]

IgHl-&o] tha

H7} 342%% AA|Q] 74.3%0]H, o]
AoZ ZAESTH

=0

s A

(# 6-11) g2, =2, =Y ENYZE 100kW HZF O&M HIE =Y HIE
= (%) (%) =A%)
EXUdAE 40.1 10.3 13.3
_ O E . . .
B A ﬁj j 19.2 39.1 30.5
=0 64 50.6 563
oA Fhe] 342 : :
A 100.0 100.0 100.0
AR 3=, SHE|SF THARDA JEFE 53 AFH 2AD, SY(BNEF,

2017g)

AZZAE <F 6-12>8 2}k FZAE A

7 AAEE BE A7 100kWH 1,500,0009S A=8h= A0 =

Z+7E 116,963, 21830592 A &3t

Bt d FE 5de
Ao ® ZAEAT
(H 6-12) =714 100kW 7|& HZF EX|YXIZ
=7} AxrE A=A
k= | 1,500,000 15,0004 /KW(LRHA © 2 10,0009/kW~20,0009/kW)x100kW
TR dARA 71E BEA 4R 70091d A&
= 116,963 | (ARREAS 40091k o]A T BE9| EEFAR st A 93
, FRHENEAA JAE R A8
2192 /ha / 10,000m° x 1258629 x 660m’
=Y 218,305 38 1,258.6290 /5 E(2017.1.1.~2017.8.31. - wjul] 7] Z8)
Z44(2011)

HAE FYY FAYAE Fol <E 6133} 2k

ezt =2l e Eot Hlw 24 81



(# 6-13) = Sz F0|

US| A2 (H2/ha) | A W] 1
1997 150 1 § 1 o
19979 ~ 20079 AHF FEEQ01%) S
2007 183 122 wreia 4]
2017 219

FEFuAHE A3t ddEs wA BlEoz, AN QI¥E wrt
WA SFE WFste] YEAF 20908 v HlES A8tk o
AZFe WEAdTr 20898 s Hx A4 F 10d0] He AA
o mAdE ASg 13 wAHES HIsAtt wAFTIE HEY

A 2T 10d0]H, BRF7|He 5308 AT ATt
Au= 13 ZAHLoZ AWE wrld ue s 22 =9
E YERsT

—z
G
lo K

(# 6-14) EHYZE 100kW ¢iZt QIHE] wHHIE A=H

P Elen == =Y
AHEH7HH) 14,375,000 8,855,770 10,010,222

We&dr 201 201 20

WA F7] 109 10d 10

A 35 13] 13] 13]
W& AWE wAHE() 14,375,000 8,855,770 10,010,222
A7 JAHE A BE() 718,750 442,789 500,511
Ag: =, FEESE DHAGA JAERE B3 A3 FAD, SYU(BNEF,

82



2

G F=AZIAFAY 2017 V1EoE A
& F4EE FHste Azt HlES FE3HA, T 2
=Y A JIHEE A BF mAo] S0k BlE b HE
Hl &= BNEF(2017g)§— 7|Zo 2 HE3Ah F 96,8009/4 x L1(F
7HA) x 12709 = 1,277,7609/:d0] A-gH )

O

3. S LOOE Ag BES 1% 3394 A

ABA B, 5%, 5Ue S 9 AAS B Ae
RS, & AoAE B e QoA BAT £ s
B3l EAY 4 9 BB PR LCOE ALE 93 A4
bol el wHEl msm @ QrlEde] wuaA B
100kW 2.2 A1S18 el dhal g 22

AEA A% AAHos FAY & ols
FANLRIRATAAN D), BB AR oty $4 A7
A BolA Rt szt vgol Bl gl Bl o Ao =
99t FFE S49 AAAAE AT Qons B9 FFoz <l
7 M ge wata Yo 0, o
o] Fi}sl=
o oF 7209 & AEE F

il

=
glov} Az 7hs Fool

N

EENERY

HeE 2.2l e 7} Hlw 24 83



(E 6-15) SH| 7K53t BB HIg B2 U TL Jis 2U(R)

Eia=s = = =9 A7 715 =9
Q1317114 | 9,000,000 167,090 910,020 8,089,980
EFANLR 1,213,360

g 8,390,000 1,670,900 S 7,176,640

353,371
SlZiku =ikl 574,123 924,389 2
> ’ L:] Z=H
@) | 70 o o3} O
15,619,991
A - - - od & AHad
22,334,040)

