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Table 1 Biological variables of clam aquaculture

Item Parameter Description
Survival rate (%) 60 Based on the assumption of the survival rate after the solar is set
Breeding area (ha) 30 Refer to Huang’s clam questionnaire survey, based on the

Stocking density (grain /ha) 1,000,000
Stocking size (grain /china-catty) 500
Breeding cycle (month) 11

average aquaculture area corresponding to a 60% survival rate

Refer to Huang's clam questionnaire survey, based on the
average stocking density corresponding to a 60% survival rate

Refer to Huang’s clam questionnaire survey, based on the
stocking size corresponding to a 60% survival rate

The average breeding cycle in Taiwan

RPDEE N - W A 3 K REN
[EIRE ) SBE s E ERC E ST AR Ak 2
AERIEESR > AR ZEHAR IR RS S 2 1 il itk
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BT RIS A/IN ~ TR R B EREE R > |
JEZE R - BEEIZWEE - IR E
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Table 2 Variables of production costs of clam aquaculture

Item (NTD/ha) Parameter Description
« Excavator costs: 50,000 NTD/ha
. « Electrical and mechanical expenses for drying pond
Set-up pond/ sun-dried of the pond 83,000 pumping: 5,000 NTD/ha
+ 1,000 kg/ha of tea meal: 28,000 NTD/ha
Seedling cost 100,000
Feed cost 33,600
Hydropower cost 33,800 Refer to the cost parameters mentioned in Huang
) (2019) and adopt the cost input of each unit
Full-time personnel costs 57,700 corresponding to the 60% survival rate
Temporary personnel costs 41,200
Other costs 20,100
Total production cost variables 369,400 Sum of all costs

Table 3 Variables of production costs of clam aquaculture

Item Parameter Description
Yield (kg/ha) 7,200 Refer to Huang (2019) clam survey results.
Unit price (NTD/kg) 90 Poolside price
- Refer to the average unit profitability corresponding to the

Unit income (NTD/ha) 648,000 60% live deposit rate mentioned by Huang (2019).
The discount rate of clam farming is about 5%-10% : Solar

Discount Rate (%) 5.25 has a discount rate of 5.25% based on the renewable energy
bulk purchase rate of Bureau of Energy (BOE).

Inflation Rate (%) 1 Inflation in Taiwan is mostly at 1%-2% every year.
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Table 4 Solar setting variables

Item Parameter Description

According to the solar energy setting capacity of 3

Total capacity (kW) 4,500 hectares of clam farm (Does not consider the
occlusion rate).

Estimated sunshine hours (hr) 35 Assume that the average sunshine hours in the central
and southern regions is 3.5 hours.

Occlusion rate (%) 40 According to regulations

Clam culture establishment capacity (kW) 1,800 40% of total capacity

Feed-in-Tariff (NTD/kWh) 4.3914

Construction cost per kW(NTD) 45,000 General market price hypothesis

. N .
Total construction cost (NTD) 81,000,000 Construction cost per kW * Clam culture establishment

Taipower line compensation fee -

Environmental Recycling Charge (NTD) 1,800,000

Allowable Land Rebate (NTD) -

Average annual maintenance fee (%) 10%
Rent 908,822
Power attenuation 1%

capacity

Taipower’s line compensation fees are different in
feeder conditions in different regions, and it is
necessary to consider whether the line needs to be
pulled according to the actual situation at the site.
Therefore, this study will not be considered for the
time being

The calculation basis is 1,000 NTD/kW

Land area * 50% of the announced land price (Sunk
cost, not taken into consideration)

About 10% of electricity sales revenue
Rent assumes 300,000 NTD per hectare (9% of
electricity sales revenue)

The efficiency value will decrease by 1% every year
with the power attenuation of the solar panel and the
aging of the material

