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The  energy  consumed  to  condition  fresh  air is  considerable,  particularly  for the buildings  such  as  cinema,
theatre  or gymnasium  saloons.  The  aim  of  the  present  study  is  to  design  a  ventilation  system  assisted
with  exhaust  air heat  recovery  unit,  electrical  heater  and  stored  solar  energy,  then  to  make  an  economical
analysis  based  on  life  cycle  cost  (LCC)  to  find  out its  payback  period.  The  system  is  able  to recover  thermal
energy  of exhaust  air,  store  solar  energy  during  the sunlight  period  and  utilize  it  in the  period  between
entilation system
olar energy in buildings
conomical analysis

17:00  and  24:00  h. The  transient  behaviour  of the  system  is  simulated  by the TRNSYS  16  software  for
winter  period  from  1st  of November  to  31st  of  March  for Izmir  city  of  Turkey.  The  obtained  results  show
that  the  suggested  ventilation  system  reduces  energy  consumption  by  86%  compared  to the  conventional
ventilation  system  in which  an  electrical  heater  is  used.  The  payback  period  of  the  suggested  system  is
found  to be  5 years  and  8 months  which  is a promising  result  in  favour  of  the  solar  energy  usage  in

ms.
building  ventilation  syste

. Introduction

Many people live, work, study or spend their leisure time in
uildings having heating, ventilation and air conditioning (HVAC)
ystem that provides hot/cold, fresh, and clean indoor air at proper
emperature and humidity levels. In this manner, the ventilation
rocess plays an important role on improving indoor air quality.

f fresh air could not be supplied into the buildings, harmful pol-
utants such as CO2 accumulate in indoor spaces. Fresh air cannot
e supplied to the building directly, in general. An HVAC system
hould heat or cool fresh air first, and then supplies it into the indoor
pace to prevent destroying of indoor thermal comfort. Due to its
ostly operation, some energy saving strategies can be established
or heating or cooling processes of fresh outdoor air. Nowadays,
he usage of heat recovery and energy storage is an effective trend.
ue to limited fossil fuel resources and their hazardous environ-
ental impacts, utilization of renewable energy resources becomes

ne of the most important research areas for HVAC systems in
ecent decades. Solar energy is a reliable and convenient energy
esource; however, the variability and discontinuity of solar radi-
tion cause serious difficulties on its applicability. Thermal energy

torage systems have been developed to overcome the problem of
olar radiation discontinuity. Thermal energy storage systems can
tore solar energy during peak periods to utilize it during the lower
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solar radiation or solar off periods. Solar energy can be stored by
sensible, latent or chemical storage systems. Among them, the sen-
sible energy storage may  be the simplest and the most convenient
choice for practical applications.

Studies on the use of thermal sensible energy storage for an
HVAC system can be found in the related literature. The storage
medium is mostly water, natural soil, special soils (i.e. gravel, grit
or sand) or a combination of these materials. Solar energy is stored
in these media and used later on. Literature survey shows that
seasonal thermal storage is preferred in the most of studies. Ozyo-
gurtcu [1] showed that the use of solar assisted ventilation system
with heat recovery unit reduces considerably ventilation energy
consumption compared with conventional ventilation system in
which only an electrical heater operates. Kroll and Ziegler [2] inves-
tigated the use of ground heat storage and evacuated tube solar
collectors for meeting the annual heating demand of family-sized
houses. In their seasonal storage system study, soil is used as a stor-
age material. They found that the system with a ground heat storage
and high quality evacuated tube collector is able to supply an essen-
tial part of heat demand of a family-sized houses. Simons and Firth
[3] performed a study on life cycle assessment of a 100% solar frac-
tion thermal supply to a European apartment building by using
water-based seasonal sensible heat storage. They compared 100%
solar heating system recently installed in a Swiss apartment build-

ing with five alternative heating systems on the basis of life cycle
assessment. Terziotti et al. [4] studied on the modelling seasonal
solar thermal energy storage (SSTES) in a large urban residential
building using the software called TRNSYS 16. Their seasonal solar

