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Summary 

This report shows different strategies for controlling heating system in a building made by two 

adjacent room. The building is design according to the Swedish Building Code of the year 1975. The 

thermal unit consists of a panel radiator and the heating system is connected to a buffer tank. A solar 

collector provides free thermal energy to the tank. The main focus is on the trade-off between the 

oscillations of indoor temperature with the amount of mass flow rate to the panel radiators.  

A virtual heating curve for unoccupied/cold zone is provided by simulate the scenario when one 

room is occupied by the people and the adjacent room is empty with the possibility to switch-off the 

heating system. 

Moreover, it is investigated how different tilt angles of the solar collector will provide energy to the 

tank during the year. 

IDA ICE software is the tool used to simulate the different control scenarios. A detailed review of how 

the building and heating system is implemented in the software is presented in the following report. 

This report works as a manual of how to use IDA ICE and it shows its potential. 
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Abstrakt 

Ett antal olika strategier för att kontrollera värmesystem, med fokus på hur massflödet till 

panelradiatorerna regleras och hur temperaturen varierar med dessa. Möjligheter till att konstruera 

en värmekurva för en kall zon i en byggnad genom att reducera massflödet till zonen kommer 

undersökas, genom att konstruera en modell där simuleringar utförs. Med hjälp av denna modell 

skapas en värmekurva som styr en PI-regulator beroende på utetemperaturen. Målet är att den 

intilliggande zonens inomhusklimat inte skall påverkas. Teorin för att bygga upp en modell av en 

byggnad, motsvarande 1975s byggnorm kommer förklaras. Programmet som simuleringarna kommer 

utföras i är IDA ICE. En utförlig genomgång av uppbyggnaden och simuleringarna kommer redogöras, 

varav rapporten kommer kunna användas som en manual till IDA ICE. Undersökningen kommer även 

visa IDA ICE potential och ifall det är möjligt att erhålla tillräckligt exakta mätdata för ändamålet. Den 

bästa lösningen för att kontrollera panelradiatorer enligt undersökningarna i IDA ICE var 

termostatstyrning. För att undersöka styrning av cirkulationspumpen erhölls inte tillräckligt precisa 

mätvärden för att få en bra jämförelse. Genom simuleringar konstruerades en värmekurva, som 

visade att det endast var vid extrema temperaturer en större temperatursänkning inte var möjlig. 

Även undersökningar av olika vinklar av solfångare gav tydliga resultat hur energin fördelades över 

året.  
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Introduction 
Because of the cold climate in Sweden, a lot of energy is used for heating buildings. 

Buildings have several factors that affect the energy use, such as: the building envelope, heating and 

cooling system and how it is controlled.  

To investigate the energy use of building a valuable aid is to make simulation model by commercial 

software. Energy software can simulate different scenarios concerning the HVAC, envelope also for 

existing buildings.   

This project is developed by using the software IDA ICE. The main objective is to build up a simulation 

model of an existing building and investigate different control strategies in order to know how the 

system behaves. The heating curve for cold/unoccupied rooms adjacent to heated rooms will also be 

investigated. The project shows how to design the main components of the building and how it is 

implemented in IDA ICE. This report can be used as IDA ICE guideline and it will show the software 

features and the software’s potential. 
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Theory 
In this chapter the theory necessary to understand how the buildings envelope, and heating system is 

explained. It also describes the way temperature is perceived and what values is necessary for a good 

living standard. All the equation in this chapter can be found in (1). 

Dimensioning of the power requirement 
A time constant describes the buildings thermal inertia and how good it is to resist at fluctuations of 

outside temperature. With the time constant is possible to determine a correction of the design 

outside temperature. For instance, a high thermal time constant means that is possible to consider a 

higher design outside temperature. The building time constant,𝜏𝑏, is calculated with the following 

equation [1] 

𝜏𝑏 =
∑ 𝑚𝑗×𝑐𝑗

𝐹𝑡𝑜𝑡×3600
  [1] 

Where: 

 mj [kg] is the mass of each layer positioned in contact with the indoor air 

 cj [J/(kg×K)] is specific heat capacity of each layer 

 Ftot [W] is the total heat loss of the building  

With the known time constant, the corrected design temperature, called DVUT, is found tables for 

Umea (1). DVUT is based on that the inside temperature should not exceed the designed inside 

temperature more than 30 times in 30 years (2). 

