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Synergies, trade-offs and co-benefits of aquaculture fishery
and solar photovoltaic installation
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Abstract

Solar photovoltaics installation changes the original land use pattern
and directly or indirectly affects the local economy, society, environment,
and other aspects. Aquaculture fishery and electricity symbiosis is a new
business model of combining different industries, which serves as a new
opportunity for Taiwan to promote solar energy. Its policies are in the early
stage of development and have not yet matured. While different regions
have different background conditions and that the average service life of
solar panels is as long as 20 years, time and space factors aggravate the
complexity of relevant problems, which involves many uncertain impact
factors. Due to the particularity of the policy background and promotion
pressure, relevant studies and legislative amendments are still unable to
catch up with the promotion speed, resulting in difficulties in
implementation.

Based on the current policies and implementation of aquaculture
fishery and electricity symbiosis in Taiwan, this study collects stakeholders'
views on the symbiosis through in-depth interviews, establishes interaction
relationships with land use, analyzes the interaction relationship with
concepts of synergy, trade-off, and co-benefits, and clarifies relevant issues,
influencing factors, and effectiveness evaluation aspects. Policy
implementation is a dynamic process involving multiple stakeholders.
Through the impact factors of the stakeholder feedback, possible synergies,
trade-offs, and co-benefits of policy implementation are analyzable and
predictable, with ensuring feasibility and sustainability being the key to
success, which can be used as a reference for future policy implementation
directions, revision of laws, and planning of site selection.

The results show that the relationship between solar photovoltaics and
aquaculture fishery land use, including process setting and issue generating
factors, has different impact results according to different stakeholders'
perspectives and interactions. From the land-use perspective, this study
analyzes the interviewees' perceptions to clarify relevant aspects of solar
photovoltaic implementation and aquaculture fishery land use and divides
the current development and related issues into land use, land management,
and socio-economic aspects.

Keywords : Solar photovoltaics; Synergies, trade-offs, and co-benefits;
Stakeholders
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25

IERFEIBL RS XY LIFET MORE S ¢ B EHR
B gh B R KT RDR Y fofpH s * 4 b % % (Pimentel Da
Silva et al., 2018) -

THATRIEFZECRESHAIF > THROXRETLBEF &
FEREE - FRA LA FEhE S BREZ A PBF R (CO2

E‘) ERARE > D AR EREY T g%'ﬂ*" Z Mo F iF T
%o ’fﬁ"f” N gﬁl\ﬂi& 2 gﬁi'vq EE /.w_;L*} et ¥ (’S”Ljﬁ%%‘)\
E&’ 2019)c ¥ FA B F g o AP L EHA SR LS L
BT F kB s IR FI A B B AR A
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N

B+ afF B (Pimentel Da Silvaetal.,2018) 5 f2 i34 ~ Mg ] * 4
KE DR VWL iR B (leentelDa81lvaetal 2018) o

¥ ok
e

1A el fo R P HIER G P 6 B
BERAAFI AR - TH RRIZRY U TR AR A
'k (Pimentel Da Silva et al., 2018 ) FEE b & A~ T & @ * fﬁL
Alfe-k R iF o 47 > d 3 IR LS B X o ST R
AP B KRB R LR e 0 FlH 2 F
RrER i EER TR FABAFEE T PR AR R 2R
BiE 0w s AARE R AFF LA E BRI
(Pimentel Da Silvaetal., 2018 ; Yue and Wang, 2006 ) » it p = 3 B ¥ 4z
P12 AR 5 AT 0 MR E A R -

P A
3.4 i

eI p R AR BN E M F o oS A T
RBEFDI o f >~ BRR A B AT ERE 2 5 S HREE

( Tsoutsos et al., 2005 ) -

CREABRRRBEE LI R R A T FET 5 T
*E %Mmﬁmﬂhﬁﬁ%ﬁ%EWwa’ﬁﬂ@<$ﬂﬁﬁm
FUER IO 24 B 2@ gk BRCELAY - Bha BE
(leentel Da Silvaetal., 2018 ) o "] LR RE R AR T
Bl CLEFGRC B Bt 2 FIRTIHE TR F’“’;‘mﬁ 4 H W
FATHEETR VT aw € fepliE L e /Eif g2 E o 4o S
FHEFLARAZ R R 2P RBRSE A %3]%25;?5
(Hernandez et al., 2015) o 3£ % ¥ Lok e RIp 2 40 chde 2 > 2 ik
E R A TR PIMRITE Fend 2 2 % it F2 58 (Hernandezetal.,
2015) » VIEEE PRSP FARRY EERPED (blicd
) FoAGT R (GlcfR L KRR B KT B 0 1R mf;é:tvp
g F 44 (Hernandezetal.,2015) 5 7 R > ¥ RE F P > 1 *
ERPFIEERSHK BT EE X (Hernandez et al., 2015) -

