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Abstract

Making grid capacity available through heat pump
control

Karin Arding, Siri In de Betou

In this report the problem of constructing a bus depot with electrical 
buses despite the lack of grid capacity, was analyzed. A potential 
solution is investigated, namely smart control of heat pumps in 
industries. The possibility of allocating grid capacity to the bus 
depot by reducing power consumption in heat pumps during peak hours, is 
taken into consideration. The maximum amount of released capacity in an 
industrial area is calculated through the controlling of heat pumps. 
This investigation was made through simulations with a simplified 
building energy model (lumped capacity model) which was applied to a 
reference building.

After mapping the area Boländerna and the geothermal wells located 
there, IKEA Uppsala was chosen as the reference building, since a third 
of the total number of wells were found in that area. To take the whole 
capacity of Boländerna into account, the model was scaled up to 
estimate the total, possible reduction of power. The bus depot requires 
6 MW nighttime and 4 MW daytime, the total amount of electrical power 
that could be withdrawn, if all heat pumps were on maximum heat, in the 
chosen area were 0.75 MW and by controlling the heat pumps during an 
optimized level, the amount of 142 kW could be made available to the 
electric grid. 142 kW is not enough cover the need for the bus depot 
but it could supply the need for a slow charger to one of the buses and 
is therefore a possible sub-solution to the larger problem. 
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1. Introduction 

Sweden and Uppsala, in particular, are in the middle of an energy transformation. The 
production of electric energy is changing because of, for example, the closure of nuclear 
power stations, increased electricity consumption and the increased usage of renewable 
energy sources. The urbanization is also a trend that has led to an increased need of 
electric power in the cities. All of these factors have contributed to a lack of grid 
capacity in the municipality of Uppsala in Sweden (Svenska Kraftnät, 2017).  

Uppsala is a rapidly growing city, and in order to supply all the citizens transportation 
needs in the future, it is necessary to expand the bus network in a sustainable manner. 
Region Uppsala is responsible for a project concerning this matter. In order to keep the 
city sustainable and uphold a climate friendly approach, they are planning to build a bus 
depot where they want to be able to supply 180 electric buses with fully charged 
batteries (Nystrand, M, 2019). However, the lack of grid capacity is a challenge to this 
project.  

Region Uppsala have stated that they need at least 6 MW during nighttime and 4 MW 
during daytime in order to supply the electrical buses with the required power. 
However, that is not what they have been promised from the electrical grid owners. As 
of today, they have only been promised 4 MW during the night and 1.4 MW during the 
day. This means, that even if the municipality of Uppsala is aiming high in regards of 
sustainability, there are severe problems that need to be solved in order to reach their 
targets (Nystrand, M, 2019).  

One way of solving this oncoming problem could be to lower the electrical power 
consumption in other facilities around the depot and thereby reach their targets capacity 
in the grid, that could instead be used to fulfill the bus depot demands. One way of 
doing that could potentially be to lower the power consumption used in heat pumps, 
since that is a common way to adjust indoor temperature in industries. Could this be 
done in the area Boländerna, where the bus depot is going to be located?  
 
In order to investigate whether or not adjusting heat pumps is a possible way of 
managing this problem the industries within the area of the bus depot could be taken 
into considerations. For example, the 36 000 square meters big estate, owned by IKEA 
and located in Boländerna, with its over 100 drilled geothermal wells and two heat 
pumps of considerable size, could serve as an example of how the industries could have 
a positive impact on the power supply problem. Could this possible solution, contribute 
enough to fulfill Region Uppsalas electrical power need? 

This report will create a simplified energy model, based on a case study of IKEA 
Uppsala. The model will be a lumped capacity model which takes different types of 
heating and heat losses into consideration in order to simulate how much power the heat 
pumps use every hour of the day.  
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1.1 Aim 

The aim of this project is to find out how much the peak power could be reduced in the 
local electricity grid in Boländerna by controlling industrial heat pumps in Boländerna 
in the existing industrial facilities. 
 
1.2 Research question 

Our main research question is: 
By how much is it, theoretically, possible to reduce the peak power in the industrial area 
Boländerna in Uppsala, through smart control of heat pumps? 
 
To answer the main question the following sub-questions were formulated: 

- What is the total heat pump capacity in Boländerna? 
- What is the peak shaving potential for heat pumps in a representative building in 

Boländerna? 
- How much grid capacity could be made available if this peak shaving potential 

is scaled up to the whole area? 
 

1.3 Limitations 

In this project the main focus was to lower the electrical power consumption during the 
month of February and with respect to peak hours during daytime. These limitations 
were made since the winter season in Sweden is the time when most electric power is 
used due to the low temperatures and therefore that is when the capacity shortage is 
most severe (Nystrand M, 2019). The daytime limitation was made with regards to the 
bus depot needing more electric power especially during daytime and therefore it was 
crucial to solve the issue at that point of the day.  
  
There are several ways of lowering peak power in industrial buildings. Therefore, one 
of the main limitations within the project were that only heat pumps were studied as a 
way of lowering the power extracted from the electric grid at specific times. This 
limitation was made since heat pumps are considered fairly easy to operate and thereby 
easy to turn on and off. No calculations were made on the economic profit for IKEA or 
Region Uppsala. The legal aspects of the project were not considered.  
 