The total heat loss factor is the value of the power it takes to heat up a building 1 K. It considers both 

the building envelope and the ventilation. With the u-vales, air ventilation and temperatures the 

total heat loss factor, Ftot, is calculated with the following equation [2] 

𝐹𝑡𝑜𝑡 = (∑ 𝑈𝑖 × 𝐴𝑖) +
𝑛×𝑉

3600
× 𝜌 × 𝑐𝑝 [2] 

Where 

 Ui [W/(m2×K)] is the heat transfer coefficient of each building material 

 Ai [m2] is the area of each building material 

 n is flow of air change per hour 

 V [m3] is the volume of the building 

 𝜌 [kg/m3]is the air density 

 Cp [J/(kg×K)] is the specific heat capacity 

To determinate the power requirement, �̇�, the corrected design temperature and the desired inside 

temperature is used, with this values the buildings panel radiator is dimensioned to be able to keep 

the inside temperature at the design outside temperature. �̇� is calculated with the following 

equation [3] 

�̇� = 𝐹𝑡𝑜𝑡 × (𝑇𝑖𝑛 − 𝑇𝑜𝑢𝑡) [3] 

Where 
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 Ftot  [W/K] is the total heat loss factor 

 Tin [°C] is the inside temperature 

 Tout [°C] is the corrected outside temperature 

Piping and circulation pump 
The water flow in the pipes has a velocity between 0.5-0.7 m/s. For small buildings this range of value 

is preferred (2). With the known power of the panel radiators, and the water flow in the pipes the 

mass and volume flow is calculated with the following equation [4] 

𝑃𝑛𝑜𝑚 = �̇� × 𝜌 × 𝑐𝑝 × ∆𝑇  [4] 

Where 

 P [W] is the power of the radiator  

 �̇� [m3/s] is the volume flow  

 𝜌 [kg/m3] is the flow density  

 Cp [J/(kg×K)] is the specific heat capacity of the flow 

 ∆𝑇 [K] is the difference between the inlet and outlet temperature of the flow 

The fluids average speed is calculated as follow [5] 

𝑣𝑚 =
4×�̇�

𝜋×𝑑2 [5] 

Where 

 �̇� [m3/s] is the volume flow 

 d [m] is the diameter of the pipe 

To calculate the flow losses in the pipes, Reynolds number have to be calculated with the following 

equation [6] 

𝑅𝑒 =
𝑣𝑚×𝑑ℎ

𝑣
  [6] 

Where 

 vm [m/s] is the fluid’s average velocity 

 dh [m] is the hydraulic diameter 

 v [Pa s, N s/m2] cinematic viscosity  

If Reynolds number indicates a turbulent flow, that’s Re>2300, the dimensionless value lambda [𝜆] is 

calculated with the following equation [7] 

𝜆 =
1

[1,8×log(
6,9

𝑅𝑒
+(

2×𝑘

7,42×𝑑
)

1,11
)]2

     [7] 

Where 

 Re dimensionless value 

 d [mm] is the diameter of the pipe 
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 k [mm] is the roughness of the pipe 

The pressure losses, hf, in the pipes are calculated with the following equation [8] 

ℎ𝑓 =
𝜆×𝐿×𝑣𝑚

2

2×𝑑×𝑔
   [8] 

Where 

 𝜆 is dimensionless  

 L [m] is the length of the pipe 

 vm [m/s] is the fluid’s average speed 

 d [m] is the diameter of the pipe 

 g [m/s2] is the gravitational acceleration 

 hf [m] is the pressure losses 

Pressure losses, hf, for bends and the panel radiators are calculated with the following equation [9] 

ℎ𝑓 =
𝜉×𝑣𝑚

2

2×𝑔
  [9] 

