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Abstract- This study aims to provide a clear vision of the potential of solar heating installations currently available in the market 

as a successful alternative to traditional methods, economic feasibility, and contribution to reducing greenhouse gas emissions. 

The study involves using solar energy to provide the energy needed to heat a house in Warsaw. The solar installations were 

tested, and their performance was simulated and compared based on production quantity with cost and suitability for the climatic 

conditions of the study area. In addition to determining the best way to install solar panels by calculating optimal tilt and azimuth 

angles. The work methodology for designing a suitable solar system went in two directions; the first is using a solar thermal 

collector in direct heat generation, while the second is using photovoltaic panels to generate electricity to heat water by a water 

heater. All results were obtained through simulation work in RETScreen and PVGIS software. The results showed that solar 

thermal collectors and photovoltaic panels contributed to the annual energy demand by 40% and 43%, and the financial returns 

in case the conventional energy is electricity or natural gas are 715 and 252 EUR (for STC) and 765 and 269 EUR (for PV), 

respectively. It also reduced annual emissions by 2.36 and 2.53 tCO2. 

Keywords- Solar heating installations, Solar thermal collectors (STC), Photovoltaic panels (PV) 

1. Introduction 

Population increases and industry advances have 

increased the energy demand, leading to the cost of raw 

materials used in energy production and the depletion of its 

natural reserves [1]. According to statistics, global energy 

production in 2019 amounted to (606411168 TJ) (In Figure 1.  

the growth of energy supply in the world can be seen) [2]. 
Fossil fuels are considered one of the most important energy 

sources in the world today, but their use results in greenhouse 

gas emissions, which pose a real threat to the global climate. 

Therefore, the trend toward using alternative energy such as 

solar, wind, and biomass has recently begun [3, 4, 5]. 

   Several reasons are pushing toward a shift to alternative 

energy, such as solar energy, including technical, economic, 

political, and environmental. There are other reasons related to 

traditional methods of energy production, which will lead to 

problems in the future if the world continues the same path 

without switching to alternative energy. Fossil fuels (natural 

gas, oil, and coal) are a finite energy source, so the world's 

reserves are on the way to depletion, especially with excessive 

consumption over the past hundred years [6]. With declining 

fossil fuel stocks, the cost of extraction goes up, and the quality 

goes down, as it requires access to great depths and complex 

technologies [7]. The differing whereabouts of fossil fuels in 

the world make countries either an exporter or an importer and 

thus make the global energy market affected by politics and 

wars. The supply and demand factor affects price fluctuations 
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significantly and complicates future expectations, which 

makes it difficult to establish a stable economy [8]. Although 

fossil fuels are characterized by their high energy and the 

possibility of storing them in large quantities, their combustion 

emits large amounts of GHG, one of the main elements of 

global warming and climate change, as well as its impact on 

public health [9]. 

 

Fig. 1.  Energy supply growth in the world [2]. 

The buildings sector is one of three main sectors (the 

industrial sector, the transport sector, and the buildings sector) 

in energy consumption, as it consumes 40% in the European 

Union, according to statistics [10]. Building heating 

constitutes the most significant part of energy consumption 

[11]. There are several forms of building heating, including the 

use of the district heating system, if available, or the use of 

local installation, such as the use of thermal boilers that depend 

on different types of fuel (as shown in Figure 2. the energy 

used in area heating and cooling in European Union and 

Poland according to the record in 2015 classified by energy 

source) [12]. Neutralizing this sector by partially or wholly 

relying on solar energy will significantly reduce greenhouse 

gas emissions, and there will be greater flexibility in the 

security of energy supplies. 

 

Fig. 2. Heating and cooling energy in the European 

Union and Poland by source [12]. 

A literature review conducted in recent years shows three 

main objectives that studies seek to verify: technical 

efficiency, economic feasibility, and environmental impacts 

(contributing to emissions reduction). The studies included 

several places worldwide and followed different 

methodologies to reach their goals. Pokhrel et al. [13] 

investigated the possibility of replacing natural gas used in 

heating and water heating for two multi-level buildings with 

renewable energy sources using solar borehole thermal energy 

storage and heat recovery from wastewater, then identified the 

efficiency, economic feasibility, and environmental impact of 

this transformation. Also, the study [14] presented a practical 

experience to improve the performance of flat plate collectors 

for heating air and water for buildings and the extent of their 

economic and environmental contribution. In the study [15], 

the author claimed that the performance of evacuated tube 

collectors is better than flat plate collectors in their role in 

heating domestic water instead of using fossil fuels, and thus a 

more significant contribution to reducing carbon dioxide 

emissions after conducting simulations in 21 cities in South 

Africa. [16] The author put forward the idea of gas-solar 

hybrid systems whose purpose is to reduce energy 

consumption, which reflects positively on the environment by 

using solar energy in heating an administrative building. The 

research methodology was based on a genetic algorithm and 

software simulation to reach the best-proposed solutions. The 

study [17] presented a performance analysis of a group of solar 

energy collectors used to reduce energy consumption in 

buildings, where the study was based on a dynamic simulation 

and verification of the results after installing the system and 

testing it practically and determining the possibility of solar 

installations in achieving the planned goals. In a study 

presented by Cannon et al. [18], a solar heating system 

consisting of 10 flat plate collectors and two storage tanks. 

