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Abstract 

The largest contributing factor for human impact on global warming is the emission of 

greenhouse gasses, of which carbon dioxide (CO2) has the greatest consequences for the climate. 

Energy use in buildings is closely related to CO2 emissions from electricity and heat generation. 

An improvement of the energy efficiency of buildings would therefore have great impact on 

slowing down climate change and could also be economically beneficial for facility owners. In its 

Europe 2020 Strategy, the European Union has set itself three priorities for the year 2020; Smart, 

Sustainable and Inclusive growth, where sustainability addresses the issues of energy efficiency.  

The target is to reduce greenhouse gas emissions by at least 20% compared to 1990 levels; 

increase the share of renewable energy sources in our final energy consumption to 20%; and a 

20% increase in energy efficiency. 

To promote energy-saving, cost-effective building solutions and attain a higher energy efficiency 

the European Union has created the Energy Performance of Buildings Directive (EPBD) and the 

Energy Efficiency Directive (EED), which both have been interpreted and incorporated into 

national legislation by the different member states of the EU. These directives and Swedish 

interpretations thereof are studied to investigate what impact they have on buildings in Sweden.  

Next, an Energy Performance Audit of the residential building Landsfogden 6 in the south of 

Stockholm was carried out. The results of that is that the energy performance of the building is 

126 kWh/m2, which was surprising, given the recently executed substantial renovations, aiming at 

a 50% reduction in energy need. 

The only technical building system that has not been updated to a modern standard is the district 

heating substation. The system is old and oversized, both heat exchangers and pumps and valves, 

and the analysis shows that there is much to gain by installing a new substation. Fitted with an 

online control system and correctly adjusted, the energy use could decrease by 110 to 170 

MWh/year, with the investment paid back in 2,5 years. 

Landsfogden 6 has been impacted by the Energy efficiency directive and the Energy performance 

of buildings directive as the decisions leading up to the renovations were directly connected first 

to the 20/20 goals of the Europe 2020 Strategy, but then decided upon aiming for the (possibly 

coming) Swedish goal for 2050, 50% higher energy efficiency. 
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Sammanfattning 

Den största bidragande orsaken till människans påverkan på den globala uppvärmningen är 

utsläppen av växthusgaser, varav koldioxid (CO2) har de största konsekvenserna för klimatet. 

Energianvändningen i byggnader är nära sammankopplat med CO2-utsläpp från el- och 

värmeproduktion. En förbättring av byggnaders energieffektivitet skulle därför få stort 

genomslag på bromsningen av klimatförändringarna och kuinde också vara ekonomiskt 

fördelaktigt för fastighetsägare. I sin tillväxtstrategi, Europa 2020, har den Europeiska unionen 

satt upp tre prioriteringar inför år 2020; Smart, Hållbar och Inkluderande tillväxt, där hållbarhet 

riktar in sig på energieffektivitetsfrågor. Målet är att reducera utsläppen av växthusgaser med 

minst 20% jämfört med 1990 års nivåer; öka andelen förnyelsebara energikällor för 

energianvändningen hos slutanvändare till 20%; samt en 20-procentig ökning i energieffektivitet. 

För att verka för energibesparande, kostnadseffektiva byggkonstruktioner och nå en högre 

enrgieffektivitet, har den Europeiska Unionen skapat direktiv om byggnaders energiprestanda 

och om energieffektivitet, vilka båda har tolkats och införlivats med nationell lagstiftning av de 

olika medlemsstaterna i EU. Dessa direktiv och de svenska tolkninigarna därav har studerats för 

att utreda vilken påverkan de har på byggnader i Sverige. 

Därnäst gjordes en energikartläggning av flerbostadshuset Landsfogden 6 i södra Stockholm. 

Resultatet av den var att byggnadens energiprestanda är 126 kWh/m2, vilket var överraskande i 

ljuset av den nyligen utförda väldigt omfattande renoveringen, med sikte på en 50-procentig 

sänkning av energibehovet. 

Det enda systemet som inte uppdaterats till modern standard är fjärrvärmeundercentralen. Den är 

gammal och överdimensionerad, både vad gäller värmeväxlare samt pumpar och ventiler och 

analysen visar att det finns mycket att vinna på att installera en ny undercentral. Utrustad med ett 

uppkopplat styrsystem och korrekt injusterat, skulle energianvändningen kunna sjunka med 110 

till 170 MWh/år och investeringen vara återbetald på två år. 