1 [ m\ﬁy
C
7 "l
#=
bl
E

*“?3
W
5y

A& Ok e gﬁﬁé@ﬁa#m,‘ééﬁﬁ;,ﬁ,\%yﬁﬁ :} )
AT AT B R FlAzE el BREERR SHA A i‘a
bv B #p = F 2 1535 (Pimentel Da Silva et al., 2018) o ¥ “F#7 % 5 it
FATA A p ks Tl AL HHITH S & A X 17 i (Pimentel Da
Silva et al., 2018 ; Rose and Wollert, 2015 ) -
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7 BA B FHEw R G RPEORBET 7
(Suuronenetal 2017 ; Grippoetal.,2015) - F® A~ B F R E kw
PR EPAY o TR EFED L REERL LS B LERT
(Pimentel Da Silva et al., 2018 ) ; #Am & A -k® 2 s P kih2
- VR BRRPEH U kY 4 2 £ (Pringle etal, 2017)

Z ) BETS

MBS B R TS ?L“ ARV AL L BFE
FRRT IR AHZ G EARE S A Fi,i%fﬁm*gié\ﬁ’“(Geng
etal.,2020); & A AP ER B EFF A 7 p RFTRFE 5 7]
% ~ = A %% (Gengetal., 2020 ; Bagdanavicituté etal., 2018 ; Dapueto et
al., 2015) -

rﬂ@z?ﬁ""f%ﬁ 5?\%1"#?'?'}\ "_1‘],» B # ’%@‘f‘f%ﬁlﬁ’
ERAGF O ABARETNEIWMERE PTG AT HALDE
IR A A RES SR R e N B AR B 2
RAGFHET]F  ZEARAAFFefpIiEr > A 2R
78 Hroik € 1 (Gengetal.,2020) -

ﬁm?*%ﬁﬁﬂ%ﬁ?fi%ﬁﬁiéiﬁ%ig%f,j@
() B (-) REAFFFEDEA () 2T TR DR FAR 0 F 2
Pl 5 (-) (Gengetal.,2020) -

£ 21 R H2ERE

Bt 2 +
(D) *Bathm®E (1) wmFRFE (1-1-1) p @pEFERF (hour) (+)
(1-1-2) pEF (+)
(1-1-3) # < HigsHad (M/m2) (+)
(1-2) Adzx 5% (12-1) #FeBEREFF (+)
(1-2:2) 2@ it (km) (-)
(1-2-3) T pedfaprdg (km)  (-)

(1-3) %1 %BFE  (1-3-1) kB2 RO E (+)
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B 2 +F
(1-322) Brkgatt (+)
(1-3-3) ¥ ARELERR- K (+)
(2) %7574 (2-1) p AF R (2-1-1) ¥ 25 ~ G fhfrd ¥ Feg 42 (+)
(2-1-2) kigeng &~ K FwA R (+)
(2-2) ¥E%u (2-2-1) &flee & i 11 (+)
(2-22) 2 &) f F e f12 (+)

(2-2-3) & & 3% Bl Kok P e i
(+)

(224) §#¥pEEmPRE (+)
(A3) p4ir72 (3-1) &4 (3-1-1) 224 (7)) (-)
(3-1:2) a4+ (3) (-)

(3-1-3) k= + (§) ()

(3-2) »¥ (3-2-1) S B pip k¥ kangpetoeg (§)

(+)
(A4) %8 7% (4-1) # LR F (4-1-1) *BRFEHRE ERRDEF (5
(4-1-2) g ¥~ Rk 2 BREDPE ()

