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ABSTRACT

Solar photovoltaic power generation is considered an outstanding low-carbon energy project to reduce
greenhouse gas and fine dust emitted from use of fossil fuels. However, there is a growing concern about projects
implemented on forestland that inevitably requires massive clear-cutting of trees. This study intended to analyze
environmental benefits and losses of a solar photovoltaic power generation project implemented on forestland. For
this purpose, it was assumed that the project was implemented on 1 hectare of forestland for 20 years of use.
Environmental benefits such as greenhouse gas emission reduction and fine dust removal were estimated for the
project, as were environment benefits such as water preservation, protection from landslides, carbon sink behavior,
fine dust removal, and biodiversity preservation expected from 1 hectare of forestland in the absence of the project.
The energy generated from the project was estimated to be 16,343MW, valued at 1,196 million Won (equivalent
to US$1,086,000). In addition, 7,180 tons of CO, emission and 0.52 tons of fine dust could be removed, and these
environmental benefits were valued at 241 million Won (equivalent to US$219,000). Meanwhile, environmental
benefits of the retained forestland were valued at 645 million Won (equivalent to US$586,000). According to these
results, forestland is not a good option as a project site for solar photovoltaic power generation due to the huge
environment losses. It is recommended to consider not only economic value, but also environmental values when
designing a solar photovoltaic power generation project on forestland.

Key words: Solar Photovoltaic, Greenhouse Gas, Fine Dust, Environmental Values

1. Sl Agollei] wdu|go] 72%o] Tt Aow AukET S

Ea) ol WA WARE LA 745 7|ojws} 20%

AR (renewable energy)i= HL, =, X%, 74 0F 2 AU ALer] A FolmT) Be e By}
olerls 5 AN THsE A4S XL S 2w Slrh (KEA, 2018).

o, sHdRe] AL e Ao /EHsiE 29 Salere] Aol W vlEL 20169 VjEoR A

229l srko @ Zhuim Qlrk IBA Q017)9) o7l Al AEEawel el Euele] =l (203%) o

A9 BIA 20170 TR, 20149 7|E0R AR (15.9%), 1] (14.9%) 5 ARl Hla) mle: W s2zolrt
A A O] 40% XIS QLOL), AU A] A (MTIE, 2017a). 20171 ARISARI ol A = Aol
71so] el wel B 206097k WEkASl} o)l A B HISS 20308747 20% Sel o] TAle]

' Corresponding author: kyhpeniel@korea.kr, 02455, 57, Hoegi-ro, Dongdaemun-gu, Seoul, Republic of Korea, 82-2-961-2821
Received September 19, 2019 / Revised October 3, 2019 / Accepted October 15, 2019

http://www.ekscc.re.kr


https://crossmark.crossref.org/dialog/?doi=10.15531/KSCCR.2019.10.4.317&domain=http://ekscc.re.kr/&uri_scheme=http:&cm_version=v1.5

318 UogEt-

HA| 3020 oA, (MTIE, 2017a)& "H3Es}o] 35 22
go] ofold Zlog 7|thect e e FEat 9
oA FHH o8 FR8= AYellHA] Abgolct 2017
7|08 g 5.7 GWY HEE Aalsto] Aoy
A Fe] 38%5 AFA|ekaL Qlrt. ARl = ey
A ZEEFE 20309714 36.5 GW, A T2kl 57%71A]
Lol= Ae 232 53 9} (MTIE, 2017b).

AR ARIEY TR

fm

N

(e}

H et wEka HAE QIS A E A 2] whae) H flk
9 A g sk HAE7h =t (Park et. al,
2017). AP (KFS, 2018)0] w2 X 61d7F 4] W =
g EAAY 371 Aok AMd A2 2013 12171, 44 ha
oA 20184 9UT 7|2 3,917, 1,742 hat FA3| Z7}3}
ek olok e A ey W ARle] FEOR ARl
Ao = = @ H URSo] HAEHA ARG BEAM
59 2%} Fg7t viviskA WA= Qlrk o= B
Fa g2 A AfAEe] ARG mE A7L Ak,
25 A& 5& BHoE A&GSiA AdsI7HE A1t
Ich

UAL 2018\ 12€5-E] AHX] efjkg i Abdef| thsf
] AAlo] g0 wE ThAFER RN E Fafelar A
A s7 e HA AR 25% o]sF oA 15 o]}

[

i

ol
|r_1_4

o

o

—

o =

A
3

A

[

c

>
>~

2 it Eok g A ARle ARGl obd
AHA] DAANESZE di e R Helsto] 20 ol e

>~

Ao MSEE WS gty st Ao 4
Jol 7] Sk HALoR Ql8] QroRE W W] 4|7
glop o] ]88 ALo= el AN AllASe]

>

% o AFSP AAAE AEE 5 Q=S A Herg
uPdlel) ki B ofafel Tt ATAel ARE AT 2

B Aol A el W Ajelol whe el g
3 g A ) naeA A3 E 5o $44

2.1 MX| EfYE HH AlHoll tiet 712 VMY R 2
M AlLI2|2

2 AgolA= 1 ha AHAE ez siefd I A=
k= Ao 7Hgsielt). ARt A= SElvetels 7t
W w25 Hol1l Qle SFARAUT 499 354
) Yoz 7Hgsieltk AFA (KFS, 2018)] wh=w
201358 2018 9&7IA] AHA] W B AR 30 9
3 8718 Wt A MES A oF 0.5 hagl A0 ey
oL}, B0 GolSHEE | hag 7]E0.E Belch ARI7|E
= S B WAL ) ARAZIRERI 20 02 AE