Landsfogden 6 har på verkats av energieffektiviseringsdirektivet och energiprestandadirektivet på 

så sätt att de beslut som togs för renoveringarna var direkt kopplade först till 20/20-målen från 

Europa 2020-strategin, men att man sedan bestämde sig för att sikta på de (troligen kommande) 

svenska målen inför 2050, med 50% bättre energieffektivitet. 
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Nomenclature 

 

Designation      Abbreviation    Unit            Description 

energy E  J  

energy performance EP  kWh/m2∙year  

flow factor Kv  m3/h the flow through a valve  at a pressure 

drop of 100 kPa 

heated area Atemp  kWh/m2∙year inside area of a building, heated above 

10 °C 

heating limit theating limit  °C external temperature limit for setting 

HDD to zero in calculations (SMHI) 

heating limit external temperature tL  °C external temperature above which no 

energy is needed to reach desired 

internal temperature 

kilowatt hour kWh  J energy use 

maximum flow factor Kvs  m3/h the maximum flow through a fully open 

valve  at a pressure drop of 100 kPa 

megawatt hour MWh  J energy use 

power P  J/s  

R-value R  m2∙K/W thermal resistance of a building element 

specific heat consumption EP  kWh/m2∙year a buildings energy performance 

specific heat loss Q  W/°C theoretical calculated value of the heat 

lost through the system boundary 

thousand Swedish kronor kSEK  krona  

temperature t  °C  

temperature dependent heat loss   kW/°C heat loss of the building derived from 

the energy signature 

U-value U  W/m2∙K thermal transmittance of a building 

element 

watt W  J/s  
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1 Objective 

Energy efficiency is becoming an increasingly important issue, as our knowledge grows about the 

impact human activity has on the environment. The European Union has set up its 'Europe 2020 

Strategy', aiming at the year 2020 addressing this, among other issues in the wake of the 2008 

financial crisis. Energy efficiency is expected to rise by 20% and greenhouse gas emissions should 

by 2020 be 20% less than in 1990. 

As part of an approach to increase energy efficiency within the union, the European Union has 

created the Energy Performance of Buildings Directive (EPBD) and the Energy Efficiency 

Directive (EED), which both have been interpreted and incorporated into national legislation by 

the different member states of the EU. 

The EED states minimum requirements for member states efforts aimed at achieving the goals 

of the 'Europe 2020 Strategy' and beyond. Creating an overview of the building stock, identifying 

appropriate renovation techniques and institute incentives for building owners to improve energy 

efficiency are parts of the directive. 

The EPBD is aimed at improving the Energy Performance of the building stock in the union, 

which could yield great energy savings. This must be done taking into regard local climate 

conditions, indoor climate requirements and cost-effectiveness. 

Mandatory energy performance audits for parts of the building stock is one part of the EPBD 

that has been enforced to achieve this. In this study, an energy performance audit will be 

performed on an apartment building in the south of Stockholm. The results of that audit will be 

used to assess what impact the EPBD and EED has had on the decisions leading up to the 

recent renovations of this specific facility.  

1.1 Main objective 

What  is the resulting legislation and regulation and how does this affect individual facilities? 

1.2 Specific objectives 

-Summarize the EED. 

-Summarize the EPBD. 

-Summarize resulting Swedish regulation. 

-Execute an Energy Performance audit on the residential building Landsfogden 6. 

-Make recommendations for improvement on the building. 

-Assess what impact EU regulations have had on the decisions leading up to the recent 

renovations of Landsfogden 6. 
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2 Literature study 

A background is given on why energy efficiency is increasingly important on a global scale and 

what the European Union and Swedish authorities are doing to address the issue. Then, an 

introduction to energy performance and how energy audits are executed is presented to show 

how organizations and building owners can benefit from such audits, by identifying energy 

efficiency opportunities. 

Information on global warming and climate change has been gathered from Assessment Reports 

of the Intergovernmental Panel on Climate Change (IPCC), the European Commission  and the 

International Environmental Agency. Further, the EED and the EPBD was of course of great 

importance in the research of regulation, as well as Swedish building legislation. The subject of 

energy efficiency and energy performance, energy audits and related practices was studied both 

via European Standards, commercial reports and academic theses. Some results from the Master 

of Science thesis Simulering av energieffektiviserande åtgärder I samband med ROT , by Jie Gong (Gong, 

2011), where the building Landsfogden 6 was studied previous to the renovations, were used for 

calculating the buildings energy needs. 

2.1 Background 

The Intergovernmental Panel on Climate Change (IPCC) was established by the United Nations 

Environment Programme and the World Meteorological Organization in 1988. Its purpose is to 

assess and compile scientific knowledge about climate change and its environmental and socio-

economic consequences. Since then the IPCC has delivered five Assessment Reports, of which 

the latest was released in 2013-2014. The IPCCs reports have continually delivered scientific 

evidence to support policymakers around the world in policy decisions and in creating legislation 

to address the issues of climate change. (IPCC, 2015) 

2.1.1 Global Warming 

One of the crucial issues mankind is facing is to slow down and -if possible- reverse global 

warming. Within the scientific community it is widely recognized that continued global warming 

will have negative impact on the climate and that human activity has played a major part in  

global warming. 

