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Abstract 

The purpose of this thesis was to establish and quantify the improved real estate appraisal value that’s a 
result of enhancing the energy performance of commercial real estate in Sweden. The study has been 
carried out in co-operation with the real estate investment company Sveafastigheter, which is a prominent 
real estate investment company in Sweden. 

The thesis was conducted by energy auditing two buildings in different temperature regions of Sweden in 
order to find energy-efficiency measures (EEM) that could be implemented in the buildings. These 
measures were then assembled to the most cost-efficient energy performance improving packages. After 
the EEM packages were identified the buildings characteristic economic performance has been calculated 
upon in order to see how the effects of energy-efficiency impact asset evaluation and subsequently yield on 
investment. The main objective was to produce an alternative way to evaluate EEMs as part of the audited 
buildings as a whole, taking into account the value increase of the asset allowing for a shorter investment 
recuperation period. 

Traditionally the profitability of EEMs is assessed by using the technical lifetime of the equipment as a 
framework for the investment timeline. The results in this thesis provide an alternative way to value the 
profitability of EEMs by taking into account the increased value of the building, and thus the increased sales 
income which makes an energy-efficiency investment perform inherently better in case the property is sold 
before the technical life time of the improved technology has come to an end. 
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Property,  Green Building, Sustainability  
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Sammanfattning 

Meningen med detta examensarbete var att examinera och kvantifiera kommersiella fastigheters 
förbättrade marknadsvärde som ett direkt resultat av energieffektiviseringsåtgärder i fastigheten för att 
sedan härleda en ny metod för lönsamhetskalkyler. Examensarbetet har utförts i samarbete med 
Sveafastigheter som är ett ledande fastighetsinvesteringsbolag i Norden. 

Examensarbetet utfördes genom att granska två kommersiella fastigheter i två olika temperaturzoner i 
Sverige för att hitta energieffektiviseringsåtgärder som sammanställts till de mest gynnsamma 
energieffektiviseringshelheterna. Dessa helheter har sedan förslagits för implementering i de nämnda 
fastigheterna. Efter detta har fastigheternas ekonomiska prestanda granskats för att se hur 
energieffektiviseringshelheterna kunde öka fastigheternas värde. Målet med examensarbetet var att 
slutligen skapa en lönsamhetskalkyl för energieffektiviseringshelheterna som tar fastighetens värdeökning i 
beaktande.  

Traditionellt värderas en energieffektiviseringsåtgärd genom att värdera teknisk livslängd och kostnad av 
apparaturen jämfört med dess årliga besparing. En sådan lönsamhetskalkyl ger en bild av hur lönsam 
investeringen är utan att ta fastighetens värdeökning i hänsyn. Detta examensarbete ger en insikt i hur 
reducerade kostnadsnivåer leder till ett högre fastighetsvärde och därmed en något förändrad lönsamhet 
vid implementering av energieffektiviseringsåtgärder i fastigheter som kan komma att säljas relativt snabbt 
efter att förbättringarna har utförts.  

 

     

     
                 Markus Mittler 

                                                                                                            
                                                                                                              Contact: m.mittler@hotmail.com 
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1. Introduction 

In the introduction chapter the purpose of the thesis is explained through the background, aim and 
limitations of the thesis. By introducing these topics, the rationale for pursuing this kind of a study is 
clarified. 

 

1.1 Background 

Energy auditing, in order to improve a buildings energy performance, is usually done by engineers that have 
obtained accurate knowledge of building operation and maintenance over the course of their professional 
careers. The commissioned engineers are expected to preform economical argumentation as a part of their 
auditing reports in order to justify energy-efficiency improving measures without having the same expertise 
as a real estate investor. When energy-efficiency improving measures are recommended they are 
commonly calculated upon with methods such as the Simple Pay – Back (SPB), Life Cycle Cost (LCC) and 
occasionally Net Present Value (NPV) method. Whilst these methods themselves can be good tools for 
assessing investments in EEMs, the decision makers often fail to take into account the increase in building 
value that comes as an added benefit together with energy savings. 

An engineer in charge of assessing the profitability of EEMs does usually not know how to take into account 
the asset value increase that occurs through the improved Net Operating Income (NOI). An improved NOI 
can lead to a significantly improved return on investment placed in EEMs when assessing the building as a 
whole. The values that impact the NOI are key values for real estate investor practices and are continuously 
optimized in order to yield better returns on real estate investments. These added values can be attributed 
directly to EEMs and can hence be undervalued by the engineers and real estate investors that are involved 
in the process. 

This thesis was conducted in cooperation with the Fastighets AB Regio real estate investment fund in order 
to find out and quantify the building value increase through assessing real life properties in the asset 
portfolio. Fastighets AB Regio is a joint venture by Sveafastigheter and the third AP fund of the Swedish 
public pension system. Sveafastigheter is a private real estate investment company that has several 
investment funds together with their various clients that have different investment strategies. One of these 
funds is the Regio fund which focuses on long term ownership of commercial offices as well as retail space 
in Swedish regional cities and was founded 2015. The third AP fund that’s partnering in the Fastighets AB 
Regio fund has the task of managing a part of the buffers resulting from the surplus of the Swedish public 
pension system. (The AP Funds, 2016) 

 

1.2 Aim of Study 

The goal of the study was to map out the impact of EEMs in real estate evaluation and the increase in 
market value that is a direct consequence of the property’s improved economic performance. The key 
parameters utilized for the assessment of a buildings economic performance are naturally the costs and 
income of the building that together amount to the net operating income, which is directly affected by 
lower energy costs. (Goddard & Marcum, 2012) 

When the added value, achieved by increased energy-efficiency was quantified, the study sought to 
attribute the added economic gains back to the EEMs by utilizing real estate evaluation calculations and 
thus demonstrate the total effect of the proposed EEMs. The goal of this approach was to show the full 
effect that EEMs can have, when taking into account their value increasing effects rather than assessing 
them as stand-alone measures that need to pay their own specific investment cost back in time through 
achieved energy savings. An additional goal of the thesis was to provide a better evaluation model for 
energy auditing engineers and to help them improve their economical argumentation ability.  
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1.3 Limitations 

The limitations imposed on the thesis are explained by the need to quantify EEMs so that they can be 
appreciated in the evaluation calculations. This limitation means that taking into account sustainability 
factors would’ve proved hard and time consuming even if there most certainly is a value increasing quality 
as a result of sustainability when implementing EEMs in buildings.  

Therefore the added value that can be derived from green building certifications, branding image, 
employee loyalty and tenant happiness resulting in lower vacancies has not been elaborated on. These are 
added values that certainly could expand the EEMs impact on the building value as a whole, if they were 
quantified. Some energy-efficiency inducing measures have only been mentioned as suggested measures 
because their total impact is not easily quantifiable and would often need an advanced building simulation 
model in order to get an understanding of the total energy savings potential. Due to the time constraints 
involved in auditing two separate buildings and thereafter grasp the real estate evaluation process it has 
been decided that such energy simulation models will not be carried out. The clearly quantifiable EEMs 
were enough to prove the outcomes that were to be investigated in this thesis.  

 

2. Real Estate Energy Performance 

In the following chapter the policies regarding energy consumption in the built environment are explained. 
Furthermore, there is also a chapter explaining the energy use in commercial buildings. Through this 
chapter the reader can get a grasp of the circumstances regarding energy consumption in commercial 
buildings in Sweden. 

 

2.1 Energy-efficiency Is Trending 

Energy-efficiency has become increasingly popular due to environmental awareness and the regulatory 
framework that ushers the real estate industry to take a more active stand in the quest for energy-
efficiency gains in the built environment. The European Union has one of the world’s most progressive 
energy-efficiency regulations that was enacted in 2006. This legislature is commonly referred to as the      
20 – 20 – 20 directive. Sweden has complied with these directives aiming to reduce energy intensity by     
20 percent before year 2020 compared to the energy intensity levels in 2008. Because of the governments 
active acknowledgement of these directives the environmental awareness of the society has grown ever 
bigger. 

In order to achieve this goal the Swedish government has decided to accept legislature that will require all 
new buildings in the country to be ‘’nearly zero-energy buildings’’ from the year 2021 onwards. It has been 
announced that enforcing measures will be taken closer to the actual date. (Regeringskansliet, 2015) 

Of the building stock in the EU, approximately 40 % are buildings that were built before 1960 and are in big 
need of renovations. The renovation rates of existing buildings are only 1 % throughout the entire EU and 
experts agree that so-called ‘’deep retrofits’’ account for an even smaller percentage. Today only 1 % per 
year is added to the existing building stock by new construction.  

Additionally the built environment in Sweden accounts for 25 % of the total final energy consumption, 
which constitutes all the energy that is delivered to the final consumers doorstep and excludes 
transmission losses and the energy production sectors auxiliary energy use. Other statistics show that of 
the total energy delivered, 51 % of electricity and 82 % of district heating goes to the residential and 
services sector. (IEA, 2013) (Sedish Energy Agency, 2015) 
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On the back of these statistics it is safe to say that energy-efficiency in existing buildings will continue to be 
a national goal in the efforts for a less polluting and more sustainable society. Proactive investing in energy-
efficiency is done in the best manner when implemented in buildings from a cost-efficient portfolio 
approach. When this is done together with professional execution, a property owner gets a well performing 
final product that adds value as a whole. (The Economist Intellience Unit, 2013) 

From a company perspective, investing in EEMs yields a multitude of benefits if both ‘’soft’’ and ‘’hard’’ 
values are taken into account. These values consist of the following: 

 

 Reduces the organizations expenses 

 Reduces both company and country dependence of resources 

 Reduces the environmental impact of the organization 

 Improves the ‘’Green image’’ of the organization 

 Improves building value 

 Is also claimed to improve the organizations morale and productivity 

 

With all of the mentioned benefits in mind it can safely be said that improving energy-efficiency is a 
capitalistically and socially sustainable endeavour where the more it’s practiced the better. (Woodroof & 
Thumann, 2013) 

 

2.2 Energy Consumption in Commercial Real Estate 

Energy use in buildings has been rising steadily over the past, reaching figures between 20 – 40 % in 
developed countries globally. The majority of a buildings energy use goes towards Heating, Ventilation and 
Air Conditioning, also known as HVAC – systems that provide thermal comfort. The energy use of HVAC - 
systems has reached 50 % of the total energy use of buildings and 20 % of the total energy use in the USA. 
Other sources that also contribute to the energy consumption of buildings that can be optimized for proper 
energy use are domestic hot water, lighting and tenant equipment. Moreover the total energy 
consumption of buildings is increasing faster than any other sector except transport according to officials in 
the United Kingdom. This means that energy related questions in buildings will continue to be in the 
spotlight of both building owners and national policy makers. (Perez-Lombard, et al., 2007) 

In order to get an idea of common buildings energy systems the picture below serves as an explanatory 
example. In Figure 1 the energy gains of both the sun and the processes within the building can be seen 
together with the losses and the energy supply of the building. All of the processes in the building are 
eventually balanced out by heating and cooling technology in order to maintain adequate thermal comfort, 
which requires significant amounts of energy. 
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Figure 1: Energy Use in Buildings (Boverkets byggregler, 2012) 

The main utilities that a building owner pays for in Sweden are electricity, heating and cold water. Of the 
heating 70 % is heated by district heating, 6 % by direct electrical heating, 2 % by oil heating and 22 % 
accounts for other heating such as heat pumps and pellet heating. According to Statistics Sweden the 
average energy use that goes towards heating was 122 kWh/m2 calculated for the total gross area in 2008 
for the whole country. The division between heating and domestic hot water varies a lot in commercial real 
estate with reported averages on both sides of 20 %. This is most likely explained by the big differences that 
occur in case there is a large kitchen located in the building or not. In buildings with household tenants the 
value is most likely closer to 30 % due to more active use of warm water. This means that energy savings 
concentrated to warm water heat recovery should always be evaluated individually. (Fjärrsyn, 2009) 
(Swedish Energy Agency, 2007) 

The use of electricity in commercial buildings is around 108 kWh/m2 of the total gross area divided in to all 
the sub categories depicted in the next picture. The sub categories such as fans, lighting, cooling machines, 
PCs, and server rooms often have a large potential for energy savings and together they account for a total 
of 76 %. 
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Figure 2: The Divide of Specific Electricity Consumption in Commercial Real Estate When Electrical Heating is Excluded 

The heating divide between domestic hot water and space heating is not the only largely varying energy 
consumption genre in commercial real estate. Studies have shown that energy consumption in retail 
properties can vary greatly depending on whether there is a grocery store as a tenant or not. Grocery store 
tenants can consume a lot of energy due to the thermal comfort requirements together with the cooling 
demand required for groceries. Usually if the only tenant of a retail property is a grocery store they tend to 
take care of both heating and electrical bills. The situation becomes more complex when a grocery store is 
part of a larger retail property and is renting the space with operation and maintenance included in the 
contract. This means that there can be a large cost savings potential for the property owner and also that 
the business opportunity has to be evaluated in a case to case manner. (Swedish Energy Agency, 2010) 

 

3. Financing Energy-efficiency Measures 

EEMs can be located and pursued through energy audits in order to improve the energy performance of 
buildings and thereby also improving the value of the property. When profitable EEMs have been identified 
one of the next hurdles in the process can be the question of how to finance the implementation of 
technology that needs capital. Facility managers can simply be out of funds to allocate towards the project 
or fail to get budget approval from their superiors. Another reason for proper financial arrangements is the 
possibility to reap greater energy savings with expanded investment capabilities. In the ensuing chapter 
profitability measures for standalone EEM projects are presented and different financing schemes are 
examined. 

 

3.1 Accepting Energy-Efficiency Measures on a Standalone Project Basis 

When assessing whether to implement an EEM package on a project basis, most companies have a hurdle 
rate through which they estimate the profitability of a project. This hurdle rate can vary from positive NPV’s 
(Net Present Value) and IRR’s (Internal Rate of Return) to simple pay-back times. The main research theme 
of this thesis is to find out if increased profitability of EEMs can be found through the value increase in 
buildings that occurs together with an increase in NOI. Therefore it’s of essence to give an explanation of 
the methodology that’s commonly being applied when assessing single EEM projects today when this is not 
taken into consideration. I.e. when EEM investments are assessed and valued as standalone projects. 



- 14 - 
 

The simple payback (SPB) method is the simplest evaluation tool for profitability and should only be used 
when assessing very simple and short lived improvements. The SPB method is easy to understand and gives 
an idea of whether an EEM might be profitable or not. The formula is the following: 

 

𝑆𝑃𝐵: 
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝑌𝑒𝑎𝑟𝑙𝑦 𝑠𝑎𝑣𝑖𝑛𝑔𝑠
 

 

A more developed tool for estimating whether to accept an EEM or not is the NPV method that can utilize 
several key values, which give a hint at the profitability of a project. A company can, for example, use a 
minimum acceptable rate of return (MARR) as a benchmark for accepting or rejecting a proposed EEM. The 
MARR is used as a discount rate when assessing EEM projects on a net present value basis. The present 
value equation converts the worth of future cash flows into a present value and is based on the following 
formula. The sum of the present values is then subtracted with all the project costs in order to obtain a NPV 
value. 

 

𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 ∶
𝐹𝑢𝑡𝑢𝑟𝑒 𝐶𝑎𝑠ℎ 𝐹𝑙𝑜𝑤 

(1 + 𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒)𝑛1
 

 

For example, if the MARR used is 10 % and there is a possibility that an EEM package can return savings of 
100,000 SEK in one year from now then the present value of that cash flow is 90,909 SEK today. If the same 
MARR or discount rate is used and the technical lifetime of the technology implemented is 8 years then all 
the cash flows for every year have to be discounted back to present value. When discounting all the future 
cash flows of this specific EEM example the following table can be derived. 

 

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 

100 000 100 000 100 000 100 000 100 000 100 000 100 000 100 000 

PV 1 PV 2 PV 3 PV 4 PV 5 PV 6 PV 7 PV 8 

90 909 82 645 75 131 68 301 62 092 56 447 51 316 46 651 

 
  

 
  

 
  

 
  

PV Total: 533 493 
 

  
 

  
 

  

 
Table 1: The Present Value Sum of All the Future Cash Flows 

With a total technical lifetime of 8 years and a savings potential of 100,000 SEK per year and a MARR of    
10 % the sum of all the present values is 533,493 SEK. In order to make the example simple, it’s assumed 
that the salvage value of the technical equipment is zero. When the initial investment cost is added to all 
the present values the NPV value is obtained. If this NPV value is negative it means that the EEM package 
should be rejected. The logic behind the NPV argument is that a company with a MARR at 10 % will most 
likely find a better use for their capital in case the initial investment is going to be higher than the present 
value sum. A higher investment cost than the sum of the present values will lead to a negative NPV. 

When the total investment cost is known then the NPV analysis can be developed further in order to gain 
insights into the IRR. The IRR or sometimes called ‘’Yield’’ of a project is always of interest to an investor 
regardless of whether it’s an investment in an EEM package or real estate.  

                                                           
1
 The year from which the cash flow is discounted back. In the example this is 1 
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The IRR captures all the future cash flows and tells the investor what the highest possible return rate is. In 
order to find the IRR the same NPV calculation is utilized but the MARR is varied until the NPV is equal to 
zero.  

In order to demonstrate this, assume that the initial investment cost in the previous example is 400,000 
SEK. The initial investment does not have to be discounted since it’s a present time value. This would mean 
that the NPV becomes 133,493 when taking into account the initial investment cost of the EEM project. 
Note that the EEM package is profitable and worth 133,493 SEK to the company. After this the MARR is 
incrementally increased to find the final value that makes the NPV value 0. When the MARR is set to 19 % 
the NPV becomes negative and when set to 18 % the NPV remains positive. Thus the IRR or yield of the 
EEM package is 18 %! (Woodroof & Turner, 1998), (Goddard & Marcum, 2012), (Woodroof, 2011) 

 

3.2 Financing the Energy-Efficiency Measures through a Loan or a Bond 

An EEM package can be compared with the purchase of a car that’s financed through a loan and has several 
future down payments according to a re-payment plan. The loan can be described with a cash flow diagram 
where the down payments are negative cash flows that include an interest that’s paid to the bank for their 
service of providing the loan. The positive cash flows are depicted in the picture below with arrows directed 
upwards to represent the total energy savings of the facility. When the time is 0 there is a large investment 
which is financed through a loan. The main point of the mechanism is to pay back the loan to the bank over 
the course of a time that’s shorter than the technical or ownership lifetime expectancy of the bought 
equipment. Over this time the energy savings recuperate the loan and adds profit on top it. 

 

 

Figure 3: Cash Flow Diagram (Woodroof & Turner, 1998) 
 

A second alternative to structure the financing of an EEM project similar to the loan is to make use of a 
bond. A bond can be offered to investors that invest the initial ‘’par value’’ and then gain a part of the 
savings as interest. After the bond has reached maturity the ‘’par value’’ is returned back to the investors. 
The following picture depicts the cash flows of a bond structure where the initial amount of money and the 
savings are the same as in the previous picture. 
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Figure 4: Cash Flow Structure When Utilizing a Bond (Woodroof & Turner, 1998) 
 

3.3 Selling Stocks in Order to Finance Energy-Efficiency Measures 

When selling a company’s stock in order to finance EEMs the cash flow structure is very similar to the 
previous picture. Stocks of the company can be sold to match the ‘’par value’’ needed in order to be able to 
invest in EEMs. Over the course of the time the investor who bought the stock gains interest on their 
investment in the form of company dividends. The stocks have a significant difference in that the company 
can retain its dividend payments in times of economic hardship but is also expected to pay higher dividends 
when the business is more profitable. Lastly the stocks can be bought back by the company to repay the 
investor their ‘’par value’’ and thus put an end to payment scheme. 

 

3.4 Renting Energy-Efficiency Equipment 

Yet another possibility to finance the EEMs is to rent the installed equipment for an annual fee. This is the 
equivalent of leasing equipment. Leasing is considered a tax deductible fee when leasing from another 
company that owns the equipment and is required to take care of the technical maintenance. The contract 
period should be shorter than the technical lifetime of the equipment so that the total value of the 
equipment is paid back to the owner of the equipment. After the lease period has ended the equipment 
can be bought from the owner to a fair market value or the lease can be renewed with existing or new 
equipment. Another structure for paying back the equipment’s value is to share the energy savings 
between the lessee and the owner. When the value and interest is recuperated to the owner, the contract 
period ends and the equipment can be bought. In the following picture the cash flows of a lease is depicted. 