1Y

Mo A

O | MWE) g WA HS HXISHe Yol
| ha®] Ex)7} Zash}, 2 A4} (Park, 2018)0] w2
8 ALAlS] 29 BA|olg 8ol Hot oF 16 hae] ®Ao] 1
23 A0 BAHIIT olF | ha FO= FAISHA O 625
kWel eha AR XS AoR AT 4 itk

i)

9] 7o uh2 Ak el A Ajele] Euks AL
ook AA Woluh LA 9% W nlAHA] A7kl
2 wlojo i THsle] LAl Eak ARle] Tk 24

S-S F7IsE7] s ARdE AlEEHA] ke - 4
12 H7}alsict (Table 1). AHd
ST = oaksheas Fp, mIAIHA] A 23R 12
7HA] Z8 7150 gt 7S sttt (Table 4).
AEA] Ejofsg gha AR1Q) Bh4 A Holxk £ALS AR 7t

An

¢

1o gtt & oX
i
iz
)
N
)
)
i
ok
19
N

Table 1. Scenarios for Solar Photovoltaic Power Generation Project

Scenario
Classification

Solar Photovoltaic Power Generation Project on
Forestland (1ha)

Remaining Forestland (1ha)
(without Project)

Direct Benefit

Energy Generation -

Environmental Benefit

Greenhouse Gas Emission Reduction
& Find Dust Removal

12 Forest Ecosystem
Services*

*12 ecosystem services listed in the Table 4
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Table 2. Parameters for Estimating Energy Production and CO; Emission Reduction of Solar Photovoltaic Power

Generation
Parameter Energy Use Rate of Solar Annual Operating Hour CO, Emission Factors for Power
Photovoltaic (%) (hour) Generation (tCO,-eq/MWh)
Value 15.5 8,760 0.46625

(Source : Ministry of Environment, 2016)
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Table 3. National Verified Carbon Emission Factors for Forest Sector

Forest Biomass

Carbon Storage | Carbon Storage

Species Wood Density Biomass Root Ratio Carbon Conversion in Litter in Soil

(tdm/m3) Extension Factor Factor (tC/tdm) (tC/ha) (tC/ha)

Pinus densiflora 0472 1413 0.254 0.5 11.85 37.83
(Central Region)

(Source : GHG Inventory and Research Center, 2013, 2015)
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Table 4. Assessment Values for Forest Ecosystem Services in Korea for the year 2014

Ecosystem Services Assessment Values (Million Won/year) | Values per lhectare (Thousand Won/year) | Share (%)
Water Resource Preserve 16,621 2,621 13.2
Water Purification 9,899 1,561 7.9
Preventing Soil Erosion 18,095 2,853 14.4
Preventing Land Slide 7,922 1,249 6.3
Carbon Sequestration 4,934 778 39
Oxygen Supply 13,562 2,138 10.8
Air Pollutant Removal 6,077 958 4.8
Reducing Urban Heat Island 1,096 173 0.9
Forest Recreation 17,743 2,798 14.1
Forest Healing 2,433 384 1.9
Conserving Biodiversity 11,086 1,748 8.8
Landscape Preserve 16,318 2,573 13.0
Total 125,786 19,833 100.0

(Source : National Institute of Forest Science, 2016a)

Table 5. Stand Volume of Age Class4 and 6 for Pinus densiflora in Central Region in Korea.

Species Site Index

Stand volume (m’/ha)

Age Class4 (35yrs.) Age Class6 (55yrs.)

Pinus densiflora (Central Region) 12

169.8 217.4

(Source : National Institute of Forest Science, 2018a)
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Table 6. Benefits and Values of a Solar Photovoltaic Power

0
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Generation Project on Forest land

Classification Benefits Values*

Energy Generation from the Project (A) 16,343 MWr/ha 1,194M Won/ha

Effect of Energy Transfer (a) 7,620 tCO,-q/ha -

GHG Mitigation Emission from Deforestation (b) 440 tCOs.c¢/ha -
Sub Total (B=a-b) 7,180 tCO,.cq/ha 130M Won/ha
Removal of Fine Dust (C) 0.52 ton/ha 111M Won/ha
Environmental Benefits (D=B+C) - 241M Won/ha
Overall Benefits (E=A+D) - 1,435M Won/ha

*NPV (Net Present Values) based upon 3% discount rate per year

Table 7. Benefits and Values of Forest Ecosystem Services without the Solar Photovoltaic Power Generation

Project on Forest land

Classification Benefits Values*
Existing Carbon Storage (a) 440 tCOs.c¢/ha -
GHG Mitigation Additional Carbon Removals (b) 72 tCOsqha -
Sub Total (A=a+b) 512 tCOszeqtha 12M Won/ha
Removal of Fine Dust (B) 1.7 ton/ha 357M Won/ha
Other 10 Ecosystem Services (C) 277M Won/ha
Environmental Benefits (D=A+B+C) - 646M Won/ha

*NPV (Net Present Values) based upon 3% discount rate per year
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Table 8. Comparison of Benefits and Losses of Solar Photovoltaic Power Generation Project

Solar Photovoltaic Power Generation

Classificati .
asstication Project on Forestland (A)

Remaining Forestland
without Project (B)

Difference (A-B)

Direct Benefits (Energy Generation) 1,194M Won - 1,194M Won
Environmental Benefits 241M Won 646M Won -405M Won
Overall Benefits 1,435M Won 646M Won 789M Won
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