Built for the purpose of heating a hall in a building in Erbil, 

northern Iraq. The results showed a reduction in energy 

consumption to 8% in December and 14% in January and 

February. Moreover, the system reduced CO2 emissions by up 

to 86.4% in January, with an estimated payback period of 4.65 

years. Some studies tended to experiment with hybrid solar 

systems. Elmnifi et al. [19] presented a feasibility study for a 

hybrid photovoltaic solar thermal collector designed to 

provide electricity and heat for a residential house in northern 

Libya. Nine solar collectors with an annual production of 

4,733 kWh/year were used to cover the average annual 

household consumption of about 10,529 kWh. The authors 

claimed annual savings per house of 1,895 dollars, with CO2 

emissions reductions for light oil, heavy oil, and gas of 252, 

195, and 15,447 kg, respectively. 

Recent studies have focused on finding ways to improve 

solar energy installations [20]. The studies sought to achieve 

the optimum utilization of the available solar energy and 

providing an energy supply at night is the most important goal. 

One of the essential methods is using phase change materials, 

which can store heat [21, 22]. Habib et al. [23] increased the 

thermal storage of a solar air collector used to heat a room in a 

building in Iraq using phase change materials. By adding 
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single-walled carbon nanotubes to paraffin wax. The results 

showed a clear improvement in the stored thermal energy. In 

the same context, Jawad et al. [24] used an aluminum wafer, 

and tubes filled with nanoscale silicon carbide (SiC) were 

added to paraffin wax in a solar air heater to improve the 

physical and thermal properties. The results showed an 

improvement in the performance of the solar heater and the 

acceleration of air heating, in addition to the heating 

continuing for 3 hours after sunset. 

Solar heating installations are one of the available 

solutions for converting solar radiation into energy that can be 

used in residential heating buildings [25, 26]. However, it is 

considered a complex system, and several factors affect its 

performance [27]. And to reach high-reliability results 

(technical efficiency, economic feasibility, and environmental 

impact), the work must be comprehensive and not neglect any 

element that may impact the results. Despite the abundance of 

literature available in this field, there is a lack of research 

papers that shed light on the production of solar heating 

installations and compare them with demand throughout the 

year. 

To bridge gap, this work will follow a methodology that 

deals with the subject in detail. We will compare between 

types of solar heating installations (solar thermal collectors 

(STC) and photovoltaic panels (PV) each separately) currently 

available in the market in terms of efficiency versus cost and 

choose the best, and then determine the appropriate installation 

method and determine the optimal angles (azimuth and slope). 

We will also calculate the amount of heat load for a whole year 

for the building to be heated using the average daily 

temperature of the study area, then simulate two types of solar 

heating installations: solar thermal collectors (STC) and 

photovoltaic panels (PV). This work is keen to provide a 

comprehensive view of the ability of solar energy installations 

of both types (STC, PV) available in the market to provide 

heating for a building under cold weather conditions, as well 

as the system's flexibility to respond to changes in energy 

demand. 

2. Solar Heating Installations Available on the Markets 

Several types are currently available in the market from 

the installations that utilize solar energy produced by many 

manufacturers across the world, competing to develop and 

improve the performance of these installations [28]. These 

species can be classified into two main categories, solar 

thermal collectors and photovoltaic panels [29, 30]. 

2.1. System Solar Thermal Collector   

These installations produce heat directly by converting 

solar radiation into heat. Solar thermal systems are usually 

used for water or space heating but can also be used for other 

purposes [31]. Currently, many installations are available from 

them that differ in design and work mechanism [32]. The most 

common types used in buildings are flat plates and evacuated 

tubes, which use water as a heat transfer medium [33, 34, 35], 

which will be the focus of this work. 

 

2.2. Photovoltaic Panels 

Transforms sunlight into electricity; it's not installations 

that produce heat directly but can be used to produce heat 

through other appliances such as water heaters, air 

conditioners, and electric heaters [36, 37]. 

All photovoltaic cells consist of two or more layers of 

semiconducting material, the most commonly silicone. Solar 

cells generate a direct current (DC) when exposed to the sun. 

The amount of energy produced depends on the intensity of 

the radiation and the time of the sun's brightness, as well as the 

efficiency of the photovoltaic cell to convert solar radiation 

into electricity [38]. 

