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Abstract

This study estimates the greenhouse gas (GHG) emissions reduction resulting from photovoltaic and wind power
technologies using a bottom-up approach for an indirect emission source (scope 2) in South Korea. To estimate GHG
reductions from photovoltaic and wind power activities under standard operating conditions, methodologies are derived from
the 2006 IPCC guidelines for national GHG inventories and the guidelines for local government greenhouse inventories of
Korea published in 2016. Indirect emission factors for electricity are obtained from the 2011 Korea Power Exchange. The total
annual GHG reduction from photovoltaic power (23,000 tons CO,q) and wind power (30,000 tons COx.q) Was estimated to be
53,000 tons COxeq. The estimation of individual GHGs showed that the largest component is carbon dioxide, accounting for up
to 99% of the total GHG. The results of estimation from photovoltaic and wind power were 63.60% and 80.22% of installed
capacity, respectively. The annual average GHG reductions from photovoltaic and wind power per year per unit installed
capacity (MW) were estimated as 549 tons COxo/yr-MW and 647 tons CO,.q/yr-MW, respectively. Finally, the results showed
that the level of GHG reduction per year per installed capacity of photovoltaic and wind power is 62% and 42% compared to
the CDM project, respectively.
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ul=, G4, =, WAIR, Fiutio] ofo] 69]0] sigRict
(GIR, 2017). 53], S2fueh= oUAFZ & Arda
of ol @k L4171 W] 601.0 HITHECO1., O
T R7RA7ES HiH] 87.1%9] Hlgs ARSIl QlaL,
TR0 A7 S ARz QIgt A o= vet
U QIthGIR, 2017).

A7 S-S S Sagt theRke = Al
HoluAje] efato] Z85| QIAE|T glomi(Park et
al., 2016; Hussain et al., 2017), o|+= SPHARE A
FHo ER] SAITIAS 7EEE1IL(L et al, 2017) 23K
2 oA RA 3RS Sake Ao FjS wh glck
(Rule et al., 2009). E3L AlAAYol L 2= njg)e] A=
& RS B oA Hete] 71BlE Algstar
Qlo], 11 ZQAJo] AtkInglesi-Lotz, 2016; Kafle et
al,, 2017). 53], HEREe A4 247k wiEe]
31.8%S A5t glom, el Fep oz e
Akl AU E Folf 24 50% Pl AR
£ =5k A9 " Ao] 7FEE| a1 Itk (Sharifzadeh
etal,, 2017). ofof] A7k 52 913t njef tiAefu]
Ahoz iR, S 52 83 Aol Al
Ot 2k vl S S S BAlSke A2 SRR s
7} Itk(Sasaki, 2017).

IEAQ016)0]) ©l5hel, 20141 S-efutete] ofufx|4
H|=2- AllA] 991 ]H, S-eluete] oy x|aH]ehe: X<
How 7Pt Qs Aow wuwm SIrKIEA,
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(At A A7) = 75.2%= diFa-E ZpAJskaL
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u|ujgt =Fo|t(KEE], 2016).
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Table 1. Photovoltaic and wind power technologies and activities

Category Specific sector Type of activity Unit Value

Photovoltaic Electricity MWh/yr 508,752
Renewable energy
Wind power Electricity MWh/yr 670,713

Table 2. Methods of GHG reductions estimation in renewable energy sector as photovoltaic, wind power in Korea

GHG (greenhouse gas)
Scope 2 Level Electricity emission factor
E = E( A, X EE) tonCO,/MWh kgCHy/MWh kgN,O/MWh
i Tier-2
Where, i=electricity 0.4415 0.005 0.0038
Technology Equation Generation energy Input energy
Photovoltaic E = Z(A7 XEE) Electricity Natural energy
Wind power E = Z (Ai, x EE) Electricity Natural energy

i

a) E : reductions, b) A : activity, ¢) EF : emission factor

(WRI/WBCSD, 2004; WRI, 2015; KEC, 2016). 241 Potential, GWP)E Z83}0] olkIslgls: A=
K AEUS TAR B AT e W FAE (O O ABISIO] RIS 53, 1 AT
A 7149 ZRAE AS WHSIOECD, 2002 =IPCC 53R IANA ARSI Gl A-edet
WRIWBCSD, 2005), Bt Fbio] 49 He A4 3 oAIBIEkA(COy) 18 7]:0.2, WRHCH,) 28,
HES AISP] W] < MRAARR O A Y oRIBHIAND) 2658 Hg3lol 2AKS AT
(scope 2y 71EOR SAFe] HE LAZRA THE  HYSBIHTHIPCC, 2014)
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Table 3. Comparison of total sample and installed capacity in Korea for the year of 2015