 

 "Human activities have changed and continue to change the Earth’s surface and atmospheric composition. Some of these 
changes have a direct or indirect impact on the energy balance of the Earth and are thus drivers of climate change." 

     (IPCC, 2013) 

 

The largest contributing factor for human impact on global warming is the emission of 

greenhouse gasses, of which CO2 has the greatest consequences for the climate. If this is not 

mitigated, by the end of the 21st century the global mean temperature will be 4°C above pre-

industrial levels. This could cause substantial species extinction, food insecurity globally and 

regionally as well as put constraints on common human activities. It is possible, however, to 

reduce the risk of this happening by reducing and eventually completely halting global net 

emissions of CO2 . (IPCC, 2014) 

In 2009, 47% of global total final energy use was attributed to heat (37% in the OECD). 

Although close to half of that is used in industry, space heating and/or cooling of residential and 
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commercial buildings stand for a considerable amount of final energy demand. (IEA, 2012) 

Energy use in buildings is closely related to CO2 emissions from electricity and heat generation 

and within the European Union, buildings are responsible for 36% of  CO2 emissions. (European 

Commission, 2015) On a global scale, CO2 emissions from the electricity and heat sectors have 

doubled from 1990 to 2012. (IEA, 2015)  

2.2 Energy efficiency 

Global warming is a major driver in climate change and efforts to stop it must therefore be 

applied. Thus, energy efficiency measures are imperative to avoid or at least slow down negative 

changes in the world's climate. 

Energy efficiency has turned from being considered only a means to an end, into be seen as a fuel 

in itself, becoming an established financial market segment. In 2011, the avoided energy use in 11 

International Energy Agency (IEA) member countries was larger than the supply of oil, electricity 

or natural gas, as energy efficiency measures since 1970 were responsible for savings of 1337 

Mtoe. That is more than the total fuel consumption of the European Union in 2011. (IEA, 2014) 

In its Energy efficiency recommendations update of 2011, IEA estimated that by 2030, emissions 

of 7,6 Gigatonnes (Gt) CO2 per year could be avoided through energy efficiency (subtracted 

from an estimated 40 Gt CO2/year baseline released if  no action is taken) globally. As much as 

25% of that saving, 1,6 Gt, would be accounted for by the building sector. (IEA, 2011)  

 

 

Figure 1 Estimated impact of IEA Energy efficiency recommendations on global CO2 emissions 2010-2030. 25% of estimated 
savings, or 1,6 Gigatonnes, is attributed to the building sector. (IEA, 2011) 

 

As buildings stand for as much as 35% of global final energy demand (IEA, 2013) and 40% of 

energy demand within the European Union (European Commission, 2015), an improvement of 

the energy efficiency of buildings would have great impact on slowing down climate change and 
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could also be economically beneficial for facility owners. Energy efficiency measures are 

therefore considered an essential part in mitigating CO2 emissions. 

2.2.1 The Europe 2020 Strategy 

The 'Europe 2020 Strategy' was set up in 2010 as a vision for what the European Union should 

aim to be in the year 2020, as it faces several difficult problems that have arisen. Changing 

demographics, poverty, economic difficulties following the 2008 financial crisis and the urgent 

need to slow down climate change are some of the areas addressed therein. In the 'Europe 2020 

Strategy' the European Union set itself three priorities; Smart, Sustainable and Inclusive growth, 

where sustainability addresses the issues of energy efficiency.  

 The strategy sets up three goals to reach Sustainable growth: 

 - Reduce greenhouse gas emissions by at least 20% compared to 1990 levels (or by 

 30%, if the conditions are right) 

 -Increase the share of renewable energy sources in our final energy consumption to 

 20% 

 -A 20% increase in energy efficiency 

    (European Commission, 2010) 

 

Achieving this would also mean that the European Union would become less dependent on 

import of energy and have the potential to create renewable energy sector jobs within the union. 

The European Union addresses energy efficiency in two directives; the Energy Efficiency 

Directive (2012/27/EU) and the Energy Performance of Buildings Directive (2010/31/EU). 

Only parts of legislation and regulation that is in direct relevance to Energy Efficiency of 

buildings and Energy Performance of buildings will be studied in this paper, unless it has some 

bearing on the subject that promotes better understanding of the topic at hand. 

  

2.2.2 Energy Efficiency Directive 

The Energy Efficiency Directive (EED) is aimed at achieving the 'Europe 2020 Strategy' goal 

regarding energy efficiency and to make sure there is a way forward after that. It states minimum 

requirements but does not impede member states from imposing stricter legislation.  