Another limitation with the project was to not take the comfort levels regarding indoor 
temperature within the industries in Boländerna, into consideration. Although, with that 
said, it is not sure that these regulations would affect the comfort levels in a noticeable 
way.  
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1.5 Report outline 

The report is structured as follows. Section 2 is the background section divided into 
description of heat pumps and geothermal heating, description of the bus depot and a 
description of the reference building IKEA Uppsala. In Section 3 the methodology is 
described, including a description of all the used methods and a flowchart describing 
how the project was conducted. This is followed by the data description in Section 4. In 
Section 5 the results are presented together with a sensitivity analysis which discusses 
the effects of changing involved parameters. In Section 6 the findings are discussed, and 
conclusions are drawn in section 7. 
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2. Background 
In the Background section the different parts of this project are described, which includes a 
description of heat pumps, geothermal heating, the bus depot and the reference building. 

2.1 Heat pumps and geothermal heating 

Geothermal heating is the most common type of geothermal energy in Sweden. The 
advantage of geothermal heating is that the ground returns as much as the double 
amount of energy or more, than what is added as electricity (SGU, 2019). One way of 
accessing the geothermal heat is through heat pumps that are connected to the bedrock 
through wells with a depth of between 100 and 300 meters (Lantmäteriet, 2019).  

A heat pump is a technical device that transfers heat energy from a cold sink to a heat 
sink. The heat energy does not flow spontaneous from a cold sink to a heat sink, but the 
heat pump makes it possible. The heat pump uses a small amount of external energy to 
make the process functional. The field of application for a heat pump is primary heating, 
but it could also be used as a way of cooling buildings (Energimyndigheten, 2011). The 
efficiency of a heat pump is called COP (Coefficient of Performance) which is a 
measurement for the amount of heat or cooling energy generated per added electrical 
energy (Jelley, N, 2017).  

The outdoor temperature controls the heat pump and regulates the energy. The heat 
pumps investigated in this project are geothermal heat pumps made for industrial 
purposes, that make use of the water in the bedrock. In order to take advantage of the 
geothermal heating there must be bore holes around 200 meters down in the ground 
(Energimyndigheten, 2011). The amount of bore holes in Boländerna, Uppsala, is as of 
today 370 (Lantmäteriet, 2019).  

2.2 Bus depot 

A new city bus depot is currently under construction in the city area Fyrislund, located 
in Boländerna, in Uppsala. According to today's forecast the bus depot is scheduled to 
be up and running in May 2020. Due to the lack of grid capacity, further power 
withdrawals that are allowed to be connected to the grid is limited. This is something 
that can jeopardize the entire project since the the bus depot cannot be realized without 
enough amount of electric power (Nystrand, M, 2019).  

The buses are in specific need of electric power during the hours between 10AM and 
2PM, see Figure 1. The reason for this is the charging of the buses when they are at rest, 
in other words, when they are not in traffic.  
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Figure 1: Electrical power needs for the bus depot on a typical cold winter day (Andersson and 
Bernström 2019) 

There are two types of electrical buses. The first one is the bus that charges during 
nights in the planned depot. The charging of this kind of bus is relatively slow and they 
have a battery that is optimized regarding energy, with a size of 640 kWh and a charger 
that demands 150 kW. The second type of bus is a fast charging bus with a battery with 
a size of 150 kWh and a charger that demands 300-650 kW. The electric power 
withdrawals that are allowed at the depot is currently 1,4 MW daytime and 4 MW 
nighttime (Nystrand, M, 2019).  

The need of electrical power at the depot can be divided into two main parts; base load 
and charging of buses. The base load represents the need of electrical power for the bus 
depot without any electrical buses and the charging is the total amount of electric power 
needed to charge the buses. To fulfill all the power needs at the depot, the electric power 
output must be at least 4 MW daytime and 6 MW nighttime (Nystrand, M, 2019).  

Region Uppsala’s plan is to start with a smaller number of buses and then increase the 
number over time, see Figure 2. Without any electrical buses the depot demands 2.2 
MW at the peak hours and if the vision of 180 buses realizes, the amount of needed 
power will reach approximately 13,4 MW during peak hours. Before finalizing the 
construction of the bus depot, the electric power output must guarantee to deliver the 
minimum desired amount of electric power, in other words 4 MW during the day and 6 
MW during the night. If the need of electric power cannot be guaranteed it will have 
severe consequences for the project (Nystrand, M, 2019).  
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Figure 2: A possible scenario for the development of the electrical bus depot in Uppsala (Andersson and 
Bernström 2019) 

 
2.3 IKEA Uppsala 

IKEA Uppsala is located in Boländerna, close to the construction site of the bus depot. 
IKEA oversees 100 geothermal wells at their building site, each with a depth of around 
168 meters, which means that the wells should have a total depth of around 16 800 
meters. IKEA owns almost a fourth of Boländerna’s total amount of wells, 100 out of 
370. These wells are connected to two heat pumps that supply IKEA’s cooling needs in 
the summer and heating needs in the winter. Each of the heat pumps has a capacity of 
around 660 kW and they provide IKEA with a great source of energy (Hellström, G, 
2003).  
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3. Methodology 

3.1 Methodology overview 

The flow chart in Figure 3 shows the methodology used in this project from beginning 
to end. It begins with mapping the area and identifying geothermal wells and their 
depths. The second step is to find a reference building and to map the electrical 
consumption in that building. At the third step the model is created and validated before 
the hourly simulation, duration diagram and the estimated peak shaving potential are 
created in step four. The last step is to scale up the electric consumption values from the 
reference building to the entire area.  

The sensitivity analysis is not included in the flow chart but were made in order to 
investigate the sensitivity of the model and its results.  

 
Figure 3: Flow chart of the method used in the project  
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3.2 Parameters used in the method 

Table 1: Parameters used in the methodology with descriptions and units. 

