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Abstract 

Solar energy as renewable energy has got more and more attention by world market. There are 

enormous potential on solar thermal energy for domestic and commercial utilization. A local 

pony club in Gävle wants to make a solar water heating system to newly-build-stable for horses 

shower. The prupose for this paper is trying to find out ways of fullfil the demands of the pony 

club’s need for hot tap water anuually. Certain modifications will be developed after compare 

several types of the developments in constructional aspects, environmental aspects, and 

economocal aspescts. With the support of polysun® simulation software by Vela Solaris AG, 

Switzerland, this paper will develop four types (flat-plate solar collector at fixed tilt, evacuated 

tube collector at fixed tilt, flat-plate collector with a tracking device, and evacuated tube collector 

with a tracking device) of solar thermal energy systems and simulate one year period. All the 

components in this design correspond to reality products. Calculations methods base on heat 

transfer and fluid dynamics, main means, to determine the system’s combination. The results aim 

at two components, which are the system outcome and financial performance.  Discussions aim 

at system performance, financial performance, and environmental friendly aspects for the four 

designs. Improvements made by analyze the results of simulation. The best designed model is the 

flat-plat collector with a tracking device added. This design beats the other three designs in all the 

facts that have managed taken in to consideration. Conclusion considered to be satisfied after 

verify and compare the performance with SP Sweden.  
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1. Introduction 

Renewable energy is now the most popular subject among the life and production. Companies 

aim at many of their tremendous prospects such as sustainable, high performance, high efficiency, 

high profit, environmental friendly, etc. They strive for making high tech and alternative energy 

strategy as their competing priority. Sun is a sphere of intensely high temperature gaseous matter 

with a diameter of 1.39 10 . The sun is 1.5 10  away from earth, while the solar 

energy comes to our planet a mere eight minutes and twenty seconds after the giant furnace. With 

an effective blackbody temperature of 5760K, the sun is continuous fusion reactor where turn 

hydrogen in to helium. This process allows the sun provide 3.8 10  energy which is 

equal 63 /  of the sun’s surface. However, only 1.7 10  radiation emitted is 

intercepted by earth. However, it is the same whole world estimated energy demand for one year 

as solar irradiation on the earth for 30 minutes. (Soteris, 2004) This is a case about solar energy, 

such a high potential, high amount, a relatively high efficiency, high profit, and fairly 

environmental friendly resources waited to be utilized. A Pony Club of Skogmur in Gävle wants 

to introduce some new solar water heaters to their newly built facilities. So that, it provides hot 

domestic water to shower the horses in the club. This project used to be done by SWECO (the 

consulting company) in Gävle. Hence this paper is to use the consumption data and drawings of 

the pony club from SWECO, using maximum knowledge that learned during the bachelor study 

try to develop the solar water heat system and make sure it is theoretically achievable. Then try to 

optimize this system.  
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2. Methods 

Simulation software called polysun® by Vela Solaris AG (Vela Solaris, 2012) used for most of 

the simulation calculations. The software license is providing to student for the non-commercial 

purpose within the framework of student projects. In this article, polysun® 5.9 used to cover all 

the simulation part.  

Polysun® is a powerful simulation software about solar energy provides a comprehensive 

functions list regarding to solar energy simulation. This software contains a powerful database 

which include weather data covered the world’s main cities. Designers can choose parameters of 

all the components from solar collectors to pipes, heating for a swimming pool, solar electricity 

energy, residential and commercial scope, and enjoy a flexible way to get the combination. 

Polysun® can compute all the parameters that the system may use related to the production of 

heat and so on. It allows designer draft scheme by any desire. Map with weather and location 

information built within the system so that it is possible to simulate any solar problem of any 

coordinates on the earth. It also comprises the calculations for system amortization and the data 

required for subsidy applications. A minimum of 4 minutes for capture the transient effects as the 

variable step solver adapts the simulation step size is viable. Sufficient accuracy of the system’s 

simulated characteristics and in particular of its dominant transients can be assumed. The 

software itself is capable to output and store practically all relevant physical quantity in 

convenient data formats. Furthermore, a mean simulation time of 1 min for a one-year 

simulation makes the software Polysun® an ideal platform to perform the mentioned analyses. 

(Witzig, et al., 2009) 

Weather data, location data, and production information gathered through the Internet. 

Comparison and explanations with figures are most use in this paper.  

Parts of figures drawn by Autodesk® AutoCAD 2011. 

 Calculation related to heat transfer and pipe insulation: 

∆                                                       (1) 

Where  is the total heat energy (J), c is the heatl capacity (J/kgK), m is the mass (kg), ∆  is 

the temperature difference (K). (Holman, 2009) 

Total heat transfer through plate: 

∆                                                        (2) 

Where 	is the local heat flux, W/m2;  is the material’s conductivity, W/(mK);	  is the heat 
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transfer coefficient, W/(m2K);  is the temperature difference of internal and external, 

K;	  is the area of the plate, m2; and ∆  is the thickness of the plate. (Holman, 2009) 

Total heat transfer through cylindrical shells, 

	 /                                                                (3) 

Where  is the material’s conductivity, W/(mK);  is the heat transfer coefficient, W/(m2K); 

the internal radius is , m; the external radius is , m; length of the cylindrical shell is , m; and 

the temperature difference between the internal and external surface is , K. (Holman, 

2009) 

Conduction heat transfer through plate, (from Fourier’s law) 

/∆                                                        (4) 

Where  is energy loss, W;   is the material’s conductivity, W/(mK);  is the 

temperature difference of external and internal, K;  is the area of the plate, m2; and ∆  is the 

thickness of the plate, m. (Holman,2009) 

Volume for cylinder: 

→                                                        (5) 

Where  is the volume of cylinder, m3;  is the radius of the cylinder, m;  is the height of the 

cylinder, m. 

Calculation related to pump: 

Pressure drop for flow in a straight pipe: 

∆ 	
	

                                                             (6) 

Where  is the friction factor;  is the length of the pipes, m;  diameter of the pipe, m;  is 

the density of the fluid in the pipe, kg/m3;  is the kinematic viscosity, m2/s. (Peterson, 1987) 

Reynolds number: /                                                (7) 

Where  is the velocity of the fluid, m/s;  is the pipe diameter, m;  is the kinematic viscsity 

of the fluid, m2/s. (White, 1999) 

Pressure drop due to single resistance: 
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Δ                                                                 (8) 

Where  is the coefficient of resistance;  is the fluid density, kg/m3;  is the velocity of fluid, 

m/s. (Peterson, 1987) 

Coefficient of resistance for bends: 

, ,                                                                (9) 

Where  is the coefficient of resistance;  is the roughness of the pipe, m;	  is the radius of the 

bend versus the radius of pipe;  is Reynolds number. (Peterson, 1987) 

Use Colebrook’s diagram for determining friction factor for straight pipe.  

Coefficient of resistance for pipe area increase: 

1                                                  (10) 

Where  is the coefficient of resistance;  is the inlet flow pipe area, m2;  is the outlet 

flow pipe area, m2. (Peterson, 1987) 

3. Purpose 

In this scenario, the purpose is to help poly club build their hot tap water system (energy 

consumption part). In order to achieve this goal, develpop several systems with the help of 

polysun software which can fullfil the annual hot tap water demand for the poly club at first. 

Testrun thoes systems with the help of the simulation software. After that compare them and 

find out a better system solution in constrctional aspect, environmenatl aspect, and economical 

aspects. At last, make several revises about the system due to the analysis of the results of the 

simulation works. An equilibrium point discussion of the three aspects shall develop. 
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4. Results 

4.1 Construction plan for the pony club 

The pony club of Skogmur Gävle presents the data of the newly built stables. As it showed in 

Fig.1 (Skiss, 2010)”STALL”, a cross shaped construction: 

 

Fig.1. The plan of the pony stable (Skiss, 2010) 

Orientation: the long side directing 3 degrees east by north, the short side is perpendicular to the 

long side directing 3 degrees north by west. 

The total length for the long side is 85.5m, the width is 12.4m, and the roof has an angle of 9.3 

degrees. 

The total length for the short side is 76m, the width is 2×5.4m, and the roof has an angle of 13.4 

degrees. 

