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Abstract 

The objective of this thesis is to investigate the potential for a nearly Zero-Energy Building 

(nZEB) renovation, its benefits for real estate owners in Sweden, and their ability to comply 

with the current Swedish definition of nZEB. The study is carried out in co-operation with the 

Swedish real estate company Vasakronan, one of the country’s largest real estate owners. 

Several energy-efficiency and renewable energy measures are implemented in a case study at 

the building complex Telefonplan. The improvement measures chosen are based on their 

proven cost-optimality and potential to bring the buildings to nZEB energy consumption levels, 

and are calculated using an array of tools; PVSOL, EED and Excel. The results are analyzed 

using Boverket’s regulation for nZEB, which was set for new builds. The economic 

performance of the renovation is analyzed considering capital and operational expenses, energy 

savings, and the increase in property value. The results show that Telefonplan failed to reach 

the Swedish nZEB targets with pre-selected energy efficiency measures. However, the financial 

results in terms of annual savings as well as raised property value can stand as a strong 

motivation for real estate owners to consider such investments.  
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Sammanfattning 

Målet med detta examensarbete är att undersöka potentialen för renovering av en nära noll-

energibyggnad (nZEB), deras fördelar för fastighetsägarna i Sverige och deras förmåga att rätta 

sig efter den svenska definitionen av nZEB. Studien är framtagen i samarbete med det svenska 

fastighetsföretaget Vasakronan, som är ett av Sveriges största fastighetsföretag. Ett flertal 

energieffektivare och förnybara energimetoder är implementerade i en fallstudie för ett 

byggnadskomplex i Telefonplan, Stockholm.  Förbättringsmetoderna är valda baserat på deras 

kostoptimering och dess potential att få energikonsumtionen i byggnaden i nivå med nZEB. 

Beräkningarna är utförda med ett flertal verktyg så som; PVSOL, EED, SAM och Excel. Vidare 

är resultaten är analyserade genom användandet av Boverkets regulation för nZEB, som 

avsattes för nybyggen. Den ekonomiska prestandan av renoveringen är analyserad med hänsyn 

till kaptital- och operationskostnader, energisparande och ökning av fastighetsvärde. Resultaten 

visar att Telefonplan misslyckades med att nå de svenska nZEB-målen med förutvalda 

energieffektivare metoder. Däremot kan de finansiella resultaten i form av årligt sparande samt 

ökat fastighetsvärde ses som starka motivationer för fastighetsägare att överväga sådana 

investeringar.  
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1 Introduction 

In the continuous struggle to mitigate climate change risks, the European Union (EU) is striving 

to achieve low-carbon economy by 2050 through a reduction of greenhouse gas (GHG) 

emissions by 80% compared to 1990 levels and achievement of 100% share of renewable 

energy. [1] These ambitions were globally acknowledged in the Paris Agreement which marked 

the world’s goal to limit the rise of global temperature “well below 2 degrees Celsius” above 

pre-industrial levels, ideally to 1.5 degrees Celsius. [2] 

Buildings account for almost 40% of the energy consumption, and 36% of GHG emissions in 

the EU with almost 36% of the building stock predates the 1960’s. [3] This opens a wide 

potential for energy savings along with its economic and environmental opportunities. The 

recast of the European Energy Performance of Buildings Directive (EPBD) tried to capture this 

potential by introducing the concept of nearly Zero-Energy Buildings (nZEB) as a standard for 

all new buildings by 2021. [4] With most of the existing buildings are expected to be still 

standing in 2050, renovation becomes a necessary strategy to tackle the EU energy and climate 

targets in the building sector. Many real estate companies have already started considering 

renovation projects. However, renovation rates across Europe are still low averaging around 

1% of the existing building stock and most investments in buildings energy efficiency are still 

tipping for the new builds projects. [5] Moreover, the Buildings Performance Institute Europe 

(BPIE) identified that 85% of the renovation projects in the market are considered on a minor 

level (energy savings can reach up to only 30%), while the share of nZEB renovation projects 

is almost negligible. [6]  

On a Swedish level, one-third of the present building stock was constructed within what is 

known as the Million Homes Program which aimed to reduce the shortage in housing in Sweden 

by building one million new homes in the period 1965 and 1975. Most of these buildings are in 

need of renovation, especially regarding energy efficiency. Many renovation projects can be 

identified across Sweden with some being on a district level; however, none of these projects 

aim to reach nearly zero energy balance. [7]  

Several barriers are present when it comes to decision making for deep renovations, especially 

to nZEB. A study by the Renewable Energy Research Conference (RERC) indicated some of 

these barriers to Sweden. On a technical aspect, the lack of knowledge of the technical 

environment and challenges shared amongst stakeholders, and the high energy consumption as 

a baseline for nZEB leads to an unwillingness to approach high and risky energy ambitions. 

Additionally, the lack of financial incentives for nZEB renovation is found as a decision-

making barrier to buildings’ owners who prioritize economic considerations over energy 

efficiency goals. The suggested implications to overcome these barriers were increasing 

knowledge dissemination of technical solutions, committing to realistic energy-efficiency 

ambitions and re-examining the lifecycle of buildings’ renovation in the long terms. [8] 

1.1 EPBD definition of nZEB 

In 2010, the EPBD recast introduced the nZEB concept and stated that "The Member States 

shall ensure that by 31 December 2020, all new buildings are nearly zero-energy buildings (1a) 

and after 31 December 2018, new buildings occupied and owned by public authorities are 

nearly zero-energy buildings.” [4] The recast describes the principle of nZEB buildings as 

having a "very high energy performance as determined in accordance with Annex I. The nearly 
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zero or very low amount of energy required should be covered to a very significant extent by 

energy from renewable sources, including energy from renewable sources produced on-site or 

nearby" Annex I designates that "The energy performance of a building shall be determined on 

the basis of the calculated or actual annual energy that is consumed in order to meet the different 

needs associated with its typical use and shall reflect the heating energy needs and cooling 

energy needs (energy needed to avoid overheating) to maintain the envisaged temperature 

conditions of the building, and domestic hot water needs.", nevertheless, there is no 

standardized definition of nZEB, and the Member States are required to set their definitions 

based on the conditions and cost-optimality for each state. [9] 

1.2 Boverket definition of nZEB 

In Sweden, the government assigned the National Board of Housing, Building, and Planning 

(Boverket) to propose a quantified definition of nZEB concept to implement the EPBD in the 

Swedish buildings regulations. This work is done on two steps; the first proposal was published 

in June 2015 and sent to several bodies for referral and was put into force in July 2017. Further 

amendments were sent for referral in March 2018 and are expected to come into force on the 

first of January, 2020. [10] The most recent proposal suggests that the primary energy used for 

heating, cooling, domestic hot water (DHW) and the property services should be used as the 

building energy system boundary with several correction factors related to the type of primary 

energy used and geographical location of the building within Sweden. The primary energy 

usage (PET) is calculated based on the delivered energy to the building as follows:  

𝐸𝑃𝑃𝐸𝑇 =  

∑ (
𝐸ℎ𝑒𝑎𝑡,𝑖

𝐹𝑔𝑒𝑜
 +  𝐸𝑐𝑜𝑜𝑙,𝑖  +  𝐸𝐷𝐻𝑊,𝑖  +  𝐸𝑝𝑟𝑜𝑝,𝑖)  ×  𝑃𝐸𝑖

6
𝑖=1

𝐴𝑡𝑒𝑚𝑝
 

Where the following stands for; 

𝐸ℎ𝑒𝑎𝑡 Energy for space heating, kWh/year 

𝐸𝑐𝑜𝑜𝑙 Energy for space cooling, kWh/year 

𝐸𝐷𝐻𝑊 Energy for domestic hot water, kWh/year 

𝐸𝑝𝑟𝑜𝑝 Energy for property services, kWh/year 

𝐴𝑡𝑒𝑚𝑝 Area of all floors where the temperature is conditioned above 10C, m2 

𝐹𝑔𝑒𝑜 The geographical correction factor, - 

𝑃𝐸𝑖 Primary energy correction factor for different energy carriers, - 

The proposal stipulates that the system boundary of the nZEB definition be expanded to include 

the geographical location of the building in Sweden and the type of the primary energy source 

that provides the building with its energy needs. The correction factors for the geographical 

location for Stockholm is 1.0, and for different primary energy sources, 𝑃𝐸𝑖 values are 

presented in Table 1. It can be noticed that more weight is given for electrical energy 

consumption compared to district energy. [11] 
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Energy Carrier Primary Energy Factor (𝑷𝑬𝒊) 