Symbol Description Unit 

𝐶𝑂𝑃 Coefficient of performance  

𝐶𝑡ℎ Heat capacitance of the building J/K 

𝑑𝑟𝑒𝑓  Total depth at the reference area m 

𝑑𝑡𝑜𝑡 Total depth m 

𝐸ℎ𝑝 Yearly electrical consumption to heat pumps Wh 

𝐸𝑏𝑎𝑠𝑒 Total base consumption during closed hours during a year Wh 

𝐸𝑚𝑒𝑠 Measured daily electrical consumption Wh 

𝐸𝑚𝑜𝑑 Modelled daily electrical consumption Wh 

𝐸𝑦𝑒𝑎𝑟,ℎ𝑝 Yearly consumption without electricity to heat pumps Wh 

𝐸𝑦𝑒𝑎𝑟 Yearly electrical consumption to entire building Wh 

𝐹 Factor used for scaling the power from reference building to the whole area  

𝐺 Solar radiation against a horizontal surface W/m2 

𝑄 Total delivered heat Wh 

𝑄𝑏 Heat from the well W 

𝑄ℎ𝑝 Electric power to heat pumps W 

𝑄𝑖𝑛𝑡,𝑐𝑙𝑜𝑠𝑒𝑑 Internal electrical consumption during closed hours W 

𝑄𝑖𝑛𝑡,𝑜𝑝𝑒𝑛 Internal electrical consumption during opening hours W 

𝑄𝑖𝑛𝑡 Internal electrical consumption without heat pump consumption W 

𝑄𝑙𝑜𝑠𝑠 Heat losses through walls, roof etcetera per time hour W 

𝑇𝑎 Hourly outdoor temperature °C 

𝑡𝑐𝑙𝑜𝑠𝑒𝑑 Number of closed hours per year h 

𝑡𝑜𝑝𝑒𝑛 Number of open hours per year h 

𝑊𝑙𝑒𝑣𝑒𝑙  Power usage at selected level W 

𝑊𝑚 Estimated heat power from a well W/m 

𝑊𝑚𝑎𝑥 Maximum power usage W 

𝑊𝑟𝑒𝑑𝑢𝑐𝑒𝑑,𝑡𝑜𝑡 Capacity made available, for entire area W 

𝑊𝑟𝑒𝑑𝑢𝑐𝑒𝑑 Capacity made available, for reference building W 

𝛬 Heat losses from ventilation and transmission W/K 

𝛼 Effective radiated area m2 

𝛽 Fraction of the internal energy that provides heating       
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3.3 Estimation of heat pump capacity 

When calculating the maximum heat power that the geothermal wells are able to supply 
and how much electrical power the heat pumps need in order to extract that heat, an 
assumption regarding how much potential heat power that could be extracted from a 
well per meter was made, and the coefficient of performance (COP) of the ground 
source heat pumps were estimated. The maximum electric power from each well was 
then calculated from the chosen COP (Björk, E, 2013, 12).  

The definition of COP is:  

𝐶𝑂𝑃 =  𝑄
𝑊

,      (1) 

where Q is the total delivered heat and W is the electric power into the heat pump. 
Another way of writing the COP factor is 

𝐶𝑂𝑃 =  𝑄𝑏+𝑊
𝑊

,      (2) 

where 𝑄𝑏 is the heat from the well. In order to calculate the maximum electrical power 
for a given heat well capacity 𝑄𝑏, it can be solved for 𝑊:  

𝑊 =  𝑄𝑏
𝐶𝑂𝑃−1

     (3) 

The maximum heat power that the wells are able to supply can be determined as:  

𝑄𝑏 = 𝑑𝑊𝑚 ,      (4)  

where d is the depth of all heat wells in the selected area and 𝑊𝑚 is an estimated value 
of how much electric power could be extracted from every meter of the wells (Björk, E, 
2013, p. 12).  

3.4 Lumped capacity model 

When collecting electric power data for the reference building, it was only possible to 
obtain data for every day rather than hourly data. In this case, the hourly data was 
essential in order to see peak hours throughout a month. Therefore, a model of the 
electrical consumption to heat pumps was necessary in order to estimate peak 
consumption and to see how much grid capacity that could, potentially, be made 
available.  
 
In order to obtain an hourly model for the heating through heat pumps into a reference 
building, the following variables and equations were used. This was done in order to 
estimate how much electric power that was used in a month when the demand of power 
to the heat pumps was high. The month could for example be chosen as February. The 
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model was thereafter used in order to see how much grid capacity that potentially could 
be made available to other purposes than heat pumps.  
 
Input data to the model was data for electric consumption every day, yearly electric 
consumption and the yearly electric consumption to heat pumps. All of these data sets 
were from a selected reference building. Other parameters used in the model are shown 
in Table 1. 
 
The yearly electricity to heat pumps was first subtracted from the total yearly electric 
consumption as: 

𝐸𝑦𝑒𝑎𝑟 = 𝐸𝑦𝑒𝑎𝑟,ℎ𝑝 − 𝐸ℎ𝑝      (5) 

𝐸𝑦𝑒𝑎𝑟was then divided into hourly consumption values, 𝑄𝑖𝑛𝑡, for each hour of the year. 
The 𝑄𝑖𝑛𝑡 values were adjusted according to opening hours within the reference building. 
When closed, a base consumption, 𝑄𝑖𝑛𝑡,𝑐𝑙𝑜𝑠𝑒𝑑, was chosen with regards to obtaining a 
minimized error in the final model. During opening hours, another value was set 
through calculating the mean value from the remaining consumption.  

