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Abstract— In this research, the building of the Intelligent 

Microgrid Research Center in Islamic Azad University, 

Najafabad Branch (IAUN), has been selected as a sample space. 

The energy required to heat the building is transferred to the 

seasonal storage tank in the basement by flat solar collectors 

with an installation angle of 47.5°. This heat is transferred to the 

internal space via a geothermal heat pump in the winter. The 

thermodynamic study of the proposed system is simulated by 

MATLAB software. The system losses have also been evaluated, 

and thereby an optimal solar heating system procures all heat 

demand of the building. The required collector surface is 240 

square meters, the tank volume is 2200 cubic meters, and the 

insulation thickness is 1.2 meters. 

Keywords— Flat Solar Collector, Seasonal Storage Tank, 

Building Heating, Geothermal Heat Pump, Solar Radiation, 
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I. INTRODUCTION 

One of the main needs of human beings today is to 

achieve comfort in their living environment. However, the 

optimal temperature of the living space is one of the most 

important factors in achieving these comfort conditions [1]. 

Due to the growing human need for thermal comfort, today, 

various heating supply systems are on the market to solve, 

each of which has a different amount of energy consumption 

[2]. One of the types of systems is flat solar collectors as well 

as geothermal heat pumps. In this research, we will examine 

the use of a combination of these two systems with a seasonal 

heat storage tank. The reason for using renewable energy is 

that fossil fuels are finite and cause air pollution and an 

imbalance of supply and demand [3-5]. The study space in 

this research is the Intelligent Microgrid Research Center 

building at IAUN, with a default area of 825 square meters 

and a ceiling height of 3 meters in the city of Najafabad, 

which uses a geothermal heat pump system for heating. In 

order to increase the efficiency of the heat pump, a seasonal 

solar-powered energy storage facility is employed [6]. By 

utilizing a flat solar collector, the tank temperature and 

consequently heat pump efficiency are increased, and the 

level of power consumption is mitigated. [7-8]. 

II. SOLAR COLLECTOR 

A solar collector is a special heat exchanger that converts 

solar radiation energy into heat. Solar collectors differ from 

conventional heat exchangers in several ways. Heat 

exchangers usually carry out liquid-to-liquid heat exchange, 

which occurs at a high heat transfer rate and ignores the 

radiation [9]. In a solar collector, radiant energy is received 

by the absorber plate from the sun at a great distance and is 

transferred to the fluid as thermal energy [10]. The intensity 

of the impact radiation is, at best, approximately 1100 watts 

per square meter (without an optical concentrator) and is 

variable. The wavelength range is from 0.3 to 3µm, which is 

significantly smaller than the radiation emitted from many 

energies absorbing surfaces, which have more energy 

according to Equation (1). 
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Flat collectors have the ability to increase the temperature 

of the inlet fluid up to 100° C above the environment 

temperature. These collectors absorb both direct and scattered 

solar radiation and do not require sun tracking and do not 

require special maintenance, and are also mechanically 

simpler than concentrating collectors [11]. 

A. Average monthly absorbed radiation 

Klein obtained the absorbed solar radiation on average 
monthly in this way and used a lot of data. He stated that the 
product of the multiplication coefficients of the monthly 
average absorption gives us the monthly average absorbed 

radiation ( S ) when multiplied by the impact of the monthly 

average on the collector. Equation (1) gives the absorbed 
average monthly radiation using the uniform scatter in all 
directions [12]: 
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The parameters of scattered absorption-scattering 

coefficient and reflected from the ground (  
d

 &  
g

 ) 

can be evaluated using the effective impact angle shown in 
Figure (1). For calculating the direct monthly average 
radiation, Klein introduced a function according to the 
collector slope, moon, latitude, and collector side angle. The 
angle of direct collision (equivalent) to the monthly average 
is obtained. The diagram of this function is shown in Figure 