Electricity (𝑷𝑬𝒆𝒍) 1.85 

District Heating (𝑷𝑬𝑫𝑯) 0.95 

District Cooling (𝑷𝑬𝑫𝑪) 0.62 

Biofuel (𝑷𝑬𝒃𝒊𝒐) 1.05 

Oil (𝑷𝑬𝒐𝒊𝒍) 1.11 

Gas (𝑷𝑬𝒈𝒂𝒔) 1.09 

Table 1: Primary energy correction factors for different energy carriers 

With the primary energy usage 𝐸𝑃𝑃𝐸𝑇 being evaluated, a maximum threshold is identified by 

the Boverket proposal to set a limit of how buildings should perform in terms of energy to be 

considered as nZEB, however, this threshold depends on the building’s type of service and in 

some cases, the conditioned area of the building. Multifamily houses are required to have an 

𝐸𝑃𝑃𝐸𝑇 value less than 78 kWh/m2 and offices to have a value less than 65 kWh/m2. [11] 

Other attempts to set a Swedish definition for nZEB are present by other organizations such as 

Sveriges Centrum för Nollenergihus (SCNH) and Skanska. Such definitions vary along with 

the background and incentives of the authors of these definitions. SCNH is a non-profit 

organization that aims to encourage energy efficiency in Swedish buildings, leading them to 

propose a less permissive definition when compared to the proposed definition by a limited 

company like Skanska, which is expected to use their definition as a marketing tool rather than 

an actual measure of their buildings, thus, having a more permissive definition. [12] 

Although existing buildings do not have a compulsory requirement to meet when it comes to 

their energy performance, Boverket made it obligatory to issue Energy Performance 

Certificates (EPC) for people who are planning to purchase or rent a building or part of it. The 

certificates must be issued by a third party energy expert and are the building’s owner’s 

responsibility. An EPC includes different information about the building’s energy systems and 

consumption along with an energy classification to make it easier to compare its performance 

with other buildings [13]. 

<50% A 

50-75% B 

75-100% C 

100-135% D 

135-180% E 

180-235% F 

>235% G 

Figure 1: Energy classes based on new buildings energy requirement as set by Boverket 
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Energy classes are based on the requirement imposed on new builds with Class A being the 

most energy efficient (consumes less than 50% of what a new building is required to consume) 

and Class G being the least as shown in Figure 1. In compliance with the Swedish nZEB 

definition set by Boverket, EPCs issued for new buildings must be placed in Class C or higher 

while EPCs issued for existing buildings are not required to be placed in a certain range of 

classes at the moment. 

1.3 The Near-Zero Energy Renovation (NeZeR) Project 

The Near-Zero Energy Renovation (NeZeR) project is a European collaboration that provides 

guidelines for recommended integration of building energy efficiency measures and the 

implementation of renewable energy sources in the European renovation market. [14] The 

NeZeR project analyses technical solutions for NZEB renovations based on their ability to 

improve the energy performance of the buildings in different regions across Europe with 

partners in Finland, Sweden, Spain, The Netherlands, and Romania.   

The results of various feasibility studies are promoted as packaged solutions for different 

climate zones along with their technical and economic benefits and barriers. Table 2 

demonstrates package solutions for a multifamily block of a flat in North Europe according to 

three renovation levels. According to the NeZeR project, these package energy solutions have 

proven their cost optimality in renovating existing buildings to bring them into nearly-zero 

energy consumption levels. [15]  

 Moderate renovation Deep renovation nZEB renovation 

Walls ETIC or Ventilated façade ETIC or Ventilated façade ETIC or Ventilated façade 

Windows Triple glazing + gas 

Additionally: shutters 

Triple glazing + gas 

Additionally: shutters 

Triple glazing + gas 

Additionally: shutters 

Roof Internal or external roof 

insulation 

External insulation External insulation + 

ultrafine multilayer 

reflective insulation 

HVAC Central condensation 

boiler + adaptive heating 

control system + 

individual measuring 

DHW + water saving tap 

District heating / central 

geothermal heat pump + 

adaptive heating control 

system + individual 

measuring DHW + water 

saving tap + ESX 

ventilation 

District heating / central 

biomass or geothermal heat 

pump + adaptive heating 

control system + individual 

measuring DHW + Water 

saving tap + ESX 

ventilation 

RES Solar thermal energy on 

the roof 

Solar thermal energy on 

the roof + PV panels 

Heat pipe-vacuum pipe 

collector + thermal storage 

ground  + PV panels/wind 

turbines 

Table 2: Package solutions for renovating a multifamily block of a flat in North Europe 

1.4 Problem Statement 

The nearly zero energy buildings (nZEB) concept is gaining significant attention in Europe. In 

the case of Sweden, compulsory regulations are available only for new buildings while existing 

buildings are not required to meet nZEB targets. According to the BPIE, achieving low-carbon 

economy goals in the buildings sector in the EU requires energy performance improvements in 
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existing buildings as well as new buildings. Real estate companies and buildings’ owners are 

more likely to prioritize economic benefits over energy-efficiency goals when it comes to 

energy renovation projects. This likelihood to aim for the low hanging fruit might result in 

energy-efficient renovations but not as ambitious as needed to meet low-carbon economy goals. 

Boverket is required to set mandatory targets for issued EPCs to push the rate of buildings' 

renovation in Sweden.  

The study aims to investigate the following two main questions that Swedish real estate 

companies face when it comes to nZEB renovation projects: 

 How compatible is the current Swedish nZEB definition with renovation projects of 

existing buildings? 

 How much economic impact does nZEB renovation have on existing properties? 

The study will use someof recommended energy measures proposed by the NeZeR project for 

nZEB renovation purposes. The study hypothesizes that the chosen measures are sufficient to 

achieve nZEB energy consumption levels for the investigated buildings. The energy 

performance of the renovated property will be investigated according to the Swedish definition 

of nZEB as well as the economic impact of the renovation process on the property, e.g., the 

change in the market value of the property. 
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2 Theory and Methodology 

The general approach is to implement some energy measures that are proven to reduce the 

energy demand of the investigated buildings significantly. The new energy consumption 

evaluated will then be applied to the Swedish local definition of nZEB for new buildings and 

investigated whether this definition is compatible with renovation projects or needs to be 

amended. The scale of the investigated property is a cluster of buildings that share the same 

owner with Telefonplan –owned by Vasakronan– as a case study. This means that all of the 

buildings conditioned areas are treated as a whole when applying the nZEB definition. 

Unconditioned and common areas are available for renewable energy measures as long as they 

lie within the boundaries of the property. 

To address the aim of the study, the following procedure was followed: 

 Investigating the definition of nearly Zero-Energy Buildings (nZEB) according to the 

latest Swedish regulations proposed by Boverket and defining the system boundaries 

accordingly. 

 Literature review on renovation packaged solutions. Energy measures technologies that 

are mature and proven to be feasible in the market are listed and described based on the 

investigated buildings, climatic conditions as well as the future development of these 

technologies. 

 Selection of the investigated buildings and quantifying their energy performance to see 

their current performance concerning local nZEB definition. 

 Quantitative analysis of implementing energy measures on the buildings and 

demonstrating their energy performance and the economic benefits concerning energy 

savings and increased property value of the buildings. 

2.1 Energy Measures Analysis 

In this study, energy measures shall refer to any action or investment that aims to increase the 

energy independence of the property. The Trias Energetica concept is a model tool developed 

by the Delft University of Technology that acts as a guide for pursuing energy sustainability 

and reducing the carbon footprint of the buildings. [16] The model suggests that reduction of 

the energy demand of the buildings has to come first in the pursuit of decreasing the energy 

footprint of the buildings. Once a building has reached its minimum possible energy 

consumption, the focus shall shift to investing in renewable energy generation systems as 

shown in Figure 2. 

Reduction of the demand for energy includes optimizing the operation of energy consumption 

and reducing energy losses through energy efficiency measures such as additional insulation or 

heat recovery systems. All calculation for this part is done in Excel to estimate the potential 

reduction in the energy consumption for each measure applied to each building. Calculation of 

renewable energy generation is done using different software depending on the type of the 

selected source of renewable energy. PVSOL is used for solar energy generation, Earth Energy 
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Designer (EED) for geothermal heat and System Model Advisor (SAM) for rooftop wind 

turbines.  