These solar cells can give a large amount of power if these 

cells are connected, respectively, the energy produced in lead 

acid batteries can also be stored or alkaline made of nickel and 

cadmium, and the DC can be converted to AC by inverters for 

use and management of household electrical appliances. 

Therefore, it can use electricity produced to generate heat for 

residential or water heating [39]. 

Many types of photovoltaic cells differ in how they are 

manufactured, the materials used in their industry and their 

ability to generate electricity, and their price. The most 

common types available in the market and the most used are 

monocrystalline silicon (mono-Si) and polycrystalline silicon 

(poly-Si) [40, 41]. 

 

3. Comparison Between Solar Installations 

To compare solar structures, we must divide them into two 

main categories: Solar thermal collectors and Photovoltaic 

panels and perform the comparison process separately for each 

class because they differ in their composition, work 

mechanism, and outputs. Identify two types for each category 

for comparison; for Solar thermal collectors, we will choose 

Flat plate and Evacuated tube, and for Photovoltaic panels, we 

will select Monocrystalline silicon and Polycrystalline silicon, 

which are the most common. The RETScreen database will be 

relied upon as the use of the program for data analysis and to 

get results [42]. This analysis considered the climatic 

conditions of the study area. Therefore, the results cannot be 

applied to all regions because climatic conditions are an 

essential factor in influencing solar installation performance. 

Manufacturers produce many different models, so we will 

select a group of models and subject them to analysis and 

comparison. 

 

3.1.  Comparison of Solar Thermal Collectors' Installations 

For solar thermal collectors, efficiency and cost will be 

essential factors in the comparison, where we will calculate 

efficiency as follows: 

Efficiency =
Solar fraction Aperture area per solar collector⁄              (1)                
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Where the efficiency is the ratio of the solar fraction per 

one square meter of installation, the greater the value, the 

greater the efficiency of the installation. The smaller the value, 

the lower the efficiency of the installation. 

To get the best cost, we calculate it as follows: 

Energy cost (€/kWh) =
Energy produced Cost for one solar collector ⁄                  (2) 

 

The energy produced: is the energy produced by the solar 

collector for twenty years under the climatic conditions of the 

study area, which is the project's lifespan. Cost for one solar 

collector: this is the cost of purchasing the system, including 

the price of the solar collector, the tank, the necessary 

connections, and the installation. Energy cost: is the cost of 

producing one kilowatt of energy; whenever it is the cost of 

producing a kilowatt lower, the system is better. 

The solar installations we will address in this work are 

solar water collectors because they are the most common, in 

addition to the possibility of storing the heat using water tanks 

insulated thermally to be used this heat at night. 

 

Table 1. RETScreen energy model input parameters 

No. Input Parameter Value 

1 Solar tracking mode Fixed 

2 Slope 40o 

3 Azimuth 0o 

4 Storage capacity 75 l/m2 

5 Miscellaneous losses 15% 

6 Types of flat plate 

collectors 

30 

7 Types of evacuated tube 

collectors 

18 

 

3.2.  Comparison of Photovoltaic panels  

There are a lot of manufacturers worldwide and a lot of 

models which are somewhat similar in technical 

specifications, so we headed towards opting for PV panels that 

have high efficiency; we will choose the most appropriate 

through comparison between them based on the cost of one-

kilowatt production. 

To get the best cost, we calculate it as follows: 

Energy cost (€/kWh) =
Energy produced Cost for one PV panel⁄                          (3)  

             

The energy produced: is the energy produced by the PV 

panel for twenty years under the climatic conditions of the 

study area, which is the project's lifespan. Cost for one PV 

panel: this is the cost of purchasing the system, including the 

price of the PV panel, inverter, batteries, change control, the 

necessary connections, and installation. Energy cost: is the 

cost of producing one kilowatt of energy; whenever it is the 

cost of producing a kilowatt lower, the system is better. PV 

panels that we will address in this work are Monocrystalline 

silicon and Polycrystalline silicon because it is the most types 

of photoelectric panels available in the markets, have high 

efficiency, and are suitable for installation on the roofs of 

houses or separately, as well as are easy to install and maintain. 

 

Table 2.  RETScreen energy model input parameters 

No. Input Parameter Value 

PV panel 

1 Solar tracking mode Fixed 

2 Slope 40o 

3 Azimuth 0o 

4 Number of units 1 

5 Nominal operating cell 

temperature 

45 oC 

6 Miscellaneous losses 14% 

7 Types of 

monocrystalline silicon PV 

panels (mono-Si) 

20 

8 Types of polycrystalline 

silicon PV panels (poly-Si) 

20 

Inverter 

9 Efficiency 90% 

10 Miscellaneous losses 10% 

11 Capacity factor 8.5% 

 

4. Install Solar Panels 

What is the method of installing solar panels? This 

question is important because the orientation of solar panels 

affects the solar radiation received during daylight hours. The 

optimal angle of the solar panels must be calculated to get the 

maximum amount of solar radiation. 