Where 

 𝜉 is a dimensionless value 

 vm [m/s] is the fluid’s average speed 

 g [m/s2] is the gravitational acceleration 

 𝜉 [dimensionless] 

 hf [m] pressure losses 

With the volume flow and pressure losses known it’s possible to calculate the power, P, needed by 

the circulation pump with the following equation [10] 

𝑃 =
�̇�×𝜌×𝑔×𝐻

𝜂
       [10] 

Where 

 �̇� [m3/s] is the volume flow 

 𝜌 [kg/m3]is the air density 

 g [m/s2] is the gravitational acceleration 

 H [m] is the pressure losses in the system 

  𝜂 [%] is the efficiency of the pump 

Operating temperature 
The perceived temperature does not only depend on the temperature of the air. The surrounding 

surfaces affect how the temperature is perceived. It is because of the heat radiation between a body 

and the surrounding surfaces. The operation temperature is an average of the heat radiation and the 

air temperature and the temperature that is perceived (2). There are also more factors that affect us, 

as wind speed and humidity. But those are not considered for this type of investigation. 
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Indoor temperature 
According to the Swedish institute of public health, the air temperature should be at least 20 °C and 

not exceed 24 °C for long periods of time. For shorter times 26 °C should not be exceed. The 

corresponding operative temperature should be at least 18 °C (3).  
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Execution  
This chapter describes how the simulations is constructed and the different scenarios that it set up to 

be investigated. 

Building 
Two thermal zone are built in Revit software. It’s a house with two equal rooms and a window one 

for each. The rooms measure 5×5 m with an internal height of 2.4 m. The window measures 1.8×1.5 

m. That gives a room/window ratio of 9.3. The Revit model of the house is exported to the software 

IDA ICE for the energy simulation. The simulated house is located in Umea, Sweden, with the climate 

data recorded at the nearby airport. Ventilation is set with 0.5 air change per hour. Building envelope 

data are referred to an existing building according to the Swedish Building Code 1975 (4).  The set 

point of the indoor temperature is 21 °C. 

 

Ida Ice construction 
The 3d construction from Revit is imported in IDA ICE. The climate data, building envelope and 

ventilation, domestic hot water is set according to the values previously described. Also domestic hot 

water is set to match a small house (5). In figure 1 the values for the location, building envelop and 

hot water are set. 

 

Figure 1. Location, building envelop, domestic hot water are set in IDA ICE 

The two rooms are divided in two zones. In each zone, ventilation, equipment, light and occupants 

with associated schedule are set acceding to standard profiles and can be seen in figure 2. 
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Figure 2. Lights and schedules for zone is set in IDA ICE 

 A schematic model is build. In the schematic model all elements of the house are built with figures 

and connecting lines among blocks show the relation between them. The scheme is flexible, it is 

possible to change building envelope, the components and internal sources. By default IDA ICE have 

return and supply air ventilation with heat exchanger, with chilling and preheat of the air. It has one 

fan for the air supply and one for the return air. The default ventilation is shown in figure 3. 

 

Figure 3. Ventilation by default in IDA ICE 

The building has a simple ventilation, thus the heater and chiller are removed. The associated energy 

meters can’t be removed from the simulations, otherwise the software cannot run. Thus, a fixed 

value of 0 is set. Figure 4 show the ventilation after editing. 
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Figure 4. Ventilation that is used in the simulations in IDA ICE 

The default plant is replaced with a plant model in IDA ICE called esbo-plant, where the preferred 

functions of the plant is selected. A hot tank, solar collector are selected, with a cooling tank that in 

this section can’t be removed. The simple set up of the tank, before IDA ICE builds it, is shown in 

figure 5. 

 

Figure 5. Where the default settings for building a plant is set in IDA ICE 

At this point the program builds a default plant with the selected functions shown in figure 6. 