2.1.1 Building Theory 

To maintain a constant indoor temperature of a certain envelope, the heat losses and heat gains 

of that envelope must be equal as per the following heat balance equation: 

𝑄𝑙𝑜𝑠𝑠𝑒𝑠 = 𝑄𝑔𝑎𝑖𝑛𝑠   

𝑄𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 + 𝑄𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 + 𝑄𝑙𝑒𝑎𝑘𝑎𝑔𝑒 = 𝑄𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑔𝑎𝑖𝑛 + 𝑄𝑠𝑜𝑙𝑎𝑟 𝑔𝑎𝑖𝑛 + 𝑄𝑠𝑝𝑎𝑐𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔  

Transmission losses are the heat leaving the envelope by transmission and are highly dependent 

on the type of materials that form the envelope areas and can be calculated from the following 

equation:  

𝑄𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = 𝑈 × 𝐴𝑒𝑛𝑣𝑒𝑙𝑜𝑝𝑒  ×  ∑ (𝑇𝑏 − 𝑇𝑜𝑢𝑡(𝑡))8760
𝑡=1  [Wh] 

Where U is the u-value of the walls, windows or roofs [W/m2K], Tb is the balance temperature 

[Cº] which is the minimum temperature that the building does not need space heating. 

Ventilation losses are the heat that leaves the building through the ventilated air and can be 

calculated through the following equation: 

𝑄𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 =  ∑ 𝐶𝑝 × 𝑣  ×  𝜌 × (𝑇𝑖𝑛(𝑡) − 𝑇𝑜𝑢𝑡(𝑡))8760
𝑡=1  [Wh] 

Where Cp is the specific heat capacity [kJ/kg.C], 𝑣 is the air flow and is assumed to be 0.3 

l/s.m2 for the whole conditioned area and 𝜌 is the density of air [kg/m3]. The solar gains can 

also be found as follows: 

Reduce the demand for energy by 
avoiding waste and implementing 

energy-saving measures

Use Sustainable sources of 
energy instead of finite fossil 

fuels.

Produce and use 

fossil energy as

efficiently as 

possible 

Figure 2: The Trias Energetica concept [16] 
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𝑄𝑠𝑜𝑙𝑎𝑟 𝑔𝑎𝑖𝑛𝑠 =  ∑ 𝑆𝐻𝐺𝐶𝑤  × 𝐺𝑖𝑛𝑐  ×  𝐴𝑤
8760
𝑡=1  [Wh] 

Where SHGCw is the solar heat gain coefficient of the windows, Ginc is the inclined solar flux 

[W/m2], and Aw is the windows area [m2]. For simplicity, leakage is excluded from the balance 

calculations. 

2.1.2 The thermal conductivity of an envelope 

The thermal conductivity (κ) of a certain material is a property that describes the ability of one 

unit length of that material to transfer heat and is affected by several factors such as density, 

porosity temperature, and moisture. The lower the thermal conductivity of a material, the better 

thermal insulation performance it has. Insulation materials create what is known as thermal 

resistance which is usually referred to as the R-value and is found as:  

𝑅 =  
d

κ
  [m2.K /W] 

Where d is the material thickness [m]. If a segment consists of more than one material, the 

overall R-value can be found by combining all thermal resistances of the materials in series or 

in parallel. The heat transfer coefficient, usually called the U-value, is the inverse of the overall 

R-value of a certain segment as follows: 

𝑈 =  
1

R
  [W/m2.K] 

The lower the u-value of a certain surface segment, the better is the insulation of that segment 

and the lower are the transmission heat losses. A typical envelope surface consists of several 

segment types, commonly windows, walls, and roofs. The overall transmission heat losses can 

be broken down as follows: 

𝑄𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = (𝑈𝑤𝑎𝑙𝑙𝑠 . 𝐴𝑤𝑎𝑙𝑙𝑠 + 𝑈𝑤𝑖𝑛 . 𝐴𝑤𝑖𝑛 + 𝑈𝑟𝑜𝑜𝑓 . 𝐴𝑟𝑜𝑜𝑓)  ×  ∑ (𝑇𝑏 − 𝑇𝑜𝑢𝑡(𝑡))8760
𝑡=1   

2.1.3 Renewable Energy Fraction 

Renewable energy fraction (𝑓𝑟𝑒𝑛) is the fraction of the energy delivered to the load that 

originated from a renewable energy source. [17] To find the 𝑓𝑟𝑒𝑛 of the ground source heat 

pump (GSHP), the following equation is followed: 

𝑓𝑟𝑒𝑛 = (1 −
1

𝑆𝑃𝐹
) . 𝑄1   

Where the SPF is the seasonal performance factor, which is the ratio of the heat delivered to 

the electrical consumption by the heat pump over the year and Q1 is the delivered heat to the 

building. The equation can then be rewritten by substituting the SPF with its definition as 

follows: 

𝑓𝑟𝑒𝑛_𝐺𝑆𝐻𝑃 = (1 −
𝐸

𝑄1
) . 𝑄1 =   (

𝑄1 − 𝐸

𝑄1
) . 𝑄1 = 𝑄2 − 𝐿𝑜𝑠𝑠𝑒𝑠 

This indicates that the renewable fraction of the heat pump is the extracted heat from the ground 

during heating mode and extracted heat from the building during cooling mode. 
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For PV solar systems, the renewable fraction can be found using the self-consumed solar, 

excluding the overproduced energy that is sold to the grid. 

𝑓𝑟𝑒𝑛_𝑆𝑜𝑙 =  
𝑆𝑜𝑙𝑎𝑟 𝑠𝑒𝑙𝑓𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙 𝐿𝑜𝑎𝑑
 

2.2 Financial Evaluation 

The investment of additional energy measures shall be considered only over the current state of 

the buildings. The amount of potential energy savings associated with the energy measures 

represents the base of the economic calculations. The Net Present Value (NPV) is calculated 

for each investment as per the following equation:  

𝑁𝑃𝑉 =  𝐼0  +  ∑
𝐵𝑡 + 𝐶𝑡

(1 + 𝑑)𝑡

𝐿

𝑡=1

 

Where the following stands for; 

𝐼0 The initial investment, 

SEK 

𝐵𝑡 Annual benefits, SEK 

𝐶𝑡 Annual costs, SEK 

𝑑 The discount rate, - 

𝑡 Time, years 

𝐿 Economic lifetime, years 

NPV is considered a reliable economic key performance indicator to investigate the economic 

feasibility and discounted payback period of an investment, however, investing in improving 

the energy performance of a building can influence its property value which is not covered by 

the NPV. The market property value depends on two main factors; the net operating income 

(NOI) of the property and the capitalization rate, alternatively referred to as the Return on 

Assets (ROA) as per the following equation: 

𝑀𝑎𝑟𝑘𝑒𝑡 𝑉𝑎𝑙𝑢𝑒 =  
𝑁𝑂𝐼

𝑅𝑂𝐴
 

The NOI can be simply calculated as the difference between annual expenses and revenues of 

that property. Energy consumption is considered as part of the property expenses, thus, energy 

saving measures will reduce the property expenses, increase the NOI and thus, raise the 

property market value. 

𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑀𝑎𝑟𝑘𝑒𝑡 𝑉𝑎𝑙𝑢𝑒 =  
𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑁𝑂𝐼

𝑅𝑂𝐴
 

The ROA can vary massively between different industries, different companies within the same 

industry and different assets in different regions within the same company. Although higher 

ROA ratios indicate higher profitability of a company’s assets, the expected change in the 

property value is lower when reducing a property’s expenses.  
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2.3 Limitations 

Some limitations imposed on this study are believed to have reduced the quality of the results 

and increased the uncertainty significantly. Although most major energy measures concerning 

buildings envelope and renewable energy generation were taken into consideration, other 

measures concerning building’s ventilation or tenants’ behavior were phased out from this work 

due to time limitations and the scale of the chosen case study. Advanced modeling and 

simulation tools are believed to improve the results for the amount of energy savings obtained 

from implementing energy-efficiency measures rather than performing calculations on Excel 

which, despite that it simplifies the model and works within the timeframe of the study, it 

ignores the effect of several factors such as the thermal inertia of the buildings or the heat gains 

from the occupants. 

Additionally, the choice of a single case study can be a good representative of buildings of 

similar densities. However, the derived conclusions cannot be generalized over all buildings in 

Sweden but only on those that are close in location, density and/or weather conditions.  
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3 Case Study: Telefonplan 

Telefonplan is a cluster of buildings located in the south of Stockholm, Sweden. The area was 

previously occupied by LM Ericsson's factory, and some buildings predate to the 1930s. In 

2000, the ownership of Telefonplan was transferred to the real estate Vasakronan, and the 

existing factory buildings were renovated to be used for other services. See Figure 3. 

