
 
TERMOTEHNICA     Supliment 1/2013  135 

 

Combined Photovoltaic and Thermal Solar Panels -
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Rezumat. Celulele, modulele i panourile fotovoltaice sunt caracterizate de un set de condi ii de raportare 
standardizate ce sunt definite de parametri precum temperatura sau iradierea spectral  sau total . În condi iile în 
care puterea total  ob inut  este influen at  în mare m sur  de temperatura de func ionare, o metod  de cre tere a 
procentului de conversie a energiei este men inerea panoului solar la o temperatur  cât mai apropiat  de condi iile 
standard de testare. Aceast  lucrare analizeaz  op iunile disponibile în aceast  direc ie i propune intensificarea 
transferului de c ldur  de la panoul fotovoltaic la un fluid de r cire. Astfel, panoul devine hibrid, ce realizeaz  
conversia energiei solare în energie electric , dar i termic . Conversia total  de energie prezint  un poten ial de 
cre tere de la circa 12 – 15% (numai energie electric ) la 86% (energie electric  i termic ).  
Cuvinte cheie: Panou solar hibrid PV-T, Conversie de energie, Intensificare transfer de c ldur , Microstructuri. 

Abstract. Photovoltaic cells, modules and panels are characterized by a set of standard reporting conditions 
defined by parameters such as temperature or spectral or total irradiance. In the conditions that the total power 
output is influenced largely by operating temperature, one method to improve the overall energy conversion is to 
maintain the panel temperature as close as possible to standard testing conditions. This paper analyzes the options 
available in this direction and proposes enhancement of heat transfer from the photovoltaic panel to a cooling 
fluid. Thus, the panel becomes a hybrid one that converts solar energy into electrical energy, as well as thermal 
energy. The overall energy conversion increases from about 12 – 15% (electrical only) to a potential 86% 
(electrical and thermal)   
Keywords: Solar panel, Hybrid PV-T, Energy Conversion, Enhanced Heat Transfer, Microstructures. 

1. INTRODUCTION 

The financial crisis that is ongoing since 2008, 
greatly affected all economic sectors. Despite that 
lack of solid and secure financial instruments, the 
world population becomes more numerous and is 
more demanding (as well as dependent) of energy 
sources. As presented in World Energy Outlook – 
2012 report issued by International Energy Agency 
[1], “the steady increase in hydropower and rapid 
expansion of wind and solar power has cemented 
the position of renewables as an indispensable part 
of the global energy mix; by 2035, renewables 
account for almost one-third of total electricity 
output. Solar grows more rapidly than any other 
renewable technology. Renewables become the 
world’s second-largest source of power generation 
by 2015 (roughly half that of coal) and, by 2035, 
they approach coal as the primary source of global 
electricity. Consumption of biomass (for power 
generation) and biofuels grows four-fold, with 
increasing volumes being traded internationally. 

Global bioenergy resources are more than 
sufficient to meet our projected biofuels and 
biomass supply without competing with food 

production, although the landuse implications have 
to be managed carefully. The rapid increase in 
renewable energy is underpinned by falling 
technology costs, rising fossil-fuel prices and 
carbon pricing, but mainly by continued subsidies”. 

Widely recognized as the most “available” yet 
improperly used resource, solar energy has been 
harvested for years, but only in the recent decades 
became the subject of serious analyses about the  
its conversion efficiency to other types of energies. 

Photovoltaic technology developed enormously 
over the last 20 years, with discovery of new 
materials, new deposition techniques and, mostly, 
with much lower production costs. Photovoltaic 
(PV) cells are used to convert solar energy directly 
into electricity, by converting sunlight (photons) to 
electricity (voltage). This PV effect was discovered 
by scientists at Bell Laboratories, in 1954, and the 
conversion process has been constantly improved.  

When mass production of solar panels (tipically 
holding about 40 solar photovoltaic cells) came 
into question, obvious questions on efficiency and 
costs were raised.  

Materials used were greatly improved, even if 
by 2011 the PV products market was still largely 
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dominated (up to 90%) by the solar cells based on 
silicon (Si) semiconductors, and annual production 
of silicon-based PV reached more than 15GW, that 
represents an order of magnitude over the other PV 
technologies. But these new technologies exibit far 
better characteristics and soon enough will cover a 
large market share. The PV technologies span from 
hybrid (more expensive, but highest energy output 
per m2), monocrystalline (with higher efficiency 
and dependability), polycrystalline (less expensive, 
but less efficient), to amorphous (lower output and 
expensive, but flexible). The newest thechnology 
developed by NREL, IMM (inverted metamorphic 
multijunction) technology, exhibits a breakthrough 
performance (of up to 40% conversion efficiency) 
and cost advantages. Others involve dye sensitized 
cells, inorganic, organic and organic-tandem cells, 
or quantum dot cells. 