 

 

Figure 5: Cash Flow Structure When Leasing Equipment (Woodroof & Turner, 1998) 
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3.5 Subcontracting Energy-Efficiency to a Third Party 

Since a facility manager or owner might decide that energy-efficiency is not in their core interest they can 
choose to subcontract energy-efficiency to a third party company on a performance contract. This 
performance contract is based on a guarantee that the building operations will provide savings for the 
building manager or owner. In this scenario the subcontracted company owns and maintains all the 
technical equipment installed to improve energy-efficiency. The fee paid to the subcontractor is based on 
the amount of cost savings achieved within the building. If the subcontractor is an experienced company 
with solid financial strength it can obtain loans for itself at relatively low interest rates. The main point in 
this set-up is that the subcontracted company has experienced personnel that can provide larger savings 
than if the building operator or manager would implement the measures themselves. In this arrangement 
the cash flow diagram for the building or owner looks like this: 

 

 

Figure 6: Cash Flow Diagram When Subcontracting Energy-Efficiency (Woodroof & Turner, 1998) 

In short energy-efficiency can be bought through cash, a loan, a bond, a lease, or by selling stock. The 
financing arrangement is always related to a buying company’s different qualitative objectives and strategic 
focus. An example of the strategic focus is for example if the company wants to be actively involved in the 
EEMs or not. This can be the difference between a loan and a subcontracted performance contract.  

When borrowing money to finance EEMs, the cost of capital will influence the amount of returns that can 
be made.  The cost of capital is the same thing as the interest that will be paid to the lender on the loan. 
The interest is decided based on a diverse set of things. The first and probably most important one is the 
borrower’s credit rating  which gives a picture of the economy of the company and how likely they it’s that 
they will be able to pay back the loan. Secondly the lender will decide upon a project risk and thirdly the 
external risks will be evaluated. The external risk is dependent on global economic conditions, energy price 
volatility and trends etc. 

 

3.6 Available Governmental Financing Schemes 

The European Union has several financing funds available that can help with investments in energy-
efficiency. Some of the programmes are structured to help with debt and equity funding for bigger regional 
projects whilst other have a grant approach. Of the ones sizable for a property owner the Horizon 2020 
programme is the most relevant fund.  

The Horizon 2020 programme is the European Union’s biggest research innovation program that has 
allocated 5,931 million euros to non-nuclear energy research during the period 2014 – 2021. In this 
particular section of the programme, energy-efficiency has been chosen as one of main priorities to 
subsidise in order to decrease primary energy consumption before the year 2020. The programme has a 
maximum amount of funding for private company led innovation projects limited at 70 %. In table 2 there is 
an outtake of project descriptions that the fund is willing to subsidise and that are applicable to the 
surveyed buildings in this thesis through the implementation of the recommended EEM packages. 
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Topics Deadline 

Increasing capacities for actual implementation of energy-efficiency 
measures in industry and services 

7th of June 2017 

Integration of energy harvesting at building and district level 19th of January 2017 

Development of near zero energy building renovation 19th of January 2017 

 
Table 2: Research Calls within the Horizon 2020 Programme 

The first topic has a specific focus on finding better economical argumentation methods leading to an 
increased amount of EEMs being implemented in the built environment. The second call focuses on 
implementing EEMs that takes waste heat or cold and reuses it in buildings saving at least 20 % of energy 
used in renovated buildings. The third one is a call for innovative energy solutions in existing buildings that 
incorporate both energy saving measures as well as renewables in buildings saving up to 60 % of the 
current energy use. 

Relating these calls to the buildings surveyed in this thesis, the first call is applicable for both properties 
utilizing the results of this thesis as a new way of evaluating EEMs and increasing the implementation of 
them in the built environment. The two following calls are directly applicable to the second surveyed 
building in this thesis and could be applied for in order to achieve the goals stated in the project call 
description. The first call could also be tackled from a portfolio approach which could allow for a grant that 
would help the auditing of a whole property stock if a will for the implementation of EEMs can be found. 
(The EU, 2016) 

The governmental Swedish Energy Agency has two programmes that are meant to help with energy-
efficiency auditing of existent companies. The grant programme stems from money that has been allocated 
to the Swedish Energy Agency by the European Union’s subsidies for small and medium sized companies. 

The first programme is called ‘’Support for Energy Mapping of Small and Medium Sized Companies’’ which 
is a grant meant to support the conducting of an energy mapping study of the eligible company’s 
operations. This mapping grant should go towards benchmarking the energy that’s needed to keep the 
company’s operations growing and to find possibilities for energy reduction in the whole chain of 
operations. The grant is a maximum of 50,000 SEK and 50% of the total costs for the energy mapping 
project.  

The second grant scheme is called ‘’Support for Studies Preceding Energy-efficiency Investments’’ which is a 
grant that’s meant to support the findings of the first energy mapping study and produce actionable EEMs. 
The subsidy can support auditing to find energy-efficiency investments to a maximum of 70 % of the project 
costs including tools for auditing and potential consultant costs. In the reporting of the project the applying 
company should suggest forthcoming investments in energy-efficiency in their practices. To be eligible for 
the mentioned grants the company has to be smaller than 50 - 250 employees and has to have conducted 
an energy mapping study of the company’s operations described previously. (Swedish Energy Agency, 
2016) 
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4. Real Estate Investment 

Compared to other fields of investment real estate investment has traditionally performed better than 
income investments such as bonds but not as well as growth oriented equity investments such as stocks. In 
order to compare real estate investment it is necessary to find a relatively risk free bench mark investment. 
American state treasury bills or AAA rated corporations bond yields have traditionally turned out returns 
below 4 % and as real estate is seen as a riskier investment than the mentioned investments, one should 
assume a premium above 4 %. (Goddard & Marcum, 2012) 

Real estate investment can be seen as a good diversification investment. Stock markets have recently 
become increasingly volatile over the past decades and, as of recent, in early 2016 which makes real estate 
investment look particularly tempting with its consistent returns and being a long term secure investment. 
Colliers international have recently surveyed 600 worldwide investors and of them 52 % agreed that they 
will increase their allocation of capital in real estate markets. (The Economist, 2016), (Rapoza, 2016) 

Real estate investment can be divided into two approaches namely speculative and value based 
investment. Speculative investment is based on the presumption that real estate value will go up and the 
investment is justified by the assumed eventual sales price compared with the sales price at the time of the 
sale. In order for this investment to become profitable the real estate value has to keep on going up. 
Contrary to this there is value based investing where the loans that buys the real estate are supported by 
the income of the real estate over the holding period. This results in a net cash flow to the owner and will 
largely be in the focus of this thesis. 

 

The definition of net cash flow is: 

 

Monthly rent received from third party tenants 

- Property operating expenses paid by owner 

- Debt service paid on mortgage 

= Net cash flow to owner/investor  

 
The value approach to investment produces a positive net cash flow while the speculative investment does 
either not produce a monthly rent or the net cash flow is too small to adequately cover for the property 
operation costs as well as debt service on mortgage costs. (Goddard & Marcum, 2012) 

Participants in the real estate investment environment pay special attention to the net cash flows of 
buildings when assessing investments, granting loans or just capitalizing on rent income. These parties that 
are involved in the industry can be investors, lenders, brokers, appraisers, attorneys and the government 
depicted in figure 7. 
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Figure 7: Conceptual Model of the Real Estate Investment Environment (Goddard & Marcum) 

 

The legal entities or persons that participate in the environment can be individuals, partnerships, 
corporations, or those corporate entities specifically designed for real estate investments (Real Estate 
Investment Trusts (REITs). 

 

4.1 Real Estate Market Cycles 

The profitability of real estate investment is highly dependent on location and the local performance of the 
market. The qualities of the work force as well as the type of jobs that are available in the local market are 
important when considering the economic development of real estate investments in a particular region. 
Some areas enjoy comparative advantage due to economic activity in the region. The advantages that a 
location may have compared to another can be a sea port, innovation centres, factories or other 
employment hubs that attract work force and subsequently renters. Regardless of whether the property is 
new or existing, future implications of employment will impact the profitability of the investment property. 

Below the text, in figure 8, there is a depiction of market cycles that are dependent on the previously 
described market conditions. The starting point is when vacancy is relatively high and occupancy low. When 
the market occupancy rises, construction companies sense a chance to profit from higher rent levels and 
new construction will commence.  

At some point supply and demand equilibrium will ensue. It is very hard to momentarily define when the 
demand/supply equilibrium has been achieved and thus it is usually identified retroactively when rents 
start declining. This can be seen in the second half of the picture. If there is a state of over lending and/or 
construction, recession will eventually take place and the market cycle starts from the beginning. 
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Figure 8: Depiction of Market Cycle Characteristics (Mueller, 1999) 

These phases can be divided into four sub phases and are called: recovery phase, expansion phase, hyper-
supply phase and recession phase. It is of great importance for an investor to understand the implications 
of rent, vacancy and other market data in order to identify where in the cycle the region of the investment 
property is located. (Goddard & Marcum, 2012) 

 

4.2 Real Estate Evaluation 

When evaluating real estate, the goal is to obtain the market value and most probable price in a 
competitive and open market. During this process there are naturally many factors that affect the market 
value in the evaluation process. In this chapter the approach to real estate value is elaborated on and later 
three evaluation methods are presented. 

Traditionally when investment real estate is evaluated the investor may require an unbiased appraisal of 
the value and call for an appraisal by an independent appraiser. Additionally when a buyer is financing the 
purchasing of real estate with a loan, the bank might also require an independent appraisal in order to set 
their loan to value ratios. When the appraiser has secured their assignment they will begin to gather as 
much data from the property as possible. This data will be physical and legal descriptions of the property, 
the property rights and the purpose of the appraisal which can be a pending sale, a settlement or even the 
beginning of a foreclosure process. Additionally the appraiser will continue to assess market conditions 
dependent on national economy, supply and demand and other factors like those of technical, legal and 
economic nature. Finally the appraiser will enter the property in order to assess the internal conditions of 
the building. A list of factors that play into real estate evaluation is listed below. (Goddard & Marcum, 
2012) 

 



- 22 - 
 

Real estate evaluation is dependent on: 

 

 National economy factors of the surrounding world 

State of the market, inflation, labour market, industry-, apartment-, and tax policies, capital 

accessibility, interest rates, tax law, rental law as well as other law etc. 

 

 Market related factors 

Supply and demand on rent and real estate markets 

 

 Factors of technical, legal and economic nature directly connected to real estate  

Location, lot, surroundings, zoning, liabilities and rights, building size, standard, age, condition, 

rents, social forces, operating costs and vacancy 

 

It should be pointed out that some of the evaluation factors are continuously changing which corresponds 
to an ever changing value of real estate. According to the International Valuation Standard Committee, IVSC 
the definition of a buildings market value is the following:  

‘’Market value is the estimated amount for which an asset should exchange on the date of valuation 
between a willing buyer and a willing seller in an arm’s length transaction after proper marketing wherein 
the parties had each acted knowledgeably and without compulsion.’’  

When evaluating real estate the net present value is often used to represent the buildings value after 
having discounted all the objects future cash flows to the present. These anticipated returns are dependent 
on the investor’s assessment and should always be explained. (Institutet För Värdering Av Fastigheter & 
ASPECTs sektion för fastighetsvärdering, SFF, 2010) 

 

4.3 Basic Models for Evaluation of Real Estate 

There are several methods to approach the evaluation of real estate. In principal they can be divided into 
the sales approach, the production cost approach and the income approach which are all commonly used in 
Sweden. In this chapter these approaches to value are explained broadly in order to understand the 
evaluation reasoning later in the thesis. When utilizing these methods in practice it’s most often advisable 
to use many of the methods simultaneously. While examining the evaluation methods it is important to 
remember that the methods are always estimations, in other words a probable price at an estimated time 
of the sale. The specific evaluation method used in the thesis is described in chapter 6. ‘’Real Estate 
Evaluation Methodology’’.  (Hörgerud & Svensson, 2014) 

The Sales Approach 

The sales approach is based on the pricing analysis of previously sold real estate on a market comparable to 
the asset being appraised. Location being of utmost importance the compared transactions should have 
been done in the same general area and they should also have been arm’s length transactions with a 
properly motivated and informed buyer, which leads to a price that truly represents market conditions. This 
is done through applying the sales price to the square meter price in order to get a price that can be 
expressed in SEK/m2 and is thus applicable to other buildings. Since the SEK/m2 figure is a general figure it’s 
adjusted for differences in size, condition, quality and amenities.  
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The ideal situation is that there would exist a large body of data regarding identical real estate transactions 
that have been momentarily verified, but reality often differs from this situation. Usually there aren’t a lot 
of transactions and the real estate differs from each other since most buildings are unique and transferred 
over a period of time. All of the mentioned factors have to be accounted for.  

The Cost Approach 

The cost approach to value is the most useful for evaluating new construction projects. The guiding 
principle behind the cost approach is to divide the value of the land and the replacement cost of building a 
similar property on the land. For an existing property the value of the building is based on the cost of 
building a similar building again from the same construction materials and methods and then subtracting 
the wear and tear out. The reasoning behind the value is that any potential buyer would not be willing to 
buy the property for more than the worth of the land and the cost of building a new replacing building. This 
evaluation method is popular within the insurance sector when the insurer chooses to only insure the 
customer for the building value in case of a fire or flood. 

The Income Approach 

The income approach to value is the most popular way to evaluate a property and will also be the main way 
of evaluating the surveyed buildings in this thesis. The income approach is only applicable to investment 
properties that have third party tenants paying rents to the owner. Depending on the complexity of the 
building there are a couple of different ways to utilize the income approach to value. These are the Gross 
Income Multiplier (GIM), Direct Capitalization (DC) or Discounted Cash Flow (DCF) methods. 

The GIM approach is the most simplistic way of evaluating a building through its income and is thus used 
mainly for smaller properties with single families or other smaller properties with stable income streams. 
The evaluation is done by dividing the sales value of a building with its gross income in order to get a 
relatable value that can be applied to other properties. For example; the average GIM value for four 
neighbouring properties can be 10 which would imply that a property in the same area should be valued at 
10 times its gross income. Since this evaluation method is very simplistic and only considers the gross 
income of the building it’s suggested that other income evaluation methods should also be used in the 
evaluation process. 

Direct capitalization is a second way to estimate the value of an income property. This value estimation 
model is similar to GIM but takes into account both income and operating expenses which together make 
up the Net Operating Income (NOI). Expenses such as interest, depreciation amortization and depletion are 
not part of the evaluation since these are dependent on the indebtedness of the property. The 
capitalization rate is derived through estimating the NOI of a property over the incoming year and dividing 
that by the sales price of the property. The higher the capitalization rate the more there is risk in the 
property since it’s more dependent on the NOI of the property. 

The last evaluation method related to the income approach, is the discounted cash flow method which is 
done through evaluating the property over a specific period of time (usually called holding period) and 
discounting the future cash flows to present value. In other words the future income during an estimated 
time of holding is valued today in order to obtain a market value. As in the previous method the DCF 
method does not take into account the fees dependent on the indebtedness of the property. When utilizing 
the DCF method for larger properties such as retail, office and industrial properties additional costs such as 
tenant improvements and leasing commissions are included into the evaluation model. (Goddard & 
Marcum, 2012) 
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4.3.1 Capitalization Rates 

Capitalization rates (CR) are often used to turn income into value when utilizing the income approach to 
evaluation. Thus the capitalization rate is a very important factor when determining the value of a property. 
The CR can be obtained by comparing market transactions in the relevant area when knowing the NOI of 
the buildings that have been subject to transactions relevant for the market in question. This is called the 
market extraction method. Other ways to extract the CR is to use the lenders yield or citing commonly 
referenced market surveys. The equation for deriving the building value using the direct capitalization 
method that utilizes CR rates is the following:  

 

𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑉𝑎𝑙𝑢𝑒 = 𝑁𝑂𝐼/𝐶𝑅 

 

As an example the NOI of a property can be 3 million and have a capitalization rate of 5 %. This would mean 
that the value of the building is 60 million. In case there are changes in the market conditions and the CR 
rises to 8 %, the value of the building declines to 37.5 million.  (Goddard & Marcum, 2012) 

 

4.4 Investing in Sustainability and Green Building 

At the time of writing there is a growing interest in Socially Responsible Investment (SRI) throughout the 
real estate investment industry due to the growing awareness that ignoring environmental and social 
concerns can be seen as financial risk due to public outcry. Acknowledging SRI has become particularly 
interesting when it can be done combined with financial performance and risk minimization.  

This trend is very welcome as no other sector has as big of an influence on the global sustainability as 
buildings, property and the construction sector. Because of this the industry as a whole has been dubbed as 
one of the ‘’cornerstones of sustainability’’. (OECD Publications, 2003) 

In the paper ‘’Sustainability in Property Evaluation‘’ Lorentz & Lützkendorf list which activities and 
strategies are necessary in order for sustainable investment to increase and one of the mentioned activities 
are the ‘’harnessing of the property sectors methods and instruments in order to report and communicate 
the advantages of sustainable buildings’’. By doing this repeatedly the industry can be led into a positive 
feedback loop as market participants understand the value of energy-efficiency in buildings. This can then 
be reflected in property price estimations by all market actors such as banks, insurers, investors and 
tenants. I.e. property evaluation and the services that property valuers provide to market participants have 
a domino effect since they are intertwined and critical to each other in terms of maintaining a functioning 
property market and the national economy. 

Currently the biggest obstacle that’s in the way of the integration of sustainable aspects to real estate 
valuation is the lack of property transaction evidence that would point towards the appraisal of 
sustainability in the evaluation strategy. Because of this there is no common best practices regarding the 
evaluation of properties. Thus evaluating sustainability or energy-efficiency in a building relies on ones 
personal knowledge, judgment and experience. Despite this property valuers need to keep in mind that 
prices are a social phenomenon that is derived from the interplay of social constellations and price-
determining factors. There is nothing constant about these pricing factors, they can be permanently 
fluctuating which means that things can change with the course of time and sustainability might suddenly 
become a very real source of value.  

Due to the lack of comparable objects, the best way to appreciate the sustainability or ‘’greenness’’ in 
property valuation is to assign premiums to the capitalization or discount rate. This can be motivated by 
lower operating costs or increased occupant comfort which makes the building more attractive in the 
marketplace and thus reduces vacancy in the building. This in turn means more stable cash flows.  
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Moreover premiums can also be assigned because of the tightening of the future energy-efficiency policies 
that have been promised by the government. The problem in this argument is that the appraiser does not 
know how to exactly adjust the changes in the discount rate or capitalization rate, in order to reflect the 
risk reduction that occurs. As a result the process of valuation is subjective and uncertain which leads to a 
higher risk. A counter argument for this is that uncertainty and risk is always a part of evaluation no matter 
what and the adjustment should be accounted for. However, there is a growing body of evidence 
suggesting that real estate appraisal trends are moving towards sustainability being taken into account to 
an increasing degree when evaluating investment properties. 

There are two more things to keep in mind, which are that there is a huge untapped market for 
sustainability evaluation in the market as well as the fact that clients lending their capital to investment 
companies will be increasingly prone to ask for sustainability parameters in their investments. In case the 
real estate evaluator provides sustainability evaluation on their investment they will be producing 
information beyond the scope of the original request which can be seen as a unique selling point and a 
greater benefit. (Lorenz & Lützkendorf, 2008), (Bonde, et al., 2009) 

 

5. Energy Auditing Methodology 

In order to optimize energy performance and finding energy-efficiency measures for doing so, two buildings 
in different temperature zones of Sweden were chosen to be energy audited. Both buildings had recently 
been acquired by Fastighets AB Regio and thus provided prime assets to be optimized. In this chapter the 
energy auditing methodology applied in the thesis is presented. 

 

5.1 Energy Audits 

Energy auditing is done in order to find technology and subsystems of a building that can be improved in 
order to achieve gains through reduced energy costs. Reasons for the excessive use of energy can be many 
but is usually caused by building technology that is malfunctioning, not operating correctly or in grave need 
of renovation. When starting an energy audit, an auditing engineer usually looks into the buildings 
operating conditions and subsystems in order to be able to get an understanding of the energy 
consumption patterns and energy savings potential. 

To understand the chosen buildings energy performance and the potential for energy savings, the 
methodology relied on in the energy audits of this thesis is largely based on the book ‘’Energy-efficient 
Building Systems: Green Strategies for Operation and Maintenance by Lal Jaymaha.  

When planning the audits the asset managers of the buildings were contacted in order to obtain all the 
necessary data regarding technical documentation, utility bills and any other information that could be 
retrieved about the buildings day-to-day operations and condition. After this a first walk through audit was 
performed to assess the buildings. Special attention was paid to the operating characteristics of the 
buildings as well as the technical subsystems in the facility. When this was clarified, an energy map was 
made in order to understand how the subsystems were connected to the buildings energy use. After this 
the most potential subsystems for EEMs were identified. 

Having identified the most potential energy savings of the buildings, new visits to the buildings were made 
in order to gather a better understanding of the performance of the technical equipment that was part of 
the energy system. The data obtained was mainly information about the operating schedules, power 
ratings and the status of the technical equipment. Based on this, further visits were made when needed in 
order to gather more technical and measurement data. 
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5.2 Quantifying the Energy Savings 

Most equations used to quantify the energy savings are based on energy balance and mass flow 
calculations. These equations can be utilized to see how much energy the technical equipment is using 
today and what the savings could be when reducing the energy intensity of the process or by introducing 
new technology. As previously described, some measures, such as additional attic isolation could not be 
quantified through simple calculations since this would’ve required a building simulation or energy balance 
model and was thus not elaborated on. All the specific building energy and investment cost calculations can 
be found in the appendix. 