(4-2) 2reng P (42-1) &aig (+)
(4-2-2) CO2 B2 (+)
(4-2-3) # 2y g (1) (+)
(AS) ¢ #]4 (5-1) # ¢ (5-1-1) 4 3 FahR P (+)
(5-1-2) & b 2 ehd EEF (+)
(52) A g FE % (5-2-1) ¥ = Feppt # (+)
(5-2-2) 2 £ 245 (+)

(5-3) 2 q1* & (5-3-1) #&F 2 *F (Ap 2 ititik)
(+)

17

DOI:10.6814/NCCU202100334



ﬂg@ﬁ&ﬁﬁ@ﬁé%»igw,*ﬂ@%ég%@;@ﬂ%éﬁ
9.5 ehip A & B4 (Freeman, 1984 )5 13 B % 4 et & A i *
”Mgiﬁﬁﬁ—ﬁ%ﬂij’g—ﬁﬂﬁﬁ%£ 5 85 el
% RN F E”“”;]rgfﬁg:"- FEF o HLEILL R S8
72 2% 2 4 & (Luyetetal., 2012) -

At F AR DI MR A ST iiﬁwﬁimﬁ%ma’
FERfEAS L TR F A2 (co-creation ) (Pfitzeretal.,2013 ) - &
'J%WzsﬁpF%%%W”%ﬁb*gilfﬁéﬁAFﬂﬁ%’Jlﬁgxﬁid#mxli
%Eﬁmﬁﬁ’éﬁsﬂﬁ“?ﬁ'ﬂéiiﬁﬁ%@%?ﬁﬁoﬁﬁﬂ
TH - B Af Fe el AR > _;_# 7 7}% {ﬂ}frﬂb FRILCDERY EF XD

¥ AR e 3Rfe st 38T F R 8 (Prell et al., 2009) -

R UE TR

FIT B A ZAiranp FF 2 F 0 L PAR RARRE DI T M R4
(B A~ B el ) o (g B 5 AR o

(=) 1T MG g

é%lkﬁﬁﬁ\ﬁﬁﬁnﬁﬁ‘ﬁ%.@fﬁa pEE A G L
PR RePPREAIE > ST BFJIT MR F PR F - Hdp
Rl 3 e sg Al E B % 4 (Clarkson, 1995)« 5 £ 5 & & J 2 #7F7 3
R A - BER DN A R fIT MR S PTE PR
TRoOIARFV R ARFIETRS P AT ERPUFZ AP AT

M % £ (Prell etal., 2009 ) °

N

X

>N

AP 'J

P
l

A
i

ﬂ}
~ 5
.
ks

HEFA R D
.E’_Ta‘« g R T A
Eféﬁ'{#?j:&x}gﬁfj 4

a&;}ﬂim%r‘ré

bl

= 3
AN T ThA ;}@

®

Y

1N

BE Tk A g dts o ik 2R

ES RO I
e T ORE TR A ;:'mgﬂ;g
2 (Clarkson > 1995) 0 pt ¢k »

Hm W

bo
~f_g_ ’”\g

-
2
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A P4 (power)~ it F 1+ (legitimacy) 22 &8 4 (urgency) =
Bl kA3 AT MR HeRSE R 4 LI MR
ﬁfe?«k]r ES=p) TR UE N S e SRS VR TS R s E e X e
R A UEERIEE Ay S U R m’T & #2 & (Fassin, 2009 ; Mitchell
et al.,1997) o R HAAIET M A B fos v A - BEKRFA
( Carroll and Buchholtz, 2012 )

(=) Eor

TR MG AR R LRI R R SRS R
PEATRARE R R AR AR A AR E Bk eiE
¥ (Prelletal., 2009 ) - Ap B F1Z B 02 A A 453 1 - BIEL i 07 %
GRERE L SEIFS S e F T SR R Ry £ Fid i
Ay RS F BB LA T EFENRA B E
Boeip 3 Bl th 2 .’E’.%{‘J—%‘;—‘ﬁév’ﬂﬁﬁm (Loetal,2013)° ® % =12 B 1%
LM Ay P H SR Bl AR gAY £ H
v T e A VR FEMGHTRE ST 28 RE | 57 F
M3 AR S AR RSN R AR T B M T (Loetal, 2013 )-