In his review, Grätzel [2] presented the current 
efficiencies of solar PV cells. Although the best 
conversion efficiencies are in the range of 30-40%, 
for most commercially available PV cells it drops 
to 10-20% measured under standard test conditions. 

Moreover, conversion efficiencies of solar cells 
under real work conditions may significantly differ 
from values presented above, measured under STC, 
partly due to the fact that the efficiency of silicon 
solar cells drops by 0.5% per °C. In full sunlight 
the temperature of a module rises within minutes 
to over 60°C. That is, a module with a specified 
efficiency of 12% at STC (25°C), would exhibit 
less than 10% efficiency in real sunshine. This fact 
shoud be taken into account when analyzing the 
performance of a solar panel, because the absolute 
power produced by a panel in direct sulight is 
larger (but with less efficient conversion) than for 
the same panel located in a cloudy, temperate zone 
(more efficient, but lower absolute power). 

Radziemska [3] reports experimental research 
results on the effect of temperature on the power 
drop in crystalline silicon solar cells. The author 
observes a decrease of PV module characteristics 
with the temperature increase, 0.65%/K for output 
power, 0.2%/K for fill-factor and 0.08%/K for 
conversion efficiency. Similar data is presented for 
maximum output power, that decreases in value as 
temperature increases, based on data in Fig. 1.  

Skoplaki [4] presented the same kind of results 
of temperature dependence of PV module electrical 
performance. The conclusions demonstrate that 
temperature plays a central role in the PV 
conversion process. Both electrical efficiency and 
power output of a PV module exibit a linearly 
negative dependancy on the operating temperature.  

Skoplaki [3] presented the same kind of results 
in his 2009 review on temperature dependence of 

photovoltaic module electrical performance. The 
conclusions demonstrate that temperature plays a 
central role in the PV conversion process. Both the 
electrical efficiency and the power output of a PV 
module exibit a linearly negative dependancy on 
the operating temperature.  

 

 
Fig. 1. Output power versus voltage of a single-crystalline 

silicon solar cell at various temperatures: 28-80°C (from [3]) 
 

2. PV PANEL CHARACTERISTICS 

The enegy conversion efficiency of a solar cell 
is defined as the ratio of electric power output to 
the absorbed incident solar intensity (irradiation) 
that strikes the cell surface. The standard test 
condition (STC) accepted internationally uses as a 
reference air mass (AM 1.5) sunlight (viewed at 
48° to overhead) normalized to 1000 W/m2, with 
the temperature maintained at 25°C (298 K). The 
conversion efficiency is calculated with: 
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where In is normalized incident solar radiation and 
Ac is surface area of the solar cell. 

The fill factor (FF) describes the quality of a 
solar cell and is calculated as the ratio of maximum 
electric power output to the product of short-circuit 
current (Isc) and open-current voltage (Uoc): 
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If value of the fill factor is closer to unity, the 
PV-cell will operate better.  

When the temperature of a cell increases, the 
short-circuit voltage and fill factor, respectively, 
will decrease.  

Photovoltaic panels convert solar radiation to 
electricity with efficiencies in the range of 5% to 
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20%, depending on the type of the solar cell, 
radiation level and cell temperature. The latest high 
performance silicon solar cells are designed and 
manufactured for concentration applications, i.e. 
for systems operating in the range 10-60X. These 
cells operate at high efficiencies (20-24%) and can 
be obtained at moderate cost using a new process 
sequence. Cells are integrated into concentrator 
receivers which feature thermal cycling stress 
relief, bypass diodes, and encapsulation. The 
receiver can have either a light weight aluminium 
fin heatsink, or water cooling. 

As mentioned above, the conversion efficiency 
of recently improved PV cells has progressed up to 
44%, but only in laboratory test conditions and 
with high production costs. The energy conversion 
efficiencies reached with commercial solar cell 
modules are significantly lower mainly due to 
losses incurred during scale up. The laboratory 
cells have typical size in the square centimeter 
range or below, in order to facilitate the collection 
of photocurrent. 

Also, another important factor that influences 
the low value of the efficiency is that much of the 
incident solar energy reaching a PV cell is lost 
before it can be converted into electricity. Some of 
these factors that affect the performance of the PV 
are: wavelength of incidental radiation, reflection 
from upper protective layers of the panel, shading, 
electrical resistance and temperature. 

The PV temperature is influenced by electrical 
parameters as well as environmental variables such 
as: irradiance ambient temperature, wind intensity 
and direction, module design, orientation and 
mounting structure.  