2.2.2.1 Targets 

For that purpose, each member state is obliged to set a national energy efficiency target (based on 

primary or final energy consumption or savings or on energy intensity), in which also an absolute 

level of primary and final energy consumption by the year 2020 is expressed. The Energy 

Efficiency target of every member state should be set considering the energy efficiency targets of 

the Union as a whole, following the 'Europe 2020 Strategy', while also considering national 

specifics. There is also a target of a reduction of greenhouse gas emissions by 80-95% by 2050 

compared to 1990. (European Parliament, 2012) 
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2.2.2.2 Buildings 

A strategy to encourage investment in building renovation should be established by every EU 

member state, as of 30 April 2014. This strategy, part of the National Energy Efficiency Action 

Plan (NEEAP), is meant to oversee the building stock and identify renovation techniques that are 

appropriate and economically beneficial for the building types and local climate, create incentives 

for deep renovations and guide investors and also make an evidence-based estimate of energy 

savings expected.  

2.2.2.3 Public bodies’ buildings 

For member states to make a good example, as of 1 January 2014, all  member states are obliged 

to renovate 3% of the total floor area every year of buildings owned and occupied by central 

government to meet the requirements of Article 4 'Setting of minimum energy performance requirements' 

of the Energy Performance of Buildings Directive (EPBD). This applies to all such buildings that 

are heated and/or cooled, does not already meet the minimum energy performance requirements 

of the EPBD and has a total useful floor area over 500 m2 (250 m2 as of 9 July 2015). When 

choosing which of central government buildings to renovate, those with the lowest energy 

performance should be prioritized. Acquisition of new buildings replacing sold or demolished 

buildings could be counted towards the annual renovation rate. 

Three types of buildings are exempt from the renovation requirements: Historically or 

architecturally interesting buildings that are officially protected and where such renovation is 

impossible without too great impact on its characteristics; Buildings, other than single living 

quarters and office buildings, used for national defense purposes and owned by central 

government or the armed forces; Buildings intended for religious activities and/or as a place of 

worship. 

Member states could also, up until 31 December 2013, choose an alternative approach to the 3% 

annual renovation and notify the Commission of that and which approach they intend to use. 

The alternative approach would have to be based on an estimate of energy savings from the 

conventional method until 2020 and set that as a goal for other energy efficiency measures.  

(European Commission, 2010) 

According to the Concerted Action for the Energy Efficiency Directive (CAEED), both 

strategies have been chosen by different member states. (Author's note: I have not been able to 

find a summary and have chosen not to sift through all member states' Energy Efficiency Action 

plans to see the distribution of choices.) One aspect that has been mentioned is that in countries 

where the heat standards of buildings are already high, deep renovation would have too long 

payback times, making the alternative approach the only option. On the other hand, in countries 

where buildings in general have a high energy demand, the first option seems most appropriate. 

Especially if funding via the European Union's Cohesion Policy can be allocated. (CAEED, 

2013) 

Member states should also prompt public bodies on regional and local level to instate energy 

efficiency plans, energy management systems and employ the services of energy service 

companies, where applicable. 
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2.2.2.4 Public bodies purchasing 

Public bodies at all levels should be obliged to take high energy efficiency performance into 

consideration in all purchasing of products, services and buildings, with some exceptions 

regarding the fields of defense and security. 

2.2.2.5 Energy audits, energy management and information 

The availability of Energy audits that are of high quality, are cost-effective and  are carried out in 

an independent manner by qualified and/or accredited experts, should be promoted to all final 

energy customers. For these audits to be of high quality, transparent and non-discriminatory 

minimum criteria shall be established. 

Programmes to encourage and inform both households as well as small and medium-sized 

enterprises (SME) of these audits shall be developed. Member states may even set up economic 

incentives for SMEs for performing energy audits and implement recommendations. 

Households and SMEs should also have easy access to energy consumption figures. Either by 

individual metering systems that display the information or, if that is not cost effective, by having 

access to billing information for free and easily accessible.  

2.2.2.6 Progress reports 

All member states shall, by the 30 April each year, create a progress report regarding the national 

energy efficiency targets and every third year from 2014 a National Energy Efficiency Action 

Plan (NEEAP) shall be submitted, covering national measures for energy efficiency 

improvement, achieved energy savings and estimates of expected overall primary energy 

consumption in 2020. 