It is known that the sun changes its position in the sky 

from hour to hour, from day to day, and from month to month. 

It must follow the movement of the sun to get the most energy. 

The solar tracker can be installed to do this, but there will be 

an increase in cost. Additionally, the power consumed by the 

solar tracker eliminates many of its benefits and its ongoing 

need for maintenance [43, 44]. 

There are several options for installing solar panels in 

residential buildings, as they can install on the buildings' roofs, 

this method saves space, but the shape of the top of the 

building can affect the flexibility of directing solar panels. 

Still, this method exposes workers to potential risks during 

installation or maintenance, resulting from the shape and slope 

of the roof and its stability, especially if the building is old 

[45]. Solar panels can also install on the walls of the building, 

and this method is less affected by weather conditions such as 

wind, dust, and snow accumulation. Still, the disadvantages 

are that they are often installed vertically and, thus, a loss in 

the amount of solar radiation received. There is a way to install 

solar panels on a structure independent of the building if space 

is available. In this case, the user has great flexibility in 

directing solar panels. Still, this method requires a large 

surface area. 

Suppose the solar panels will be in a fixed position 

throughout the year, or the angle can be adjusted twice a year 
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in summer and winter or four times a year in spring and 

autumn. All these options make the most of the solar system, 

so we must find the optimal angles (slope and azimuth). 

4.1. The Angle of Azimuth and Slope 

Three types of solar radiation are exposed to every surface 

on Earth: direct, diffuse, and reflected. Direct radiation comes 

directly from the sun without being absorbed or scattered. 

Diffuse radiation is the proportion of solar radiation reflected 

by the atmosphere in all directions and can be up to 15% when 

the sun is high and up to 40% when the sun is low in the sky. 

Reflected radiation results from the reflection of solar 

radiation from the Earth's surface and objects on the surface 

[46]. The azimuth angle changes every hour of the day, so the 

direction of the solar panel cannot be changed. The location of 

the study is in the northern hemisphere, so the orientation of 

the solar panels will be toward the south. To calculate the 

optimal slope angle of the solar panels, whether it is along the 

year or for the seasons. The idea is to choose ten solar panels 

(same space and specifications) and install them on a different 

slope angle, where the first panel will be installed on a slope 

angle of 0o (the horizontal plane). The second panel is on a 

slope angle 10o from the horizontal plane, and so on, until we 

reach the angle that is perpendicular to the horizontal level, 

i.e., 90o. Energy3D software analyzes and gets the average 

energy produced by each panel. Figure 3. shows the monthly 

performance of solar panels installed at different slope angles. 

 

Fig. 3. the monthly performance of solar panels installed 

at different slope angles. 

5. Amount of Heat Required for Heating. 

When calculating the heating installation volume for a 

particular building, it is necessary to know the heat load, which 

is the quantity of heat required to maintain the constant 

temperature of that building based on the external and internal 

temperature of the building design. In our case, the building is 

a house located in Warsaw. The home of a family of four. An 

area of (100) square meters and dimensions (10*10) m2, 

consists of one floor with a cellar, as shown in Figure 4. 

Several factors affect the heat load, including exterior walls, 

doors, windows, floor, and ceiling. Therefore, calculations will 

be based on Polish standards PN-EN 12831: 2006 standard, 

which is a translation of the European standard EN 12831: 

2003 (Heating systems in buildings - method for calculation of 

the design heat load) and instructions published in the Journal 

of Laws of the Republic of Poland (Dziennik Ustaw 2013 poz. 

926) for amending the regulation on technical conditions to be 

met by buildings and their location [47]. 

Design heat loss 

Φ𝑖 = Φ𝑇,𝑖 + Φ𝑉,𝑖                                                                  (4) 

Φ𝐻𝐿,𝑖 = Φ𝑇,𝑖 + Φ𝑉,𝑖 + Φ𝑅𝐻,𝑖                                              (5)                                                                                    

 

Fig. 4. The form and dimensions of the house (units are 

in a meter). 

The design heat load for a building 

Φ𝐻𝐿 = ∑ Φ𝑇,𝑖 + ∑ Φ𝑉,𝑖 + ∑ Φ𝑅𝐻,𝑖                                    (6)                                                         

∑ 𝚽𝑻,𝒊    : sum of transmission heat losses of all heated 

spaces excluding the heat transferred inside the building entity 

or the building, W. 

∑ 𝚽𝑽,𝒊   : ventilation heat losses of all heated spaces 

excluding the heat transferred inside the building entity or the 

building, W. 

∑ 𝚽𝑹𝑯,𝒊   : sum of heating-up capacities of all heated 

spaces required to compensate for the effects of intermittent 

heating, W. 

Design transmission heat loss: 

- Transmission of heat loss through exterior walls: 

Thermal bridges: in a simplified method, using correction 

coefficient, which values are given in the national annex to 

PN–EN 12831. 