THRRRE ARG

AR M A BB R KA PFL REEF AT PR R A
f1# (Pimentel Da Silva et al., 2020 ) ° J’y:‘ﬁi{— BAg fe AR > | A7
RfrPd R PRBEY » IFPF A TIRERFFHE X F%seth_
EARAEE BB 2L E G ra»mﬁ—a\&;w FE I ATER EFE
FEENE 0 &P B E DT E b IO BTN B D R #EF&H |3 B
GAVURERER m&?% 73 (Loetal., 2013) -

wb

21»
She

BEREEASITIERA RE B Iowie 1A A £ 8 9B U (Lo
et al, 2013) = 13457 I 113 B i 4 RS T T mz.ma,ss; b3 ke i)
T B R4 é’%f‘ii%\fv’vé o FETRBHEABASERERES TAE S R
o X R A RARR T B TR A L B A 3die A s 4 enariiAp 32 (Frate
and Brannstrom » 2017) °

S WU HAPMAL L A LR E rﬂwm mﬂ} el I )
,i;‘lé’»’é’/z‘fiﬁv]—‘.%ﬁé‘f"z“"l’%sbffﬁfﬁpﬁ%’”ﬁiﬁf?’r BiEALY e
F3 o A RGNS SRR ( oetal.,2013)°,’1‘>m poav s iy B
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T iE

F%Hbl}(ﬁ\m
%—? e

BenB BGEE EARTI T M TR A S i okt o
L RE B A BRI T M A A B P EnE &S (leentel Da
Silva et al., 2020 ; Frate and Brannstrom > 2017 ) o = [&
MATMGAFTY 22 MmF1

K= ape

i iE R GG 2 4p
5 ik kA

(=) s FERY hPFFF =R 54 B RF F Tk > AT 40—
ﬁﬁ _#7 ﬁm_’ & ¥4k 5 2 @kﬁ__g;/_é‘gg *E}‘q e \E]%F’&r’}‘frq_ﬁ&/w\frp
HHRE o R AR A oA BARIEAE el

’fiﬂ' “?fh‘fr"“—"—

SR T R TERop A
BRI LA S T REE (

[E3 R 2

oK B3 B D
Pimentel Da Silva et al., 2020 ) -

(Z) AR EVPEEIREFEER - TEFNITH AL HE =L 28
A LI R L S LE S L 6 4 g e i
ii—"“'*""fﬁ FIF M0 AT & ERRE AL E EARE GRE ¥ 2 b

) it ARBOPE

X7 49 B (Pimentel Da Silva et al., 2020) -
(Z) APy

A R EA AT MR A 2 e T MR AR

e AL B A B L B}
S R L R
2:13—"‘ efd B ri%m“i\fq— 1)F3 Fi};{m}a pE= (LO et al. 2013)

]
AR A TET w0 F RS A #
KT EE T P % miE LN i

wAR I F

?
& =
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&

Sk

e

:*V
Juy
4t
o
ﬁ\
Pl
e

ke 1! W/
1 g SN d

PHA AT 2015 £ 2030 EAEHF EHZMA OB ITHEAFEE D
( Sustainable Development Goals, SDGs ) ~ 169 78 E 48 p 1% > & & 53 44
EUBRBZ B AT+ F LI EREALE T 2023 &£ i7d 0 F Ry IR
RO AR EFE (R g » 2020 ; Nilssonetal., 2018 )< % 3 &7 >
17 38 p &7 G A9 A3 B p i # (Bisaga et al., 2020 ; Weitz
et al.,, 2018) ° % w@}_ﬁzmﬁm R Th T B R E R F?B?%LEP@?IP\ R
TEROCSTHMERATFERA ST RBAFFEI R A RER
R EFE A LRT- T 2 4 hded (F# ¢ »2020) -