 

2.2.2.7 Swedish decisions 

Regarding the Energy Efficiency targets described in Article 3.1 of the EED, the Swedish 

government stated that the target adopted by the Swedish Parliament in 2009, on a 20% more 

effective energy use by the year 2020, would fulfill the Energy Efficiency Directive Article 3.1 

demand. (Riksdagen, 2013) 

As for Article 4, on Building renovation, the Swedish strategy focuses on information measures 

aimed at different agents on the market of building renovation, combined with continued use of 

earlier employed instruments. An information center on the issues of energy efficiency in 

renovation is to be set up. With present instruments, estimates are that energy use per square 

meter will be 20 to 30 percent lower in 2050 compared to 1995. Combined with a stricter 

building code and changed Energy Performance Certificates another 5 to 10 percent reduction 

can be expected. New financial stimulus was deemed inefficient though, since resulting increase 

in energy efficiency would be very little, according to the report underlying the decision. 

(Boverket and Energimyndigheten,  2013) On the other hand, quite a few of the bodies 

considering proposed legislation were critical to the proposed strategy, many of them meaning 

that such focus on information measures will have little or no effect. The absence of financial 

incentives was also criticized by several bodies. A few of  the bodies call for measures to increase 

the rate of renovation.  
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The report states that  prerequisites for the report was not to find measures to increase the rate 

of renovations, but focus on how to support energy efficiency measures in future renovations 

that would take place anyway. Support for this decision is found in the legislative history of the 

government bill for legislation on the implementation of the EED, where the government 

emphasizes that finding measures to increase the renovation rate was never a goal of the report. 

(Riksdagen, 2013) This is inconsistent though, both with the EED Article 4 and the actual 

Government mission statement for the report (which is included as an appendix in the report).  

Concerning the exemplary role of public bodies' buildings, Article 5 addresses energy savings in 

buildings owned and occupied by central government. Court buildings and buildings owned by 

government management authorities are deemed by to fall into this category. Given the varied 

distribution of space owned by different management authorities, from very little floor space to 

extremely much, the standard approach of Article 5.1 would become very cumbersome to 

administer for the government and if delegated to the management authorities themselves, the 

smaller of them would in reality be forced to renovate all of their building area within the seven 

years until 2020. Therefore, renovating government buildings for energy efficiency will in Sweden 

be addressed by the alternative approach of Article 5.6. The approach will be to estimate the 

energy savings that would be accomplished by the default approach of renovating 3% of total 

heated/cooled area every year from 1 January 2014 to 31 December 2020 to the minimum 

required energy performance level. In Sweden, the average energy performance level of 

government management authorities is 172 kWh/m2/year. Had they been on the level required 

by Boverket's Building Regulations (BBR) for new buildings that would have been 108 

kWh/m2/year, which gives a difference of 64 kWh/m2/year. The total building area being 

1678679 m2,  giving that by the end of 2020 energy savings in government management 

authorities' buildings are expected to be 20,5 GWh/year. 

Since two of the authorities, The Swedish Fortifications Agency and The National Property 

Board of Sweden, own 95% of the total floor area, these two have been chosen by the 

government to implement all of the energy savings. This saves a lot of administrative work and 

also enables cost-effective measures to be taken, since the energy savings can be targeted on 

buildings with low energy performance within the vast building stocks of these two authorities. 

(Riksdagen, 2013) 

Regarding public bodies purchasing the government draws the same conclusion, that this 

directive concerns court buildings and government administration authorities. Not state-owned 

companies. 

2.2.3 Energy Performance of Buildings Directive 

By promoting and encouraging better Energy Performance (EP) of the  building stock, a large 

amount of unrealized energy savings can be accomplished across the European Union. 

Therefore, the Energy Performance of Buildings Directive (EPBD) is a significant instrument for 

achieving the goals of the 'Europe 2020 Strategy' and further on. 

2.2.3.1 Subject 

The EPBD sets a number of requirements aimed at enhancing the Energy Performance of 

Buildings (EPB). These are minimum requirements, but as in the EED, member states can 

choose to take further steps.  
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The requirements include, inter alia; A methodology framework for Energy Performance 

calculation in buildings; Minimum Energy Performance of buildings, both new and 

renovated/retrofitted; Energy Performance Certification and control systems for these. 

(European Parliament, 2010)  

2.2.3.2 Framework for energy performance calculation 

Based on actual or calculated annual energy consumed by a building, in its intended use, for 

heating or cooling needs, lighting and domestic hot water needs, the buildings energy 

performance is established. The energy performance should be presented implementing an 

energy performance indicator and a numeric indicator of primary energy use. A specific 

methodology should be developed for the execution of energy performance calculations, 

considering three areas: 

1. Technical specifications of the building, its technical building systems and climatic 

surroundings. 

 

2. Favorable impact of energy from renewable sources, cogeneration or district/block 

heating and of natural lighting. 