Sample ratio

Installed capacity (2015)

Technology Population Sample Ratio Cumulat.ive installed Sample capacity Ratio (%)
(No.) (No.) (%) capacity (MW) MW)
Photovoltaic 924 317 343 3,137 529.3 16.9
Wind power 41 15 36.5 844 414.8 49.2
Average - 354 - 33.05
Table 4. Summary of field data collection from photovoltaic and wind power
Technology ey ey Opemtnenme (HEREN Avaibiy
MW) (MWh/yr) (v %) oo
Mean 1.7 1,605 1,440 17.2 774
Photovoltaic Min. 0.04 14 730 9.0 5.0
Max. 99.9 34,214 4,503 37.0 104.0
Mean 27.7 44,678 1,813 20.9 95.4
Wind power Min. 1.7 2,166 1,095 10.0 91.6
Max. 98.0 230,000 2,448 33.6 98.0

0 83}0] tier-2 40 4= Ao ofh £417}

2 AR AVESIcE

24, 2ENE 7=

Table 31} 4= gfjojsdal ik 7|4:0) 2p2 3k}
SRR AABIA O, B AT FF HRRANE §
sto] Bjekdyl S 7o) 9k E sl
53], @4 AR 7 e 2952 R8I
10, 7)4edEke. Fem, AR, AdE, AAgek

b

AxH Ao, L AtRE AbPdE At A Y
aH;, REFARE W aE, 7FsEolth 31E A
2 3 33270(e g 31770, A 157 2 1A
A Hg7 o] 33.05%2) JA=S sk e, 7]
<2 BT 16.9%, FEREEA 49.2%2 71519k
Sel, ke % Aol ol el F21 )
H719] FatAl P LA Hagh gk
S 8710 EFHLIE UERdc
EjJegat i o] A8 (installed capacity)->
, 277 MW= LERY, Bjolge] 2A8=

&
&=
SR
<
=

o] Feuo] A o] o] A Ao Lt
. Eot Eeo] LOAITHE AloluiX|E o]

B8h= Sh= 7SR 27 9 1,440 ARE 1,813 ARES.

AE =7PE dxAgte] tEA| vERaL 9lom, &
FAREE Th=A UL Qi ¢l 01, §719] -
QU QEAREE 2,993 AREE Wola glom, 20159
Sultere] Gizk ARARE 23992 AREOE St}
o] GAZIRAZRS: E}719] OF 80%8] 570 2 Lehfa
QItHAdam and Apaydin, 2016; KMA, 2016). %29]
A% Ao el 2 Uehia glem, o)
(20129)2 HH9| 3%E SHUHORE FH3laL =
Hhd dnkE20139)= A A8ae8.9] 33% o=
ZYdbd o & g3kl Qloj(Kumar et al., 2016), =3
ol ofgh dekgge) 2ol o 10v] Ut
Sloa) Fe) WARES o) Bk
E2 Z17F 17.2%, 20.9%= A= SICE BloRgat 59
9] 7hsE(availability)> F-A1H4 AXES ALfet
A7 7FEE 5= Qs BlER Aok, 2 Aol A e] 7t
52 SQARE} 7 |AgRE: EgkstaL it o] w
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Table 5. Results of GHG reductions from photovoltaic and wind power, and comparison of GHG reduction between sampling

capacity and installed capacity in Korea

Total GHG reductions

Sampling capacity vs. installed capacity

Unit: 10* tonCOneq/yr

Technology
Total Scope 2 GHG reduction Ratio GHG reduction
P (sampling capacity) (%) (installed capacity)
Total 53 53 53 33.05 197
Photovoltaic 23 23 23 16.9 136
Wind power 30 30 30 49.2 61

