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Abstract 

This paper was motivated by the spread and implementation of Heat Pumps being used 

for heating detached homes. General media on the subject suggests high levels of use yet 

actual figures are not as high as expected. Specifically this paper focuses on the use of 

ground source heat pumps in central Sweden. A single theoretical home was created and 

the technical specifications of this household identified. The heating requirements for this 

potential household were also identified. Two systems were created around this 

household; one heated by a heat pump and the other by direct electricity. Using the 

Design of Experiments Method and Monte Carlo simulations, an assessment was made 

on what the systems would cost over their lifetimes. 
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1 Introduction  

1.1 Background  
 
The majority of single-family houses in Sweden are heated through a combination of Bio 

Fuels and electricity (Statens Energimyndighet, 2011). Data gathered from Swedish 

households shows that households use a combination of heat sources, most households 

employing more than one form of heating. Which raises the question; is there a heat 

source that is being overlooked? Especially in an age where the environmentally friendly 

nature of energy is increasingly important, is there a better environmentally friendly 

choice? Is there a choice that is conscious as well as economically viable? 

 

1.2 Goal 
 

 
By using statistical simulation this paper aims to identify the most likely costs of 

implementing a heat source in a new single-family house. In doing this, the aim is to 

identify whether or not there is a fiscal barrier towards installing this type of heating 

system in a single-family house in Sweden. If there is a barrier what are the conditions 

for this barrier and what is supporting it? 

 

1.3 Scope  
 

The project has several limiting factors and constraints. A main constraint, the time 

allowed to complete the project has meant that the project has had to be narrowed down. 

Only 400 man hours have been assigned to complete the report. Limitations include; 

 

- The project is only considering new single-family house. Installations into 

existing houses are not covered. 

- This is an economic as opposed to an engineering paper, the technical aspects 

of heating a building, such as ventilation, transmission and infiltration will not 

be considered.  

- The same applies for heating equipment. The technical aspects of equipment 

output will not be discussed. Figures garnered from manufactures and 

suppliers will have to be taken at face value and open to critique. Only factors 

affecting costs will be assessed. 

- The project will not take into account the amount of additional power required 

to run non-heating equipment, such as lights or appliances. 

- The paper is based on statistical simulation. The system created will be based 

on a % interval and no direct, concrete answer will be made available.  
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2 Methodology  
 

This paper has been written with the mind-set of an inductive approach. As per the oxford 

dictionary, if something is inductive it is “characterized by the inference of general laws 

from particular instances” (Oxford Dictionary, 2012). An attempt will be made to 

identify a hypothesis and create a theory from the assessment of observations. The 

observations will be quantitative rather than qualitative, something which is not 

synonymous with an inductive approach. 

This approach will be conducted within the guise of an experimental framework. This can 

be characterised as an environment within which the user can manipulate factors and 

observe the results (Tesfatsion, 2009).  

2.1 Research Approach 
 

It became apparent early on, that the initial scope of this paper to include all of the 

choices available on the market for inclusion was unfeasible. There were too many 

parameters for each heat source, especially parameters of a technical nature. As such, to 

narrow the paper down and make it more valid, the decision was made to assess an 

existing choice of heating that was not widespread and assess the reasons for this.  

Once the scope was narrowed the style of analysis could be determined. Monte Carlo has 

been used in the past to predict energy costs. This paper will follow a path similar to that 

from Kathleen Cullen (2009). In it she uses MCS’s to predict electricity prices and 

energy demand in the future. 

 

According to Cullen there are 5 steps that should be followed when conducting this type 

of analysis (Cullen, 2009); 

 

“1. Define the situation and develop the model in a spreadsheet. 

2. Identify which variables are affecting the outcome and develop distributions for these 

variables (Design of Experiments, DOE). 

3. Assess correlations between the variables and enter this into the probabilistic program. 

4. Use simulations (MCS) to develop the relationships. 

5. Describe the outcome and advise of the best possible solutions.” 

 

This paper will follow these steps. 

