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Abstract:In this paper,a detailed modeling of solar photovoltaic assisted vapor absorption refrigeration system is done
for storing vegetables safely like carrots, potatoes and tomatoes in Kolkata city located in India throughout the year.The
mass of each vegetable is taken to be 5 tons i.e. 5000kg and storage temperature for each vegetable is 15oC. The analysis
is done for month January and May due to the fact that January month has lowest solar radiation and May month has
highest solar radiation. Hence a combined photovoltaic and vapor absorption refrigeration system which works well in
these two months can easily operate the combined system throughout the year. It is found that 17, 13, and 12 modules in
parallel each having 2 modules in series of Central Electronics Limited Make PM 150 for vegetables carrots,potatoes
and tomatoes respectively can support the cooling requirement of vegetables present in godown. The power back up is
provided using battery bank of rated capacity of 239 Ah.

1.Introduction
Use of solar energy is a very demanding technology. Solar radiation is obtained on earth abundantly. If solar
energy is used by different technologies the energy crisis can be mitigated. Many people have used solar
technology in different ways. Tsoutsos et al[1] studied the performance and economic evaluation of a solar
heating and cooling system of a hospital in Crete using the transient simulation program (TRNSYS).Rivera et
al[2]presented a novel solar intermittent refrigeration system for ice production developed in the Centro de
Investigacio´n en Energı´a of the Universidad Nacional Auto´noma de Me´xico. Pongtornkulpanich et
al[3]designed a solar-driven 10-ton LiBr/H2O single-effect absorption cooling system and installed at the
School of Renewable Energy Technology (SERT), Phitsanulok, Thailand. Dorantes et al[4] presented a
mathematical simulation for the dynamic thermal behavior of a solar ejector-compression refrigeration system
with a capacity production of 100 kg of ice per day.Guo and Sen[5] proposed a lumped method combined
with dynamic model for use in investigating the performance and solar fraction of a solar-driven ejector
refrigeration system (SERS) using R134a, for office air conditioning application for buildings in Shanghai,
China. Vidal et al[6] dealt with the hourly simulation of an ejector cooling cycle assisted by solar energy. The
system was simulated using the TRNSYS program and the typical meteorological year (TMY) file that
contained the weather data from Floriano´ polis, Brazil.Helm et al[7]presented the system concept and the
hydraulic scheme together with an analysis of the energetic performance of the system followed by a report on
the operation of a first pilot installation. Best and Ortega[8] presented a review of solar cooling and
refrigeration technologies and a discussion on the main reasons why these technologies were not presently
economically feasible was carried out and two installations in Mexico were analysed. Enibe [9] discussed
photovoltaic (PV) powered vapour compression systems ; continuous and intermittent liquid or solid
absorption systems; and adsorption systems.The author discussed technical and financial constraints which
limit their widespread application and strategies for overcoming them.
In many applications excess energy generated is lost. Rechargeable battery technology can store excess energy
generated to store excess energy and can be used during energy deficient period. Nair and Garimella[10]
provided a modelling framework to be able to quantify the associated benefits of renewable resource
integration followed by an overview of various small-scale energy storage technologies.They presented a
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simple, practical and comprehensive assessment of battery energy storage technologies for small-scale
renewable applications based on their technical merit and economic feasibility. Software such as Simulink and
HOMER provided the platforms for technical and economic assessments of the battery technologies
respectively.Ortiz et al[11]demonstrated the feasibility of the desalination of brackish water by means of an
electrodialysis system powered directly by photovoltaic solar panels,and explained theoretically the
interaction between the photovoltaic generator and the electrodialysis system during the process.Urbina et
al[12]investigated the reliability of a rechargeable battery acting as the energy storage component in a
photovoltaic power supply system.They constructed a model that included the solar resource, the photovoltaic
power supply system, the rechargeable battery and a load. The photovoltaic system and the rechargeable
battery were modelled deterministically, and an artificial neural network was incorporated into the model of
the rechargeable battery to simulate damage that occured during deep discharge cycles.
In the present study solar photovoltaic modules assisted vapor absorption refrigeration system is used for
storing different vegetables i.e. carrots, potatoes and tomatoes. Vegetables releases heat during storing period.
So if this heat is not rejected then vegetables may get spoilt. So current generated by PV modules is given to
generator of vapor absorption refrigeration system (VARS) and the system continues in operation.
2.System Layout

