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Variation of temperature due to climatic changes affects the yield and growth of the fish in cold climatic condition. This will
impact the supply of protein rich food due to reduction in aquaculture production; one of the prime sectors for providing large
scale employment. In this paper, the theoretical framework using Greenhouse and photovoltaic model is presented to maintain
desired temperature in the fish water pond (18°C to 35°C). The controlled environment is maintained inside the greenhouse for
the survival of fish in harsh weather. Greenhouse room air is heated using solar radiation to minimize evaporation and
conduction losses from the surface of water pond as temperature inside greenhouse is high in comparison to atmospheric
temperature. Photovoltaic modules produce electrical power which is used in various applications. Various packing factors have
been taken to optimize the controlled condition inside system. It has been observed that desired temperature and maximum
electrical power is achieved with 0.8 packing factor. It is clear that the proposed structure not only improves fish growth rate,
promotes clean environment as renewable energy is used but also provides livelihood to fish farmers.
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1 Introduction

To cater the increased demand of food due to
increased population, global food production becomes
a challenge now'. Over the last few decades, food
security, climate change and complex interactions are
being addressed worldwide considering the severity of
this changing scenario. Moreover, rapid increase in
human population further exaggerates this burning
issue. Mother nature is deteriorating by increase in
greenhouse gases emission day by day in the
atmosphere. Climatic variations such as cyclone,
drought, flood, etc. occurs in a repetitive manner. This
climatic variation may be limited to a particular region
or may occur across the globe. Due to this, ecosystem
as well as aquatic animals suffered adversely by these
variations in climatic condition due to change in the
mean temperature of water and air’. It directly affects
the growth pattern and physiological behavior of
aquatic animals. Hence, variation in temperature
subsequently decreases reproductive capacity and may
be one of the prime reasons of mortality of aquatic
animals. This has a significant impact on the financial
condition of fish farmers which hampers their regular
livelihood. Considering the depth of the global impact,
affordable and clean energy, climate action and life
below water are included in The Sustainable
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Development Goals (SDGs) also known as the Global
Goals, adopted by the United Nations in 2015 to
provide better and sustainable future by 2030°.

Aquaculture is one of the fast-growing sectors in
India and has immense potential for large scale
employment for fish farmers. In India, majorly fishes
like Rohu, Catla, Rani, Rawas etc. are being produced
and consumed for various purposes®. Fish farmers are
adopting traditional technologies such as reservoirs,
lakes, manmade water ponds for fish cultivation which
results in low productivity’. Fish growth is particularly
impacted in the areas where the difference of
temperature in day and night is large. The optimum
temperature for the fish to thrive is in the range of 18°C
- 35 °C®, Large variation of temperature of water pond
slows down the yielding and growth of fish. As a
result, the price of fish increases 50-80 % from regular
price in winter season’.

One of the techniques to enhance the growth of fish
is to maintain temperature by heating of fish water
pond. This can be done using fossil fuel which
increases greenhouse gases in an environment.
At present, approximately 80 % of global energy
demand is met by non-renewable fossil fuel resources”.
Since the effects of global warming have become more
severe globally, it is imperative that countries work
together to develop renewable energy sources to cut
greenhouse gas emissions’'’. According to the
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International Environmental Agency, approximately 25
% of global electricity generation is expected to come
from photovoltaic panels by 2050'". This electrical
energy can be stored in battery energy storage system
(BESS) which is having ability to provide this energy
for later use'”. Capturing of solar thermal energy to
heat the water inside fish water pond is the most
excellent scientific approach for clean environment.
This is achieved by using close structure as cage
method made of wood, plastic etc. which traps the Sun
energy to heat the water and maintain the temperature
inside the fish water pond to increase the quantity and
quality for culturing fish'"®. Fish cages are insulated to
minimize heat losses during off sunshine hours and
manage water temperature of fishpond for longer
duration'’. Evaporative loss (heat) in the atmosphere
has been minimized by covering the water surface
using canopy covers made by plastic materials'.

Few researchers have attempted the issue of
maintaining the temperature of water pond so that
almost constant temperature is provided to the fishes
irrespective of varied climatic conditions. In the
proposed system, an innovative and cost-effective
approach is suggested to maintain the optimum
temperature using greenhouse and photovoltaic module
integrated together for fish farming. Greenhouse
structure helps to trap the heat coming from Sun and
increases the temperature of fish water pond.

