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a b s t r a c t

In this paper the model of a heat pump whose evaporator operates as a photovoltaic collector, is studied.
The energy balance equations have been used for some heat pump components, and for each layer of the
photovoltaic evaporator: covering glaze, photovoltaic modules, thermal absorber plate, refrigerant tube
and insulator. The model has been solved by means of a program using proper simplifications. The
system input is represented by the solar radiation intensity and the environment temperature, that
influence the output electric power of the photovoltaic modules and the evaporation power. The model
results have been obtained referring to the photovoltaic evaporator and the plant operating as heat
pump, in terms of the photovoltaic evaporator layers temperatures, the refrigerant fluid properties values
in the cycle fundamental points, the thermal and mechanical powers, the efficiencies that characterize
the plant performances from the energy, exergy and economic point of view. This study allows to realize
a thermoeconomic comparison between a photovoltaic heat pump and a traditional heat pump under
the same working conditions.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The direct use of solar energy as primary energy source is
interesting because of its universal availability and low environ-
mental impact. Solar heating applications are intuitive; on the
contrary, the solar energy use to obtain refrigeration is less intui-
tive. Different technologies can be adopted to get refrigeration from
solar energy: thermal and electric solar systems, and some new
emerging technologies [1]. The solar thermal systems include
absorption [2], adsorption [3], solar ejector [4], thermo-mechanical
and regenerative desiccant solutions [5]. As for the solar electric
systems, the photovoltaic solar is the most popular technology. In
fact referring to a traditional vapour plant, the compressor motor
can be electrically supplied by photovoltaic modules that allow the
direct conversion of solar radiation into direct current [6]. The PV
system is most appropriate for small capacity refrigeration plants
used for food or medical applications in areas far from conventional
energy sources [7], where a high level of solar radiation is present.
Moreover, the solar assisted heat pump (SAHP), introduced by [8],
allows improvements in comparison with a traditional heat pump
[9]; in [10,11] some experimental and theoretical studies of a SAHP
are presented. Lately the solar energy conversion into electricity, by
means of photovoltaic modules placed on the house roof, is widely
used, but the PV module electric efficiency is about 15% and the
: þ39 089 964037.
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greater part of solar radiation is converted into heat. Hence, the
hybrid photovoltaic/thermal systems (PV/T) have been designed to
recover contemporaneously electrical and thermal energy. Several
experimental and theoretical studies have been realized on the PV/
T systems [8,12,13]. Moreover, the photovoltaic heat pump is also
a promising technology, where the photovoltaic collector is used as
evaporator [14]; it is possible to use the evaporator refrigeration
effect to cool the solar cells with a photovoltaic efficiency increase.
The solar radiation is partially transformed into electric energy by
photovoltaic modules, while most of it is absorbed from the
refrigerant fluid whose values of pressure and temperature rise
during the day with a heat pump performances improvement. In
cold winter the PV collector protects the evaporator from frosting.
This paper aims at studying the dynamic model of a heat pump
whose evaporator works as a PV collector. The model results have
been obtained referring to the PV evaporator and the plant oper-
ating as heat pump, in terms of evaporator temperatures, refrig-
erant fluid properties in the cycle fundamental points, thermal and
mechanical powers and efficiencies that characterize the plant
performances. This analysis allows to compare from the thermoe-
conomic point of view a PV heat pump with a traditional plant
under the same operating conditions.

2. Description of the photovoltaic heat pump

In the model analysed, the plant works as photovoltaic heat
pump (Fig. 1) and is mainly made up of a variable speed
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Nomenclature

A heat exchange surface area (m2)
C cost (V)
c specific cost (V); specific heat (J/kg K)
COP coefficient of performance
D diameter (m)
DPB discount pay-back (year)
EVA ethylene-vinyl-acetate
_G solar radiation flux (W)
h heat transfer coefficient (W/m2K); enthalpy

(kJ/kg)
Hva expansion valve coefficient
I solar radiation intensity (W/m2)
k thermal conductibility (W/m K)
_L Power (W)
_m refrigerant mass flow rate (kg/s)
m mass (kg)
NPV net present value (V)
n rotational speed (rps)
p pressure (bar)
PV photovoltaic
_Q thermal power (W)
R refractive index
SPB simple pay-back (year)
s thickness (m)
T temperature (�C)
t time (s)
T1 evaporator outlet temperature (�C)
T2 compressor outlet temperature (�C)
T3 condenser outlet temperature (�C)
T4 evaporator inlet temperature (�C)
TPT tedlar-polyester-tedlar
V piston displacement volume (m3)
v1 compressor inlet specific volume (m3/kg)
x optimization variable
z pitch (m)