The data for the stable were given/measured by the pony club.  
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4.2 Water demand and water temperature in the stable 

10 horses should be showed per day, and each horse should take 5 minutes shower due to the 

pony club’s regulation. The standard flow rate for each water nozzle is 0.4l/s. Which means that 

average water demand is 10×5×60×0.4 =1200L=1.2m³ 

The water demand is 1200L per day at the nozzle side at an average temperature of 35°C 

(Giuseppe et al., 2008). The temperature of cold water in Gävle is generally 10±4°C (Larsson, 

2012), select the lower value for safety marginal (estimating the energy loss). Hot inlet water 

from the water heating system is 60°C (Boverket, 2011) (as shown in Figure 2). 

       6°C (inlet) 

         

     60°C (inlet)                                        35°C (outlet, q=0.4l/s) 

      

Fig.2. Inlet and outlet mixed water in the tap water end 

4.3 Energy demand for the solar heating system 

The estimate energy demand for this solar heating system is equal to hot tap water energy 

demand. The solar heating system heat up the cold water (from the water company, from 6°C to 

60°C), then the hot water mix with cold water (6°C) to tap water (at temperature 35°C). When 

dealing with the calculation aspect, the energy demand can be thought as the equal value of 

heating the cold supply water from the water supply company from 6°C to 35°C in the ideal 

situation (neglect the energy losses in the system). 

Equation (1): ∆  

Where =4200J/(kg•°C), = , =1.2m3 per day, =1000kg/m³, ∆ =35°C -6°C 

=4200 1.2 1000 (35 -6)=146160000J=146160kJ 

146160kJ=40.6kWh (per day) 

4.4 Angle of the solar collector 

In order to get the most energy from the solar panels, it is necessary to let the panels face to the 
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solar radiation directly for most of the time. There are several variables to determine the best 

direction. Here, come the different methods of setup.  

4.4.1 Fixed tilt  

Install the solar thermal collector at an appropriate angle and do not need to modify it. In order to 

obtain the most solar energy, solar panel should face to the incident sunlight directly (Holman, 

2009). 

The geographic coordinates of Skogmur of Gävle are: 

Latitude: +60.644º, Longitude: +17.119 º, Altitude: 27m (Tukiainen, 2005). 

The latitude location decides the appropriate tilt for the solar thermal collector. There is a free, 

open source solar elevation angle calculator online (Keisan, 2012). Input the geographic 

coordinates of Gävle Skogmur will gain Figure 3 as shown (Keisan, 2012). 

 

Fig. 3. Gävle Skogmour solar elevation angle for the whole year 2012, (Keisan, 2012) 

So that the mean solar elevation angle of 2012 Skogmur Gävle according to Figure 3 is 40.2 

º≈40º. 

The setup angle of solar thermal panel was determined as Figure 4. 



10 
 

  
Fig. 4. Setup angle for fixed tilt solar thermal panel @ AutoCAD 

Fixed tilt is the simplest way to setup the solar panels, in both equipment and economic aspect. 

Minimum cost among others, but the efficiency is relatively low. 

4.4.2 Adjustable tilt 

It has explained above that the solar thermal collector can capture the most energy when the 

panels face solar incident directly. Adjust the solar panels according to monthly mean solar 

elevation angle is a reasonable way to improve the efficiency of solar thermal collector. Adjust 

the tilt angle for the solar panels every month. This is a relatively easy setup solution, relatively 

high efficiency, rather easy to installation and will not spend lots of money on the new 

equipment.  

An even better solution of adjustable tilt is to use the “2-axis tracker”. It allows the solar panel 

rotates vertically and horizontally (shown in Figure 5). The operating principle of the “2-axis 

tracker” is to make sure the solar panels face to the incident sunlight from dawn to dusk, from 

summer to winter. One axis takes care of the daily sunshine movement; the other axis takes care 

of the annual sunshine movement. This is the optimal situation for a solar thermal panel to 

received solar energy. Of course with an extra devise’s introduction, this will increase the 

financial budget. 2-axis-tracker will be used in later simulation. 
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Fig. 5. A flat-plate panel with 2-axis-tracker (Solar System.pk, 2008) 

4.5 Solar thermal collectors 

There are generally two types of solar thermal collector on the market, which are flat plate 

collector shown in Figure 6 (S-Solar AB, 2009) and evacuated tube collector shown in Figure 8 

(S-Solar AB, 2009).  

Flat-plate collector consist of a dark flat plate absorber (solar energy collection), a transparent 

cover (allows solar energy to pass through, but reduces heat losses), fluid (normally water with 

antifreeze mixture), and a heat insulating backing (as in Figure 7). The absorber consists of a thin 

absorber layer (often use thermally stable polymers, aluminum, steel or copper, to which a matte 

black or selective coating) often backed by a grid or coil of fluid tubing placed in an insulated 

casing with a glass or polycarbonate cover. In water heating panels, fluid circulated through tubes 

in order to transfer heat from the absorber to an insulated water tank. This may be achieved 

directly or through a heat exchanger. (Volker, 2004) 

 

Fig. 6. Flat-plate solar collector Orbit, S-Solar AB (S-Solar AB, 2009) 
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Fig. 7. A typical inside view of liquid flat-plate solar thermal collector (Shepard, 2008) 

Evacuated tube collectors (as in Figure 9) use heat pipes for their core to transfer heat instead of 

using liquid directly (compared with flat-plate collector). Evacuated heat pipe tubes are 

composed of multiple evacuated glass tubes each containing an absorber plate fused to a heat 

pipe. The heat from the hot end of the heat pipes is transferred to the transfer fluid (water or an 

antifreeze mix, typically propylene glycol) of a domestic hot water or hydraulic space heating 

system in a heat exchanger. This is wrapped in insulation and covered by a sheet metal or plastic 

case, to protect it from the elements. There are two types of evacuated tube: heat pipe evacuated 

tube and U-tube glass evacuated tube. Figure 9 is a typical heat pipe tube solar collector. For 

vacuum tube collector maintain a vacuum environment is essential. While during the running 

process heat pipe system, lots of noncondensable gas will be produced, and vacuum 

environment will be broken. (Ma, et al., 2010) U-tube glass evacuated tube is a relatively new 

technology which considered with better construction. The evacuated tube collector used in the 

project is common production heat pipe tube solar collector with heat transfer fluid (water 

glycol mixture) inside.  

 

Fig. 8. Evacuated tube solar collector Zenit, S-Solar AB (S-Solar AB, 2009) 
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Fig. 9. Heating cycle of tube collector - heat pipe(SunMaxx, 2012) 

Flat plate collector is marked as low cost of manufacture, easy to maintain, but has lower 

efficiency. Typical flat-plate collector’s field yield relating to aperture area per year according to 

Science Partner is around 400kWh/m2 (SP, 2012). Evacuated tube collector run with different 

principles, so it will cost more, but with higher efficiency. Typical evacuated tube collector’s 

field yield relating to aperture area per year according to Science Partner is around 600kWh/m2 

(SP, 2012). Since the evacuated tube collector is constructed in a unique structure, the actual 

gross area is lesser than the flat plate collector (same gross area). Science Partner measured 

values for both collectors were at a temperature of 50 ºC. When describing the solar collector 

areas, there are two main parameters often mentioned: aperture area and gross area. According to 

ISO EN 9488, aperture area is the surface area of the collector, through which light can enter the 

collector (and reach the absorber); gross area is the largest projected are of a collector module 

without mounting fixtures or hydraulic connections (Vela Solaris, 2012).  

4.6 Solar water heating system 

Solar water heaters can be active or passive, open-loop or closed-loop. An active solar water 

system means that uses a pump to circulate the heat transfer fluid; a passive system has no pump. 

An open-loop system’s water goes through the collector directly from the cold water; closed-loop 

system uses heat transfer fluid to collect heat from the collector and transfer the heat to the 

demand end through a heat exchanger. Since this project demostrate in a large scale, open-loop 

passive system cannot fulfill the need. An active close loop solar water heating system is 
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recommended as Figure 10 (The renewable energy center, 2012). The main parts in the heating 

system include solar thermal collector, controller, electric pump, water tank, heat exchanger, an 

emergency backup heater (boiler), and sensors. 

 

Fig. 10. A general sketch of active close loop solar water heater for this project (The renewable energy center, 2012) 

The specific data and size for the electric pump, controller, and water tank will be decided by the 

help of simulation software polysun® in this paper. 

4.7 Set up and configurations with polysun®  

A typical polysun® project contains project overview, location of the system, and the system 

diagrams. The project overview is the same as introduction part. Hence, do not repeat here again. 