KEFEHRALL AL R &2 7 A3} (Bisagaetal,2020) » ¥
* A B R (Weitz et al., 2018 ) ~ B ¢4 ( Stafford-Smith et al., 2017 et
al.,2016) B8 o P2 B3 B3 B8 23 B EF B HFRT ~ 2l
&k ﬁ}“mskﬁ B Ao AL NETRAPT TF A4 L 2
228 (Dugumaetal., 2014 ; Weitzetal.,2018) » & 34 (7 1T 45 52 > 2 $30 (7
ﬁﬂm%i“‘?m PRl G EASE AR P e kT R LM ehe T iE
LAY FHwn TR IR ARG B 2 e g2 Bl - R
SRR T A R f b fL o 4p 3 1T 2R T3 B SR IE AR
R g AP RRG v HEARAEICKG 0 2R TIET S AP M T B R A
05 T RB AR IR kb L F L R EAREI (6 A B ¥
sk~ iEA g S (S IR AR ) 2B efp s T MG SR
BUEB LR AE R AMBERES FRSE S BRI LOEFT
¥f2p 2 B ek (Nilsson et al., 2018 ; Stafford-Smith et al., 2017 et al.,
2016 ; Duguma et al., 2014 ) -

Eum

54‘5*\

FR ~ B 1@%1 Facimdp 3 (5% P8 @ & L H (71 ﬁ”?ﬁ?%ﬂa%\ ( Weitz
etal.,2018)» 3 #7 7 45 41 55> (synergies ) ~ 1 fi7 (trade-offs ) 2 % »z ¥ (co-
benefits ) 73 &3 i AL R 2 H B R P 2 (Ner1n1etal.,2017)o/5II N
* - AEEL kAP T (FH é:—% o & S5 B w5 8 #7( Bisagaetal., 2020;
Nilsson et al., 2018 ; Weitzetal., 2018) ; 4z A F &5 & > @ A4 B F
15 £ 20 F (Griggs et al., 2014) o 4p 3 iT% > 6 5 2LF R 2 R
HATE R A P W LG ke RS A fr R e R S o
S o dofe 4 S aRn] g o AUT TG SR B AR B3 (Er 1
T - BPe (Weltz etal., 2018 ; Nilsson etal., 2018 ) o 11 T i&— # A &P
T d fg@ru E2 X anF 2 igx o
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- ~ k% (Synergies )

%k%%ﬁﬁﬁﬁa@uPijikﬂﬁ P SRR N2
é’r_iét‘%‘ Pk B R LD e o G LRI TR GY > 3 R H AR
Fd s geR e s A AR B R AR D PR o ek
FERpARHGFE S T TR E 5 4Pk (relatedness) £ 3
# 2 (complementarity ) » F ik Ap B 245 7 F ﬁ\“* BPHEREFFL R R DF
B FR3 ﬁ’hﬂipﬁ‘ﬁfﬁﬁﬁwi RAf 2. TR Ao - IE TR H e
¢ P PFEA Y — 30 F R i 3 &2 e (Corning, 1998 ; Dugumaetal 2014 ;
thi13552020) A7 FAEE T lF’*ﬁﬁ_" PSR A e AL @
FEiF~£4 % (Corning, 1998 ) g2 = 2 817 7F g T AN F H wi"J SRAT o

*“): ﬁn\

LT kR I OER A A e sk A 5 T Ag 4 & 5o (super-additive
synergy ) ; % U3 e = %% (sub-additive synergy ) ; (von Eyeetal., 1998 ;
Dugumaetal.,2014 ; #% £ > 2020)c 14T & B FP 42 40 & 5302 B R A &

‘,J-.)

I ©

(= ) T4g4r = % »c (super-additive synergy ) |

AEEAFUIEFRRPIRL RSP ERBFRE T F
B 4}1:53( e ‘tgf_}@—f&"; T% A4t pbescdk > 1 & F Jlfgf’gﬁxfﬁz
ANHE 230 1 7 R SFHRFEREF 0 LHE TRGFHEL
%‘\u’ég\;‘—'—% O N {g_iécéw:{% °

VX)) + VX)) + -+ V(X)) = VX, Xy, X)) +LI> 0., 2l

Xn: % nsEREAFHERGFT oV R 83t F A2 290F o 4o ok o
(=) T3 & 4 = 2% (sub-additive synergy ) |
BEEAFUFLFRRIFRZ RS ERERE AT
BEGARMME S BT T A4 fredeank o AR F R P
Fh o N2 A REATERFEHERF  FBPE TR LGS

FEAL S REPAS oA Rk o

V(X)) + V(X)) + -+ V(X)) = VX, X, X)) + LI < 0. D)