2.2 Research Design 
 

Two systems will be created. One that will consist of a single household heated purely by 

equipment that uses no fossil fuels and is considered environmentally friendly, System A. 
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The other system will act as a comparison point and will be heated purely by electricity 

from the Swedish power network, System B.  

Correlations between the two systems will be assessed and compared over a length of 

time. The correlations over the time frame will be simulated to asses whether or not a 

cost barrier exists, preventing the implementation of System A. 

A hypothesized approach to the problem would require a question. For this paper the 

question needs to identify if costs are the reason that there are not more single-family 
houses in Sweden that are heated by non-fossil fueled heat sources. The question; 

Is the cost of installing an environmentally friendly heating system in a single-

family household, the cause for its limited use in Sweden? 

 Where the null hypothesis; 

H0 : The barrier to a greater implementation of ground source heat pumps, in 

single family homes in Sweden is comprised of factors other than cost. 

H0: System A Cost < System B Cost 

The alternate hypothesis; 

H1 : There is a cost barrier to ground source heat pumps systems in a single-
family houses in Sweden.  

 H1 : System A Cost > System B Cost 

2.3 Data Collection 
 

Collecting data on system costs was made simple through the use of the IVT Heat Pump 

Calculation Software; VPW2100. Without this software, the calculations for this paper 

would have been multiplied exponentially. The software provided amongst other things, 

how much heat an individual, unique household would require in Kilowatt hours (KwH). 

With the adjustment of its input parameters, the amount of heat required was reflected 

and constantly modified with each changed input. 

Having the data provided by VPW2100, additional costs for System A were taken from 

suppliers and manufacturers, such as; capital expenditure, maintenance, and installation. 

These costs had to be taken at face value. There were wide ranges and no concrete 

number could be given. Obviously, no two households would have the same maintenance 
or installation costs. 

2.4 Validity 
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Whatever the outcome of this paper, the results need to be valid, legitimate and reliable. 

For this to be the case the inputs of this paper need to adhere to the same conditions. If 

the input data does not adhere to these conditions then the paper is of no use to anyone. 

The major sources of information in this paper have been Statistics Sweden (SCB), 

Swedish Energy Agency and IVT Heat Pumps. As a government funded organisation and 

the largest collector of data in Sweden, Statistics Sweden should be considered as a 

reliable source of information. This assumes of course that its methods, internal controls 

and measures are all up to standard and infallible. Without the SCB this paper would 

have taken much longer to compile the data and so I must assume that its data is valid. 

The Swedish Energy agency can also rest on the fact that it is the energy oversight for the 

whole of Sweden and the largest collection of data on energy. 

The access provided by IVT to their VPW2100 software was an integral component of 

this paper. As one of, if not the largest supplier of Heat Pumps in Sweden, using the 

software meant that I am placing my trust in the same hands that thousands of Swedish 

homes have also placed their trust. The success of IVT illustrates that this trust is not 

misplaced. 

In order to truly understand the software and to identify the influencing factors, it was run 

thousands of times, before a selection of variables could be identified as having a higher 

level of influence on the product. Having done this, I have a higher level of confidence in 

the end product and data set. 

If there is a weakness to be identified it may be that one does not agree with my approach 

to the problem. As long as the data is reliable then the approach can be disputed, as there 

will always be differences of opinion. Using a pre certified approach, similar to that of 

Cullen, there should be less dispute than one would normally expect. 

 

3 The Systems    
 

This chapter highlights the choices surrounding each system. Each system will be 

discussed individually at first, until being combined and compared in the analysis. This is 

step one of the Cullen process; state the situation. 

 

3.1 System A 
 

In System A the household will be heated by a ground source heat pump (GSHP). A 

location for the system has been chosen according to the climate zone of that area. 

System A will have only one of kind heating system. The GSHP is required to cover all 
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the heating and hot water needs of the household. This system will transfer the heat 

created through a water borne system in the floor of the household. 

In order to identify the costs of this system, the VPW2100 was employed to provide the 

amount of energy required to heat a household in Kilo Watt hours (kWh). This energy 

could then be priced. To obtain an amount of energy from the software, certain variables 

were adjusted and some were left fixed in order to create a data set. 