 

Figure 3: Overview of Telefonplan area with buildings numbering 

The area of Telefonplan is not restricted to a specific service but an integrated community with 

different activities from education, accommodation, work offices, restaurants, and sports. 

General descriptions of the buildings are shown in Table 2. 

Building 

no. 

Year Built Main Service 𝑨𝒕𝒆𝒎𝒑 (𝒎𝟐) 

1 1939 University 32 061 

2 1948 Housing 7 712 

3 1939 Offices 36 154 

4 1958 Offices 8 624 

5 2010 Kindergarten 1 199 

6 1962 Offices 9 280 

7 1939 School 1 896 

8 1972 Offices 18 316 

9 1991 Sport 9 052 

11 - Storage 2 054 

Total   126 348 

Table 3: General description and conditioned area (Atemp) for Telefonplan's buildings 



12 

 

3.1 Weather Data 

There are several weather data collections available which aim to represent a typical year. 

Typical Meteorological Year (TMY) is a set of meteorological data with hourly values where 

the data for each month in the year have been selected from the year that was considered most 

”typical" for that month. According to an article published by ASHRAE, TMY is one of the 

most representative of expected long-term weather. [18] The TMY data used in this study are 

obtained from a TMY generator tool developed by the Joint Research Centre (JRC) of the 

European Commission. [19] The coordinates of Telefonplan in Stockholm were the input in the 

JRC tool (Latitude: 59.30°, Longitude: 17.99°), however, it is not clear which measuring point 

these data were taken from (e.g., Bromma Airport is the closest airport to the site location). 

Table 4 shows the selected typical months based on air temperature, global horizontal 

irradiance, and relative humidity.   

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2013 2011 2013 2012 2012 2012 2012 2014 2013 2013 2013 2016 

Table 4: Selected typical month for the generated TMY for the period 2007-2016 

3.2 Energy Status 

Buildings in Telefonplan are connected to the local district heating network owned and operated 

by Stockholm Exergi -formerly known as Fortum Värme-. Except for Building 5, all buildings 

share the same heat exchanger which provides thermal energy for both space heating and DHW. 

The cooling needs of the area are provided by privately owned chiller units located in Building 

11 and distribute cold water to the rest of the buildings. The chillers are also used to bring the 

return temperature of the district heating water below 50 °C to benefit from the bonus for the 

period from April to October and avoid penalties for the period from November to March. 

3.2.1 Energy consumption from district heating 

The hourly overall heat consumption of the buildings is obtained from the database of 

Stockholm Exergi. The data are obtained for the year 2017. All building are equipped with 

energy meters that helped to estimate how these hourly data are distributed among all buildings. 

To separate the space heating from the DHW consumption, the thermal energy signature for 

each building was evaluated to determine the balance point temperature, and accordingly, the 

base load which can be assumed as the DHW. This can be done by plotting the total heat 

consumption for each day against the average outdoor temperature of that day. Figure 4 shows 

the thermal energy signature for Building 1.  
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Figure 4: Thermal energy signature for building 1 

The balance point temperature is the temperature where the heat gains to the building such as 

solar gains and occupants’ gains are sufficient enough to keep the building warm, and the space 

heating system is not needed. [20] However, the graph represents the total consumption from 

the district heating which covers both space heating and DHW demands where the lateral is 

almost independent of the outdoor temperature. This indicates that the total heat consumption 

is inversely proportional with the outdoor temperature and will keep decreasing until it reaches 

the balance point temperature (where the space heating becomes zero) where the consumption 

follows a constant trend line against the outdoor temperature. The balance point temperature is 

the intersection between these two trends and the average heat consumption above that 

temperature accounts for the DHW consumption only. By curve fitting the two trends, the 

average DHW consumption can be found, and the remainder of the total heat consumption 

accounts for the space heating. Table 5 shows the results of the thermal energy signature method 

and the breakdown of the thermal energy supplied by the district heating.  

Building 

no. 

Balance temp 

(°C) 

Average Base 

Load 

(MWh/day) 

DHW Usage 

(MWh/year) 

Space Heating 

Usage (MWh/year) 

1 12.1 1.44 525.6 2976.1 

2 12.0 0.24 87.6 595.3 

3 12.0 0.77 280.3 1609.5 

4 12.0 0.22 78.8 543.7 

5 12.5 0.05 17.5 93.4 

6 11.8 0.14 52.5 331.2 

7 12.0 0.05 16.7 112.6 

8 12.0 0.24 87.6 620.2 

9 12.1 0.12 43.8 243.1 

11 12.0 0.01 4.0 18.3 

Table 5: Results of thermal energy signature evaluations 
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3.2.2 Energy consumption from electricity 

Hourly consumption of electricity of the buildings is obtained from the database of the power 

distribution supplier, Ellevio. Similar to the district heating data, the electrical consumption was 

obtained for the year 2017 and distributed among all buildings using readings from energy 

meters installed for each building. 

The data are obtained accounts only for the property excluding the tenants’ consumption of 

electricity. This means that the electrical consumption covers the energy for the property 

services such as lighting for common areas as well as the energy for cooling since the buildings 

use a set of heat pumps. Table 6 shows the electrical consumption for each building. It is worth 

mentioning that the chillers, circulating pumps and other equipment are all located in building 

no. 11, which explains the relatively high electricity consumption compared to other buildings 

in the property. The chillers are quite inefficient and have a coefficient of performance (COP) 

of around 1. To estimate the electrical consumption used for cooling purposes, the electrical 

energy signature is evaluated for building 11 as shown in Figure 5.  

Building 

no. 

Electricity Consumption 

(MWh/year) 

1 354.1 

2 250.4 

3 706.5 

4 395.5 

5 11.2 

6 371.4 

7 92.1 

8 726.1 

9 201.0 

11 1266.7 

Table 6: Total electricity consumption of the buildings 

 

Figure 5: Electrical energy signature for Building no. 11 
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The consumption follows two trends against the average outdoor temperature. This can be 

justified due to occupancy and unoccupancy of the buildings. The values are separated by colors 

for two different periods within the day. Except for July, hours of occupancy can be assumed 

to be from 7:00 to 18:00 while the remainder of the day is assumed of unoccupancy. 

Similar to the thermal energy signature, the balance point temperature and the base load for 

both periods can be estimated. The consumption dependent on the weather conditions -above 

the balance point temperature- accounts for the cooling loads. Table 7 shows the total monthly 

electrical consumption for cooling purposes. 

Month Electricity Consumption 

for Cooling (MWh) 

Jan 22.5 

Feb 17.3 

Mar 19.6 

Apr 19.8 

May 44.4 

Jun 41.2 

Jul 86.8 

Aug 71.8 

Sep 35.4 

Oct 24.1 

Nov 22.8 

Dec 17.0 

Table 7: Estimated electrical consumption for cooling purposes  

As explained earlier in section 2.3, it is quite critical to evaluate an accurate breakdown of the 

electrical consumption of the buildings; thus a reasonable assumption is followed to derive the 

consumption for lighting purposes. Some reports estimate that conventional lighting systems 

account for around 20% of the electricity consumption in average commercial buildings. [21] 

However, since the case in Telefonplan involves outdoor lightings as well, this percentage can 

be conveniently assumed to be higher to 25% of electricity consumption. 

Based on the previous assumption, the consumed electricity for lighting is evaluated and 

demonstrated below in Table 8. The obtained values will be used later to evaluate the potential 

saved energy from lighting systems in the common areas. Since the electricity consumption of 

building no. 11 accounts for cooling of the other buildings and due to its small conditioned area, 

it can be excluded from this energy measure.  
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Building 

no. 

Lighting 

Consumption  

(MWh/year) 

1 90,0 

2 63,2 

3 177,6 

4 99,5 

5 2,8 

6 93,4 

7 23,2 

8 182,352 

9 50,6 

Table 8: Estimated electrical consumption for lighting purposes 

3.2.3 Primary energy usage (EPPET) at Telefonplan 

All the buildings are treated separately regarding applying the energy measures. However, they 

are treated as a whole in terms of 𝐸𝑃𝑃𝐸𝑇. Figure 6 shows the energy consumption of each 

building from both district heating and electricity grid and the correspondent primary energy 

usage according to the Swedish definition of nZEB. It can be seen that when expanding the 

system boundary to include primary energy factors, the estimated energy consumption becomes 

higher due to the relatively high primary energy factor for electricity.  

Figure 6: Energy and the equivalent primary energy consumption at Telefonplan 
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Boverket set different nZEB targets for buildings based on their service. The majority of 

buildings in Telefonplan serves as offices; thus, a target of 65 kWh/m2 for the whole area is 

chosen. Figure 7 shows the energy performance from both end user and primary energy 

perspectives. It can be seen clearly that currently not a single building in Telefonplan can be 

considered a nZEB as it exceeds the maximum allowed primary energy consumption.  