(2) [13]. The b  values obtained are evaluated using Figure 
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(3), shown in the angle distribution. From Figure (1), for the 
collector with an installation angle of 47.5°, the effective 
angle of impact of the radiated radiation from the sky is 55 °, 
and the effective angle of the impact of the reflected radiation 

from the ground is 67 °.   0.76
n

    is obtained from Figure 

(2) for angles of 55° and 67°. Therefore   0.68
d

   and 

  0.6
g

   is considered. These values, as mentioned, apply 

to all months. 
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Fig. 1. The angle of collision of uniform scattered radiation and uniform 

radiation reflected from the ground on sloping surfaces 
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Fig. 2. The angle of direct average monthly radiation for different 

positions and directions of the collector surface 

B. Angle of inclination 

The angle of inclination, the position of the angles of the 
sun at noon (when the sun is at its local peak), can be 
calculated from the approximate equation "Cooper" by 
considering the positive 23.45 23.45      of the surface, 

north, and equator [14]: 

  23.45 sin 360 (284 ) 365n     (3) 

In the above equation, “n” represents the day of the year. 

C. Sunset angle 

The angle of the sunset is denoted by ωs which 90z    
(for horizontal surfaces, the angle of incidence is equal to the 

angle of the apex of the sun) is obtained from the following 

equation [15]: 

 1cos tan tans      (4) 
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Fig. 3.    
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D. Broadcast components and direct monthly radiation 

The average monthly filtration index TK  is the ratio of 

the average monthly average of daily radiation on a 
horizontal surface to the monthly average of daily external 
radiation, which is obtained from the following equation [16]: 

0TK H H  (5) 

To determine the monthly average of daily scattered 
radiation on a horizontal surface with respect to the angle of 
the sun and the index of clear sky, we use the following 
equations [17]: 
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The value of BH  will also be obtained by determining the 

value of DH  from the following equation [18]: 

B DH H H   (8) 

The geometric factor for direct radiation is bR . bR  is the 

ratio of the average daily direct radiation on a sloping surface 
to the average daily direct radiation on a horizontal surface 
for the target moon is as follows for sloping surfaces facing 
the equator in the Northern Hemisphere [19]: 
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s  And the angle of sunset for the slope for the average 

day of the month is obtained from the following relation: 
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The fraction form in Equation (10) is the extrinsic 
radiation on the sloping surface, and its denominator is the 
extrinsic radiation on the horizontal surface [20]. 


Fig. 4. The monthly amount of daily radiation received from the horizon 

for the city of Najafabad 

E. Heat lost in the collector 

Before determining the effective heat captured by the 
collector, it is essential to calculate the heat wasted from the 
collector surface, which can be found in the following parts. 
The absorption coefficient of the collector is 0.76, and two 
general coefficients associated with collector heat loss are 

both considered by 4.6 W/m2-C, with a glass cover [21]. The 
following equation yields the intensity of mean heat loss 
dissipated from the surface of the collector in monthly 
intervals [22]: 

 Loss L iQ U T T   (11) 

The cold season in Najafabad usually starts in December, 
and the highest temperature of the year is observed in August. 
According to the 10-year meteorological statistics (2010-
2020) at Najafabad meteorological station, we will need 
heating for Najafabad city from early November to late April 
and cooling from early June to early October. Figure (5) 
shows the average temperature of Najafabad in the 10 years 
under study [23]. 

F. Useful energy received by the collector 

When the entire collector is at the temperature of the inlet 
fluid, the possible useful energy received (heat transfer) in a 
solar collector reaches its maximum value. In this case, heat 
loss to the environment is minimized. The actual 
effective energy gained by the collector is the summation of 
a mathematical term, which multiplies the collector heat 
dissipation (heat loss) factor by the highest feasible 
harvestable energy absorbed, which is given in Equation 
(12). The heat dissipation factor is considered to be 0.95. 