dx.doi.org/10.1016/j.enbuild.2013.12.025
http://www.sciencedirect.com/science/journal/03787788
http://www.elsevier.com/locate/enbuild
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hermal energy storage system used two closed fluid (water) loops.
ne loop ran through solar collectors to heat the fluid, then into
oils inside the storage medium. Fehrm et al. [5] studied on exhaust
ir heat recovery units in buildings. They investigated systems use
xhaust air as a source of heat for the appliances. Yumrutaş and
nsal [6] performed an energy analysis and modelling of a solar
ssisted house heating system with a heat pump and an under-
round energy storage tank. Results of their study indicated that
n operational time span of 5–7 years would be necessary before
he system could attain an annually periodic operating condition.
alise et al. [7] performed a study on transient analysis and energy
ptimization of solar heating and cooling systems in various config-
rations. The simulation model was developed by using the TRNSYS
oftware, and included the analysis of the dynamic behaviour of the
uilding in which the solar heating and cooling systems were sup-
osed to be installed. The obtained results of the study analyzed on
onthly and weekly basis were encouraging. Ortiz et al. [8] mod-

lled a solar-assisted HVAC system with thermal storage for the
echanical Engineering Department building of the University of
ew Mexico in order to predict performance and optimize control
arameters. They found that the solar assist could account meet for
ver 90% of the total heating requirements, if certain energy conser-
ation strategies are adopted. Further information on the utilization
f heat of exhaust air and solar energy in the buildings for heating
urpose can be found in Refs. [9–11].

For economic analysis of HVAC system, the study of Kizilkan
t al. [12] on thermoeconomic optimization of a LiBr absorp-
ion refrigeration system can be mentioned. The thermoeconomic
ptimization study was performed in order to determine the opti-
um operating temperatures and parameters of a LiBr absorption

efrigeration system. Ahmadi et al. [13] performed a study on the
xergo-environmental analysis of an integrated organic Rankine
ycle for trigeneration system. Environmental impact assessment,
nergy and exergy analyses were carried for a trigeneration sys-
em consists of a gas turbine cycle, an organic Rankine cycle, a
ingle-effect absorption chiller and a domestic water heater. Fur-
her information on thermo-economic analysis of different systems
uch as polygeneration systems, central air conditioners and power
lants can be found in Refs. [14–16].

The aim of the present study is to suggest a ventilation sys-
em assisted by solar energy, heat recovery unit, and an auxiliary
lectrical heater. The application areas of the proposed system
re theatres, cinemas, gymnasium saloons, shopping centres and
ther spaces which require high rate of fresh air due to peak
ccupation time between 17:00 and 24:00 h. The hourly energy
nalysis of the suggested system and traditional system, operat-
ng only with an electrical heater, is performed by using TRNSYS
6 software for winter period from 1st of November to 31st of
arch for Izmir city of Turkey. The total energy consumption for

oth systems is determined and then compared for the considered
eriod. The obtained results are presented and discussed via graph-

cs. Furthermore, the initial investment and maintenance costs of
oth traditional and suggested systems are determined based on
he prices in Turkish HVAC market available in 2013 in order to
erform an economical analysis for both systems. The aim of eco-
omical analysis is to find out payback period of the suggested
ystem.

Based on the above literature survey, it is observed that no
tudy on the use of both heat of exhaust air and stored solar
nergy for heating of fresh air for ventilation purpose in the build-
ngs was performed. The proposed system is an innovative system

hich can reduce the energy consumptions in the buildings, con-

iderably. Furthermore, the energy and economical evaluations are
erformed for this innovated system to investigate applicability of
he system, practically. Hence, the results of the present study are
ew and original.
Buildings 72 (2014) 17–23

2. The traditional and proposed innovative ventilation
systems

Both the traditional and suggested ventilation systems are ana-
lyzed in the present study. The main components of traditional
ventilation system are supply and return fans, an electrical heater
and a simple automation system as shown in Fig. 1(a). The main
components of the suggested system are supply and return fans,
an electrical heater, a heat recovery unit and a solar energy stor-
age system as shown in Fig. 1(b). The solar energy storage system
mainly consists of an evacuated tube solar collector, a sensible heat
storage tank with heating coil and circulation pumps. There are two
separate loops in the solar energy system. In the first loop, water
circulates between solar collector and sensible storage tank by a
circulation pump named as pump #1. In the second loop, the water
is circulated between tank and heating coil by another circulation
pump named as pump #2. Solar collector is used to increase the
water temperature. The water at high temperature enters to the
sensible storage tank and transfers heat of circulated water to the
storage tank water. Then, the water leaves storage tank at lower
temperature. It enters to the pump #1 and becomes pressurized
to be circulated in the loop #1. The control of pump #1 is done
by a differential temperature controller. It receives average tem-
perature of the water storage tank and outlet temperature of the
solar collector. If the temperature inside the storage tank is greater
than the solar collector outlet temperature, a signal is sent to pump
#1 for stopping. When sun rises, the solar collector outlet tem-
perature becomes greater than the temperature of storage tank,
operated at night period. During sunset, the collector outlet tem-
perature becomes less than the storage tank temperature. Hence,
a signal is sent to pump #1 to stop circulation. By this way, the
temperature of storage tank increases during the sun light period.
Our observation showed that the temperature of water at outlet
of solar collector may  exceed 100 ◦C in warm days during winter
period. That is why  a temperature controller is adapted to the sys-
tem for controlling outlet water temperature of solar collector for
safety reason. If the temperature of solar collector exceeds 90 ◦C,
the pump #1 stops the water circulation.