Also, this proposed system maintains the
temperature of water pond in off sunshine hours to the
desired level, give thermal comfort to the fish even in
cold climate and increase yielding and production of
fish to meet the high demand due to increase in
population. Photovoltaic module aid to maintain clean
environment and provide electrical energy which is
used by the farmers to run various appliances as fan,
light, pump etc. and to optimize the evaporation and
heat losses, promoting sustainability. As the proposed
system is independent of grid supply, this configuration
will be a boon to small fish farmers in rural areas for
increasing their livelihood which is the prime goal of
one of SDGs.

2 System Description

The proposed system is designed to enhance
production of Indian fisheries of length up to 60
centimeters in extremely cold climatic condition for the
month of February in Ladakh. The schematic diagram
of water pond with dimension as 24.4 m x 12.2 m x
1.8 m is used for production of fish in which
photovoltaic module are used as shown in Fig. 1. Water

pond absorbs solar radiation during sunshine hours and
convert solar radiation into heat energy during daytime,
increases the temperature of water pond to the desired
value required for growth of fish'®. The losses shown in
Fig. 1 will act as gain using greenhouse technology as
passive system.

In this proposed system, greenhouse and
photovoltaic module is used. South roof of uneven
shape of greenhouse is covered with photovoltaic
module to receive maximum solar radiation in sunshine
hours. Greenhouse receives two gain as direct and
indirect gain as shown in Fig. 1. Direct gain is achieved
from solar radiation through PV modules’ non packing
area and indirect gain is obtained from the bottom of
PV module in terms of thermal energy. Thus, the water
of fish water pond gets heated from both direct and
indirect gain. The greenhouse helps to reduce the heat
loss of water to the environment as ambient
temperature is always less than that of the greenhouse
temperature as shown in Fig. 1.

Photovoltaic module provides an electrical energy
which can be used by fisherman for running the
appliances. The temperature of water of fish water
pond is maintained in desired range during off shine
hours to provide thermal comfort to fish in the pond.
Table 1 shows the design parameters and specifications
used for greenhouse technology integrated with
photovoltaic thermal system for growth of fish.

3 Modeling and Methodology of Proposed System
A theoretical model has been developed in the
present analysis for the fish water pond using hourly
average data of solar radiation intensity during sunny
hours (from 7.00 am till 5.00 pm), atmospheric
temperature, velocity of wind etc. obtained from
meteorological department for the month of February
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Fig. 1 — Greenhouse and photovoltaic module integrated together
in fish water pond
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Table 1 — Design parameters and Specification of Greenhouse and Photovoltaic module integrated together for Fish Farming
Aperture area of south side photovoltaic module mounted on roof (A,,)

Specific heat of fish water pond (c,,)

Heat transfer coefficient from water surface of fish water pond to greenhouse room (hy.)

Thermal conductivity of glass (Kg)

Glass cover thickness (L,)

Mass of water in fish water pond (Mgwp )
Volume of water in fish water pond (Vgwp)

Penalty factor due to transparent glass in photovoltaic module (Py )
Penalty factor obtained due to absorptive plate placed at the bottom of photovoltaic module (Py,p )

Surface area of fish water pond (Agy,p)

An overall heat transfer coefficient from the bottom of photovoltaic module to greenhouse room from

transparent glasses (Vi)

An overall heat transfer coefficient from the top of photovoltaic module to atmosphere from transparent

glasses (Vi)

Absorption coefficient of photovoltaic module (app)

Packing factor of photovoltaic module ()

Under Ground temperature beneath the fish water pond (T, g)

7,8,13, 14

245.05 m?
4190 J/kg
5.7 W/m? °C
0.816 Wm K
0.003 m
2 Kg/s
100-535 m?
0.3782
0.7805
37.12 m2
5.6789 W/m’
°C
9.1794 W/m2
°C
0.9
0.8
10°C

of Ladakh. The average ambient temperature of
Ladakh in the month of February is 10°C.