 

Input Variables that were adjusted; 

1. Heated Floor Area – A household size in meters squared of heated floor space was 

chosen as a representation of a Swedish household. A minimum of 55 and maximum 

of 210 was identified. 

 

2. Flow Pipe Temperature – A figure that determined the flow temperature of the pipes 

drawing heat from the boreholes. Temperatures would range from 30 through to 35. 

 

Input Variables that were fixed; 

 

1. Physical Location – Östersund kommun – Bringåsen 

 

2. Housing Style – A single level household with one floor. 

 

3. Room temperature – Calculated as 20 degrees centigrade. 

 

4. Number of people - this study will consider the number of persons living in the 

household as 3.  

 

5. Amenities – This house will have a bathroom that has a shower and no bath or hot 

tub. 

 

6. Required power/load coverage %  - The heat pump will be dimensioned to cover 75% 

of the heating requirements 

 

For a full list and a detailed description of all variables please see the appendices. The 

IVT manual for the VPW2100 software is Item 1 appendix. 

 

These variables provided us with a sample data set that showed for that combination of 

input variables;  

  

1. The total heat demand for the household in kWh. 

2. How much electricity the GSHP would require to run in kWh. 

 

System A takes item 2 and costs the kWh at the price of electricity paid by detached 

homes. This cost is extrapolated over the lifetime of the GSHP, 20 years and summed. 
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The price of electricity used to cost each year is adjusted according to the pattern of 

electricity prices over the last 15 years and adjusted according to the consumer price 

index. This cost is added to the capital investment of the GSHP as well as the installation 

costs and maintenance costs over its lifetime. This is the total cost of System A and the 

cost I will compare against System B. 

 

3.2 System B 
 

System B will be heated purely by electricity. This system will use electrical floor 

heating to transfer the energy. The electricity will come off the national grid and no 

distinction will be made on the source of that electricity. The figure that represents Item 1 

above; the total heat demand for the system, will be used to identify how much energy 

System B requires to heat it. The price of this energy will be calculated at the same price 

of electricity that was used in System A. This annual energy, priced and extrapolated over 

the 20 years will act as our second data set and point of comparison against System A. 

4 Theory Surrounding the Problem 
 

This chapter will justify the choices made for the two systems. The strengths in these 

choices will be identified, as well as the negative factors associated with each choice. The 

reasons for choosing a heat pump, the specifications of the household and the pricing of 

electricity will all be discussed. 

 

4.1 Ground Source Heat Pump 
 

In 2010 heat pumps were installed in 46% of all detached homes in Sweden (State 

Energy Department, 2011). However, the majority of this 46% was covered by air heat 

pumps, with only 17% having ground, water or surface soil pumps installed (State 

Energy Department, 2011). This means that there are over 900,000 detached homes that 

do not have any kind of heat pump installed. In choosing a heat pump to heat this 

household I fulfill my goal of assessing a heat source that is not widely in use. 

There are currently 4 types of heat pump available; surface soil, air to air, water and 

ground source heat pumps. Air to air relies heavily on fan ventilation and is at its best 

when combined with direct electricity heating systems (SVEP, 2011). The water bourn 

heat pumps rely on the water table or indeed the sea being easily accessible. When 

determining a location for this system, the proximity of water was not considered as such 

water and sea dependent heat pumps could also be ignored. Surface soil requires large 
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amounts of space to install, something that was also not considered. This left only ground 

source heat pumps (GSHP) as a viable option for the system. 

By only choosing one heat source I am exposing myself to the fact that only 29% of 

Swedish households have only one heat source, none of which are renewable or 

considered environmentally friendly (Statens Energimyndighet, 2011). 

4.2 Heat Transfer  
 

To transfer the heat through the household it was decided that both systems would 

employ floor heating. It was important that both systems employ a similar transfer 

method or else the comparison would not be appropriate. 

There are several reasons behind choosing floor heating as opposed to radiators in the 

household. From my point of view it allows this paper to avoid identifying how many 

rooms in the household. If radiators transferred the heat, the number and size of each 

room would have to be identified before assessing how many radiators were required. It 

is also simplified the estimation of installation costs as floor heating can be priced per 

meter squared. 

