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Due to the reduction of fossil resources, the replacement of renewable energy sources such as solar energy has become mandatory.
Solar energy does not contain pollution and widely available in all parts of the world, especially in warm regions. Our country
(IRAN) is geographically located in a hot and dry region, and with more than 280 sunny days per year, one of the nonpower
applications of solar energy is heating space and water consumption of the building using solar thermal energy. Solar water
heaters can be used to heat the water used in buildings, which is the main purpose of this study. Water heating consumes an
average of 20% to 30% of the total energy consumption in the residential building. Therefore, using solar water heaters annually
can provide 70% of the energy needed for water heating. The system designed in this research is able to provide 75% of the hot
water consumption needs. If an auxiliary heat source is used next to this system, all hot water needs of the building can be met
throughout the year. In this case, as much as 237.3 kWh, energy will be saved from fossil energy sources.

1. Introduction

The annual energy consumption of the world currently is
around 500 EJ [https://www.iea.org/]. This amount of energy
is equal to 16TW power. The contribution of each energy
source in providing this amount of energy is shown in
Figure 1.

As can be seen, 34.3% of this energy is supplied by oil,
25.1% by coal, 20.9% by natural gas, 13.2% by renewable
energy, and 6.5% by nuclear energy. The annual electricity
consumption in the world is about 18000TWh, which is
equivalent to 2TW power [1–3]. As shown in Figure 2, this
amount of electricity is generated from a variety of sources.
Electricity generated by coil is 39.8%, by natural gas is
19.6%, renewable energy is 17.9%, nuclear energy is 15.7%,

and by oil is 6.7%. Renewable resources account for 17.9%
of total electricity generation, 16.1% related to large hydro-
power plants, 1% related to biomass, and 0.8% related to
other renewable energy sources.

The world is very difficult to exactly determine; how long
fossil fuels will be available. Recent reports indicate that oil
and gas resources will be sufficient for another 30 and 60
years to meet current needs, respectively [4, 5]. All of fossil
fuels, when burned, produce carbon dioxide. Releasing large
amounts of this gas into the atmosphere warms the earth
by creating a greenhouse effect [6–8]. Research shows that
the amount of carbon dioxide in the atmosphere over the
past few thousand years and until the beginning of the indus-
trial revolution in the early nineteenth century had an almost
constant value of 280 ppm. The amount of atmospheric CO2
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initially increased slowly due to the burning of coal, but after
world war second, due to the wider use of fossil fuels, the
amount of CO2 in the atmosphere has accelerated. As a result
of these changes, since 1900 until now, the earth has warmed
up to 0.7° C, which has brought the earth’s temperature to its
highest level in 12,000 years. Figure 3 shows the changes of
average temperature of the earth between 1980 and 2017
years [9].

Figure 4 shows the high capacity of solar energy. Solar
radiation on earth is 14,000 times greater than the world’s
energy consumption. The sun’s radiant energy, which
reaches the earth in just one year, is known to be far greater
than all fossil and nuclear fuel sources. According to
Figure 4, despite having great potential, solar energy has a
small share in energy production. So it seems necessary to
study the production of solar energy as renewable energy.
Solar energy is free of pollution and is widely available in
all parts of the world, especially in warm regions and in areas
far from the global electricity grid, used to generate electric-
ity, heating, and economic cooling [9–12]. Our country
(Iran) is geographically located in a hot and dry region and
with more than 280 sunny days per year, and its annual solar
radiation is estimated at 2200-1800 kWh/m2, which is higher
than the global average. The loss of electricity generation,
transmission, and distribution and the dispersion of the
country’s population make economical the use of solar
energy [13].