IR E LEAIth TR - (BRSO PSR S 7T
R - R KRG REMGENRL - JR A F Ak
ARRREATEL - AR B LHRE R R Ss
ik A R - S E R - 59— 7 >
FEA KR RESGER R - BANHRY 2RI X
Z Rt B A B KT S SR I A
ERAFEREEBL - &~ #5 - SR ER
(ORP) =5 » /KEAFTE P EAER S I TN R
EpENEIUNEREISE (@ibE Jar Y - A
ACIEZ BN T Hkr 55 B HIRE S
kAR ~ KBRS - KBKEAFT Z PR
LR HE B IGREAT ~ RAVUIRERER - X
Ko RER BRI SCIG TR B R 5.29 g~ KEZRERRER
SCIR R E R 6.38 g o AWTFERE LR BN 1IN
BHEIE > IR AE HARETE
TSR INE] - KA - KFRER
AER R B SRR E B R KB BR EH Fy

ik Al E R © K ATE P EAER S I R - AE
40% HYIERCR T - SUGHIERARDIAZLE - 1
KFGREMGERS ~ ERTIRE > HI W] DAk s e 24 L
TRIER > ORWTFEAR RS IR 1R T R 1
KEAREERL - 2H TR TRRERE R
T TR e S (A, 2011) 0 K
AR AIERIEEE 10 FREERRE R - 305
Jilli > BZRIGLEZ T HIRAEEK 6,578
TG AW Fe R KRR C AR R Al HE 4 90% YR
KB HIRRRHME RS/ 658 JT (Table 5) -

(D) U tRREERENETHLIERELS
&

AL 7RG AT P BRI 1L B L R A
SoRHIE G 310 m® > ERGEHE YRR >
TRHHAAE R R A LR R A - 2
SRR T RSN R - SR



60  FFrpgsE

Table 5 The risk or influencing factors of clam farming

ltem Parameter

Description

Shadowing effect factor

Hazard mitigation factor (NTD/ha)

Before PV setting: 5.29 g/ Clam

After PV setting: 6.38 g/ Clam

Before and after the installation of solar
energy, comprehensively consider the
impact of direct sunlight, the amount of
green algae produced, and the changes in
water quality

With reference to the "Study on the
Farming Fisheries Insurance System" of
the  Research  and  Development
Evaluation Committee of the Executive
Yuan, clams suffered an average loss of
6,578 NTD per hectare under the
influence of natural disasters. This study
assumes that 90% of the impact of natural
disasters can be blocked after the solar
photovoltaic is installed, reducing the loss
to 658 NTD per hectare
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Table 6 Cost parameters for the construction of a three-dimensional shellfish nursery greenhouse

Item Parameter Description

Greenhouse (NTD) 3,770,000 310 m?

Environmental control system (NTD) 349,000 2 teams

Algae Cultivation Module (NTD) 349,900 4 teams

Temperature controlled algae cultivation room (NTD) 445,000 20.68 m?

24 tons of seedling glass fiber sink (NTD) 287,910 6x4 ton

Three-dimensional sand-free nursery module (NTD) 715,680 4 teams
The total cost of equipment such as
greenhouses,  environmental  control
systems, algae cultivation modules,

Overall facility investment cost (NTD) 5,917,490 temperature-controlled algae cultivation
rooms, seedling glass fiber sinks, and
three-dimensional  sandless  seedling
modules

Nursery module area (m?) 24

Nursery volume (Clam/ m?) 4,800,000

Unit price (NTD/ 100 million) 500,000 2019 unit price

Three batches (month) 6

Table 7 Solar photoelectric setting cost parameters
Item Parameter Description

Total capacity (kW) 28

Estimated sunshine hours (hr) 3.5

Occlusion rate (%) 100 Robust environmental control greenhouse

Clam nursery establishment capacity (kW) 28

Electricity price (NTD/KWHh) 26 Refer to the electricity price announced by

Taipower

Average annual electricity saving (kWh/year) 32,567

Construction cost per kw (NTD) 50,000

Total construction cost (NTD) 1,400,000 Initial investment

Environmental Recycling Charge (NTD/year) 28,000 1,000 NTD/kW

Average annual maintenance fee (%) 10 Calculated as the proportion of electricity

sales revenue

Rent (NTD/year) 9,425 6% of electricity sales revenue

Power attenuation (%) 1

Discount rate (%) 5.25

Feed-in Tariff (NTD/kWh) 4.3914
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Table 8 Analysis of the costs and benefits of clam breeding

