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Abstract. Due to a series of environmental pollution and energy crisis, much attention is 

focused on developing clean renewable energy. Many institutes in different nations have 

interesting in studying the usage of solar heaters into buildings. In China, solar energy heat 

usage technology in buildings has a big potential market and has been rapidly developed. So, in 

this paper, a solar thermal system in building used for space heating and domestic hot water 

production has been studied. A simulation calculation method is put forward by Polysun for 

finding the optimal size of three main components for the solar thermal system, including the 

tilt angle of collectors, volume of the buffer and area of the collectors. Moreover, the relative 

impact of those three parameters on the optimizing indexes (SF, Etot and f) is investigated 

where all indexes are most affected by the area of the collectors while the tilt angle of 

collectors and the volume of buffer both present a relatively small influence. 

Introduction 

Now China faces challenges in shortages of energy and environmental crisis. Currently, Fossil fuel 

contributes to 75% of primary energy consumption, followed by the fossil fuel gradual exhaustion and 

the green-house effects and air pollution. 

A global research in the field of new energy resources and systems is carried out during the past 

fifty years [1-4]. Energy conversion systems based on new energy technologies seem to be less 

expensive compared to the high cost of fossil fuel. Meanwhile, new energy systems can have a 

beneficial influence on the environmental. China has rich solar energy resources. More than 60% of 

areas of the country receive annual total radiation above 5860 kJ/cm2 with more than 2200h of 

sunshine [5]. So, utilization of solar energy has huge development potential in China. Solar energy 

thermal utilization technologies started in half a century ago in China. By the persisting work for 

decades, solar energy thermal technologies have been rapidly developed and its application has been 

rapidly expanded.  

Due to the low cost, easy operation and minimal need for maintenance, solar thermal system has 

been wildly installed in buildings. And thus, the integration of solar water heaters into buildings has 

been studied by many universities, which can supply SH (space heating) and also provide the 

production of DHW (domestic hot water) [6-11]. Accordingly, the focus of our researches has been set 

on a solar thermal system installation that simultaneously satisfies DHW and SH needs. In previous 

research we just only focused on the system construction and operation features of different modes of 

solar thermal system in building, due to lack of effective research strategies. While now, the software 

Polysun provides the possibility of intense researches, for the Polysun product range includes all the 

tools you will ever need to design, enhance and simulate your systems in the field of renewable 

http://creativecommons.org/licenses/by/3.0
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energies [12]. Thus, this paper focuses on a solar thermal system installed in a single-family house 

located in city of Jinan, China, and presents a simulation calculation method by Polysun for finding 

the optimizing size of the main components of the solar thermal system.  

Solar thermal system model in Polysun 

The simulation software Polysun provides a comfortable and attractive graphical user interface, in 

which different system model could be created. Even more it permits a comfortable and clear input of 

all system parameters and the analysis and design of energy systems. It runs with time steps from 1 s 

to 1 h, thus simulation can be more stable and exact [12]. 

 

 

Figure 1. A solar thermal system designed using Polysun. 

 

The diagram of the solar thermal system used in this paper is shown in figure 1. In this system, the 

main equipments are solar collectors, the buffer and the boiler. The solar collector is a kind of heat 

exchangers which is the key parts of the system. Solar collector absorbs the light falling on its surface, 

converts it into heat energy, and transfers this heat to the working fluid flow in solar collectors. 

The boiler and the solar collectors are connected to the buffer in the centre of the picture, which are 

both the energy supplies to the system. Solar collectors produce thermal energy most depending on 

global solar irradiation and outdoor temperature. The higher the global irradiation level, the better 

efficiency, and higher thermal performance of collectors. If the temperature is increased, collector heat 

loss decreases. In table 1, the average outdoor temperature and global irradiance time series are list 

over a one-year period. 

 

Table 1. The average outdoor temperature and global irradiance. 

month average outdoor 

temperature/℃ 

average direct 

irradiance/kW

h 

average scattering 

irradiation/ kWh 

average global 

irradiance/ 

kWh 

Jan -0.1 60.1 37.9 98 

Feb 3.4 72 45 117 

Mar 9.4 89.1 68.7 157.8 

Apr 16.4 88.1 85.1 173.2 

May 21.8 111 94.5 205.5 

Jun 26.1 96.5 101.3 197.8 

Jul 27.8 67.1 94.3 161.4 
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Aug 26 72.3 86.5 158.8 

Sep 21.9 84.3 72.6 156.9 

Oct 15.7 87 57.8 144.8 

Nov 8.2 63.9 39.7 103.6 

Dec 1.9 57 32.9 89.9 

 

 

Figure 2. Yearly SH requirements for space heating in a mid-sized single-family house. 

 

The system provides a DHW and a SH demand. The domestic hot water need is 200 L/d of water at 

50℃ . Energy for space heating is depended on local environmental temperature and building 

insulation. The heating set temperature is 19℃ during the day and night in the heating period from 

mid-November until mid-March the next year. The resulting simulated SH demand is shown in figure 

2. Other simulation relevant parameters include the heated area of the building is 150 m2 and the 

collector is oriented toward South. The output of the boiler is 5 kW and the efficiency is 0.74. 