Fig.1 Schematic view of combined photovoltaic and VAR system when current produced by photovoltaic
modules is more than the current required for generator.
When solar radiation is available in plenty i.e from 6:00hours to 18:00hours, solar modules generate current
(IPV).The excess current after meeting the requirement of vapor absorption refrigeration system(VARS)
generator( IG)goes to rechargeable battery(IPV –IG) for storing purpose. The current requirement for VARS
generator (IG) is dependent on heating load and quantity of vegetables.
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Fig.2 Schematic view of combined photovoltaic and VAR system when current produced by photovoltaic
modules is less than the current required for generator.
When solar radiation is not available in plenty i.e. from 19:00hours to 5:00 hours, the current requirement (IG)
for VARS generator is obtained from rechargeable battery which stores the excess energy during sunshine
hours.
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Fig.3 Schematic view of vapor absorption refrigeration system.
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Table 1. Operating parameters of various components in absorption refrigeration system
Parameters

Values

Evaporator temperature

15oC

Absorber temperature

35oC

Heat exchanger effectiveness

0.8

Generator temperature

80oC

Condenser temperature

350C

3.Modeling of solar photovoltaic modules
The electrical energy is generated by harnessing solar energy using photovoltaic modules. In the present work
Central Electronics Limited Make PM-150 [13] solar photovoltaic module has been used. The single cell
terminal current is given by[14]:

i PV  i L  i D

(1)

Where iL is the light current generated by a solar cell as a function of solar radiation (G) and iD is the diode
current.
The light current generated from a photovoltaic module at any given intensity of solar radiation and
temperature is given by [14]:

 G 
i
(2)
iL  
  isc Tmodule  Tmoduleref 
 G  scref
 ref 
Where, G , Gref is the solar radiation at actual[15]and reference condition(1000 W/m2)[13] respectively, i scref
-short circuit current at reference condition(A)[13],  isc -manufacturer supplied temperature coefficient of
short circuit current(A/K)[13], Tmodule and Tmoduleref module temperature at actual and at reference
condition(K)[13].
The module temperature is a function of ambient temperature ( Tambient ), wind speed( v f ) and solar
radiation(G) and given by[14]:

Tmodule ( K )  (0.943  Tambient  0.028  G  1.528  v f  4.3)  273.15

(3)

Where, Tambient is in 0C[15], G in W/m2[15], v f wind speed in m/s[16].
The diode current in equation (1) is a function of reverse saturation current and given by[14]:

  q(V  i PV Rs )  
  1
i D  isat exp

kT
module

 


(4)

Where i sat - reverse saturation current(A), q -electron charge(1.6 x 10-19C), V -terminal voltage(V), R S -series
resistance,  -shape factor, k -Boltzamann constant(1.38 x 10-23 J/K).
i sat
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where A-completion factor,  G -material bandgap(1.12eV for Si),and
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  qVocref 

isatref  iscref  exp
 kT

mod
uleref


Where Vocref -open circuit voltage at reference condition [13].

(6)

i sat , isarref is taken from [14].
Shape factor ( ) which is a measure of cell imperfection is given by[14]:

  A  NCS  N S

(7)

Where A, NCS , N S is completion factor, number of cells connected in series in a single module(specified
by manufacturer of the module) and number of modules connected in series of the entire photovoltaic array
respectively.