Figure 7: Primary energy performance (EPPET) for each building and the nZEB target 

3.3 Economic Parameters 

This section covers general economic assumptions related to properties in Telefonplan and their 

energy-related expenses. Economic parameters related to specific energy measures and 

investments are covered in chapter 4. 

The average price of electricity purchased by Vasakronan properties in Stockholm in 2016 and 

2017 was 0.93 SEK/kWh and 0.96 SEK/kWh respectively. The company predicts the price to 

be 1.03 SEK/kWh in 2018 which will be used in this study. This price includes several 

components such as market electricity price, network taxes, electricity certificates, and 

environmental choices. The wholesale price is assumed to be 0.3 SEK/kWh. Both retail and 

wholesale prices are assumed to witness an annual growth of 1% over the lifespan of the project. 

The recent prices for energy consumption from district heating in 2018 were 245 SEK/MWh 

for the period April to October and 624 SEK/MWh for the period November to March. Energy 

peak price is 595 SEK/kW for peak values between 1000-2499 kW and 515 SEK/kW for peak 

values above 2500 kW. [22] District heat prices are assumed to witness an annual growth of 

1% over the lifespan of the project. 

The average ROA for Vasakronan’s properties in Stockholm in 2017 was around 3.9%; 

however, the company's goal is to achieve an ROA that averages above 6.5% over a ten-year 

period. A fixed ROA value of 6% is assumed over the lifespan of the study. The real discount 

used in the NPV calculations is assumed to be 4%. All prices and rates are assumed to be real 

over the lifespan of the project. 
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4  Energy Renovation Measures 
4.1 Energy Efficiency Measures 
4.1.1 Building Management System (BMS) 

Building Management System (BMS) is a control system installed in buildings that control and 

monitors the building's mechanical and electrical equipment such as air conditioning, lighting, 

power systems, and fire-fighting. These systems provide high flexibility to obtain an optimum 

operation of the building's different system and reduce energy usage. [23]  

Buildings in Telefonplan are already equipped with a conventional BMS. Installing a further 

advanced BMS system will not be taken into consideration in this part, and the focus will be on 

using the existing one for a better air conditioning operation. One simple BMS measure is to 

reduce the air-conditioning, specifically space heating when the offices are not occupied by 

reducing the temperature of the conditioned area to a certain value.  

Figure 8 shows a simplified description of the operational set points in the buildings’ BMS.  

The hours of occupancy for most buildings (except building no.2) can be assumed to be from 

7:00 to 18:00 for weekdays. In winter time (outdoor temperature below 20 C), the indoor 

temperature can be reduced from 20 C to 18 C outside these hours without affecting the tenants’ 

thermal comfort.  

 

Figure 8: Current and suggested BMS set-points in winter (heating mode) 

Another BMS measure is shown in Figure 9. The existing set-point for indoor temperature in 

summer time (outdoor temperature above 24 C) is 24 C. The measure suggests raising this 

temperature for higher outdoor temperatures to reduce needed energy for cooling. This measure 

will lead to a reduction in electricity consumption of the heat pumps without affecting the 

tenants’ thermal comfort as well. It is worth mentioning that this measure does not actually 

represent an improvement in the energy efficiency of the buildings or its energy systems, but 

rather moving within the thermal comfort of the tenants with the least energy demanding level, 

however, the main motivation to consider this measure is that it was being implemented during 

the time of this study and no complaints were received from the tenants. 
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Figure 9: Current and suggested BMS set-points in summer time (cooling mode) 

The main advantage of BMS energy saving measures comes from the fact that they require no 

investment or additional running costs (operation and maintenance costs are excluded since the 

BMS exists already). This implies a guaranteed economic feasibility and the only barrier 

remains in its social acceptance and whether it might affect the tenants’ convenience or not. It 

is worth mentioning that both aforementioned measures took place in 2018 on building 1 and 

no complaints from the tenants were received. 

4.1.2 Air Pockets for Light Lanterns 

This measure is specific to building no. 1 and has been investigated recently by the energy audit 

firm, TQI. There are 19 lantern lines at the roof of  building 1 consisting of a fiber cement slab 

facing the south and a layer of glass facing north. Heat convectors are installed in the lanterns 

without thermostatic valves or any other type of regulation. The purpose of the convectors is to 

reduce heat losses through the lanterns of the building by delivering heat to form an air curtain 

that serves as a barrier to prevent heated or cooled air from losing heat in winter or gaining heat 

in summer as shown in Figure 10. Additionally, the heat delivered from the convectors keeps 

the windows warm enough in winter to reduce the accumulation of snow. The current system 

is found inefficient and consumes a significant amount of heating and cooling energy.   

The proposed measure is to remove the heat convectors and install a third layer of glass to close 

the lanterns and form a so-called "air pocket". The estimated savings from this measure are 

shown in Table 9. The saved cooling energy from this measure is not included in the results 

calculations. 
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Figure 10: Light lanterns and heat convectors installed at Building 1 

 

 Heat peak per 

lantern (kW) 

Heat consumption per 

lantern (MWh/year) 

Existing lantern 80.5 194.0 

After measure 23.0 55.2 

Savings 57.3 138.8 

Table 9: Estimated results of energy investigation for the Air Pocket measure 

For profitability calculations, the audit suggests deducting 20% of these estimates which leads 

to heat savings around 110 MWh/year from each lantern. The type of glass to be installed in 

this measure seems uncertain. Regular, double glazed glass have the privilege of being the least 

cost-demanding option, however, since these glass layers are wide in area and are to be installed 

horizontally, the ability of the staff to walk on these layers might be necessary; thus the need 

of installing safety glass layers is questionable. Table 10 shows the general economic 

parameters associated with this measure. 

Parameter Value Unit 

Opening area 300 000 m2/lantern 

𝑰𝟎 (double glazed)  1 000 SEK/m2 

𝑰𝟎 (safety glass) 5 000 SEK/m2 

Additional installation costs 10 000 000 SEK 

Annual O&M  1% % (of 𝑰𝟎) 

Lifespan 25 Years 

Applicable buildings Building 1 - 

Table 10: General parameters for air pockets measure 
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4.1.3 Triple Glazing Windows (TGW) 

Windows represent a significant source of heat losses of the building; therefore, improving the 

quality of the building's fenestration can result in significant energy savings. The vast majority 

of the currently installed windows (except for building 5) in the area are double-glazed windows 

with a U-value of around 2.9 W/m2.K. 

Triple Glazing Windows (TGW) has become an attractive alternative for home insulation and 

energy savings in renovation projects. As the name suggests, TGW consists of three layers of 

glass (typical thickness of 4 mm) with two cavities between them (optimal gap is around 16 

mm). The main feature that leads to a significant drop in the U-value in such windows is the 

filling of these cavities. Argon and Krypton are the most common gas fillings in TGW due to 

their thermal efficiency and sound insulation. The importance of TGW in refurbishment comes 

with installing new frames that are more likely to be drought-proof, which will eliminate any 

present air leakage in the existing windows. The use of low-emissivity (low-E) coating on at 

least one of the panes (typically the interior pane) allows short-wave solar radiation to pass 

through the glass but reflects the long-wave heat back to the room. Figure 11 shows the typical 

construction of a TGW with Argon filling and Low-E coating and how these features function 

regarding reducing heat losses. General description and input data for windows replacement 

measure are shown in Table 11. 

Parameter Value Unit 

Fenestration Area 13 046 m2 

Current U-value  2.9 W/m2.K 

Current G-value  0.76 - 

New U-value 1.1 W/m2.K 

New G-value  0.57 - 

𝑰𝟎  1 250 SEK/m2 

Annual O&M  1% % (of 𝑰𝟎) 

Lifespan 25 Years 

Applicable buildings All except 5 & 11 - 

Table 11: General parameters for windows replacement measure 

Figure 11: Typical gas-filled TGW with Low-E coating [30] 



22 

 

4.1.4 External Thermal Insulation Composites (ETICs) 

External Thermal Insulation Composites (ETICs) refer to applying additional insulation layers 

to the external walls of buildings to reduce the thermal conductivity and enhance the thermal 

performance of the walls. ETICs have been present in the European market since the 1970's for 

both new builds and refurbishment projects due to many advantages, mainly the significant 

reduction of heat losses and thermal bridges without reducing interior space, the increase in the 

thermal mass of the building as it is installed outside the exterior wall and the ease of 

application, especially for renovation projects, where the installation can take place without 

disturbing the building's occupants. [24] 

A report established by ECOFYS estimates the drop of U-value with installing additional 

insulation that is, theoretically, cost-optimum and provides the maximum profit. Figure 12 

shows the added thickness of insulation and the estimated corresponding U- and R-values, with 

marking a range of cost-efficient thickness for Stockholm. [25]  

Figure 12: Added insulation and the resulting U-value and R-value [25] 

General description and input data of ETICs installations are demonstrated in Table 12. 

