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Abstract— Hybrid power generation becomes challenging 

one. Out of which solar based hybrid power generations are 

having emerging focus. Green energy and zero pollution are 

its advantages. In this work solar PV/T hybrid water 

collectors performance improvements methods are 

suggested.  In addition variation in performance in 

comparison with existing system was discussed in detail. It 

is cleared that when both thermal and electrical components 

are exposed to equal radiation results in improved 

performance of solar PV/T system. Both thermal and 

electrical performances were plotted in the form of graph to 

have clear idea on improved efficiency. 
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I. INTRODUCTION 

Energy obtained from the sun is known as solar energy. The 

sun is predominantly responsible for all of the earth energy. 

Plants use the sun's light to make food. Decaying plants 

hundreds of millions of years ago produced the coal, oil and 

natural gas that we use today. Solar energy is most 

commonly collected by using solar energy receiver and 

conversion devices. Of course solar energy can be put to use 

to heat or light up a room by simply having well placed 

windows and skylights.  

We can also use solar energy to dry our clothes in the 

sun. To use solar energy to power electrical appliances solar 

cells are used. With the lack of energy source in the world, 

energy source is playing an important role in the 

development of Indian economy. So the renewable energy 

source is the best choice for India. Solar water heaters can 

be a cost-effective way to provide hot water in your homes. 

Instead of relying on gas that is more expensive, you can 

save money with free power that only the sun can provide. 

Solar water heaters come complete with storage tanks and 

solar collectors. In order to use a solar water heater you 

must have a well-insulated storage tank. These storage tanks 

have an outlet and inlet connected to and from the collector. 

Generally solar collectors are classified into three types. 

They are Flat plate collectors, Integral collector-storage 

system and Evacuated- tube solar collector. The flat plate 

thermal collector is based on the principle of black body 

absorption. The black surface of the collector absorbs the 

heat from the sun rays and transfers it to the water passing 

through the pipes of the collector. Hot water being lighter 

rises to the insulated storage tank and an equal amount of 

cold water replaces this hot water by the thermosyphon 

effect.  

Extension of such flat plate collector system which is 

capable of generating both electrical and thermal energy in a 

hybrid manner is called Solar PV/T [9]. The flat plate PV/T 

collector can be classified into water PV/T collector, 

combination of water/air PV/T collector and air PV/T 

collector depending on type of working fluid used. From 

this we concentrate on PV/T water collector. 

In order to write the energy balance equation of PV/T 

solar water collectors connected in series, the following 

assumptions have been made: 

 1-Dimensional heat conduction is good  approximation 

for the present study. 

 The heat capacity of PV/T collector has been neglected 

in comparison with the heat capacity of water in the 

storage tank. 

 There is no temperature stratification in the water of the 

storage tank due to the forced mode of operation. 

 The system is in quasi-steady state. 

The main disadvantage associated with the existing 

PV/T collectors are drop in thermal efficiency during non-

sunny days. The reason is those solar cells are mounted on 

the fiber sheet. Such a non transparent sheet retards the 

radiation of sunlight falling on the heat tubes mounted under 

it. Such problem was being identified and attempt was being 

made to reduce such loss in thermal efficiency. The concept 

of transparent PV cell module has been introduced and 

mounted on the top glaze of the water collector. In this work 

procedure to improve the performance of PV/T water 

collectors has been discussed with its simulation using 

MATLAB software.  

II. LITERATURE SURVEY 

S.P.Sukhatme [7] in his work concluded that active solar 

still as design of the hybrid active solar still also provides 

higher electrical and overall thermal efficiency, which is 

about 20% higher than the passive solar still. Govinda R. 

Timilsinaet.al [2] concluded that in paper title of A review 

of solar energy as the Solar energy has experienced 

phenomenal growth in recent years due to both 

technological improvements resulting in cost reductions and 

government policies supportive of renewable energy 

development and utilization. The results shown that the 

temperature of water near the riser outlets was found to be 

fairly uniform especially in cloud and partly cloudy days at 

a given plane during a day. The temperature of water in the 

riserdepends on its flow rate. 

V.V. Tyagia, et.al [8] concluded that in paper title of 

Advancement in solar photovoltaic/thermal (PV/T) hybrid 

collector technology as The solar energy conversion into 

electricity and heat with a single device (called hybrid 

photovoltaic thermal (PV/T) collector) is a good 

advancement for future energy demand.  

