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Risk ascessment

The papers that were selected in this study indicated that the
most prevalent ecological impacts of offshore wind turbines are the

noise and electromagnetic fields that are generated during installation

and operation, which affect various marine animals and birds. The
*  construction of offshore wind turbines may also change or disturb the
marine environment, such as water quality, sediment, and topography.
This may directly or indirectly affect the physiology or behavior of
. Mmarine life and, in tumn, the structures and functions of marine
. ecosystems, food webs, trophic levels, and even fishery resources
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SIEIEE WYy E o 2 % T H
a0 g K| RO of R Rogm Za o 80 o ou Ho
Jo 20 = oMo of |~ ol {0 80 R0/ M0 W E | 4y ~ B w P

o o H0| Ho = I Ho M & A 3@~ | ol = LO or 0° ™
" w o B
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2 AFolAE F5T HEY 78400 FEARI TS A= F5F HTBe sASE
A gl SE At AEHA nXe YT SHoE BASIGIH. 4, d5F HUE
Sz} Aol vAE FFE B4R A AF R BESE A7o|tSirnik et al., 2023;
Ghosh, 2023). FHZHCZ Sirnik et al.(2024)2 WETHE 47] A A7 HskE 1074
743 WS} A (Landscape change indicator)E &-&d}0] E45130tt.64) &4 Ax}, 471 X|F
571 733 §isk X371 370 o)A Biglkt Ao E UE o, ol J5F EE AA7t
Aol & dF= PIRE guigtth. 9], F5F BYBoE sl e AGofA AiEAgo]
FrojulobA] Walst Aoz BTt Sirnik et al.(2023)2 HEHE F5F HEF A
A 1032 59 HIPFY 840 ¥ nA= B F2(landscape experience)
TALA, = FZA(accessibility), 7FAA(visibility), THA] #+4(patch configuration),
s d7)48k AR E-8{(Agricultural land use underneath PV)S v o2 EA5I3Th A4
23S QoFold thZ At} 1) F53 HPES €4 =01E 7K F2E017] ol

bl =
g 220l et 7S W Aol A Addol 57841l 9= vkt dlE S0

FF AA7F A vAle FFoll tiek A7+ Al vl ARt oltt. ol &

=)
oid
o
— o
oX,
Hu)
b
=2
=)
N
rir
of
ol
b
l-'\l
=
2
b
Shis
>
_O|L
=
by
ot
A

64) 743 W3} A E 107K & o2 2tk 1) AR o8 HsHland use change), 2) Al 2 ¥3Hcrop
change), 3) B¢ A1A9] 0] H3lKchange in vertical non-agricultural vegetation), 4) A&
WK change of relief), 5) GAF A¥ A3 F+%9 WK change of historical linear landscape
structures), 6) & A+ XY A A8 H3Kchange in crop support system), 7) 2] H3}
(change of fenses), 8) G5 BT A|AHI9 Fx H3Kchange of agrivoltaic system structure),
9) 574 #2] HE MK change in the pattern of the agricultural landscape), 10) 7H¥4] ¥}
(change in openness).
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$-Al, Harrison et al.2017)2 &9 &4 5°] ofd Wy =g Hid Ar|(utility scale
solar PV) A7} Al WA= FFE SIS HRCE AT &4 23
G ks B WdS Mdshe 128D £F S5 9ol B & A o= YEt:
E3F gjdo] Sl WA wigo] 54 I Rl o lom, Asol B e
890 2% 0% 4 Qe o= EAHCE v, B A7 A A=
Fol et Hoka] £A7L oS B R oF =0 53| Ao, Bid AR AHA dd=
TFEL 4 L BEAI. Tsafack et al.(2022)2 2Rt gojlA e eigsg id H=]7}
AA ST B EH (tenebrionid beetles)oll A& FFS BASHITE £4 2% HYF
g A= AR 9P EE Y] 7iA| rolle T HIRIA Fohe Ao® UERT ot
g oid "AE gzl A= o] By sid Eoll A4shs AX R T o
O STtk A2E Yyt

i
i

ro

==

oo Bt Walston et al.(2016) Z=|3Eu o} A 2|2 Ty efofg Aule] EX1t HAE-S
ZALoto] W B W 2F HARES EEoIglth FAIF O R Waltson et al.(2016)&
tE =P AulE HEY EH(solar towen®} B HE(PV)E FESHL ZH 730l

£ 257 w41 HARSS EA5RITHER 3-13 "‘Z) réi 21}, G5 HFg EA
T fARE Bk B8] A9, BieRd il AXR QIS 2F HAR-E 10.70 U}ﬂ/MW/?i
oF Uepton, ol HYg EHYE AAe F 99 2F HARRET w2 A[o|
EST Y R QI 2F HAR= olfE & 4 fle BT 95% oo R L}E‘r‘;lfﬁ}. RA]
gro 2 (I 3-13)°] Uehd Hd 85 715 B HARES v o= 7t Hiokg des
gt 27 HARE 343 A3, mid 2F HAF 16,200~59,400710] H3 Zejxuolo]] AHX]
g Ay e Aol 7|QIg Aoz EAE



25 AC|ZLOF Y EHYY LT(USSEAES £ =7 HAE

USSE &=

B 9™ Q&Y 9l USSE ~

O=NE P 2ol =3Ho A+
szw)  mamase? SO NP #Ae
California Solar One | CSP-Power Tower(10) = 10.24(3.90) 0.00(0.00) 10.24(3.90)

California Valley

Solar Ranch PV/(250) 0.50(0.23) 10.20(3.89) | 10.70(4.08)
Ivanpah CSP-Power Tower(377)  3.96(1.53) 5.34(2.05) 9.30(3.55)
24N S 715 "d HAREORE/MW/A) 2.7(1.06) 7.3(2.79) 9.9(3.78)