4.7.1 Premise configurations  

4.7.1.1 Location of the system 

Use the built in map system of polysun®, find the address of the poly club. The geographic 

coordinates of Skogmur are 60,644 ºN, 17,119 ºE. Elevation is 27m. Time zone is +1:00 where 

daylight saving time applied. Surrounding description for this case is clear. 
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4.7.1.2 Weather data 

Weather data in polysun® 5.9 can use the weather data information from the location of polysun® 

database, data from previous saved weather data, or external monthly values (Figure 11). Since 

polysun® has own database do not include the weather data of Gävle, the external monthly values 

were chosen.  

 

Fig. 11. polysun®’s weather data choice 

Monthly global irradiation (SoDa, 2004), outdoor temperature (Weatherbase, 2012), and wind 

speed (Tukiainen, 2012) was asked in polysun®. The data showed in Figure 12. 

 
Fig. 12. polysun® external monthly values 

4.7.1.3 Cold water supply 

Polysun® database gave a cold water supply temperature data in Northern Europe, shown in 

Figure 13. 

 

Fig. 13. polysun® cold water supply data 

Where temperature range means temperature difference between the mean temperature and the 

highest temperature during the year; warmest month means the month with highest cold water 

temperature (it is in September because water has higher heat capacity); temperature shift means 

increase or decrease of the cold water profile. 

4.7.1.4 Storage room 

Storage room is where water tank, pump, auxiliary heater, and controller located. The storage 

room will use indoor temperature. Mean temperature is the mean temperature for the storage 

room during a year is 20 ºC; temperature range is the difference between the lowest temperature 
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and the highest temperature in the storage room during the year is 8K (Wall, 2005). The warmest 

month temperature is in July (Weatherbase, 2012). 

 

Fig. 14. polysun® storage room data 

4.7.1.5 Electric grid 

Use the Swedish standard for electric grid of 230 V, and grid frequency of 50 Hz. Since this 

report focus on solar thermal energy application, PV own-consumption does not available in this 

project. 

 

Fig. 15. polysun® electric grid and PV own consumption 

4.7.2 System diagrams 

A completed system diagram consists of solar collector, storage tank, auxiliary heater, water 

demand, cold water, pumps, controllers and pipes. Visualized outcome showed in Figure 16. At 

the collector side, low temperature heat transport fluid pumped by the electricity pump (solar 

loop pump) to the solar collector. The solar energy collected by the solar collector, and 

transferred by the heat transport fluid. Hot temperature fluid then transports the heat energy to 

the storage tank through the heat exchanger. When the storage tank inside water temperature is 

heated  until larger or equals to 60 ºC (Boverket, 2009), the system at the consumption end 

begins to work. Hot water from the top of the storage tank mixes with cold water at the 

three-way domestic water mixing valve. At the cold water end, the pressure for the colde water 

circulation is presented by the water company. Of course for the hot tap water, a pump for hot 

water circulation is installed by the desire of costumers’ will. There is a draw-back pipe 

installed which allows surplus goes back to the storage tank. The flow rate is controlled by 

another pump and controller. 

In order to make sure the system work properly, all the data and specifications will be defined for 

each section. A working system is not only a connection of each part, but also a connection of all 

the energy flow. In one hand make sure all the input values of dimension is properly, on the other 
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hand, the control values should be defied properly.  

 
Fig. 16. Overview system diagram for fixed tilt, flat-plate collector in polysun® 

4.7.2.1 Solar collector 

In order to get a proper and reliable solar thermal collector, solar keymark authentication is 

necessary. There are 25 certified collectors in solar keymark from Swedish company (Solar 

Keymark, 2010). Polysun® also provides up to date database of solar collector. Choose one 

flat-plate solar collector and one tube collector in polysun® database, certified with solar 

keymark. This can narrow down as shown in Figure 17: 

 

Fig. 17. polysun® collector 

All the three productions were made by the same company S-solar (S-solar, 2009). The purpose 

of choosing these types are based on the size of the collector is and service life. Since Orbit-1340 

is a newer model of Orbit-1400 which also have a better performance, Orbit-1340 will be used. 

As in polysun® 5.9 the solar collector can be defined as the way in Figure 18.  

 
Fig. 18. Define solar collector in polysun® 
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Environment setting for the collectors is defined as outdoor so that the simulation will use 

outdoor temperature profile to help calculate temperature losses in the corresponding manner. At 

the very beginning of system set up, it gives a recommendation number of collectors. Default 

value in the software between two collectors’ coupling is parallel connection. Once the number 

and model of collector has been chosen, the information of collectors will show as Figure 18. 

Number of flat plate collector: 12, where total gross area is 29,88m2, total aperture area is 27.6 m2. 

Number of tube collector: 7, where total gross area is 27.93 m2, total aperture area is 15.68 m2.  

Wind speed at the collector array is 50% is given by the program. Orientation angle is set as face 

to south (0º); tilt angle is set for 50º and no tracking device for the fixed angle collectors. For 

tracking collectors, select biaxial tracking devices.  

4.7.2.2 Storage tank 

Since daily water consumption is 1200L, the capacity of the storage tank should be large enough 

to cover for at least one day. The system suggested a 1500L consumption. The heat exchanger 

was built inside the storage tank. During the operating period, the temperature inside the storage 

tank should be always equal or larger than 60 ºC (Boverket, 2009). This is a protocol against 

Legionella disease. At certain times (cloudy days, rainy days, and winter season) the solar 

energy cannot heat the storage tank to 60 ºC, auxiliary heater will heat the tank until 60 ºC so 

that the tap water consumption can start operate. There is a 1500L stainless steel storage tank 

insulated in the system. It used rigid foam called CWS2/1500 potable water tank and made by a 

German company Helvetic Energy GmbH (from polysun® database). The specific data for 

CWS2/1500 showed in Figure 19. 

 

Fig. 19. storage tank specification in polysun® 

Recoverable losses’ value is program suggested. The other data indicate in grey text are the 

product properties decided by the manufacture. 

The heat loss of the storage tank shall be calculated in two parts: cylindrical shell and top and 

bottom plate:  
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The height of water tank is 2.09m; Volume is 1500l; use equation (5)  so that the 

radius of the water tank is 1500/1000 =2.09 → 0.48m 

Hear transfer through cylindrical shell of the storage tank, use equation (3): 	 /  

Where =0.48m, =0.57m,  =2.09m, tank temperature is 60ºC, indoor mean temperature is 

20ºC,  =60-20=40K, 3 /  at typical indoor temerature situation of 20ºC 

(The Engineering Toolbox, 2012) 0.03W/(mK) (from polysun®).  

	
2 2.09 40

ln	 0.57/0.48
0.03

1
0.57 3

83.20  

Heat transfer of the top plate surface of storage tank, use equation (2): 

1 ∆  

Where =0.03W/ (mK) (from software database), tank temperature is 60ºC, indoor mean 
temperature is 20ºC, 40 , ∆ 0.09 , 3 /  at typical indoor 

temerature situation of 20ºC (The Engineering Toolbox, 2012). 

.

.
0.72 , equation (5) 

	
40

1
3 0.72

0.09
0.03 0.72

8.64W 

Heat transfer of the bottom plate of storage tank, use equation (4): 

/∆ 		 

Where =0.03W/ (mK) (from software database), outside the bottom of the storage tank is 

ground, ground mean temperature is 10ºC, temperature inside the storage tank is 60ºC, 

50 , 	∆ 0.12 , 0.72 . 

	 0.03 50 0.72/0.12 9  

The heat transfer for the cylindrical shell and top of the storage tank plate has both conduction 

heat transfer and convection heat transfer. The bottom of the storage tank is connected to the 

ground, so no convection heat transfer at the bottom. The average temperature of the floor is 
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10ºC. 

	 83.20 8.64 9 100.84  

4.7.2.3 Auxiliary heater 

An auxiliary heater has the ability, to provide continuously heat power when there is no heat 

coming out of the solar collector. The energy consumption per day is 40.6 kWh for 10 horses; the 

energy consumption for one horse is 4.06 kWh. The maximum daily consumption is 2 horses 

showering at the same time. The auxiliary heater should have the ability to generating energy for 

2 horses showing in one hour. The power for the heater should be: 2×4.06=8.12 kW. The power 

of the auxiliary heater should at least be 8.12 kW. The energy source for the heater will be either 

heating oil or electricity. Therefore, ecoTEC exclusive VC 146 heater (use heating oil made by 

German company Vaillant GmbH) is the optimized auxiliary heater fulfill the profile.  

 

Fig. 20. Auxiliary heater from polysun® 

As shown in Figure 20, the efficiency value is 109%. Auxiliary heater ecoTEC exclusive VC 146 

is a condensing heater, it is possible to achieve efficiency at 109%.  During the process of 

flue-gas condensation, flue gas is cooled where the temperature below its water dew point and 

heat released by the condensation of water. This part of heat is recovered as low temperature heat. 