 

3. Classification of the building into one of nine categories. 

   (European Parliament, 2010) 

 

2.2.3.3 Minimum energy performance requirements 

When setting minimum energy performance requirements for buildings or building units, 

member states must make certain that cost-optimal levels are reached. A comparative 

methodology framework using the methodology described in 1.2.3.2 Framework for  EPB calculation 

should be created for purposes of establishing  cost-optimal levels of minimum energy 

performance requirements. These levels are then to be measured against existing minimum 

energy performance requirements. If existing requirements are substantially less energy efficient 

than cost-optimal levels, this must be declared in the NEEAP and, if the difference is 

unjustifiably large, append a plan for reducing that difference until the next NEEAP. 

For building elements that, when replaced or retrofitted, have a big influence on the energy 

performance of the building envelope, the minimum energy performance requirements must also 

be set at cost-optimal levels. There should be considerations regarding indoor climate conditions, 

local conditions, age of the building and its designated functions when setting these requirements. 

Minimum requirements that are not deemed cost-effective are not compulsory for member states 

to set. 

Reviews should be made of the minimum energy performance requirements at least every five 

years, resulting in updates if any significant technological progress regarding buildings has been 

made. 

Exceptions are made from the mandatory setting and application of minimum energy 

performance requirements, for a few categories of buildings; Officially protected historically 

and/or architecturally interesting buildings where adapting to the requirements would have too 

great impact on its characteristics; Buildings intended for religious activities and/or as a place of 

worship; Temporary buildings used less than two years, industrial sites, low energy demand 
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agricultural buildings and agricultural buildings covered by a national sectoral agreement on 

energy performance; Residential buildings in use less than 25% of the year or using less than 25% 

of the energy required for all-year use; Buildings smaller than 50 m2. (European Parliament, 2010) 

2.2.3.4 New buildings 

New buildings should meet those minimum energy performance requirements set in place as 

stated above. Before construction starts, high-efficiency alternative systems such as decentralized  

renewable energy supply, cogeneration, district or block heating or cooling and heat pumps 

should be considered for technical, environmental and economic feasibility purposes. This 

analysis should be documented. 

2.2.3.5 Existing buildings 

As far as technically, functionally and economically feasible, the same minimum energy 

performance requirements shall be applied when a building or part thereof are subject to major 

renovations. High-efficiency alternative systems should also be considered as stated above. 

2.2.3.6 Technical building systems 

For heating systems, hot water systems, air-conditioning systems and large ventilation systems, 

requirements should be set, to be applied when new systems are installed or old systems are 

replaced or upgraded. Intelligent metering systems should be encouraged at new construction or 

major renovation of a building. 

2.2.3.7 Nearly zero-energy buildings 

From the 31st of December 2020 all new buildings constructed must be nearly zero-energy 

buildings. 

After the 31st of December 2018, all new buildings occupied and owned by public authorities 

must be nearly zero-energy buildings. 

In specific and justifiable cases member states may decide not to apply this if, for the building in 

question, it is not economically justifiable over its life cycle. 

2.2.3.8 Energy performance certificates 

A system for certificating buildings according to energy performance has been created.  

The certificate should include the energy performance and reference values for that and 

recommendations for improvement. Additional information such as percentage of energy from 

renewable sources may as well be included. 

Energy performance certificates are valid for 10 years and should be issued for buildings 

constructed, sold or rented out to a new tenant. 

Buildings, larger than 250 m2 and occupied by a public authority, that is frequently visited by the 

public are subject to having an energy certificate. 

For any building, public authority occupied or other, larger than 250 m2 and that is frequently 

visited by the public, the certificate (minus the recommendations on improvement) must be 

displayed to the public. 

The energy performance certification must be performed by a qualified and accredited expert, in 

an independent manner. 
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2.3 Swedish legislation on energy efficiency 

Swedish planning and building regulation consists of “Plan- och byggförordning (2011:338)” and 

“Plan- och bygglag (2010:900)” and they regulate new buildings. 

The “Plan- och bygglag (2010:900)” states that a building should have the technical properties 

that are essential regarding the rational use of energy and thermal insulation. 

The “Plan- och byggförordning (2011:338)” states that to fulfil the demands of the “Plan- och 

bygglag (2010:900)”, a building and its installations for heating, cooling and ventilation shall be 

planed and executed in such a way that the amount of energy that, taking into account the 

climatic conditions at the location, is needed for its use is small and the thermal comfort for its 

users is satisfactory. 

Then there are two additions: 

Buildings occupied and owned by a public authority shall be nearly zero-energy buildings. (Enters 

into force 2019-01-01) 

Buildings shall be nearly zero-energy buildings. (Enters into force 2021-01-01) 

3 Residential building Landsfogden 6 

Stockholm-based property owner Einar Mattsson AB has built and managed residential buildings 

for 80 years by now. The buildings Landsfogden 6 and its sister building Landsfogden 4 were 

built in 1953-1954, considered historically interesting and are because of that officially protected 

regarding the exterior appearance. The buildings have been renovated very recently, to a very 

high standard of energy efficiency. 