This review presents the trend of research and 

development of technological advancement in photovoltaic 

thermal(PV/T) solar collectors and its useful applications 

like as solar heating, water desalination, solar green house, 

solar still, photovoltaic–thermal solar heat pump/air-

conditioning system, building photovoltaic/thermal (BIPVT) 

and solar power co-generation.  
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Feng Shan, Fang Tang [1] concluded in paper 

Performance evaluations and applications of photovoltaic–

thermal collectors and systems that the use of conventional 

electrical energy can be avoided if combination of both 

types of thermal collector and photovoltaic collector is 

hybrid in one unit named photovoltaic–thermal collector 

(PV/T). In order to fully develop the applications of the 

photovoltaic–thermal collectors and systems, more 

researches on performances and characteristics of the 

photovoltaic–thermal collectors and systems have been 

carried out. 

M.Sridharan et.al [4] & [5] in his suggested methods to 

improve the performance of solar flat plate collector system 

by increasing the flow time of the fluid flowing through the 

collector. With the help of such concepts and also by 

making problems identified by M.Sridharan [6] in this work 

he opted for a alternate arrangements of PV module. As a 

result of transparent PV module sunrays falling on 

transparent material (Glass=1) will pass through it and fall 

on the heating tubes carrying water at a mass flow rate of 

unit kg/min. 

S.P.Sukhatme [7] in his book he had suggested many 

hybrid methods to reduce cost of the renewable energy 

system. In addition he also formulated a strong basis for 

mathematical modeling for all kind of thermal systems. 

Thermal analysis of solar flat plate collector and also 

electrical analysis of PV module were discussed in detail in 

his book. Losses associated with solar flat plate collectors 

and also José R. Espinoza [3] made a detailed analysis in the 

field of inverters. He formulated mathematical model for 

various inverters. In addition he also developed simulation 

model for inverters. He suggested many inverters for 

different kind of inverters. He also discussed in detail about 

right inverter simulation models. 

All those above clues lead the idea of drafting and 
designing this new PV/T water collector system which is 

economically viable. Such newly designed PV/T collector 
with transparent glass allows much more sunlight to fall on 
the pipe carrying cold water as a mean of which rate of heat 
transfer from the tube to that of transporting fluid has been 
improved. Thus results in the overall performance 

improvement in case PV/T hybrid water collectors. 

III. EXPERIMENTAL SETUP 

The basic working principle of existing PV/T remains same. 

This system consists of flat plate collector with inlet and 

outlet openings, storage tank, PV cell arrangements on the 

top of the collector as shown in the given diagram below. 

The flat plate collector which consists of eight riser tubes 

and two header tubes.  

 
Fig. 1: Working principle of hybrid PV/T water collector. 

The header and riser pipes are brazed together to form a 

harp shaped heat exchanger that the solar system heat 

transfer fluid circulates through.  A thin sheet of Aluminium 

is coated with a highly selective material that is extremely 

efficient at absorbing sunlight and converting it into usable 

heat. The absorber sheet is ultrasonically welded to the riser 

pipes, thus transfers heat to the heat transfer fluid. 

 
Fig. 2: Cross sectional view of existing solar PV/T  

                 water collector. 

As a mean to improve performance of existing PV/T, in 

first case fig (3) solar cells arranged in a panels are mounted 

on the upper half of  riser tubes as a mean to reduce the 

shadow effect over the entire heat pipes. In this case lower 

half of the PV/T system exposed to a direct radiation.In 

second case lower half of the heat pipes are being covered 

with solar PV panel while upper half of the PV/T system 

exposed to a direct radiation.  

This figure shows the closed view of the flat plate 

collector surface. The foam sheet of required size is taken 

and the PV cells are fixed on that sheet by using stitching 

double side tapes. They are taken out from the collector 

easily. This setup consists of 36 numbers of solar cells. Each 

cell has a dimension of 55mm x 88mm. Proper electrical 

connections are made for this arrangement. 

From fig (3) PV cells are fixed in the upper half of the 

fabricated flate plate collector. They are fixed using stiching 

double side tapes. They are taken out from the collector 

easily. This setup consists of 36 number of solar cells. 

Proper electrical connections are made for this arrangement. 

These cells are fixed below the header tube as shown in the 

below experimental setup. 

From fig (4) PV cells are fixed in the lower half of the 

fabricated flat plate collector. They are fixed using stitching 
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double side tapes. They are taken out from the collector 

easily. This setup also consists of 36 numbers of solar cells. 

Proper electrical connections are made for this arrangement. 

These cells are fixed below the header tube as shown in the 

below experimental setup. 