NS 

Vsystem

(8)

Vmodule

Where Vsystem is the system voltage of the photovoltaic array(considered 48 V in present study) and Vmodule is
the voltage obtained from single module.
Current requirement on hourly basis(ig) is given by:

ig 

QG  1000
Vsystem  PF   inverter

(9)

Where, QG -generator heat load on hourly basis, PF-power factor(0.85), inverter -inverter efficiency(0.85)
The design current required from photovoltaic array(ispv) is given by:

ispv 

i g ,total  DF
Peaksunshinehours

(10)

Where I g,total is total current requirement in a day by generator of absorption refrigeration system in Ah, DF is
de rating factor of photovoltaic module considered to be 1.25[17], peak sunshine hours to be 7 hours[18].
No. of photovoltaic modules in parallel(Np) is given by:

Np 

ispv
impp

(11)

Where impp-current available from a single module under peak power condition.
Net current from solar PV array is: iarray  i pv  N p (12)
3.Modeling of vapor absorption refrigeration system(VARS)
In the VARS, we consider a simple single effect H2O-LiBr absorption system consisting of a SHE(solution
heat exchanger). The Concentration of the strong and weak solution of the refrigerant as functions of
operating temperatures is known [19].Strong solution concentration is dependent on absorber and evaporator
temperature, while weak solution concentration is dependent on generator and condenser temperature.
Thermodynamic properties such as specific enthalpy, entropy of the refrigerant (water) both in liquid and
vapour state at various pressures and temperature i.e. at points 1,2,3, and 4 are determined from International
Associations for the properties of water and steam (IAPWS) formulation 1997 [20]. Similarly the
thermodynamic properties of H2O-LiBr solutions at various temperatures and concentration i.e at points
5,6,7,8,9 and 10 are calculated using the correlations proposed by Patek and Klomfar [21].
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The mass flow rate of strong( m ss )along points 5,6,7and weak solution( mws )along points 8,9,10are
calculated from the equations from ref.[19].
The thermal load in the generator, absorber and condenser can be expressed as:

 H 2O h1  m
 ws h8  m
 ss h7
QG  m

(13)

 m
 H 2O h4  m
 ws h10
 ss h5
QA  m

(14)

 H 2O h1  h2 
QC  m

(15)

.


QE  mH 2O (h4  h3 )

(16)

Where h’-enthalpy at salient points, QG-generator load, QA-absorber load, Qc-condenser load.QE-evaporator
load.
4.Results and Discussion
A numerical code in C was developed for simulating combined photovoltaic and absorption refrigeration
system for storing different vegetables in godown.
Table 2. Load requirements for storing different vegetables.
Commodities
Temperature(oC) Heat release in k J/ton-24hour
TOR (for 5 tones of mass)
Carrots
15
8374[22]
0.1384
Potatoes
15
6280[22]
0.1038
Tomatoes
15
5860[22]
0.0968
0
In table 2 it is seen that vegetables are stored at 15 C. The heat release in k J/ton-24hour is obtained from
ref.[22]. The masses of each vegetables stored is 5 tones i.e. 5000kg.Cooling load is given in TOR i.e. tons of
refrigeration
Table3. Number of photovoltaic modules requirement and cumulative battery charging and discharging in
different months

Commodities

No. of
photovoltaic
modules in
parallel

No. of
photovoltaic
modules in
series

Battery
charged(Ah)
for the month
of January

Battery
discharged(Ah)
for the month
of January

Battery
charged(Ah)
for the month
of May

Battery
discharged(Ah)
for the month of
May

Carrots

17

2

323.467

43.07

529.357

44.24

Potatoes

13

2

247.833

32.35

405.105

33.18

Tomatoes

12

2

228.529

30.15

373.679

30.86

Table 3 shows the number of photovoltaic modules (in parallel and series), battery charging (Ah) and battery
discharging(Ah) for the month of January and May. Here two months i.e. January and May is taken because
January month has lowest solar radiation and May month have highest solar radiation. If a system works well
in these two months it can work successfully throughout the year.
Based on above mentioned results it is seen that rated battery capacity of 238.846 Ah is sufficient to run the
combined photovoltaic and VAR system.
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5. Conclusion
Based on the analysis it is found that 17, 13, and 12 modules in parallel each having 2 modules in series of
Central Electronics Limited Make PM 150 for vegetables carrots,potatoes and tomatoes respectively of 5000
kg mass each can support the cooling requirement of vegetables present in godown located in Kolkata,
India.The power back up is provided using battery bank of rated capacity of 239 Ah. The photovoltaic module
requirement and battery capacity required will change depending on the temperature storage of vegetables and
mass of vegetables.
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