NPV B/C Average annual net
(NTD) income (NTD/ha)
Income from clam farming before the installation of 12,609,380 153 365,702
solar power
The income of clam farming after the installation of 27,644,115 219 788,106

solar power
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Table 9 Sensitivity analysis of sales price of photoelectric clams farming

Unit price of clams

(NTD/kg) 90 47 14
Photoelectric clam
profit ratio (B/C) 2.19 1.57 1.09
Clam farming
benefit ratio (B/C) 1.53 0.99 0.58
Both are

economically
feasible, but the
photoelectric clam
performs better

Economic feasibility

Economically
feasible boundary of ~ economically
clam farming

The economically
feasible boundary of
photoelectric clam

Clam farming is

infeasible

Table 10 Environmental benefit analysis

Environmental improvement index

External benefit

Remark

Carbon sequestration of clam culture 9.5 tons

Solar photovoltaic annual power

generation

Annual CO, emissions that can be

reduced by solar photovoltaics 1,226 tons
Solar energy can save coal 959,351 kg

consumption

The amount of coal consumption that
solar can save

Solar energy can save electricity bills

2,299,500 kWh

2,446,346 NTD

6,093,675 NTD/year

Daily power generation 3.5 kWh/kW-day

* The unit price of coal purchased by Taipower
in 2019 is 2.55 NTD/kg
* The coal consumption rate is 0.4172 kg/kWh

Based on electricity price 2.65 NTD/kWh
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Table 11

The results of a cost-benefit analysis of a green energy photoelectric three-dimensional environmentally
controlled shellfish nursery greenhouse in different situations

Green energy photoelectric three-dimensional shellfish seedling nursery
environmental control greenhouse

Scenario FISherY ?”d . Solar Solar Leasing land
No green electricity self-investment, . .
. - . self-investment and FiT
setting mode symbiosis self-generation ;
. and FiT mode mode
demonstration  and self-use mode
Income
Nursery 3,540,000 3,540,000 3,540,000 3,540,000 3,540,000
Save electricity bills - 84,675 84,675 - -
Electricity sales income - - - 157,080 -
Rent - - - - 9,425
Nursery 3,540,000 3,540,000 3,540,000 3,540,000 3,540,000
Outcome
L”p.“.t cost of nursery 5,917,490 5,917,490 5,917,490 5,917,490 5,917,490
acilities
Electricity cost 250,000 250,000 250,000 250,000 250,000
Miscellaneous supplies 150,000 150,000 150,000 150,000 150,000
Solar energy equipment
investment and operation - 14,302 1,485,914 1,485,914 -
and maintenance
Average annual net profit 2,831,626 2,901,999 2,816,599 2,874,940 2,841,522
B/C 1.156 1.171 0.845 0.887 1.164
Economic feasibility 3 1 5 4 5

ranking
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ABSTRACT

Taiwan’s land resources are limited. The previous high-level national land-use policy had a complete and
comprehensive plan to avoid impacts on land originally used for fisheries and aquaculture and to maintain food
security and promote new types of green fishery. The shared industrial model of electricity generation and
fishery is a solution to balance the competition between energy policies and fishery development. This study
used economic benefit evaluation of the combination of fishery and green-energy production to focus on two
topics-photoelectric farming of clams and demonstration of a three-dimensional photoelectric shellfish nursery
hothouse—in order to understand the key technologies of shellfish farming and green energy co-development.
This study has the potential, from the perspective of financial and economic development, to provide R&D
teams with references for technology product application and development strategies. Cost was estimated
through monetization conversion analysis of the costs, benefits, risks, and other parameters of the fishery and
electricity symbiosis. The results of the analysis of benefits, cash flow and related financial indicators will
provide decision-makers and investors in the symbiosis with a reference to assist stakeholders engaged in fishery
and electricity co-production to effectively reduce investment time and capital costs and shorten the learning

curve.
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