Z: 1) CSP-Power towere EHQFZ EtQ, PVE B IHES 9|0
2) Al AN PRAE 02 AT Al AR(Of: 2E 7tsEt 55 ok E= I8
FHE NUES 20l MUE2 O[EQl 220N A= 7| 1HYIIES FEE S7t A7 Al
LIEHH, 25 Q19| 22 30%2| 7ISES 7FIol 7IVIAEAGWH) T2 MitE M7 e 7[EC= FHE
A7E AILES Q0jgh
3) Z2HE SHE0M L7IE 2Ol EFO| MF|(0]: 22 7KSTH USSES! EHE AlY 20010] Si= 42
FEE MYES 90 MUE2 OfdHRl RN itz 7| 10V IAET =Y At A7 MY 5
LIEH, 23 Q19| 22 30%2] 7IZES 710l 717 IAEA(GWh) T2 e MV [>HE 71Ee= FHE
A7E AILES 20Jh
Atz: Walston et al.(2016), p.4072 EUZ XAt 2.

e
[mm
o
b

TFAEFO 2 Chock et al.(2021)2 ¢ A5 &3l HYF 2ul7} op¥E=A vA=
Y2 ofdiet 2ol AESIAHE 3-14 =) 53], ti 8P e =7 oA
TR BY 5 on(lake effect), o= QIS 27 50| A I 55 5= 4
T2 HARE o Qe Ao® YERETE S B B Advlet 9 I okdsEe] 79T

efofg o] AeiAlel mIxl el ek BAL Ay By e oA F9] A
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B ZTAER Qlot ORYS=39| B & TAL OlA|

et deit= &
EiQF SAKSolar flux) 28, 255
=53 24(Undefined trauma) P
34 d&(Impact trauma) x5, HFE
xixjxjol | HTAKElectrocution) x=2
HAF - - -
FUMA 2 ma 2x2 2o ZuRoN Zay/n
(Entrapment/drowning in water intake structures A5 HQ= I=
and evaporation ponds)
A sdez ﬂ@ _th*l A=0f 22l _ opNE, mEa
(Entrapment in soil ruts from vehicle passage)
IIAIXIO| ol wAiSt AlX| 2Al(Predation trauma) 2R, YNT, ISR
olZxio| Yoz oI5t 374 Q(Light pollution) AR, IMT, IIEF, SFE,
al 2| or 2]
_ OIE A0l Hoz OISt 2t @AH(Light pollution nx= 7 me=
2K} A} - o - .
TX7 |1 §1KElectromagnetic field effects) UMF, BT, UFF, 2557,

7|Et Q1% F3KHOther anthropogenic effects) T

F He 3 35 HAE 2 MES HECO= AHoIRoL, & 28 MRS FAKC= ZAM 3 2AGH LIES
ofd. Zt gkt = 232 Chock et al.(2021)9] Table 1S &X i
Xt&: Chock et al.(2021), p.32 EUZ XX} 2,

A AAL] A9l s Y AlRle] T B3HE 450 Bl SAPL
4 0 AARIe] BT JPIIME B B Aie B
%] ofelg Aol & Ao B wioR A U AN Bl Ao
P PG T P BB B, 7SR AT T

4

AR 91e] 22 @AN(2023d)9F S st
7H3st3iet
A, & Aol TAH10A AESEA, Y 203619 BYF B EHEHA2,005MW)=

G538 HFGOoRE THotE AU LE B0 FAX R Qb AFSE 20364 HHFY
= Y Blokgo g ZE5HH B4 oF 84,010ha7 Z_5IHSAE, 2024).
olof] E Lo G5 BT AEE =0 AX|sk= AU S Aot F5d BT

AR QIS a2 20%% 75



5 e SHeiet olo] W2 ST dh oS BAA PFA 220179 S2]

W 714 % RS BRI 3-1 T). PR B Aol (4] 319 FEF

AABHLOT, BAH Q)Y AT AL, )T HAA ] G A ),
GO, 3% MAHG), FA(), 113 F2&(0)e FLsehL 7Pgatact. 24 A,
1= °F 84,010hac] 5 HIHS UXTHA & 1AL 0.1% B7k5hE, 7 A 4w
ole 2.15% st AoR EAHeI:

2
M3

logP'= a + Blog (w@,— G,) + rlog(wQ,— G,) I, + nI, + B,log (S, ;) (A 3-1)

+ Bjlog (P2 ) + B,log (GDP,) + Bt + ¢,

(20170 & Al WHSRE A S0l
A, o] ARRA] 2mel Fo] ole Beste] 2Tt £ AToNE s
e

HeFg A7t Pt B B7he] 471He) HEjel Be Tejstel & Aup
w

w TR BSE £Y 2
zaps | =x LN A DWZ | Ad. R2
gt 1.3617*
MAE W XEE 079275
R | 1986-
ey =2l ) %% . .
3 A 4o 00200
M| -0.0022*

(o]
M g U/ AM(15008 B89, Fed HIF 7Ided g

5 B AN BAY BUE B/C ratioS TSI, vk, 24 24 2
P e Ao T2 slefrelo] B A Zloheol e B A9 1) SMPHREC

[e) = R
7H40] 10% A5 H1.54) 2) F&F EFF AAE7IRMS 30822 ske AlvEle
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(1.57), 3) QAARE7I7ES 30 QASHL Fuiols Agle Alshe
Acw Uehirh7Eol, 240), 2023). vigho R F]riol o
S AUe0g 4 AEAe) g e seo R BAR 2, o
35710] 2 AEEHO] 1.43~6.07% 27k o R ekt

l

AU Q(1.67)8

| & A o ET =2

53 B A

QoFRAtH, 2 QoA 83t AUE| 7t By B Se] HiA] £ FEF B
Flde] AAYS ey, Ysd HES Szt AA & ThAz Aol vAl=
B2 A FA F2 AR FHHIAH. ol Y5 EHOhﬂL g} 9] oY B|ads
aAo s sl 95d HPFE A 571 &5 9 49, 123 wAeEAd

EBAZE HH LB S A TR 2 K 15 27} AR A
_ 13,5610 _
sy 7] I8 FAISH 45 45678
B2 = e
o 1.3,4,657
RUBHY S
14,5610, e
14,5
PaE Akt St | =TJAS TA
24 1,3 \
3,4,56, 10, b, d e - O O 0O
3,4,5610
SRIMA/EE b