In these countries, the development of solar energy tech-
nology has played an important role in meeting energy needs.
Increasing energy efficiency in energy equipment and pro-
cesses in buildings can be done by taking various measures.
Since the measures related to energy efficiency are often faced
with limited financial resources, it is important to study the

set of possible measures and their economic and technical
prioritization. One of the researchers who worked on the
thermal performance solar heat water system was Kalogirou
[14], Zhao et al. [15], Koroneos and Nanaki [16], and Tanha
et al. [17]. One of the researchers who worked on the solar
heat water system for residential buildings was Shi et al.
[18], Dharuman et al. [19], Fan et al. [20], Cao et al. [21],
Chow et al. [22], and Alayi et al. [23]. Research has been done
in this area: Madani et al. [24] have provided research titled
heating solutions for residential buildings in China: current
status and future outlook. Souliotis et al. [25] present the
solar water heating for social housing: energy analysis and life
cycle assessment. Fani and Sadreddin [26] present solar-
assisted CCHP system, energetic, economic, and environ-
mental analysis, case study: educational office buildings.
Altoé et al. [27] have provided research titled an analysis of
the economic viability and greenhouse gas emissions reduc-
tions resulting from the use of solar water heaters in a typical
Brazilian dwelling. Hossain et al. [28] have provided research
titled thermal and economic analysis of low-cost modified
flat-plate solar water heater with parallel two-side serpentine
flow. Şerban et al. [29] have provided research titled eco-
nomic and environmental analysis of investing in solar water
heating systems.

Bouhal et al. [30] have provided research titled design
and thermal performance optimization of a forced collective
solar hot water production system in Morocco for energy
saving in residential buildings. Ayadi and Al-Dahidi [31]
have provided research titled comparison of solar thermal
and solar electric space heating and cooling systems for
buildings in different climatic regions. Alayi et al. [32] have
provided research titled thermal analysis of parabolic trough
concentration photovoltaic/thermal system for using in
buildings.

In this research, technical and energetic analyses of the
use of solar energy in the preparation of water heaters for res-
idential buildings using a solar water heater are presented. To
produce the required hot water and heat the fluid, a solar col-
lector is used. Thermal energy from the solar collector is
stored in a spare storage tank. The system is simulated by
TRNSYS and T*sol software. The purpose of this study is to
generate the thermal energy required by the building with a
view to achieving maximum solar energy. After achieving
this goal, the amount of thermal energy production as well
as nonemission of environmental pollutants has been
determined.

2. Materials and Methods

2.1. Climatic Conditions. The amount of solar energy
received in different places varies depending on the difference
in latitude, altitude, atmospheric phenomena, etc. Therefore,
in order to obtain information about radiation, the latitude
and longitude of that place must be determined, so that the
monthly and annual average radiation received from the
sun can be determined at the horizon level and all levels with
different directions and slopes for the desired location. In this
study, the city of Tehran has been studied as a case study due
to the fact that the central cities of Iran have a high intensity
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of solar radiation (4.5-5.2 kWh/m2/day) and the use of these
systems has a better justification.

The city of Tehran has a latitude of 35.4°, a longitude of
51.3°, altitude of 1990m above sea level, and an average tem-
perature of 18°C. Also, the average wind speed in Tehran is
2.7m/s. As the input of the problem, accurate geographic
information such as the amount of sunlight and average tem-
perature is required in different months of the year. Figure 5
shows the annual intensity of solar radiation in Tehran, and
Figure 6 shows the average temperature in different months
of the year.

As can be seen in the figures, the city of Tehran has the
maximum and minimum average temperatures of 40 and
-5°C, which are related to the months of July and January,
respectively. Figure 6 also shows that the city of Tehran has
an average annual radiation intensity of 153.6 kW/m2.
Figure 7 shows the annual humidity rate for the city of Teh-
ran during the months of the year.

2.2. Schematic and Simulation of the Studied System. A solar
water heater is a device that converts solar energy (direct and
indirect light) into thermal energy and transfers it to water.
The solar water heaters can be classified based on their differ-
ences in the type of solar energy absorber collector, which are
solar water heaters with flat collectors and with vacuum
tubular collectors. The schematic of the design system for
supplying the hot water consumption in the studied residen-
tial building is shown in Figure 8. As can be seen, the solar
water heater system has the following components:

(i) Absorbent Surface (Collector). In this study, the flat
plate collector type has been selected and its number

is determined based on the daily consumption of
hot water. In general, the collectors used in solar
water heaters are in two types of plate and tube,
which flat plate is more commonly used in collec-
tors. These types of collectors are used when the
climate of the region is not cold and is more
efficient

(ii) Spare Storage Tank. This tank is usually in the form
of a double-walled tank or a coiled tank

(iii) Circulation Pump. Used to circulate water inside col-
lectors and heat exchange with tank

(iv) Expansion Source. Used to prevent volume fluctua-
tions and smooth fluid pressure

TRNSYS software is used for the technical simulation of
the studied system. Figure 8 shows the designed solar water
heater system in TRNSYS software.