 

5.3 Methodology of Energy Costs 

To obtain proper energy costs when examining the monetary value of the potential savings achievable by 
the proposed EEMs, historical utility bills were examined and the energy costs were calculated. This was 
done by straightening out different pricing methods that the utility providers use in their fees as well as 
price fluctuations that are a result of seasonal and market changes. The goal of the calculations was to get 
an average price per kWh. The electricity cost, for example, was variable and varied according to the 
market price for every previous month of the previous years that were examined. In order to find an 
average electricity cost to be able to perform calculations reflecting the economic gains, the previous years 
(2015) monthly electricity costs have been averaged in order to find a median electricity cost. This cost is in 
other words the average electricity price for the audited real estate according to their utility agreement 
consisting of both electricity transfer and electricity supply fees. For the district heating cost there was 
similar variability according to seasonal changes. These incoherencies have also been thoroughly analysed 
in order to find a proper average cost for the district heating costs at the time of auditing. 

Additionally when a building owner pays their utility bills the tax depreciation of the value added tax (VAT) 
did vary in the audited real estate. For the energy that is used in owner-occupied buildings that are rented 
out for production, services or administration purposes, the VAT can be tax depreciated whilst energy for 
residential living and public healthcare cannot, according to Swedish taxation law. The audited real estate 
has a varying degree of residential inhabitants as well as public healthcare and for these tenants the energy 
cost VAT cannot be depreciated. The energy costs have been calculated so that all the tax that can be 
depreciated has been subtracted from the costs in order to be able to mirror the real life circumstances of 
the investability in the EEMs that were found. (Skatteverket, 1994) 

 

5.4 Methodology of Normalized Heating Demand 

In order to be able to compare both buildings heating demand without letting seasonal weather changes 
affect the data, a normalization of heating data according to the equation presented below is required. This 
is done through obtaining the average degree days for a normal year. The degree days are a measure for 
how long and by how much the outside air temperature was below a certain temperature level. This data is 
then used to compare years with each other in order for the statistics to be compensated for because of 
changes in the weather (hot summers, cold winters etc.). 

 

𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝐷𝑒𝑚𝑎𝑛𝑑 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛: 𝑄𝑁 =  𝑄𝐴 ∗ (𝐷𝑁 𝐷𝐴⁄ ) 

QN = Energy consumption during normal month QA = Actual Energy Consumption  

DN = Amount of degree days in a normal month DA = Degree days for actual month  
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The data used for this part was the average degree days per month over the years 1990 – 2010 obtained 
from Eurostat in order to be able to get a 20 year time span that would provide a sufficient average amount 
of monthly degree days. After this the degree days for the compared months were obtained in order to be 
able to normalize the heating demand. It is important to point out that the temperature for calculating the 
degree days was 15 ˚C in all cases in order for the data to match. (Knoema, 1990 - 2010) (BizEE, 2016) 

The normalization allowed for better heating demand comparison in the respective graphs depicting the 
heating use of the buildings. (Nilsson, 2008) 

 

5.5 Methodology of Investment Costs  

The investment costs are largely calculated based on the information given out by Incit Ab in their annual 
book collection ‘’REPAB fakta 2015’’. The specific book used for the calculations is ‘’Underhållskostnader 
2015’’ that’s based on the calculated median labour and technical equipment costs for their customers. 
This data is obtained through the Incit facility management program that is used by the company’s 
customers. By obtaining all the factual information, i.e. completed instalment costs reported in the system, 
the data is aggregated from these customers to provide the data that has been used in this thesis.  

When technical equipment could not be found in the book it was researched online and then included in 
the references. By applying this methodology it was deemed that the installation costs would be the best 
possible estimates that could be derived for this multitude of improvements. 

Some criticism of this method is that this is a very general way of obtaining instalment costs. The company 
claims that the precision rate of the used costs is +/- 10 %. Because of time constraints of the thesis project 
this was deemed to be the best way of obtaining investment costs instead of asking for tenders based on 
the recommended EEMs. 

 

5.6 Contract Technical Details 

The buildings audited in this thesis were both part of a bigger building complex where the property limits 
where drawn within a building block. As is often the case there is usually a chance for the neighbouring 
building to be included in the energy system and thus both owners could benefit from reduced energy costs 
by implementing trade of energy with each other. Both of the surveyed buildings where not utilizing any of 
their waste heat that was produced from cooling subsystems. This waste heat could have been used to 
heat the neighbouring property’s hot water for instance.  

By doing this the waste heat would have been put to use and could have been sold for a below market 
price to the neighbouring building. If this kind of agreement could be achieved both parties would benefit 
mutually. This kind of energy systems thinking is fully possible but limited by contract technical details and 
was thus not considered for EEM improvements even though there was a chance to reroute waste energy 
to a neighbouring building. 
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6. Real Estate Evaluation Methodology 

The total value of the surveyed properties can be calculated through several different ways described in the 
chapter 4 ‘’Real Estate Investment’’. As previously mentioned it’s most common to utilize a few different 
calculation methods to verify the building value. The evaluation for the audited buildings was derived 
through combining the capitalization rate and discounted cash flow methods related to the income 
approach. In the following chapter the reader is introduced to the methodology behind the real estate 
evaluation calculations. 

 

6.1 Rent Levels, Capitalization Rates and Inflation 

Since the tenant rents and lease agreements are very delicate information for both the building owner and 
the tenant, it was decided that the rent income of the facility would be based on an estimate retrieved 
from the property research program Datscha. The same program was also used to find capitalization rates 
for the areas were the audited properties were located.  

Datscha is a Swedish company that sources market information from their appraisal partners that have 
agreed to share the information that they’ve obtained in their consultancy work. By computerising the 
whole process the program is able to give adjusted market information for several key values utilized in real 
estate appraisal. These values have been normalized and verified by several partnering appraisal 
companies. The chosen method to retrieve rental levels comparable to the market conditions was deemed 
to be the most accurate and appropriate way of sourcing information since the alternative would have 
been to scan the neighbouring markets for similar values and thus derive them manually.  

When evaluating the buildings future cash flows, an investor should increase the rents of the tenants 
according to the consumer price index which is the same as the rate of inflation. This has to be done to 
keep up with the falling purchasing power of currency that occurs as part of inflation. To estimate the 
increase in rent for the tenants, inflation was estimated to be 0.8 % for 2016, 1.5% for 2017 and 2% for the 
remaining years according to the Swedish national bank. (Datscha, 2016), (The Riksbank, 2016) 

 

6.2 Operating Cost Information 

The operating cost level of the buildings has been obtained from the property appraisals done by third 
party independent appraisers. Appraisers are usually commissioned by the buyer/seller when the 
buyer/seller has estimated a transaction value and wants a second opinion on the buildings economic 
condition. Usually the seller has a broker that mediates the building and is acting as a representative on 
behalf of the seller. These third party appraisers have estimated the costs levels of the buildings based on 
both facts and schematic assumptions in their reports. These reports were used together with 
Sveafastigheter’s cost estimates in order to obtain cost information for the audited buildings. The energy 
costs were chiefly retrieved through the previously explained methodology in the energy auditing 
methodology chapter and corresponded well to the appraisers understanding of the energy cost level. 

 

6.3 Evaluation of Properties through the Income Approach 

The properties have been evaluated through the income approach and specifically by utilizing the direct 
capitalization (DC) method and the discounted cash flow (DCF) method in order to get two property 
evaluations that can be compared with each other and thus ratify a final worth. The equation below 
describes the DC method where NOI stands for net operating Income and CR for capitalization rates. 

 

𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑉𝑎𝑙𝑢𝑒 = 𝑁𝑂𝐼/𝐶𝑅 
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By knowing the gross income and costs of the building the NOI value can be derived and then used to be 
divided by the CR in order to get an estimate of the building value. This evaluation method is fairly straight 
forward. 

The DCF method utilizes net present values introduced in the chapter 3. ‘’Financing Energy-efficiency 
Measures’’. This second evaluation method was carried out by assuming a five year holding period of the 
properties and then discounting all the future cash flows back to the present day to obtain a building value. 
A five year holding period was chosen since it gives a good time span for implementing the EEMS in the 
buildings and also provides a control period to validate the new energy performance of the building. After 
having proven a new NOI, the buildings would have a better chance of being sold. Additionally the five year 
holding period also shows the effects of cumulative interest in a proper way. 

The future cash flows consists of the estimated NOI for every coming year in the holding period and the 
eventual sale of the building in year five that needs to be discounted back to the present day. The sales 
value in year five is also known as the salvage value of the building. 

When all of the future values have been discounted back the evaluation is complete. Lastly the two 
estimated valuations of the property were compared with each other to be sure that the evaluation was 
correct. For now the reader should note the evaluation strategy since the evaluation is done in detail again 
in the chapter 8.1.2 ‘’Evaluation of Asken’’. 

 

6.4 Discount Rates 

A discount rate is needed when discounting the future value of an investment back to the present day. In 
essence the discount rate is based on the required return on investment adjusted for inflation. Most 
companies use their own discount rates where they have factored in their opportunity costs, inflation, and 
the certainty of payment which varies for certain kind of areas and investment properties. The process of 
deriving a discount rate often requires experience in real estate investment and/or modelling of the rate. In 
order to get a straightforward rate to use for the calculations a third party appraisal company was 
contacted to obtain and justify a discount rate for the evaluation of the audited properties. The contacted 
company said that they obtain a discount rate based on the following formula: 

 

𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑅𝑎𝑡𝑒 − 1 = (1 + 𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒) ∗ (1 + 𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒) 

 

This particular company reflects their risk, opportunity costs and certainty of payment in their capitalization 
rates which allows for an easier method to derive the discount rate. In the previous chapter the 
capitalization rate and Inflation were explained and when plugging these rates into the presented formula 
the discounting rate was derived for both buildings. The inflation rate used in the estimation of the 
discount rate was the averaged inflation rate averaged over the five year holding period which amounted 
to 1.66 %. (Goddard & Marcum, 2012), (Forum Fastighetseknomi Ab, 2016) 
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6.5 The Gordon Growth Model 

When using the discounted cash flow (DCF) model to evaluate real estate an appraiser usually makes use of 
the Gordon growth model when estimating the salvage value of the assessed building. The model takes into 
account future growth beyond the consideration period or what’s also called the discrete period that’s 
been chosen. 

The discrete period used for evaluating the buildings in this thesis was five years and thus a sixth year was 
examined in order to estimate the ‘’terminal value’’ (also called salvage value). This terminal value 
represents the future growth of the cash flows of the building. In order to apply this to the audited real 
estate, the perpetuity growth rate was assumed to stay the same and thus the NOI was estimated to 
continue to grow at the same rate in the future. This resulted in a sixth year representing the terminal 
value. The terminal value of the building was then treated as being at the end of the discrete period and 
discounted back to the present day evaluation. This gave a small change in the NPV of the building. 
(Appraisal Rights Litigation Blog, 2013) 

 

7. Audited Real Estate 

In order to find out how EEMs would improve building performance two buildings were audited for 
measures that could provide a better use of energy within the building.  Both of the chosen buildings were 
similar since they had mainly commercial activities in them such as offices and services. The buildings were 
chosen to be located in different temperature zones in order to see how much the energy consumption of 
the facilities would affect the net operating income of the facilities. The initial assumption was that a 
building located in a northern temperature zone would require more heating and together with lower rent 
levels would have a bigger energy savings potential leading to a bigger influence in the assessment of the 
building evaluation. 

 

7.1 Asken 

Of the two buildings chosen for energy-efficiency audits, the first one to be audited was the Asken building. 
Asken is a commercial real estate property located on Lovisinsgatan 3 in the city of Södertälje, 36 
kilometres south east of Stockholm. The building was at the time of auditing owned by Fastighets Ab Regio 
which is a daughter company managed by Sveafastigheter and the third AP fund. In the facility there are 
several businesses with varying needs and activities. The building is depicted in figure 9 below. 

 

 

Figure 9: Picture of Asken, Courtesy of Building Owner 
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Address:                         Lovisinsgatan 3, Södertälje A-Temp (Area heated above 10 ˚C)           6 400 m
2
 

Owner:                                        Fastighets Ab Regio Total area:                                                                           9 547 m
2
 

Asset Manager:      Real Value Asset Management Heating:                                                                    District heating 

Operator:                                        Property Partner Ventilation:                                                       4 Air handling units 

Building year:                                                      1988 Cooling:       2 Chillers and Cooling tower with thermal storage 

Average Outside Temperature:                      6,5 ˚C Floors:                                                                                        7 

 
Table 3: General Details Regarding Asken 

 

7.1.1 Technical Characteristics of Building 

The facility consisted of five floors above ground and two floors of parking beneath the ground level. For 
the time being the tenants were using heating, cooling, electricity and water for their activities in the 
building. These medias are directly tied to costs that can be seen as energy costs. All the tenant rents 
included heating costs that were added on a schematic basis and the rents correlated well with the overall 
market rent levels. In order to gather a picture of the buildings operation and energy consumption, an 
energy map of the property that can be seen in table 4 was developed. 

A buildings energy use is largely determined by the technical systems within. The heating of both spaces 
and hot water in the building was done by district heating that came into the building led through a heating 
substation in the neighbouring building Asken 5. The buildings ventilation needs were served by four air 
handling units and five exhaust air fans that mostly operated according to the working schedule of the 
tenants. There were also two cooling machines connected to a condenser at the rooftop that provided 
comfort cooling during the summer seasons. In the building there was also special equipment for the dental 
care companies such as compressed air, vacuum suction as well as amalgam pumps that consumed energy. 
On top of this there were electrical heating cables below the condenser at the rooftop as well as below the 
outside entrance in order to keep the areas ice free. 

Other basic facility technology that consumed energy was lighting, pumps and tenant appliances as well as 
amenities that added to the energy consumption. The tenant energy consumption does not affect the 
buildings net operating income and thus valuation which means that it was not at the core of interest for 
the study.  
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Table 4: Energy Mapping of Asken 

The tenants of the building were divided between three dental care clinics, sales offices, a dance academy, 
recruitment offices, workers unions, medical clinics and consultancies. Of these businesses the operational 
schedule that set the biggest demands on the building technology were the office consultancies with 
potential working times in between 6 am and 8 pm. The dance academy had its own ventilation machines 
catering for the late evening activities which extended all the way to 21:30 on Monday evenings 
particularly. Other indoor comfort factors included a constant inside temperature of 22 degrees Celsius. 

 

7.1.2 Energy Consumption at the Time of Auditing 

The heating benchmarking of Asken was challenging due to the fact that the heating central was located in 
the building Asken 5 which was a neighbouring residential building. The building owner of Asken 5 feed the 
building owner of Asken 2 according to a district heating agreement that divided the consumption evenly 
50 / 50 between the two buildings. The divide had seemingly been agreed upon without any specific energy 
consumption assessment and was based on sole assumption. This meant that all the calculations and 
energy data obtained for the heating was half of the total consumption of the commercial building Asken 2 
and the residential building Asken 5. Benchmarking these figures as characteristic for commercial real 
estate was not optimal and should thus be handled with caution. 

The total specific energy consumption of Asken was 221 kWh/m2 of the building area measured in Atemp. 
The total amount of electricity consumed by the building was 68 kWh/m2 and the weather normalized 
heating demand was 153 kWh/m2. The heating area was measured in Atemp which stands for the building 
area that is heated to above 10 ˚C. According to reference values for energy consumption obtained from 
Boverket (Swedish Building Council) this was a high energy consumption for an office building built in 1988. 
The reference values suggested that the energy consumption for heating in this kind of a building should 
have been somewhere in between 101 – 152 kWh/m2. According to values obtained from Incit AB 
‘’Repabfakta’’ the electricity consumption of the building was a little bit above the median. (Boverket, 
2006), (Incit Ab - Repabfakta, 2015) 
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The district heating and electricity transfer cost was obtained for the years 2014 - 2016 from Telge Nät and 
the electricity production cost was obtained from Telge Kraft respectively. The district heating cost was 
different in the winter and summer seasons and due to this the district heating cost had to be thoroughly 
calculated upon. This was done by dividing the district heating energy use during these seasons and then 
adding the fixed costs on top in order to find an average price point. After this the part of the buildings 
energy consumption that could not be VAT depreciated also had to be added on top. By doing this the 
average district heating price of 0.86 SEK/kWh partly including tax was derived and used in the energy-
efficiency measure calculations. 

The electricity price consisted of both production and transfer costs averaged over the year 2015 and these 
were both added together and then adjusted for VAT depreciations. The electricity price amounted to 0.96 
SEK/kWh partly including tax. 

In table 5 the energy use, utility bill and energy consumption information can be seen: 

 

Energy Consumption Heating 979 MWh (2015) 153 kWh/m2 year Atemp 

(Normalized) Electricity 434 MWh (2015) 68 kWh/m2 year Atemp 

 Total 1413 MWh 221 kWh/m2 year Atemp 

Normalized Energy Costs Heating 846 KSEK (2015) May – Oct 0,424 Nov – April 0,554 SEK / kWh 

(Prices for 2015) Electricity 418 KSEK (2015) 0,96 SEK / kWh 

 Total 1264 KSEK 
 

Table 5: Energy Use and Energy Costs of Asken 

The normalized heating demand of Asken can be seen in graph 1 below. The heating demand was rather 
streamlined and followed the heating use year over year. This meant that there had not been any 
significant changes in the heating demand of the building over the past couple of years. The reader should 
note the thickened line of 2016 that insinuates a continued similar heating demand of the building. 
 

 

 
Graph 1: Normalized Heating Demand for Asken 
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In the electricity use seen in graph 2 below, the monthly facility electricity use can be seen. There was a 
significant change in electricity use observed during the months from September to December. This radical 
change is assumed to stem from the control of the cooling machines. At the time of auditing the machines 
had been turned off during the winter season and it could possibly have been so that they had been left 
turned on during the last half of the year in 2014. The poor control mechanism of the cooling machines 
meant that there was significant energy consumption even when cooling wasn’t needed.  When comparing 
the heating and electricity use graphs it could be seen that the year 2014 also had slightly elevated heating 
consumption. 

 

 

Graph 2: Month on Month Electricity Consumption for Asken 

Of the energy consumed the division between heating and electricity can be seen in graph 3. This table 
does not include the tenant electricity in order to be able to compare buildings with each other without 
taking into account the electricity used by the activities in the building. It should be noted that the cooling 
of the facility was done through electrical compressors and is thus included in the ‘facility electricity’ slice of 
the pie chart. 

 

 

 
Graph 3: Distribution between Total Electricity and Heating Use 2014 – 2015 
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7.1.3 Recommended Energy-efficiency Measures 

The most important EEMs recommended for Asken were mostly connected to the ventilation of the 
building. Below there is a detailed description of the five EEMs that were found and determined to be 
useful. 

What made the building peculiar was that the heating contract applied at the time of the audit stated that 
the two buildings used equal amounts of energy and were feed accordingly. In the contract there was a 
condition stating that the heating contract could be renegotiated, if the facility could be proven to require   
5 % more or less heating then the assumed amount which was as previously stated 50 % of the total 
heating consumption. In order to explore the correctness of this heating contract it was recommended that 
a sub meter for heating should’ve been installed to measure the heating demand of the facility.  

If it could be proven through measurement results that the new heating demand would be more 
advantageous for the owner, the heating contract should have been renegotiated to be able to achieve full 
cost savings of the EEMs implemented in Asken. According to the energy use of the building this could very 
well have been the case since the neighbouring residential building was rather big and normally uses more 
heating. If this wasn’t going to be done the two building owners would both enjoy the benefit from the 
reduced heating demand and energy bills in case the recommended EEMs were to be implemented. 

Due to the time constraint of the project some additional energy saving measures were identified and not 
elaborated on. These are reviewed in the ‘’Suggested Improvements’’ section and would mostly likely have 
yielded even further energy cost reductions when implemented. 

CHANGING THE RUNNING SCHEDULES OF AHU TA/TF 104 

When preforming the energy audit, any control device regulating the AHU (Air Handling Unit) TA/FA 104 
couldn’t be found. This AHU was implemented in the building later than the other AHUs and it was 
probable that it was at some point thought to be controlled in the same way as the other AHUs. This was 
not true since the AHU should have been steered from its integrated frequency converter as is usually 
done. The other AHU’s were on full capacity mode since they were steered through the cutting of their 
electricity through a timer operating on a set schedule. Understandably a maintenance worker had likely 
shifted the TA/FA 104 control, thinking that it’s operated in the same way as the other ventilation 
machines. Therefore it was recommended that the control should be changed from on-going to 06:30 – 19 
Monday through Friday and 07 – 14 on Saturdays. 

The building had four separate air handling units with different service areas. The flows and capacity of the 
air handling units were measured in order to get an understanding of the heating and electrical demand.  
By analysing the conducted measurements it could be concluded that the air handling units were delivering 
the proper projected air flows into the facility while they were operating at high capacity. The investment 
cost for this EEM was estimated to be 0 SEK since there would only have been a change in the schedule of 
the AHU TA/TF 104. 