]
o2 HA |6m SN A TH= AM SR}
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F5B HYBoE IS A H FE A5t H4st A BAY FHE 9t 2% 34
oty F5F HYY A= FH 7] 2%, &%, 35, Y EY 2%, E¥ 55, A=
2%(Crop temperature)?} &, Z3} 57| (Vapor Pressure Deficit), g F&
EAKPAR: Photosynthetically Active Radiation) 6= WSHA|7|H, o|& Z-&E2] AJAHO]
ATMHA 0 R JFE vIAY 1L JF A& GA| A=) w2t Aolsith.o7) o & £°1, PAR
Ao e AEE9] B2 AR Aolsitt. et FuF HIBoE QI AL ¢
4 Aols adleleH 5P BT DA Au|e] B AE9] A7) 52 12sf SFE

o2 HIgof gt

3], Q4] QI Tl AT Aol A 2 5 9lel, Aol Wt 5 e YA Mk
AolahA vkttt Te] A 94| 5P Yol A2 JAe] BlAE FTFL FEo]
AR A3t 5 Ty A6 Fefol mre} 2o 202 tehgrhGhosh, 2023;
Laub et al., 2022). ol 59 S S AT AR ThstelE 35 PG
AA7} A=) APl BIAE el it 7t A7t Beoled, o] vgoR & 4%
AT TR Fol=ekel 52 Aol IS ofulat.

UA AERAL AT} Zo] AA|u|7E wo] E= Yuq HPLY FE, 2TIE 25
2] o]F o|AREL FuF HAG HAH| =YY Fa Foiagl F ohto|thE 3-12 F
2). B3 BHAT A}, A7|AE 85T o|Akg, ARV B3 HEEY BA
2 FFE 72 gRloz YeERITH sk 9, 2023a; 1F2, 249, 2023). fARE A=
SEHYG AL 2 27|FA HE} 2YGHEO R QlFf oF EXAY 450 B2
S99 Y22 JP=HJAHAAS £, 2018; HAA, 2021). &, & 27| FAE} 2FH
He2 J5F HUYDY AT BHAQA FFS vA Sl gl B3 24 57t
R FE5Eo] HEsto] A2]e] A Aol tigh Ado] Hold ol GIriHA <,
2021). Wt G5 HFG AFdoll Fofolaat ok 571E0 1R 82 Ad9d 953
g X9 THH AT ALAIE Dart Qlok. FA AAEAREEE AR Aol A]

FEAUNYOE 52 L 9§59 Bl tfe FSAUNAS WAL UL B
Ajjoll Tt 57150 S B RET HES 3712 AUhE ok oAl AESE

297t ek

Ao 2= ZE A W, FREE, 27H, REC 764 52 L3S =Y

w9l sl BRsich7Ee, 249, 2023). 5 P HYPe) AAY B RIS

of

67) Mamun et al.(2022). 953 HIGOZ Qs 34 W} 7+ 220 v|AE= FFol dist ZA44
7l= Table 25 &= Hig

68) & ArA9] 20249 4/4%7) tiEedel= 1.75%Y. 2ot AMASE AFY Y82 ARAIoY A S8R LA
T Al|EE = HigL

93

€Il

0

L
HO
I3

m
e
of
o
02

i
08
0%

HI
1z



94

P
b
|

o]

=
o
1A
l-'O
iy
o)
in
r [¢]
o,
)
i
4
19
fjo
o
il
ik
-
pac)
rr
H
e,
=
5
9,
i
=
ofl
b
&

Yield change compared to unshaded control (%)

-100 -80 -60 -40 -20 0 +20 +40 +60 +80

Berries

Fruits

Fruity vegetables

Leafy vegetables |
120% RSR|
C; Cereals —— 40% RSR

Maize

Tuber/root crops
Grain legumes

Forages

I OISt B ZAL ZA(reduction in solar radiation) £F0| M2 MZ T2 2E Q30| 422 HI3S
olifgl HAIE 2 HEREMS Sof Fot Bro|H, QX U= 95% A= 77HS LEr.
Xt=: Laub et al.(2022), p.59.

SEREFIN EfQ 2A A0 M2 ABY MY wat

2) YEiA R FE Y xA8

T 52 O AYOE FUFE0] AAAE B5S Lo A FUFL] P
Shosgel o -84t Ak el 2 AgEol A &
HEAE G559 B AN BAT 23k 5P AP0 AT 5 AV W

=
IE

il

g EFEe] TR 3 HIdel AAE AR 2 FFE e A=

<
55
i)

(Sirnik, Oudes, and 1Stremke, 2024). =3t sX]H, 0] /=W J=53F HIFG =3
717k0] 209 oMo ®E AFHTE S 1T, B4 o8} = AH9] ¥t 5=
1Este] FuY EHFF dARIY ARE AT BTt Y wEkA 3 HIGEol
Aol vA= FAHAQ] FFE SIS F5F HGT AR AR Fao] gt

Fol=atel o] M asi

et FEF HYF S Bl v dFol it =Wl A7 o Al He
AT A(Sirnik et al., 2023), A7 H A5z AT FARsfor et 53,
V5 BiFgol it 84900 A em T2 viRle YT HYF A= At B



A WH5le} ofsFARLY] Q140 gt A= ARA U= 7He|EgR] =0  E20]
= Zo|tKBir6-Varga et al., 2024).

F&d HFge] 7 Al viAle ol et A7 A asitt 9A AFBHAR0l
Y& HEF2 HFF T ol FFe RHMamun et al., 2022). ol Y53
g A7 22e] AR otE 55 Tttt FH A I v

=T

Ou]gtcHTsafack et al., 2022; Hernandez et al., 2014). T3t F5F HYPo] 5=
2k ATzt 2 AYA Kol et HE of whet AR Aol AR Eo]l HASFEH QFA
A2t i BGg THAEY o9} o] 1 o EE] R} HAb AT A o g

FdF= 1E & Aok AT FuF EHFgol FH A nAe A9 ds 94
- AlgtAolH(Sirnik et al., 2023), =W A7te AF3E AFolr}. webA A4 NgPsl=
AlHARIS] HUE P} I R&D 5o& B4 A+ SA510, ol HIE2E I59F
B A2 B9 TholEEelE 5 ERUt Slth
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AMEH(2021)8 HiEe=Z

H
GHIEE E B8 ASS WAL,

1

2-83f

ELNLN

S AT
1. ZAE N S 2 AR 22
2. QEEX| L=
3. MXIS AZMENA 74| BT
4

. HE Y el AR

W

’|_ 74I-||E.I 7<AIO| A|—EI |-7:|%
2. 7|5

=X 42 2 Mas AH 25
F2IHIO|QUHAL| K|& 7Hs3t 0
SN J&lit
MRIMEA =2

=]
3. LAl o 3 Lfoh XAz}

71 S Dlet+E HE =

I
==

= || &
>|’>

r

b

N

KA 2.