Assumptions are considered for greenhouse
and photovoltaic module integrated together for
fish farming system and characteristic equations
are developed from energy balance equations. They
are as:

i The proposed system is based on quasi state
condition by considering hourly variation obtained
from meteorological department, Pune, India.

il Optimizing the design parameters by creating a
thermal characteristic equation.

iii  Maximizing a roof PV module's packing factor to
achieve the required thermal and electrical energy.

iv  Designing greenhouse integrated with
photovoltaic system for aquaculture.

3.1 Photovoltaic Thermal Module Mounted on South Roof of
Greenhouse

The energy balance equation for photovoltaic
thermal module which is mounted on the greenhouse
south roof is given as the rate of absorption of solar
energy by photovoltaic thermal module is equal to the
rate of thermal energy lost from photovoltaic thermal
module to greenhouse from the back of glass, rate of
thermal energy lost from photovoltaic thermal module
to atmosphere from the top of glass and the rate of
electrical energy generated by photovoltaic thermal
module.

The energy balance equation for the photovoltaic
thermal module which is mounted on south roof of
greenhouse is written as'’:

8y By L (O = Voo (T, -T) Ay, + Vi (T, Ty A, 11,7, B4, 1(0)
(1)

The temperature of photovoltaic thermal module
(Tpv) is calculated using Eq. (1) as:

T = ngﬂ(app - ﬂpp )Is (t) + VtcaTa + Vbchgh (2)
7 I/tca + Vb(;r

3.2 Greenhouse Room Air Energy Balance Equation

Greenhouse room air energy balance equation is the
addition of rate of gain of thermal energy obtained
from photovoltaic thermal module to greenhouse room
air from the bottom of the glass and the rate of gain of
thermal energy from the top surface of fish water pond
from greenhouse room air to atmosphere through the
glass walls and north glazed roof.

The greenhouse room air energy balance equation
can be formulated'® as:

5
Vbcr (Tpv - Ta)App + hlc (wap - Tgh)Apr = Z AiV[(Tgh - Ta)
i=1

. 3)

Greenhouse room air temperature is obtained using
Egs. (1) and (2) as:

5
PVoriBA (@, =1, )0+ by, Ty, VA, T, + Y AV,
i=1

Ty = B
heApy + Vi Ay + DAY,
i=1
.. (4
where
V.
PV/}/»I = ber
V. +V

ber tea
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Here PV, is known as penalty factor of PV module
made of glass.

3.3 Fish Water Pond Energy Balance Equation

Water pond itself is a good collector of thermal
energy obtained from Sun. The Sun radiation intensity
is absorbed by fish water pond and stored as thermal
energy called as direct gain given as':

OQpp = Al (DA, .. (5

where ogpis the absorptivity of fish water pond, (t)
is total solar radiation intensity in sunshine hours
(beam + diffused) and Ay, is the area of fish water
pond.

The summation of rate of thermal energy transmitted
from ground level to fish water pond, the rate of Sun
irradiation transfers to fish water pond as direct gain
from the non-packing area of photovoltaic module and
the rate of solar irradiation transmitted from glass walls
to water pond of fish must equalize to the addition of
the rate of thermal energy which is stored in fish water
pond and the rate of thermal energy transferred from
greenhouse room air to fish water pond. The fish water
pond energy balance equation can be written as™:

5
D AV Ty, ~T,,)+ 751 ﬂ)AWunHWZAI M,,C, W+h( ~Ty)4,,

.. (6)

Here rf,p Zj3=1 Ajl 1s considered as 0 as it’s assumed

as complete absorbed Sun radiation is exposed either
using opaque walls of greenhouse or using north roof*'.

Equation (6) can be rearranged using Egs. (2)
and (4) as:

dTy,,

dt + waprwp S(I)Ta (7)
Where

5
VA) ,, + Y AV,

Sy = " ; ' k’S(t):(MA)H“'(MA)zzTa

! Mg Co M upCv ... (8)
Where

MAy={ 2 (1= P A, + PV, A, (0T, o | 1O+, Z
.. (9)

and

5
(MA),, = (VA) ,, + DAY,

k=1
9

5
/wp(V;aApp ZA’V’)
VA),, = =
By Vo + DAY,
(@D op = PV 1T (@, =11,,) .. (10)
htcAfw
Pfo'z = = 5
hed gy + VA, + D A,
.. (11)

The above equation is solved by considering all
initial conditions as Tgy, =Trypo at t=0. The water
temperature of fish water pond is calculated as:

Ty, = [% +T, } x(1=e™ )+ Ty,
(MA4),, '

. (12)

Theoretically, temperature of greenhouse room air
and photovoltaic cell can be obtained using Egs. (2)
and (4), after knowing fish water pond temperature
using Eq. (12).