9 
 

 

Figure 6. Default plant in IDA ICE called esbo-plant 

All the not used components are deleted from the ESBO plant, for instance: the brine, cooling tank, 

heat flow to the air handling unit, and other block are deleted. All the unused energy meters are set 

to a fixed value of 0. The tanks auxiliary heaters is controlled by a PI control, with a constant set point 

temperature of 60 °C. The PI regulators has a measure point at a height of 0.8 meter in the tank. A 

pressure vessel is inserted on the supply pipe for the domestic hot water. The flow meters for the 

zone heating and domestic hot water have to be set the correct measure values for temperatures 

and mass flows, since the energy meter switch measuring point when the tanks new parameters is 

set . This is made by double click on the flowmeter and connect it to the corresponding outlet from 

the tank. A pressure drop is simulated on the supply pipe. The value of the pressure drop is 

calculated in Excel and set to 1000 Pa, calculations is shown in appendix. A thermostat control the 

circulating pump for delivering the warm fluid. A shunt in the tank set the temperature of supply flow 

to the thermal zone. The shunt is controlled by a heating curve and a season schedule. The heating 

curve correlates the outside temperature with the supply temperature to the panel radiators. The 

rebuilt tank is shown in figure 7. 
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Figure 7. The plant used for the simulations in IDA ICE 

The tank parameters is set to: 

 Stratified tank with ten layers 0.1 m thick each 

 2 auxiliary heaters, positioned at 0.3 m and 0.8 m from the tank bottom. The power of each 

auxiliary heaters is 3 kW  

 2 heat exchangers, one for the solar panel and one for the domestic hot water 

 Volume of the tank 300 liter, with a radius of 0.3 meter and a height of 1 meter 

 Inlet pipe from the heating system positioned at 0.1 m from the tank bottom 

 Outlet pipe for the heating system positioned at  0.9 m from the tank bottom 

 Inlets for heat exchanger at 0.15 m and 0.2 m from the tank bottom 

 Outlet for heat exchanger at 0.75 m and 0.8 m from the tank bottom 

This values are set up in figure 8. 

 

Figure 8. The hot tank's parameters in IDA ICE 

The thermal zone used in the simulation is the detailed zone. Calculations for the power requirement 

for the panel radiators are calculated in Excel. For each room 1615 W is required. The calculations for 

this is made in Excel and is shown in appendix. With the known power requirement Ftot, the double 
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panel radiator Lenhovda MP2 590 45 is selected (6). The nominal condition of supply, exhaust, room 

temperature, logarithmic temperature difference and power are: 75/65/20 ˚C, ΔT= 50 ˚C, Qn =1635 

W. The values for the panel radiator in IDA ICE is set according to the panel radiator selected in the 

technical catalog Lenhovda.  In figure 9 the values to match the Lenhovda panel radiator is set up. 

 

Figure 9. Values for the panel radiator 

In the schematic build, a section of IDA ICE, it is possible to plot parameters, variables of the type 

used. For the simulation the mass flow to the radiators has logged to the “Main temperatures” of the 

output as shown in figure 10. 

 

Figure 10. Mass flow is set to be logged in IDA ICE 

Four different scenarios are set up by four different simulations. The scope is to compare how, 

temperature in the zone and how the mass flow to the panel radiator changes. In the first scenario a 

proportional controller regulates the mass flow to the panel radiator. In the second scenario a 
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proportional controller with a p-band. In the third scenario PI-control with variable set points, it has 

an integrating function and is able to use variable set points, a constant set point is used. The fourth 

scenario use a thermostat to control a valve that reduce the mass flow to the radiator, it only has to 

values – on or off. Figure 11 shows the schematic build of the room, with the P-controller with a p-

band. 

 

Figure 11. Zone in IDA ICE with the PI controller with a set point signal 

Heating curve for unoccupied/cold thermal zone 
In this section we try to simulate when the occupant of one zone leaves the own apartment for long 

time with the possibility to switch off the heating system. The expected outcome is that the 

temperature of the heated zone starts to decrease below the minimum requirements. This because 

the heat starts to flow towards the adjacent wall from the hot towards the cold thermal zone. The 

panel radiator in the hot zone does not provide enough energy for fulfilling the temperature 

requirements. This means that, the temperature of the unoccupied/cold thermal zone has to ensure 

a threshold room temperature in order to guarantee the temperature requirement in the heated/hot 

thermal zone.  Simulations are performed by setting the climate files with constant outside 

temperature. The climate files is developed from an existing climate file. The climate file is modified 

in Excel by setting the desired values of outside temperature. Several simulations are performed with 

different outdoor temperature. The process is made by set a constant outside temperature and 

lower the inside temperature in the cold/unoccupied thermal zone to which point the panel radiator 

in the hot zone no can keep the temperature requirements. The procedure then is repeated 

gradually with a 5 °C increase of the outside temperature. With the obtained values a heating curve 

is constructed. On the x-axis of the heating curve the outside temperature and on the y-axis the 

indoor temperature. A switch controls two PI controllers, one for normal room with a constant 

temperature and one for cold/unoccupied thermal zone controlled by the constructed heating curve. 