Parameter Value Unit 

Walls Area 28 431 m2 

Current U-value 1.0 W/m2.K 

New U-value 0.22 W/m2.K 

𝑰𝟎  18.8  SEK/m2.cm [25] 

Life span 25 Years 

Applicable buildings All except 5 & 11 - 

Table 12: General parameters for external wall insulation measure 

4.1.5 Smart Lighting 

Energy-efficient lighting fixtures are now available readily in the market for both new-builds 

and refurbishment projects. Cutting-edge lighting systems nowadays give focus not only on 

using energy-efficient light bulbs but on controlling those systems to use them as less as 

possible when they are not in need. Motion, occupancy, sunlight and infrared sensors are 
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integrated innovatively with efficient lighting luminaires to help cut electrical consumption; 

such systems are commonly known as smart lighting systems. 

To estimate the energy savings potential from lighting systems, the energy auditor is required 

to conduct site visits to collect necessary information and measure geometric and physical 

parameters such as intensity, investigating the types of lightings and fixtures and their operating 

schedules. Such comprehensive light studies consume some significant time (auditing an office 

building of around 9 000 m2 can take up to 116 hours) [21]. Additionally, since smart lighting 

systems are highly dependent on the occupants' behavior, the need for sophisticated and detailed 

modeling based on close observation of the tenants is essential to predict the energy 

performance of such systems, which is out of the scope of this work. 

An alternative method that fits the time frame and the scope of the study is by reviewing 

previous reports and derive logical assumptions based on similar projects regarding estimated 

energy savings and the corresponding investments. General assumptions are presented in Table 

13. It is worth mentioning that these actions are interdependent and the energy savings from 

one action calculated from the final energy consumption from the previous action. 

Action Description Electricity 

Savings 

De-lamp fixtures Disconnect or remove additional fixtures, lamps or 

ballasts in the common areas. 

5% 

Replace fixtures This measure highly depends on the type of existing 

lightings in Telefonplan and the type of new 

technology used and can save from 15 to 70% of 

lighting energy consumption. 

40% 

Motion and 

daylight sensors 

Several smart luminaries available in the market 

today are integrated with different types of sensors to 

control the lightings based on motion (typically for 

areas occupied infrequently, e.g., meeting rooms) or 

daylight (suitable for both interior and exterior 

lightings). Typical savings range between 20 and 

70% 

40% 

Table 13: Lighting energy measures and assumed energy savings [21] 

The estimated investment from this method can be deduced from the total amount of saved 

energy for a fixed payback period. Similar renovation projects have shown that such measures 

have a payback period around 16 months for upgrading fixtures only and around 31 months for 

replacing fixtures and integrating them with suitable sensors. [21] 

4.2 Self-Supply Energy Measures 
4.2.1 Ground Source Heat Pumps 

Heat pumps are devices that utilize electricity to draw (or metaphorically pump) thermal energy 

from a heat source (air, ground, lake water, solar or combined) to a heat sink which represents 

the end-service in the heating mode. The most common heat pumps type for heating or cooling 

in buildings is to use the ambient air as a heat source/sink due to the low thermal resistance and 

cost. However, in cases of high demand and extreme weather conditions, some disadvantages 

are present such as frosting of the moisture in the air and a significant drop in the system's 
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efficiency due to high difference between air and room temperature. Thus, other heat sources 

are considered. [26] 

The ground has advantages of having high heat capacity and a steadier temperature range 

throughout the year which leads to better efficiency in cold climates. Circulating the refrigerant 

through pipes buried in the ground is considered a feasible approach; however, using a 

secondary heat exchange fluid in what is known as a ground heat exchanger (GHE) is more 

common to avoid environmental risks that may arise from refrigerant leakage. [26] Typical 

GHE consists of boreholes drilled vertically with U-tubes inserted in them as shown in Figure 

13. 

 

Figure 13: Boreholes drilled in rocks (left) and inserted in pipes (right) [26] 

The designed size of the GHE depends on several factors such as the heat extraction and 

rejection to and from the ground, properties of the ground and properties of the heat exchange 

fluid. In this study, Earth Energy Designer (EED) is used to find the proper GHE sizing for 

GHSP to be installed in Telefonplan. General input data for Stockholm and other variables are 

shown in Table 14 to Table 17 based on as taken from a thermal response test conducted within 

an earlier study.  

 Parameter Value Unit 

Ground surface temperature 6.6  C 

Thermal conductivity 3.91 W/m.K 

Volumetric heat capacity 2.11 MJ/m3.K 

Geothermal heat flux 0.0478 W/m2 

Table 14: Ground specific properties for Stockholm 

 

Parameter Value Unit 

Thermal conductivity 0.471 W/m.K 

Specific heat capacity 4,389 J/kg.K 

Density 980 kg/m3 

Viscosity 5.3 (10-3) Kg/(m.s) 

Freezing point -7.36 C 

Table 15: Heat carrier fluid in the GHE (bioethanol at -3 C) 
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Parameter Value Unit 

Type Double-U - 

Outer diameter 32 mm 

Wall thickness 2 mm 

Thermal conductivity 0.375 W/m.K 

Shank spacing 95 mm 

Table 16: U-pipe general properties (polyethylene) 

Parameter Value Unit 

Land area available <100 m2 

Depth range 350-400 m 

Spacing range 10-15 m 

Diameter 138 Mm 

Filling thermal conductivity 0.6 W/m.K 

Flowrate per borehole 0.55 l/s  

Table 17: Boreholes general properties 

Investment and costing for GSHP have much uncertainty because of various conditions of the 

ground from one site to another. [27] A preliminary estimate is shown in Table 18; however, 

this and other uncertainties will be dealt with sensitivity analysis in section 5.5. 

Parameter Value Unit 

GHE costs (drilling only) 180 SEK/m 

GSHP (equipment, installation…) 14,000 SEK/kW 

Annual O&M (only GSHP) 1% % (of 𝐼0) 

Lifespan (only GSHP) 15 years 

Table 18: Costing assumptions for GSHP investment 

The proposed GSHP measure is meant to cover the final heating demand of the buildings after 

implementing the energy-efficiency measures, and thus, disconnect from the district heating 

supply. GSHPs also can provide what is known as “free cooling”. The term refers to the heat 

sink -in this case, the ground- is used directly without conventional cooling equipment that 

consumes electrical power additional to the power consumed by the circulating pumps which 

lead to electrical savings compared to the current chiller units used. 

4.2.2 Solar Photovoltaic Systems 

Solar photovoltaic (PV) systems capture the solar irradiance, convert it into electricity and 

transmit it into homes and businesses, transforming buildings from being energy consumers 

into producers or what is known as "prosumers". PV systems are considered the most relevant 

technology when it comes to nZEB projects. A research conducted on a broad collection of 

nZEB case studies have shown that all of them consisted of PV systems due to their maturity 

and the possibility to install them anywhere within the building footprint. [28] 
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PV systems can be mounted on rooftops, facades or the ground. Table 19 shows the decision to 

apply this energy measure for each building. The decision is based on the available surface area 

and shading losses obtained from PVSOL simulations. 

Building 

no. 

Rooftop Façade 

1 Already installed - 

2 - Applicable (south) 

3 - Applicable (south) 

4 Applicable Applicable (south) 

5 - - 

6 Applicable - 

7 Applicable - 

8 Applicable - 

9 - - 

11 -  - 

Table 19: Chosen surface areas for PV systems installations 

The characteristics of the chosen PV panels for the implementation are presented in Table 20. 

Parameter Value Unit 

Maximum Power 320 WP 

Voltage at maximum power 37.56 V 

Current at maximum power 9.52 A 

Open circuit voltage 45.82 V 

Short circuit Current 9.03 A 

Efficiency 16.49 % 

Type Polycrystalline - 

Power degradation 10 years of 92% output power 

25 years of 85% output power 

Table 20: PV cell general characteristics 
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5 Implementation Results 

This chapter demonstrates the results of implementing the aforementioned energy measures in 

terms of energy and economic aspects. The order of implementing energy-efficiency measures 

might affect the feasibility of one at the expense of the other. A common approach is to 

implement energy-efficiency measures starting from the least cost-demanding measures, and 

then to install renewable energy generation systems. The order of the implementation is shown 

in Figure 14. Further analysis investigates the sensitivity of the results to some specific 

parameters. 