O
i
ot
2

ol
B2t mo /N

mo

2
T At} 20309 EfFE E¥ dbd o] oF 42, 000GWhY S 118 3

84



160

N N — —_
S T, | | R T ™ B ma &3 ~
T I N VI
W%.EE_EEE%EE.@
}zarﬂEaLL}Mﬂﬂ«%
o ,OI L.__n_ O i file) ﬂA.H ‘mn ‘m..M 5
Rk P00 E 8¢ Ex
F_/,D T —_ = o g Eu_ —/L N o _ZT.:
O 7v| JhlvO M Mﬂ © 0_ EO E._ U_A
O~ XX e _ o N " K

= — A_UW w__m o N o G+ o] o
P zz o wsEA T 5w
= O W o T A - b
~ 9 b do o o % s - i

No M 7 = o B B % 5H 5 g
% R - I
: ﬂmiﬁmﬂrﬂ@%mﬂ%.gé
= ww z T 6 p N R E 1dr| mﬁo o
1 o HAr o nm o = T ol do
N R o o Mo T X
I\ i & = T = a =
=) M = o = oy T2 z = ™R
T ooE uﬂ W ogr ok W X dn 9P m,_ el
z ro KRS ol % e H_A.._ 5
g hy O o nn AF @ ﬁﬁ B %o o ‘Wo
p Rl R we T L%
A I N
y G T R S S - e

T 3 ) N &°

e o T o g R B 8
s g8 =g =g g o ) o mo No o 4= Np = o o [ ﬁu
= & = __BH\W o _E oy o T o U s ~ ~11__A_V.Mo o T

R OP KR W R AT

7t Hlw 24 85

2]

=

=3

HeZt =2l e



]

Jo

%

te gz 7

)

= il

ot A

o
AR

7l A4 HEoz FAEM <

1
L.

o}, 23]

o

W

| F23 #dd W&otk O&M HI &

Ao
]
6.3

87k B3 2ol AR

d

o] LCOE7} wolzit). wheha] AxH| &

!

= [e)
rEoE FE AS

oA B4 LCOES 97.29/kWh7HA] W& <

ole
K

e
&

—

Hr

ofy

o e %

Y/kWhE

%4 LCOES! 122

£l

o

Aol A

!

w
ojo

a0 of

T
-

oIt} 9]

|

g oled A Hge BF

)

7] wEolt

el

]
Y
o

uets A% b

1004 ©]

o
T

Jo|o=2

LCOEE

-
[¢)

OO]:

<3l =

86



[0 6-13] HIES =Y +F2Z RE Z2 32U EHLE LCOE

160
140

120
- -63

10 ——

o
et
o
N
=

80

21 /kwh

60

40

20

pHEHEHIOE  YUHISSYIE0R  TUSEULE0R oaMbIg SULECR

g [29 3210 dERd vEey o] EjE EEo| 2025d7HA
02228 242Y)yW=E 3=td ddoltt. ol A FUolA AX =
Ae BE7HAS ARl o]t FFo|th o|& LCOE AXbe] wrgstd
20253 = Bl 3 LCOEE 77.99/KkWh7HA] "ojxE A o] 7153
i

Mozt =2l e Bt Hlw 24 87






RI7S 22 U MM AN

AT A7E T3l

FFolm, CAPEX ¥ SI&olA fFou|g Afo]& Hole A&
SIE 4 Atk FE AEHeld EAAdAE LCOEY] i
CAPEX®] 719 =7} 714 &0} CAPEXE Z0]7] 93 =go] 9417
o2 Fasirh WA 4k BE 9 QIME 9| v &o] Bl ET} ol ¢

r

=9 H¥F LCOEE 5% ¥ FoHTh

o iz

tor f

{3k Aol Qs
w2 87t v Aotk FE AAA A Fi-she o] ¢1F
7} vlgo] ZYET} 108, FHHET 500 E2& Ao YERTh B
F RAARSY P 2 olEwog2 AAA A AldskE 9ol
g As7E7E AHEERE As7) &S B30 AAE tasee
Ao A8l Hasith T3 U AT AAHEo] SHHET 41] o
2o o]z HlE-S Wire Y& dasith g Ik
L

o od

kr

erTul 10W) o EomE ) Aljie] AZHSE FT Mg
A3ro] a7,

Bk Al ae) ojak R4 sk Aa
U ZNEA)®] BES T2 BopF 2

=
A B 2E| B S0% BF B AALEA st 5o

M7z 22 3 M AN 89



]_

S

(o]}
H

§ 20208744 =

O]

_(H

=

=

3}

dAeltt. = g

3}
=

Bo
of

o

o

s

%

]

-
R

£9) 417
o
A

0]
R
=i

=

REgRCEH

Bk
olmz By

=

=

d

Kl

& AA 2

o} webA R 484

1

ko]

b AZE o)

pud

H|-&0=2 2

1

A

e

ko]

]

ZANA A

of o

1A AN A A ITC(FAA B -FA)2F PTC(AYAHA B -F-A)

=

o]
2]

AR Al

<
T

[¢)

of Wil MAGILY 45RO A

oA et

A

oy
o
+

A
K

el

X
A
B
T
B

—_
file)

—_—

X

b o5

T

.