Xo! ¥ nAAG AT ERE VI LGP F AL 200F o[ b d0nk o
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%22 SoRETIIR G
# 3 BEYE WvE R HH F S ipI Er k%
P
B4 kT ABaFEX (M B B3P
& & PR RS TH S RRE TR
g | AETER 5 A 4 B
w | B LD SRR | T S
BT =500 \:H;f;] ’5"1"4-;:_‘:11) ’\;Q-Bﬂ‘i'%%’?éi
Fe A Ak = B ac 5 w4 3k
B AR E KRG o
* SR | TEAERES R | S HARE K
s, o | REERR T T E R e
e o | ® CHARENKG 0 | 2RE T
T AV IR SRl o d A A
K3 BB A
= ~ ¥ ™ (Synergies)
Uity WA %wk B B2 I PEAS
Z R AT E i REHY -3 REY - 32 Ak A R

N
I/E\“}/‘E/z‘/%i’ 2

SR

L A

Hasse et al., 2012 ; Tomscha et al., 2016 ; % &1 > 2020) -

%2-3 REE O

L o (Raudsepp-Heame etal., 2010 ;

T e e
'H—?ﬁ’ P& ;N
JRRERY A | EHAIHBAXES A
AP EBEABAE | AR SR
i 7HhT 5 - e
(LR PP EEGEs oy | o RAPEEfTAS L B
4 5
LT SN SRS R
’ o FRPE TR R
¥ 4 ¥ O OB Fmﬁ;i ‘_é‘_f’v ‘T]"’f
i‘ra e 1& }é],,fjii*’ FERT N RE R
AR E i D
R F < m g & I o o
e . | . — :‘u,{’,u,p @Lﬂﬁﬁ’»j:éf,g\‘,u—};[
KR YRR RR |
. CEIF Rl
FaFEsrA | B

23

DOI:10.6814/NCCU202100334



= ~ ¥z % (Co-benifits )

fpE - RS FEREAR *ify—"“rﬁ’*ﬁﬂ”*‘”i%ulréﬁ%ﬁéi
EFobwa fRE TR ATRBM EG I 34
R S L LR SR RE. ﬁiu%ﬁ;ii;\ﬁrr,_‘@%%“
HFE Rk AP E R S BEA o & E 2 EF - &
NI RA RiErg A o & ¢S E2cE (Duguma et al., 2014 > ?,ﬁgfp

lW'V
$

ISR LS s R i &x—';.\;c
7:? 5 - ’7?%“3’._{,_ s
étﬁ = # g2 £ + 7]: ¥ Pl 2
A BT LY R M s
N B g \ ”4’-"?{
<5 |7 fko BREER
: 20
AP iz
Loy LB XT x5
g A ] )
v % g H-:'F’?%ﬁ‘?} oA B8 K
T - ‘
BE 2 | HE A 3 woed pA o it
e E )
E‘J%F%ih A HeniE
Gk
Foowiae 2 A
S S

S THR R T s T R F

LRFFREA B AR EF R B A A DT ok
DA EH G A BB S o B AL Tk T T AR R AR BT
= iﬁﬂ?ﬁ Ti#fti "/?%' ~ fg’rl—l'? 4— "{/ FT”FE-A » b ﬂ":ﬁg'ﬂ {E’L‘ﬁ_l} *ﬂi:u#’%'—
WALEFF > 4= RH LT IEF B

Pldr S i R B F RE R B R (Hernandez et al.,
2015)5 1 i@ s MERY 23 (BldrR i v FRE I ) BREHET
P ZAFET PV B g R oS %— »2 % (Castillo et
al., 2016 ; Hernandez et al., 2015) ; = F ic T AiE LRSI 3f BLEL 61T >
7 'i’sq@”f’w"ﬁ%ﬁ%fréiﬁ B P i BaFaded s o g A#EKS T
=2z hf % (Frantal etal., 2018) -
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AoEO - SALFIFE Y- SFERVHITERM
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NEER P AT ARG R RRR AN E TR D e
ER A 3 ARG E L RAHEE > 4 9L 12415 (Yue
and Huang,2011) > * @ s Rjp 4+ R A A X FE - PE 7 FERT =
A PR AL S AR

fed w8 A e FH 02019 £ 9 8
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