 

Figure 14: Implementation order of chosen energy measures 

5.1 Demand Reduction 

In Figure 15, the obtained heating demand reductions from implementing the BMS (winter), 

Air Pockets, TGW and ETICs measures are presented. It is found that the most crucial measures 

for heat demand reductions were Air pockets and windows replacement with 25.1% and 23.1% 

of the total heat demand of the buildings, respectively. The total annual savings accounts to 

around 70% of the original thermal demand of the buildings.   

The obtained energy savings resulted in significant thermal peak loads shavings as shown in 

Figure 16. 
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Figure 16: Heating peak load shaving from the implementation of energy measures 

The saved electricity for cooling purposes by implementing the BMS measure during summer 

is presented in Figure 17. The electrical peak load shaving was found almost negligible and 

thus is excluded. 

Figure 17: Saved electricity for cooling from applying BMS measure in the summer 

Electricity savings from the smart lighting measure for common areas was estimated for each 

step; de-lamping, replacement, and rescheduling. The projected consumption after each action 

is shown in Figure 18. 

Figure 18: Saved electricity from implementing the smart lighting measure 
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The obtained electricity demand reductions from implementing the BMS (summer) and the 

lighting measures are presented in Figure 17. The savings in the electricity consumption from 

the two measures were found to be minimal compared to the huge load with around 1% of the 

annual electricity consumption. 

 

5.2 Self-Supply Energy Measures 

The design of the GSHP size and the total length of the boreholes depend on the final thermal 

demand of the buildings for each month as well as the monthly peak load. Additionally, since 

the GSHP will replace the chillers on site to meet the cooling demand of the buildings, the 

cooling load profile will be considered in sizing the GSHP system. Heating and cooling load 

profiles after implementing the energy-efficiency measures are shown in Figure 20 and Figure 

21. These load profiles represent the load input parameters used in the EED simulation. 
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An EED simulation for the above loads with the input parameters shown in section 4.2.1 was 

performed and resulted in a list of optimized solutions with different borehole configurations 

and total lengths. The results of the optimization run were set to operate within mean fluid 

temperature constraints with a maximum of 15 ºC and a minimum of -5 ºC. A rule of thumb to 

validate an accepted long-term operation of the geothermal heat exchanger is to maintain the 

mean fluid temperature just around 0 ºC during year 10 of operation. A configuration of 10 m-

spaced, 49 boreholes with 388 m depth each is chosen. The total boreholes length is 19 012 m.  

The output of the system in terms of specific heat extraction rate and mean fluid temperature 

are shown in Figure 22 and Figure 23. 
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Figure 23: Mean fluid temperature for several years of operation (end of the month) 

Figure 23 shows that during year 10 of operation, the minimum mean fluid temperature was       

-0.27 C which is an acceptable long term performance. The electrical power required to run the 

heat pump throughout the year is calculated based on the assumed SPF for both heating and 

cooling mode. Figure 24 shows the monthly electrical consumption by the GSHP. 

 

Figure 24: Monthly electricity consumption by the GSHP 

The second self-supply energy measure is to install PV panels on selected rooftops and façades 

to generate electrical energy on-site as shown in Figure 25 and Figure 26 . Results from PV 

generation using PVSOL simulations are presented Table 21. At certain hours, the solar 

production can be higher than the load of the building where the PV system is installed. This 

over-produced electricity is allowed to be exported to nearby buildings and cover part of their 

loads only if these buildings are connected to each other’s as cables are not allowed to be 

installed externally. Building 7 is not connected to other buildings and the over-produced 

electricity cannot be exported to the rest of the buildings, thus, the over-production can only be 

sold to the grid. 
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Figure 25: Façade PV installations for building 2 (left) and 3 (right) 

Figure 26: Rooftop PV installations for buildings 4 (left), 8&6 (right) and 7 (bottom) 
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 Type System Size 

(kW) 

Annual Production 

(MWh) 

Self-consumption  

(%) 

Building 2 Façade 30.7 30.4 100 

Building 3 Façade 36.2 23.8 100 

Building 4 Rooftop 19.8 17.4 100 

Building 7 Rooftop 41.6 39.4 64.2 

Building 8&6 Rooftop 96.0 86.1 100 

Total - 224.3 197.0 92.8 

Table 21: Total PV production and the self-consumption of the buildings 

It can be seen that, except for building 7, all systems have full self-consumption ratios which 

can be reasoned to the massive electrical load of the buildings that makes all the PV production 

consumed on-site without the need to export the over-production of one building to the grid at 

any given time. The share of the load covered by renewable energy generated on-site from the 

GSHP and the PV systems combined represent the total renewable fraction discussed earlier, 

which can also be referred to as the self-sufficiency of the buildings. The results of renewable 

fractions or self-sufficiencies are discussed in the next section. 

5.3 Energy Performance and Self-Sufficiency 

There are two perspectives to analyze the energy performance of the buildings, the energy 

demand and the energy supply. The energy demand represents the thermal or electrical energy 

needs of the buildings regardless of their source (end-user perspective). The energy supply 

represents the amount of energy delivered to the building either from the grid (purchased energy 

from electrical or district heating grids) or generated on-site (e.g. renewable generation). While 

energy-efficiency measures reduce the actual energy demand of the buildings (and accordingly 

the required energy supply), the self-supply energy measures reduce the need for purchased 

energy. The Boverket definition of nZEB does not state explicitly whether the energy demand 

or the energy supply is the term to be considered in the evaluation of the energy performance, 

however, the usage of primary energy factors that weighs the consumed energy according to its 

source (i.e. the type of supply the energy is purchased from) indicates that the energy supply to 

the buildings is the concerned term.  Figure 27 shows the energy performance for the whole 

area after implementing each measure. The x-axis represents the energy demand of the 

buildings from an end-user perspective while the y-axis represents the equivalent energy supply 

to the buildings according to Boverket nZEB definition and primary energy factors. The dashed 

line represents the nZEB threshold of 65 kWh/m2 set by Boverket for offices.  

At the reference point, the annual total energy demand (both thermal and electrical) of the 

buildings was 100.6 kWh/m2 while the energy supply to meet this demand was 126.8 kWh/m2. 

After implementing all the energy-efficiency measures, the energy demand of the buildings 

drops to 53.4 kWh/m2 while the required energy supply to meet this new demand becomes 81.6 

kWh/m2 which exceeds the nZEB threshold by 25% (equivalent to an EPC of class D) and thus 

fails to meet the nZEB definition. Although the chosen energy-efficiency measures lead to 

around 47% reduction in the energy demand, the failure to meet the nZEB target can be 

reasoned to the fact this reduction in the energy demand lead mainly to a reduction of the energy 

supplied from the district heating grid -which has a low primary energy factor- while the energy 

supplied from the electrical grid witnessed the minimal reduction. 
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Figure 27: Primary energy demand and energy supply for all the buildings 

Implementing the self-supply energy measures (GSHP and PV) does not affect the energy 

demand of the building, however, they partially cover the energy supply by supplying energy 

on site and reducing energy purchased from electrical grid or district heating. The self-

sufficiency (i.e. renewable fraction) from both measures can be expressed either in terms of 

energy demand or energy supply as shown in Table 22. The demand self-sufficiency represents 

the ratio of renewable energy generated on site to the total energy demand of the buildings, 

however, the supply self-sufficiency represents the renewable energy generated on-site to the 

total energy supply required to meet the final energy demand. The difference between the two 

perspectives comes from two main factors; the fact that the amount of the supply energy 

equivalent to the demand is higher in magnitude and the electrical energy consumed by GSHP 

adds to the total energy supply when implementing the GSHP measure. 

 Annual Generation 

(kWh/m2) 

Demand Self-

Sufficiency 

Supply Self-

Sufficiency 

GSHP 19.2 35.9 % 23.5 % 

Solar PV 1.4 2.6 % 1.9 % 

Total 20.6 38.5 % 25.4 % 

Table 22: Self-sufficiency from GSHP and PV from demand and supply perspectives 

The nZEB definition states that the EPPET of the buildings should be covered to a “very 

significant extent” by renewable energy sources but does not explain what share can be 

considered a significant extent. 