The operation of loop #2 is arranged by a time controller. It
operates from 17:00 to 24:00 h which is the operation period of the
ventilation system. At 17:00 h, the time controller sends a signal to
pump #2 and water is circulated through loop #2. The pressurized
water leaves the pump #2 and enters to the storage tank. Then, the
water leaves storage tank at higher temperature and flows towards
heating coil. Heat is transferred from the hot water that leaves the
storage tank to the air via the heating coil. On the other hand, fresh
air, which should be supplied to the space, is preheated by the
heat recovery unit. The temperature of fresh air is increased by
the energy of exhaust air. Then, the fresh air is passed through the
coil heat exchanger connected to the solar energy storage system.
Finally, the fresh air flows towards the electrical heater. If the fresh
air temperature is less than 22 ◦C, the electrical heater automati-
cally operates and increases the fresh air temperature to 22 ◦C. After
24:00 h, the supply and return fans are switched off automatically.
By this way, the solar energy stored in the storage tank during day
period is used to heat fresh air required from 17:00 to 24:00 h. The
study is performed at air flow rate of 1000 m3/h. The solar collec-
tor, storage tank, heat recovery unit and heating coil are the main
components of the proposed system. For the studied systems, the
optimal design of heat recovery unit and heating coil is performed
by HVAC manufacturers. The commercial programs developed by
manufacturers are used to determine the optimal design of heat

recovery unit and coils for the given operational conditions. Based
on the specified air flow rate, double core aluminium plate type
heat recovery unit, each has size of 500 mm × 500 mm × 500 mm
and pressure drop of 100 Pa, is chosen as the optimal design for
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Fig. 1. Schematic view of the studied ventilation sy

eat recovering of exhaust air. Similarly, a coil type heat exchanger
ith size of approximately 470 mm × 390 mm × 90 mm,  heat trans-

er area of 6.67 m2, pressure drop of 84.8 Pa for air side and 1.76 kPa
or water side is optimal design for heating of supply air. The main
ifficulty for the application of the system is the area of solar collec-
or which affects the volume of the storage tank. That is why  a study,
resented in next section, is performed to find a relation between
he solar collector area and the required storage tank volume

. Methodology for techno-economic analysis

TRNSYS 16 is a commercially available software used to simu-
ate transient behaviour of an HVAC system and analyze its energy
onsumption. TRNSYS 16 has a modular structure and it has its
wn description language for system components and their con-
ections, as well. It provides possibility for a user to define a specific
omponent, establish a specified system or connect the compo-
ents.

In the present study, the main input of the simulation pro-

ram is the weather data of Izmir city of Turkey submitted with
odule type of 109. Furthermore, each module of TRNSYS 16 sim-

lates a component of the system and it has its own  input design
arameters. For instance, in order to simulate a circulation pump,
s: (a) traditional system and (b) suggested system.

parameters such as maximum flow rate, fluid specific heat, max-
imum power, conversion coefficient and power coefficient should
be assigned. These values are received from HVAC manufacturers of
Turkey for the given operation condition. In this study, it is aimed
to design and investigate a new innovative system by using con-
ventional components available in HVAC market rather than to
design new components. Thus, the types of employed components
in the suggested innovative system are selected by cooperation
with HVAC consulting and manufacturing companies in Turkey. The
technical data entered to TRNSYS 16 program for the components
are data of the optimal available components in HVAC market of
Turkey. The thermodynamic modelling of each employed compo-
nent and details about the employed models for simulation of the
solar collector, storage tank, heat exchanger and pump can be found
in Refs. [18,19].