𝑄𝑖𝑛𝑡,𝑜𝑝𝑒𝑛 = 𝐸𝑦𝑒𝑎𝑟−𝐸𝑏𝑎𝑠𝑒
𝑡𝑜𝑝𝑒𝑛

,     (6) 

 
where 𝐸𝑏𝑎𝑠𝑒 is the total electric base consumption during closed hours during a year and 
𝑡𝑜𝑝𝑒𝑛 is the number of open hours per year. The following equation describes how the 
temperature is changing between hours with regards to contributed heat, the solar 
irradiation, internal heat and heat losses (Sandels, C, et al., 2016):  
 

𝑇(𝑡 + 1)  =  𝑇(𝑡)  +  1
𝐶𝑡ℎ

(𝑄ℎ𝑝(𝑡)  +  𝑄𝑠𝑢𝑛(𝑡)  +  + 𝛽𝑄𝑖𝑛𝑡(𝑡)  −  𝑄𝑙𝑜𝑠𝑠(𝑡),  (7) 

where 𝑇(𝑡) is the hourly indoor temperature, 𝐶𝑡ℎ is the heat capacitance of the building, 
𝑄𝑠𝑢𝑛 is the contributed heat from solar irradiance, 𝛽is a constant describing how much 
of the internal energy provides to the heating and 𝑄𝑙𝑜𝑠𝑠 is the heat losses through walls, 
roof et cetera per hour. 
      
Equation (7) can be solved for 𝑄ℎ𝑝 in order to calculate the contributed heating or 
cooling from the heat pumps that has to be added or subtracted from the heat balance of 
internal heat, solar heat and heat losses from the building in order to reach a certain 
temperature 𝑇(𝑡 + 1)(Sandels, C, et al., 2016). 
 

𝑄ℎ𝑝(𝑡)  =  (𝑇(𝑡 + 1) − 𝑇(𝑡))𝐶𝑡ℎ  − 𝑄𝑠𝑢𝑛  −  𝛽𝑄𝑖𝑛𝑡 +  𝑄𝑙𝑜𝑠𝑠 (8) 

When heating to a constant indoor temperature, 𝑇(𝑡) = 𝑇(𝑡 + 1), the constant 𝐶𝑡ℎdoes 
not affect the contributed heat, which simplifies the expression: 
 

𝑄ℎ𝑝(𝑡)  =  − 𝑄𝑠𝑢𝑛  −  𝛽𝑄𝑖𝑛𝑡 + 𝑄𝑙𝑜𝑠𝑠    (9) 
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To calculate how the solar radiation affects the indoor temperature the following 
equation was used: 

𝑄𝑠𝑢𝑛(𝑡)  =  𝛼𝐺(𝑡),      (10) 

where 𝛼 is a factor describing how much solar energy that is transferred into the 
building when taking the surface area of the building into account. 
 
In order to calculate the heat losses from the building the following equation was used: 
 

𝑄𝑙𝑜𝑠𝑠(𝑡)  =  𝛬(𝑇(𝑡)  −  𝑇(𝑡)),   (11) 
 

where 𝛬 is a constant describing heat losses due to ventilation and transmission 
(Sandels, C, et al. 2016).  
 
When calculating how much electricity will be needed to the heat pumps there are two 
cases. One case is for cooling, with a lower COP value, and the other one is for heating, 
with a higher COP value:  

 

𝑊 =  𝑄
𝐶𝑂𝑃

     (12) 

𝑊 = 𝑄
𝐶𝑂𝑃−1

     (13) 

 
The parameters for indoor temperature (𝑇) and COP are relatively easy to assume, 
therefore these parameters are set to reasonable values. However, the variables 
𝛽, 𝛼, 𝛬 are less easy to make assumptions for. Instead, these parameters were found by 
fitting the actual daily electrical power consumption, and to minimize the error of the 
model, the MATLAB function “fmincon” was used, which is a MATLAB function used 
for finding the minimum of a constrained nonlinear multivariable function. 
 
The error between measured electrical consumption and the modelled consumption was 
quantified through the root mean square error (Li, Y, 2010): 
 

𝑒 = √(𝐸𝑚𝑜𝑑−𝐸𝑚𝑒𝑎𝑠)2

365
,      (14) 

where 𝑒 is the error, 𝐸𝑚𝑜𝑑 is the modelled consumption values and 𝐸𝑚𝑒𝑎𝑠 is the 
measured consumption values.  

3.5 Peak shaving calculation 
To estimate the potential peak shaving in heat pumps with the validated method, levels 
of potential savings are selected from a duration diagram. The levels are selected 
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through a percentage of the maximum electrical power withdrawal and through one 
optimized level which is chosen with regards to obtaining large savings during as little 
time as possible. This method is used with regards to the assumption that the reference 
building requires constant temperature. The reduced power is calculated as: 
 

𝑊𝑟𝑒𝑑𝑢𝑐𝑒𝑑 = 𝑊𝑚𝑎𝑥 − 𝑊𝑙𝑒𝑣𝑒𝑙 ,    (15) 
 

where 𝑊𝑚𝑎𝑥 is maximum power usage and 𝑊𝑙𝑒𝑣𝑒𝑙is power usage at selected level.  
 
3.5 Scaling methodology 
In order to scale the model over one entire area of similar buildings a scaling factor was 
calculated. The building with the highest impact on the electrical consumption to heat 
pumps, IKEA Uppsala, was used as the reference case, thereafter the depth of the wells 
connected to IKEA was divided with the total depth of the wells in the entire area: 
 

𝑝 =  𝑑𝑟𝑒𝑓
𝑑𝑡𝑜𝑡

      (16) 

 
Through that, a factor was given which was used to scale the potential release of 
electrical power in the area 

𝐹 = 1
𝑝
       (17)  

      
In other words, the factor multiplied with the released grid capacity from that building, 
gives the total potential of the area: 
 

𝑊𝑟𝑒𝑑𝑢𝑐𝑒𝑑,𝑡𝑜𝑡 = 𝑊𝑟𝑒𝑑𝑢𝑐𝑒𝑑𝐹     (18)  
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4. Data 

In the data section the assumed parameters used in the model, the chosen area, the 
reference building, the electrical power consumption and the temperature are 
presented. 