=
Akt AT

A% 52 AYA 52 A

0 9E A Aueeg

ojof wt WA F

= O

==

1] oﬂ/\]

= 1A

gs1A =9tk NDC AR bl whet 20184 HH%%‘:
)—'T;:—' =50] 20304 SHlETRS 436.699F E7H]
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e 2050 MY (As-ls) 2050 3} (To-Be)
g 1,5208t £ g 2,3600t £
A ESl 85 208t = AP ELH BE 600t £
| >
E49 E4se A8t 1,510t £ B4 23 2,0802t £ @
271 012 1200t £ 271 018 2208t £ aé
Il
EAUEHEE | AI0UE 48 B2 - i
oy
g
o
g P OSEX| X2, P OSEX| X2, 0=
=2 TAE-ME(30E70) 1,78t ha TA& MEH30E7 6,19t ha i
I = 42k 200 E = 542 602 E 1
08
00
AL
1z
=a P2 X512 4908t m? > X212 8002t m?
ol AEY A 2= X2 7,000ha AEY A B2 X2 106,000ha
;:;;‘} SLI2747| 481 8,000ha ZLI27H27| 288t 8,000ha
= B4 15100 £ = B4 2,0803 £
= P4 SIYHIE 0/ 2908 m? P4 SIHHIE 0/ 5008 m*
og o EtA KE2h 1202 £ = EtA X{EZH 2200t £
P AHE=E R (30171 4,000ha »AEf=-2 (30F7h 18F1,000ha
E49 = E42h 30t E(ZZ 0[8Y) o 42k 100 E
BH
o) > XHSHI|GHE R 2,339ha P KL GHEHA] 636ha
= HiEE: A1308HE = HiIEE: A102HE
[ SNEEN I ENVTENN [ SNEET I ENVTEN
st 22 408t E(ton) 22 3002t E(ton)
= ZEaE 400 E(tCOyp) = Zt=2k 3100 E(1COyp)

X2 ARIE2021), p.7

WEREZAN 2050 BASE M2 2

SHA|
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B sy P EAv AR thedt gk WA FAHS 1% 2

e f =
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HE 89 AARTL 44.6~53.2%01H, EA47F 8.2~9.8%= LEFHTE

o AH R AL2(29 SMMF HMS flet S HH =4 SX £ HIE

S yog EI=E
B s | wEs | FEs | mer | Ags | mes
2025 0.040 0.011 0.033 0.218 0.446 0.082
2035 0.042 0.011 0.033 0.220 0.475 0.087
2045 0.048 0.011 0.033 0.218 0.504 0.093
2055 0.055 0.011 0.033 0.215 0.532 0.098

Az Hstd 2(2021), p.76.

(& 3-28)9] FAL B 59 v1&S T2 ok uA) Aufeloo] 2gaka 74wt glol

7} A% AYAo] Uk 24k BAo) 9k T8 4 ik Ed 1 %L B
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EANEAA, +UA) FAFT B 3}111 A AuE| g HeA A AFE FYse A
HIES At 5= I ol sold A FAPTE Heltle olilelts: Fds =5

% ot

SHSEAE AL22o SIHHE dits 2ot =i S

(99 Am?)
RIS mog gcg
oz
g Zee | AwsE BES W | met

2025 187 32 153 626 2,104 235
2035 297 44 227 870 3,318 345
2045 413 56 279 1,098 4,334 466
2055 557 67 332 1,316 5,423 597

X2 sk 9/(2021), p.77.
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njgfe] EAE 25 55011 FYSE A Axd oiisiers AXFS B &
2 20259 5,4014 ECOeqolA 20554¥ 5,925 ECOzeq=E 2F 9.7%

o Aot vHA & AH 54 AluE| T B RS EAfjols EAEFAIE

1

=2 =2
AU 9] 3L 1 o] 6,2104 ECOzeqOllA 11,9044 ECOseqZ 91.6% =oldTt.
QoA HQlo] Ao g T4k oAlsleka A7t 43F0] 20,000 ECOzeq~25,000%
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% 4 ik webd W) st o gel ke
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1) MdoEX7t Lo DXl gt

TA2AF =71 U A 71 EAI(2013-2035) s 014 BAFE BlE2 41%014 22~29%= 24
StaL AU A] B BlE2 FolUA] HiE] 11%E #AIBHEES AlZS -5t ]
ket BSg2 20359714 30GW, 82 2035971 =A9lA 2.5GW,  sidelA

10.0GWE Haithe EAES +-sIH:. 201749 128 AGS/FARET = Ao A
3020 oJAE, = AHU= l, A W82 8571 2030971A] APFeAA] I vl

20%71A] St 2o, 712 =71 oluA| 712A e SrA7} =l $1t
ZRE 203097H] FEH HFFS 44 19.3GWeF 46.5GW HE=Z 71 Aot g
71 SFFTEL 4.5GW, S 14.3GW7HA] sk A o& A= t.o9)

SEluEte] S 20019 SMWOIA ARRtste] 20219 1,709MW, 20228 1,804MW=
F A7) 8ol FE0] STkt Utk U AR = Fol wet H-EH Fo]
Q45 W e] ARz 2| ot Sfijt 2| ol Y FALE o] 0“‘%‘5*1:4 €], 2014). 20164

o AxE FELAGA = F 187401, o] F kol 12717F AA|=o] k.
20045 2013@71A] 1097 Aol AAE FYLHGA = 117140 thFAE 9,
2016). S B 795molH, it AAHE Aok tiFE 1,0001]E o4
ol Qlrk tiREY A FELHEL 3R] AX|E o] 9loH Ab] 8- UA] AR
SI7P0E B 851 Utk