Greek symbols
a absorption coefficient
bcf covering factor of the solar cells
d efficiency defect
3 emissivity
h efficiency
q1 incidence angle of the sunbeam
q2 refracting angle of the sunbeam
n amortization coefficient (1/year)
r density (kg/m3)
s Stefan-Boltzmann constant (W/m2 K4)
s transmittance coefficient

Subscripts
a air; air gap
b absorber
c collector
co condensation; condenser
cp compressor
e electric energy
ev evaporation; evaporator
ex exergetic
g glazing
i insulator; initial
in inlet
k component
o outdoor
out outlet
p photovoltaic plate; peak
pv photovoltaic
r refrigerant
s sky
t tube; thermal
tc condenser tube
tot total
v volumetric
va valve
w water
hp heat pump
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compressor, an electronic expansion valve, a plate-type water
condenser, a PV evaporator that works in parallel with an air
evaporator; the refrigerant fluid is R22. The main component is
the PV evaporator that consists of: covering glaze, photovoltaic
modules, thermal absorber plate, refrigerant tubes and insulator.
The removable covering glaze allows both to decrease the outward
thermal dispersions of the collector superior surface and to
assure mechanical protection; besides, it operates also as
concentrating lens. An air gap allows a good thermal insulation
and, instead of air, other insulators could be used. The photovol-
taic modules are placed on the absorber plate superior surface,
connected by means of gluing with high conductibility resins. The
materials used for the photovoltaic cells are mainly the single-
crystal silicon, the polycrystalline silicon or the amorphous
silicon that differ both in terms of electric performances and
manufacture costs. A limited energy conversion is possible; in
fact only 5e15% of the solar radiation incident on the collector is
transformed into electric energy according to the material and
temperature of the panels and the solar radiation incidence angle.
To obtain a high thermal and electric insulation, the modules are
laminated and subjected to pressure together with a double layer
of TPT, that protects the cells from the weather, and EVA that acts
as adhesive between TPT and cells. The thermal absorber plate
consists of a thin layer that allows high solar radiation absorp-
tion; the materials more used are aluminium, copper and steel.
The refrigerant tubes are usually placed in the photovoltaic
modules middle to optimize the thermal exchange. The insulator,
placed on the collector inferior surface, aims at decreasing the
outward thermal dispersions and avoiding the condensate
formation; for this reason materials with a low thermal
conductivity are used, as foam polyurethane and polystyrene. The
whole collector is assembled in a light loom, generally realized in
aluminium, and is placed on a steel frame to fix the position
according to the chosen tilt angle to tap the higher sun energy.
The dimension of each module considered is 1.3 m2 with a peak
power of 0.18 kWp, and the photovoltaic cells total area is about
7.2 m2. Photovoltaic cells in single-crystal silicon have been
considered with an electric efficiency of about 15%. Moreover, the
following working conditions have been used in the model:
a removable covering glaze with high transmittance, a thermal
absorber plate in aluminium with high absorption coefficient,
copper tubes with high conductibility, an insulating layer of foam
polyurethane, the tubes pitch equal to 150 mm, tilt angle equal to
30�, south orientation of the panels and environment data related



Fig. 1. Heat pump and photovoltaic evaporator scheme.
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to Southern Italy. The panels electric terminals are linked to an
inverter able to transform the direct current available into alter-
nate current at 220 V, that can be either introduced into the grid,
with an outlet electricity meter, or used to supply the compressor
or stored in a battery where it could be taken overnight or during
cloudy days. Generally, when the water-cooled condenser oper-
ates, the circulating water might support space heating and
domestic water heating through specific heat exchange devices
that in the model have been simulated by a tank that feeds water
to the condenser. The water mass flow rate is about 0.2 kg/s; the
water temperature is variable in the range 30e55 �C. When the
water temperature changes there is a control that fixes the set
point required.
3. Model of the photovoltaic evaporator and heat pump

3.1. Evaporator

The PV evaporator has been considered as a system that
consists of different layers that exchange thermal energy and are
identified according to a nodal approach. The energy balance
equations for each layer are related to: covering glaze node,
photovoltaic modules plate node, thermal absorber plate node,
refrigerant tube node, refrigerant node and inferior insulator
node (Fig. 1).