4.1 Assumed parameters 

A few assumptions were made in order to calculate the estimated heat pump capacity 
and to set fundamental parameters in the building model. These values are shown in 
Table 2. The COP was chosen as a relatively low value, in order to not overestimate the 
heat pump capacity (Jelley, N, 2017). Ground-source heat pumps can have higher 
COPs, but this value was chosen in order not to overestimate the maximum power. The 
estimated heat power from the wells, per meter was estimated to 30 W/m as it is stated 
to be a desirable minimum level when making a well (Björk, E, et al. 2013). 

When constructing the lumped capacity model for the building, a few estimations were 
made. The base consumption and the consumption during open hours at IKEA were 
estimated to different levels through comparing the errors at different values. The 
temperature was chosen to a reasonable comfort level, see Table 2.  

Table 2: Assumed parameters used in further calculations 

Estimated heat power from wells, per meter [W/m] 30 
 

COP 3.5 

Base consumption [kWh] 258 

Consumption during open hours [kWh] 402 

Temperature [°C] 18 

      

4.2 The chosen area - Boländerna 
Boländerna as an area was chosen since the bus depot will be placed at the edge of 
Boländerna. It is therefore likely that the industries in the area share the same grid as the 
depot and that the electric power used at IKEA could correlate to how much power that 
is available at the bus depot.  
 
The choice was also based upon the high number of geothermal wells in the area. The 
limited area in Boländerna contains 395 wells, whereof 370 are geothermal wells and 
therefore relevant for this project (see Figure 4).  
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Figure 4: Limited area in Boländerna with the reference building shown in red. Every point show where 
there are drilled wells used both for geothermal heating and for other usage (data from Lantmäteriet, 
2019). 

4.3 Reference building 

IKEA Uppsala oversees over 27 % of the total amount of geothermal wells in 
Boländerna, namely 100 out of 370. Their open hours on weekdays are 10 AM - 20 PM 
and 10 AM - 18 PM on weekends. 

A majority of the properties in Boländerna in charge of heat pumps have similar 
operation patterns, opening hours and purposes as IKEA. Some examples of properties 
with a large number of geothermal wells are Lantmännen with a total depth of 5847 m, 
Biltrean with 5339 m, Bilmetro Trucks with 4586 m, RA Motor with 4486, a concern 
building with 3658 m and finally Anticimex in charge of wells with a total depth of 
1995 m. Together these buildings represent 41 % of the total depth of the geothermal 
wells of Boländerna. The choice of IKEA as the reference building was made, based on 
the reasons above.  

4.4 Electrical power consumption and temperature 

The total amount of electricity consumed in IKEA during 2018 was 3 000 MWh (see 
Table 3), used for lighting, ventilation, heating and remaining electrical sources (Wahl 
2019). Heat pumps stand for around 10 percent of the total amount of electrical power 
consumption in industrial buildings in general (Björk, E. et al. 2013) and during 2018 
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the number of electricity used in heat pumps at IKEA was 320 MWh (see Table 3), 
which is almost 11 percent (Wahl, E, 2019). The electricity consumption during the 
reference month, February 2018, was 280 MWh (Wahl, E, 2019) where approximately 
29 MWh was used for the heat pumps (Björk, E, et al. 2013), see Figure 5.  

Table 3: Electrical power consumption at IKEA Uppsala during the reference month, February 2018 

      2018 February 2018 

Actual electric consumption [MWh] 3072 280 

Actual electricity to heat pumps [MWh] 317 29 
 

The human body irradiates heat every minute, approximately 1 W/ kg body mass. An 
average Swedish person’s weight is 75 kg and the number of visitors at IKEA Uppsala 
are 1.5 million people per year, equal to 437 people per open hour (Skorucak, A, 2019). 
This gives an irradiated heat of 75 multiplied with 437 which is approximately 30 kW. 
This is of negligible size in comparison to the total electric power used per hour and is 
therefore excluded in further calculations.  
 
The average temperature of the reference month, February 2018, was -4.24 °C (see 
Figure 6) and the temperature in February did not vary substantially during the 19th 
century. With this as background, February 2018 was the only month investigated since 
it is thought to be a good representation of an average February month. The average 
solar irradiance was 33 W/m  for February 2018, which is also a representative mean 
value of the average solar irradiance during February during the 19th century. 
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Figure 5: Daily electric consumption at IKEA Uppsala during February 2018 (Wahl, E, 2019) 

 

Figure 6: Daily average temperature per day at the weather station “Uppsala AUT” located in the centre 
of Uppsala (SMHI, 2019). 
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5. Results 

In this section the results are presented in order to answer the research questions. A 
sensitivity analysis is included for examining the sensitivity of the model. 

5.1 Heat wells 

The total depth of the geothermal wells in Boländerna was calculated to 62.5 km which 
can result in a maximum of 1,8 MW in heat power available to extract to the buildings. 
When producing this amount of heat power, around 0.75 MW electrical power is 
required. The total amount of this electric power is probably not taken advantage of, nor 
can it be reduced to zero while in practice as it would result in discomfort within the 
buildings. IKEA’s geothermal wells have a total depth of 14.7 km, which represent 24 
% of the total depth of the wells in the area.  