• Thermal transmittance 
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𝑈𝑘𝑐 = 𝑈𝑘 + Δ𝑈𝑡𝑏 ,   
𝑤

𝑚2𝑘
                                                     (7)                                                                                           

𝑈𝑘 = 0.23
𝑊

𝑚2𝐾
             (Dziennik Ustaw 2013 poz. 926) 

Δ𝑈𝑡𝑏 = 0.2
𝑊

𝑚2𝐾
  correction factor Δ𝑈𝑡𝑏  (the horizontal 

elements of the building) (Dziennik Ustaw 2013 poz. 926) 

- Heat loss 

𝐻𝑇,𝑖 = 𝐴𝑘 ∙ 𝑈𝑘𝑐      
𝑊

𝐾
                                                             (8)                                                                                                    

𝐻𝑇,𝑖 : heat loss from external walls ( 
𝑊

𝐾
 )  

𝐴𝑘  : Area of external walls (m2) 

Φ𝑇,𝑖 = 𝐻𝑇,𝑖 ∙ (𝜃𝑖𝑛𝑡,𝑖 − 𝜃𝑒)     𝑊                                         (9)                                                                              

𝜃𝑖𝑛𝑡,𝑖 (Internal temperature): Internal temperature 16°C or 

higher, so considered internal temperature equal 18 °C.  

(Dziennik Ustaw 2013 poz. 926),  𝜃𝑒  (External temperature) 

• Transmission of heat loss through ceiling: Heat losses 

through unheated space 

The thickness of the ceiling is 20 cm and there is an 

unheated attic above it, so we can calculate the transmission of 

heat loss as follows: 

𝐻𝑇,𝑖𝑢𝑒 = ∑ 𝐴𝑘𝑘 ∙ 𝑈𝑘𝑒 ∙ 𝑏𝑢   
𝑊

𝐾
                                          (10)                                                                                   

𝑏𝑢 : The temperature reduction factor. In this case: 

𝑏𝑢 = 0.7       (Dziennik Ustaw 2013 poz. 926) 

𝑈𝑘𝑐 = 𝑈𝑘 + ∆𝑈𝑡𝑏       
𝑊

𝑚2𝐾
                                                 (11)                                                                                            

𝑈𝑘 = 0.18
𝑊

𝑚2𝐾
         (PN-EN 12831), (floor under attic) 

∆𝑈𝑡𝑏      = 0             (Dziennik Ustaw 2013 poz. 926), 

(Vertical building elements) 

Φ𝑇,𝑖 = 𝐻𝑇,𝑖 ∙ (𝜃𝑖𝑛𝑡,𝑖 − 𝜃𝑒)     𝑊                                       (12)                                                                               

- Transmission of heat loss through flooring: 

Assume that there is an unheated cellar under the floors. 

𝐻𝑇,𝑖𝑢𝑒 = ∑ 𝐴𝑘𝑘 ∙ 𝑈𝑘𝑒 ∙ 𝑏𝑢   
𝑊

𝐾
                                          (13)                                                                                           

𝑏𝑢 : The temperature reduction factor. In this case: 

𝑏𝑢 = 0.8      (PN-EN 12831) 

𝑈𝑘𝑐 = 𝑈𝑘 + ∆𝑈𝑡𝑏       
𝑊

𝑚2𝐾
                                                 (14)                                                                                               

𝑈𝑘 = 0.25
𝑊

𝑚2𝐾
       (Dziennik Ustaw 2013 poz. 926), (floor 

over unheated cellar) 

∆𝑈𝑡𝑏      = 0           (PN-EN 12831), (vertical building 

elements) 

Φ𝑇,𝑖 = 𝐻𝑇,𝑖 ∙ (𝜃𝑖𝑛𝑡,𝑖 − 𝜃𝑒)    𝑊                                        (15)                                                                                    

• Transmission of heat loss through windows: Assume that 

the building has six windows, four on the sides of the 

building and two in front. All windows conform to Polish 

standards. Calculate the area of the windows as follows: 

The sides: (1.5*1.5) *4 = 9 m2 

Front: (1.5*1) *2 = 3 m2 

The total area of windows:     12 m2 

𝐻𝑇,𝑖 = ∑ 𝐴𝑘𝑘 ∙ 𝑈𝑘𝑒   
𝑊

𝐾
                                                      (16)                                                                                             

𝑈𝑘𝑒 = 1.1
𝑊

𝑚2𝐾
       (Dziennik Ustaw 2013 poz. 926), (The 

maximal U-values for residential buildings in Poland at 2017) 

Φ𝑇,𝑖 = 𝐻𝑇,𝑖 ∙ (𝜃𝑖𝑛𝑡,𝑖 − 𝜃𝑒)    𝑊                                        (17)                                                                                 

• Transmission of heat loss through doors: 

Assume that the building has one door in front only. 