The employed system components are weather data, solar col-
lector, storage tank, circulation pumps, heating coil, heat recovery
unit, supply and return fans, electrical heater, temperature and
time controllers, integrator and plotter. Fig. 2(a) and (b) shows the

schematic view of the systems designed in TRNSYS 16 software. As
it was  mentioned before, the weather data used in the system is
type 109 and it serves the main purpose of reading weather data
at regular time intervals from a data file. For this study, weather
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Fig. 2. View of systems designed by TRNSYS default co

ata of Izmir city of Turkey is used. The employed solar collector
s type 71. This type of solar collector models an evacuated tube
olar collector. The storage tank is type 60 and models a stratified
iquid storage tank. This tank is vertically cylindrical and has two
nlet and outlet ports. The circulation pumps in this study are single
peed ones. In single speed pump applications, water flow rate and
lectrical consumption are constant. These pumps are referred as
ype 3b. The heating coil and heat recovery unit used in the system
re zero capacitance sensible heat exchangers and they are mod-

lled in various configurations. In the present study, a cross flow
eat exchanger is used with both hot (source) and cold (load) sides
hich are unmixed. This model is type 5e in the TRNSYS 16 library.

he considered fans in this study are single speed. In single speed
ents: (a) traditional system and (b) proposed system.

fan applications, similar to the single speed pump, air flow rate
and fan electrical consumption are constant. These fans are repre-
sented by type 3c. Type 6 is used as an auxiliary electrical heater.
The temperature controller used in this study is an on/off differen-
tial controller. It generates a control function which could have a
value of 1 or 0, where 1 means on and 0 means off mode. The value
of the control signal is chosen as a function of difference between
upper and lower temperatures. This controller is used in the loop
#1 in order to control the pump #1. The reference temperatures

are the average temperature of the storage tank and temperature
of water at outlet of solar collector. The dead band temperature dif-
ferences are assumed zero. This model is referred as type 2b of the
TRNSYS library.
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electricity is consumed. The optimal point of storage tank changes
with the solar collector area. For a solar collector area of 5 m2, the
optimal storage tank volume is 1 m3, however this value increases
G. Ozyogurtcu et al. / Energ

The time controller (type 14h) is a time dependent forcing func-
ion which has a behaviour characterized by a repeated pattern.
he pattern of the forcing function is established by a set of dis-
rete data points indicating the value of the function at various
imes throughout the cycle. The integrator is component named
ype 24 and integrates a series of quantities over a period of time.
ach quantity integrator could have up to maximum 500 inputs. The
nline plotter component is used to display results of the selected
ystem variables while the simulation is progressing. Type 65a also
ollects the simulation results data in a file.

The life cycle cost (LCC) analysis is an essential process and an
ffective tool for evaluating the initial investment and future costs
or a project over its entire life span. The usage of LCC analysis leads
nvestors to more rational purchase decisions. LCC analysis is com-
osed of three main components. The first component is the cost
hich can be break into two expenses, namely, initial and future

osts. Future costs also can be categorized as one-time, and recur-
ing costs. The second component of LCC analysis is time which
orresponds to the expected life span of a project. This life span
eriod also can be break into two phases as planning and con-
truction period, and service period. The third component is the
iscount rate which reflects the time value of money. The discount
ate gives the present value of future costs, as well. The LCC analysis
s an important aid in developing the costs, and revenues or oper-
ting expenses structure for a project. Most engineering projects
an be accomplished by more than one feasible design alterna-
ive. In practice, investors consider the acceptable alternative that
equires the least investment of capital. The additional investment
an be considered only for capacity increase, quality increase, rev-
nue increase or operating expenses decrease. Therefore, before
dditional money is invested, it must be shown that extra bene-
ts can be obtained out of this investment. In this study, the net
resent value (NPV) method, which is one of the valid methods for
he economical comparison of alternative ventilation system con-
gurations, is used. By using this approach, the cost and benefit of
ach option are converted into present value and the highest NPV is
hosen as a preferred option among the alternatives. Mathematical
xpression of NPV value can be given as follows:

PV =
t∑

n=k+1

Bn

(1 + i)n −
k∑

n=0

Cn

(1 + i)n (1)

here Bn and Cn are benefit and cost values corresponding to sys-
ems’ life span (n in years), respectively. The annual interest rate is
epresented as (i). The cost parameter includes the capital invest-
ent of the whole ventilation system, and maintenance expenses

ver the life span of the system. The benefit parameter includes
ecreased operating expenses which correspond to reduction of
otal electricity usage cost over the life span, in this study. In order
o make the economical analysis, energy values in the unit of MJ  are
onverted into the unit of kW h by using the proportionality factor
f 3.6. Payback analysis is another extension of the NPV. There is a
ogical linkage between payback and breakeven analysis. Payback
eriod is the estimated time which will take for the estimated net
conomical benefits to recover the initial investment difference and
tated annual interest rate. For a uniform net cash flow or benefit
eries which is the case in this study, the payback period, np, can be
iven as:

= P
(2)
p NCF

here P is the initial investment difference between the
lternatives, and NCF is net cash benefit for each year.
Fig. 3. The change of ambient and air supply temperatures during the studied period
for  a traditional system.

4. Results and discussion

Firstly, the changes of ambient and outlet temperatures of tra-
ditional system for the whole studied period are shown in Fig. 3.
As seen, the ambient temperature is below 22 ◦C in the consid-
ered period, and electrical heater increases fresh air temperature
to 22 ◦C, as well. During the off-period of the system, the fresh air
temperature is equal to ambient temperature, since the electrical
heater and fans are stopped.

Our simulation study shows that the volume of storage tank and
solar collector area play an important role on energy consumption
and investment cost. That is why  an attempt is done to optimize
the volume of the storage tank and area of solar collector. In order
to investigate the effect of solar collector area and storage tank vol-
ume  on the energy consumption of electrical heater, 54 different
cases are considered and simulations are performed by changing
solar collector area between 5 and 50 m2, and storage tank volume
between 0.5 and 8.0 m3. It is clearly seen from Fig. 4 that the larger
solar collector area decreases the total electrical heater energy con-
sumption for the studied period. The decreasing rate of total energy
consumption of electrical heater changes with the solar collector
area. For smaller solar collector area (e.g. 5 m2), the increase of solar
collector area reduces the total consumption of electrical heater
energy, drastically. Comparatively, the increase of solar collector
area does not change total electrical heater energy consumption for
large solar collector area (e.g. 30 m2). For each solar collector area,
there is an optimal storage tank volume in which the minimum
Fig. 4. Optimization of solar collector and storage tank.
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ig. 5. The change of ambient, solar collector outlet and storage tank outlet water
emperatures with time for the period of January first week.

o 3 m3 for the solar collector area of 40 m2. In this study, the simu-
ation results of a system with 2 m3 storage tank volume and 30 m2

olar collector area are presented. Before presenting the results for
hole period between 1st of November and 31st of March, it might

e useful to perform a discussion on the graphics presenting results
nly for the first week of January.

Fig. 5 shows the changes of ambient, solar collector outlet, and
torage tank outlet temperatures over time for the period of the first
eek of January for the proposed system. For a system with 30 m2

olar collector area and 2 m3 storage tank water volume, it is seen
hat solar collector water outlet temperature increases approxi-

ately to 90 ◦C due to the effect of irradiance, whereas the water
emperature in the storage tank outlet is around 65 ◦C. The water
utlet temperature in the storage tank increases during the day, and
hen drops during the period of between 17:00 and 24:00 h. Fig. 6
hows the change of ambient, heat recovery unit air outlet, and
eating coil air outlet temperatures over time for the period of the
rst week of January. It is seen that the energy stored in the storage
ank increases air outlet temperature of heating coil approximately
y 7 ◦C between 17:00 and 24:00 h. Fig. 7 shows the changes of
mbient, heating coil outlet, and electrical heater outlet air tem-
eratures over time for the same period of time. The changes of
lectrical heater outlet temperature and heating coil outlet temper-
ture overlap indicating that the electrical heater does not operate

n the first week of January and the stored solar energy is suffi-
ient to heat fresh air for indoor ventilation. Finally, Fig. 8 shows
he changes of ambient, heat recovery unit outlet, heating coil out-
et, and electrical heater outlet air temperatures over time for the

ig. 6. The change of ambient, heat recovery unit and heating coil air outlet tem-
eratures with time for the period of January first week.
Fig. 7. The change of ambient, heating coil and electrical heater outlet air temper-
atures with time for the period of January first week.

whole simulation period which refers between 1st of November
and 31st of March for Izmir city of Turkey. It is remarkable that
the electrical heater operates only a few times during simulation
period since the heating coil outlet temperature is usually greater
than 22 ◦C.