13 
 

This will make it possible to change the heating requirements to a minimum when leaving for long 

periods of time. The schematic build of the room, with the controller for the cold/unoccupied 

thermal zone with a heating curve is shown in figure 12. 

 

 

 

Figure 12. The flow control with the heating curve in IDA ICE 

Pump control 
Three different controller for the pump are simulated to compare the mass flow and energy use for 

the pump. First a thermostat to control the valve are simulated with a set point of 18 °C and a dead 

band of 3 °C. A P controller and a PI controller with a set point is simulated, both with a set point set 

point of 18 °C. When the set point temperature, which correspond to the outside air temperature, is 

reached, the pump will stop pump water to the hot zone. The setup of the first scenario is shown in 

figure 13. 
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Figure 13. PI control of the pump for zone hot water 

Simulations 
Before the simulations starts, the output object for the result file has to be selected. This will be the 

obtained values to examine when the simulations is done. The possible choices are shown in figure 

14.  

 

Figure 14. Selected values for the simulations in IDA ICE 
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Also the time for the simulation has to be set and the number of periods for the simulations. The 

time range is set to the first week in April. The periods corresponds to how many times the set time 

will be calculated, it runs in a loop to get a more accurate result. This is because in the first 

simulations IDA ICE use the default start values for example indoor temperature, which is higher than 

the normal room temperature. The result file will be the last period. All the simulations have to be 

made from the schematic model, otherwise the program deletes the schematic model and changes 

made in it will be lost. Instead it will use the default values that has been set up in the program. 

Figure 15 shows the set up for the simulation data. 

 

Figure 15. Options for simulation in IDA ICE 

Solar collector 
Three different scenario with the solar collector are set up, to investigate the power variations over 

the year. The difference between the three scenarios is the angel of the solar collector. It is set to 35 

degrees, 45 degrees and 55 degrees and the values are set up in figure 16. This simulation are 

performed for the entire year. 
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Figure 16. Slope angel of the solar collector is set in IDA ICE 
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Results 
This chapter will show and explain difference between different simulated results. 

Control strategies for the panel radiator 
The first scenario, with the proportional controller, used 106.7 kWh for heating of the building. The 

minimum air temperature is 21.4 °C and the maximum air temperature is 24.2 °C. Corresponding 

operative temperature is 20.9 °C and 24.0 °C. The proportional controller makes the temperature 

increase and descend rapid when compared to the scenario with the thermostat controller. The flow 

to the panel radiator also increase and descends rapid and flow does not stay on zero for long period 

of times compared to the proportional controller with set point signal and the PI controller. Figure 17 

shows the result of the simulation. 

 

Figure 17. The mass flow and temperatures in one room with the proportional controller 

The second scenario, with the proportional controller with a set point signal, used 102.7 kWh for 

heating of the building. The minimum air temperature is 21.2 °C and the maximum air temperature is 

24.1 °C. Corresponding operative temperature is 20.7 °C and 23.8 °C. The proportional controller 

with set point signal gives slower variations of the indoor temperatures. The mass flow decreases 

and increases rapid compared to the scenario with the thermostat controller. Compared to the 

proportional controller the mass flow stays on zero for longer period of times. This means that, there 

is a trade-off between thermal comfort and valve operations. The proportional control ensures a 

more stable indoor temperature with less oscillations, whereas the PI control lets the indoor 

temperature to oscillate more with less valve operations. Figure 18 shows the result of the 

simulation. 
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Figure 18. The mass flow and temperatures in one room with the proportional controller with set point signal 

The third scenario, with the PI controller, used 99.7 kWh for heating of the building. The minimum air 

temperature is 20.9 °C and the maximum air temperature is 23.9 °C. Corresponding operative 

temperature is 20.4 °C and 23.6 °C. The PI controller behaves much like the proportional controller, 

with the difference that the mass flow decreases smoother. Figure 19 shows the result of the 

simulation. 