With help of such modification energy falling on the 

glass cover allows entire rays falling on it to the next layer 

(thermal power generation layer). 

 
Fig. 3: Top view of new solar flat plate PV/T water collector        

              with cells upper half. 

 
Fig. 4: Top view of new solar flat plate PV/T water collector   

with cells lower half. 

As seen from the above fig (3)and (4) new collector 

introduced via this work was differentiated from the existing 

collector fig(1) . As a mean of which loss was being reduced. 

Since we know that the transparent glass cover has the 

transmissivity value of 1 as per radiation heat transfer. Such 

experimental setup has been tested for its improved thermal 

performance. New set PV/T collector gets an improved 

performance in terms of both electrical and thermal output 

aspects. 

IV. THERMAL MODELLING & FORMULAS 

The performance of thermal system will be determined 
using same procedure to that of single system analysis. As a 

mean to explain formula used to calculate thermal 
performance consider a common mathematical model. 

From [7] Sukhatme, Formula used to calculate efficiency 
of thermal flat plate collector has been defined as ration of 

useful heat gain to radiation incident on the collector. 
   η = Qu / Ac.It                             (1) 
Where as   
    Qu = FR*Ap*[S-Ul(Tfi-Tfa)]                   (2) 

S.NO Parameters Value 

1. Size of Collector 1000 x1000depth ( mm) 

2. Cover Plate 4 mm thick 

3. Net Absorber area 0.92 sq. meter 

4. Net Collector area Above 1 sq. meters 

5. Absorber Coating Black 

6. Number of Risers 8 nos 

7. Riser Tube 12.7 mm tube 9 nos. 

8. Material Copper 

9. Header 19.05 mm tube 2 nos 

10. Length of the header 1000mm 

11. Length of the riser 962 mm 

12. Type of Collector PV/T Water collector 

13. Weight without water 30kg 

14. Insulation Glass wool with air gap 

Table. 1: Technical thermal specifications of PV/T water 

collectors. 

V. ELECTRICAL MODELING & FORMULAS  

The performance of electrical system will be determined 
using same procedure to that of single system analysis. As a 

mean to explain formula used to calculate electrical 
performance consider a common mathematical model. 

 
Fig (5) Equivalent circuit for PV cell. 

From M.Sridharan et.al [6] the current source Iph 
represents the cell photocurrent. Rp and Rs are the intrinsic 
shunt and series resistances of the cell, respectively. Usually 

the value of Rp is very large and that of Rs is very small, 
hence they may be neglected to simplify the analysis. PV 
cells are grouped in larger units called PV modules which 
are further interconnected in a parallel-series configuration 

to form PV arrays.  
The photovoltaic panel can be modeled mathematically 

as given in equations (3) – (8). 
By applying Kirchhoff law, current will be obtained by 

the equation: 

  I= Iph+ Id+ Ip                                    (3) 
Ip,is the current leak in parallel resistor. 

Module photo current is given as  

Iph=[Iscr+Ki(T-298)]*λ/1000                        (4) 

Module Reverse Saturation current 

Irs=Isc/[exp(q.Voc/Ns.k.A.T)]                        (5) 
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Id is the diode current which is proportional to the saturation 

current and is given by the equation 

Id = I0[exp(V/A.Ns.VT)-1]                          (6) 

V is the voltage imposed on the diode. 

V=K.Tc/q.                                               (6A) 

VT is called the thermal voltage because of its exclusive 

dependence of temperature 

Tc is the actual cell temperature (K),   

k Boltzmann constant 1.381 · 10^-23 J/K,   

q is electron charge (1.602 · 10_19 C). 

The Module saturation current I0 varies with the cell 

temperature which is given by 

 I0=Irs*[T/Tr]*3exp[q*Ego{(1/Tr)- (1/T)}]                 (7) 

The Current of the PV module is given by  

Ipv=Np*IphNp*I0[exp{(q*Vpv+Ipv*Rs)/NsAkT}]         (8) 

Electrical power of a PV module is given by 

P = Voc * Isc                                        (9) 

Electrical efficiency,  

η elec = Im Vm / Ac G                                      (10) 

S.No Parameters Type 

1. Model name PV-MLU255HC 

2. Cell type Monocrystalline Silicon 

3. Number of cells 36 

4. Size of the cell 88 x 55 mm 

5. Battery used Lead acid battery 

6. Invertor Stand Alone Solar Inverter 

Table. 2: Technical electrical specifications of PV/T water 
collectors. 