REPLACING TA – 103 AND TF – 103 WITH A COMPLETELY NEW AIR HANDLING UNIT 

AHU TA/FA 103 was the most power consuming air handling unit of the group and could have been 
controlled more efficiently. The system was currently run by two separate fans namely TA 103 and TF 103. 
Firstly there was no heat exchanger and the air handling unit served the garages with a very large flow 
capacity which gave a very good savings potential. It was proposed that TA/FA 103 would be completely 
demolished and a new AHU would be bought. The new AHU was recommended to operate with frequency 
control of the fans that would respond to carbon monoxide (CO) -sensors in the garage allowing for exhaust 
gas monitoring and demand air control. 

Demand air control would have reduced the air flows and the operating times leading to significant savings 
in both electrical fan power and heating needs. The average air flow reduction was assumed to be from 7.9 
m3/s to 4.5 m3/s, which would still have been considered a very large air flow.  
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Moreover by installing a completely new AHU some labour costs would have been reduced due to the two 
separate TA- and FA- fans being combined to one AHU. A new centralized AHU would furthermore have 
allowed for energy savings through fluid heat recovery. 

A fluid heat recovery system has efficiency rates of 60 – 65 % and would increasingly improve the energy-
efficiency of the building. It was pointed out that by renewing the control of the AHU there would have 
been less heat available to be extracted from the exhaust air flow but more than enough energy to justify 
fluid heat recovery. When calculating the heat recovery potential, the heat gains from the garage exhaust 
air were assumed to be lower than today due to reduction in ventilation. It was assumed that the exhaust 
air temperature would also have decreased from 18 to 16 degrees based on a recommendation to lower 
the temperature of the intake air because cars do not need the same thermal comfort as human beings.  
(Björn Åslund, 2014) 

By implementing the changes for TA/TF 104 and TA/TF 103 the following energy savings could be obtained: 

 

 

 

 

 

 

 

 

  
The investment cost of this energy-efficiency measure was assumed to be 300,000 SEK according to Incit Ab 
REPAB data for the exchange of a whole AHU that was bigger than 3.0 m3/s in air velocity capacity and 
equipped with fluid heat recovery. This price also included shipping, handling, demolition and assembly as 
well as a 10% extra for ventilation planning and supervision done by an HVAC-Engineer. 

RENEWING THE CONTROL OF THE EXHAUST AIR FANS 

At the time of auditing the exhaust fans were spewing out a quite significant amount of air from the 
building toilets when running. This air amounted to a combined air flow of 1.2 m3/s of air that was close to 
22 degrees warm when emitted out from the building. In order to reduce the energy consumption of the 
fans, it was recommended that all three exhaust air fans FF 101, FF 102 and FF 103 would be equipped with 
demand and frequency controlled fan motors. The new motors could ramp up in response to demand and 
were recommended to be controlled according to the CO2 levels in the toilets that would trigger the fan 
motor control. 

Moreover one of the main reasons for exhaust air fans in the toilets is to remove dirty air. The Swedish 
building law states that the amount of air that needs to be removed from the toilets can be reduced to a 
third (from 0.35 l/s/m2 to 0.1 l/s/m2) when the toilets are out of use. This means that only a third of the 
continuous air flow is needed whenever nobody is using the toilets whilst the fans still remove dirty air as 
intended. (Boverkets Byggregler, 2011) 

A quite significant renovation would be needed in order to implement the new ventilation solution for the 
exhaust air ventilation fans. All the fans would have to be equipped with frequency controlled fan motors 
and pressure sensors. The ventilation fans could then be controlled by the pressure in the ducts. In order to 
control the pressure in the ducts all the toilet areas would have to be equipped with CO2 sensors as well as 
dampers in the ventilation canal branches connecting to the main ductwork.  

AHU – Service Area TA/FA 103 – Garage TA/FA 104 – 3
rd

 floor 

Electricity Savings (kWh) 67 284 38 968 

Yearly Cost Savings: 64 776 SEK 37 516 SEK 

Heating Savings (kWh) 312 294 10 380 

Yearly Cost Savings: 269 743 SEK 8 966 SEK 

Total Cost Savings: 334 520 SEK 46 481 SEK 

Table 6: Cost Savings Attributed to AHU 103 & 104 
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The system would work on the principle that when a person enters the toilets the CO2 sensor activates the 
damper that opens up to a bigger extent and reduces the air pressure in the main ventilation canal allowing 
for the fan to ramp up and remove more air. (Thors, 2014) 

By installing new CO2 sensors, dampers, and frequency controlled fans it was assumed that the ventilation 
flows would be halved from a total of 1.2 m3/s to an average of 0.6 m3/s. This would bring significant 
heating and electrical savings. It was also most possible that the replacement of fan motors would bring a 
better specific fan power leading to an even better electrical efficiency. 

 
  
  
The total investment cost for this measure would have amounted to 189,260 SEK taking into account costs 
for both technical equipment and instalment costs. The investment costs obtained besides the REPAB 
information was estimations for technical equipment such as CO2- and pressure sensors as well as 
frequency controlled motors. (Drivhuset AB, 2013), (Calectro AB, 2016) 

REPROGRAMMING THE IDLY RUNNING PUMP FOR TA/TF 102 

When conducting the energy audit it was discovered that the pump providing cooling to the air handling 
unit TA/TF 102 was in constant operation. At the same time of the cooling pumps operation the pump 
supplying heat was also in operation. This proved that the cooling pump was malfunctioning. Luckily there 
was a control mechanism operated by a steering valve which meant that only excess electricity was being 
used since the valve closed off the circuit from extra cooling when it wasn’t needed. In order to fix this 
problem it was recommended that the pump would be reprogrammed to run only when needed. 

The pump was a Grundfos pump of the model UPS 65 – 60 with a pump capacity of 0.5 kW. While running 
during the whole heating season which is 10 months, the pump was using unnecessary power. 

Pumps Cooling Pump serving AHU - 102 

Electricity Savings (kWh) 3 380 

Yearly Cost Savings 3 697 SEK 

 
Table 8: Energy Savings for the Reprogramming of the Idly Running Pump 

In this energy-efficiency measure only the electrical power of the pump was calculated. The reprogramming 
cost of the pump was estimated to be 2,900 SEK. 

CHANGES IN ELEVATOR LIGHTING 

Studies have shown that elevators most often have a constantly operating schedule for lights in elevators. 
In this particular building lux meters could not be assembled inside the elevators because of the very 
obvious location of the device and the risk of it being stolen. By staying in the elevators 3 - 5 min it was 
concluded that the lighting did not have any demand control. According to the source literature it’s quite 
common that the lighting in fact is on in the building elevators 24 hours a day.  

Exhaust Fan – Service Area FF 101 - Toilets FF 102 - Toilets FF 103 - Toilets 

Electricity Savings (kWh) 5 424 7 457 5 616 

Heating Savings (kWh) 10 229 22 223 17 533 

Total Yearly Cost Savings: 14 057 SEK 26 374 SEK 20 551 SEK 

Table 7: Energy-efficiency Savings for Exhaust Fans 
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The age, manufacturer and lighting technology all pointed towards this direction. By changing the lighting 
to demand driven lighting and cautiously assuming that the total active use of the elevators was 2 hours 
per day the electrical facility energy could be reduced. At the time of auditing the lighting in the elevators 
constituted four 15W ceiling spotlights inbuilt in the ceiling. These lights could have been changed to 
efficient 5W led lights that can operate on demand.  

By implementing this measure and installing new led lights the facility electricity reduction could improve 
from 525.6 Kwh to 60.0 Kwh per elevator including the effects of the demand control apparatus. Since the 
building had four elevators this meant quadruple savings, totalling 1862.4 Kwh. After implementing this 
measure the additional benefits would be increased luminosity as well as a significantly prolonged lifecycle 
of the lamps. According to the reference material the installing cost was estimated at 3,700 SEK per 
elevator. (Jonas Tannerstad, 2012) 

 

7.1.4 Suggested Improvements 

 

ADDED ROOFTOP INSULATION 

The rooftop insulation was 37 mm at the time of auditing. The insulation could have been increased to 50 
mm in order to achieve better heat insulation of the building that could’ve lead to a reduced heating need. 
This EEM would mostly have affected the top floors heating savings. Because of the rental agreement being 
written so that the heating is included in the rent the savings of this measure would have been absorbed 
fully by the building owner. The extra insulation was suggested to be implemented at the same time as the 
previously suggested AHU renovation which would have required the roof to be opened in order to haul in 
the apparatus. The opening of the rooftop would have given a great possibility to add insulation 
simultaneously. 

AIR HANDLING UNITS OF THE DANCE SCHOOL LB01, LB02 

According to the obligatory ventilation control (OVK), the changing of the filters of the ventilation machines 
in the dance school had been forgotten by the maintenance company or alternatively the dance school 
staff was thought of as having this responsibility themselves. In any case it was most likely that the filters in 
the dance school ventilation machines were dirty and should have been changed which would have led to 
significant energy savings and better indoor air quality for the tenant. 

IMPROVED FACILITY LIGHTING 

Overall the lighting in the building had clearly been thought about and automatical demand response 
garage lighting had been installed. Upon further review the lighting schedules were measured with lux 
meters that were left in the building for a 24 hour period. After measuring the lighting at three different 
locations of the building it was concluded that the proximity triggered lighting switches worked as 
intended. Moreover all the lights in the building had been exchanged to CFL light bulbs which, from an 
energy-efficiency standpoint, are a good fit but have some questionable environmental effects such as the 
problematic recycling of old light bulbs and their operational lifetime. Without regards to energy-efficiency 
it was suggested that the building owner would change the CFL light bulbs to LED light bulbs in order to 
achieve a labour cost reduction by significantly reduced lamp changing times. (Design Recycle Inc., 2016) 

BETTER AIR TIGHTNESS 

The garage door was leaking a quite significant amount of air from the rubber insulation around the door. 
Without a pressure test it would’ve been extremely hard to assess the energy savings potential and thus 
this measure was only elaborated on very briefly. It was suggested that the building owner would order a 
service company to plug the leakage of the garage door in case this could be done without replacing the 
whole door and its functionality. This would most likely have saved a good amount of energy and might 
also have allowed for even smaller garage air flows and temperatures. 
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RENEGOTIATION OF THE ELECTRICAL UTILITY AGREEMENT 

Due to the facility recently having been acquired, the building owner had changed and the electricity supply 
contract for the building had ended, leading to a situation where the electricity was supplied without any 
specific agreement. This meant that the electricity price was most likely higher then it could have been. It 
was therefore suggested that the electricity agreement should be renegotiated to a better cost level. This 
cost reduction was not taken into account during the study because of the possibility of skewed results 
induced by merely contract technical details. 

 

7.1.5 Summary of Recommended Energy-Efficiency Measures  

In the table 9 a summary of all the recommended EEMs can be seen together with total electric, heating 
and costs savings. The impact of replacing the garage ventilation system with a new air handling unit can be 
seen to clearly dominate the EEMs as a whole. 

Energy-efficiency Measures: 
Electrical Energy 
Savings (kWh) : 

Heating Energy 
Savings (kWh) : 

Total Yearly Cost 
Savings (SEK) : 

Investment Cost 
(SEK) : 

Office TA/TF  104 Improvements 38 968 10 380 46 481 0 

Garage TA/TF 103 Improvements 67 284 312 294 334 520 300 000 

Exhaust Fan Improvements 18 497 49 985 60 982 189 260 

Idle Pump Re Programming 3 380 - 3 254 3 000 

Changing Elevator Lighting 1 862 - 1 793 14 800 

TOTAL: 91 024 372 658 447 030 507 060 

 
Table 9: Totals of Recommended Energy-efficiency Measures for Asken 

The energy-efficiency improvements that were recommended to be implemented in the Asken property 
would have amounted to a monetary benefit of 447,030 SEK on a yearly basis when implemented. These 
savings would amount to 17 % of the total property costs and to 35 % of total media (i.e. energy & water) 
costs. In order to achieve this decrease in energy consumption, investments with a total cost of 507,060 
SEK would’ve had to be carried out. All the improvements were deemed to be possible to be done in one to 
two years from decision making but largely depended on the building owner’s eagerness to monitor the 
heating consumption of the building and thus securing proper savings. 

 

7.1.6 New Energy Consumption 

In case all the recommended EEMs were to be implemented in the building the energy use would 
drastically change through the reduction in heating consumption mainly due to the changes in AHU 103. 
The electrical energy consumption would also decrease. In graph 4 the new energy performance of the 
building can be seen. 
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Graph 4: Change in the Energy Consumption of Asken 

The changes in the energy consumption of Asken would naturally also reduce the energy used per square 
metre. The new specific energy consumption of the building would decrease to 136 kWh/m2 of the building 
area measured in Atemp. In the potential new consumption figures electricity would account for 54 kWh/m2 
compared to 68 kWh/m2 before and the corresponding heating for 83 kWh/m2 compared to 153 kWh/m2 
before, when normalized.  

Below the new energy distribution between electricity and heat can be seen. According to reference values 
on energy consumption 148 kWh/m2 is an average normalized consumption for office buildings. It should 
though be noted once again that the energy consumption was very roughly split in between the two 
neighbouring buildings Asken 2 and Asken 5. The new consumption figures would be considered close to 
the median energy consumption levels. 

 

 

Graph 5: New Energy Distribution in Asken 
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7.2 Traktören 

The second building chosen for the study was the Traktören building in the town of Östersund that’s 
located in Mid-Norrland, roughly 600 kilometres north of Stockholm. Traktören is a very similar building to 
Asken in the regard that it is also a commercial building combined with residential apartments that were 
being let by the owner. The commercially let spaces were rented by a book store, an optician and a grocery 
store. Traktören was similarly owned by the Fastighets Ab Regio fund which was managed by 
Sveafastigheter and co-owned with the third AP fund. 

Traktören is part of a building block and consists of two separate building bodies that have been merged to 
one property entity.  In figure 10, below, the outlines of the property can be seen. 

 

 

Figure 10: Outline of Traktören As Seen From the Sky (Via Google Maps) 

The upper left part has got six floors above ground with a book store and an optics boutique on the ground 
floor that face Stortorget. This side of the building is located on a shopping street, Prästgatan, and the 
shops in Traktören are well positioned for commercial purposes on the mentioned street which is the main 
shopping street in Östersund. On the rest of the floors there are residential tenants.  

In the lower right part of the picture the second building body can be seen. It had two garages of which the 
lower one is for tenant purposes. The second garage level was serving the grocery store that was above it 
on the ground level. This grocery store occupied the whole building length on Kyrkgatan 44. Architect 
renderings of the property can be seen in the picture below. 
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Figure 11: Architect Renderings of Traktören, Seen from West and East 

Both building bodies’ ground floors were occupied by commercial tenants as previously described whilst 
the floors above them were in residential tenant use. All the tenants in Traktören were paying a rent that 
included heating in the monthly rent which meant that the building owner could take part of all the heating 
savings in the building. In table 10 more details about the property can be found. 

 

Address:                          Prästgatan 23, Östersund A-Temp (Area heated above 10 ˚C)           6 271 m
2
 

Owner:                                       Fastighets Ab Regio Total area:                                                                            8 271 m
2
 

Asset Manager:                P & E Fastighetspartner Heating:                                                                    District heating 

Operator:                                                   Triennium Ventilation:                                          1 AHU & 7 ventilation fans 

Building year:                                                      1972 Cooling:                                                     Comfort cooling of AHU 

Average Outside Temperature:                     3.5 ˚C Floors:                                                                                       7 

 
Table 10: General Details Regarding Traktören 

 

7.2.1 Technical Characteristics of Building 

The technical subsystems of the building largely defined the energy performance of the Traktören property. 
Heating of the building was supplied through district heating to both hot water and space heating. Space 
heating was distributed through the building by radiators. The heating control system had recently been 
upgraded so that the facility operators could control the heating through distance operation. The property 
had three exhaust air ventilation machines taking care of the residential apartments in the two building 
bodies. The fresh air intake to the apartments came through springs beneath the windows and was drawn 
into the building due to under pressure created by the ventilation machines. All of the ventilation machines 
were located on the attic of the buildings and did not have any heat recovery equipped in them.  

Additionally there were four more ventilation machines and one more AHU. The ventilation machines 
consisted of both intake and exhaust air ventilation machines TA-12 and FA-12 that served the grocery 
store as well as TA-11 and FA-11 that served the garage. The grocery store was heated fully through the 
ventilation air. The garage ventilation machines had been broke for at least the last three years as seen 
from the energy consumption of the building and would have consumed an enormous amount of energy if 
turned on. The two ventilation machines serving the garage should have been completely replaced. 
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The only air handling unit of the facility, VA01, was rather new and served both the book store and the 
optics boutique of the building. It was also the only technical piece of equipment that had cooling installed 
with a condenser intended for cooling located on the top of the building. Upon inspection, the air handling 
unit seemed to work well apart from the running schedule that’s recommended to be improved in the 
recommendations chapter.  

The lighting in the building was deemed as good because of proximity sensors that reacted to the vicinity of 
tenants in order to prohibit the excessive use of electricity. The lights were either LED or CFL lights in the 
whole building. In order to visualize the energy consumed in the building, an energy map was made for this 
building as well and can be seen in figure 12 below.  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

7.2.2 Energy Consumption at the Time of Auditing 

The data for the current energy consumption of Traktören was obtained from the Jämtkraft utility company 
who owned both the electricity delivery network as well as the district heating network. The electricity 
bought to supply the building was also bought from Jämtkraft. By contacting their sales and customer 
service departments the following energy data was obtained. 

The total specific energy consumption of the Traktören building was 245 kWh/m2 of the building area 
measured in Atemp. The total amount of electricity consumed by facility technology in the building was 58 
kWh/m2. The weather normalized heating demand was 187 kWh/m2. The benchmarking of this heating 
consumption value was very hard since there were both residential and commercial tenants in the building 
which meant that it could not strictly have been classified as either an office building or residential building. 
This was due to the fact that 36 % of the building was residential tenants while 64 % were commercial 
tenants. In any case, a normal residential building in this area consumed an average of 156 kWh/m2 and an 
office building a little bit less so it could be stated that the building definitively had a rather high heating 
consumption. The electricity consumed by the facility technology of the building could be seen as average. 
(Boverket, 2006) 

Figure 12: Energy Mapping of Traktören 
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In the case of Traktören the energy price for electricity was calculated similarly to Asken by averaging the 
previous six months electrical costs and then adding the transfer cost on top of this value which amounted 
to 0.73 SEK/kWh. Data for the last 12 months electricity costs would’ve been ideal but since the electrical 
agreement had been renewed with another company this data was not available. The district heating costs 
were obtained for the year 2016 by averaging the different costs that varied according to different heating 
seasons and then adding the extra fees for the district heating effect costs (185,000) and the fixed 
connection cost (45,400). Together they amounted to a price of 0.69 SEK/kWh excluding tax. 

As explained in the methodology chapter the residential VAT cannot be tax depreciated by the property 
owner and had thus been included in the electricity cost.  

 

Energy Consumption Heating 1171 MWh (2015) 187 kWh/m2 year Atemp 

(Normalized) Electricity 364 MWh (2015) 58 kWh/m2 year Atemp 

 Total 1535 MWh 245 kWh/m2 year Atemp 

Normalized Energy Cost Heating 810 KSEK (2015) April – Oct 0,331 Nov – Mar 0,361 SEK/kWh 

(Including Residential Tax) Electricity 266 KSEK (2015) 0.73 SEK/kWh 

 Total 1076 KSEK 
 

Table 11: Current Energy Use and Energy Costs of Traktören 

In graph 6, below, the normalized heating demand of Traktören during the years 2014 – 2016 can be seen. 
As in the case of Asken the green thickened line showing the heating use in 2016 suggested that the 
heating trend was continuing in the same manner as in the previous years. 

 

 

Graph 6: Normalized Heating Demand of Traktören 2014 - 2016 

In the following graph 7 the yearly electricity use between the years 2014 and 2016 can be seen. The graph 
shows that the electricity consumption was fairly similar during most of the reviewed months but also that 
there had been a change in the building electricity consumption in the end of 2015 and beginning of 2016. 
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After conducting interviews with the maintenance crew of the building, this energy spike was attributed to 
an air handling unit located in the garage that was fixed during this time and broke down once again after 
having run for approximately one month. The air handling units TA-11 and TF-11 serving the garage had no 
heat recovery and continuous ventilation schedules. Both of these fans were fixed and started again in 
December and broke down once more in January. This can clearly be seen in the electrical energy use in 
graph 7, spiking during the same time.  

 

 

Graph 7: Electricity Use of Traktören 2014 - 2016 

In the graph below the distribution between electricity and heating can be seen. As this building was far 
more north then the previously discussed building, one would have expected the heating part of the pie 
chart to have been higher in comparison but it turned out to be very similar. As noted earlier the electricity 
consumption of the tenants was neglected in this chart and only the electricity going to facility technology 
is seen. The heating part of the chart contains the entirety of tenant heating. 

 

 

Graph 8: Energy Distribution of Traktören 2014 & 2015 
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7.2.3 Recommended Energy-efficiency Measures 

The two most effective EEMs were both connected to the grocery store in one way or another. The first 
recommended EEM was the complete renewal of the ventilation machines in order to achieve sufficient 
operating terms for the grocery store ventilation. The second EEM recommendation was to reuse the waste 
heat stemming from the grocery stores grocery cooling and freezing basins and running this through a heat 
pump in order to utilize the heat for the heating process of the building. Both of these measures could have 
been independently carried out but were complementary to each other. Moreover the recommended 
measures took advantage of the fact that there was continuous residential heating and cooling going on at 
the same time which made excellent energy synergies possible for the building owner. 