Fejudo] b A Fapol S50 NG A TR Sui TEE Akl 7ho]
23 A7k ok Aol FaEsha glek. webd S 24 A R A 9
A s FsAo] ek B 220149 AL 4] i) e Padw
AARE W AP T3, A s, A1 B L 912 2 w5 5L AT A
B A9 sz 0 A ) SAEl0] SV AT AT A S

69) YAEZT}L)(2023.1.12), 20369 T8 5 AR LHHS 28.9% I, AL 2024.6.20.
70) A AL ARE O E 2 ARgstaAt Oéé‘é HAgsk= AL
AR LAAE: AR E B8 RS 202 27, 7M7), 459 dX-23, B4 § A=)
AH Q9] ==z 44 7|7 AREsHAY olE Ho}oq A9 gA-g WA= A
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MX| SEHUH™ =l O3 2(AT 2AM0| 2= MIES
7= 23
Lo o @& Wretling, Balfors, and Mortberg(2022), b. Greene, J. S. and M. Geisken(2013),
I_E_j:'_AT c. Avila, 5.(2018), d. Voigt, et al.(2024), e. Haggett(2012),

f. Kirkegaard et al.(2023)

1) Sexton Chrissy(2014), “The Hidden Environmental Costs of Transitioning to
0|C|of Wind Power”
N2 | 2) Peach(2021), “The Hidden Environmental Costs of Transitioning to Wind
Power.”
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7 BASY Oy 2A3 HE Z=

1) XHABOILAX| SHHO| M2 MEEMQI 242t 5t

N

A7 FolAe 223 d AR 7 F2od 241 sEEap 44 Feoll vl 992
]

AT AR Sl 7| FHSHE gslola] £, 7HE 5 7IFAISE A

fe o

?_]_
A UeRte], 2 9 20 918 PAAZ A0E . v, 9% 5 A
oA A% L AEA G, 25 el 50 3l Z5o] MASKL, ol FoF Ygo] Iat
7% theBe AaAlA Al vl de ek olrk Ea 4 A4 9 84 m18e)
WEAS g7 uo] Het e ko Aze] Jake A How ot ole

7|E el (2, 7tE 8) eh

OJMIZHX] 24
I m.n

— bamocer | K% R0 ZS 3% 52 XS ARLE i s Fiop BB 251 TS A

2 13~16
DILIR/AR/ SEM X8 Fe71 2 84 IS o ——» 319 HEte 3371% 032 57

AiZ: gEH, zH042K2020), WHO(2021)S HIEHOZ XXt &by

SEREPEN HOUR] Sohol TE 1Y I

715 H3lof] AlA o2 YzloM ZH o= szt TSl 9lom, L2yt JA| miRiZEX|elth
Mora et al.(2017)Z o] 4A41S] TRt B9l J3ka vld o= glon, &30 ol& 4= 3=
427} 277]0] 3t AFSISAT Robine et al.(2008)0] SJobd, 20034 4 ZHo= 79
3 oV ZIAFAP ISR Ao® EAESIN 11 o= Fdo] et 3 Q14 ¥t} o7
HAAE] 508 E9 1o 17T A5kl SHARE Gt T 5ol vl it
HiAo] W= HHo 2 QIRt ZyARYAR= uid gkl It Chae and Park, 2021). 2018
W fefuEtole LA} 44,0607 2R 92978(95% AlZ|EE: 739~1,143%)0]
PSSR, Aofet, 2020). AgeluA] Sz 29 TAJo] ARitd, 1= Q19 Z2upit
T A AT Ao gEn TREO R QIR A7) Y oM TRl AHE Aok
o] A}, Mani, Khorram-Manesh, and Goniewicz(2024)°] W=, ofZe}7} of=] yzjet
U=, T 5o 7Reo = et YTAER, 14 AW 4l 4l 4 =A| 5ol Harw i
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Aol 2] Sz QlIet AR 74 o
ZIdEnt. o2 A7Vt ek vAEReE 73] BAE W olE S°1, Lee et al.
(2002)0ll4= A&olA1 154 olst of=dolef 4] ?J%Eiﬂr 71 = 7] IAE B4

HT. Od% A3} PMo(MATEAN T oA ANO2) 22 QA5 T/t 2245 14
o= oIgt ¥l AYLo] fosH 78RS ¥rath Loxham, Davies, and Holgate(2019)

= PMz.;gr = HAHAZ7F 5] 28718 of e}, AEHA 9 41734 5 o= 713l
FAHQ0 JFE vl 5 okl spom, 2018 A AAIFHOR oF 9004t ol o2+
Z7] AFgo] PMys s} AytEo] Qlar, g efet A7 9% SA7F ASiA S7tetL
Aot AGSEATh AAIEAZIFHWHO: World Health Organization)= 1l-&x TAHZ]|
of 4714 k& ofe}t @714 sk 7o) g mIRITAL skl ti7 | 7lel=gt
9l(Air Quality Guideline)2 2 Hi 7|2 73ttt ®3H Wan Mahiyuddin et
al.(2023), Garcia et al.(2023)2 Tttt A 93} 7|7H0] At AAE v|wsll, PMys =&
o] 7ol wA= @714 W A71A JFZ AXSIAT. A7 A nlAEA| 9] A%
FFE 18T 1 vAEA] w2 A A% AEE AaAd AoE J|HE:

>~1

THE AU el Qi 35 oAt T 250) 89lo] Hi AR oA, P
TR rfoll i thit B W AP 5olE Sl 7k g5o] Alsshe AR gl
$ARAD] ofele e B WHOR B B8 Atk 4012 Yeksle sk w59

o AR FUBS 5412 SXI5lok Siche BifsleIT. olefet 25 Lol e ek
IS AP FIAT, E0] oA Tl el THAIR) 27 Aok B At 91
o9, 2% BT BYohS SA0NA el M AR SIS} AR 10 o] Alsel