 U C R L iQ A F S U T T
   
   (12) 

It is crucial to estimate the entering fluid average 
temperature into the collector, as well as the maximum 
temperature inside and around the reservoir tank, in order to 
find the minimum and maximum level of useful heat that can 
be extracted harvested from the collector. According to 
previous examples, different patterns can be used for this 
purpose. 

a) Maximum temperature 82° C [24] 

b) Increasing the tank temperature by 50° C [25] 

c) Maximum temperature 70° C 

d) Maximum temperature 75° C 

The maximum temperature level of 69° C inside the tank 
yields the maximum level of usable energy being captured by 
the collector. As a result, for the purposes of reservoir design 
(Tank in the depth of soil), a maximum temperature limit of 
69° C is taken into account. 
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Fig. 5. The average temperature of Najafabad in the 10 years studied 

(2010–2020) 

III. HEAT TRANSFER IN THE BUILDING 

Calculate the conduction heat transmitted by the building 
walls such as walls, ceilings, floors, doors, windows, and 
glass from the following formula: 

 1 2Q AU t t   (13) 

Air infiltration into the building is always one of the most 
important ways to dissipate heat (in winter) and absorb heat 
in summer [26]. The following formula is used to calculate 
the amount of infiltrating air: 

V v n   (14) 
As can be deduced from equation (14), in this method, the 

amount of infiltrating air is satisfied based on the number of 
times the room air is exchanged with fresh air in one hour. 

TABLE I.  NUMBER OF ROOM AIR CHANGES PER HOUR [27] 

Frequency of air 
change per hour (n) 

Room Type 

1 
For rooms with a wall, door and window facing 
outside. 

1.5 
For rooms with two walls, door and window 
facing outside. 

2 
For rooms with doors and windows from three 
or four walls. 

2 For the hallways of the entrance of the building 

0.5 
For rooms or spaces lacking doors and windows 
facing the outside, such as the hall or hall, which 
are located in the middle of the building. 

 

After calculating the volume of infiltrating air into the 

room, we calculate the amount of heat load through the 

following formula [28]: 

 0.0749 0.241 i oQ V t t      (15) 

The Smart Microgrid Research Center building with an 
area of 825m2 and a ceiling height of 3m is assumed. This 
building is located in IAUN, Najafabad city, which is shown 
in Figure (6), the location of the spaces, and the facade 
images of the building. 
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Fig. 6. Location of spaces and facade images of the building understudy 

Stone surface with a thickness of 2cm, hollow brick with 

a thickness of 10cm, and internal joinery of Ceramic Tiles 

(thickness of 2cm) have been used in the construction of the 

walls of the building. This building has double-leaf glass 

doors with a 4.2 m2 Area and 29 glass windows with a 52.2 

m2 Area, which has 1.2 W/m2-C heat transfer coefficient 

[29]. As shown in Figure (7), the required heat load for the 

heat demands of the building during cold weather months is 

estimated via the maximum and the mean monthly air 

temperatures in Najafabad as inputs. 

 
Fig. 7. The heat demand in the building during cold months (kW) 

Since this model tries to procure and transmit all 

demanded energy necessary required to satisfy the heat 

demands of internal loads in the building by the solar 

collector, the total area covered by the collector surface must 

be sufficiently wide to capture enough energy and transport 

it to the energy reservoir tank, as shown in the illustration. It 

is necessary to note that not all the stored energy in the tank 

is retained, and some are lost; hence, the storage tank must be 

effectively insulated. The insulation is assumed to operate in 

such a way that 10% of the stored energy is dissipated [30]. 

The following equation gives the collector level: 

0.9C h UA Q q  (16) 

IV. STORAGE TANK 

There is a solar-powered storage tank in a soil-filled 

basement. Ten barrels of 220 liters of water are put inside of 

the tank in order to accept heat water fluid from solar 

collectors and transmit the heat to the soil gradually over time 

[31]. The following equation is given to calculate the storage 

tank volume: 
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In Equation (17), the parameter “i” is the number of 

months, which according to the above equation, the volume 

of soil is 1200 m2. As mentioned earlier, the basement soil 

temperature at a depth of 7 meters and above is approximately 

constant and is equal to 18°C [32]. The tank is placed in the 

basement at 7.5 meters in depth to maintain the total 

temperature uniformity around the reservoir. 