 
3. HYBRID PV/T SYSTEM 

Hybrid photovoltaic/thermal (or simply PV/T) 
panel is a device that simultaneously converts solar 
energy into both electrical and thermal energy, Fig. 
2. A significant amount of research was performed 
in the area of PV/T collectors over the past two 
decades. The scientists proposed analytical and 
numerical models, simulations and experimental 
work, and qualitative evaluation of thermal and 
electrical output.  

 
Fig. 2. Schematic of a PV/T collector module 

The main categories of collectors are as follows: 
a. PV/T Liquid collectors: similar to conventional 
flat plate liquid collectors, consist of an absorber 
with a serpentine tube or a series of parallel ones is 
applied, on which PV has been laminated or glued. 
b. PV/T Air collectors: similar to a conventional 
underflow air collector with the PV laminate as the 
top cover of the air channel. 
c. Ventilated PV with heat recovery: In conven-
tional PV facades or PV roofs, an air gap is often 
present on the backside in order to allow the air to 
cool the PV by natural convection (ventilated PV). 
This heat can be recovered from and used in the 
building, the PV functioning as a PV/T collector. 
d. PV/T Concentrators: developed to replace the 
expensive PV by cheap reflectors. A special point 
of interest is high temperature that can be reached 
by the cells. Therefore, by active cooling of the 
cells, the heat can be used in thermal applications. 

Other classifications of PV/T collectors can be 
flat plate or concentrating and, according to the 
type of working fluid used, with water or air. 

For liquid PV/T, applications include glazed 
PV/T systems for domestic water heating or utility 
buildings with a high tap water demand. Also, the 
combination of unglazed PV/T with a heat pump is 
considered interesting, but electrical consumption 
of the heat pump is substantial and should be taken 
into account in the system evaluation. It is clear by 
now that the required area for a PV/T system is 
less than for a corresponding side-by-side system, 
and makes it especially interesting for applications 
where available area is small, such as multi-family 
buildings, utility buildings with a large tap water 
demand (hotels or hospitals) 

For air PV/T, very interesting applications may 
occur in preheating of ventilation air, especially for 
buildings with a high ventilation demand. However, 
this is mainly required only during the cold season, 
but it may be worthwhile for summer application 
as well: heating water through a heat exchanger, 
for solar cooling, or the buoyancy effect may be 
used to assist the ventilation. 

In PV/T panel applications the production of 
electricity is the main priority, which is to operate 
the PV modules at low temperature for a better cell 
electrical efficiency. A PV module can reach about 
90°C under direct insolation in hot climates and 
the absorber of a thermal collector can reach 
temperatures of up to 220°C. A PV/T absorber 
using standard PV cells may reach temperatures of 
up to about 150°C. The solar cells can withstand 
temperatures of around 220°C, but most polymeric 
encapsulation materials used can withstand 
maximum temperatures of around 100°C, i.e. 
maximum allowable temperature for PV/T panel. 
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4. HEAT TRANSFER ENHANCEMENT 

The research results presented up-to-date in the 
literature make it obvious that a large amount of 
the available incident energy is not converted into 
electrical energy. About 5-6% is reflected by the 
upper protective layer and 6-20% is converted to 
electricity, depending on quality of the cell and 
environmental conditions. The balance is wasted, 
being lost to environment through the backside, or 
worst, is being accumulated into the insulation or 
construction materials on the back of PV module. 

As mentioned above, the main incentive to use 
PV/T panels is to lower the operating temperature 
in the range where the conversion efficiency is 
maximized. But on the other hand, there is a large 
interest to tap into this 75-80% of wasted energy, 
to improve the overall panel efficiency by adding 
conversion to thermal energy.  

Researchers have proposed numerous solutions 
for cooling the PV panels. The most efficient ones 
are represented by liquid cooling applications. 
There are two obvious methods for liquid flow: on 
the top of PV cells or on backside of PV panel.  

Rosa-Clot et al. [5] and Tina [6] have reported 
experimental results for a PV panel submerged in 
liquid (flow over the PV cells). The annulment of 
thermal drift and the lesser reflection increase the 
PV efficiency conversion by about 15% at water 
depth of 4 cm.  

But even with these higher values for PV 
conversion efficiency there is still a balance of 
more than 50% of incidental solar radiation that is 
wasted to environment, Fig. 3. 

 

 
Fig. 3. Solar energy transformation in TESPI, [5] 

Therefore, authors of this paper have oriented 
towards the second option, cooling the backside of 
the PV panel. Granted that there are numerous 
results published to date worldwide, the approach 
was not to a novel cooling system, but the heat 
transfer enhancement from the PV panel back 
surface to the cooling fluid.  

The previous research performed in the area of 
heat transfer enhancement at micro- and mesoscale 
can be applied successfully to the analyzed case. 