5.2 Optimizing parameters 

When optimizing the parameters 𝛽, 𝛼, 𝛬 through the “fmincon” function, the following 
values were obtained:  

𝛽 = 0.2460  

𝛼 = 0 𝑚2 

𝛬 = 12.6946 𝑊/𝐾 

 
This means that in the validated model, the sun heating, 𝑄𝑠𝑢𝑛, will not affect the heat 
inside the building enough to be taken into consideration.  
 
5.3 Modelled electrical consumption 

In the finalized model with the simulated daily consumption compared to the measured 
one shown in Figure 7, it can be said that the modelled and the actual graphs are 
relatively similar. The peak hours are located during the same time duration and during 
the reference month, February the lines follows each other well.  

In Figure 8 the hourly values over February 2018 are displayed. The fluctuations 
describes the differences between nighttime and daytime. The highest power drawn 
during February is, according to Figure 8, 520.2 kW (see Table 4).  
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Figure 7: Modelled daily electrical consumption during 2018 versus the actual consumption throughout 
the year.  

 

Figure 8: Modelled hourly electrical consumption per hour during February 2018. 

In Table 4 the modelled values for the electric consumption are displayed. When 
comparing these values with the actual values shown in Table 3 it is clear that the 
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modelled and the actual values differ a little. For the electricity to heat pumps during 
2018 the actual value is 3072 MWh and the modelled value is 3130 MWh. For the 
electricity to heat pumps during February 2018 the actual value is 29 MWh and the 
modelled value is 27 MWh.  

Table 4: Modelled electric power consumption at IKEA Uppsala during the reference time 

Modelled maximum power [kW] 520.2 

Installed heat pump capacity [kW] 1320 

Modelled electricity to heat pumps during 2018 [MWh] 3130 

Modelled electricity to heat pumps during February 2018 [MWh] 27 
      

In Table 4 it is also displayed how much the installed capacity is at IKEA and how 
much its modelled maximum power is in February 2018. These values show that IKEA, 
during maximum hours in the reference time, uses around 40 % of their maximum 
capacity.  

5.4 Validation of the model 

The electric consumption of IKEA reaches a daily mean value of 8 417 kWh during 
2018. The error between modelled and actual consumption (see Figure 11) is 965.83 
kWh, which is 11.5 % of the daily mean value.  

 

Figure 9: Error between modelled consumption and actual consumption.  

In Figure 9 two lines are visible. The black line is a reference line where a straight line 
is adapted to the data points. The blue line displays how the data points would have 
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been placed if there were no errors between the modelled and the actual values. The 
different gradients of the lines are thereby an easy way to see with how much they 
differ.  

5.5 Reduced electrical consumption 

If, in order to make an example, an assumption is made, that all the industries with 
geothermal heating in Boländerna, during a specific moment use all their heating pumps 
at maximum power, it would consist in a total of 0.75 MW in released grid capacity. 

A duration diagram displays how many hours a certain power was measured. In this 
case the duration diagram displays the peak hours to the left and the lowest power, 
which is when there is almost as low as the base consumption during closed hours, to 
the right. Four levels were chosen with regards to the maximum power during February, 
namely 520.2 W. The values were 10 % of maximum, 20 % of maximum, 30 % of 
maximum and an optimized level that only affected the peak hours.  

 

Figure 10: A duration diagram which displays how the different levels of electrical consumption vary in 
time during February. The horizontal lines show different electrical power levels, all with increasing time 
interval.  

As shown in Figure 10, one way of saving electrical power is to reduce the peak power 
that is shown above the orange line, 10 percent of maximum. That would mean a 
reduction of the heat pumps during 138 hours in total during all of February, which is 
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around 6 days. It means that the heat pumps would be power reduced around 20 percent 
of the total time of February. To turn them off during these 138 hours would sum up to 
a reduction of the electrical power of 52,3 kW.  

If instead observations are made by looking at the next peak level, 20 percent, we are 
observing that the heat pumps would have to be power reduced during a longer time, 
namely 265 hours which would consist in an adjustment period during about 39 percent 
of the total time of February and in other words around 11 days. This adjustment would 
make 115.4 kW of the grid capacity available. 

The last level, which is the 30 percent level, shows that the heat pumps would be 
affected during a time period of 363 hours or around 15 days. That means that this 
regulation would affect the heat pumps more than 50 percent of February. The 
adjustment would make 155.6 kW capacity available.  

Apart from these standardized levels, that are chosen as a percentage of maximum, an 
optimized level was added. The focus when choosing the optimized level was to lower 
the electrical consumption as much as possible during as short time as possible. As 
shown in Figure 10, there is a peak above the optimized level that could imply that the 
changes of how to operate the heat pumps would not be to extensive. When changing 
the operation pattern during these 38 hours, about 34 kW could be available.  

From the optimized level in the reference building IKEA, a value over the entire chosen 
area is calculated through the factor of 4.17. The entire area could, through calculations 
with this factor, release around 142 kW during peak hours if the power to heat pumps 
would be lowered to the optimized level. The total grid capacity made available over the 
entire area, from the different levels, are shown in Table 5. 

