
KKE/ESV – Solar and wind energy 

Individual work – modelling solar and wind systems (template) 

Software used: System Advisor Model (SAM) 

Solar Water Heating (No Financial Model) 

Introduction 

The solar thermal collector converts solar radiation into thermal energy. Sunlight falls on the collector absorber, 

which is connected to the collector pipe. Energy transfer is ensured by heat transfer fluid that flows between the 

collector and heat exchanger (heat consumer), which is most often a solar tank, hot water tank or swimming 

pool. These collectors are usually located on the roof of houses, apartments, but also on administrative industrial 

buildings. 

The basis of the collector is the absorption surface. A modern, powerful collector has this surface provided with 

a selective layer. In the case of the selective layer, the intake of thermal radiation is similar to that of a black body 

- there is no significant difference. However, the selective layer encloses the received energy and does not release 

it. There is a significant difference from the black body. Therefore, the stagnation temperature of a quality flat 

collector exceeds 200 °C, and of a vacuum collector it is even higher. The selective layer is applied to the 

absorption surface electrochemically in vacuum. Depending on the type of collector, the absorption surface is 

thermally insulated from its surroundings to prevent heat loss. 

In the case of a vacuum/tubular collector, the thermal insulation is provided by a vacuum layer. The shape of the 

vacuum collector - the tube is determined by the design and technological possibilities of production. A circular 

(and relatively small) object - a tube, resists the ambient pressure much better than the flat, solid surface of the 

plate collector. 

SAM models a closed loop which transfers solar energy from the working fluid to the water in an external heat 

exchanger. This setup is often used in climates where freezing temperatures occur, because the collector working 

fluid can be different than water. Water from the solar tank is typically used to preheat water in an auxiliary 

water tank and reduce the amount of heat needed to bring the delivered water to the set point desired by the 

user. 

 

Location and Resource 

This is a rooftop residential application. The application is intended to support the water heating of a family 

house located in Pilsen in the Czech Republic. The source weather file from the meteorological station Plzen-

Mikulka is used. 



 

The average annual total solar irradiation is 1113.25 kWh/m2. The total irradiance during the year is shown in 

the following graph. 

 

Solar Water Heating system 

When determining the daily consumption of hot water, we use statistical data that the average daily water 

consumption per person in the Czech Republic is about 100 liters. This includes routine activities such as hygiene, 

toilets, laundry, food preparation, etc. If it is a household of two people, 200 kg of hot water is a relatively good 

estimate. 



From theoretical assumptions, it is known that if the place is located in the northern hemisphere, then the 

collectors are oriented to the south, roughly at an inclination of 40 - 50 degrees. However, the best results can 

be obtained with small deviations. The optimal values were found by repeated simulation. 

From the performed simulations it is evident that the collector system produces the most energy at azimuth of 

190° (southwest) and at tilt of 40°. However, this does not mean that this is the optimal option. Because it is a 

year-round system, the ideal variant will be the one that produces the most energy in the winter, when our need 

for hot water is more significant. With regard to the total energy produced and the energy produced in the winter 

months, variant c) seems to be the most optimal variant. 

a)  b)  c) 
azimuth: 180° 
tilt: 45° 
total energy: 1561 kWh 

 

azimuth: 185° 
tilt: 45° 
total energy: 1569 kWh 

 

azimuth: 190° 
tilt: 45° 
total energy: 1571 kWh 

 

d) e) f) 
azimuth: 190° 
tilt: 40° 
total energy: 1588 kWh 

 

azimuth: 190° 
tilt: 50° 
total energy: 1545 kWh 

 

azimuth: 190° 
tilt: 55° 
total energy: 1552 kWh 

 
 

Due to the fact that it is a year-round installation and the conditions in the Czech Republic, which is exposed to 

both hot summer days with plenty of sunlight and cold winter days with a lack of radiation, the most optimal 

variant is a tubular vacuum collector with the best year-round efficiency. Due to its availability in the Czech 

Republic, a solar collector from Vaillant was chosen. When choosing, it is also necessary to take into account the 

area of the collector with respect to the available area and the coefficients for optical gain and heat loss. 

Therefore, a collector called Vaillant Solar Systems Inc auroTHERM 1140 2 VTK 1140 2 was chosen. 

The collector datasheet is available for example here: 



 https://www.vaillant.co.uk/for-installers/products/aurotherm-exclusive-vtk-570-discontinued-

3137.html#downloads 

It is possible to obtain flow data from the datasheet. The minimum flow is 180 l/h (0.05 kg/s). If it is higher, the 

pressure drop will start to increase. Assume the use of two collectors that are connected in series. Year-round 

operation requires the use of antifreeze fluid (Glycol). Because heat collectors also work with diffuse radiation, 

the sky diffuse model calculates values of the components of the sky diffuse irradiance (isotropic, circumsolar, 

and horizon brightening). The Perez model uses a more complex computational method than the other two 

methods that accounts for both isotropic and circumsolar diffuse radiation, as well as horizon brightening. Beam 

and diffuse radiation are available in the weather file, so they are selected as irradiance inputs. There is green 

grass around the building, so albedo 0.2 is chosen. 

 

 

https://www.vaillant.co.uk/for-installers/products/aurotherm-exclusive-vtk-570-discontinued-3137.html#downloads
https://www.vaillant.co.uk/for-installers/products/aurotherm-exclusive-vtk-570-discontinued-3137.html#downloads


Simulation 

The simulation is performed according to the attached screenshot. The energy produced, or the saved electricity, 

which would normally be used for electric heating and the monthly production, is shown in the following figure. 

 

The power generated during the year is shown in the following figure. 

 

The possibilities of increasing the power output can be found in the choice of a more powerful collector, but this 

usually happens at the expense of the price. If more space and funding were available, a third collector could be 

added. Using a more efficient heat exchanger and pump would also increase performance. Options are also 

offered by piping, the length of which increases the pressure drop, so shorter piping would mean higher 

performance. In addition, if the pipes were better thermally insulated, we would get more heat. Heat losses are 

also affected by its width. 