Optimization results 

The goal of the optimization is to maximize the SF (solar frication) or to minimize the cost. SF is 

percentage of energy to the system supplied by the sun. A larger SF means the percentage of fuel 

energy and electricity consumed by auxiliary heating devices and pumps (Etot) is smaller. The values 

of SF and Etot presented in this section both are obtained by the software Polysun when simulating the 

model presented in Section 2. The main components in this model are the solar collectors and the 

buffer. So the optimizations for the tilt angle of solar collectors, the volume of buffer and total gross 

area of collectors are presented in this section. 
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Figure 3. Relationship between tilt angle of collectors and SF, 

Etot. (Area of solar collectors is 10 m2, volume of buffer is 800 

L). 

3.1. Tilt angle of collectors 
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Tilt angle of collectors is the angle between the plane of the solar collector array and the horizontal 

plane. Optimizing the tilt angle of collector is a way to improve the utilization ratio of solar energy 

resources. As showed in figure 3, along with the increase of tilt angle of collector, SF is firstly 

increasing and then decreasing, existing an maximum value, in addition, the higher SF, the smaller 

consumed fuel energy and electricity (Etot). As show in this figure, the best tilt angle of collectors is 45 

degree.  

3.2. Volume of buffer 

The buffer is connected to a piping network, though which the medium transfers either to the solar 

collectors which it can be heated or to the buffer which it can be cooled. Different volume of buffer 

will result in different temperature of water inside and that medium during the running process of the 

system. As the medium flowing into the solar collector, the inflow temperature could influence the 

efficiency of solar energy photo thermal conversion and available heat gains of solar collectors and 

hence the SF. As showed in figure 4, an increase of the volume of buffer has a positive effect on the 

SF, while has a negative effect on the Etot. Considered that the cost of buffer is ignored compared with 

such a reasonably sized system, the optimal volume of buffer is 1200 L in the range of value. 
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Figure 4. Relationship between volume of buffer and SF, Etot. 

(Area of solar collector is 10 m2, tilt angle of collectors is 45 

degree). 

3.3. Area of solar collectors 

As showed in figure 5, firstly SF significantly increases with the increase of solar collectors’ area, then, 

the increase is slow down when it increases to a certain value, while Etot is just the opposite. In this 

case, solar collectors’ area affects both the cost of the installation and operating cost of the system. 

That is, the larger area of collector, the more cost of installation and less operating cost of the system. 

So, the objective of this optimization is to minimize the total cost of the system.   

According to equation (1), the total cost of the system f is as follows, 

                                          tot ef M E P n= +                                                                      (1) 

Where M is the cost of the installation, Pe is the electricity price per kWh, n is the operating years of 

the system, so Etot·Pe·n presents the operating cost of the system. The market prices used for the total 

cost of the installation are listed in table 2. More remarkable, the electricity price per kWh is 

increasing every year, thus an annual increase of 5% at the price is considered for the purpose of this 

study. Table 3 and figure 6 shows the total cost of the system with different operating years. As 

showed in figure 6, along with the increase of solar collectors’ area, total cost of system is firstly 

decreasing and then increasing, existing a minimum value. So the optimalarea of collector is 8 m2 

when the operating years is 5, 10 or 15. 
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Table 2. Relevant factors for the installation pricing. 

Item Value Unit 

Collector 500 CNY/m2 

Buffer  4 CNY /L 

Boiler 200 CNY /kW 

Electricity  0.5 CNY /kWh 

 

Table 3. Total cost of the system with different operating years. 

Aera of 

collectors 

/m2 

SF 

/% 

Etot 

/kWh 

Total Cost of  

5 years/ 

CNY 

Total Cost of  

10 years/ 

CNY 

Total Cost of  

15 years/ 

 CNY 

2 17.5 8,345 27,662 48,525 69,387 

4 30.9 7,112 26,469 45,138 63,807 

6 42 5,921 25,119 41,439 57,759 

8 54.7 4,609 23,138 36,476 49,815 

10 49.8 5,107 26,318 41,837 57,356 

12 57.8 4,300 25,519 39,238 52,957 

14 60.2 4,071 26,437 40,075 53,713 

16 62 3,896 27,504 41,208 54,912 

18 63.6 3,744 28,629 42,458 56,288 

20 64.7 3,638 29,909 44,018 58,127 
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Figure 5. Relationship between area of collectors 

and SF, Etot. (Volume of buffer is 1200 L, tilt angle 

of collectors is 45 degree). 

Figure 6. Total cost of the system with 

different operating years. (Volume of buffer is 

1200 L, tilt angle of collectors is 45 degree). 

Conclusion 

In this paper the optimal sizing of a solar thermal system installed in a single-family house in city of 

Jinan, China has been presented. A optimization analysis has been carried out by the Polysun software, 

with the purpose of maximizing the SF or minimizing the cost. The analysis shows that the area of the 

collectors has the greatest influence on SF, Etot and the total cost of system. The tilt angle of collectors 

and the volume of buffer both have a relatively small influence on SF, Etot and the total cost of system. 

And tilt angle of collectors as 45 degree, collector area as 8 m2, a buffer volume of 1200 L are the 

optimal sizes for the system’s main components.  
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