Calculate the area of the door as follows: 

Area = 1*2 = 2 m2 

𝐻𝑇,𝑖 = ∑ 𝐴𝑘𝑘 ∙ 𝑈𝑘𝑒   
𝑊

𝐾
                                                      (18)                                                                                            

𝑈𝑘𝑒 = 1.5
𝑊

𝑚2𝐾
       (Dziennik Ustaw 2013 poz. 926), (the 

maximal U-values for residential buildings in Poland at 2017) 

Φ𝑇,𝑖 = 𝐻𝑇,𝑖 ∙ (𝜃𝑖𝑛𝑡,𝑖 − 𝜃𝑒)     𝑊                                       (19)                                                                                 

Design ventilation heat loss 

Design ventilation heat loss,  Φ𝑉,𝑖  heated space (i) is 

calculated as follows: 

Φ𝑉,𝑖 = 𝐻𝑉,𝑖 ∙ (𝜃𝑖𝑛𝑡,𝑖 − 𝜃𝑒)   𝑊                                         (20)                                                                                  

𝐻𝑉,𝑖 :  design of the ventilation heat loss in watts per 

Kelvin (W/K). 

𝜃𝑖𝑛𝑡,𝑖 :  The design temperature inside the heated space (i) 

in degrees Celsius (oC). 

𝜃𝑒: Design external temperature in degrees Celsius (oC). 

H𝑉,𝑖 heated space (i) is calculated as follows: 
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𝐻𝑉,𝑖 = 0.34 ∙ 𝑉̇𝑖    
𝑊

𝐾
                                                           (21)                                                                                                

𝑉̇𝑖 : volume flow of ventilation air heated space (s) in cubic 

meters per hour (m3/h). 

As the value of the airflow area heated (i) which is used 

to calculate the design of the ventilation heat losses adopts the 

maximum value of subscript required infiltration 𝑉̇𝑖𝑛𝑓,𝑖 , the 

airflow directed through the slots and connections in the 

housing building or minimum ventilation airflow, 𝑉̇𝑚𝑖𝑛,𝑖 

required for hygienic reasons: 

𝑉̇𝑖 = 𝑚𝑎𝑥(𝑉̇𝑖𝑛𝑓,𝑖  ,   𝑉̇𝑚𝑖𝑛,𝑖)     
𝑚3

ℎ
                                    (22)                                                                                 

Calculation of infiltration (𝑉̇𝑖𝑛𝑓,𝑖  ): 

𝑉̇𝑖𝑛𝑓,𝑖 = 2 ∙ 𝑉𝑖 ∙ 𝑛50 ∙ 𝑒𝑖 ∙ 𝜀𝑖        
𝑚3

ℎ
                                  (23)                                                                             

𝑉𝑖 :  volume of heated space, m3. 

𝑛50:  air exchange rate per hour, resulting from a pressure 

difference of 50 Pa between the    inside and the outside of the 

building, h–1. 

𝑒𝑖 : shielding coefficient. 

𝜀𝑖 :  height correction factor. 

𝑉𝑖 = (10 ∗ 10) ∗ 3.2 = 320 𝑚3 

Where: 𝑛50 < 4 ℎ−1   (PN-EN 12831), (single family 

dwellings, high (high quality seal windows and doors)). 

𝑒𝑖 = 0.03    (PN-EN 12831), (Moderate shielding 

(buildings in the country with trees or other buildings around 

them, suburbs), Heated space with more than one exposed 

opening). 

𝜀𝑖 = 1.0         (PN-EN 12831), (Height of heated space 

above ground-level (Centre of room height to ground level) 

choose 0 – 10 m). 

𝑉̇𝑖𝑛𝑓,𝑖 = 2 ∗ 320 ∗ 3.5 ∗ 0.03 ∗ 1 = 67.2       𝑚3/ℎ 

• Calculation minimum air flow rate required for hygienic 

reasons (𝑉̇𝑚𝑖𝑛,𝑖): 

𝑉̇𝑚𝑖𝑛,𝑖 = 𝑛𝑚𝑖𝑛 ∙ 𝑉𝑖     
𝑚3

ℎ
                                                     (24)                                                                                         

𝑛𝑚𝑖𝑛:   minimum external air exchange rate, h–1. 

In this case  𝑛𝑚𝑖𝑛 = 0.5 ℎ−1  (PN-EN 12831), (Habitable 

room (default)). 

𝑉𝑖 = 320 𝑚3   volume of heated space 

𝑉̇𝑚𝑖𝑛,𝑖 = 0.5 ∗ 320 = 160     𝑚3/ℎ 

Now we can see that the minimum air flow rate required 

for hygienic reasons 𝑉̇𝑚𝑖𝑛,𝑖 , greater than infiltration 𝑉̇𝑖𝑛𝑓,𝑖  so 

we choose the biggest. 