Table 5: Table showing how the different levels affects the amount of released electrical power 

Level Optimized 10 % 20 % 30 % 

Reduction in power at IKEA [kW] 34.0 52.3 115.4 155.6 

Capacity made available in Boländena [kW] 142.0 218.1 481.2 648.9 

Affected hours [h] 38 138 265 363 

Capacity made available per hour [kW/h] 3.7 1.6 1.8 1.8 
 
It is shown in Table 5 that the capacity made available per hour differs in the different 
levels. The numbers display how much capacity that is saved per hour when the heat 
pumps are regulated. The highest value is in the optimized level when 3.7 kW/h is 
registered, and the lowest value is at the 10 % level when it is only 1.6 kW/h. 
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5.5 Sensitivity analysis 

5.5.1 Choosing parameter 
By changing the parameters for temperature, COP-value and base consumption the 
model is investigated with regards to sensitivity. These parameters are evaluated on the 
basis of that they are assumed with regards to probability and are thereafter optimized in 
order to receive as small error as possible.  

5.5.2 Changing one parameter 
When changing the temperature to a 10 % lower value the duration graph moves down 
on the y-axis, still following the same pattern. The lowering in electrical consumption 
depends on that the consequences of a lower temperature is a reduced need of heating 
which means that the electrical consumption will be lowered. If the temperature changes 
to a 10 % higher value, the case will be repeated but the line will move up on the y-axis 
instead and more electricity will be required. By lowering the indoor temperature, the 
reference building requires less electrical power and the error between modelled and 
actual consumption would decrease but due to reasons such as comfort, a temperature 
value less than 18°C is not a reasonable option. 

If the COP-value is changed to a 10 % higher value the duration graph moves down on 
the y-axis, when changing the COP-value to a 10 % lower value the line will move up, 
meaning that the higher COP-value the less amount of electrical power is required. The 
efficiency increases with a higher COP-value, and for values up to around COP = 5, it 
results in a lower error between modelled and actual consumption, but a value that high 
is not reasonable for an average heat pump.  

Changing the base consumption to a 10 % higher value moves the duration graph down 
on the y-axis and results in a lower required amount of electrical power. The 
consequence from this is an increased error between modelled and actual electric 
consumption. If the value is changed to a 10 % lower value the calculated line will 
move upwards on y-axis and less electric consumption will be needed, this relation 
displays in Figure 11. In this case the error between modelled and calculated electrical 
consumption will be lower than in the original case.  

The new peak hours, when changing the base consumption, is equal to the original peak 
hours, that measure up to 38 hours of changed operation pattern. If the goal was to reach 
down to a predetermined level, for example the same place on the y-axis as the 
optimized level in the original graph, the result would be different. The heat pumps 
would have to be put on a lower power withdrawal during around 260 hours to reach 
this predetermined level. Although, this is not the desired case here as the goal is to 
reduce the peak hours which would result in the same difference as in the original case.  
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Figure 11: Duration diagram for February. The red line shows the model result when base consumption 
is 258 W, the blue line is the same model but with a lower base consumption, namely 208 W.  

5.5.3 Changing several parameters 
When changing several parameters in the model at once, one can register a difference in 
how the duration diagram develops. In order to state an example, in Figure 12, the 
parameters temperature, COP and electrical base consumption are 10 percent higher 
respectively 10 percent lower than originally stated in the model. In the figure it is 
observable that these changes affect the duration diagram. The biggest difference is 
when lowering the parameters as the curve then gets straighter without fluctuations. 
This shows that, with lower parameters, the electrical consumption is more even 
throughout February.  

Despite the differences between the curves displayed in the Figure, it is visible that the 
peak values are located during the same duration in time and they seem to have similar 
differences on the y-axis. This gives, that although changing the parameters, the result 
in an adjusted optimized level would be very similar to the presented results from the 
original model.  
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Figure 12: Duration diagram which displays how the different levels of electrical consumption varies in 
duration during February. The red line shows when the parameters (temperature, COP and base 
consumption) are changed to 10 percent higher values and the yellow line shows when the same 
parameters are 10 percent lower than originally.  

When looking at the errors while changing all the earlier mentioned parameters, it is 
shown that the original error, which is 965.83 kWh differs from the changed cases. 
When lowering the parameters with 10 percent each, the error becomes 960.2 kWh. If 
instead, rising the parameters with 10 percent each, the error becomes 972.42 kWh. This 
shows that lower parameters give better adjusted values to reality, although the 
difference is fairly low.  

The gap, shown in Figure 12, at around 280 hours, is likely to be caused by the 
difference in electric power consumption between day and night. During the night the 
only consumption (apart from the heating pump consumption) is the base consumption. 
Hence, low base consumption results in a high open hour consumption. The larger the 
gap, the lower base consumption.  
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6. Discussion 

In this section the results are discussed in order to answer the research questions. The 
section is divided into three parts, theoretical discussion, model discussion and future 
research. 

6.1 Theoretical discussion 

Region Uppsala has a clear goal with this project, to find ways to optimate the electric 
grid in order to make electric power available to their bus depot. This needs to be done 
in order to fulfill their need of electrical power, which is defined as 4 MW during 
daytime and 6 MW during nighttime. Is there any way to fulfill this goal, or to at least 
be a part of a sub target in the journey, through controlling heat pumps in the industrial 
area of Boländerna? 

According to the assumption that during a cold winter's day, all the heat pumps in the 
area uses maximum power, which is turned off during a limited time, 0.75MW would 
be released to other purposes. The goal is to release at least 2.6 MW during daytime, of 
which 0.75 MW is around 30 percent. That means that even in the most optimal case, 
enough peak shaving potential would not be released.  

However, this does not mean that all of the industries in Boländerna and their heat 
pumps are useless when it comes to making grid capacity available. In fact, they could, 
in theory, contribute with a considerable amount of electrical power if turning off all of 
their heat pumps at once. However, is it a possible solution to turn all heat pumps off 
like in this assumption? It is likely to believe that such a radical solution could be 
difficult to achieve regarding, for example, collaborations between industries and 
comfort within the industries. Even so, it gives a nice overview of how much electricity 
the heat pumps are using at the coldest hours of the year.   