So that, it provides an efficient method of converting natural fuel oil into useful energy by 

combustion. During the condensation process, extra energy can be gained. (Kuck, 1996) Figure 

21 (VIEMANN, 2004) can explain this process vividly.  
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Fig. 21. Condensing boilers achieve efficiency up to 109% (VIEMANN, 2004) 

4.7.2.4 Hot tap water and demand 

As page 7 mentioned, the demand water temperature is 35°C, the daily demand is 1200l, and 

flow rate is 0.4l/s=1440l/h. Daily profile will follow the club’ working time. Assume the horses 

were washed during club’s opening time. Figure 23 shows the profile of the daily water demand 

(based on 5 minutes washing time), other hours do not appear on Figure 23 means that there is 

no water consumption. There is no hot water consumption in the morning (before 8:00) and 

evening (after 18:00). Monthly hot tap water demand is 1.200l/day for each of 12 months 

(Figure 22). 

 

Fig. 22. Monthly hot tap water demand @polysun® 
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Fig. 23. Daily water demand percentage 

4.7.2.5 Cold water 

Cold water supply has been determined at “location of the system” section. Software uses the 

data automatically. 

4.7.2.6 Pipes and Pipe Insulation 

In order to select appropriate pipes, the length of the pipe, the type of the pipe, the insulation type 

of the pipe, and the thickness of the insulation are required to be taken into consideration.  

Solar collectors were set up on the roof of the stable building. The maximum height of the solar 

collector is 7 m. Safety pipe length for each solar collector is 2m. Thus for the flat-plate 

collectors the total length of the pipes connected with the solar collector outside (red notes in 

Figure 25) the inlet pipes are 7+12×2=31m, the outlet pipes are 31+25=56m. For evacuated tube 

collectors the total inlet pipe length is 7+7×2=21m, outlet pipe length is 21+15=36m. Choose 

smooth pipe 220 with inner diameter 20mm stainless steel pipe made by ROTEX Heating 

Systems GmbH from the polysun® database. EPDM (ethylene propylene diene monomer 

(M-class) rubber) (Green at al., 2003) is commonly used as a material for the outer casing on 

wires used on electrical appliances for outdoor installation. Compared with normal pipe 
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insulation material for high temperature pipework, insulation-mineral wool-EPDM rubber has 

properties of flexible, closed-cell, elastomeric, high water vapor resistance, and comparatively 

small thicknesses. So EPDM foam is an ideal choice for insulation material. In the software, 

EPDM foam is presented. 

Based on the heat transfer theory and online free software called 3E Plus® provided by NAIMA 

can calculate the thickness of insulation (NAIMA, 2005). The thickness of insulation should be 

at least 25mm. 

 

Fig. 24. Specification of the Smooth pipe 220 @ polysun® 

 
Fig. 25. Pipes at the heating part @polysun® 

Use the same pipes and insulations connect the solar connector and heat exchanger in the storage 

tank (both indoor and outdoor environment). The lengths for the both indoor pipes connect to the 

heat exchanger (blue notes in Figure 25) are 10m. The indoor pipes connect to the auxiliary 

heater (Figure 25, green note) is 1m long. 

On the other side of the storage tank are the pipes for domestic water and circulation (Figure 26). 

There are two kinds of pipes used in this part: Smooth pipe 45.3 produced by Helvetic Energy 

GmbH with 42mm internal diameter and 45.3mm external diameter used as water transporting 

pipe (Figure 26 A to F indicated in the red arrow, and pipes connect the auxiliary heater with the 

storage tank); Smooth pipe 28 produced by Sonnenkraft Vertriebs GmbH with 25mm internal 
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diameter and 28mm external diameter used as circulate water transporting pipe (Figure 26 G and 

H). Polyethylene is widely used material of domestic water supply and heating pipes (ITP, 2012). 

To determine the thickness of the insulation is to use the same method earlier. The answer is 

20mm.  

 

 

Fig. 26. Indoor pipes and its length for domestic water and circulation @polysun® 

Indoor pipes and its length for domestic water and circulation are shown in Figure 26. 

All the lengths of pipes were decided by measurements and given data/information from Sweco 

AB Gävle (see Appendix). 

Conduction heat loss for pipes for flat-plate collectors: 

Thermal conductivity of EPDM foam from polysun® database is 0.039 . Compared to 

EPDM foam stainless steel has much higher thermal conductivity. When calculate the heat loss 

of the pipes, heat transfer through the stainless steel can be neglected. So that the heat losses from 

the pipes use equation (3): . 

In flat-plate collector system: 

For Smooth pipe 220 at the solar circle outdoor inlet where 36 , 11 ,	
0.039 / , mean temperature inside the pipe  70ºC (storage tank temperature is 60ºC, 

temperature of flow at this part should be higher in order to achieve heat exchange), outdoor 

mean temperature 4ºC, 31 , 20 /  at 4ºC outdoor environment (The 

Engineering Toolbox, 2012). 

,

. .

404.39 ; 
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For Smooth pipe 220 at the solar circle outdoor outlet where 36 , 11 ,	
0.039 / , mean temperature inside the pipe  100ºC (use maximum temperature at 

this part the calculate the worst case), outdoor mean temperature 4ºC, 56 ,
20 /  at 4ºC outdoor environment (The Engineering Toolbox, 2012). 

,

. .

1062.56 ; 

For Smooth pipe 220 at solar circle indoor inlet where 36 , 11 , 	
0.039 / , mean temperature inside pipe  70ºC, indoor room mean temperature 

20ºC, 10 , 3 /  at 20ºC indoor environment (The Engineering Toolbox, 

2012). 

,

. .

79.21 ; 

For Smooth pipe 220 at solar circle indoor outlet where 36 , 11 , 	
0.039 / , mean temperature inside pipe  100ºC, indoor room mean temperature 

20ºC, 10 , 3 /  at 20ºC indoor room environment (The Engineering 

Toolbox, 2012). 

,

. .

126.74 ; 

For Smooth pipe 45.3 at auxiliary heater inlet where 42.65 , 22.65 , 	
0.039 / , mean temperature inside pipe  70ºC, indoor room mean temperature 

20ºC, 1 , 3 /  at 20ºC indoor room environment (The Engineering 

Toolbox, 2012). 

, .
.

. .

13.07 ; 

For Smooth pipe 45.3 at auxiliary heater outlet where 42.65 , 22.65 ,	
0.039 / , mean temperature inside pipe  100ºC, indoor room mean temperature 

20ºC, 1 , 3 /  at 20ºC indoor room environment (The Engineering 

Toolbox, 2012). 

, .
.

. .

20.91 ; 

For Smooth pipe 45.3 at storage tank outlet till the mixing valve where 42.65 ,
22.65 ,	 0.039 / , mean temperature inside pipe  60ºC, indoor room mean 

temperature 20ºC, 1 , 3 /  at 20ºC indoor room environment (The 

Engineering Toolbox, 2012). 
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, .
.

. .

10.45 ; 

For Smooth pipe 45.3 at the outlet of the mixing valve where 

42.65 , 22.65 ,	 0.039 / , mean temperature inside pipe  35ºC, 

mean indoor room  temperature 20ºC, 22 , 3 /  at 20ºC indoor room 

environment (The Engineering Toolbox, 2012). 

, .
.

. .

86.24 ; 

Pipes for cold water do not have heat loss; pipes for recovery water has relatively small 

temperature difference and do not operate as much as other pipes. These two parts of heat losses 

can be neglected. The heat losses for the pipes are: 

	 	 ,

, , , , ,

, , ,

404.39 1062.56 79.21 126.74 13.07 20.91 10.45 86.24
1803.57  

In an evacuated tube collector system: 

For Smooth pipe 220 at the solar circle outdoor inlet where 36 , 11 ,	
0.039 / , mean temperature inside pipe  70ºC, outdoor mean temperature 4ºC, 

21 , 20 /  at 4ºC outdoor environment(The Engineering Toolbox, 2012). 

, 	

. .

273.94 ; 

For Smooth pipe 220 at the solar circle outdoor outlet where 36 , 11 ,	
0.039 / , 	 	 	 	  100ºC, outdoor mean temperature 

4ºC, 36 , 20 /  at 4ºC outdoor environment(The Engineering Toolbox, 

2012). 

, 	

. .