3.4 Instantaneous Electrical Efficiency, Energy and Exergy
An instantaneous PV module electrical efficiency
mounted onto the roof of greenhouse is calculated as:

Tppnpp[ 'B( fwp 18)]

Uelect,pv . (13)

where 1y, is the standard photovoltaic cell electrical
efficiency considered as 0.15* **. The shape of the
greenhouse structure affects the capture of solar
radiation®.

The copper losses between the photovoltaic cells are
considered negligible. The PV module's hourly
electrical energy output also gets affected with
installation of photovoltaic cell and greenhouse
structure®®*” and is given as:

:nelect,pvxl (t) ﬁXA (W)

The daily electrical energy generated by PV module
is calculated in Wh as™:

E pv,daily = Z E pv,hourly .. (15

The overall daily exergy is the combination of
hourly thermal energy (Quema) and hourly electrical
energy (Epvhourty). Qthermat (hourly) is calculated as:

.. (14)

E pv,hourly
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TFWP max + 273
Oermar =M pwpC l(Tewp = Teyp o) — (T, + 273)In ———————

Tepp,min +273
... (16)

and overall daily exergy is given as™:
Eexergy = chermal + Epv,hourly o (17)

4 Results and Discussion

The Indian Meteorological Department (IMD),
located in Pune, India, provided the meteorological
data for Ladakh. The hourly global solar radiation as I
(t) is shown in Fig. 2 and atmospheric air temperature
as T, is shown in Fig. 3. The minimum temperature of
Ladakh is 8°C in nighttime and maximum temperature
is 18°C in daytime for the month of February as
depicted in Fig. 3. The mean value of atmospheric
temperature and solar intensity is computed to
obtain theoretical temperature parameters. Moreover,
substantial amount of heating is needed to increase the
temperature of water of fish water pond for survival of
fish in this cold weather condition. The solar radiation
received only for 8 hours is shown in Fig. 2. Water
stores sufficient thermal energy to maintain the
temperature of water to desired range as 18°C - 35°C in
off sunshine hours for survival of fish as water takes
longer duration to cool down due to larger volume.

Water can be used as a thermal energy storage
material and this energy is calculated using Eq. (5) as
water has fluid properties which does not undergo a
chemical change when it is heated”. In this regard,
Eq. (13) is used for calculating the temperature of fish
water pond used for aquaculture by considering
climatic variations and design parameters by outlined
in Table 1. Initially a huge amount of thermal energy is
needed to raise the temperature of fish water pond.
Since the solar intensity is available after 7:00 am and
very low when sun rises and increases as the day
progresses, increases the temperature of water pond to
maximum value as 35°C with minimum value as 16°C
which is the best suited temperature for fish survival as
shown in Fig. 4. Water pond temperature drops slowly
in off sunshine hours due to large volume of water as it
will take more time to lose its thermal energy.
Temperature of water pond will again gain thermal
energy as Sun will come again and maintain the water
temperature as above 16°C-17°C.

These calculations are presented in Figs. 4 and 5 for
variable packing factor PB. Figs. 4 and 4 shows the
suitable result for pisciculture for optimum temperature

for survival and growth of fish for packing factor
p=0.8.

Hourly varied photovoltaic cell temperature and
greenhouse air temperature is estimated using Egs. (2)
and (3) and Fig. 4 shows the -corresponding
experimental results obtained after simulation using
MATLAB 2015a. It is visible from the Fig. 4 that the
photovoltaic cell maximum temperature is 55°C in
sunshine hours and 10°C in off sunshine hours. This
show as the consumer has to decide its priority based
on application between thermal and electrical energy
before PVT installation.