Covering glaze node

mgcg
dTg
dt

¼ hagAag
�
Ta � Tg

�þ ag _G� 3gsA
�
T4g � T4

s

�

þ hgpAgp
�
Tp � Tg

�þ sAgp

�
T4
p � T4g

�
1
3g

þ 1
3p

� 1
ð1Þ
Photovoltaic modules plate node

mpcp
dTp
dt

¼ hgpAgp
�
Tg � Tp

�þ sAgp

�
T4g � T4

p

�
1 þ 1 � 1

3g 3p

þ hbpAbp
�
Tb � Tp

�þ ðasÞp _G� _Lpv (2)

Thermal absorber plate node

mbcb
dTb
dt

¼ hbtAbtðTt�TbÞþhbpAbp
�
Tp�Tb

�þhbiAbiðTi�TbÞ (3)
Refrigerant tube node

mtct
dTt
dt

¼ hbtAbtðTb � TtÞ þ hitAitðTi � TtÞ þ hrtArtðTr � TtÞ (4)
Refrigerant node

mtct
dTt
dt

¼ �hrtArtðTt � TrÞ þ _Qev (5)
Insulator node

mici
dTi
dt

¼ hbiAbiðTb � TiÞ þ htiAtiðTt � TiÞ þ haiAaiðTa � TiÞ (6)
Related to the model equations some terms have been determined:

- sg ¼ exp
h
� Lsg

�
1� sin2q1

R2
g

��0:5i
is the glaze transmittance

(Bouguer law) where the glaze extinction coefficient (L) is
equal to 4, the glaze covering thickness (sg) is equal to 4 mm,
q1 ¼ 45� and Rg ¼ 1.5e1.8.

- ðasÞp ¼ sEVAapv

1�ð1�apvÞr is the actual absorption coefficient of the
photovoltaic modules plate [15], where sEVA ¼ 1�r

1þr is the EVA

transmittance coefficient and r ¼ sen2ðq1�q2Þ
sen2ðq1þq2Þ þ

tan2ðq1�q2Þ
tan2ðq1þq2Þ.

- Aag ¼ Agp ¼ A, and the areas Apb, Ati, Abi, Abt, Atr of the contact
surfaces have been determined in terms of the tube inside and
outside diameters (Di ¼ 6 mm; Do ¼ 8 mm), the A value, the
photovoltaic collector width, the tube length.

The heat transfer coefficients of the photovoltaic modules, the
absorber, the refrigerant tube and the insulator have been deter-
mined in terms of the respective thermal conductivities and
thicknesses. As for the heat exchange between covering glaze and
insulator with outdoor air, the unitary convective conductances
have been determined in terms of air velocity [16]. The refrigerant
fluid at the evaporator outlet, whose temperature depends on the I
and To values variable with the time, is generally considered in the
model in superheated vapour conditions, as it absorbs solar energy
and fully evaporates in the PV heat exchanger. The evaporation
power depends on the daily variation of the solar radiation inten-
sity, the PV evaporator area and the thermal efficiency [14].
3.2. Condenser

Referring to the condenser, differential equations of the first
order have been considered, where the unknowns are the refrig-
erant and water temperatures at the condenser outlet; the first
member presents a store term, the second member the input and
output thermal fluxes:

mtcctc
dTtc
dt

¼ htc;rAtc;rðTr � TtcÞ � _Qco (7)



Fig. 2. Model flowchart.
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mwcw
dTw;out

dt
¼ _Qco � _mwcw

�
Tw;out � Tw;in

�
(8)

where the condensation power is determined by means of the heat
exchanger design equation [17]. The refrigerant fluid at the
condenser outlet is generally in subcooled liquid conditions.
Fig. 3. Solar radiation intensity and
3.3. Compressor and expansion valve

The compressor suction and discharge temperatures are linked
by the equation:

T2 ¼ T1

�
Pco
Pev

�3

(9)

and the refrigerant mass flow rate is equal to: _mr ¼ hvnV
v1

. As for the
expansion valve the equation considered is:

_mr ¼ HvaAva

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2rin;vaðpco � pevÞ

q
(10)

where the evaporation and condensation pressures are obtainable
by means of the software Refprop [18] and Hva is the valve
characteristic coefficient.