683.08 ; 

Other parts are the same as the plat-plate system. 
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	 	 		, 	

, 	 , 	 , ,

, , , ,

273.94 683.04 79.21 126.74 13.07 20.91 10.45 86.24
1293.6  

4.7.2.7 Controllers  

There are four places need controller to make sure the system works properly: solar loop pump 

controller, auxiliary heating controller, mixing valve controller, and temperature controller. All 

the controllers have input data and output data. It is the controllers who make all components 

work as a system. (All the blue lines are input lines; all the red lines are output lines) 

Specific flow rate is calculated by total flow rate divided by total aperture area. The value of 

specific flow rate varies for different collector. As in this case, Zenit and Orbit share the same 

specific flow rate. This controller receives data of collector temperature (A) and tank temperature 

(C) as in Figure28 in order to control pump (B) to switch on/off. 

Solar loop pump controller (Figure 27): 

 

Fig. 27. Solar loop pump controller polysun® specification 
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Fig. 28. Solar loop controller input&output polysun® 

Auxiliary heating controller (Figure 29): 

As mentioned in section 4.2, temperature in the storage tank should remain over 60°C all the time 

(Boverket, 2009). The auxiliary heater will start to work once the temperature in the storage tank 

is lower than 60°C. So the cut-in tank temperature is set to 60°C. For the heater’s sake, set the 

minimum operation time to 10 min. Tap water daily demand profile affect the availability times 

of the controller.  

 

Fig. 29. Auxiliary heating controller polysun® specification 

If temperature from layer 10 is lower than 60°C, auxiliary heater starts to work; if the 

temperature from layer 7 is higher than 65°C, the auxiliary heater stops working. 
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Fig. 30. Auxiliary heating controller input&output polysun® 

Mixing valve controller (Figure 31): 

A mixing valve is to mix the hot tank water with the cold water to a target temperature at the tap. 

Controller receives the input values of upper temperature from the storage tank and the lower 

temperature from cold water. In this case, use variable value to define the temperature setting. 

Variable value means the output temperature varies within the certain range. The temperature 

shift is 2dT (°C). 

 

Fig. 31. Mixing valve controller polysun® specification 

 

Fig. 32. Mixing valve controller input&output polysun® 

Circulation pump temperature controller (Figure 33): 

Use a circulation pump can reduce the heat loss. This is a temperature controller with AND/OR 

operation. This operation can define inputs of temperature sensor 1(switching logics) and 

temperature sensor 2 (reference temperature for the switching logics). If the temperature sensor 1 

is greater than temperature sensor 2, the switch in the controller will activate the pump. Since 

temperature sensor 2 is used as reference, the constant value of hot water demand temperature 

(tap water) should be used. This temperature controller also means to prevent hot water at the 

beginning of the operation. The sign of output is inverted can achieve this goal. 
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Fig. 33. Temperature controller polysun® specification 

 

Fig. 34. Temperature controller input&output polysun® 

4.7.2.8 Pumps 

Decide the size of pump for the solar loop is to calculate the all the pressure drops at the solar 

loop. Solar panels are installed at the roof top as shown in Figure 35. The pipes connect to the 

solar collectors in this parallel connection ensure that the presure of flow rate at each module can 

equally distribute. First thing to do in order to determine the size of the pump is to calculate the 

pressure drop within the pipes and inside the solar collectors at the close circulation loop. There 

are so many ways could cause pressure drops in pipes; in this system there are mainly four 

reasons could cause pressure drops: pressure drops in the straight pipes caused by the friction, 

pressure drops at bends, pressure drops for tees-divergent flow, pressure drops at the flow rate 

control valve (make sure the flow rate in each solar collector evenly distributed) and pressure 

drops for increase /decrease in area. (Peterson, 1987) 
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Fig. 35 Roof installation for solar panels and pipes @ Auto CAD 

 Pressure drops in the straight pipes at flat-plate solar collectors system: 

Fluid inside the solar collector circulation is the mixture of water and glycol (small amount), 

consider the density and viscosity as water’s.  

The length for inlet straight main pipe for the flat-plate solar collector from the storage tank to the 

first sub-pipe  is 10+7+1.5=18.5m; internal diameter for straight pipe  is 0.02m; the flow 

rate for one collector is 1.92 10 /  (from polysun®); water density  at 70ºC is 

977.8 / , (The Engineering Toolbox, 2012); water kinematic viscosity  at 70 ºC is 

0.413 10 /  (The Engineering Toolbox, 2012); pipe roughness  is 0.005mm (from 

polysun®). Since the solar collectors use parallel connection on the roof, flow rate is evenly 

distributed in every sub-pipe. So that fluid velocity in inlet main pipe is equal to the sum of 12 

sub-pipe fluid velocity. 

/ 1.92 10 / 0.01 0.06 / ; 

	 12 0.72 /  

From equation (7) / , where 0.72 / , 0.02 , 0.413 10 /  

 
. .

. 	
34866.8;  

For the relative roughness, / 0.005/20 0.00025; 
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Fig. 36. Colebrook’s diagram (Peterson, 1987) 

From Colebrook’s diagram (Figure 36)  can be read as 0.023; 

According to equation (6) gives: 

∆ , 	 	
1
2	 	 0.023

18.5
0.02

1
2

977.8 0.72

5392.06  

After this section, fluid velocity is decreased in the main to the sub-pipe as (from high to low): 

11 , 10	 , 9	 , 8	 , 7	 , 6	 , 5	 , 4	 , 3	 , 2	 , 1	 . Main pipe length between two collectors

1.5 , water density  at 70ºC is 977.8 / , (The Engineering Toolbox, 2012); water 

kinematic viscosity  at 70 ºC is 0.413 10 /  (The Engineering Toolbox, 2012); pipe 

roughness  is 0.005mm (polysun®); the relative roughness, / 0.005/20 0.00025;  

can be read from Colebrook’s diagram (Figure 36). Then the Reynolds number /  and 

friction factor 	showed is Table 1.  
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Table 1. Calculated values for inlet main pipes between collectors 

11  10	  9  8	  7  6  5  4  3	  2	  1  

/  0.66 0.6 0.54 0.48 0.42 0.36 0.3 0.24 0.18 0.12 0.06 

 31961 29055 26150 23245 20339 17433 14528 11622 8717 5811 2905 

 0.0235 0.024 0.0245 0.025 0.026 0.027 0.0285 0.031 0.032 0.036 0.022 

∆ , 	 	
1
2	

0.0235
1.5
0.02

1
2

977.8 0.66 0.024
1.5
0.02

1
2

977.8 0.6

0.0245
1.5
0.02

1
2

977.8 0.54 0.025
1.5
0.02

1
2

977.8 0.48

0.026
1.5
0.02

1
2

977.8 0.42 0.027
1.5
0.02

1
2

977.8 0.36

0.0285
1.5
0.02

1
2

977.8 0.3 0.031
1.5
0.02

1
2

977.8 0.24

0.032
1.5
0.02

1
2

977.8 0.18 0.036
1.5
0.02

1
2

977.8 0.12

0.022
1.5
0.02

1
2

977.8 0.06 1681.26  

For outlet pipes (fluid temperature 100ºC): The length for outlet straight main pipe from the last 

sub-pipe to the storage tank  is 10+7+25+1.5=43.5m; internal diameter for straight pipe  is 

0.02m; the flow rate for one collector is 1.92 10 / (from polysun); water density  

at 100ºC is 958.4 /  (The Engineering Toolbox, 2012); water kinematic viscosity  at 

100ºC is 0.294 10 /  (The Engineering Toolbox, 2012); pipe roughness  is 0.005mm; 

the relative roughness, / 0.005/20 0.00025; 

Use the same method, / 1.92 10 / 0.01 0.06 / ; 

	 12 0.72 / . From equation (7) / , where 0.72 / , 

0.02 , 0.294 10 /  

 
. .

. 	
48980;  
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From Colebrook’s diagram (Figure 36)  can be read as 0.016; 

According to equation (6) gives: ∆ , 	 	
	 	 0.016 .

.

958.4 0.72 8644.92  

Then a similar situation as inlet pipe, after this section fluid velocity is increased in the main to 

the sub-pipe as (from high to low): 1 , 2	 , 3	 , 4	 , 5	 , 6	 , 7	 , 8	 , 9	 , 10	 , 11	 . Main pipe 

length between two collectors 1.5 , water density  at 100ºC is 958.4 /  (The 

Engineering Toolbox, 2012); water kinematic viscosity  at 100ºC is 0.294 10 /  (The 

Engineering Toolbox, 2012); the relative roughness, / 0.005/20 0.00025;  can be 

read from Colebrook’s diagram (Figure 36). Then the Reynolds number /  and friction 

factor 	showed is Table 2.  