𝑉̇𝑖 = 𝑚𝑎𝑥(𝑉̇𝑖𝑛𝑓,𝑖  ,   𝑉̇𝑚𝑖𝑛,𝑖) = 160      𝑚3/ℎ 

Calculation of capacity heating up (to compensate for the 

effects of intermittent heating): 

Φ𝑅𝐻,𝑖 = 𝐴𝑖 ∙ 𝑓𝑅𝐻       𝑊                                                        (25)                                                                                                   

𝐴𝑖 :   internal floor area of heated space m2. 

𝑓𝑅𝐻  : coefficient of heating. 

𝐴𝑖 = 10 ∗ 10 = 100 𝑚2  

Assume: 

Building mass: high (PN-EN 12831) 

Probable reduction in temperature during the night 

weakening: 2 K (PN-EN 12831) 

Reheat time: 2 hours (PN-EN 12831) 

So,  𝑓𝑅𝐻=11 (PN-EN 12831) 

 

Fig. 5. (a) monthly heat distribution required for heating 

and (b) number of days of heating and cooling for each 

month. 
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6. Design of Solar Heating Installations 

In this part of the research, we will design an appropriate 

solar heating installation for residential use, which is relied 

upon to supply heating demand for an entire year (12530.8 

kWh). The aim is to determine the efficiency of these 

installations, the financial returns generated from saving 

annual fees for traditional energy consumption, and the 

amount of emission reduction resulting from converting to 

clean energy [48]. 

Several factors affect the results. For solar technology, 

there are two options: a solar thermal collector and 

photovoltaic panels, these installations are not solar panels 

only, but a system made up of different parts, as each piece 

has an impact on the performance and productivity of this 

system, which we will take them into account [49]. 

As for economic and environmental effects, there is a role 

for the type of traditional energy used in heating, as the fees 

for the consumption of this energy vary from one type to 

another [50]; for example, electricity consumption charges in 

Poland are 0.142 €/kWh, while the natural gas consumption of 

0.05 €/kWh [51]. Either emission reduction is also different 

depending on the energy type used and the energy amount. 

The search tools are RETScreen and PVGIS software 

through the application of two scenarios based on the 

conventional energy used in residential heating (natural gas, 

electricity), as shown in Table 3. 

Table 3. Research trends scenario 

scenario 

 

Type of 

traditional energy 

Solar tracking 

mode 

The first 

scenario 

Natural gas Fixed, (Slope 42, 

Azimuth 0 

toward south) 

The second 

scenario 

Electricity Fixed, (Slope 42, 

Azimuth 0 

toward south) 

 

7. Results 

This section summarizes the main findings of this work. 

The results showed that the optimal inclination angle is 42o 

and azimuth towards the south if the solar panels are constant 

throughout the year. However, it is preferable to adjust the 

angle of inclination four times per year since each season in 

the year has an optimal angle of inclination that makes the 

solar system more efficient. Where winter 78o (on 21 

December), spring 47o (on 21 March), summer 25o (on 21 

June), and autumn 62o (on 21 September). as shown in Figure 

6. 

The annual energy needed to heat 12530.8 kWh was 

calculated based on the average daily temperature. The 

number of heating days was 276 days, while the number of 

cooling days was 90. The results also showed that the energy 

saved from the solar thermal collectors (STC) does not exceed 

40% of (5,037 kWh) of the system's design capacity of 

(12,530 kWh). as shown in Figures (7 (a), 8). 

 

Fig. 6. Performance of solar panels for different slope angles 

on four dates in a year. 

 

Fig. 7. (a) The efficiency of solar thermal collectors in 

producing energy and providing the heat needed for heating 

and (b) the efficiency of photovoltaic panels in producing 

energy and providing the heat needed for heating. 

On the other hand, the photovoltaic panels (PV) showed 

efficiency in energy production that did not exceed 43%, 

amounting to (5387 kWh). At the same time, the design 

capacity of the system was (12,530 kWh) under the climate 

conditions of the study area. as shown in Figures (7 (b),9). 
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Fig. 8. The amount of energy produced from solar 

thermal collectors, the required energy, and the actual energy 

used. 

 

Fig. 9. The amount of energy produced from photovoltaic 

panels, the required energy, and the actual energy used. 

The financial returns result from saving the annual fees 

and costs for heating the building using conventional energy. 

The results showed that the annual costs saved when using 

solar thermal collectors (STC) are 715 EUR if electricity is the 

conventional energy used for heating in the base case, and 252 

EUR if natural gas is the conventional energy used for heating. 

as shown in Figure 10. 

While the annual costs saved when using photovoltaic 

panels (PV) were 765 EUR if electricity is the conventional 

energy used for heating in the base case, and 269 EUR if 

natural gas is the conventional energy used for heating. as 

shown in Figure 11. 