However, temperature of greenhouse room air is
approximately same as the fish water pond temperature
due to the low heat capacity of air. Furthermore,
temperature of greenhouse room air is more than that
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Fig. 2 — Hourly variation of solar intensity for February month of
Ladakh
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Fig. 3 — Hourly variation of atmospheric temperature of February
month of Ladakh
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Fig. 5 — Temperature of fish water pond for variable packing
factor

of atmospheric temperature and acts as hot cover
to the water pond and it reduces evaporation and
conduction losses as a result. Greenhouse acts as a
blanket for water pond to store the thermal energy
for a longer duration in off sunshine hours, even
when the atmosphere temperature is below 10°C as
shown in Figs. 3 and 4. Also, the indirect losses
coming in terms of heat from back surface of
photovoltaic thermal increases the temperature of
greenhouse as in Fig. 4.

Figure 6 present the hourly and daily variation of the
electrical energy without grid, obtained using Egs. (15)
& (16). Figure 7 show the efficiency of the proposed
system calculated using Eq. (14). It is observed that the
higher value of solar cell temperature, which is greater
than 55 °C as illustrated in Fig. 4, makes the significant
electrical power obtained after 12 noon more practical
and beneficial. The partial electrical power obtained
during sunny hours can be stored in the battery so that
it can be used during nighttime by farmers in rural
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Fig. 6 — Hourly electrical energy for variable packing factor
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Fig. 7 — Efficiency for variable packing factor
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Fig. 8 — Thermal energy for variable packing factor

areas for running appliances. The maximum efficiency
of the proposed system is also seen after 12 noon.

In the proposed system, the thermal energy
calculated using Eq. (17) is having higher priority as
compared to electrical energy to heat the water of fish
water pond. The maximum thermal energy is achieved
for the packing factor of 0.8 as depicted in Fig. 8.
Further, Fig. 9 shows that exergy increases with
decrease of packing factor due to more generation of
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electrical energy. Also hourly exergy dominates at
lower value of packing factor, but exergy shows less
variation at 0.8 packing factor in off sunshine hours as
shown in Fig. 9.

5 Conclusion

Fish flourish in a controlled and steady temperature
environment, which enhances their digestion and
metabolic rate. The primary objectives of this proposed
Greenhouse and Photovoltaic Module integrated
system is to make it self-sustainable in terms of
electrical and thermal energies to meet the requisite of
pisciculture. Following conclusion is drawn for the
proposed system based on the observed findings:

i Optimize water temperature (18°C-35°C) for fish
survival and growth is achieved in sunshine and
off sunshine hours in extreme cold climatic
conditions for packing factor f=0.8.

ii  The result shows that optimized greenhouse can
capture sufficient Sun radiation in winter in
Ladakh region which can act as blanket for
survival and growing fish to meet the demand of
protein rich food.

iii  Optimized temperature inside greenhouse slow
down the cooling process of water pond due to
large variation between atmospheric temperature
and greenhouse room air temperature.

iv It is observed that solar cells temperature (55°C)
was higher compared to greenhouse room air
temperature (36°C) as expected in sunshine hours.

v Due to zero solar intensity after sunshine hours,
the temperature of the solar cell is less than
the temperature of the greenhouse air and aqua
pond water.

vi Maximum electrical energy (23 KW) is obtained
for the time duration of 8 hours in sunshine hours
for packing factor p=0.8 as shown in Fig. 6.
This energy is used by the farmers for running
appliances.

Although the proposed glasshouse-integrated PV
system demonstrates promising performance in
maintaining optimal pond temperatures and enhancing
energy generation, the present study is primarily
based on thermal modeling and simulation results.
The present work is also having the application as
outdoor swimming pool. Comprehensive real-time
experimental validation under diverse climatic zones
and seasonal variations remains to be conducted.

Future research should therefore focus on extensive
experimental investigations to validate the model
predictions and assess the long-term reliability,
durability, and techno-economic feasibility of the
system across different climatic and geographical
regions.

Nomenclature

T,: Atmospheric temperature ("C)

T,y: Photovoltaic module temperature

Tgn: Greenhouse room temperature

Twp: Fishpond water temperature

Ii(t): Solar Intensity received by Photovoltaic module
mounted on south roof (W/m?)

Enpsu: Hourly thermal energy of fish water pond
(W/m?)

E urhema: Hourly thermal exergy of fish water pond
(W/m?)