95.4%= UERGTE. KETEP(2013)°] oJ5hd  Efjelg<]
A L 20%, 7FEES 93% 18)al FH(SAEE
71590 7552 95% = AL Qlo], o] e A
= 2 Ao ST B LA FARE SRS
= UEPITHKETEP, 2013). BjY89] Wi aae 7ls
kRt HelolA yehdar ¢lem, STC (Standard
Test Condition)of|A2] ey 2HAa-8S 15.5%~
18.5%%2] HE 7HKaL 1o (Kristjansdottir et al.,
2016), Ejof% CSP (Concentrated Solar Power/
Photovoltaic) 7]<2] efjefeluAlo] ol HeHet a8
2 8~30%% HoJFEal It (Hussain et al., 2017). &
o slolHels gl ALROR Hokue 2o 2
& T WRREL 40% ool 71sa Aow wal
tHJuetal., 2017).

3.1, 2AUtA 25y A
£ e ejoRgt $RUA 71k L9ARE B

F oyt FAUA 7142) 2T} LA

47
APPHES 2 g310] LAV PSS AVBIct
ot FehiiAlo] o8 % AR % 53

W tonCOse/yr2 WEREO ™, 7H7(scope 2)9]
100%2 ek 2, et FRIRAe Aol 4
47| whzell ZHdd=i(scope 2)°1 100% ZFAISIAL Q)
om, 217} 231k tonCOaeq/yr, 309t tonCOsey/yrO 2 Ly
etk

Eflofegat FERbde] oJgt 7 A Ax]85F iy
712 5ks APl Qlsto], A A4 el
A AR]85l olgh 2
. B gt o] =
ol Tt scale-upsto]
Bst A3}, A7RA 7S 1979 tonCOs/yri
BAgQlon, o= 2015W 7} 2A7RA viEeko]
0.28% =220 2 BAE|ICKGIR, 2017).

3.2, LY 24UtA AFY MY

Table 60] 2015 eRofg} FAA] 2 A2
471 W LAk B UHE ARSI,
efejaal Bl Tldol ofgh LAk A 53
Tk tonCOgey/yr(100%) 0], &3
ASFELA(CO,) 529F tonCO,/yr(99.7%), WIEKCH,)
0.0007%F tonCH./yr(0.03%), OFAEEFEIZ(N;0) 0.0005
THonCOseq/yr(0.2%) 05 LFERHTE o714, Hl&2 &
A erdsiaeR B B0 BlgS ojujgic
e} F ek iol eleh £Als B 7122 ok
SJELA(COn)7} RS Aok Gl AOE HAE]
%16 H(Iwata and Okada, 2010; Dountio et al., 2016),
oo} F e 7ol dieh- Ak B2lo] 415}
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Table 6. Results of GHG reductions from photovoltaic and wind power by source individual greenhouse gases

GHG reductions (unit: 10* ton/yr)

Technology Source

COx¢q CO, CH,4 N;O
Total 53 52 0.0007 0.0005

Ratio (%) 100 99.7 0.03 0.2
Sub-total 23 22.4 0.0003 0.0002

Photovoltaic Ratio (%) 100 99.7 0.03 0.2
Scope 2 23 22.4 0.0003 0.0002
Sub-total 30 29.6 0.0004 0.0003

Wind power Ratio (%) 100 99.7 0.03 0.2
Scope 2 30 29.6 0.0004 0.0003

Table 7. Comparison of GHG reductions by estimation method

GHG reductions (unit: 10* tonCOseq/yr)

Technology Level of estimation method )
- — - — Ratio (%)
Operation-based estimation Capacity-based estimation
Photovoltaic 0.07 0.11 63.60
Wind power 1.97 2.46 80.22
Average 71.91

tonCH,/yr(0.03%), ©RIZFAAN,0) 0.0002%F ton
N;O/yr(0.2%)2] Bl&= Uepgon], Szl o3t
2471 BAE IS oBREEYCO,)  29.69F
tonCO,/y1(99.7%), HIEHCHs) 0.00045F tonCH,/yr
(0.03%), oFAIEFE2(N,0) 0.00035 tonN,O/yr(0.2%)
2 A=A