In this building there was also a string of suggested improvements that would have required building 
modelling in order to be quantified. Due to this it was suggested that a building simulation model would 
have been done in order to see how low the heating consumption of the building could have been pushed 
since this might have affected the dimensioning of the heat pump. The measures considered useful to 
quantify and simulate through a computer model would have been the increased attic insulation as well as 
all the radiator changes that might have had a quite significant heating savings effect on the building. 

 
CHANGES IN GROCERY STORE VENTILATION 

In Traktören there was a grocery store that made the energy recovery potential very special in the 
property. Firstly the whole grocery store was heated up by the incoming ventilation air that was set to 
operate according to the grocery stores opening hours. The incoming ventilation air that was provided by 
the intake air fan TA-12 was measured to be 3.8 m3/s which amounted to 3.17 l/s/m² which, in turn was a 
very large air flow. The outgoing air from the grocery store was channelled out through an exhaust air fan 
FA-12 as well as another exhaust fan ÅF-1. FA-12 blowed out an amount of 1.23 m³/s through the roof, 
whereas ÅF-1 removed an amount of 0.91 m³/s to be reused in the garage of the grocery store. Together 
they amounted to 2.14 m³/s and thus there was an over pressure build up in the grocery store which is not 
preferred from an energy or structural point of view due to air leakage, and the possibility of a mould 
friendly climate. 

Regarding the ventilation it was recommended that both the TA-12 and FA-12 ventilation machines would 
be demolished and that a new air handling unit should have been installed in the same place as the TA-12 
ventilation machine was located at the time of auditing. This would have required the enlargement of the 
two doors leading into the technical room in order to allow for transport of the new AHU modules. This 
measure would also have required new ventilation duct work to be done so that the exhaust air from the 
grocery store could be rerouted to the new AHU equipped with heat recovery. This was deemed as 
possible. The result of this EEM would’ve been a new centralized air handling unit with heat recovery that 
would have allowed for more advanced control of the grocery stores indoor climate.  

Through calculations it was estimated that the intake air could be reduced from 3.8 m³/s to 1.55 m³/s when 
there are 150 people inside of the grocery store. The new possible air flow used in the savings calculations 
was estimated to be 2 m³/s in order to insure the heating capabilities of the AHU. Both these values also 
satisfied the Swedish building legislation that requires 0.35 l/s/m2 of air exchange. A new air handling unit 
would have allowed for previously non-existent cooling of the grocery store that had also been a wish 
placed by the grocery store owner. This would have been taken into account through the second 
recommended EEM. (Boverkets Byggregler, 2011) 

The new air handling unit was assumed to be equipped with a rotating heat exchanger that would’ve had 
an 80 % heat recovery energy-efficiency as well as frequency controlled motors that respond to carbon 
dioxide sensors placed in the grocery store.  
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When auditing the property the garage was supplied with air from the grocery store and by renewing the 
ventilation operation of the building the garage ventilation would also have been required to be renovated. 
The garage ventilation was out of order and required by law to be renovated and due to this it was not 
incorporated to the EEM as an investment cost because of it being regarded as mandatory maintenance 
cost. The garage ventilation is further elaborated on in the chapter 7.2.4 ‘’Suggested Improvements’’. 

At the time of auditing the runtimes of the ventilation machines were not coordinated according to the 
grocery stores opening schedules and when re-calibrating the running schedule of the new AHU the 
ventilation need would actually have increased from 4224 hours a year to 4954 hours. This was also been 
taken into account in the savings calculations. 

Air Handling Unit AHU – Grocery Store 

Old Heating Use (kWh) 338 761 

Old Electrical Use (kWh) 12 672 

New Heating Use with Lower Air Flows (kWh) 209 108 

New Heating Use Combined with Heat Recovery (kWh) 41 822 

New Electrical Use (kWh) 6 270 

Yearly Cost Savings 209 983 SEK 

 
Table 12: Cost Savings Due to Change in Grocery Store Ventilation 

The investment costs for this EEM would have been quite significant but rather profitable when examining 
the savings potential. The labour time required for the EEM was assumed to be 160 hours performed by 
HVAC-technicians that cost 480 SEK/h not including tax according to Incit Ab REPAB data. With the 
additional technical equipment cost the total investment cost was assumed to be 546,650 SEK of which 
81,600 SEK was assumed to be labour cost. Additional information about the investment costs information 
can be found in the appendix. 

HEAT RECOVERY FROM THE GROCERY REFRIGERANT BASINS 

The grocery stores refrigeration basins were at the time of the audit continuously removing heat from the 
groceries in order to cool them down and the excess heat that resulted from the process was being 
displaced outside of the building. This heat could have been recovered by a heat pump that would have 
allowed for significant heating savings in the residential heating system that was part of the building. For 
this EEM to be applicable the grocery store owner would have had to agree to allow the grocery stores 
excess heating to be utilized for building heating purposes.  

Since the grocery store owner had expressed the need for cooling in the store this EEM would have allowed 
for a win-win situation where the building owner would have been able to reduce the energy consumption 
of the building and the grocery store owner could’ve gotten access to cooling during the summer. 
Moreover the electricity bill of the grocery store owner would also have been reduced due to less 
condenser and refrigeration electricity being used. Because of this it was deemed that the EEM was a 
possible endeavour, having the possibility to provide gains for both involved parties. Another pre-requisite 
for this EEM was also that the grocery store owner would’ve been willing to keep the 30 year old business 
in place and sign a long tenant contract of perhaps five or more years to make the EEM worthwhile.  

The heating power that was available for recovery from both refrigerators and freezers was 70 kW in 
average over the course of the whole year. Since the garage was in need of a new ventilation system it was 
deemed that there was a possibility for an additional excess heat stream from the exhaust ventilation fan 
of 10 – 15 kW. This combined 80 - 85 kW of heating could then have been turned in to 100 kW with the 
help of a heat pump that uses electricity for compression and to further heat water. 
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To be able to utilize the excess heat available a heat pump that’s capable of accepting high temperatures 
on the cold side would have had to be utilized. Currently the market has industrial heat pumps available, 
accepting a temperature up to 45 degrees Celsius on the cold side which makes the EEM applicable. This 
would have allowed for the instalment of a heating pump that could’ve accepted hot refrigerant from the 
grocery stores cooling appliances and further heat the hot water through electric compression. This water 
could then be utilized for both heating and hot water purposes. Lastly it was recommended that the 
existing district heating connections should have been left in the building as a heating system meant for 
backup and topping energy. (Mitsubishi Electric, 2016) 

The cooling of the AHU was recommended to be handled by the return line from the heat pump that could 
be insured with sufficient cooling capacity by adding an extra condenser next to the already existing 
grocery store condensers. The savings of the EEM can be seen in table 13, below. 

 
Heat Pump 

Heating Savings kWh 722 979 

El Increase kWh + 109 997 

Total Yearly Cost Savings 419 525 SEK 

 
Table 13: Savings Achievable due to Excess Heat Recovery through a Heat Pump 

When taking into account the other EEMs the heat pump could have taken care of nearly all the remaining 
normalized heating demand. In case of a heat pump being installed in the building a building energy 
simulation was recommended in order to get the dimensioning of the heat pump right. After 
implementation the electrical cost would have increased due to the electrical power needed to run the 
heat pump and a further increase would’ve occurred when cooling would be provided to the AHU and it 
remained a contract technical detail whom would pay for the cooling electricity. On one hand the grocery 
store owner could have gotten access to cooling for a low fee and on the other this deal is what would have 
allowed the building owner to implement the EEM in the first place. 

The Investment costs were comprised of the instalment of the heat pump, a condenser for additional 
cooling of the new ventilation machine, water heaters for both domestic and radiator hot water, piping and 
of course labour costs. The large water heaters were deemed possible to haul into the technical utility 
room through the same enlarged door that was recommended in the previous ventilation EEM. The 
technical equipment was expected to cost 591,270 SEK and the labour was expected to cost 57,600 SEK 
amounting to a total investment cost of 648,870 SEK. 

CHANGES IN RENTAL APARTMENT VENTILATION 

The exhaust air ventilation machines intended for the buildings residential apartments were utilizing an old 
control mechanism and could have been changed. At the time of the audit the exhaust air fans drew air out 
from the apartments and this air was replaced by natural ventilation that entered the apartments straight 
from the ambient air. This meant that the heating supplied to the apartments was partly used to heat up 
the incoming cold air. The exhaust air was then channelled out from the apartments through a hood above 
the kitchen stove as well as the through the toilets.  

To improve energy performance it was recommended that the fans should be exchanged to new demand 
and frequency controlled ventilation fans that could have provided better energy-efficiency. The new fans 
could be controlled through duct pressure in order to achieve more economical running patterns of the 
fans. The system would have worked on the principal that when the stove hoods in the apartment kitchens 
are closed and opened there is a change in pressure that’s created in the ventilation canals.  
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This can be detected and used to frequency control the exhaust air fans that can ramp up on demand and 
thus have savings in electrical efficiency. It was assumed that the electrical capacity needed to run the fan 
motors would decrease with 25 % due to the advanced steering mechanism and reduced air flows. 

At the time of the audit there was an air flow of 2.22 m3/s. This air flow was too high since there were 75 
apartments and this gave an average exhaust air flow of 29.6 litres per apartment. Since the Swedish 
building code BBR requires an exhaust air amount of 10 l/s for the toilet and the kitchen areas each, this 
meant that the ventilation was higher than needed at the time of measuring.  

All of the apartments were small and did not have multiple toilets which would have needed additional 
ventilation. A recommended 20 l/s air flow would also have fulfilled the requirement of a minimum 0.35 
l/s/m2 of air exchange according to Swedish building legislation. Therefore this measure would have saved 
both heating and electrical energy. In the calculations it was assumed that the air flow would’ve been 
allowed to reach above 20 l/s per second on average because of the cooking that would be done in the 
apartments. This meant that the total reduction in ventilation flows was reduced by only 25 % in the 
savings calculations. 

Exhaust fan – Service 
area 

FA-B13 - House B FA-A2 - House A FA-A3 - House A 

Heating Savings kWh 44 073 26 190 38 209 

El Savings kWh 11 142 5 571 11 142 

Total Yearly Cost Savings 38 611 SEK 22 177 SEK 34  557 SEK 

 
Table 14: Savings When Changing the Exhaust Air Fans 

It was also recommended that when the outside air becomes colder than -5 degrees the fans would 
decrease the air flow little by little in order to not introduce too much new cold air into the building. By 
doing this it was assumed that there would be even more heating savings achievable by this EEM. This 
would hopefully also be appreciated by the tenants since the air coming into the apartments would 
otherwise be colder and experienced as unpleasant when drawn into the apartment in large amounts. 

The investment cost for this EEM was tailored since the ventilation fans were in need of unequivocal 
changing. From the total cost for fixing the system the change of fans and their instalment cost have been 
reduced since this was considered work that would’ve had to be done in any case. The investment costs for 
the EEM was estimated to consist of the purchase and mounting of pressure and outside temperature 
sensors as well as new frequency controlled motors. Testing of the system by measuring air flows in the 
apartments and the adjustment of the fans was also included. This investment cost added up to a total of 
48,820 SEK. 

CHANGING THE OPERATIONAL SCHEDULE OF AHU VA01 

The air handling unit that served the opticians boutique and the book store had been set to a running 
schedule that did not match the opening hours of the stores. The running schedule of the air handling unit 
was set to run from 8 am to 19 pm from Monday to Friday and from 8 am to 16 pm on weekends. Since the 
stores were open during shorter times and completely closed during Sundays it was recommended that the 
schedule should be changed in order to reduce excessive electricity and heating consumption. The new 
proposed operating times were from 8.30 am to 18 during weekdays and 9 am to 16 during Saturdays. By 
doing this the ventilation of the area when nobody is present could be avoided. 
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The operating times that needed to be handled for both the stores were from 9 am to 18 during the 
weekdays and 9.30 am to 16:30 on Saturdays. There was no investment cost involved for this measure 
since it would only have needed a change in the running schedule of the air handling unit. 

REPLACEMENT OF OLD PUMPS 

In the Traktören building there was two pumps that were serving the ventilation machines and were all 
original from when the building was built in 1972. These pumps were coming to the end of their lifecycle 
and should’ve been replaced by new modern pumps that have a much better energy-efficiency then the 
existing pumps. By replacing the pumps with new modern pumps the following savings could have been 
achieved. 

Pumps Pump 1 Pump 2 

Electricity Savings (kWh) 1 185 2 456 

Yearly Cost Savings (SEK) 866 1 794 

 
Table 16: Potential Pump Savings in Traktören 

According to Incit Ab REPAB data the investment costs for these two pumps would be 23,390 SEK including 
both new pumps as well as the instalment costs. 

CHANGES IN ELEVATOR LIGHTING 

The recommended measure to change the elevator lighting was largely the same as described for the 
previous building Asken. The building elevator lighting was at the time of auditing on a 24/7 schedule that 
could have been reduced significantly with proximity control sensors. By changing the demand control so 
that lighting would only be needed for a maximum of 2 hours per day the electrical energy consumption of 
the elevator lighting could have been reduced.  

At the time of auditing the lights in the elevator were old and could have given way for improvements in 
both lighting quality and energy consumption. The lighting in the elevators was constituted of four 15 W 
ceiling spotlights inbuilt in the ceiling. These lights could’ve been changed to efficient 5 W led lights that 
operate on demand.  

By installing new led lights the facility electricity consumption stemming from the elevators could’ve gone 
from 525.6 Kwh to 60.0 kWh per elevator including the demand steering apparatus. Since the building 
bodies had three elevators this meant triple savings, totalling 1397 kWh. According to the reference 
material the installing cost could be estimated at 3,700 SEK per elevator. 

 

 

 

AHU – Service Area VA01 – Optician & Bookstore 

Electricity Savings (kWh) 7 468 

Heating Savings (kWh) 8 587 

Total Cost Savings: 11 392 SEK 

Table 15: Savings Due to Changes in AHU VA01 
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7.2.4 Suggested Improvements 

 

GARAGE VENTILATION SYSTEM 

The garage ventilation system had been broke for a long time and it was clear that the ventilation machines 
TA-11 and TF-11 were in serious need of replacement. Judging from the increased energy consumption that 
had occurred when the ventilation machines were in operation there was a significant energy savings 
potential in the garage ventilation machines once they have been restored. The garage required an exhaust 
air flow of 1.8 m3/s according to Swedish building legislation and should thus have been equipped with new 
fully working ventilation machines. According to building law the ventilation need could be decreased if the 
control mechanism of the new ventilation machines would be equipped to work with carbon monoxide 
detectors that can detect the vicinity of automotive vehicles that worsen the air quality and thus regulate 
the ventilation.  

Since these ventilation machines had been out of order for a significant amount of time, the starting of 
them would’ve increased the operational costs of the building significantly and was therefore left out from 
the scope of the study. Nevertheless the energy performance of renewed ventilation machines could be 
significantly better if implemented with energy-efficient design. 

REMOVAL OF RADIATORS SUPPLYING EXCESSIVE HEATING  

In the buildings there were radiator elements installed in every storage space intended for the tenants and 
the radiator elements had been set to operate on full capacity all the time. In the storage rooms 
themselves there was nothing stored that would be in explicit need of heating. Due to this it was suggested 
that the radiators should be plugged in order to save excessive heating costs. In case there would be 
complaints from the tenants the radiators can be set to operate on low heat again. This would have 
provided additional energy savings in the building. 

NEW ENTRANCE WINDOWS AND DOOR 

When entering the A building there was a window inbuilt in the door that had been replaced with a plastic 
single pane window that was part of a very inefficient aluminium metal door. The door had been vandalized 
so that there were small springs directly leaking in cold air. The entrance to the building was cold even 
though an air heater had been mounted in the roof in order to take care of the heat losses at the entrance. 
It was suggested that at least the door and possibly the large entrance windows would be replaced in order 
to achieve proper heating insulation that does not require air heating. By doing this further heating energy 
could have been saved in the facility. 

IMPROVING HALLWAY DOORS 

Both of the buildings had aluminium doors installed at the entrance of all balconies that were at the end of 
the hallways. The aluminium doors practically lead cold air into the hallways and had extremely bad heat 
insulation characteristics. To cover for the heat losses through the doors there was radiator elements 
installed next to the doors. By replacing all the doors with proper energy-efficient doors and plugging the 
heating elements significant additional heating savings could be achieved. 

ADDED ROOFTOP INSULATION 

According to previous ventilation audits in the building the attic insulation of Traktören only added up to 15 
cm. It was suggested that the insulation should be increased with 30 – 35 cm in order to increase heating 
efficiency of the building. 
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LIGHTING OF THE GROCERY STORE GARAGE 

The lighting of the grocery stores garage was strikingly inefficient with its 72 W fluorescent tube lamps 
scattered across the garage area with roughly half of the lamps broken. The lamps were on continuous 
operation and surely consumed a lot of energy. It was suggested that the property owner would make the 
grocery store operator aware of the savings that could be made by optimizing the lighting solution of the 
garage. 

 

7.2.5 Summary of Recommended Energy-Efficiency Measures  

In the following table a summary of all the recommended EEMs can be seen together with total electric, 
heating and cost savings that can be achieved in the building. The two most significant energy-efficiency 
improving measures are the changes that were derived through the building technology that served the 
grocery store. The measures are also an example of the great possibilities when hot and cold are exchanged 
between building entities and not treated as waste heat or waste cold.  

Energy-efficiency Measures: 
Electrical Energy 
Savings (kWh) : 

Heating Energy 
Savings (kWh) : 

Total Yearly Cost 
Savings (SEK) : 

Investment Cost 
(SEK) : 

Changing Schedules of AHU 7 468 8 587 11 392 0 

Changes in Grocery Store Ventilation 6 402 296 939 209 983 546 650 

Exhaust Fan Improvements 27 854 108 472 95 345 48 820 

Heat Pump Installation + 109 997 722 979 419 525 648 870 

Replacement of Old Pumps 3 642 - 2 660 23 390 

Changing Elevator Lighting 1 397 - 0 11 100 

TOTAL: + 63 235 1 136 976 739 925 1 278 830 

 
Table 17: Totals of Recommended Energy-efficiency Measures for Traktören 

Because of the recommended heat pump solution the electrical consumption of the building would 
increase. The increase would be even steeper in case the building owner would be expected to pay for the 
renewed cooling possibilities of the grocery store. The total cost efficiency was improved through the 
significant savings in heating energy that can be achieved through all the recommended EEMs. The total 
yearly cost savings amounted to 739,925 SEK through investments that were assumed to be accumulated 
to the cost of 1,278,830 SEK. The potential savings amount was equal to 69 % in energy costs and 33 % in 
total costs. 

 

7.2.6 New Energy Consumption 

The impact of the combined EEMs would be big. Graph 9 shows the changes in the energy consumption of 
the Traktören building in case all the EEMs would be implemented. When inspecting the graph the reader 
has to keep in mind that these are decreases in the normalized heating demand, i.e. decreases in the 
average energy consumption of the 20 previous years averaged energy consumption. The new energy 
profile of the building would most likely not be as energy intense due to increased climate change that’s 
corresponds to a milder climate. Another point to bring out is that this will still mean that there will be 
years with higher and lower heating demand that might require a high top capacity of the new heating 
system. 
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Graph 9: Changes in the Energy Consumption of Traktören 

The energy profile of Traktören will experience significant changes in case the recommended EEMs are to 
be implemented. Previously the building was consuming 58 kWh/m2 of electricity and 187 kWh/ m2 of heat 
totalling 245 kWh/m2 of energy use for the building when the building area was measured in Atemp.  

The new values would amount to 69 kWh/m2 for electricity, 23 kWh/m2 for heating, and a total of 92 
kWh/m2. This would be quite the energy reduction. It’s expected that all the recommended EEMs for this 
building could be implemented within two years of deciding to alter the energy performance of the 
building. 

To benchmark this kind of a building is quite hard. The reference values are to be weighed against each 
other when one part of the building is built for commercial purposes and the other for residential tenants. 
The average heating value for a commercial building is 148 kWh/m2 and for residential buildings with many 
apartments 168 kWh/m2 when normalized which suggests that this building could be performing very well. 

In graph 10 the significant change in the energy use distribution can be seen. Previously, heating the 
building was taking a far bigger portion of the total energy consumption whereas the new situation would 
be the exact opposite.  