E i mermar: Overall Hourly thermal exergy (W/mz)

P: Water density (kg/m3)

Z,,: Conversion factor (thermal energy to electrical
energy)

No: Photovoltaic module electrical efficiency under
standard test conditions
Nelectpv:  INstantaneous
Photovoltaic module

Electrical  efficiency of

References

1 Papadopoulos D K, Alvanou M, Lattos A, Ouroulis K &
Giantsis I, J fishes MDPI, 9 (208) (2024) 1.

2 Ghosh S, Chatterjee S, Prasad G S &Pal P, Inland
Waters - Dynamics and Ecology, (2020) 1. DOI: 10.5772/
intechopen.93784

3 Sorooshian S, J Cleaner Product, 453 (2024), DOI:10.1016/
j-jclepro.2024.142272.

4 Renjithkumar C R, K. Roshni, /nd J Fisheries, 72 (2025) 4.

5 Gautam P, Ananthan P S, Ramasubramanian V, Sharma A &
Jha B, J Curr Agric Res, 6 (2018) 378.

6  Baras E, Prignon C, Gohoungo G & Melard C, J Fish Bio, 57
(2005) 210.



10

11

12

13

14

15

16

17

18

SINGH et al.: MODELING OF PV-INTEGRATED GREENHOUSE FOR FISH FARMING

Das T, Tiwari G N & Bikash S, Int J Agric Res, 5 (2006) 406.
Wahilea G S, Londhec S D, Malwed P & Feroz S, J Solar
Energy Res, 10 (2025) 12

Gao J, Li S, Wu F, Jiang L, Zhao Y & Zhang X, J App!
Energy, 367 (2024). DOL: 10.1016/j.apenergy.2024.123206
Kar M K & Patra B N, Int Confer Simulation Automation
Smart Manufacturing (SASM), (2021) 1.

Aulakh R K, Singh G, Pathak D, Singh R I, Mittal A &
Kohli R, J Solar Energy Res, 10 (2025) 2501.

Kumar Kar M, Kanungo S, Dash S & Parida R, Int J Appl
Power Eng, 24 (2024) 223.

Temprasit W, Pasithi A, Wanno S, Suwanpakdee S,
Tongsiiri S, Dussade N & Whangchai N, Int J Sustain
Green Energy, 4 (2015) 39.

Zhu S, Deltour ] & Wang S, J Aqua Cultural Eng, 18 (1998)
201.

Davison A V & Piedrahita R H, J Aqua Cultural Eng, 66
(2015) 1.

Araujo G S, Alves J W, Silva D, Cotas J & Pereira L, J Marine
Eng, 10 (2022) 2.

Tiwari G N, Singh S, Singh Y K & Singh R K, Int J Ambient
Energy, 43 (1) (2022) 6772.

Singh A K, Tiwari G N, Singh R G & Singh R K, J Solar
Energy Eng, 142 (4) (2020) 041008.

19

20

21

22

23

24

25

26

27

28
29

30

147

Yadav S, Panda S K, Tiwari G N, Ibrahim M, Abdullah A H,
Alsadon A, Mohammed R & Tiwari A. J Thermal Sci Eng
Appl, 14 (2022) 71.

Agrawal S & Tiwari G N. J Solar Energy, 92 (2013)
139.

Zhu S, Deltour ] & Wang S, J Aqua cultural Eng, 18 (1998)
201.

Yongphet P, Ramaraj R, Whangchai N, Quaye E, Wang D &
Dussadee N, J Aqua cultural Eng, 91 (2020) 1.

Singh S & Tiwari G N, Int J Eng Res Technol, 10 (6) (2021)
240.

Nguye H T & Pearce J M, Int Rev Spat Plan Sustain Dev, 1
(2013) 57.

Dupraz C, Marrou H, Talbot G, Dufour L, Nogier A &
Ferard Y, J Renew Energy Gener Appl, 36 (2011) 2725.
Pringle A M, Handler R M & Pearce J] M, Renew Sustain
Energy Rev, 80 (2017) 572.

Lee K, Cho Y B & H Yi, J Green Build, 15 (2024).
DOI:10.3992/1943-4618.15.2.71

Khole A & Gaikwad J, Int J Current Sci, 12 (2022) 709.
Ahmed K K U, Ahamed S U, Hasan K R & Mustafa M G,
J Fisheries, 30 (2007) 1.

Ali M L, Hossain M A R & Ahmed M, Bangladesh Fisheries
Res Forum (BFRF), (2009) 1.