3.3 MEEE 24712 AR Hlw - 2

Table 72 2471 A3zl ue ehiyant 2
WA 7)0] LK A AVHANE vlwsiy
ATl 2PATE o} gto] et FeUA
7149] QA7 PEFS APgEIIOM, o]F i &
7| Slslol MAGHS 1EOR LK YETS
APgEIgIE 2T AS 712 ot F
HPHS) RATR A A1 HhR Ak 15
< APy se] FA) BRge olgslel vlmsksict

FUT AT /1S tPFo R eea) Feh
7140 thet Aok A8 ZI( AN O = A1
SR WA gk At AT ] SR 3

FHOE 71.91%2] AR AESFoR Uehth

T o U

ot X G 7|20 LATKS AE AR BY &
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2| A7 5 SR ARV UA] 710 AdiAE
o] Azka gl o 2 2ke3l 2= 9]0 o W o Blindheim,
2015).
Bloare) Loiximel gl o L7k 7
e ZF7) 0.079F tonCOseq/yt, 0.117F tonCOseq/yr
AT tiH] A= 63.6%2] drjEos
A7 S B Bee] £9A)
=} ARl ofRt 2V AR 42 1.9749
tonCOseg/yr, 2.46%F tonCOyeq/yr o2 AAEEF tjH] 2
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Table 8. Results of GHG estimation method between Korea and UNFCCC levels

GHG reductions (unit: tonCO,eq/yr-MW)

Technology Korea level (This study) UNFCCC level (CDM) .
Ratio (%)
Range Mean Range Mean
Photovoltaic 1-1,422 549 565-1,702 874 62
Wind power 223-1,304 647 1,237-1,927 1,552 42

3.4, 2ATIA AZACH H|w - 24
2 A = B S ARIAE T
A EFAES R Ve WA SRS
SlaL, o5 7|HEe & 7] 2AVEA TS AURE
SZai9irk o] ulaly] glajol, 2 elol iz
Qlof|A =3t S-2fufe} HA] CDM ARIAIZIA 9171
HPgo = SAVES Ssl 7158 ol 8sto] 7le
H 2V A 40l 2EAles 2 A
o} va- EASIHATHUNFCCC, 2016). Table 82 £
ArollA ARt 7ed 271 A5Ad9iet CDM
Aol SATEA A ATRIE Blet 20 =, CDM A}
HOg Qg 2A7EA S AH = P 719 =
A7EE AT TR =2 2l o= YERiTh

PR 7I9e] EjoRde] 2AVRS STl
549 tonCOsey/yr MWO[H, CDM AlRlo] 2J3t 2417}
A YT 874 tonCOg/yr MW E -7} 7]
H10] LA T URSIE oF 63% S50 2 ZAJEIg]
t}. Breyer et al.(2015)2] ¢=tollx] Hubg 2Hdofix2]
gokt A|x”Ed AyA 7L 661~820
kgCO2./MWh] 9|2 UEREIL Qlom, =719} 7]
ol |(reference energy)2] 2jofof] wEpAE 24171
=0] 2jo|& Holal QItiBreyer et al., 2015). E3E
Park et al.(2015)9]|4+= fixed solar panels 830.43
kgCOseq/yr-kw, flat plate solar panels= 280.42
kgCOseq/yr-kw AAISIIL Ql0](Park et al., 2015), 5
U3t Efd AR DAl TRt flofa] 247k
A5 2 e e o = Sl

A9 2A7EA AT 647 tonCOs/
yr-MWo[m, CDM Agje] ofgt 247k a5 lekel=
1,552 tonCOsee/yr-MW=E G212 7[HEe] 2AI71A
TEUTel= 42% o= Uehdrh Park et
al.(2015)¢] Atoflde &F F=ERl] disf 73
kgCOx/yrkw?] 24714 SRS AKSIG o

= H
ox

(Park et al., 2015), F=dof| ofgh A7k 541
of] AT viEAlT= AP O] el w2~
21%0] WEALS WOl Slo), AV AT A
24 RS QIS =glo| ZQ3dltiThomson et al.,
2017). F2kd A28 vjaARRe] W] te 2Al}
2 AP0 A W Al 247 et
cleyil 20| Qi Aom e
Q7] AR SR SAlEL

CDM Ajgjo] ol £Al7ks 715 ARSI} ekt
epapHo] 717t 62%, 42% S0 Ueh} 716 45
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