A previous study conducted in Sweden on heat pumps in cold climates identified several 

reasons for employing floor heating. Among which was a better distribution of the heat 

throughout the room, increased comfort levels and that the lower levels of heat required 

were better suited to heat pumps (Nowacki, 2007). 

4.3 VPW2100 Software 
 

Most of the data gathered for this paper is based on the VPW2100 software. The choices 

made within the software ultimately determine what the outcome of this paper will be. 

As was mentioned in 3.1 certain variables had to be manipulated within the VPW2100 

software to generate a data set. Through discussions with IVT and test calculations, 

variables that had a greater effect on the amount of energy required were identified. In 

this paper 2 variables were identified as having a large effect on the amount of energy 

required. This does not mean that outside of the 2 variables identified that the amount of 

heat required did not change. Instead, to counter for the effect of certain variables, a 

selection of them were set at to a figure that was deemed appropriate. This was step 2 of 

the Cullen process; identify the main variables. 

4.3.1. The Adjusted Variables 
 

Floor Area 

In a recent study conducted by the State Energy Department on energy use in 

detached homes, their figures illustrated a size range from 55 to 210 meters 

squared (Zimmerman, 2009). In using these figures I am excluding households 
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that are larger than 210. I can do this on the assumption that persons who can 

afford a household of that size need not be concerned with the cost implications of 

heating system. I am also vindicated in my choice because of the 200 homes 

included in the study only one was above the maximum of 210 square meters. 

As this was a new house, the total heat load of the house was unknown and had to 

be estimated. Calculations to identify the heat load on the house were estimated 

using the formula in the VPW2100 software. It was calculated on the basis of 

floor area and is directly correlated to the range of 55 – 210 (meters squared). 

This means that there is an unknown margin of error in the heat load on the house. 

I feel this is the weakest point of this system. The heat load of the house will 

determine how much energy is required and as such the costs. Estimating this 

figure leaves a door open for miscalculation. However because I am not 

considering ventilation, transmission and infiltration, factors that determine the 

actual heat load, there is little to be done. 

 

Flow Line Temperature 

This variable identified at what temperature the heat would flow through the 

system. IVT advises that with under floor heating this variable should be set to 35 

degrees. The study conducted by Nowacki on heat pumps in cold climates 

concurs with this and goes as far to say it can also be set to as low as 30 degrees. 

This study will assume a possible range of 30 – 35 degrees Celsius.  

4.3.2 The Fixed Variables 

 

Location 

  

The household was placed in Ostersund in the middle north (mellestra norrland) 

of Sweden. As an area, the middle north of Sweden has the second lowest 

percentage of heat pumps employed as stand alone detached household heating, 

covering only 6% of the homes in Mellestra Norrland (State Energy Department, 

2011). Only the far north has less coverage of stand alone hat pumps with 5%.  

 

Room temperature 

  

The Swedish Society of HVAC Engineers issued specifications for comfort levels 

indoors, indicating a temperature range of 20 – 24 degrees centigrade (Ekberg, 

2007). Considering that this paper is written with an environmentally friendly 

nature the lower end of the range was chosen as the desired temperature. 

 

Number of people 

 

According to the SCB the average size of household has changed from just under 

three to just over 2 per household (SCB, 2010). Even though this figure includes 
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all forms of living conditions such as apartments, the study conducted by the State 

Energy Department on villas arrived at the same conclusion. Their study on 

energy use in Swedish detached homes concluded that the average number of 

persons per detached household was just over 3 (Zimmerman, 2009). I am using 3 

inhabitants as my persons per household. By doing this I am limiting this study to 

small families but considering the average size of the Swedish household, I am 

justified.  

Shower, Bath or Hot Tub 

 

The focus of this paper was to identify an environmentally friendly heating 

system. By choosing a shower, this system should not only use less water but less 

energy to heat that water. Due to there only being three people in the household, I 

feel that one shower is sufficient. If however the occupants of the household have 

loner than normal showers, the choice of a shower over a bath becomes 

redundant. 