 

Figure 19. The mass flow and temperatures in one room with the PI regulator 

The fourth scenario, with the thermostat, used 100.2 kWh for heating of the building. The minimum 

air temperature is 20.5 °C and the maximum air temperature is 23.8 °C. Corresponding operative 

temperature is 20.3 °C and 23.5 °C. The thermostat has an extremely choppy curve, both for the 

temperature that varies one degree constantly, and the water flow that varies from maximum water 

flow to zero water flow constantly. Figure 20 shows the result of the simulations, the values of for 

the mass flow shifts from no mass flow too full mass flow constantly causing the mass flow looking 
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like one big line.

 

Figure 20. The temperature in one room whit the thermostat controller 

Control strategies for circulation pump 
For all the different control strategies the same maximum and minimum temperatures was obtained. 

Also the mass flow curves were almost identical, the curves showed no difference at all, but when 

the numerical results is compared extremely small difference could be noticed. IDA ICE calculated the 

total energy use of the pump, so with the almost identical curves for both heating and temperature 

this was compared to determine if any difference between the pumps energy consumption was 

obtained. The thermostat energy used for heating was 106.1 kWh and the pump used 4.7 kWh. The 

PI used 106.4 kWh for heating and the pump used 4.8 kWh. The scenario with the proportional 

controller with a set used 106.2 kWh and the pump used 4.7 kWh. 

Heating curve for unoccupied/cold thermal zone 
By setting the outside temperature for constant -30 °C, simulations showed that a decrease of the 

cold zone temperature was not possible. This because the panel radiators don’t have enough power 

to heat the hot room. Simulations at this temperature even showed that the power was not enough 

to heat the hos zone even if the both room was at normal room temperature. However, this 

temperature is under the construction temperature, so the result is normal. By setting -25 °C of 

outside temperature the indoor temperature of the cold zone is kept at 15 °C in order to fulfil the 

temperature requirements in the hot zone. The operative temperature in the hot zone also has to be 

considered, since that temperature is the perceived and should not be below 18 °C and the cold 
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zones wall against the hot zone will affect the heat radiation from the occupant to that wall. The 

operative temperature decreased 0.1 °C in the hot zone compared to a set temperature of 21 °C. By 

setting -20 °C of outside temperature the indoor temperature of the cold zone is kept at 5 °C in order 

to fulfil the temperature requirements in the hot zone. The operative temperature decreased 0.2 °C 

in the hot zone. No simulation for warmer outside temperature was made for obtain values for the 

heating curve, since 5 °C was the lowest desired temperature in the cold zone due to frost damages, 

i.e. 5 °C will always be the value for the heating curve for outside temperature over -20 °C. The values 

from the different simulations to construct the heating curve is shown in table 1. 

 

 

Table 1. The result of the simulation with obtained values to construct heating curve for the unoccupied/cold thermal zone 

Outside 
temp 

Cold zone 
air temp 

Hot zone 
operative 
temp 

Hot zone 
air temp 

hot 
zone 
power 

Cold zone 
power Total power 

°C °C °C °C W W W 

- 30 21 19,3 18,5 1657 1657 3314 

       

- 25 21 19,6 21 1593 1593 3186 

 15 19,5 21 1631 1339 2970 

       

- 20 21 19,7 21 1414 1414 2828 

 15 19,6 21 1451 1161 2612 

 10 19,6 21 1481 957 2438 

 5 19,5 21 1510 754 2264 

 

Simulation results are summarized in a heating curve for cold/unoccupied thermal zone in Figure 21. 

 

Figure 21. The constructed heating curve for unoccupied/cold thermal zone 
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Solar collector 
The energy during winter is the same in the three different scenarios and can’t be affected with the 

angel of the solar collector. However, during the summer the energy distribute different due to 

different tilt angel. The result is shown in figure 22. 