3 ikl HIEEioick, FHISS Y RF nhes WAL A9 word Ao] dht. e
NPHATE BolAT 2o Wikt Algleh 248 o|x glom, eiely o] Hlet 7]
AT STt AT B 2RIy i, TR AR 1 59 QlolE Aljle] 7K
252 SHasp ofele Aol ole] ot Al Belo] Wasths AHo] Lk SIS,
A S} 5 QAT 5 LR RO Bl Ak Sl U old A S
Sepal 2|9 41 7 25o] Askt AR ek AR A steh AeluA] Sche
olgi2 o] A2 IS AISHL YA, ol ws% s, %ix] 72} x}oq g 5o

75) EEZMBC %éﬂ]j(ZOZI 10.31), "®Hi¥F FUZ5 AAA 27, FMA: 2024.10.1.
76) SBS News(2024.5.16), “gEn}g Wzt 243} X EHOJ%OH 45 Zdoj7 o, AMNd
2024.10.1.
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TR 7F E9KE 5E A AFUEE FESte] of AAAs] Ad-ollA A9 9] dig=at 3l
g3 AotAlZ 927} 9t Shin and Jung(2020)2 7H]lolu ko] ZpAlo] &3t X AL
o] E5olut AAra7 Iol =4 o= Hofko g 49| Ho] FJETtaL sieint. WA
AR]A 252 4o Aol BAARl kS mRITkal Agstlth Park, Shin, and Lee(2023)
of oJohd, At = FFE W Al ARA BA9] ojEfZ, 1 Ao, B9t =%
SO HAIE A o Qlvk 13y of=et 7] Aol AEHAE IEShL S5k
b= A 9AR19] slEgo] % Fasitt. A AR slEdolst, AHAA Y BA|14] #1719}
22 ol Rl AHFS W AFUEZF olEA thSstl A&7 FsAe FAISREAIE gt
o, Aol m2H, SjEdo] w2 AJARE]= Aidol gt Febdo] Hashe 3ol Stk
Est Gl AFYITAAAS]2(World Conference on Disaster Risk Reduction)oA+=
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Executive Summary

Building and Assessing Adaptive Capacity to
Climate Change for the National Risk

Management
Analysis of Carbon Neutral Transition Risk Propagation Paths

[ ]
Chae, Yeora et al.

1. Carbon neutral policy and implementation risk

1.1 Definition and classification of carbon neutral implementation risks

In this study, carbon neutral implementation risk is defined as the potential impact that may arise
from implementing carbon neutral policies, such as climate change mitigation and adaptation.
In particular, in this study, based on previous research, carbon neutrality implementation risk was
broadly divided into ‘implementation process risk (IR) and ‘implementation result risk (CR) in terms
of stages. Process risks are risks that arise in the process of carbon neutrality implementation
and include uncertainties in the implementation and goal achievement of carbon neutral policy,
technology development, and system conversion. Resultant risk refers to the negative impacts
on the ecosystem, humans, health, economy, society, and environment that may arise from the
implementation of carbon neutral policies in terms of the results of realizing carbon neutrality.

o[ 1y A3
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Source: Written by the author based on Lieu et al.(2020).

Carbon neutral implementation risks and impacts
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1.2 Carbon neutral policy status

As a representative carbon neutral policy, mid- to long-term greenhouse gas reduction measures
by sector in the 1st Carbon Neutral Green Growth Basic Plan were mainly identified. In order
to match the detailed policies of the basic plan with specific strategies and goals for each sector,
the 'Electricity Supply and Demand Basic Plan' was established in the transition sector, the 2050
Agri-food Carbon Neutral Promotion Strategy' was implemented in the agricultural sector, and
the 'Achieve 2050 Carbon Neutrality' in the forestry sector. In the water resources sector, the
'Water Management Field, Public-led Bold 2050 Carbon Neutral Strategy' and the 'K-water 2050

Carbon Neutral Roadmap' are being implemented. Reviewed.

1.3 Implementation risks of carbon neutral policy

Risk factors related to carbon neutrality implementation are very diverse, including greenhouse
gas emissions, energy demand, energy prices, power generation mix, food demand, GDP,
investment, agricultural demand, agricultural production, land cover, policy (administrative) costs,
and trade. To encompass this, the implementation risk of the carbon neutral policy was previously
divided into two risks (process and result), and the impact sector was divided into social,
economic, environmental, policy, technology, and health aspects. For example, from an economic
aspect, there is an increase in electricity rates, from a social aspect, there is conflict between
coal-fired power plant workers and local residents, from an environmental aspect, there is a
reduction in air pollutant emissions, and from a technical aspect, grid output instability due to
intermittency of renewable energy, policy issues, etc. On the aspect, regulatory environmental
risks such as environmental impact assessment can be reviewed, and on the health aspect,
impacts such as reduced ability of low-income groups to respond to extreme climate events
and increased risk exposure can be reviewed.

1.4 Policy scenarios for implementation risk analysis

In order to derive a policy scenario that analyzes the distribution path of carbon neutral
implementation risks, we first drew the impact path for each sector according to carbon neutral
policy implementation. Representative policies for each sector directly affect that sector and
indirectly affect other sectors. Among various reduction implementation strategies, one policy
that shows the impact path across all sectors is the expansion of renewable energy, and this

was derived as a common policy scenario.



2. Analysis of carbon neutrality implementation risk impact by
sector

2.1 Energy

The expansion of renewable energy is essential for the transition to carbon neutrality in the power
sector, but it may have the effect of increasing the instability of power supply and demand due
to intermittency, making it difficult to predict power production. If the supply of new and renewable
energy increases excessively compared to the demand for electricity, output restrictions must be
implemented to prevent power produced through new and renewable energy from entering the power
grid to maintain the stability of the power grid, which leads to an increase in the cost of operating
the power system. In addition, there is a risk that the instability of power frequency and voltage
may increase if the proportion of renewable energy increases in the future carbon neutral transition
process. Considering this aspect, there is a need to secure flexible resources to compensate for
the intermittency of renewable energy. In addition, the current cost of domestic renewable energy
generation is relatively high compared to other countries and other power sources, and supply growth
is still limited. On the other hand, the rapid increase in companies' demand for renewable energy
power due to recent RE100 may lead to an increase in companies' renewable energy purchase costs.