 

Required power/load coverage % 

 

As this is the only heat source within this household the heat pump should be 

dimensioned to cover 100% of the heat load on the house. However initial 

calculations identified this as unnecessary. Dimensioning the GSHP to 75% of the 

load covered all of the energy requirements. 75% is also the manufactures 

recommended max load coverage.  

 

Using the VPW2100 software has meant that when it comes to calculating the cost price 

of a GSHP, the installation costs and the maintenance costs, prices will only consider IVT 

products. Installation costs and maintenance costs will have to be estimated, there is no 

fixed amount for either as they are case dependent.  

 

4.3 The Cost of Electricity 

Both systems will need to account for the price of electricity over their lifetime. To do 

this historical electricity prices paid by detached homes was taken from the State Energy 

Department, adjusted for inflation and extrapolated over the next 20 years. The danger in 

this is that the data is based on historical information and by using it I assume that the 

price will continue to follow the same path. According to Studenmund; “The accuracy of 

such forecasts depends in large measure on the degree to which the past is a good guide 

to the future” (Studenmund, 1995). 

 

5. Field Work 
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In this chapter I will cover the steps taken to arrive at what will be described in the results 

and as such the costs of each system. 

5.1 Energy Costs 
 

Within the VPW2100 software the variables mentioned in chapter 3 were entered and 

results produced. The figures produced represented the annual energy requirements for 

each combination of floor space and flow pipe temperature. In short 8 different data items 

were produced, for 4 combinations of variables. Of the 8 data items, 4 represent the costs 

of System A; the amount of energy required to run the GSHP. Whilst the other 4 data 

items will influence the costs of System B; the amount of energy required to heat the 

household. 

In order to assess the correlation between the figures, the Design Of Experiments (DOE) 

method will be used. This assumes that there is a linear relationship between the 

variables. The first step of the process produces a matrix, which will later be used to 

explain the relationship between the variables.  

Using matrices I could identify what was the optimal combination of the variables using 

the response surface formula; 

Y = R + ((Li/2)*Xi ) 

Where; 

Y = Target value R = Scalar Result Li = Scalar product 

Xi = Variable Value  

Instead of solving this though and determining the ideal combination of floor space and 

flow pipe temperature, I entered into Step 4 of the Cullen process; using statistical 

simulations to solve the problem. In the equations above, instead of solving the equation, 

I entered the variable Xi as risk distributions.  

This identified the annual amount of energy to run system A and the annual amount of 

energy that system B would have to produce. However this energy needs to be quantified 

in Swedish Krona in order to be relevant. 

To do this the price of electricity paid by households since 1996 was used to cost this 

energy. Two different prices bands of electricity will be used. The price of electricity paid 

by houses with and without electric heating.  

Because of inflation, the numbers needed to be adjusted to reflect their true, 2011 value. 

The national consumer price index (CPI) was used to adjust the cost of electricity to 

todays prices and this actual price used to forecast the change in electricity prices over 

the next 20 years. These figures produced were used to cost the energy required by both 

systems. 
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5.2 Installation and Maintenance Costs 
 

Both systems would have installation costs. System A’s costs would include the GSHP 

purchase price and the installation costs of the GSHP and floor heating. System A would 

also incur costs to maintain the GSHP over its lifetime. Whilst System B’s additional 

costs would only include the installation of the floor heating. 

The installation of the floor heating was calculated using a selection of prices to 

determine a maximum and minimum cost per meter squared. The cost for System A was 

the cost of water borne floor heating, whilst System B’s cost was direct electricity floor 

heating. 

Having all of these figures and the energy costs of each system. The cost for each system 

over the course of 20 years is now assessable.  

6. Results 
 

6.1 Energy Costs 
 

The VPW2100 software produced Table 6.1 after adjusting the floor size and flow 

temperature variables. 

Table 6.1 
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With 4 different combinations of 

inputs variables, two sets of data were 

produced for system A and one set of 

data for system B. These data sets 

were then manipulated according to 

the Design Of Experiments (DOE) 

method. In order to do this the data 

sets were broken down into 3 separate 

matrices. Each one showing how the 

high and low levels of the input 

variable, affected the result. 