S.No Parameters Value 

1. Rated Power 80 Watt 

2. Voltage at Maximum power (Vmp) 15.2 V 

3. Current at Maximum power (Imp) 5.26 A 

4. Open Circuit Voltage  (Voc) 19.9 V 

5. Short Circuit Current (Iscr) 5.9 A 

6. Total number of cells in series (Ns) 36 

7. Switch Type IGBT 

Table. 3: MATLAB simulation specifications of PV system. 

VI. RESULTS AND DISCUSSIONS 

As a mean to reduce drop in thermal efficiency of existing 

PV/T, the new PV/T system discussed above was introduced 

and suggested. The outlet temperatures obtained by the new 

PV/T collector was expected to be 10ºC-12ºC greater than 

the existing PV/T water collectors with its peak summer 

reading. The peak temperature obtained by the new designed 

transparent PV/T is 61 ºC where as existing non transparent 

PV/T produces 55 ºC .The reason of suggesting current 

work was identical with this variations. The overall thermal 

efficiency of the new PV/T system also expected to be 5%-

8% higher than the conventional PV/T water collectors. The 

approach of experimentation procedure for calculation of 

electrical as well as thermal efficiency remains same for 

both the cases but the effect of increase in heat transfer 

through the transparent glass cover differentiates and clears 

the advantages of new PV/T Collectors. 

 
Fig. 6: Variation of outlet temperature with time. 

Time 
Solar 

Intensity 

Case 1 

Conventional 

PV/T 

 

Case 2 

New PV/T 

(Expected) 

IST 

(Hrs) 

I 

(W/m2 ) 

To  

(ºC) 
η (%) 

To  

(ºC) 
η (%) 

10.00 756 41 40.60 45 42.71 

11.00 897 44 39.25 50 41.07 

12.00 908 49 37.54 54 40.37 

13.00 898 55 36.10 61 39.00 

14.00 801 53 33.29 60 37.98 

15.00 595 47 32.82 52 36.25 

16.00 432 40 31.00 45 33.85 
Table. 4: Experimental data’s of FPC 

VII. FUTURE WORK 

The future work of this project is to formulate mathematical 

model for heat pipes with flow rate as 1kg/min. Such 

reading is being taken to post simulation using MATLAB 

2013 & ANSYS FLUENT 16.0. The electrical simulation 

consists of simulation of PV cell system and its sub systems 

using MATLAB SIMULINK. The flow pattern through the 

heat pipes such as header and riser are being conducted 

through ANSYS FLUENT 16.0.In addition overall heat loss 

coefficient analysis and cost analysis of new PV/T water 

collector in comparison with new PV/T water collectors has 

also to be done.            

Time Voc Isc Power Efficiency 

IST 
(Hrs) 

(V) (A) (Watts) η (%) 

10.00 18.7 1.8 33.66 11.83 

11.00 18.4 1.72 31.64 9.37 

12.00 18.2 0.75 13.65 3.99 

13.00 18.1 0.59 10.67 3.16 

14.00 17.6 0.56 10.38 3.44 

15.00 17.4 0.35 6.09 2.72 

16.00 16.8 0.21 3.50 2.17 

Table. 5: Experimental data’s of Solar PV panel. 



Performance Analysis on Solar Hybrid PV/T Water Collectors 

 (IJSRD/Vol. 4/Issue 02/2016/512) 

 

 All rights reserved by www.ijsrd.com 1839 

 
Fig. 7: Variation of panel efficiency with time. 

NOMENCLATURE 

Vpv - Output voltage of a PV module (V), 

Voc – Open circuit voltage (V), 

Isc- Short circuit current (A), 

Ipv - Output current of a PV module (A), 

Tr - Reference temperature = 298 K, 

T -Module operating temperature in Kelvin, 

Iph - Light generated current in a PV module (A), 

Io - PV module saturation current (A), 

q - Electron charge = 1.6 × 10-19 C, 

Rs - The series resistance of a PV module, 

Isc - PV module short-circuit current at 25 ºC 

λ - PV module illumination (W/m2) =1000W/m2, 

Ego - Band gap for silicon = 1.1 eV, 

Ns - Number of cells connected in series,  

Np - Number of cells connected in parallel. 

FR-Heat Removal Factor, 

Ti-Fluid inlet temperature. 

Tfo-Fluid outlet temperature  

Ta-Fluid ambient temperature. 

η – Efficiency in (%) 

Qu- Utilised heat(W/m2). 
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