From a policy perspective, new and renewable energy support policies such as subsidies and
technology development support can also have the effect of lowering future power generation
costs by accelerating the development of new and renewable energy technology, thereby lowering
electricity prices. Although this may have a positive effect, inconsistent renewable energy support
policies may also hinder the expansion of renewable energy.Investment in renewable energy has
a high initial investment cost and is structured to be recovered over a long period of time, so
continuous investment in renewable energy will be possible only when a long-term stable and
consistent renewable energy support policy is presented. In addition, the current complex licensing
procedures and resident conflicts are factors that impede the expansion of renewable energy

and need to be resolved to achieve carbon neutrality.

2.2 Water resources

As a policy implication to reduce the ‘implementation risk’ that occurs at the present time, we
would like to first suggest ways to strengthen social acceptance by utilizing the co-creation
approach. The participation of various stakeholders is necessary to reduce distrust in
technological innovation and to realize it effectively. For an example of such active participation
and joint discussion, refer to the Austrian Steel and Power Sector Transformation Project, which
designed policy and technology development simultaneously. (Bachner et al.,, 2020). In addition,
by connecting renewable energy microgrids and energy storage systems, power system stability

can be secured, and local power generation sources can be diversified, such as small hydro
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power generation and floating solar power grid connection. In addition, an approach is needed
to implement regionally tailored energy independence policies.

Measures to reduce ‘consequential risk’ that occurs in the future should consider providing
financial incentives, price stabilization policies, and improving the post-environmental impact
assessment system. By utilizing an economic model in which local residents participate,
carbon-neutral energy conversion can be used as a means to revitalize the local economy, creating
synergy. In the case of Imha Dam floating solar power, a plan was prepared to increase
acceptance by providing economic benefits to the local community through a resident
participation-based profit sharing model. In addition, standardized evaluation standards for each
renewable energy source must be established through improvement of the post-environmental
impact assessment system. In order to revise policies and prepare alternatives based on
post-monitoring and evaluation results, it is essential to improve legal authority and institutional

procedures to respond to unexpected environmental changes.

2.3 Agriculture

Agricultural solar power, unlike existing farmland-dedicated solar power, is a means of achieving
energy production and farmland conservation at the same time, and policy interest in this is
increasing. In addition, considering the structural rice surplus problem in the country, the reduction
in rice production due to agricultural solar installation is expected to have a minimal impact
on actual food security, rice prices, and consumer welfare. Accordingly, in this study, based on
literature research, the risks of expanding agricultural solar power were summarized as shown
in the figure below, excluding the impact on the overall economy such as food security and
prices. Specifically, in this study, based on literature research, factors that may present risks
in the current expansion of agricultural solar power include conflict with agricultural land use
regulations, reduction of support policies such as the Korean FIT system, increased production
costs due to installation of agricultural solar power, It was identified as a decrease in agricultural
productivity/quality, deepening regional concentration, increase in agricultural equipment

qualifications, and damage to agricultural environmental resources.

In addition, a decrease in farm household income was selected as a ripple effect of the risk
of expansion of agricultural solar energy mentioned above. This is due to insufficient agricultural
solar power operation period due to farmland use regulations, fluctuations in electricity sales
prices, and increased production costs due to changes in macro variables such as increased
separation distance and interest rates due to regional concentration, which have a negative impact
on the income of farms installing agricultural solar power. Because it is certain that it will have
an impact. Lastly, the damage to agricultural environmental resources and the increase in
farmland prices due to the expansion of agricultural solar power are expected to increase negative

perceptions of agricultural solar power and act as an obstacle to policy expansion.



2.4 Forest

Renewable energy is an important alternative for carbon neutrality and environmental protection,
but the expansion of wind power generation in forested areas entails various environmental,
social, and economic risks. Problems such as forest damage, ecosystem disturbance, noise, and
landscape damage that occur in the process of building wind power farms in mountainous areas
show the conflict between the expansion of renewable energy and forest protection. These issues
may conflict with the policy goal of protecting forests while expanding renewable energy, and

more careful planning and coordination are needed for sustainable development.

Measures are needed to minimize forest damage and ecosystem disturbance that occur during
the installation of wind power plants in mountainous areas. To this end, the location of the
wind power generation complex must be carefully selected and technological alternatives that
can mitigate environmental damage caused by wind power generation must be actively
introduced. Communication and cooperation with residents must be strengthened to solve
problems such as noise and landscape damage caused by wind power generation facilities to
local residents. It is important to establish a compensation policy for residents in affected areas
and increase the social acceptability of renewable energy projects through their participation.
In particular, in the case of Korea, there are no specific regulations regarding the appropriate
distance between private houses and wind power generation complexes and it remains at the
recommendation level, so establishing a firm legal standard for this should be a priority.

Ecosystem protection measures must be strengthened to reduce the negative impacts of wind
power generation on wildlife habitats. It is necessary to introduce a monitoring system to reduce
damage to migratory animals and avoid installing power plants in areas where damage is likely

to occur.

2.5 Health

The health impacts of renewable energy expansion may have somewhat different results at the
universal and local levels. Generally, renewable energy is expected to reduce climate disasters
such as heat waves and droughts by mitigating climate change and reduce the incidence of
respiratory and cardiovascular diseases by improving air quality. These changes contribute to
reducing excess mortality overall and can have a positive impact on disease prevention and
health promotion. For example, research has shown that reducing the concentration of fine dust
(PM2.5, PM10) can suppress the occurrence of major diseases such as asthma and

cardiovascular disease.

On the other hand, negative impacts exist at the general level as well. Volatility in electricity

prices and water costs due to the expansion of renewable energy can have a negative impact
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on economically vulnerable groups. In particular, energy-poor people are at risk of worsening
health as they are unable to maintain proper cooling and heating during heat waves and cold

weather due to rising electricity costs.