V. TANK INSULATION 

A uniform condition and the one-dimensional 

conductivity are maintained, subject to calculating the 

insulation thickness employing Fourier law and 

calculating thermal flow received from the wall of the 

insulated tank. To insulate the tank, we use mineral wool with 

0.0387 W/m2-C amount of thermal conductivity [33]: 
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From the above equation, the insulation thickness will be 
equal to 1.2m. 

VI. GEOTHERMAL HEAT PUMP MODEL 

A device called “Ground Source Heat Pumps (GSHPs) is 

needed to transfer heat from the basement into the building, 

or vice versa.” To calculate the COP of the heat pump, in the 

months that the heat pump will be called for in operation for 

heating, the tank temperature is required. The monthly 

temperature can be obtained using the energy balance of the 

tank while assuming that the heat lost in the tank is 10% of 

the heat stored in the tank. 
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 (19) 

Experience has conveyed that the heat pump performance 

is almost half of the operational state in the Carno cycle [34]. 

Regarding the temperature values that were acquired, the 

coefficient of performance associated with the heat pump that 

was used in accordance with the ideal cycle is 18.05., and the 

performance coefficient of the heat pump in the real case will 

be 9.025. Figure (8) shows the structure of the proposed 

system. 
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Fig. 8. The structure of the proposed system for heating the building of the 

Intelligent Microgrid Research Center 

VII. RESULTS RELATED TO CALCULATIONS 

The results of the calculations will be as follows: 

 
Fig. 9. Mean radiation absorbed by the collector during different months 

in terms of (MJ/m2) 

 
Fig. 10. The monthly useful energy of the collector to increase the tank 

temperature by 50° C for different months in terms of (MJ/m2) 

 
Fig. 11. Storage tank temperature changes in cold months at ° C 

VIII. CONCLUSIONS AND SUGGESTIONS 

The obtained results of this study imply the following 
conclusions.   

1) Due to the fact that the temperature of the soil is almost 
constant when the tank is placed at a depth of 6-7 m in 
the basement. That is why the proposed model is an 
excellent seasonal storage tank. In comparison to water, 
the advantage of soil is that water might leak outside of 
the tank or evaporate gradually over time, causing 
damage to the system and demanding the refilling of 
wasted water, whereas soil does not have a similar 
drawback. Understandably, because the soil has a lower 
specific heat capacity than water, a larger storage tank 
is needed to incorporate soil-based storage. 

2) The useful energy collected by the collector diminishes 
as the maximum temperature of the storage tank rises, 
and the capacity of the storage tank decreases as well. 
An appropriate and sensible balance between the 
maximum internal tank temperature and the 
corresponding volume should be considered to take the 
limitations pertaining to the building dimensions into 
account.  

3) In such a system, the heat is gradually stored for several 
months in the heat storage, which is why it does not 
require a large-scale collector cross-section. 

4) Solar devices such as linear parabolic collectors and 
heat pipes are incorporated to considerably boost the 
tank temperature in big residential buildings, business 
centers, hospitals, shopping malls, hotels, etc.  

5) Due to the fact that the tank temperature exceeds the 
inside design temperature, the coefficient of 
performance (COP) associated with the heat pump will 
play a substantial role. In fact, the higher the tank 
temperature, the greater is the coefficient of 
performance of the pump. 

6) Generated Energy from a photovoltaic system is to 
supply power to the heat pump. 

7) The efficiency of collectors can be determined by the 
maximum permitted temperature of the tank, the 
absorber's material, and the collector installation slope, 
as well as some other implementing indicators. The case 
Najafabad University has a maximum temperature of 
approximately 34°. 
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8) It is highly recommended to utilize a small-scale 
auxiliary heating system in parallel with this system, 
which can be called in case of failures, emergencies, or 
unwanted crises. 

9) Using the heat pump system in the cooling season and 
transferring its heat to the storage tank. 
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