Table 2. Calculated values for inlet main pipes between collectors 

1  2	  3  4  5  6  7  8  9	  10	  11  

/  0.06 0.12 0.18 0.24 0.3 0.36 0.42 0.48 0.54 0.6 0.66 

 4082 8164 12246 16328 20410 24492 28574 32656 36738 40820 44902 

 0.04 0.033 0.031 0.028 0.026 0.025 0.0245 0.024 0.023 0.0215 0.022 

∆ , 	 	
1
2	

0.04
1.5
0.02

1
2

958.4 0.06 0.033
1.5
0.02

1
2

958.4 0.12

0.031
1.5
0.02

1
2

958.4 0.18 0.028
1.5
0.02

1
2

958.4 0.24

0.026
1.5
0.02

1
2

958.4 0.3 0.025
1.5
0.02

1
2

958.4 0.36

0.0245
1.5
0.02

1
2

958.4 0.42 0.024
1.5
0.02

1
2

958.4 0.48

0.023
1.5
0.02

1
2

958.4 0.54 0.0215
1.5
0.02

1
2

958.4 0.6

0.022
1.5
0.02

1
2

958.4 0.66 1534.56P  
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Pressure drop at straight pipes are: 

∆ 	

∆ , 	 ∆ , 	 ∆ , 	

∆ , 	 5392.06 1681.26 8644.92 1534.56

17252.8  

 Pressure drops at bends: 

From equation (9) , , , for stainless smooth pipe in this case → 0.  

 can be determined by / 		and  through Figure 37.  

 

Fig. 37. Smooth pipe coefficient of resistance for bends (Peterson, 1987) 

/ 	value in this design is 8, this can achieve lowest total pressure loss at the bends (Peterson, 

1987).  

As show in Figure 35, there are two bends at each of the main pipes. Each solar panel on the roof 

connects with the main pipe through inlet sub-pipe and outlet sub-pipe with branch duct. Since 

there are flows go to every branch pipes, flow rate in the main pipe is reduced. Assume that the 

flow rate is constant for the main pipe. 

Pressure drop of bends at the inlet main pipes:  

From page 33, 34866.6,	 .
,  can be read from Figure 37(Peterson, 1987), 

0.18; use Equation (8) : 
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Δ 	 ,
1
2

0.18
1
2

977.8 0.72 45.6 ,	 

Δ , 2 45.6 91.2  

Pressure drop of bends at the inlet pipes connect to the solar connector (sub-pipes):  

All the sub-pipes are connected in parallel connection, so that the pressure drop at this part is 

where the largest pressure drops in one module. So the largest value is equal to the sum of 

pressure drop at bend number 12 and pressure drop at bend number13 (see Figure 38). 

Where 1.92 → . → . .

. 	
2905.6 

From Figure 37 0.2 

→ Δ 	 , 0.2 977.8 0.06 0.35   

Δ , 2 0.35 0.7  

 

Fig. 38. Bends at the inlet branch pipes connect to the solar collectors @Auto CAD 

Pressure drop of bends at the outlet main pipes: 

From page 35, 48980,  can be read from Figure 37, 0.17; use Equation 

(8): 

Δ 	 ,
1
2

0.17
1
2

958.4 0.72 42.2  

Figure 35 shows that there are 4 bends in main outlet pipe. 

Δ , 4 42.2 168.8  

Pressure drop of bends at the outlet pipes connect to the solar connector (sub-pipes): 

This situation is similar to the inlet sub-pipes, where the largest pressure drop is equal to two 

sub-pipe bends. 

Where 1.92 → . → . .

. 	
4081.6 
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From Figure 37 where 0.2 

→ Δ 	 , 0.2 958.4 0.06 0.34   

Δ , 2 0.34 0.68  

Δ , Δ , Δ , Δ , Δ ,  

91.2 0.7 168.8 0.68 261.38  

 Pressure drops for tees-divergent flow: 

For tees-divergent flow, pressure drops both in branch duct and through flow. In branch duct 

pressure drops are determined by a coefficient of resistance, ; in the through flow, the 

resistance coefficient is .  

T-pipe for inlet pipes: 

The flow diagram is presented in Figure 39. Flow rate , , and	  in Figure 40 indicate the 

same symbol meaning in Figure 39. 

 

Fig. 39. Inlet t-pipe divergnet flow (Peterson, 1987) 

The inlet pipe diameter of Smooth pipe 220 is 20mm. Borrow the data from No.20 pipes. The 

values for the coefficient of resistance  for inlet pipes are determined as Figure 40. 
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Fig. 40.  and  for cross-pieces with No. 20 fits in all branches (Peterson, 1987) for inlet pipes 

Assume that the flow in the main inlet pipe is equally distributed to the sub-pipes. There are 11 

t-pipes in the inlet side of the system. For all the values in the inlet side are: 

= , , , , , , , , , , ; , , , , , , , , , , .  

Use Figure to find all the  values correspondingly. Then use equation (8):∆  

∆ , 1974.83  

T-pipe for outlet pipes: 

It shares the same method as calculating the inlet pipes, but use Figure 41(in this case q2 in Figure 

41 is 0). 

Then ∆ , 2744.03  

∆ , ∆ , ∆ , 1974.83 2744.03 

4718.86  
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Fig, 41.  and  for cross-pieces with No. 20 fits in all branches (Peterson, 1987) for outlet pipes 

 Pressure drops in pipes caused by increase /decrease in area: 

Inlet flow to the solar collector will have a decreased area, the diameter decrease from 20mm to 

7mm (the collector’s pipe diameter).  

In order to calculate the  for area decrease, use the help of Figure 42 where /  is the ratio of 

inlet and outlet flow velocity, A and B are two different shape of connection. The footnote 1and 

for type A and type B indicate: 1 rounded corners; 2 sharped corners. Use A2 (shape A sharped 

corner connection) for this situation to do the calculation.  

Inlet pipe diameter  is 20mm, collector pipe diameter  is 7mm. 

/
7
20

0.1225 

So that 0.45 according to Figure 42.  

Use equation (8): ∆ 	 , from page 33, where 0.06 / ,

977.8 /  at 70ºC. 

Since the area decrease is located at the parallel sub-pipe connection, total pressure drops caused 
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by area decrease is equal to single module area decrease pressure drop. 

∆ 	 0.45
1
2

977.8 0.06 0.79  

 

Fig. 42. Resistance coefficient  value for area decrease in pipe (Alvarez, 2006) 

Pressure drop cause by area increase: 

From equation (10), 1  (Peterson, 1987), 0.1225 

→ 0.8775  

Use equation (8): ∆ 	 , from page 33, where 0.06 / ,

958.4 /  at 100ºC. 

 ∆ 	 0.8775 958.4 0.06 1.51  

Total pressure drops in pipes caused by area change are: 

∆ 	 ∆ 	 ∆ 	 0.79 1.51 2.3  

 Pressure drops inside the solar collector: 

According to the data given by the software polysun, for one plat-plate solar collector has a 

pressure drop of 1000Pa. Since the solar panels connected in parallel, ∆ ,

1000  
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Gather all the pressure drops in the flat-plate collector system: 

∆ ∆ 	 Δ , ∆ , ∆ 	 ∆ ,  

17252.8 261.38 4718.86 2.3 1000 23235.34 0.23  

The test flow rate in one solar collector is 69l/h as mentioned previously. For 12 collectors, the 

flow rate in the main pipe for the pump could reach 828l/h.  

Wilo-Stratos ECO 25/1-3 (Table 3) is an ideal pump for solar collector loop. The power varies 

from 6W to 32W provided enough pressure at certain flow rate. 

Table 3. Properties of the pump Wilo-Stratos ECO 25/1-3 

 

Since this pump has the least power output in polysun’s pump list, and the number of evacuated 

tube collector system is 7, pressure losses should be smaller than the flat-plate collector system. 

The pump is used in the flat-plate system should sufficient for the evacuated tube collector 

system.  

Another place needs pump is to pump overheated water coming out of the mixture. The pressure 

requires for the pump is fairly low only high flow rate is desirable. Thus, Wilo-Stratos ECO 

25/1-3 can work for this situation (WILO, 2012).  

4.8 Simulation 

4.8.1 System performance 

Run the simulation for four types of different systems. And the results are presented in order of: 

annual system overview, annual overview solar thermal energy, monthly solar fraction, monthly 

solar fraction to the system, monthly auxiliary heating energy to the system, and energy flow 

diagram.  