The total energy consumption of electrical heater for the tra-
ditional and proposed systems with 30 m2 solar collector area
and 2 m3 storage tank volume can be calculated by integration of
instantaneous electrical heater energy consumption between 1st
of November and 31st of March. The consumptions of the sup-
ply and return fans should be added to the calculated value. The
rated power values of the supply and return fans are 180 and 370 W
for traditional and proposed systems, respectively. The integration
of this power consumption for the whole operating period yields
totally 1370 and 2816 MJ  for supply and returns fans, respectively.
The power values of pump #1 and pump #2 are 27 and 18 W for the
proposed system, respectively. The integration of this power con-
sumption for the whole operating period yields totally 132 MJ.  The
total energy consumptions of the traditional and proposed systems
are 15,115 MJ  and 3023 MJ,  respectively. The difference in energy
consumption between the two  systems is 12,092 MJ.  In addition
to this value, some amount of energy is also gained by reducing
heating load of the building if a solar assisted system is used since
the supply temperature becomes more than 22 ◦C time by time.
This means another 6577 MJ  of energy can be saved. As a result, the
total energy consumption saving becomes 18,669 MJ. The compar-

ison between the studied system and the practical system shows
that the use of proposed system reduces energy consumption by
86%.

Fig. 8. The change of ambient, heat recovery unit, heating coil and electrical heater
outlet air temperatures with time for the period of 1st of November and 31st of
March.
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The both considered systems’ life spans are assumed as 20 years.
etermination of the annual interest rate (i) is important in the NPV
alculations. Since Turkey is the candidate of European Union, Euro
rea inflation rate averaged 2.24% from 1991 to 2013, reaching an
ll-time high of 5% [17]. In order to stay in the secured range in
he study, the annual interest rate assumed as 5% throughout the
ystems’ life span. The average Euro Area inflation rate which is
.24% is also applied to the electricity utilization price throughout
he systems’ life span, as well. As a result, the electricity utilization
rice assumed to be changed between 0.15 and 0.23 D/kW h.

The payments determining the costs are taken due at the end of
he considered period. The salvage value of the ventilation systems
s not taken into consideration during the calculations. The highest
PV is chosen as the most preferred ventilation system configura-

ion. In other words, NPVs between the systems must be as much
s higher in favour of the selected one. Hence, the extra benefits
btained by investing the additional capital become justified.

Based on the prices in Turkish HVAC market available in the year
013, the solar assisted ventilation system costs 6510 D, whereas
onventional ventilation system costs 1850 D, including installation
nd maintenance costs. Hence, in the beginning, the investment
ifference between the ventilation systems is 4660 D in favour of
he conventional ventilation system. But, contrary to this, the cost
f total energy saved is calculated as 14,864 D in favour of solar
ssisted ventilation system, during the life long period of usage.
his concludes the net present value of the solar assisted venti-
ation system to be as 10,204 D. As a result, the payback period of
olar assisted ventilation system is found as 5 years and 8.2 months,
xactly.

. Conclusions

A theoretical study is performed on economical analysis of a heat
ecovery and solar assisted HVAC system used for ventilation of a
pace. The exhaust air is passed through a heat recovery unit and
reheated, then it is heated by thermal energy of a solar collector
tored in a tank and finally its temperature rises to 22 ◦C by using an
lectrical heater, if it is required. The study is performed by TRNSYS
6 code and following remarks are concluded:

 The suggested system not only can provide fresh air at 22 ◦C even
without using electrical heater (for most period of winter) but also
it reduces heating load of the space since, in most of the winter
period, by supplying fresh air with temperature above 22 ◦C.

 The simulation results showed that the volume of storage tank as
2 m3 and the solar collector area of 30 m2 are the optimal values
for supplying 1000 m3/h fresh air for a space in Izmir city.
 The difference in energy consumption between conventional and
the suggested ventilation system from 1st of November to 31st of
March is 18,669 MJ,  and the suggested ventilation system reduces
energy consumption by 86%.

[
[

[
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- If the electricity utility price is assumed changing according to the
inflation rate averaged 2.24% starting from 0.15 D/kW h through-
out the systems’ life span, the payback period of solar assisted
ventilation system becomes 5 years and 8.2 months, exactly.

It order to decrease the payback period of solar assisted ventila-
tion systems, the number of consumers using the suggested system
should be increased. This might cause the decrease of investment
cost. Hence, solar energy assistance in ventilation systems could be
used widely, especially at the locations getting higher irradiance.
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