According to the existing standards in the field of hot
water consumption in Iran, 60 liters of hot water is consid-
ered per person per day. For a family of 4 people, the volume
of hot water consumed is about 240 lit/day [33]. Estimation
of the energy required for this amount of water according
to the inlet and outlet water temperature is the main and
basic step of the present research, which will be discussed
below. The temperature required to supply hot water is calcu-
lated by the following equation:

Q = CP:M: T2 − T1ð Þ, ð1Þ

whereM is the actual amount of hot water consumed per day
in liters, CP is the specific gravity of water at constant pres-
sure in terms of kJ/kg.K, and T1 and T2 are the inlet and out-
let water temperatures in degrees Celsius, respectively. The
values of these parameters are given in Table 1.

According to the data in Table 1, it can be said that the
equivalent heat or 4526/24 kWh is needed annually to supply
the hot water consumption of this residential building. If 75%
of this energy is supplied by the solar system, the total
amount of energy from the solar water heater system for a
family of four people will be equal to 3395 kWh. Table 2
shows the specifications of the components of the solar water
heater system.
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Figure 3: Changes of Earth’s average temperature between 1980 and 2017 years.
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Figure 4: High capacity of solar energy [https://helioscsp.com].
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3. Results

TRNSYS software is used to technically analyze the solar
water heater system. Figures 9 and 10 show the thermal
energy and temperature of the hot water generated by the
solar water heater system.

It is clear from Figures 9 that the highest thermal energy
produced by the solar water heater system is about 3900 kJ/h
and the highest output temperature of this system is about 98
°C. Figure 10 shows the inlet and outlet temperatures of
collector.

As shown in Figure 10, according to the production tem-
perature of the studied system, the amount of thermal energy
produced by this system is 3326.3 kWh/yr, which is almost
equal to the required heat load to supply the building’s hot

water. Figure 11 shows the inlet and outlet temperature of
solar collector heating system.

It can be seen that the temperature difference between the
inlet and outlet is very high on some days. In order to further
analyze the solar water heater system, we will consider a spe-
cific day of the year and examine the system’s outputs. To do
this, we consider June 18, in which the intensity of solar radi-
ation is equal to 7.36 kW/m2. According to Figure 11, the
maximum temperature produced by the collector is 142°C,
and considering that the maximum required temperature of
the study building is 60°C, then, this system has the ability
to provide the required temperature. Figures 12 and 13 show
the output thermal energy and the hot power temperature of
the system, respectively.

Figure 12 shows that the total thermal energy obtained
from the designed solar water heater system is equal to
8.87 kWh. According to the hot water outlet temperature,
produced by solar water heater system, it can be said that in
most hours of the day and night, the outlet temperature is
suitable for use for hot water consumption.

Figure 14 shows the comparison of the collector inlet and
outlet temperatures for a designed solar water heater system.
It is clear that the outlet temperature of collector is acceptable
for the supply of hot water.

In the following, we will review the results for a cold day
of the year, January 4. Figure 15 shows the generated thermal
energy by the solar water heater system for this day of the
year. It can be seen that the designed system produces about
10276 kJ. According to previous statements, it is concluded
that on cold days of the year, the solar water heater system
needs an auxiliary heat source to supply the hot water. Also,
the highest thermal energy on this day is obtained at 11
o’clock, which is equal to 1897/53 kJ/h.