AEH) G A7) AEH G o2 A
Atk e AN A BHAYA o

il

|

o
wm

fite)

B

of

< Zolth. ERRIAEH &
o|AHE T AR EH ojAtEolER, Aoz AP B

A4S o)

2AE gto]dA(PF) A3 2 A

3

ot A

AA

o

P
T

1

=

<

o 7]

Fo=H

<!

AE el HS5Ho= A

wh-

90



SAAR bS] AR &S ZaAZ S

B Qo] BAL gord Au) A4 /\l, HRLY 16 Al
Boba W e-e B sty
Sgrolnt. £a7b2 9 mARA 2
W2 AR BF Grje Brimeit). s 1XH*£°1]L17<1

2 Sl Agese) AUz 4502 anAdAl Reko] Bk A
A4 gjol Agol A Aoltt. Wk [1% 7-1014 ek wkst
o] B ATATE Hgate] gl v4L AW ok
ST} w3 e Aol agw WA Aagel Folsn, 72
Moz AYage] te &nA Rero] ZolSA BTk

K
%
‘l'l"
ofd
fz
ol
filo
in)

O
gt
fu)
>
)

(32 7-1] EHYZLH HIE sl2te 7|higat

H220|
3t AH|X}

i

APAFolE SR vt} o] vj= B PAHE W
7] 91 =& dARA AP ok vl oA D=2 SunShot
ZEIHE 3 Folth. 7]E AL 2020704 El¥F LCOEE 6
AE66H9)/kWhE FF1 B3 THF HlFS 10%E Fiste A

M7z 22 2 gRE ANE o1



o|tt. BHAIRE 20161 ol WIS EHxe= 2030974 HYF
LCOEZ 3AE(R3Y)/kWhE W31l ejobd dd sk vEs 30%= &
st 22 £ S HEF THagrt steks AT FUF =

[¢]
< B9 71T O A3 FxE AT gAE Stk F
g o,
[¢]

B vRe Aol2AY BYY BEE BFFRY okl
AT 49 dast oo By BE Gt ws Wls 4
g

Zol 2 R FA Q=S

o] Zasitt.

ay
=
£

50% -

40% SunShot 2030
oal + Law Cosl

torage (Je/kWh)

30% 1

SunShal 2030
Goal [3g/KWh)

20%

10% 1
SunShot 2020
Goal (Be/kWh)

Percent of U.5. Electricity from Solar

0%+ :
2010 2020 2030 2040 2050
ZF&: U.S. Department of Energy (2016)

92



i 25

Ho

448 (2014). AARANTANYG AR A, 72 sfielAAl, 2014
7teE, dETEYs

A8}k (2017). 2017\ 327] B34S 58, 2 s AEA, 2017-
271-04, FHTEY29

A%, AFY. (2007). AY2EES o] &3 AFAEH A FolE

H =
A4A.(2011). SEEAAATY AY(FY)ELE T HaA
18] (2016). HH) ElQFE HHARE A a7 T AJARE, | AAH
U248 Working Paper
o=@ (2014). ElFF EE YAto|FH AN 5, dEAEAY

7149 Konetic Report 2015-75

ol gd, FF3]. (2005). AIYEEA S 83 WEFAANY Bl &
gk EZwE A1023.

o]F & (2015). AAYANIA FFAFSAREC) 714 dF HHE ANL
U

o]F&. (2017). AAAAE 53} H-B(LCOE) 4 AT R&DAHV|
o FehA|

FAE. (2016). A3 ATHe] AAALE A DlE #3 HAE, A
:rL O—]ﬁxﬂﬂ/\-l
7. (2013). B1¥F A 2 2EVHE AWy gue dedlFg o
T, AR ZAATY 71 A

HAA L, vHEIE (2015). FEFEA AR

o
ox
2
o
Mz
1
o
L
e

S
>
o

2



AR1E FH. AL/~ Vol. 43, No. 3.

ol 23 (2016). 20151 AL-AAYA|A] B 5

1AL (2016). AAAUA A dFH F44 S, FKI Issue paper,
T A 228, AFAAAAL S

KBE8AF A9A74. (2017). EHIFERZ Y 2719 44y
& A8AH.