 

Figure 22. The energy is distribute over the year with different slope angels of the solar collector 
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Discussion and conclusions 
IDA ICE has proven to work well for the purpose. It is time demanding to set up the simulation, but 

still much faster to get more detailed results than hand calculations. For small changes in the building 

envelope, it might be faster to calculate energy saving by hand calculations. The time to simulate 

some of the scenarios was time consuming, such as the control of the radiators. Therefore, 

sometimes simplifications of the model may be preferred to use, such as the simplified zone instead 

of the detailed zone, depending on what result is considered important. Unnecessary result in the 

result file could also be deselected to speed up the simulations. It is also possible to read the code of 

each component. It can be a big help to understand how the different parts should be set up and 

how it works and if the code has any simplifications in it. For example the radiators total emitted 

heat towards the indoor environment did not consider the radiators height, only the length. Also two 

temperature meters had to switch position to get a correct value. 

Control strategies for the radiator 
The proportional controller gave the highest energy consumption for the heating. It was also the 

controller that gave the highest temperature over the set temperature of 21 °C and it never gets the 

temperature down to the set temperature. The proportional controller with p-band used second 

most energy consumption for heating, the temperature was the much like the PI controller, but with 

a higher energy consumption, that makes the PI controller to a better option between them. The PI 

controller gave the lowest energy consumption for the heating. It also gave the most even 

temperature closest to the set temperature of 21°C, but it has a more unregularly curve than the 

thermostat. However, a better result could probably be obtained with other settings for the PI 

controller. The thermostat gave the second lowest energy consumption, but only 0.5 % more than 

the PI-controller. According to my results it gave the best climate comfort, due to the thermostats 

dead band of 1 °C it constantly varies within that range from the set temperature, but was almost 

never outside this range. 

Control strategies for the pump 
The result file showed that there was almost no difference between the different scenarios, the mass 

flow was almost the same over the period. And the temperature difference, that the different control 

strategies gave, was irrelevant, since they are too small for to affect the occupants in the building or 

event be noticed. However, a small difference in the energy consumption for the heating was 

obtained with 0.2 % difference between the different scenarios. The difference between the pump 

energy usages was 2 % more for the PI controller than the thermostat and the proportional 

controller with set point signal. However this value is not very accurate since only two value numbers 

are obtained in the result file. Due to the very small variations between the different scenarios and 

the accuracy of the result, this may not the best software to examine the most efficiency way to 

control the circulation pump and the different energy use between the control strategies. 

Heating curve of cold/unoccupied thermal zone 
IDA ICE worked well to construct a heating curve for a cold/unoccupied thermal zone. Simulations 

showed that at extreme temperature a decrease of the temperature was not possible, due to lack of 

power in the hot zone. Simulations with the heating curve also showed that the operative 

temperature did not decrease more than 0.2 °C in the hot zone at worst, compared to the 

simulations with 21 °C in both zones. This would be acceptable, since it does not reach the lower 
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acceptable limit of 18 °C. The milder the outside temperature was, the more aggressive it was 

possible to lower the temperature in the cold/unoccupied thermal zone. Without this heating curve, 

a satisfying inside climate in the hot zone would not be possible at extreme condition. 

Solar collector 
The simulation of the solar collector clearly shows how the energy is distributed over the year. This is 

a very good feature in the program that can be used if energy distribution over the year is of interest 

and the variation of it with different angels of the solar collector. 
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Appendices 
The values to determine the power requirement for the panel radiator is calculated in Excel, the 

result is shown in table 2. 

Table 2. The calculated values for the power requirement 

 DVUT – 23,2 °C 

 time constant 62,24764 h 

 Qdim 3230,467 W 

 

The values for the circulation pump and pressure drop for the pipe is shown in table 3. 

Table. 3 Calculated values for water speed, circulation pump and pressure drop in the pipes 

Water speed 10 mm  0,496836911 m/s 

Water speed 12 mm 0,690051265 m/s 

flow losses Pa tot 1053,001618 Pa 

Power pump 4,439630298 W 
 

 