For each experiment, the high and low 

levels for each input variable are 

correlated to the result for that 

combination of input variable. Where 

1 = high level and -1 = low level. 

In the basic matrix the low level of 

input A and the low level input of 

variable B produced result #1. 

The low level of input variable A and 

the high level input of variable B 

produced result #2. And the same 

process for result #3 and #4 

Knowing this result the scalar product 

of each variable can be calculated. The 

scalar product of each variable is the 

amount of influence each variable has 

on the result. 

To calculate the scalar product:  

Scalar product for Input level A is 

calculated as; 

= -#1 - #2 + #3 + #4 

      2 

Input Level B 

= -#1 + #2 -#3 + #4 

    2 

 

Basic Matrix  

  

Input 

A 

Level 

Input 

B 

Level 

Interact 

Level 
Result 

Experiment #1 -1 -1 1 #1 

Experiment #2 -1 1 -1 #2 

Experiment #3 1 -1 -1 #3 

Experiment #4 1 1 1 #4 

Scalar Product       Average 

 

System A 

Drive Energy Required 

  

 
A B AB Result 

1 -1 -1 1 2750 

2 1 -1 -1 5690 

3 -1 1 -1 2840 

4 1 1 1 6030 

Scalar Product 3065 215 125 4327.5 

 

Bore Hole Depth 

   

 
A B AB Result 

1 1 1 1 211 

2 -1 1 -1 97 

3 1 -1 -1 215 

4 -1 -1 1 99 

Scalar Product 115 -3 -1 155.5 

 

System B 

Heat Required 

   

 
A B AB Result 

1 1 1 1 20550 

2 -1 1 -1 6320 

3 1 -1 -1 20900 

4 -1 -1 1 6400 

Scalar Product 14365 -215 -135 13542.5 
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Interaction Level  

= #1 - #2 -#3 + #4 

    2 

To illustrate the scalar product, in terms of System B and the amount of heat required, 

input variable A has an effect of 14,365 on the result, ie the amount of heat required. 

Having the matrices and continuing the DOE method, I can now illustrate how much 

effect the input variables have on the outcome. This is done using the response surface 

formula. This takes the extremities of the scalar products and the average of the results, 

consolidates the two and represents the effect of the input variables on the result. 

Response Surface = Average Result + (Max scalar product/2)*Xi   + (Min scalar 

product/2)*Xi      

The variable Xi  represents an amount of variability that must be -1< Xi >1. This creates a 

high and a low value and will eventually lead to the perfect balance of the input variables. 

System A  -  Y = 4328 + (3065/2)Xi  + (125/2)Xi 

System B  - Y = 13543 + (14365/2)Xi + (-215/2)Xi 

Adjusting the variable Xi to represent a distribution allows me to set the weights of each 

variable as adjustable. That any value of each variable is possible. 

A  = 4328 + (3065/2)*RiskUniform(-1,1)  + (125/2)*RiskUniform(-1,1) 

B =13543 + (14365/2)*RiskUniform(-1,1)  + (-215/2)*RiskUniform(-1,1)   

To simplify these two equations, the energy that they now represent will now be known as EA and 

EB. 

Using a Risk Uniform distribution with the above minimum and maximum returned a 

zero value. Which led to the following result; 

EA = 4328 + (3065/2)*0  + (125/2)*0 

EB = 13543 + (14365/2)*0  + (-215/2)*0   

This meant that EA and EB, would always equal the average result from their respective 

matrices. The effect of which will be discussed in the conclusion. 

 

6.2 Electricity Costs 
 

The energy in EA will be priced according to the electricity paid by homes without 

electric heating and EB the prices paid by homes with electric heating. Tables for each 
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price band can be seen in item 3 in the appendices. The prices were adjusted for inflation 

using the CPI, which can be found as item 4 in the appendices. Prices were calculated 

excluding tax. 

The prices adjusted to reflect the change in prices can be seen in Item 5 in the appendices. 