 
6.2 Model discussion 

Through the model, a peak level was observed, which then was used in order to find an 
optimized level of how much peak power that could be saved during the month of 
February. This gave the peak shaving potential of 34 kW if regulating the heat pumps at 
IKEA for 38 hours. In the entire area of Boländerna this gave a total of 142 kW during 
these 38 peak hours.  

By lowering the level with 10 % of maximum, an amount of 218.1 kW would be 
released, by using the level with 20%, an amount of 481.2 kW and finally with the level 
30 % an amount of 648.9 kW would be released.  
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When evaluating the efficiency per hour of the different levels it was clear that the 
optimized level gave the most efficient result, 3.7 kW/h compared to 1.6 kW/h, 1.8 
kW/h and 1.8 kW/h. Based on this result focus was set on the optimized level.  

The goal of releasing 2.6 MW in order to fulfill the need of the electrical bus depot is 
not possible if just looking at the limited area in Boländerna and using the optimized 
level, the highest amount of released electrical power is not large enough to reach the 
goal set by Region Uppsala. Neither could any of the other levels release enough 
capacity to cover the need of the bus depot. In the higher levels the heat pumps would 
be required to be on a lower capacity for around 6, 11 respectively 15 days. When doing 
so it is likely that the indoor temperature would be affected since the mean temperature 
during February is around -4 degrees. Hence, it would probably not be a solution that 
the industry owners would be contented with and therefore there would be troubles 
implementing this peak shaving.  

Even if it is not possible to release as much as needed through regulating heat pumps in 
the suggested way, it could still be valuable to shave the peak power in this manner. 
One charger, to a slowly charged bus, needs 150 kW in order to fulfill its purpose, that 
means that the grid capacity made available, would almost be enough to supply one 
charger with power. It could also be seen as a part of the base load, since the bus depot 
will have a base load of around 2.2 MW. Based on this model, this amount of electric 
power is not possible to make available. Although, a 6.5 percentage of the entire base 
load could be made available through the heat pump regulation, which is worth taking 
into consideration when searching for a solution.  

When lowering the electric consumption, the indoor temperature may be affected in a 
negative way. The probability for the temperature to be affected rises with the time of 
regulation. This gives that it is likely that the industries themselves are more recipient 
towards a smaller change in time. With other words, the most probable case to 
implement in actual estates, is the one that spans over the shortest time, ergo the 
optimized level.  

6.3 Future research 

Region Uppsala have even more futuristic goals of expanding the bus depot to a number 
of 180 buses, a plan that would require 13,4 MW available from the electric grid. 
Looking at the modelled results, the heat pumps in Boländerna will not be able to fulfill 
this amount of electrical consumption either, which implies that there must be further 
investigations and solutions. 

In order to expand the amount of released grid capacity and to improve the model, 
several adjustments could be made. Region Uppsala could, for example, expand the 
limited area from Boländerna to include a wider area of Uppsala and their heat pumps. 
Another way to expand the grid capacity made available, is to improve the coefficient of 
performing factor of the heat pumps up till a value of 5. With a higher COP value, the 
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efficiency increases, and the buildings will need less electrical power for heating. The 
consequence of a smaller amount of electrical power needed for heating the buildings, is 
a higher amount of available electrical power in the grid that can be used for the bus 
depot for example.  

Another way of lowering the heating electrical power usage, is by making the buildings 
more energy efficient through different optimization processes such as isolating, 
adjustable ventilation or improved sealing by windows and doors. 

For other further research studies, the lightning system at industries could be 
investigated in order to make more capacity available, hence it is the largest consumer 
of electrical power in industrial buildings.  
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7. Conclusions 
In order to fulfill the needs of the bus depot, the peak shaving potential have to make 
2.6 MW during daytime and 2 MW during nighttime, available. The total number of 
geothermal wells in Boländerna is 370, the majority of them oversees by IKEA 
Uppsala, and the total amount of electric power that can be used by the heat pumps 
connected to a total depth of 62.5 km is 0.75 MW. This means, that even theoretically, it 
is not possible to make enough electric power available to the grid. This is visible since 
the heat pumps only use a maximum of 0.75 MW and the Region Uppsala needs 2.6 
MW during daytime. In other words, the electric usage to the heat pumps is smaller than 
the desired power to the depot and could therefore not fulfill the need even if all heat 
pumps were turned off.   

In order to lower the electrical power consumption, four different levels of the 
maximum power withdrawal were investigated. These levels were selected in order to 
make the results practical applicable and to make the change as efficient as possible. 
When lowering the electrical consumption with 10 % of maximum a total of 218 kW is 
released in the whole area of Boländerna for 6 days. If instead, lowering the electrical 
consumption with 20 % of maximum, 481 kW is released during 11 days for other 
purposes. In the last percentage level, 30 % of maximum, 649 kW is released during 15 
days. An optimized level was calculated to release 142 kW for 38 hours, which is 
approximately 1.5 days.  

The peak shaving potential for a representative building in a Swedish industrial area is 
in this report, calculated to 34 kW when regulating the heat pumps during 38 hours. 
This results in a total peak shaving potential of 142 kW over the entire area.   

These levels show that the level with most released grid capacity per hour is the 
optimized level, with its 3.7 kW/h compared with the 10%-level with only 1.6 kW/h. 
This yields that the optimized level is a reasonable first sub-goal towards reaching the 
2.6 MW goal. 

In this project it is shown that it is not possible to save enough electrical power through 
controlling heat pumps in Boländerna solely, although it could be a part of a bigger 
solution.  
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