System performance results for collector Orbit-1340, 12 collectors, orientation 0°, fixed tilt angle 

at 50° (in short O12F). Results show in Table 4 and Table 5; Figure 43~Figure 46: 
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Table 4. O12F annual system overview @polysun® 

 

Table 5. O12F annual overview solar thermal energy @polysun® 

 

 

Fig. 43. O12F monthly solar fraction @polysun® 

 

Fig. 44. O12F monthly solar thermal energy to the system @polysun® 



43 
 

 

Fig. 45. O12F monthly auxiliary heating energy to the system @polysun® 

 

Fig. 46. O12F energy flow diagram @polysun® 

System performance results for collector ZENIT, 7 collectors, orientation 0°, fixed tilt angle at 50° 

(in short Z7F). Results show in Table 6 and Table 7; Figure 47~Figure 50: 

Table 6. Z7F annual system overview @polysun® 
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Table 7. Z7F annual overview solar thermal energy @polysun® 

 

 

Fig. 47. Z7F monthly solar fraction @polysun® 

 

Fig. 48. Z7F monthly solar thermal energy to the system @polysun® 
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Fig. 49. Z7F monthly auxiliary heating energy to the system @polysun® 

 

Fig. 50. Z7F energy flow diagram @polysun®  

System performance results for collector Orbit-1340, 12 collectors, use tracking biaxial (in short 

O12T). Results show in Table 8 and Table 9; Figure 51~Figure 54: 

Table 8. O12T annual system overview @polysun® 
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Table 9. O12T annual overview solar thermal energy @polysun® 

 

 

Fig. 51. O12T monthly solar fraction @polysun® 

 

Fig. 52. O12T monthly solar thermal energy to the system @polysun® 
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Fig. 53 O12T monthly auxiliary heating energy to the system @polysun® 

 

Fig. 54. O12T energy flow diagram @polysun® 

System performance results for collector ZENIT, 7 collectors, use tracking biaxial (in short Z7T). 

Results show in Table 10 and Table 11; Figure 55~Figure 58: 

Table 10. Z7T annual system overview @polysun® 
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Table 11. Z7T annual overview solar thermal energy to the system @polysun® 

 

 

Fig. 55. Z7T monthly solar friction @polysun® 

 

Fig. 56. Z7T monthly solar thermal energy to the system @polysun® 
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Fig. 57. Z7T monthly auxiliary heating energy to the system @polysun® 

 

Fig. 58 Z7T energy flow diagram @polysun® 

4.8.2 Financial results 

In order to perform financial analysis by the software, the following information is necessary: 

price for perching solar panels, solar tracking device for panels (if any), pipes, insulation 

materials, pumps, water tank, auxiliary heater, mixtures, controllers, three-way pipe joins, and 

construction fee; annual maintenance's costs, proportional maintenance cost; life span; 

proportional incentives; forecast about inflation, interest, salvage value, and increase of energy 

price; price for heating oil. For safety reasons and regulations in Sweden the system also require 

safety valve and expansion vessel which do not mention in the software section (since it has 

nothing to do with the energy simulation). There are two sets of safety valve and expansion 
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vessel need in the system, one for each cycle (solar water cycle and domestic hot water cycle). 

Information regarding to the specific brand products is remain not to mention unless contact to 

the manufacture directly, so all costs are estimated values based on Internet market quotations.  

This price list shows the price excluding taxes. 

Flat-plate solar panel (area 2~2.5m2): 2000SEK/set; 

Vacuum tube collector (area 2~2.5m2): 3,500SEK/set; 

Solar tracking device: 1,500SEK/set; 

Water pump (5~60W): 1,000SEK/set; 

Auxiliary heater (14kW): 20,000SEK/set; 

Safety valve with expansion vessel: 300SEL/set; 

Storage tank (1500L): 28,000SEK/set; 

Pipe (smooth pipe 220 with fittings): 150SEK/m; 

Pipe (smooth pipe 28 with fittings): 180SEK/m; 

Pipe (smooth pipe 45.3 with fittings): 250SEK/m; 

EPDM foam (for smooth pipe 220, thickness 25mm): 10SEK/m; 

Polypropylene insulation (for smooth pipe 28, thickness 25mm): 12SEK/m; 

Polypropylene insulation (for smooth pipe 45.3, thickness 25mm): 15SEK/m; 

Controller: 1,000SEK/set; 

Water mixture valve: 800SEK/set; 

Three-way pipe join: 50SEK/set; 

Pipe bends: 30SEK/set; 

Construction and other fees: 30,000SEK; 

Heating oil price: 11SEK/l (OK-KQ8, 2011). 

Total costs are calculated by adding all the components prices as the system design (section 4.7.2 

system diagrams), following round in round-off rule at hundreds place (for safety margin). The 

results for the financial aspects are presented at from Figure 59 to Figure 63. Total purchase costs 
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(without tax) located in the top left corner of each figure. 

 

Fig. 59. O12F financial analysis @polysun® 

 

Fig. 60. Z7F financial analysis @polysun® 
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Fig. 61. O12T financial analysis @polysun® 

 

Fig. 62. Z7T financial analysis @polysun® 
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5. Discussion  

Calculations related to the heat transfer are based on ideal situation, reality heat losses could be 

more. However the simulation software has taken that part into consideration. Calculations 

realted to the pipe insulation and pressure drop have very strict limitations, which are only valid 

for the situations metioned in this paper (in order to calculate the straight round smooth pipe’s 

pressure drop, must choose the corresponding charts and formulas of straight pipe, round 

smooth pipe,etc.). The calculation methods do not work for other situations. 

In section 4.1, the building has 3 º angles with standard orientation. While it is essential to set the 

collection side of solar panels face to the south direction directly.  

Section 4.3 the energy demand for the solar heating system is 40.6kWh/day is equal to 

14819kWh per year. Compared with the system simulation results in Table 2,4,6,8 (around 

11550kWh), the result can be trusted.  

Section 4.4 is about the angle determination of solar panels. Adjustable angle has three different 

types which are: Azimuth, vertical axis; tilt angle, horizontal axis; and biaxial (Arbi, et al., 2012). 

In this paper, vertical axis and horizontal axis are not taken into consideration because both of the 

designs will include additional tracking devices, but none of them can have better performance 

than the type of biaxial. Thus, did not simulate with the software for comparison. 

Section 4.6 shows the diagram of solar loop is separated with the storage tank, and the tap water 

is connected with the storage tank; while in other designs (typically Swedish), the solar loop is 

connected with the storage tank and the tap water loop is closed from the storage tank. The idea 

of the other design is to prevent bacteria growing inside the storage tank and making people sick. 

For the system that storage tank is directly connected to tap water in order to prevent bacteria 

growing inside the tank, the temperature inside the tank should be always no less than 

60ºC.(Boverkt, 2009) 

Data configurations in 4.7 calculations mentioned to determine values for all the components’ is 

estimated values. Energy loss calculation regarding to the storage tank use minimum inside tank 

temperature and average indoor temperature, results can be less than software simulation’s value 

within the acceptable range. Pipe for solar cycle and hot water cycle’s heat loss calculations have 

the same issues. This process is to compare estimated heat loss with software’s simulation. The 

calculated heat loss from the flat-plate collector system is 100.84+1803.57=1904.41W (storage 

tank and pipes) equal to 16682.6kWh. However, this value for the simulation in the system is 

way small (3845kWh, 3766kWh, 4448kWh, 4107kWh correspondingly). This large difference is 

cause by the temperature selection. Calculations tend to choose large values for the worst case. 

Such as the inlet for solar collector is 70ºC, and the outlet temperature for solar collector is 100 

ºC. But the software simulate this temperature in the  system O12T showed in Figure 63 where 
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green line is the outlet temperature, and red line is the inlet temperature. It is clear that both 

temperatures are much less than 100 ºC and 70 ºC correspondingly. So the calculated pipes heat 

loss value compare with the simulation value will be considerably high. Same situation happens 

to the storage tank. Temperature inside the tank is followed the temperature gradient, which 

means that temperature at the bottom of the tank is lower than the temperature at the top of the 

tank. Besides, the programme simulation is based on dynamic simulation (achieve actual 

situation). The heat loss for actual condition could be much less than early calculation. 

 

Fig. 63 Graphical evaluation for inlet and outlet pipe temperature connected to the solar panels in O12T @ polysun® 

At the heat transfer calculation part besides heat conduction and heat convection, there is also 

thermal radiation. Omit calculating thermal radiation is mainly because, in this application 

situation thermal radiation has a small effect. Since this is a solar thermal utilization application, 

too many other variables affect the determination of thermal radiation. It is reasonable to focus 

on the other parameters of heat loss.  