 

Figure 2 Picture of Landsfogden 6. It is actually possible to see the different color of the three rows of new roofing 
tiles that were needed to be added. The roof had to be extended as the wall got thicker so that the exterior would 
not change in appearance. 
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Landsfogden 6 has been in use for one year since renovations were finished and was therefore 

chosen as the subject of this audit. 

When deciding on the extent of the renovations, Einar Mattsson AB first looked at the 20/20 

target for energy efficiency in the year 2020. Since the building had been standing for nearly sixty 

years though, another idea emerged. Assuming that it will be another sixty years before major 

renovations need to be done, it will be after 2050, which is another milestone. The Swedish 

government is still examining the issue, but for Example Energimyndigheten is proposing a 50% 

higher energy efficiency limit then, compared to 1990 levels. To achieve that the building would 

have to be able to reach that level already after this renovation.  

This was done by adding 150 mm of stone wool insulation to the previously un-insulated external 

walls, exchanging the insulation in the attic for 400 mm of mineral wool, exchanging the old 

windows for new windows with a modern standard U-value, exchanging the lighting in the 

common spaces for LED-lighting with presence detection and exchanging the old mechanical 

ventilation system for heat recovery ventilation. 

The issue at hand was to make an energy audit and establish its energy performance today and 

see if there were any possible improvements to be made. 

4 Method 

4.1 Energy audit 

Performing an energy audit in a building includes creating one or more models of the building 

and the building technical systems and analyzing these to establish the buildings energy use 

profile, find energy efficiency improvement opportunities and calculate the economic feasibility 

of proposed measures. (SIS, 2014) 

The main steps of an energy audit process can be summarized as follows: 

1 Preliminary contact 

2 Start-up meeting 

3 Data collection 

4 Field work 

5 Analysis 

6 Report 

7 Final meeting 

With possible re-iterations of steps 3-5 until the analysis is at the desired thoroughness and 

the audits scope and aim can be achieved. (SIS, 2014) 

4.2 Energy use 

An energy use profile gives a good first understanding of the energy needs of a building for a 

specified period of time and how the energy us is distributed between different energy carriers. 

(Thumann, Mehta, 2008) The distribution can be presented in a pie chart for the whole year and 

as a bar chart to illustrate the difference between the months of the year. 
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4.3 Energy signature 

Energy used in a building for heating or cooling purposes is related to the outside temperature 

and other climatic properties such as wind and solar irradiation. It also depends on  the specific 

properties of the building such as heating systems, cooling systems, ventilation systems, hot water 

systems and lighting. These are often referred to as technical building systems. Last, the energy 

use is of course also a reflection of how the building is used and the behavior of its occupants. If 

historic energy use data is available it is possible to create a model of the specific buildings energy 

need without knowledge of all of these different variables by creating an Energy signature. This is 

usually done by plotting the average power for heating or cooling purposes against the average 

external temperature for a number of time periods. The length of the time period can be short, 

down to one hour, but may as well be as long as a month. (SIS, 2008) (Schultz, 2003) 

 

 Figure 3 Example energy signature 

 

P – average power between two successive records 

P0 – power at 0° C 

Pb – base power 

tL – heating limit external temperature  

te – external average temperature between two records 

     (SIS, 2008) 

 

The Energy signature does not require energy used for other purposes than heating or cooling to 

be separated first. (Cooling will not be considered in this study and therefore not mentioned 

further.) From the energy signature graph it should be possible to extract the base power; The 

part of the energy use of the building that is not dependent on outside temperature. This can 

include system loss and energy for hot water, lighting, elevators, etc. Closely related to the base 

power is the heating limit external temperature which represents a point above which the 
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building does not need any power input to maintain the desired internal temperature. (CIT 

Energy management, 2011) (SIS, 2008) 

4.3.1 Time periods 

Time intervals used can be very short, as little as one hour. Dynamic effects, stemming for 

example from the thermal mass of the building, evens out and moves the heating need over time. 

These dynamic effects usually have a periodicity of 24 hours. Thus, it is more common to plot 

for weeks or months to avoid heat storage effects to interfere with the analysis. (Schultz, 2003) 

Using a period of 24 hours and multiples thereof will also make sure that any periodicity in the 

energy use resulting from diurnal variations in solar irradiation and temperature is eliminated. 