Item 5 also illustrates the price of electricity extrapolated over the next 20 years. The 

annual amounts were used to cost EA and EB, the totals of which represented the cost to 

provide the energy for System A and B. 

 

Table 6.2 

2012 EA * Ore/Kwh 

/ EA * Ore/Kwh 

/ EA * Ore/Kwh 

2031 EA * Ore/Kwh 

 
20 yr Sum Cost 

 

Table 6.2 illustrates how the energy calculated for system A, EA, was priced according to 

the prices mentioned above and summed over the course of 20 years. 

 

6.3 Maintenance and Installation Costs 
 

6.3.1 System A Maint & Inst (costs excl Vat) 

GSHP: 60,000 Kr Figure from manufacturer 

Installation Cost of GSHP:  Minimum 20,000 Kr 

Maximum 50,000 Kr 

    Figure from manufacturer and installers 

 Cost to Drill Borehole for GSHP: 280 – 380 Kr per meter Figure from 

manufacturer and additional sources 

Borehole costs were assessed in the same manner as energy costs. The matrix in 

6.1 for borehole depth identified and created a response surface; 

Bore Hole response surface  = 155.5 + (115/2)*RiskUniform(-1,1)  +  

(-0.25/2)RiskUniform(-1,1) 

EC  = 155.5 + (115/2)*0 + (-0.25/2)*0 
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The borehole response surface reacting the same was as the response surfaces for 

System A and B. 

EC represents the depth of the borehole required and is priced according to the risk 

uniform distribution of average costs per meter to drill a GSHP well. 

Costs to drill borehole = EC * Risk Uniform(280,380) 

 

Floor Heating Installation:  Minimum 200Kr/Msqrd  

    Maximum 1500 Kr/Msqrd 

  

Maintenance over the lifetime of the GSHP: Minimum 0 Kr 

  Maximum 5,000 Kr 

  Figure from manufacturer and installers 

A  shortened version of the additional non energy related costs for System A can be seen 

in Table 6.3. The full list of calculations and tables can be seen in the appendices. 

 

Table 6.3 

GSHP Cost Fixed figure 

GSHP Installation Risk Uniform Distribution 

GSHP Maintenance Risk Uniform Distribution 

Drilling Cost Risk Uniform Distribution * EC 

Floor Heating water borne Risk Uniform Distribution 

 

Total Additional Cost (Sum) 

 

6.3.2 System B Maint & Inst (costs excl Vat) 

 Floor Heating Installation:  Minimum 350Kr/Msqrd  

     Maximum 700 Kr/Msqrd 

The total additional costs of System B are only made up of floor heating. 

Floor Heating electric Risk Uniform Distribution 

 

Total Additional Cost 

 

Note: Sources and full list of floor installation costs can be found in Item 6 in the appendices. 
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This additional cost, plus the total energy costs over the 20 years gives the total cost of 

each system over its lifetime. 

6.4 Simulation 
 

With the calculations above and with the tool @Risk, MCS were conducted and results 

produced. 

The final assessment of the system was assessed as an IF function with a risk output. The 

function was entered as; 

=RiskOutput() + IF(System A total cost < System B total Cost,1,0) 

A full spread sheet of the calculations used to arrive at total system cost is available in Item 8 in 

the appendix. 

This risk output was run 100,000 times and produced the following; 

 

In 48% of the cases, System A had a total cost that was less than that of System B. 

 

6.5 Deterministic Confirmation 
 

The nature of the results made in necessary to conduct an investigation into the 
reliability of the methods of this paper. To ensure that the results were indeed 
reliable, a short deterministic study of the DOE method was conducted to eliminate 
any cause for concern. 

As per the deterministic method, the random factor of the experiment was removed, 
in the case the random variable of the response surface. By removing the random 
variables of my equations I could calculate the extremes of the response surface 

Mean = 0.51861 

 
48.% 
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 System A is less than System B 
If = EA < EB , 1 , 0   
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formulas.  These results could then be compared to the main results which employ a 
random variable. 