It can be concluded that the system designed in this
research is able to provide 75% of the hot water consumption
needs. If we use an auxiliary heat source along with this sys-
tem, all the hot water consumption needs of the building can
be met during the year. In this case, we will save as much as
2373/3 kWh energy from fossil energy sources. This energy
saving will reduce the economic and social costs of the house-
hold at the micro level and the whole community at the
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Table 1: Data to calculate the amount of heat required to supply the hot water consumption.

Parameter Value Parameter Value

Specific water gravity at constant pressure 4.18 kJ/kg.K Minimum temperature of inlet water to solar water heater 15.5 °C

The actual amount of hot power consumed per day 240 lit Maximum temperature of outlet water from solar water heater 60 °C

Table 2: Specifications of the components of solar water heater system.

Parameter Value Parameter Value

Collector area 3/8m2 IAM 0/09

Volumetric flow rate of whole system 0/05 kg/s Tank volume 0/77m3

Operating fluid Water Fluid inlet temperature (Fr) 15/5 °C

Collector slope angle 35 Fluid output temperature 60 °C

Azimuth angle of collector 180 Pump power 30W

FR ταð Þ 84/0 Pump efficiency 0/85

FRUL 6/8W/m2.C
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Figure 9: Thermal energy generated by the solar water heater system.
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Figure 12: Thermal energy produced by the solar water heater system on June 18.
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macro level, which will discuss in the next section. Now, to
consider the efficiency of the system, after calculating the
SF1 for the solar system, we increase the number of collectors
and draw the SF diagram in terms of the collector area, which
is shown in Figure 16.

SF = 1 −
QSolar −QPupm

Qnon‐Solar
: ð2Þ

In this study, the value of SF based on the above equation
is equal to 0.19. As the number of collectors increases, the
efficiency of the system decreases due to the high losses of
collectors, which should be considered.

3.1. Environmental Analysis. The production of polluting
gases causes damage to the ecosystem and the health of the
community. Expenses should be made in the country’s econ-
omy to compensate for these damages. The total amount of
money is spent to compensate for the damage to the ecosys-
tem, health, and well-being of the people of the society, etc.,
known as social costs that are caused by the emission of pol-
luting gases and greenhouse gases. The highest social costs of
the energy sector are related to greenhouse gas emissions
(SO2, NOx, and CO2). Social costs of consuming fossil energy
carriers for various pollutants in the country are stated in the
annual energy balance sheet. The use of solar water heaters
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will reduce greenhouse gas emissions and reduce social costs
due to the reduced use of fossil energy. Table 3 shows the
emission of pollutants and greenhouse gases for every kWh
of electricity. In the country, among polluting gases, CO2
gas with an emission index of 67.248 grams per kilowatt
hour, NOx with an emission index of 2.67 gr/kWh, and SO2
with an emission index of 2.24 gr/kWh are the most pollut-
ants gases. Considering the emission rate of polluting gases
per kilowatt hour and according to the data obtained by sav-
ing energy through the use of solar water heating system, it
will be possible to calculate the amount of reduction of pol-
luting gases. Table 3 shows the amount of reduction in pol-
lutant gases through the use of solar water heater system.

4. Conclusion

Due to the reduction of nonrenewable fossil resources and
replacement of renewable energy sources, solar energy does
not contain pollution and widely available in all parts of the
world, especially in warm regions. Due to the fact that the high-
est energy consumption in a building is related to space heating
and water consumption. Therefore, in this research, the use of
solar energy for building heating has been considered. As can
be mentioned, the most important results of the following:

(i) Annually, 4526/24 kWh heat is required to supply the
hot a study residential building residential building.
If 75% of this energy is supplied by the solar system,
the total amount of energy from the solar water
heater system for a family of four people will be equal
to 3395 kWh

(ii) The system designed in this research is able to provide
75% of the hot water consumption needs. If we use an
auxiliary heat source besides this system, we can pro-
vide all the hot water needs of the building during
the year. In this case, we will have as much as
2373/3kWh energy savings from fossil energy sources

Nomenclature

M: the actual amount of hot water consumed (day/liters)
CP: specific heat, J. kg-1. K-1
T : Water temperatures (K)
SF: Solar fraction.
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