 

 

Graph 10: New Energy Distribution in Traktören 
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8. Financial Analysis of the Audited Real Estate 

In the following chapter, an economic overview and building evaluation is presented for both buildings. 
This is done in order to understand the building values and economical characteristics that will change if 
the recommended EEM packages are implemented. The EEM packages implementation will have a 
significant impact on the NOI and subsequently the building evaluation. This shows that investments in 
energy-efficiency can have a value increasing effect on buildings and potentially a good return on 
investment. It needs pointing out that a reduction in energy consumption can usually increase the NOI in 
Sweden when this is not as straightforward in countries like England and Australia where the maintenance 
and energy costs are usually fully on the tenants responsibility. In the mentioned markets that differ from 
Sweden the interest in green certificates such as LEED and BREEAM is understandably more relevant, since 
the green certificate schemes might sometimes be the only way of valuing energy-efficiency in the built 
environment. (Bonde, et al., 2009) 

 

8.1.1 Economical Overview of Asken 

In order to get a picture of the income that the building generates the rent levels were examined. The 
tenants of Asken have varying rent levels since a large part of the premises are occupied by offices and 
health care facilities. The rent levels were set to a rent level of 1,900 SEK/m2 according to the average rent 
levels retrieved from the Datscha program. The total rentable area of the building is 5 597 m2 where the 
vacancy rate at the time of purchase was 7 %. This means that the total rented area is 5 204 m2 and 
subsequently has a total yearly gross income of 9.89 MSEK in year one. 

In the building there is also a garage space being let out to a parking space operator that runs a parking 
business. This garage space is deemed to be less valuable building space and subsequently has a lower rent 
level that can’t be benchmarked due to a lack of comparable spaces. For evaluation purposes it can be 
assumed that the garage operator adds a rent of 1 MSEK to the gross income level.  Finally there is also a 
rental and cost increase of 0.8 % according the Swedish consumer price index (CPI). This totals the gross 
income of the property at 10.72 MSEK for the year 2016. (Statistics Sweden, 2016) 

The costs for the Asken building include media costs (i.e. energy & water), property caretaking, service 
agreements, maintenance, property insurance and other property related costs. The media costs account 
for an estimated 1.28 MSEK whilst the rest of the costs amount to 1.39 MSEK. Together the costs add up to 
2.67 MSEK when accounting for inflation which gives the building a NOI of 8.31 MSEK. The media costs 
make up 12 % of the total gross income and 48 % of the total costs. 

 

8.1.2 Evaluation of Asken 

The evaluation of Asken was derived through two different evaluation methods, namely the direct 
capitalization method and discounted cash flow method that are related to the income approach. When 
evaluating the future cash flow of the building and subsequently the value of the Asken, the holding period 
was chosen to be five years in order to be able to evaluate the building including a sale in year five.  

When discounting the future cash flows to the present there are a few values that have to be set to be able 
to assess the amount of the future cash flows. The needed values are inflation, capitalization rates and 
discounting rates as well as other building information. In accordance with the methodology chapter the 
mentioned values came from the following sources; total lettable area and vacancy was based on the real 
life situation in Asken at the time of the audit whilst the inflation rates were obtained from Riksbanken, the 
rent levels and capitalization rates from Datscha, the discount rate from Forum fastighetsekonomi and the 
savings from the calculations in the thesis. A summary of all the values can be seen in table 18. 
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Asken Initial Values 

Total Lettable Area: 5 597 m
2
  CPI (2016): 0.8 % 

Vacancy: 7 % CPI (2017): 1.5 % 

Cap Rate 6.6 % CPI (Rest):  2 % 

Rent / m
2 

1 900 SEK Average CPI 1.66 % 

Discount Rate 8.37 % Savings 447 030 SEK 

 
Table 18: Initial Values for Asken's Evaluation Calculations 

By using the values in the table, a cash flow statement can be created. In table 19 the future income and 
cost development of the building is portrayed. This table was created so that it projects the current state of 
the building to continue into the future without any changes. This allowed the assessment of how the 
changes in energy performance will impact the eventual sales value of the building. However, when 
evaluating a building one has to take into account the future runtimes of tenant lease agreements which in 
turn are dependent on the long term security of the tenants and their current lease agreements. Other 
changing factors that affect the outcome are also future repairs as well as tenant upgrades which usually 
are paid for by the building owner. 7 % is also a rather high vacancy and any property owner would in 
normal circumstances like to work towards improving this and, in turn, increase the value of the building. 

Asken 2016 2017 2018 2019 2020 2021 

Rental Income 10 719  10 880  11 098  11 320  11 546  11 777  

Vacancy 7 % - 750  - 762  - 777  - 792  - 808  - 824  

Garage Rent 1 008  1 023  1 044  1 064  1 086  1 107  

CPI (Inflation) 0.8 % 1.5 % 2 % 2 % 2 % 2 % 

Gross Income 10 977  11 142  11 365  11 592  11 824  12 060  

Media (Energy) - 1 278  - 1 297  - 1 323  - 1 350  - 1 377  - 1 404  

Other - 1 394  - 1 415  - 1 443  - 1 472  - 1 502  - 1 532  

Total Costs - 2 672  - 2 712  - 2 767  - 2 822  - 2 878  - 2 936  

NOI (KSEK) 8 305 8 429 8 598 8 770 8 945 9 124 

 
Table 19. Cash Flows of Asken for the Next 5 Years  

When calculating the building value through the direct capitalization method, the market capitalization rate 
and the NOI were used to estimate a value for the building. The capitalization rate is a key factor in the 
income approach to evaluation and can be derived through analysing similar buildings in the area of 
Södertälje that have been sold in the past. When knowing the previous sales prices and the NOI’s of the 
neighbouring buildings the capitalization rate of the market can be obtained and assumed to be similar in 
order estimate the sales price of the building in question. The capitalization rate for central Södertälje was 
estimated to be 6.6 % at the end of 2015. When calculating the building value through the direct 
capitalization approach the NOI value in 2016 amounted to 8.3 MSEK which in turn gave a building value 
estimate of 125.83 MSEK. 

To verify this value the discounted cash flow method was also used. The cash flows and terminal value in 
2021 were discounted back to the present day, enabling an evaluation through the DCF method. Firstly the 
building value in 2021 was calculated with the same capitalization rate that was previously described. By 
doing this the future building value was estimated to be 138.2 MSEK five years from now. This value is also 
known as the salvage value. When the salvage value was discounted back to present day, the building value 
amounted to 92.5 MSEK.  
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This value needed to be added together with the present day value of the discounted future cash flows. By 
discounting the cash flows for year 1 – 5, their present day value of 33.95 MSEK was determined. When 
adding these two values together the final value according to the DCF method was estimated at 126.45 
MSEK. Comparing the values extracted by the DC method and the DCF method the building value could be 
settled at 126 MSEK. 

Asken Value 

Direct Capitalization Value 125.83 MSEK 

Discounted NOI’s 33.95 MSEK 

Discounted Salvage Value (2021) 92.5 MSEK 

Discounted Cash Flow Value
 

126.45 MSEK 

Final Value Assessment 126 Million SEK 

 
Table 20: Final Evaluation Assessment of the Asken Building 

 

8.1.3 Changes After implementation of Energy-Efficiency Measures in Asken 

Having obtained a value for Asken the change in building evaluation due to the implementation of energy-
efficiency measures could be assessed. As described earlier in the thesis the total energy cost savings of 
447 030 SEK could affect the NOI of the building and thus the building value.  

Assuming that the EEMs are implemented in year two and that the building owner gets to keep all the 
savings themselves from the year three onwards, adjusted for inflation and without losing any cost savings 
to the neighbouring facility the building value would increase to 132.5 MSEK. This corresponded to a value 
increase of 6.06 million crowns that could be directly attributed to the possible implementation of the EEM 
package. The value increase was 4.8 % when compared to the initial value estimation of the building 
without EEMs. NB This was the value increase when all the other factors in the building stayed the same. 

In order to understand the value increase from a different perspective the cash flow statement was altered 
to find corresponding changes that would be worth as much as the possible implementation of the 
recommended EEM package in the building. The value increase proved to correspond to a vacancy level 
reduction of 3.7 % or the addition of 223 m2 lettable area which would be the same size of a new smaller 
sized tenant similar to the other small tenants in the building. It should also be noted that if the energy 
savings are compared to a tenant they bear significantly smaller risk as there is no possibility for bankruptcy 
involved.  

8.2.1 Economical Overview of Traktören 

Traktören also had varying rent levels since the property was divided between retail and residential 
tenants. The rent levels benchmarked for the study were obtained from the Datscha program at an 
estimated average of 1,450 SEK/m2. The property had a total lettable area of 6 287 m2 and a vacancy of    
16 % at the time of purchase. The significant vacancy level was due to an office space that the previous 
owner had built in so that the ground level shops had been allocated more lettable area. It had likely been 
thought that this was more cost efficient at the time of the renovations. When the building was purchased 
the office space was inaccessible and would’ve required renovations in order to be made accessible and 
lettable. The vacancy level meant that the total rented area of the building was 5 281 m2 which allowed for 
a total gross rental income of 7.72 MSEK in year one.  In the building there was no additional lettable space. 
Inflation was taken into account in the same way as in the previous evaluation example and the income and 
costs adjusted accordingly.  
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The costs that were related to the Traktören building can be broken down into media costs, maintenance 
and repairs, property tax, and land tax. Together these costs amounted to 2.26 MSEK. Broken down one 
step further, the total media costs accounted for 1.08 MSEK and the rest of the costs for 1.18 MSEK. The 
media costs corresponded to 14 % of the total gross income and 48 % of the total costs. Calculating the NOI 
for the building through the subtraction of costs from gross income the NOI was estimated at 5.46 MSEK in 
2016. 

 

8.2.2 Evaluation of Traktören 

The evaluation of the Traktören property was also done according to the methodology part by using the DC 
and DCF methods to estimate a worth for the property. The evaluation methodology is part of the same 
income approach previously described. In the following table the initial values for the evaluation 
calculations are shown: 

Traktören Initial Values 

Total Lettable Area: 6 287 m
2
 CPI (2016): 0.8 % 

Vacancy: 16.0 % CPI (2017): 1.5 % 

Cap Rate 6.75 % CPI (Rest):  2 % 

Rent / m
2 

1 450 SEK Average CPI 1.66 %  

Discount Rate 8.52 % Savings 739 925 SEK 

 
Table 21: Initial Values for Traktören's Evaluation Calculations 

By using the initial values in the previous table a cash flow statement for Traktören was constructed. By 
using the cash flow statement in order to project the income and costs into the buildings future budget, an 
estimated sales value was obtained.  

It’s of essence to point out that this example, likewise to Asken, is a simple cash flow statement and all the 
costs and income were not changed in order to show the effects of the EEMs. In a normal investment 
situation, if the building was chosen as an investment object, a building owner would be tempted to alter 
the cash flows in order to make gains in value. 

Traktören 2016 2017 2018 2019 2020 2021 

Rental Income 9 189 9 327 9 513 9 704 9 898 10 096 

Vacancy 16 % - 1 470 - 1 492 - 1 522 - 1 553 - 1 584 - 1 615 

CPI (Inflation) 0.8 % 1.5 % 2 % 2 % 2 % 2 % 

Gross Income 7 719 7 835 7 991 8 151 8 314 8 480 

Media (Energy) - 1 079 - 1 095 - 1 117 - 1 139 - 1 162 - 1 185 

Other - 1 178 - 1 196 - 1 220 - 1 244 - 1 269 - 1 295 

Total Costs - 2 257 - 2 291 - 2 337 - 2 383 - 2 431 - 2 480 

NOI (KSEK) 5 462 5 544 5 655 5 768 5 883 6 001 

 
Table 22: Cash Flows of Traktören for the Next 5 Years 

To approximate a first value using the DC method a NOI of 5.46 MSEK was obtained when examining the 
cash flow statement. According to the property evaluation program Datscha the capitalization rate in 
Östersund lied at 6.75 % which translated into a value of 80.92 MSEK in the year of 2016. 
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In line with verifying the value, the DCF method was used to calculate the building value in 2021 and then 
this was discounted back to the present taking into account the Gordon growth formula. The value in 2021 
was 88.9 MSEK when using the mentioned capitalization rate and when discounted back to the present day 
a salvage value of 22.24 MSEK could be extracted. This needed to be added together with the discounted 
cash flows which amounted to 59.06 MSEK. When added together, the value of Traktören, estimated 
through the DCF method, amounted to 81.3 MSEK which is well in line with the initial DC method. The final 
value of the Traktören building could therefore be estimated to be 81 MSEK.  

Traktören Value 

Direct Capitalization Value 80.92 MSEK 

Discounted NOI’s 22.24 MSEK 

Discounted Salvage Value (2021) 59.06 MSEK 

Discounted Cash Flow Value
 

81.3 MSEK 

Final Value Assessment 81 Million SEK 

 
Table 23: Final Evaluation Assessment of the Traktören Building 

 

8.2.3 Changes After Implementation of Energy-Efficiency Measures in Traktören 

Having assessed the current value of Traktören, the valuation of the changes due to EEM packages could be 
assessed. The total energy savings that could be achieved in Traktören due to EEMs described in the 
previous chapters amounted to 739,925 SEK. When using the same assumptions as in Asken i.e. 
implementing the EEMs in year two in order to obtain the savings effect from year three onwards, the 
building value would have climbed up to 91.07 MSEK. That is equal to a value increase of 9.77 million 
crowns or 12 % of the buildings initial value when comparing DCFs before and after. This value increase can 
be attributed solely to the EEM package since all the other factors were not altered at all.  

In Traktören the value increase was also altered in order to understand what kind of non-energy related 
changes in the building would have resulted in the same value increase. By changing the vacancy, a similar 
value increase would have been achieved through a vacancy reduction from 16 % to 8.1 %.The same value 
increase in Traktören would have amounted to 535 m2 of new lettable area that hypothetically could be 
obtained from renovating the attic or some other non-lettable space to become sufficient for tenant use. 
Again the same facts as in Asken stands, namely that the value increase gained through EEMs,  compared 
to new lettable space, does not bear the same risk of losing tenants or the space being vacant. 

 

8.3.1 Summary of the Changes in Building Evaluation due to Energy-Efficiency 

When examining the possibilities to increase building value through energy-efficiency, both buildings were 
found to increase in value if the proposed EEMs were to be incorporated in the building structures. In the 
following table the traditional project based evaluation of EEMs with the ownership extending over the 
whole technical lifetime of the equipment is compared with profitability of EEMs when the increased sales 
price of the building is taken into account.  

In order to compare these two approaches the NPV and IRR values of project based evaluation is presented 
in the first two rows compared with the NPV and IRR values in row three and four that takes into account 
the increased profit that could be made through the higher sales price of the facility. The discount rates 
used in the calculations were derived through the methodology described in chapter ‘’6.5 Discount Rates’’ 
and were 8.36 % for Asken and 8.52 % for Traktören. The values derived through the NPV and IRR methods 
are depicted in table 24: 
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Paybacks for EEM Packages 
(KSEK) 

Asken Traktören 

Total Costs Year One 507 KSEK 1 279 KSEK 

Total Savings Year One 447 KSEK 740 KSEK 

NPV – Costs & Savings Only  
(20 years) 

+ 3 633 + 5 481 

IRR - Costs & Savings Only  
(20 Years) 

45 % 34 % 

NPV – Including Building Value 
(Exit after 5 Years) 

+ 4 581 + 6 920 

IRR – Including Building Value 
(Exit after 5 Years) 

77 % 61 % 

Costs Doubled (20 years IRR) 29 % 21 % 

Costs Doubled (5 years IRR) 52 % 38 % 

 
Table 24: NPV and IRR Values when Measuring the Profitability of the EEM Investments 

 

In the last two rows of the table the size of the investments were doubled to show the effect this had on 
profitability. This was done since the initial investment calculations are lacking labour costs for producing 
an energy audit of this kind as well as project management costs of following through with the 
implementation of the EEMs. Additionally, added costs might occur through financial costs like loan 
interest, which is the interest that would have to be paid on a loan if the EEMs would have to be financed 
through a loan.  

The doubling of costs is a far steeper investment cost than a possible addition of the mentioned labour 
costs that might be included in the investment but also accounts for a very significant safety margin in case 
the costs would increase unexpectedly during implementation.  

When assessing the safety in the EEM investments an investor would naturally be interested in the 
commissioning costs for the energy auditing of the buildings and possibly project management costs for the 
implementation itself together with a so called ‘safety cushion’. This was the main reason for the interest in 
doubling the investment costs in order to see if the investment in EEMs would continue to have a great 
profitability rate.   

In the NPV and IRR calculations it was assumed that decision making time and renovations would need year 
one and two resulting in a delay of savings coming into effect.  Because of this the savings were activated 
from the beginning of year three meaning that there hasn’t been any savings accounted for during the two 
first years in the savings calculations. In the five year holding period calculations the increase in salvage 
value due to EEMs was added on top of the yearly energy savings from year three, four and five. This 
represented the total profits that would be a direct consequence of the investment in energy-efficiency. In 
both calculations the salvage value of the technical equipment was disregarded. 
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9. Profitability of Renewable Energies 

The Swedish government has been very clear about establishing an ever greener and less dependent 
energy production sector which will continue to be enforced with new legislature that not only encourages 
energy-efficiency but also the implementation of renewable energy. Because of this solar and geothermal 
power as a part of the Asken building were looked into. The main interest in looking into the renewable 
energies was to see how well they performed in the previously presented profitability calculations. 
(Swedish Energy Agency, 2013) 

 

9.1 Solar Electricity in Asken 

The profitability of solar energy varies a lot in Sweden because of changing conditions in solar irradiation 
and due to the possibilities of whether electricity can be sold back to the grid or not, which can lead to the 
need for storage in the form of batteries. Due to this the possibilities of solar instalments in Sweden is very 
much a case to case study when considering the possibility of solar energy for a specific building.                 
To calculate the solar power potential in a specific building one can make use of the following equation: 

 

𝑆𝑜𝑙𝑎𝑟 𝑃𝑜𝑤𝑒𝑟 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 ∶ 𝑃 =  ɳ ∗ 𝑘𝑊ℎ 𝑚2⁄ ∗ 𝐴 
 

In which (ɳ) stands for the efficiency of the solar panel, A for the area of the receiving panel and kWh/m2 
for the normalized total global solar irradiation that accounts for all the interrupting factors such as snow, 
various angles of the sun and dirt etc. The total global irradiation levels can be obtained from the Swedish 
Meteorological and Hydrological Institute (SMHI) as seen in the next figure, figure 13. 
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Figure 13: Normalized Global Irradiation in Sweden (Source: SMHI) 

To make use of the previously presented equation the available roof space on the south side of the Asken 
building was estimated at 300 m2. The available space on the roof had a good existing inclination and the 
best exposure towards the sun. To estimate the efficiency, the cost-efficient Renesola Virtus II solar panel 
that’s sold in Sweden was chosen as a fitting solar panel installation. The panel has an efficiency rating of 
15.4% which translates to 154 W/m2.  

Finally Södertälje can be seen to have an irradiation exposure of 950 kWh/m2 according to the total 
normalized global irradiation map created by SMHI, and shown in figure 15. Based on these values the solar 
potential can be determined to be 43.9 MWh per year. (SMHI, 2016), (Solar Electric Supply Inc., 2016), 
(Stigeborn, 2014), (Stridh, 2012) 

To be able to understand in what inclination and when the sun falls on the Asken building, the following 
rendering (seen in figure 16) for winter and summer solstice was obtained from the SunCalc internet page. 
From the pictures it can be seen how dominant the summer season is for the solar energy production. The 
picture helped to identify the south side of the Asken building as a fitting space for solar panels. (SunCalc, 
2016) 
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Figure 14: Solar Irradiation in Winter and Summer Solstice (Source: SunCalc) 

In the case of the Asken building, the energy company Telge Energi that delivers electricity to the Asken 
property, offers to buy back any excess energy produced by a solar energy system for the current market 
spot price of electricity and additionally pay for electric certificates and source guarantees for the sold 
electricity. This meant that batteries did not have to be installed in the Asken building and this lowered the 
initial investment cost assessment considerably. At the time of writing the spot price of electricity on the 
Swedish market was approximately 0.25 SEK/kWh not including tax. The additional income for green 
certificates and source guarantees was estimated to not be higher than 0.15 SEK/kWh which meant that 
the property owner would get less than half of the price back from selling one kWh rather than not using 
one kWh which was previously shown to cost 0.96 SEK. Because of this it was preferable to size the solar 
production of the property so that the building could make use of most of the electricity itself. (Elen.nu, 
2016), (Telge Energi, 2016), (Swedish Energy Agency, 2016) 

When estimating the cost reduction and subsequently the NOI improvement that could be achieved in the 
Asken building it was assumed that 5 % of the electricity would have to be sold back to the grid due to over 
production in the summer and the rest of the electricity was deemed to be consumed by the building itself. 
Additionally the inverter efficiency was estimated to be 96 % and the total cable transfer efficiency to be  
98 % which introduced added losses in the system. The final yearly monetary benefit of the solar panels 
then amounted to 38,483 SEK. The estimated costs to install the solar power system was based on the peak 
power of the system since most solar installation companies give out instalment costs in the range of 
12,000 – 20,000 SEK/kW. (Solarlab, 2016), (Svensk Solenergi, 2016) 

The solar panels that could take up the estimated 300 m2 of the Asken building were rated at 250 W a piece 
and to cover the whole roof area 184 panels would have been needed. Therefore the peak capacity of the 
possible solar panel installation in Asken would have amounted to 46 kW. Because the installation would 
be deemed as a big installation resulting in bulk price reductions the total cost was estimated to be 15,000 
SEK/KW amounting to total instalment costs of 690,000 SEK. At the time of writing, the costs could be 
reduced through the Swedish Energy Agency’s solar investment subsidy that covered 30 % of all installation 
and material costs. It was possible to apply for the grant at county administrative board and required a full 
installation before the end of 2016. By assuming that this grant would have been applied for (and granted) 
the total instalment cost was reduced to 483,000 SEK. (Swedish Energy Agnecy, 2016) 
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To assess the profitability of the solar panel instalment both the long term ownership as well as the 
profitability in the event of a sale was compared. As in earlier calculations the salvage value was 
disregarded and the costs used were the reduced 483,000 SEK. 