Compare with the flow rate for on collector from Appendix of solar keymark certificate of 

collector Orbit-1340 (0.02kg/s per m2) with the flow rate given by the software (69l/h). The solar 

keymark certificate’s flow rate is 2.3 0.02 0.046 / 165.6 /  for one collector. Both 

of the values are measured within certain standard, and both values passed the test for 

performance by scientific supervision, and the flow rate at the solar loop supposed to be dynamic 

values.  So the result is acceptable.  

5.1 System performance 

Results of system performance (in Table 4, Table 6, Table 8, and Table 10) show that, all of the 

four systems (12 flat-plate collectors with fixed tilt angle, 7evacuated tube collectors with tilt 

angle, 12 flat-plate collectors with solar tracking devices, and 7 evacuated tube collectors with 

solar tracking devices) can cover energy demands. Compare the system performance (domestic 

hot water consumption, Quse divided by total fuel energy consumption, Etot) and annual solar 

fraction (energy proved by solar energy, Qsol divided total energy required, Quse+Qloss+Qint as in 
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the flow diagram) for the four systems; see Figure 64 and Figure 65. 

In fixed tilt systems (O12F, Z7F) with the same absorption area, tube collector has better 

performance than the flat-plate collector. System Z7F has better results than O12F in system 

performance and solar fraction. On the other hand, solar panels with tracking system (O12T, Z7T) 

performed differently. Both of the systems have better performance while the flat-plate collector 

has the highest performance.  

These results indicate that flat-plate collector can get a better performance if the solar irradiation 

is enough (limitation is higher); performed performance for evacuated tube collector is 

acceptable even if the solar irradiation is not that much. 

 

Fig. 64. System performance comparison 

 

Fig. 65. Annual solar fraction comparison 

At monthly aspects, all systems have high solar fraction (89%~100%) from April to September. 

So the solar energy can cover almost all then energy consumption (auxiliary heat will operate 

during night time at some summer days). In winter time, only small solar energy can be used. 

Nearly all the energy is coming from the auxiliary heater.  

The monthly performance in April is worth to mention. The monthly solar thermal energy to the 
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system of Figure 44, Figure 48, Figure 52, and Figure 56 show that April have unusual high 

values. In general idea, temperature of April is still pretty cold besides solar elevation angle is 

still low. Thus, a further analysis was done due to this situation. As it was mentioned in the 

beginning of this paper, polysun® allow users to enter monthly weather data manually. Software 

did not just use the weather data straightforward when user enters those data. The software makes 

weather simulation based on input data such as temperature and geographical information by user. 

So here is what happened during the system simulation in Figure 66. The yellow line shows the 

global irradiation and the black line shows the normal direct irradiation. April has a peak value 

as it is showed in the software simulation’s outcome. And Figure 67 is the figure of the 

irradiation onto collector area. All in all April’s outcome could be a error when the software 

processing the simulation on the weather data.  

 
Fig. 66. One year simulation of global irradiation and normal direct irradiation @polysun® 

 

Fig. 67. One year simulation of irradiation on the collector area @polysun® 

In Figure 68, it is remarkably clear that Quse are almost the same for all systems. Differences are 

because an annual simulation has variable quantities that make it different. O12T yield most solar 

energy and respectively has the lowest fuel consumption.  

The results for the solar panels can be considered reliable. Compared collector field yield relating 
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to aperture area in this paper, type O12T 412.1kWh/m2/year with Science Partner did the test for 

Orbit-1340 at Stockholm with tilt angle 45º and inside temperature of 50 ºC 441 kWh/m2/year. 

Z7T in this paper is 673.9 kWh/m2/year; in Science Partner is 743 kWh/m2/year (same test 

environment as Orbit-1340). (SP, 2012) 

 

Fig. 68. Comparison for the four types of systems (Qin, Quse, and Etot) 

From the energy flow diagrams can see that heat losses to surroundings and heat losses to indoor 

room take up to 30% energy consumption. At last, 12 Orbit-1340 flat-plate collectors with solar 

tracking devices has the best performance while operating. 

5.2 Environmental friendly 

Fuel savings and reduction in CO2 emission are two of the main part of showing how the system 

is environmental friendly. As it showed in Figure 69 and Figure 70, system O12T has the highest 

CO2 emission reduction value and saves the most oil. With more solar energy yields, more 

auxiliary energy will save. In order to reduce fuel consumption. For all the systems, fuel savings 

and reduction in CO2 values are proportional. The most environmental friendly system is 12 

Orbit-1340 flat-plate collectors with solar tracking devices. 
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Fig. 69. Max. fuel savings for four systems 

 

Fig. 70. Max. CO2 emission reduction for four systems 

5.3 Financial aspects 

An important index to indicate financial aspect is the payback period (Table 12). As for company 

interests, the longest payback time for the system is only 2 year later than the quickest. The 

system with the shortest payback period also requires the most investments. Company want to 

gain the most interests out of the investments, the best choice is also 12 Orbit-1340 flat-plate 

collectors with solar tracking devices. 

Table 12. Payback time for all the systems  
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The prices for the components can vary for different dealers. The price is just estimate cost for 

the plans, due to market rules. As the trend for the oil price constant rising, the payback time in 

the future is possible flexible. More and more benefit will be gained from this solar energy 

system. 

The fact that construction fee for the system with flat-plate collectors may cost higher than the 

evacuated tube collectors system because 12 collectors cost more time to install.  

Since the only part in this design uses electricity is the electrical pump, the maximum pump 

energy consumption per year among four designs is 12kWh (Figure 58, Z7T). Neglect this part, 

since it has little consumptions and contributes little effect on the financial performance. 

5.4 System improvements 

Since there is almost 30% energy losses to surrounding or indoor room, this whole system needs 

better insulation performance. The price of insulation materials is relatively inexpensive. Double 

sized the thickness of insulation is recommended.  

The reason choose an oil heater is because polysun® do not provide a acceptable product for the 

electricity heater in this case. As for environmental friendly reason and also for convenient and 

the popularizing rate of electricity in Sweden, use electrical auxiliary heater could be a better 

choice.  

In January, almost no solar energy can be used, so the system can shut down in January. This 

could also save energy losses in transferring session.  

6. Conclusion 

Preliminary calculation for determining the system work smoothly with the simulation. The aim 

of design a workable solar water heat system is achieved. The idea and design are theoretically 

successful with the help of simulation software. All the four systems can handle the water heating 

operation. The best solution for a solar water heating system is the one has the best system 

performance, financial performance, and an environmental friendly profile. The Orbit-1340 

flat-plate solar collector is equipped with solar tracking devices shows all the best performance 

in all the four systems.  
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Appendix 

Contact information for manufacturers of all the products using in this paper: 

Helvetic Energz GmbH (storage tank, Smooth pipe 45.3): 

Address: Winterthurestr., CH-8247, Flurlingen, Switzerland,  

Phone: +41 (0) 52 647 46 70, Fax: +41 (0) 52 647 46 79, 
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Website: www.helvetic-energz.ch 

ROTEX Heating Systems GmbH (smooth pipe 220): 

Address: Lanwiessenstraße 10, DE-74363, Güglingen, Germany, 

Phone: +49 (07135) 103-0, Fax: +49 (07135) 103-200, 

Website: www.rotex.de 

Sonnenkraft Vertriebs GmbH (smooth pipe 28): 

Address: industriepark, AT-9300, St. Veit, Austria, 

Phone: +43 04212 45010, Fax: +43 04212 45010-170,  

Website: www.sonnenkraft.com 

S Solar (solar collectors):  

Address: Sunstrip AB, Skäggebyvägen 29, SE-612 44, Finspång, Sweden, 

Phone: +46 122 866 60, Fax: +46 122 866 69 

Website: www.ssolar.com 

Vaillant GmbH (auxiliary heater): 

Address: Berghauser Str. 40, DE-42859, Remscheid, Germany, 

Phone: +49 (01805) 824 552 68, Fax: +49 0800 888 83 33, 

Website: www.vaillant..de 

WILO Sverige AB (pumps): 

Address: Stinavägen 1, Box 3024, SE-350 33, Växjö, Sweden, 

Phone: +46 (0)470-72 76 00, Fax: +46(0)470-72 76 44, 

Website: www.wilo.se 
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Solar keymark certification for Orbit-1340 and Zenit:
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Drawings for the stable’s plan:  
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