At the local level, the expansion of renewable energy has various consequences. In some rural
areas, the construction of solar power plants is causing conflict among local residents, which
has the potential to weaken community solidarity and reduce disaster response capabilities. In the
case of wind power generation, research exists that environmental factors such as low-frequency
noise can cause health problems such as sleep disturbance and increased stress in nearby
residents. In addition, soil erosion and water pollution that may occur during the installation of
wind power plants can have a negative impact on the ecosystem and human health, which is

likely to lead to long-term reductions in agricultural productivity and food security issues.

3. Analysis of transmission route and policy acceptability
considering carbon neutrality implementation risk

3.1 Dissemination route considering carbon neutral implementation risk

The expansion of renewable energy generation facilities involves uncertainty in the implementation
phase. Examples include lack of consistency in renewable energy policies, delays in transmission
and distribution network installation, and intermittency issues. Agricultural solar power, floating
solar power, onshore wind power, and offshore wind power are all vulnerable to uncertainties
related to renewable energy policies and physical external influences such as typhoons, so these
factors commonly served as major nodes. The problem of renewable energy intermittency leads
to instability in power supply and demand, which leads to rising prices and negative health impacts
on vulnerable groups. Meanwhile, expansion into renewable energy increases support for it and
increases the proportion of renewable energy generation, which relatively reduces the proportion
of thermal power generation and ultimately causes positive health effects. At the same time,
there may be a positive effect of accelerating technological development and lowering electricity
prices.

When looking only at the expansion of agricultural solar power, it is understood that negative
impacts such as increased product costs and increased farmland prices are concentrated in
the agricultural sector. It was found that the expansion of onshore wind power leads to ecosystem
disturbance due to deforestation and disruption of migratory bird migration routes, leading to
forestry and ecosystem issues being identified as major problems. The expansion of floating
solar power has had a noticeable impact on the marine ecosystem, and it appears that negative
impacts on fisheries may also occur. Water pollution and the impact on the surrounding
ecosystem related to the expansion of offshore wind power were identified as major nodes.



All renewable energy power generation facilities ultimately led to worsening health and conflict
issues for community members. The expansion of agricultural solar power and floating solar
power commonly cause damage to the environment, which ultimately leads to community conflict
issues, while the expansion of onshore and offshore wind power appears to commonly generate
noise and cause mental illness problems. In addition, as power generation facilities expand, certain
industries or sectors may take a hit, leading to a decrease in income. This phenomenon is very
similar to the results obtained when Park Joo-young et al. (2023) analyzed the propagation path
of climate risk. In other words, carbon neutral policies are being established and implemented
to cope with the negative impacts of climate risks, but negative results inevitably occur due
to these policies. This appears to require a balanced approach to solve the complex economic,
social, and environmental problems caused by carbon neutral policy.
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ST carbon neutral implementation risk propagation route

Source: Written by author



3.2. Carbon neutral policy acceptability analysis

We conducted a perception survey targeting 500 people who have heard of carbon neutrality
to determine the general public's understanding, trustworthiness, degree of impact, and possibility
of carbon neutrality policies, and through this, we conducted a survey on climate change risk
adaptation considering policy acceptability. We aim to provide basic data to suggest capacity

building measures.

Regarding the possibility of achieving 2050 carbon neutrality’, 30.2% of respondents responded
‘high” and 61.2% responded ‘low’, indicating that they evaluated the possibility of achieving it
as low. The achievability evaluation was analyzed as 2.23 points on average out of 4 points.
Women (2.30 points) rated the possibility of achievement somewhat higher than men (2.16
points), and by age, those over 60 (2.37 points) rated it highest, followed by those in their 30s
(2.30 points) and those in their 20s (2.20 points). It appeared. When looking at the area of
residence, respondents living in the Chungcheong/Gangwon area rated the possibility of

achievement highly, while respondents in the metropolitan area rated it the lowest.

(unit: %, point)

2050 EHAFE BE 7H58 EIt | ( dd:223%H )

46.8 2RE o
8.6 =8
30.2
25.2
14.4
5.0 ;
e st w2 se e wct mazc "E
Ho|ch  molt 61.2
Source: Written by author.
PELTTENEN Assessing the possibility of achieving 2050 carbon neutrality’

In order to achieve 2050 carbon neutrality’, most people said that the 'energy sector such as
coal-fired power generation' is important, followed by 'waste sector such as garbage incineration,
transportation sector such as vehicle operation’, and technological innovation such as 'hydrogen
and CCUS'. Appeared in the order of sector, etc. It was found that men considered the ‘energy
sector, such as coal-fired power generation,” as the most important, while women considered
the ‘waste sector, such as waste incineration, to be the most important. By age, most people
considered the role of the energy sector to be the most important, while those in their 20s
considered the waste sector to be relatively more important, and those in their 30s considered
technology development such as hydrogen and CCUS to be relatively more important. Additionally,
as age increases, opinions that the role of the energy sector is important tend to increase.
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(unit: %)
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Source: Written by author
PETTTENE Important sectors to achieve ‘2050 carbon neutrality’ — 1st and 2nd rankings

In order to achieve 2050 carbon neutrality', the most important government role at the moment
was that 'the legal and institutional basis for implementation, evaluation, and monitoring of carbon
neutrality and greenhouse gas reduction policies must be strengthened, followed by 'We must
create many diverse opportunities where all citizens can easily and actively participate', and 'We
must increase the carbon neutral budget and raise policy priorities', etc. Based on the first priority,
men were most likely to say that 'the carbon neutral budget should be increased and policy
priorities should be increased as the most important government role at this point in order to
achieve 2050 carbon neutrality’, while women were most likely to say 'carbon neutrality and
greenhouse gases by sector. The most common opinion was that the legal and institutional
foundation for implementing, evaluating, and monitoring gas reduction policies should be
strengthened. By age, those in their 20s and 60s said, 'We need to create many diverse
opportunities where all citizens can easily and actively participate,” those in their 30s and 50s
said, 'Strengthen the legal and institutional base,' and those in their 40s said, 'Increase budget
and raise policy priorities." appeared to have the most responses.

(unit: %)
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PEETTENN The most important government role in achieving ‘2050 carbon neutrality’ —
rankings 1 and 2
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