Asken Solar Panels Assumptions 

Solar Panel Area 300 m
2 

Irradiation in Södertälje 950 kWh / m
2 

Available Electricity Excluding Losses 43.9 MWh 

Yearly Savings 38 483 SEK 

Discount Rate 8.37 % 

Solar Panels 184 pcs. á 250 W 

Top Effect 46 kW 

Installation Cost 15,000 SEK / kW 

 
Table 25: Assumptions Regarding Solar Panel Installation 

Paybacks for Solar in Asken 
(KSEK) 

Before After Total 

NPV – Costs & Savings Only                  
(20 years) 

3 633 3 507 - 127 KSEK 

NPV – Including Building Value          
(Exit after 5 Years) 

4 581 4 536 - 45 KSEK 

 
Table 26: Profitability of Solar Electricity in the Asken building in Terms of NPV 

The total changes in NPV were slightly negative, - 126,000 SEK in the event that the solar panels would be 
owned throughout a technical life time of 20 years and - 45,000 SEK in the event that the building would be 
sold in 5 years’ time together with an improved NOI. The presented values are negative but also show that 
investments in sustainable renewable solar power do not have to be very costly but rather that they can be 
implemented in buildings fairly cost neutrally. These where of course hard values according to the thesis 
limitations and one might argue for soft values to ensure cost neutrality.  

Even though Traktören in Östersund would have a significant installation disadvantage compared with 
Asken the same values were calculated for comparison. Östersund has a slightly smaller level of normalized 
global irradiation at 925 kWh/m2 which did not change the values very significantly. In the Traktören 
building the results proved to be very similar to the previously presented values for the Asken building all 
though the instalment would most certainly be a bigger challenge. Because of this the previous values are 
deemed to prove the profitability assessment of solar electricity in the surveyed buildings. 

 

9.2 Ground Source Heating of Asken through a Heat Pump 

Ground source heat pumps have increased in popularity ever since the energy crisis in the 70’s that led to 
the understanding that Sweden as a country needed to become less dependent on oil as an energy source 
for heating buildings. After this oil as a heating source was taxed higher so that electricity became relatively 
cheaper.  

As a result heating pumps started to be built and assembled in homes which led to a tremendous upward 
trend in ground source heat pumps in Swedish detached homes. Today there are 400,000 drilled energy 
wells that are utilized by heat pumps in order to produce heating energy in the magnitude of 65 - 70 TWh 
which is as much as all the electricity production of the Swedish nuclear power plants combined. 
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Because ground source heat pumps are capable of cutting the heating bill by using electricity for more cost-
efficient heat production purposes they’re today seen as a potentially profitable investment when 
improving the energy performance of buildings. These days heat pumps have become ever more developed 
and are being installed in apartment blocks, industry and office buildings. Because of this it was explored 
how well a ground source heating pump would’ve fitted in the Asken building and how it would’ve affected 
the EEM savings.  

In order to size the heating pumps and geothermal energy wells, two scenarios for the ground source 
heating pump had to be considered. The first one was to install a heating pump without having 
implemented any of the proposed EEMs when the energy consumption was the same as at the time of the 
energy audits. The energy consumption of the Asken building at this time was 979 MWh and in case the 
recommended EEMs would have been implemented the total energy consumption of the building was 
assumed to decrease to 606 MWh. Another thing to initially point out is that the land area around the 
Asken building was very limited and there could thus have been a possibility that all the needed drilling 
wells wouldn’t have fit on the premises and this might have a significant effect on the sizing of the heat 
pump. The building permit needed for the drilling of energy boreholes could also have complicated the 
sizing of the system in the same way. Nevertheless the Asken building served as good example to assess the 
possibility of ground source heating. 

The methodology for the sizing of the heat pumps was based on the book ‘’Bergvärme på djupet’’ by Björk, 
et al. which is one of the most comprehensive books written in Sweden on the subject of ground source 
heat pumps. According to the book the heat pump systems were in both scenarios sized to match only 90 % 
of the yearly heating need which meant that the peak effect of the heating system was only around half of 
the peak power needed during the coldest times of the year. This peak effect could have been handled with 
the already existing district heating system acting as a backup system for the heating energy system. By 
doing this the needed boreholes and the size of the heat pumps could be drastically reduced and the 
assumed instalment costs would also become smaller as a result. In the picture below the amount of 
heating that could have been supplied by the heating pumps is depicted. The striped area is the heating 
need of the Asken building that could’ve been taken care of by heat pumps in the two chosen scenarios. 
(Björk, et al., 2013) 

 

 

 
Graph 11: Heat Pump Heating Load in the Two Assessed Scenarios (979 MWh & 606 MWh) 

The graphs presented above are outtakes from the NIBE VPDIM program that was used when sizing the 
heat pump system. The VPDIM 2.5.3 program is a dimensioning tool published by the heat pump 
manufacturer NIBE, which is one of the largest heat pump companies on the Swedish market. Because of 
using the NIBE dimensioning program the same company’s heat pumps were also used in the cost 
calculations.   

In the calculations the coldest possible temperature that had to be handled by the heating pumps was -17 
degrees Celsius. This value is also called dimensioning outside temperature (DUT) and is published by the 
Swedish building authorities in order for the building industry to have minimum acceptable heating values. 
(Boverkets byggregler, 2012) 
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The Swedish building authority’s reports were also consulted in order to estimate how much of the heating 
demand was used to heat water which would have to be handled by the heat pump. According to a 
framework publication for energy calculations in office buildings it could be estimated that 10 kWh/m2 was 
needed to heat water in office buildings. In Askens case this added up to 65,000 kWh/m2 which was 
rounded up to 85,000 to account for possible excessive hot water use in the in the building. (Boverkets 
byggregler, 2007) 

The main costs from the heat pump would have stemmed from the drilling of the boreholes. In the 606 
MWh scenario and the 969 MWh scenarios the needed drilling for energy wells was 2200 and 3300 metres 
respectively. This cost was hard to asses since there didn’t exist any verified drilling cost information for 
large scale drilling online or in the source material but a value of 67 KSEK for every 250 metre well was 
obtained from an online source that was presented by a company that specialized in tendering of ground 
source heat pump systems. This cost was reduced to 60,000 SEK to reflect the large scale bulk purchasing 
power of a possible project. (Green Match, 2014) 

The heat pumps were assumed to be bought online and assembled to a cost of 20 % of the original cost of 
the heat pumps themselves. This was a cost assumption well in line with sources found online and when 
translated to working hours it became more than 40 hours per heating pump which was deemed a 
sufficient time to make the instalments. The rest of the cost information for instalments such as water 
heaters and pump cost information was obtained from the same Incit AB, REPAB data that was used 
previously in this thesis. For more cost information please see the appendix. (Bergvärmepumpar.nu, 2016), 
(Kostnadsguiden.se, 2015) 

In the table below, compiled savings and cost estimates can be seen together with the profitability 
assessment of the installation of a ground source heat pump in the Asken building. 

Ground Source Heating Pump Scenarios 606 MWh 979 MWh 

Heating Savings (MWh) 547.6 876.6 

Electricity Increase (MWh) 169.4 268.7 

Cost Savings Year One 309 900 SEK 508 100 SEK 

Initial Cost Estimate 1 356 KSEK 1 899 KSEK 

NPV – Costs & Savings Only (20 years) + 1 541 + 2 807 

NPV – Including Building Value (Exit after 5 Years) + 2 171 + 3 884 

 
Table 27: Savings and Investment Calculations Together with Profitability Assessment of Ground Source Heat Pumps in Asken 

The results show that the instalment of ground source heating in Asken could be very profitable when 
considering both long term ownership as well as in the event of selling the building. The results show a very 
good net present value of the investments in both cases. The reader should keep in mind that these NPV 
values were calculated with the same values as in the evaluation part of the thesis meaning that the 
discount rate for this specific net present value calculation is set at 8.37 % and that the median inflation 
was 1.66 % over a five year holding period with achieved savings being activated only in the third year of 
the calculation period.  

An IRR of 17 % and 32 % could be found for the 606 MWh scenario, whereas 18 % and 37 % was found for 
the 979 MWh scenario where the first IRR represents the long term ownership of the heat pump and the 
second IRR the gained profit in the event of the sale of the building. 
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In graph 12 the possible energy consumption of Asken is depicted once more. In the table the possible 
energy consumption of the building can be seen in case a ground source heat pump would be installed 
together with the implementation of EEMs. 

 

 

 
Graph 12: Possible Energy Consumption of Asken after the Implementation of Recommended EEMs and a Ground Source 

Heating Pump 

These EEM savings were only calculated on the basis of potential heating savings since no cooling load 
information could be obtained and would have required a building model to be quantified. In practice the 
cooling apparatus found in the Asken building at the time of auditing could also have been cooled through 
the ground source heat pump system. The heat removed through cooling the facility could have loaded the 
energy wells with excess heat in the summer leading to further savings than the ones previously presented. 
Traktören was not analysed for the same system since there was no space to drill for energy wells and it 
would’ve been very unlikely that a ground source heat pump could have been implemented on the 
premises. 

 

9.3 Renewables Summary 

After calculating the total savings potential of the renewables one would naturally be interested in the 
combined savings potential of both the energy-efficiency improvements and the ground source heat pump 
alternative (606 MWh) to see how these savings compare to a complete overhaul of the heating system 
without implementing EEMs (979 MWh) . 

To calculate these values three scenarios where elaborated on. The first scenario consisted of all the 
proposed EEMs combined with the smaller ground source heat pump. In the second scenario the most 
profitable EEM namely the renewal of the ventilation system TA/TF 103 was included together with the 
smaller heat pump system and the third scenario consisted of only the instalment of the large ground 
source heat pump that was dimensioned to take care of most of the buildings heating needs regardless of 
energy-efficiency improvements. The results of the comparison can be seen in table 28. 
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Different Energy Performance Improving Scenarios 
in the Asken Building  

All Proposed EEMs + 
606 MWh Heat Pump 

Changes in TA/TF 103 + 
606 MWh Heat Pump 

Full scale Heat Pump 
979 MWh 

Cost Savings Year One 757 KSEK 644 KSEK 508 KSEK 

Initial Cost Estimate 1 863 KSEK 1 656 KSEK 1 899 KSEK 

NPV – Costs & Savings Only (20 years) + 5 148 + 4 312 + 2 807 

NPV – Including Building Value (Exit after 5 Years) + 6 752 + 5 678 + 3 884 

IRR – Costs & Savings Only (20 years) 27 % 26 % 18 % 

IRR – Including Building Value (Exit after 5 Years) 49 % 48 % 37 % 

 
Table 28: Comparison of Energy-efficiency Measures Combined with a Ground Source Heating Pump in the Asken Building 

As can be seen in the table, the ground source heat pump investment is improved when the EEMs are 
employed together with the system as a whole and gives a better profitability because of the better 
investment to profit ratio when the smaller ground source heating pump is utilized. These IRR values are 
still smaller than the previously presented IRR values for EEM packages that were recommended for the 
Asken building and gives controversial decision making information when deciding on which package to 
implement in the building.  

Since the initial proposed investment in EEMs in Asken amounted to 507,000 SEK the amount of profit is 
limited compared to the alternative where a ground source heating pump is proposed because the amount 
of investment cannot be increased indefinitely. Since the investment in a ground source heating pump 
allows for a larger capitalization the discounted return on investment should be compared. The following 
table depicts the differences in discounted returns on initial investment. All the values presented here 
represent the profits that can be made in the case of selling the building after a 5 year holding period 
where investments are made in year one and two and the profits are activated in year three.  

Comparison of Investment and Profit Initial Investment 
Discounted Profits 
During Ownership 

Investment to 
Profit Ratio 

Asken EEMS 507 KSEK 5 088 KSEK 10.0 

CHANGES IN TA/TF 103 + 606 MWH HEAT PUMP IN ASKEN 1 656 KSEK 7 334 KSEK 4.4 

All EEMs +  606 MWh Heat Pump in Asken 1 863 KSEK 8 615 KSEK 4.6 

Traktören EEMS 1 279 KSEK 8 198 KSEK 6.4 

 
Table 29: Comparison of Investment to Profit Ratios in Case of a 5 Year Property Holding Period 

In the table above the investments in energy-efficiency in Asken is still by far the best investment, all 
though the amount of capital cannot be increased with the same profitability because the investment 
amount that can be allocated with this profit ratio is saturated. Even if the two alternatives with a ground 
source heating pump present a lower profit ratio they might be more interesting for a property owner since 
there is a possibility to gain increased profits if there is money available to be allocated towards this kind of 
a project.  
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In reality money is seldom free and the money that could be allocated to EEMs might have an added cost of 
capital such as loan interests that has to be factored into the calculations. If the organization considering 
investment possibilities is cash strapped then only the Asken EEM package should be implemented and the 
ground source heating pump could be elaborated on in a later situation when more capital is made 
available and the budget can be more streamlined. This capital can be made available for example with the 
savings from the EEM measures in Asken. In these values the cooling profits that can be made through 
ground source heat pumps and the salvage value of the technical equipment was disregarded. 

 

10. Sensitivity Analysis 

As a final step in the thesis a sensitivity analysis was conducted to see how changing certain values would 
affect the possible investments in energy-efficiency. Values that affect the results of the thesis might 
change in the future and make the investment calculations different compared to what they were at the 
time of writing. 

 

10.1 Changes in Energy Prices 

In Sweden the energy prices for households are being recorded with scrutiny by the Nils Holgersson group 
which is a non-profit think tank where representatives from various real estate companies are participating. 
This group has been following up on energy prices during the last 20 years and the year 2014 – 2015 was 
the first year in history when energy costs did not increase at a faster pace than inflation. This was mainly 
due to a one-off 20 % decrease in electricity prices. 

The trends observed by the group are a great reason to adjust the energy prices to see how they would 
affect the profits in the longer run. When comparing the utility prices the electricity price has been going 
down since 2011 and the power generation industry has long been calling for a higher electricity price in 
order to make reinvestments in new power generation which means that the future electricity price is 
expected to increase. The total utility cost has nevertheless been rising as a whole due to price increases in 
other utilities such as district heating and water. In the table below the increase in energy prices by 2 % per 
year is compared with the previously presented investment calculations. (Nils Holgersson Gruppen, 2016), 
(Alestig, et al., 2014) 

Increase in Energy Prices by 2 % per Year in 
Perpetuity 

Asken EEMs Traktören EEMs 
All Proposed EEMs + 606 MWh 

Heat Pump in Asken 

Cost Savings Year One 447 KSEK 740 KSEK 757 KSEK 

Initial Cost Estimate 507 KSEK 1 279 KSEK 1 863 KSEK 

NPV – Costs & Savings Only (20 years) + 4 556 + 6 980 + 6 709 

NPV – Including Building Value (Exit after 5 Years) + 4 970 + 7 547 + 7 411 

IRR – Costs & Savings Only (20 years) 48 % 37 % 30 % 

Change in IRR Compared to Previous Calculations + 3 % + 3 % + 3 % 

IRR – Including Building Value (Exit after 5 Years) 79 % 63 % 52 % 

Change in IRR Compared to Previous Calculations +2 % + 2 %  +3 % 

 
Table 30: Summary of Changes in the Investment Calculations due to the Possible Increase in Energy Prices. 
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When adding a two percent increase in energy prices on top of the inflation rates the investment in energy-
efficiency naturally turned out to be a better investment than before. In the NPV example in which the 
calculation period is 20 years, the profitability of the investment naturally increased more because the 
cumulative interest of two percent per year consisting of an increase in energy prices. This made the profits 
grow to a higher extent over the examined 20 year period. Because of this the relative improvement in NPV 
and IRR was higher than the 5 years holding period all though this example also increased in value and the 
IRR rate went up with 2 %. A more moderate example will be presented in chapter 10.3 ‘’Modified 
Sensitivity Analysis’’. 

 

10.2 Changes and Additions to Cost Estimates 

As previously explained in the chapter 8.3.1 ‘’Summary of Changes in Building Evaluation due to Energy- 
Efficiency’’, the cost estimates for the improvements in the buildings were lacking costs for the labour that 
went into the energy auditing of the buildings, possible future labour costs for project management that 
would be needed to safe guard client interests as well as project completion. On top of this there might 
occur financial costs in case of the project being financed through a loan or otherwise. This means that 
from an investment point of view an investor would like to increase the cost to match all the possible costs 
that are tied to the investment. Because of this the costs were doubled before and in this sensitivity 
analysis they were further tripled in order to find out how vulnerable the investment calculations were 
compared to possible costs increases. The results of the increased costs can be seen in the table below. 

Costs Doubled and Tripled Asken EEMs Traktören EEMs 
All Proposed EEMs + 

606 MWh Heat Pump 
in Asken 

Cost Savings in Year One 447 KSEK 740 KSEK 757 KSEK 

Initial Cost Estimate Doubled 1 014 KSEK 2 558 KSEK 3 726 KSEK 

IRR – Costs & Savings Only (20 years) 29 % 21 % 16 % 

Change in IRR - 16 % - 13 % - 11 % 

IRR – Including Building Value (Exit after 5 Years) 52 % 38 % 29 % 

Change in IRR - 25 % - 23 % - 20 % 

Initial Cost Estimate Tripled 1 521 KSEK 3 837 KSEK 5 589 KSEK 

IRR – Costs & Savings Only (20 years) 21 % 15 % 10 % 

Change in IRR - 24 % - 19 % - 17 % 

IRR – Including Building Value (Exit after 5 Years) 39 % 27 % 18 % 

Change in IRR - 38 % -  34 % - 31 % 

 
Table 31: Effects of the Doubling and Tripling the Investment Costs on Investment Calculations 

As the table shows, the investment is still profitable with a tripling and doubling of the costs. To be 
perfectly clear it’s very unlikely that the additional labour and financial costs would fully double the 
investment costs and thus reduce this much in profitability but it shows that there is a safety margin that 
can take quite significant increases in costs and still be profitable. 
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10.3 Modified Sensitivity Analysis 

Since the two previously presented sensitivity analyses either have a quite steep increase in energy prices 
over the long run as well as a very aggressive doubling of costs a third sensitivity analysis scenario was 
constructed to reflect a more modest change in circumstances. This was done to see what it might mean 
for the investment calculations. It was estimated that the costs for energy auditing of the buildings would 
amount to 80,000 SEK in case of thorough auditing and that the project management costs would increase 
the investments by an additional 20 % of the total investment. On top of this the energy prices were 
modified so that the increase was not fully two percentage points per year but one instead which can be 
seen as a quite modest increase in prices. The results are shown in the table below. 

EEM Costs and Energy Price Increased Asken EEMs Traktören EEMs 
All Proposed EEMs + 

606 MWh Heat Pump 
in Asken 

Cost Savings in Year One 447 KSEK 740 KSEK 757 KSEK 

Increased Costs in Year One 704 KSEK 1 630 KSEK 2 332 KSEK 

IRR – Costs & Savings Only (20 years) 38 % 31 % 24 % 

Change in IRR - 7 % - 3 % - 3 % 

IRR – Including Building Value (Exit after 5 Years) 66 % 54 % 43 % 

Change in IRR - 11 % - 7 % - 6 % 

 
Table 32: Sensitivity Analysis of Moderately Increased Costs of Energy and EEM Project 

In accordance with the earlier sensitivity analysis of doubled and tripled costs, the IRRs stayed in firmly 
positive numbers when the costs were increased. A further sensitivity analysis could have been to increase 
the costs until the investment would’ve been unprofitable with the chosen discount rate but it was deemed 
that this was out of scope for this study and not relevant to the work aiming to find a way to estimate the 
value of energy-efficiency investments. 
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11. Discussion 

The properties chosen for the thesis both included heating expenses as part of the tenant rent. This can be 
interpreted so that the energy improvements benefit the owner to a larger extent than normally since this 
particular heating expense arrangement allowed for better profit incentives. This is not correct since the 
majority of the energy-efficiency improvements recommended in the buildings focused on the technical 
equipment such as ventilation machines which the property owner traditionally pays for in the Nordics, 
regardless of the contract technical details. When a tenant pays for their heating themselves there is 
usually a sub meter measuring the actual heating of the tenant spaces. These heating expenses do 
traditionally not take into account the heating of ventilation air that’s a large part of energy consumption in 
buildings and also a large part of the improvements recommended for the buildings. 