Heat sinks, especially the micro-channeled 
structures, of different geometry and shapes have 
extensively being studied because of their use in 
various cooling or heating applications. The main 
benefit of such heat sinks is a very large surface 
area for heat exchange in a relatively low volume 
and low inventory of fluid to be used.  

In the past decade, many researchers have 
undertaken the characterization of parallel plates in 
heat exchangers. Extensive literature reviews 
published to date, [7] – [10] revealed that previous 
studies on fluid flow and heat transfer in 
rectangular micro-channels were focused on 
specific applications. The later one presented 
advances in a number of novel, high-performance 
cooling techniques. All these studies were focused 
on longitudinal fins / rectangular channels.  

For water cooling agent, studies were focused 
on long longitudinal channels with rectangular 
cross-section. The analysis assumed the following 
conditions: steady state, constant properties, 
incompressible fluid and negligible radiation heat 
transfer. The system governing equations are basic 
conservation equations for mass, momentum, and 
energy. These are solved, obtaining temperature 
distribution in the heat sink and in the flow; the 
velocity of the flow is calculated and the pressure 
drop along the channel is calculated as well. 

Results obtained show an improvement in heat 
transfer coefficient, that can be translated into an 
increase in efficiency in energy conversion from 
incident solar thermal radiation to heated agent. 

These considerations may be applied to various 
geometries used in PV/T module construction. If a 
flat plate is used, some microgrooves may be 
etched on the interios surface, or, depending on 
material, long thin indentation may be formed. If 
circular pipes are used (either common manifold 
setup or one or more serpentines) the procedure is 
more elaborate and thus, more costly. 

If a heat pipe setup is preferred, then the raw 
material may be obtained with profiled grooves 
already machined. For this case, given that the 
primary thermal agent is encapsulated, there has to 
be a heat exchanger towards secondary agent. Here, 
the microchannel heat exchanger is fully justified. 
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Fig. 4. PV cell matrix arrangement and water circulation         

in a PV/T module, [5] 
 

 
Fig. 5. SunDrum Solar PV/T system thermal data, [11] 

 
As presented by Tom Lombardo [11] in August 

2013, the American company SunDrum Solar 
claimed in April of 2013, that SunDrum's 
Photovoltaic/Thermal (PV/T) system achieved 
86% efficiency on a Massachusetts home during 
peak hours. This is a record for a PV/T system 
with a fixed (non-tracking) mount. 

For air cooling agent, studies were performed 
on pin fin configurations. The heat sink and 
channel bottom are fixed, while the channel top 
may be adjusted. The channel side walls are fixed. 
Various geometric configurations were analyzed 
allowing a comparison of the results. The material 
used to manufacture the heat sink is aluminum 
2024-T6. The inlet velocity of flow was considered 
as 4 m/s and temperature in the sinkbase of 353 K.  

Results presented by Zuñiga-Cerroblanco et al. 
[12] and Popescu et al. [13] confirm a geometrical 
influence of parameters on the pressure drop 
behavior and the thermal resistance in the pin fin 
heat sink. The pressure drop diminishes as the 
distance between the channel top surface and the 
fins increases, and the pressure increases as the 
pitch diminishes. The thermal resistance behavior 
increases along with the pitch, as well when 
clearance ratio increases. Therefore, the numerical 
results can be used as an economic way to obtain 

improvements and optimizations for heat sinks 
with fins.  

If velocity decreases, however, the results 
obtained are not reliable, because of variations in 
numerical and experimental results. 

5. CONCLUSIONS 

This paper reports on research focused entirely 
on a hybrid PV/T system, in order improve 
performance of PV by reducing the temperature 
effect and evaluate the PV/T system with water 
and air as heat transfer medium. The investigation 
may be extended to analysis of the heat pipe 
performance and develop a PV/T system that 
incorporates heat pipes. 

The main conclusion is that the PV/T systems 
produce higher energy yield per surface area than a 
PV system. Not only there is an improvement in 
electrical energy conversion, but also there is an 
extension of the life cycle of PV cell. Moreover, 
the converted energy yield it may triple by adding 
the benefits of thermal energy conversion.  

Using an appropriate energy rating for electrical 
and thermal performance, a further cost analysis of 
the systems and comparison may be achieved, as 
well as an evaluation of improvements in 
greenhouse gas emissions savings. 

Some of the shortcomings associated with the 
addition to the system of a conventional solar 
collector include: 

a) extra expense of the forced circulation 
system due to the pump and its extracted 
power, 

b) extra space required for the natural 
circulation system due to Implicit position of 
the collector relative to the tank, 

c) the potential risk of cooling of stored hot 
water due to the reverse flow at night, 

d) freezing of the water on cold nights, 
e) pipe corrosion due to the use of water 
f) limited quantity of heat transferred by the 

heat transfer fluid. 
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