3.4. Thermoeconomic analysis

As for the PV heat pump performances, the daily solar radiation
allows an energy and costs saving in comparison with a traditional
heat pump working under the same conditions. In particular, the
compressor and the evaporator are the PV heat pump components
principally influenced by the solar radiation. In order to compare
the photovoltaic and traditional heat pump performances from the
thermoeconomic point of view, it is possible to use the following
equation [19]:

vCtot
vxk

¼ cF

�
vFtot
vxk

�
t þ n

�
vCk
vxk

�
(11)

where Ctot (V/year) is the total cost, xk is the optimization variable
(solar radiation), Ftot (kW) is the external resource, or fuel,
consumed by the system (electric power required by the
compressor, whose variation corresponds to the compressor
destroyed exergy variation [19]), cF (V/kWh) is the fuel cost per unit
exergy (unit cost of the compressor electric energy), t (h/year) is the
working time, n (1/year) is the amortization coefficient, Ck (V) is the
generic component cost. A finite difference form of the Eq. (11) is:

DCtot ¼ cF DFtott þ nDCk (12)
outdoor temperature values.



Fig. 4. Photovoltaic evaporator temperatures determined by means of the model.
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The Eq. (12) allows to compare from the thermoeconomic point
of view theworking of the photovoltaic and traditional heat pumps,
and then to calculate the economic indexes SPB, DPB and NPV [20].
Moreover, the heat pump COP, the electric, thermal and global
efficiency values of the photovoltaic module are equal to:

COPhp ¼
_Qco
_Lcp

; hel ¼
_Lpv
IAc

; ht ¼
_Qev

IAc
; htot ¼

_Qev þ _Lpv
IAc

(13)

where the electrical efficiency depends on the solar cells efficiency
and covering factor values, and the PV plate absorption and
transmittance coefficients; the photovoltaic power depends on
electrical efficiency, solar radiation intensity and collector area [12].

4. Results and discussion

The PV evaporator model consists of six first order linear
differential equations whose unknowns are the layers tempera-
tures. The nodal approach and homogeneous properties for each
layer, related to density and temperature, are considered without
evaluating the spacial distribution. Each equation has as first
member the store term, and then the temperature variation with
the time, and as second member the thermal and electrical energy
fluxes; the photovoltaic energy terms are only present in the
covering glaze and solar cells equations. In order to solve the
photovoltaic heat pump dynamic model, a program realized with
the Matlab software [21] has been used with some simplifying
Table 1
Data related to the photovoltaic evaporator.

Outdoor conditions Photovoltaic evaporator

Hour To (�C) I (W/m2) h el h t

8 11.9 250 0.138 0.823
9 14.5 480 0.138 0.654
10 16.7 674 0.139 0.553
11 18.5 804 0.140 0.528
12 19.6 850 0.142 0.520
13 20.0 807 0.140 0.528
14 19.6 677 0.139 0.565
15 18.6 483 0.138 0.653
16 16.8 253 0.137 0.843
hypotheses; the model flowchart is reported in Fig. 2. The system
input data are the solar radiation intensity and the environment
temperature (Fig. 3) that influence the photovoltaic and evapora-
tion powers. These data are related to a typical temperature of the
month of November in Southern Italy [22], but other values of I and
To can be considered in the model. The evaporator input data are:
collector layers thickness (si), outside (Do) and inside (Di) diameters
of the evaporator tube with its pitch (z), tube length (Lt) evaluated
in terms of the step with the tubes arrangement in the modules
prevalent direction, total and effective areas of the PV collector,
mass (mi) and specific heat (ci) of the evaporator layers and the
condenser tube, tilt and azimuth angles, evaporator components
density (ri), thermal conductivity (ki) and heat transfer coefficients
(hi), air velocity (ua), glaze absorber plate and solar cells emissivity,
solar cells efficiency and covering factor (bcf) values, heat
exchangers compressor and expansion valve input data. In the
simulation the outdoor temperature has been chosen as initial
value of the evaporator nodes temperatures, and the superheating
and undercooling values are varied until the refrigerant mass flow
rate determined by the Eq.(10) is equal to the value obtained by the
evaporator energy balance. The PV evaporator layers temperatures
have been determined (Fig. 4) referring to operating hours included
among eight in the morning and four in the afternoon, when the
gain of electric and thermal energy is possible and larger. In
particular, all temperatures follow the parabolic trend of I and To,
and reach the maximum value around noon. In Table 1 the daily
variation of the absorber plate temperature according to the
Adsorber plate temperature

Lpv (kW) Tb (bcf ¼ 0.5) Tb (bcf ¼ 0.7) Tb (bcf ¼ 0.9)

0.248 14.7 14.3 13.8
0.476 20.3 19.7 19.3
0.674 26.0 25.5 25.1
0.810 30.8 30.4 29.9
0.868 33.6 33.0 32.6
0.813 31.6 31.1 30.7
0.677 27.1 26.7 26.1
0.479 21.8 21.3 20.7
0.249 15.6 15.2 14.7



Table 2
Properties values of the refrigerant fluid in the main cycle points.