In a theoretical case were tenants are fully responsible for their heating expenses the contracts could easily 
be rewritten so that the tenant would turn over the heating expense responsibility to the property owner in 
exchange for a rent reduction. For example, if Askens heating cost responsibility would lie fully on the 
tenant, the tenant contracts could be rewritten with an incentive to split the potential energy savings. This 
would mean that if the energy savings of the proposed energy measures and the smaller scale ground 
source heat pump would be split, the investments IRR would decrease form 43 % to 32 % meaning that the 
investment is still very acceptable. In case half of the energy savings would be reflected in the tenant rents 
this would correspond to a rent decrease of 3.5 % which would not only result in a smaller rent expense for 
the tenant but also a big advantage for the property owner in future tenant negotiations when new rentees 
are looking to move in. 

The investments presented in this thesis have been found to be most profitable when a building is sold 
forward to a future owner that values the economic performance of the property being bought. While this 
is true there are several organisations in the real estate market that still might prefer to stick to project 
based evaluations covering the whole technical lifetime of the energy-efficient installations and this 
method can be more relevant for the property owner in question. In this case a prerequisite for using the 
mentioned evaluation method should be a very high certainty of the building not being sold in the 
foreseeable future. The previously presented gains in exit value of a building could still be considered as a 
significant bonus in case of the building possibly being sold within 20 years of the installation of the 
technology. Some technical installations still have significantly longer technical lifetimes then 20 years with 
proper maintenance and the occasional replacement of some of the technical equipment. In other words 
the long-time security in a better sales price and positive environmental sustainability impact has a value of 
its own and should not be overlooked when considering upgrading a buildings energy performance and 
using project based evaluation as a base for decision making.  

 

As described earlier in the thesis, interest in socially responsible investment is gaining momentum but 
hasn’t fully established itself within the real estate investment industry to this day. The signs point towards 
the fact that that green certificates and sustainability will continue to grow bigger within the Nordic real 
estate investment industry. Investing in energy-efficiency is not only a good one-off investment but also 
supports long term value creation in case the property owner decides to pursue sustainability goals. 
Moreover it gives a decreased exposure towards fluctuations in energy prices that will most likely increase 
due to environmental enlightening.  

It should also be noted that commercial real estate certified with green building certificates are usually 
interpreted as energy-efficient buildings even though this is not always the case. It is true that green 
certificates take energy-efficiency into account to an extent but action points such as bike racks and 
employee showers gives more cost-efficient sustainability points in the certifications then energy-
efficiency. Several researchers have brought forward concerns that green certifications do not guarantee a 
sustainable use of energy and sometimes do not even show correlation between the two.  
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While green certificates do a lot of good for sustainability in the big picture by taking into account building 
materials and tenant behaviour etc. it’s far from guaranteed that energy performance is taken care of in 
the best possible way in a building that possesses a green certificate. Because of this it’s important to see 
that environmentally responsible energy use can be approached simply through profitable investments in 
energy-efficiency. (Scofield, 2009), (Turner, et al., 2008) 

Parallel to growing environmental consciousness the financing support to energy-efficiency has grown and 
been made available from both the European Union and the Swedish government. This means that there is 
now multiple sources to acquire supporting financing from as discussed in the chapter 3.6 ‘’Available 
Governmental Financing Schemes’’. This makes investing in energy-efficiency more approachable for many 
property owners who might not have proper funds to invest in innovative solutions. 

Having conducted this thesis from a real estate investment standpoint, it’s clear that the supplemental 
financing for the proposed measures is not needed and would most likely only prolong the investment 
horizon through financing applications and reports. Therefore it’s argued that the cost of delay would most 
likely outweigh the upside of subsidized financing when there is clear profit from energy-efficiency 
investments themselves. There is one exception, which is the subsidy for solar panels that is gravely needed 
in order to not render the investment in them very unfavourable. As showed earlier, the subsidy helps to 
make the solar panels cost neutral and a property owner looking to enhance their public image and 
sustainability efforts could therefore very well end up installing solar electricity since it brings a great deal 
of points to green certificates and company image. 

 

12. Conclusion 

The main scope of the thesis was to see if investments in EEMs could be justified over a short period of 
time when the buildings elevated sales price was taken into account. The results show that investments in 
energy-efficiency can be increasingly beneficial when taking into account the elevated economic 
performance of the building and subsequently sales value reaching IRR’s well over 30 %. This allows for the 
property owner to create a more fully developed property that has more value.  

On top of the sole profitability assessment, energy-efficiency can be practiced to obtain better 
competitiveness and added values in all of the following areas: sustainability, GHG footprint, tenant 
satisfaction (through both image and thermal comfort), rent levels, energy policy and brand value. The 
mentioned values are all hard to quantify but when put together they do account for significantly improved 
responsibility which in the grand scheme of things is a solid competitive edge. 

One argument that sometimes can be heard from property owners and asset managers who do not focus 
particularly much on energy-efficiency is that the investment has too long of a payback time horizon and 
cannot pay itself back within the holding period, leading to inactivity regarding the optimization of a 
buildings energy performance. The results show that this is simply not true even when considering short 
holding periods since the increase in building value is comparatively high. Moreover if a property owner 
was to try drive energy performance to its epitome then energy improving measures like marquees, smart 
thermostats, water efficient appliances, pump shutdown, fuse reduction and thermal steering controlled by 
outside temperatures could all have granted even more energy savings in the buildings. 
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Appendix 
 

Measurements and Calculations for Asken 

 

Measurements for AHU and Ventilation Machines 

AHU – Service Area TA/FA 101 - Offices TA/FA 102 - Offices TA/FA 103 – Garage 
2
 

TA/FA 104 – 3
rd

 Floor 
and Dance School 

Capacity During Audit TA 8.9 + FA 5.9 = 14.8 Kw TA 9.5 + FA 7.4 = 16.9 Kw TA 10.3 + FA 7.2 = 17.5 Kw TA 4 + FA 4 = 8 Kw 

Top Capacity TA 11 + 7.6 = 17.6 Kw TA 11 + 7.6 = 17.6 Kw NA TA 4 + FA 4 = 8 Kw 

Air Flow TA m
3
/s 3.5 4.2 7.8 1.9 

Air Flow FA m
3
/s 3.4 3.4 7.8 2 

Heat Recovery Yes Yes No Yes 

Outside Temperature 
before HRX 

5 5 - 5 

Temperature in After 
HRX 

17.8 17.9 - 19.5 

Temperature out 
Before HRX 

21.6 21.6 - 21 

Temperature out 
After HRX 

11.8 9.7 - 14 

Outside Temperature 
During Audit 

5 5 5 5 

Temperature In 17.8 17.9 15 19.5 

Temperature Out 21.6 21.6 18 21.6 

RPM (TA/FA ~)   1 318  

Running Schedule 
Mo-Fri 06:30–19:30   
Sat       06:00–14:00 

Mo-Fri 06:30–19:30     
Sat       06:00–14:00 

6 – 20 Mo - Sun 24 / 7 

Comments - Idly Running Pump No Heat Recovery 
No Control System 

Activated 

 
Table 33: Measurements for Air Handling Unit during Auditing 

 

 

 

                                                           
2
 The measurement of the canal proved to be difficult and hence this value is obtained from the obligatory ventilation control required by Swedish 

law and provided by the asset manager. All other values that were measured also proved to match the report values. 
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Exhaust Fan – Service 
Area 

FF 101 - Toilets FF 102 - Toilets FF 103 - Toilets 

Capacity During Audit 1.6 Kw 2.2 Kw 1.5 Kw 

Top Capacity 1.6 Kw 2.2 Kw 1.5 Kw 

Air Flow TA 290 l/s 630 l/s 320  l/s 

Running Schedule 
Mo-Fri 06:00–19:30    
Sat        07:00-14:00 

Mo-Fri 06:00–19:30    
Sat        07:00-14:00 

Mo-Fri 05:00–21:00   
Sat        07:00-14:00 

Temperature Out 21.6 21.6 21.6 

 
Table 34: Measurements for Exhaust Fans During Auditing 

 

Energy Savings Ventilation 

 

𝐻𝑒𝑎𝑡 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦: ƞ𝑆𝑒𝑛𝑠𝑖𝑏𝑙𝑒 = (
𝑇𝑂𝐴 

𝑇𝑂𝐴
− 

𝑇𝑆𝐴

𝑇𝑅𝐴
)  × 100  

AHU – Service Area TA/FA 101 - Offices TA/FA 102 - Offices 
TA/FA 104 – 3

rd
 Floor 

and Dance School 

Heat Recovery  77 % 78 % 94 % 

 
Table 35: Heat Recovery Efficiency for AHUs 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑢𝑠𝑒: 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐻𝑜𝑢𝑟𝑠 ∗ 𝑃 

𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑢𝑠𝑒: (𝑇1 − 𝑇2) ∗ ℎ𝑜𝑢𝑟𝑠 ∗  𝜌 ∗  𝑚 ∗ 𝐶𝑝 ∗ (1 − ƞ) 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑈𝑠𝑒 + 𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑈𝑠𝑒 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑒 

ƞ = Heat Recovery Efficiency 

T = Dry bulb temperature (C˚) 

OA = Outdoor air 

SA = Supply air 

RA = Return Air 

P = Power 

T1 = Required inside temperature – 22 C˚ 

T2 = Yearly average ambient temperature (5,5) 
3
 

ρ = Density of air (Kg/m
3
) 

m = Air flow rate (m
3
/s) 

hours = Operating hours 

Cp = Specific heat capacity of air (kJ / Kg *K) 

 

 

 

                                                           
3
 Södertälje yearly average obtained from SMHI http://www.smhi.se/klimatdata/meteorologi/temperatur/normal-

arsmedeltemperatur-1.3973 
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𝐴𝑓𝑓𝑖𝑛𝑖𝑡𝑦 𝐿𝑎𝑤 1: 𝑄2 =  𝑄1 ∗ ( 
𝑁2

𝑁1
 ) 

𝐴𝑓𝑓𝑖𝑛𝑖𝑡𝑦 𝐿𝑎𝑤 2:  𝑃2 =  𝑃1 ∗ ( 
𝑁2

𝑁1
 )3 

Q = Flow 

P = Power 

N = RPM 

Source: (Jaymaha, 2006) 

 

Air Handling Units 

 

 

 

 

AHU – Service Area TA/FA 103 – Garage  
TA/FA 104 – 3

rd
 Floor 

and Dance School 

Old Electricity Use  
(4984h) (kWh) 

87 220 
Old Electricity Use 

(8760h) (kWh) 
70 080 

New Electricity  Use  
(4984h) (kWh) 

19 936 
New Electricity  Use 

(4264h) (kWh) 
31 112 

Electricity Savings 
(kWh) 

67 284 
Electricity Savings 

(kWh) 
38 968 

Old Heating Use 

Use (4984h) (kWh) 
398 510 

Old Heating Use 

Use (8760h) (kWh) 
18 668 

New Heating Use 
(kWh) 

229 909 
New Heating Use 

Use (4264h) (kWh) 
8 287 

Heat Recovery 
Potential (kWh) 

143 693 Heating Savings (kWh) 10 380 

Best Heating Use with 
HR (kWh) 

86 216   

Heating Savings 
(kWh) 

312 294   

Table 36: Energy Savings Calculation for Office AHUs 
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Exhaust Fans 

 

Exhaust Fan – Service 
Area 

FF 101 - Toilets FF 102 - Toilets FF 103 - Toilets 

Capacity (kW) 1.6 2.2 1.5 

Air Flow FA (l/s) 290 630 320 

RPM 2 860 2 870 2 860 

Total El (kWh) (Old) 6 198 8 523 6 419 

New El (kWh) 775 1 065 802 

El Savings (kWh) 5 424 7 457 5 616 

Total Heat (kWh) (Old) 20 459 44 445 35 065 

New Heat (kWh) 10 229 22 223 17 533 

Total Heat savings (kWh) 10 229 22 223 17 533 

Cost savings (SEK) 14 057 26 374 20 551 

Instalment cost Price Pcs. Total 

Frequency Controlled 
Fan (Including 

Frequency Controller) 
9 500 3 28 500 

Instalment of Pressure 
Sensor 

3400 3 10 200 

Instalment of CO2 
Sensor 

3 400 11 37 400 

Instalment of Sensor 8 h 
á 480 

3 840 14 53 760 

Instalment of Dampers 5400 11 59 400 

Total Investment SEK   189 260 

 
Table 37: Energy Savings Calculation for Exhaust Fans 
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Calculation for Idly Running Pump 
 

Pump Information 
Cooling Pump Serving AHU - 

102 

Effect (Kw) 0.5 

Cooling Circuit Temperatures 11 / 17.5 

Flow (m
3
/h) 20 

Old Electricity Use (8760h) 4 380 

New Electricity Use (2000h) 1 000 

Electricity Savings (kWh) 3 380 

Cost savings SEK 3 697 

 
Table 38: Savings Calculations for Re-Programming of Pump 
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Ground Source Heat Pump Calculation Results and Cost Information 

 
Table 39: Scenario 606 MWh Calculations from the NIBE VPDIM 2.5.5 Program 

Instalment Cost Price Pcs. Total 

Heat Pump 60 Kw 106 139 2 212 278 

Heat Pump Installation 20 % of heat pump 1 42 456 

Drilling Per 250 m - Energy Well 60 000 9.0 540 000 

Pump Heating - Installed 49 500 1 49 500 

Pump Hot Water - Installed 49 500 1 49 500 

Communication Module MS 40 2 840 1 2 840 

Water Heater (1200 l) - Installed 82 090 1 82 090 

Drilling Application 5 000 1 5 000 

Renovations of Electric Central 50 000 1 50 000 

Wall Perforations for Piping 5 000 9 45 000 

Piping Work per Metre in Ground 1 500 60 90 000 

Piping Work per Metre Inside 1 250 150 187 500 

 
  Totals: 1 356 164 

Table 40: Cost Estimate for Ground Source Heat Pump - Scenario 1 - 606 MWh 
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Table 41: Scenario 979 MWh Calculations from the NIBE VPDIM 2.5.5 Program 

Instalment Cost Price Pcs. Total 

Heat Pump 60 Kw 106 139 3 318 417 

Heat Pump Installation 20 % of heat pump 1 63 683 

Drilling Per 250 m - Energy Well 60 000 13.50 810 000 

Pump Heating - Installed 49 500 1 49 500 

Pump Hot Water - Installed 49 500 1 49 500 

Communication Module MS 40 2 840 1 2 840 

Water Heater (1200 l) - Installed 82 090 1 82 090 

Drilling Application 5 000 1 5 000 

Renovations of Electric Central 50 000 1 50 000 

Wall Perforations for Piping 5 000 14 67 500 

Piping Work per Metre in Ground 1 500 100 150 000 

Piping Work per Metre Inside 1 250 200 250 000 

 
  Totals: 1 898 530 

Table 42: Cost Estimate for Ground Source Heat Pump - Scenario 2 - 979 MWh 
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Measurements and Calculations for Traktören 

Ventilation Machines for Commercial Tenants 

 

Ventilation Machine 
– Service Area 

TA – 12 Grocery Store 
(Intake) 

FA – 12 Grocery Store 
(Exhaust) 

AHU VA 01 – Optician, 
Book Store 

Top Capacity (Kw) TA 1.5 + 1.5 = 3 - 6.5 + 6.5 = 13 

Air Flow TA (m
3
/s) 4.5 - 2.13 

Air Flow FA (m
3
/s) - 1.5 2.2 

Heat Recovery No No Yes 

Heat Recovery 
Efficiency (%) 

- - 81 

Outside Temperature 
During Audit 

4.8 4.8 4.8 

Temperature In / Out 21 21.6 21.6 

Running Schedule Mo - Su 6:00 – 18:30 Mo - Su 06:30 – 18:30 
Mo - Fri 08:00  –  19:00             
Sat      06:00   –   16:00 

Comments  Only Old Exhaust New Machine 

 

Changes in Exhaust Fans of the Building 

 

Exhaust fan – Service 
area 

FA-B13 - House B FA-A2 - House A FA-A3 - House A 

Capacity (Kw) 2.2 1.1 2.2 

Air Flow FA (l/s) 902 536 782 

Running Schedule 24/7 24/7 24/7 

Temperature Out 21.6 21.6 21.6 

RPM 1430 1410 1430 

Total El kWh (Old) 19 272 9636 19 272 

New El (kWh) 8 130 4 065 8 130 

El Savings (kWh) 11 142 5 571 11 142 

New Air Flows (l/s) 677 402 587 
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Heating kWh (Old) 176 291 104 758 152 837 

Heating kWh (New) 132 218 78 569 114 628 

Heating Savings (kWh) 44 073 26 190 38 209 

Cost Savings SEK 38 611 22 177 34 557 

Instalment Cost Price Pcs. Total 

Pressure Sensor 2 000 3 6 000 

Frequency Controlled 
motor 

9 500 3 28 500 

Outside Air Sensor 1 000 1 1 000 

Instalment Costs For 
Sensors á 480 SEK/h 

1 440 3 4 320 

Testing Done by HVAC-
Technician 480 SEK/h 

480 19 9 000 

Total Investment SEK 
  

48 820 

 
Table 43: Savings Calculations for Modification of Exhaust Air Fans 

Changes in Grocery Store Ventilation 

 

Air Handling Unit New Grocery Store AHU  Investment Costs Total 

 Capacity During Audit 
(KW) 

3 New AHU 271 350 

Old Electricity Use 
(kWh) 

12 672 Cooling Battery 40 000 

New Electricity  Use 
(kWh) 

5 346 
Duct Work - Rectangular - 

Circumference 2.7 m 
113 500 

Electricity Savings 
(kWh) 

7 326 CO2 - Sensor 10 200 

Cost Savings (SEK) 4 676 Cables For Automation 15 000 

Old Heating Use (kWh) 338 761 Enlargement of Doors 30 000 

New Heating Use 
(kWh) 

209 108 Instalment Cost á 480 /h 81 600 

Heat Recovery 
Potential (kWh) 

167 287 Total 546 650 

Best Heating Use 
(kWh) 

41 822   
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Heating Savings (kWh) 296 939   

Total Cost Savings 
(SEK) 

209 983   

 
Table 44: Savings Calculations for Grocery Store Ventilation 

 

Heat Pump Savings 

 

Heat Pump Hours 
kW  

Refrigeration 
kW 

Electric 
kW  

Freezers 
kW 

Electric 

kW 
Exhaust 

Ventilation 

kW 
Electric 
Heating 
Pump 

Total 
kWh = 

Hours * 
kW 

Heating Available from 10 – 15 ˚C 1 533 51.0 11.3 14.2 6.5 12 0.4 146 291 

Heating Available from 5 – 10 ˚C 1 481 48.0 8.0 14.0 6.1 12 7.6 141 786 

Heating Available from 0 - 5 ˚C 2 310 45.5 5.1 13.8 5.8 12 11.0 215 141 

Heating Available from  -5 - 0 ˚C 1 623 42.0 4.7 13.6 5.4 12 15.0 150 501 

Heating Available from  -10 – (-5) ˚C 447 40.0 4.4 13.4 5.2 12 26.8 45 497 

Heating Available from -15 – (-10) ˚C 163 38.0 5.4 13.2 4.9 12 33.3 17 407 

Heating Available from -20 – (-15) ˚C 44 36.0 6.0 13.1 4.7 12 42.2 5 016 

Heating Available from -25 – (-20) ˚C 12 34.0 6.8 13.0 4.5 12 41.3 1 340 

Total Heating Available 722 979 kWh 

Auxiliary Compression Power (0.4*1 533)+(7.6*1 481)+(11*23 10)+(15*1 623)+(26.8*447)+(33.3*163)+(42.2*44)+(41.3*12) = 81 615 kWh 
 

Auxiliary Pumping Power 3.21 * 7 631 = 24 496 kWh 

Total Electrical Auxiliary Power Need 24 496 + 81 615 = 106 111 KWh 

 
Table 45: Savings Calculations for Implementation of Heat Pump 

Heat Pump Investment Costs Price Pcs. Total 

Water Accumulator – Tap Water 
(1200l) - Installed 

82 090 1 82 090 

Water Accumulator – Tap Water 
(2500l) - Installed 

130 340 1 130 340 

Heat Pump – Mitsubishi 130 000 1 130 000 

Condenser For Ventilation 
Machine 

85 250 1 85 250 

Piping Meter 1 160 120 139 200 

Circulation Pump 24 390 1 24 390 

Instalment Costs á 480 SEK/h 480 120 57 600 

Total Investment:   648 870 

 
Table 46: Investment Costs for Heat Pump Energy-Efficiency Measure 
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Savings through Re-Scheduling the AHU VA01 

 

AHU AHU – VA01 

Top Capacity During Audit (kW) 13 

Calculated Median Capacity (kW) 8 

Old Operating Schedule (h) 3 777 

New Operating Schedule (h) 2 844 

Old Electricity Use (3777 h) (kWh) 30 216 

New Electricity Use (2844 h) (kWh) 22 748 

Electricity Savings (kWh) 7 468 

Old Heating Use (3777 h) (kWh) 34 744 

New Heating Use (2844 h) (kWh) 26 157 

Total Cost Savings 11 392 SEK 

 
Table 47: Savings Achieved through Re-scheduling AHU VA01 
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