Anderson, E. C. (1999). Monte Carlo Methods and Importance

A
=

P!

Sampling, Lecture Notes. available at http://ib.berkeley.edu/labs
/slatkin/erig/classes/guest lect/mc lecture notes.pdf

Bhandari, R. and Stadler, 1. (2009). Grid Parity Analysis of Solar
Photovoltaic Systems in Germany Using Experience Curve,
Solar Energy 83: pp.1634-1644

BNEF (2017a). 1H 2017 Global LCOE Outlook

BNEF (2017b). 1H 2017 Solar LCOE Update

BNEF (2017¢). 1Q 2017 Global PV Market Outlook

BNEF (2017d). 2Q 2017 Global PV Market Outlook

BNEF (2017e). 3Q 2017 Global PV Market Outlook

BNEF (2017f). New Energy Outlook 2017

BNEF (2017g). Key PV(no tracking) cost inputs in LCOE Scenarios

Branker, Kadra, M. J. M. Pathak, and Joshua M. Pearce (2011). A
review of solar photovoltaic levelized cost of electricity.
Renewable and Sustainable Energy Reviews 15.9: pp.4470-4482.

Darling, Seth B., et al. (2011). Assumptions and the levelized cost

of energy for photovoltaics. Energy & Environmental Science

94



4.9: pp.3133-3139.

Friedman, B., James, T., Margolis, R., and J. Seel, (2016).
Comparing Photovoltaic (PV) Costs and Deployment Drivers in
the Japanese and U.S. residential and Commercial Markets,
National Renewable Energy Laboratory: NREL, CO. U.S.

GTM (2015). Global PV Pricing Outlook, GTM Research Report

IEA (2017a). Renewables Information 2017

IEA (2017b). Technical Assumptions Used in PV Financial Models

IRENA (2017). Rneewables Energy Auctions

Jackel, P. (2002). Monte Carlo methods in finance. J. Wiley.

Morris, Jesse, et al. (2013). Reducing Solar PV Soft Costs. Rocky
Mountain Institute(RMI), Snowmass, CO.

Keiji Kimura and Romain Zissler (2016). Comparing Prices and
Costs of Solar PV in Japan and Germany- The Reasons Why
Solar PV is more Expensive in Japan, Renewable Energy
Institute

Seel, Joachim, Galen L. Barbose, and Ryan H. Wiser. (2014). An
analysis of residential PV system price differences between the
United States and Germany. Energy Policy 69: pp.216-226.

Spooner, J. E. (1974). Probabilistic estimating. Journal of the
Construction Division, 100(c01).

U.S. Department of Energy (2016). The SunShot Initiative’s 2030
Goa, Washiton D.C.

IMF World Economic Outlook Databases,
https://www.imf.org/external/pubs/ft/weo/2017/01/weodata/index.as

o
A
Ho
rar
o
(6]



px, HEUEY : 20173 10€ 20¥

KESIS =7l A A SEA 28, http://www kesis.net/, HZHEY :
20173 9€¢ 20

24 KPMG,
https://home.kpmg.com/xx/en/home/services/tax/tax-tools-and-resou
rces/tax-rates-online/corporate-tax-rates-table.html, #ZHEY
20179 9€ 20¥

TRADING ECONOMICS, https://tradingeconomics.com/, & F -+
120179 94 20¢

96



0| &
gl i AZAD T A9
<FRAM B =E>

“Forecasting new and renewable energy supply through a bottom-up approach:
The case of South Korea”, Renewable and Sustainable Energy Reviews,
2017, 69, 207-217.

“Estimating willingness to pay for renewable energy in South Korea using the
contingent valuation method”, Energy Policy, 2016, 94, 150-156.

“Diffusion of renewable energy technologies in South Korea on incorporating
their competitive interrelationships”, Energy Policy, 2014, 69, 248-257.

d

=TT 2017-27
EfQE RUMEME St #5535t HIE =A| vl 24

[y |

)
R
o

08(;,“
‘>J|J
=2
L
R
on.
2,
r
-
r{o

44543, &4HEYE A ST VLR 405-11

g}k (052)714-2114(£%) HAILDE]: (052)714-2028
5 F 19929 12€ 71¢ A7E
Ql #l (Ah@=FAFANAHS] AMNAIT & (031)424-9347
© ANIAAAATYL 2016  ISBN  978-89-5504-657-1 93320

* JES ws =gyt 7,000



7,0008

93320‘ “

oYX AN APy W B L ||
Korea Energy Economics Institute %n_"%lo—:!Al 7 E7I2 405-11 TEL1052.714.2114 ZIP | 44543 ISBN 978-89-5504-657-1