Refrigerant fluid properties

hour p1 (Mpa) p2 (MPa) T1 (�C) T2 (�C) T3 (�C) T4 (�C)

8 0.653 1.29 12.5 51.0 30.2 8.5
9 0.701 1.55 15.2 58.0 36.0 10.9
10 0.758 1.81 18.0 64.3 42.3 13.7
11 0.815 2.00 20.0 68.3 46.3 16.3
12 0.839 2.06 21.0 69.4 47.4 17.2
13 0.833 1.97 20.7 67.8 45.8 16.7
14 0.798 1.75 19.3 62.9 40.9 15.5
15 0.741 1.53 17.0 57.4 35.4 12.8
16 0.674 1.32 13.8 51.7 30.1 9.5
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photovoltaic cells covering factor (bcf) value, has been reported. A
higher value of bcf results in more solar energy converted into
electricity; hence, the mean absorber plate temperature decreases
and the PVmodule electric efficiency increases because of themore
favorable temperature conditions. As for the refrigerant fluid
operating in the PV heat pump, the properties values are reported
in Table 2. It can be observed that the evaporation pressure varies
during the day like the evaporation temperature and the solar
radiation intensity, and reaches the maximum value around noon.
Besides, the thermal energy absorbed from the PV evaporator
allows higher condensation power and temperature values. The
compression ratio and refrigerant mass flow rate values vary with
time, depending on the evaporation and condensation pressures
and the water temperature. Hence, the heat pump COP improves
when the solar radiation enhances the condenser capacity and the
evaporation temperature and pressure values; in Fig. 5 the values of
the compressor input, evaporation and condensation powers and
the COP are reported to represent the PV heat pump global
performances. It has been useful to validate the system perfor-
mance by means of experimental data available in literature in
order to give greater credibility to the thermoeconomic model
described in this paper. In [14] an experimental heat pump, whose
evaporator works as PV collector, is presented. In particular, in
addition to the operating conditions analyzed in this paper, the
model has been also made to run under the same working condi-
tions of the experimental tests realized in [14] in terms of solar
radiation intensity, environment temperature, collector character-
istics, water temperature and refrigerant fluid; in [14] the water
temperature rises to 55 �C. By running the model in the same range
Fig. 5. Condensation, compression,
of water temperatures, average values of the condensation power
and the COP have been obtained with a percentage deviation of
about 6% from the experimental values [14]; the precise compar-
ison also for fixed hours of the day leads to similar percentage
deviations.

The main aim is to compare the traditional and PV heat pumps
by means of a thermoeconomic analysis; the principal difference
between the two systems is represented by the PV evaporator.
The PV system is more convenient than the traditional system
from the energy point of view, because it can reduce or even
eliminate the compressor electrical consumptions both directly
and indirectly. In the direct way the compressor is powered by
photovoltaic modules independent of the national grid. The solar
radiation intensity increase can indirectly improve the
compressor and heat pump performances, by increasing both the
condenser capacity and the evaporation temperature that deter-
mines a decrease of the compression ratio and the compressor
electric consumptions from eight in the morning and noon. It
results in a reduction of the compressor destroyed exergy and
then of the electric power required by the compressor [19].
Referring to a sunny day, in Fig. 6 it is shown that the highest
exergy losses occur in the PV evaporator and the compressor,
followed by the condenser and expansion valve respectively. The
components efficiency defects decrease gradually from early in
the morning to noon. In particular, the higher I and To values and
the lower set value of the Tw are all advantageous for improving
the compressor performance. The PV evaporator operating at
lower temperatures results in more exergy loss; the higher
evaporation temperature is preferable. Hence, the equations (11)
and (12) allow to compare from the thermoeconomic point of
view and under the same working conditions, the traditional and
photovoltaic heat pumps. The main photovoltaic heat pump
components not included in a traditional heat pump are PV
evaporator, inverter and accumulator that involve higher initial
costs, but allow to use electricity throughout the year. The
economic results obtained in this paper take into account the
costs deduced by the literature because there is not a mass
production of the described system yet. In particular, the overall
PV system cost is about 400 V/m2 [23] that takes into account
installation and operating costs. The electric power generated by
PV panels might be either introduced into the national grid or
used to supply the compressor or stored in an accumulator,
where it could be taken overnight or during cloudy days. This
evaporation powers and COP.