5.4 Financial Results 

The direct financial benefits from implementing the energy measures is by reducing the 

expenses for the purchased energy by cutting the energy supply from the grid as well as 

reducing the peak consumption. The rooftop and façade PV systems have an additional benefit 

of selling the overproduced energy to the grid when the solar generation exceeds the load while 
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the GSHP has an additional benefit of a complete detach from the district heating grid and thus 

eliminating all relevant expenses. Table 23 shows the main results for the economic feasibility 

for each measure if they were all implemented in 2018 and for a lifespan of 25 years and an 

interest rate of 4% (without VAT). 

 

 Measure Initial 

Investment 

Annual Savings 

(year 2) 

NPV Payback  

(years) 

BMS (winter) - 200 000 3 331 000 - 

BMS (summer) - 13 000 220 000 - 

Lightings 114 000 33 000 454 000 3.6 

Air Pocket (double glazed)  15 700 000 1 515 000 11 550 000 11.8 

Air Pocket (safety glass) 38 500 000 1 387 000 -14 726 000 never 

TGW 16 308 000 1 406 000 7 604 000 14.4 

ETICs 9 621 000 1 099 000 9 022 000 10.2 

GSHP 9 800 000 1 121 000 9 169 000 10.3 

PV rooftop (7) 415 000 35 000 374 000 12.2 

PV rooftop (4) 206 000 19 000 90 000 13.6 

PV rooftop (8&6) 938 000 100 000 1 368 000 9.7 

PV façade (2) 311 000 26 000 86 000 16.8 

PV façade (3) 347 000 34 000 173 000 13.9 

Table 23: Financial results over a lifespan of 25 years (rounded to 1000 SEK) 

The indirect benefits are the increased property value of the buildings due to annual energy 

savings. The annual savings are projected to increase at the end of the lifespan of the project 

due to the forecast of the purchased energy prices growth; however, this results in an increase 

in the expenses for the final purchased energy as well. Figure 28 shows the change in the 

property value for an ROA of 6% for both reference and renovation scenarios. 

 

Figure 28: Property value change for both reference and renovation scenarios (ROA 6%) 

The figure shows that buildings at Telefonplan by the end year 2042 are estimated to lose 

around 50 mSEK due to the projected energy prices growth presented earlier keeping the same 

energy purchase rates. Implementing energy measures can result in an increase in the property 

value around 42 mSEK with a net difference of 92 mSEK from the reference scenario. 
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5.5 Sensitivity Analyses 

Economic parameters are uncertain, especially for long lifespan studies. A sensitivity analysis 

can help investigate variable input parameters within reasonable predicted ranges and their 

impact on the final results. 

5.5.1 Interest Rate 

The choice of discount interest rate can change the valuation of the profitability calculations 

dramatically. Higher discount rates result in lower NPV over the lifespan of the project; 

however, this is highly dependent on the initial investment value. Figure 29 shows that jumping 

from an interest rate of 4% to 6% can increase the payback period of the Air Pockets measure 

by around 5 years, however, the impact on the GSHP measure is much less for the same interest 

rates. 

 

 

 

 

 

Figure 29: NPV (a) and discount payback (b) sensitivity to interest rate 
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5.5.2 Return on Assets (ROA) 

The ROA is used by companies to track total assets value and the economic performance over 

time. For real estate companies. Figure 30 shows how the change in the property value of the 

buildings is affected by different ROA ratios. Although high ROA ratios reflect a healthy 

performance of a company's assets, the nZEB renovation projects tend to have a higher 

beneficial impact for lower ROA. 

 

Figure 30: Change in property value sensitivity to ROA 

5.5.3 Boreholes Drilling Costs 

Drilling costs can vary significantly from one location to another based on the ground 

properties. Figure 31 shows the discounted payback period and the NPV over the lifespan of 

the project for the GSHP measure for different drilling costs (excluding piping and 

installations). The effect of the drilling costs is not significant on the profitability of the GSHP 

measure since they do not require operation and maintenance costs compared to the remaining 

investment and running costs associated with GSHP equipment. This is due to the fact that the 

drilling costs represents between 30-40% of the initial investment, however, this share is 

expected to be higher for smaller systems and thus have further impact on their NPV results. 
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5.5.4 Energy Prices 

Prices of purchased energy from both electrical grid and district heating are crucial to determine 

the economic feasibility of the GSHP. The study forecasted an annual growth of both prices of 

1% which resulted in positive NPV values. Figure 32 shows different scenarios of annual price 

growth for both energy sources where the GSHP could become economically infeasible in case 

of extreme price growth of electricity against the district heating. 

 

Figure 32: NPV of GSHP sensitivity to annual energy prices growth 
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6 Discussion 

The results have shown that the implementation of the energy-efficiency measures reduced the 

energy demand of the property from 100.6 to 53.4 kWh/m2; however, the correspondent 

primary energy performance (EPPET) was reduced from 126.8 to 81.6 kWh/m2 which fails to 

meet the nZEB target set for office-serviced buildings. This shows that the choice of the energy-

efficiency measures, based on the primary energy they are meant to cut, can be as crucial as the 

amount of energy reduction in order to meet the nZEB targets. Real estate companies and 

buildings’ owners in Sweden aiming to achieve nZEB of their existing buildings are encouraged 

not to only follow generic guidelines for energy-efficiency measures integration but also to 

consider the current sources of the energy supply of the property and the variation of primary 

energy factors prior to deciding the energy measures to be implemented. 

Although the GSHP measure managed to cover 35.9% of the final energy demand, this 

coverage drops to 23.5% when the EPPET criteria is used. This drop in the self-sufficiency is 

obtained when considering the primary energy factors in the EPPET. Installing GSHPs for 

buildings can be seen as an implementation of the “electrify everything” strategy which 

suggests to switch everything to run on electricity while having a significant share of renewable 

production. As Sweden is aiming for a 100% renewable electricity production in 2040, the 

primary energy factor for electricity are forecasted to drop and thus the supply self-sufficiency 

from GSHP measure is expected to increase. Additionally, the investigated property was a 

cluster of buildings with adequate area between the buildings for the borehole field installation; 

however, this might be a challenge for other dense buildings in urban areas where the size of 

the borehole field might be limited by neighboring properties. In addition to the GSHP, 

installing PV systems resulted in a coverage of only 1.9% of the final EPPET. The limited 

available surface area for PV installation is a common challenge to on-site renewable generation 

when it comes to dense buildings or multi-family houses such as the case in Telefonplan. 

The nZEB targets set by Boverket are in terms of primary energy usage as a key performance 

indicator (KPI) of how close buildings are performing as nZEBs. While the EPBD emphasizes 

an energy coverage from renewable sources to a significant extent, the Swedish definition has 

no quantified target or KPI to meet this goal. Moreover, reaching a low-carbon economy was 

the main drive to put the EPBD into force and a relevant KPI becomes of interest. The 

replacement of one primary energy source with another (e.g. district heating with electricity) 

can have a significant impact of the global CO2 emissions of the buildings. Some research 

suggest that adapting the ratio between the different primary energy factors to favor the ones 

with the least carbon footprint can help meet the environmental target. [29] 

On an economic aspect, existing buildings with high energy consumption levels are expected 

to witness a reduction in their property value due to forecasted energy prices growth which 

decreases the net operating income of these properties. The results have shown that 

implementing energy-efficiency and self-supply energy measures can cover this drop in the 

property value due to energy savings and the associated deducted expenses. While energy 

retrofit projects are not associated with increasing rents for tenants as rental contracts are 

already inclusive of indoor air quality and thermal comfort and tenants are unlike to pay extra 

if the energy performance of the property got improved; other retrofit projects such as interior 

renovation or upgrading appliances aims to payback from rental increase which is associated 

with the risk of decreasing the occupancy rate. 
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7 Conclusions and Future Work 

This work has examined the compatibility of the current Swedish nZEB definition set by 

Boverket with renovated existing buildings and the economic impact of nZEB renovation with 

Telefonplan, a cluster of buildings located in Stockholm, as a study case. The study has showed 

that by implementing a number of pre-selected energy efficiency measures, Telefonplan has 

failed to reach the nZEB targets in terms of primary energy usage. Economically, the results 

have shown that nZEB renovation projects can lead to an increase of the property value 

benefitting from energy savings only over the lifespan of the project compared to a property 

value decline without improving the energy performance of the proerpty. 

Although Telefonplan failed to reach the nZEB targets after renovation, the possibility to have 

a general conclusion on the compatibility of the new Swedish nZEB definition with existing 

buildings renovation is limited by having a single case study; however, this work can represent 

a starting point for further investigations of renovation projects for buildings with different 

locations and densities and the percentage of these buildings that can manage to achieve the 

nZEB targets. 
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