Considering the response surface for System A, the energy required to drive the heat 
pump; 

System A  -  Y = 4328 + (3065/2)Xi  + (125/2)Xi 

Instead of allowing Xi to equal the random distribution as it did in the original 
calculation, I would substitute Xi for the their actual values as per the original DOE 
method; 

-1< Xi >1 

I ran each response surface in this study with the new Xi variable equal to +0.99 and then 

-0.99. After which I treated the numbers in the same manner as the original study; 

calculating the costs over twenty years and comparing each system. This produced a set 

of results that had no random factor.  

Using two variables for Xi, produced two results for each system, a maximum and a 

minimum. The figures represent the total cost for each system, just as in the original 

calculations. The results of which are below; 

 

System A System B 

Max (+0.99) Min (-0.99) Max (+0.99) Min (-0.99) 

633,744.47 177,158.13 505,833.70 208,389.82 

Figures in krone over the cost of the systems lifetime 

A detailed table of these results year per year and the installation costs can be found in 

Item 8 in the appendices.  

The significance of these results in relation to the actual results of this paper is 
explained in the conclusion. 

7. Conclusion 
 

In all of the reading and research conducted to complete this report, common knowledge 

was that a GSHP in the long run, was a financially sensible purchase. Something that was 

good for the environment and for the household budget. Which is why the results of this 

paper raised concern. 

The cause of the problem can be found in my methods. The DOE as an approach is 

designed to assist someone in the search for a target variable. It allows an experimenter to 

determine what input levels would result in a certain target variable that was desired by 
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the experimenter. In the case of System A, the purpose could have been to pick a target 

amount of energy required to run the heat pump. Then the experimenter would work 

backwards to determine what was the combination of floor area and flow temperature 

that would be required to produce the target amount of drive energy. This would have 

been the purpose had I followed the classic DOE approach. 

However having chosen not to pick a target amount of energy and instead deciding to use 

the DOE to produce every possible result for every combination of input variables, this 

produced a different result. By solving the equation for EA, EB, Ec and not for the input 

variable, I inadvertently created a flaw in my method.  

The root of the problem was my adjustment of the variable Xi. The initial purpose of the 

variable Xi was to allow the experimenter to determine how much influence the input 

variables had on the result. Ultimately it would be a fraction less than 1, which would 

multiply the input variable to the desired amount. By replacing this variable with a 

uniform distribution that returned a zero value, the method was rendered useless. This 

zero value in essence did now allow any variation in the result and produced only the 

average result for all four combinations of input variable. 

The post result, deterministic confirmation in section 6.5 confirms the use of variable Xi 

as a negative influence. The results that were produced in section 6.5 show a bandwidth 

of over 400,000 kroner in either systems cost over the 20 years. If there is such a wide 

possible range of costs in section 6.5, why then, when using a random variable in the 

main calculation, do the costs of either system become so similar? I believe it is because 

of the variable Xi being equal to a uniform distribution. 

The Xi variable as a uniform distribution did not allow for all of the cost options either 

above or below the average to be included in the assessment. Not allowing the wide range 

of possible costs to be included in the system rendered the variable Xi as inappropriate to 

use and as such rendered the method unsuitable for this assessment. 

With results as close as this, it is hard determine how this affects our hypothesis testing. 

The figures are so close that to decide upon accepting the null or alternate hypothesis is 

redundant. Especially as the result of this paper is compromised by the methods chosen to 

conduct the study. 

 

8. Recommendations 
 

There may be a way of still using the DOE to determine a range of outputs and not just 

the inputs required for a target value. As a main recommendation, if the DOE was to be 

used again, more research needs to be conducted as to how does one avoid the variable Xi 

being rendered to zero. 
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One possible way of doing this may be to not use a risk uniform distribution. If more 

locations were assessed, instead of just the one as in this paper, a range of potential useful 

distributions could be identified. Distributions that allowed for a probable outcome, or 

indeed a fixed selection of outcomes may have been better suited. 

My approach to only consider one location may also have been a downfall. One location 

did not really provide a large enough data set to manipulate. Had this paper had a wider 

time frame to be completed, maybe a more reliable data set could have been produced. 

Ultimately should this study be conducted again in the future, the choice of experimental 

method should be thought through carefully before proceeding.  
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