The annual reduction in greenhouse gas (GHG) emissions 

when using solar thermal collectors (STC) is 2.36 tCO2, out 

of the total emissions of 5.93 tCO2 in the base case before 

using clean energy. as shown in Figure 12. 

While the annual reduction in greenhouse gas (GHG) 

emissions when using photovoltaic panels (PV) is 2.53 tCO2, 

out of the total emissions of 5.93 tCO2 in the base case before 

using clean energy. as shown in Figure 13.  

Table 4. compares the results obtained in this study and 

the results of previous studies. 

 

Fig. 10. The annual energy cost for the base case and 

saving energy costs for the proposed case. 

 

Fig. 11. The annual energy cost for the base case and 

saving energy costs for the proposed case. 

 

Fig. 12. Greenhouse gas (GHG) emissions reduction. 

 

Fig. 13. Greenhouse gas (GHG) emissions reduction. 
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Table 4. Comparison of other studies with results of the current study 

No. Ref. Mechanism used Efficiency Economic feasibility Environmental 

feasibility 

1 [18] photovoltaic solar 

thermal collector 

4,733 kWh/year 1,895 dollars/year consumption 

reductions for light 

oil, heavy oil, and 

gas of 252, 195, 

and 15,447 kg, 

respectively 

2 [19] flat plate collectors a reduction in energy 

consumption to 8% 

in December and 

14% in January and 

February 

payback period of 

4.65 years 

reduced CO2 

emissions by up to 

86.4% 

3 [48] Evacuated tube 60% of solar 

fractions 

payback period is 

between 7 and 10 

years 

739 tCO2 per 25 

years 

For 7 sites 

4 [52] Evacuated solar collector - 131.14 USD/year 3.767 tCO2 per 

year 

5 [53] Photovoltaic-thermal 

(PVT) air collectors 

coupled to a water-to-air 

heat exchanger 

15.30 kWh/day - 11.4 kg CO2 per 

day 

6 The 

current 
study 

Solar thermal collectors 40%  715 

EUR/year  

252 

EUR/year 

2.36 tCO2 per year 

Photovoltaic panels 43% 765 

EUR/year 

269 

EUR/year 

2.53 tCO2 per year 

 

8. Conclusions 

The most significant energy production from solar 

thermal collectors and photovoltaic panels is in the summer 

when energy demand energy is at its lowest levels, in return to 

the lowest level of energy production is in the winter when the 

energy demand is at its highest levels, thus leading to the lack 

of full use of the output of the solar systems, for the solar 

system to be more efficient, the possibility of selling 

redundant electricity to the grid should be available to cover 

the cost of purchasing energy from the grid at another time of 

the year. Or use the electricity produced to cover the 

consumption of other household equipment. Thus, the solar 

system becomes economically viable. 

Financial returns are low if conventional heating fuels 

cheap, such as coal, but in return, emission reductions are 

significant. Here, the goal of using solar energy will be 

environmental more than economic. Of course, this is not a 

priority of individuals since the financial aspect is more 

important than the other at the level of individuals. To 

implement this project, there must be funding from institutions 

in the form of soft loans to help individuals to bear the initial 

costs of setting up the expensive solar system. 

It cannot be claimed that these results can be applied to all 

world regions. Still, the methodology can be used in most cold 

climates, such as northern Europe, Russia, the northern USA, 

and Canada. Also, this technology is expected to be more 

efficient when used in regions with hot climates with more 

significant solar radiation and longer daylight hours.  

Despite the design of a solar energy system with an annual 

capacity that is supposed to cover the total demand, we note 

that the results showed that it could not cover half. In some 

months, it's up to 15 percent of what's required for processing. 

Therefore, we recommend that future studies be towards 

hybrid systems, such as integrating both technologies or using 

other renewable energy that has stable performance 

throughout the year, such as geothermal or wind energy, in 

addition to improving the performance of solar systems and 

reducing energy losses resulting from several factors such as 

temperature, dust, solar tracking, shade, and others. 
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Nomenclature  
ΦHL Total heat load (W) 

ΦT Transmission heat loss (W) 

ΦV Ventilation heat loss (W) 

ΦRH 

Heating-up capacity (to compensate 

for the effects of intermittent heating) 

(W) 

U-values Thermal transmittance (W m-2 k) 

ΔUtb Correction coefficient (W m-2 k) 

bu The temperature reduction factor 

V Volume heated space (m3) 

n50 Air exchange rate per hour (h-1) 

e Shielding coefficient 

ε Height correction factor 
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nmin 
Minimum external air exchange rate 

(h-1) 

Vinf Infiltration air rate (m3 h-1) 

Vmin 
The minimum air flow rate required 

for hygienic reasons (m3 h-1) 

fRH Coefficient of heating 

STC Solar thermal collectors 

PV Photovoltaic panels 

TJ Terajoule 
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