Fig. 6. Efficiency defects and exergetic efficiency.
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analysis takes into account the energy incentive proceeds in
favour of the photovoltaic systems, provided by [24] and equal to
about 0.40 V/kWhel. The PV evaporator of 1 kWp,el, considered in
this paper, allows to obtain both electric annual gain and heat
gain. The heat gain during the day is fully used in winter for
domestic hot water and in summer if the PV evaporator works
instead of the air cooling evaporator. In particular, the heat gain
allows during a sunny day, but not at night or when it is cloudy,
both an increase of the evaporation and condensation powers and
a compressor electrical power decrease. This allows a higher COP
and a compressor electric power consumption lower in compar-
ison with a traditional heat pump. Hence, the electricity, that
comes from the electric annual gain and the electric power saving
obtained from the heat gain, allows both to heat domestic hot
water all year and cool in summer without the need of the
national grid. In particular, Fig. 5 and Table 1 show respectively
the values of the compressor power consumption and the
photovoltaic power together with the PV evaporator electric and
thermal efficiencies values. In particular, the compressor power
varies in the range 0.41e0.46 kW, and the compressor daily
Fig. 7. SPB and D
electricity consumption is 3.9 kWhel. The PV output power varies
in the range 0.25e0.87 kW and the total daily electricity is
5.3 kWhel,pv; as every sunny day there is an electricity surplus of
about 1.4 kWhel, the system is able to operate in a self-sufficient
manner. Hence, the PV evaporator of 1 kWp,el, considered in this
paper, is capable of producing in Southern Italy about
1500 kWhel/year [22]. This is, for example, the average electric
energy demand of a traditional heat pump to heat the domestic
water and to cool in summer, related to a typical Southern Italy
house of about 80 m2 occupied by four people with a demand of
about 200 1/day of hot water, whose temperature difference is
30 �C, and 400 h of summer conditioning with a cooling load of
about 25 W/m3 [22]. Hence, a PV evaporator of 1 kWp,el allows to
meet the demands for domestic hot water and summer cooling,
with an air evaporator that works in parallel with the PV evap-
orator, referring to domestic consumers of Southern Italy where
the solar radiation intensity is higher [22]. Finally, in the ther-
moeconomic analysis all the electricity obtained or saved with
a PV evaporator of 1 kWp,el, both for heating domestic water and
for summer cooling, has been considered. Referring to an
PB values.



Fig. 8. NPV values.
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amortization coefficient of 0.08 1/year, a discounting back rate of
0.05 and twenty five years the plant life, the economic indexes
SPB and DPB have been determined (Fig. 7). Under these condi-
tions the cost surplus of the PV heat pump considered in this
paper is equal to about 3200 V [23], but the PV modules costs are
changing and therefore an economic sensitivity analysis has been
realized varying the PV system cost between 2800 V and 3600 V

(Fig. 7). In Fig. 8 the NPV values related to a PV system cost of
3200 V are reported. In particular, the NPV is positive after about
four years; generally, it depends on the plant location and
efficiency.
5. Conclusions

Aim of this paper has been the study of a photovoltaic heat
pump model from the energy, exergy and economic point of view.
The analytical model has been solved by means of a program
realized with the Matlab software using some simplifications. The
model results have been obtained related to the PV evaporator and
heat pump in terms of the evaporator layers temperatures, the
refrigerant fluid properties in the main cycle points, the thermal
and mechanical powers and the efficiencies that characterize the
plant performances. The theoretical results have been also
compared with some experimental values available in literature
pointing out a low percent deviation. This PV system could also
operate where the electric energy is not available. Moreover, this
study has allowed to compare the traditional and photovoltaic heat
pumps under the same working conditions; the PV heat pump COP
is higher respect to a traditional plant. In particular, a thermoeco-
nomic analysis has been carried out in terms of exergy destruction
rates and economic indexes. Finally, all electricity obtained or saved
with a PV evaporator of 1 kWp,el, and used both to heat the
domestic water and to cool in summer, has allowed to meet the PV
evaporator cost with a SPB of about four years.
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