Thus it is possible to make use of a static model. (Hammarsten, 1984)  

4.3.2 Interpretation 

Outside of the heating season, the data will generally level out on a fairly constant power level  

and give the base power, Pb .(SIS, 2008)  To analyze the graph, linear regression analysis is applied 

on the rest of the data involved, thus creating the trend line shown for the slope. This will give a 

regression line equation, in which future climatic data can be input to give calculated values of 

energy use. (Energy Lens webpage, 2015)  The formula will look like this: 

         

where A is the slope of the regression line, which represents the buildings sensitivity to variation 

in the external temperature te  and B is the power at 0° C, P0 : 

Equation 1 

          

(Karlsson, 2014)(Schultz, 2003) (SIS, 2008) 

 

Where the slope meets the horizontal line representing the base level power, the heating limit 

external temperature, tL , is found, above which no power is needed for heating purposes. The 

slope is negative when power for heating is regarded. 

4.4 Heating degree days 

Degree days represent a way to quantify the need for heating on a specific day, by calculating the 

difference between the heating limit external temperature and the average external temperature, if 

the difference is positive. The Heating degree days (HDD) are used to create a normalization 

factor between the time period studied and historic weather data, to be able to compare energy 

use, E, between different years. When applied on the weather dependent part of the energy use, 

heating degree days make it possible to compare  energy use between years regardless of climatic 

variations. (CIT Energy management, 2011) 
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Heating degree days calculation for a period of N days: 

Equation 2 

                 
 

                   

    (CIT Energy management, 2011) 

                     

    (SIS, 2007) 

The European standard for calculating heating degree days (therein called Accumulated daily 

temperature differences) recommends the standard base temperature of 12 °C, but other integer 

base temperatures may be used. In Sweden, 17 °C is the most usual choice. However, the 

Swedish meteorology authority, Sveriges Meteorologiska och hydrologiska institut (SMHI) uses a 

slightly different version where       is constant, but the limit for setting HDD to zero varies 

over the year according to: 

                              

 

Table 1 Heating limits for the months of the year, SMHI standard. 

Month Heating limit, theating limit 

November-December-January-February-March 17 °C 

April 12 °C 

May-June-July 10 °C 

August 11 °C 

September 12 °C 

October 13 °C 

    (CIT Energy management, 2011) 

 

This method is applied by many facility owners but can be problematic, since these heating limits 

often gives zero HDD per month from June through August in some regions and when used for 

normalization on a monthly basis results in division by zero. 

Usually, energy signatures are presented as stated in section 4.1.2 above; external average 

temperature against average power of that period. One other option that was also used in this 

study is to plot the power against HDD for the same period. Then one must also take into 

account the different number of days of different months if that is the period used. (Schultz, 

2003) This can be used to make another assessment of the base load, by finding where the trend 

line hits zero HDD. 
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4.4.1 Weather normalization 

Heating degree days are used to normalize the energy use of a building, according to: 

       

Equation 3 

                       
              

              

      

 

where 

Ecorr=normal year corrected energy use  [kWh] 

Eci=the climate independent part of the energy use [kWh] 

Etotal=total energy use   [kWh] 

HDDnormal year=number of heating degree days of an average year [°C∙days] 

HDDactual year=number of heating days of the actual year  [°C∙days] 

 

     (Schultz, 2003) 

By doing this normalization, energy consumption figures for different years can be analyzed and 

compared, for example to assess the impact of renovation efforts or retrofit upgrades of technical 

building systems.  

4.5 Specific heat consumption 

To compare the performance of a building with other buildings and to national regulation, the 

specific heat consumption must be calculated. In Sweden, it is Boverkets Byggregler (BBR), chapter 9 

that deals with energy conservation and defines the specific heat consumption as the buildings 

energy use per year divided by the heated area, Atemp, in [kWh/m2∙year] Energy used by 

occupants, that is not used for heating purposes, is not included.  Atemp, the overall internal 

dimension, is defined as the area of all floors, basements and attics that are heated above 10 °C 

and are limited by the inside of the building envelope. The area of a garage space inside a 

residential building or other building that is not a garage, is not included. (Boverket, 2015) 

Equation 4 

                          
                   

     
  [kWh/m2∙year] 

 

The specific heat consumption of a building is the value by which energy performance is 

measured. It is applied in the energy performance certificate, to give an indication of how the 

building fares compared to the building stock in general. Since the climate in Sweden varies from 

south to north, there are four climate zones, starting in the north, which all have different limits 

for the highest allowed specific heat consumption in new buildings. These limits are also used as 

a reference for the energy certificate classification. (Boverket, 2015) 
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Table 2 Climate zones for energy performance limit regulation. 

Climate zone I  Norrbotten, Västerbotten and Jämtland 

county.  

Climate zone II  Västernorrland, Gävleborg, Dalarna 

and Värmland county.  

Climate zone III  Jönköping, Kronoberg, Östergötland, 

Södermanland, Örebro, Västmanland, 

Stockholm, Uppsala, Gotland and 

Västra Götaland county, except 

Göteborg, Härryda, Mölndal, Partille 

and Öckerö municipalities.  

Climate zone IV  Kalmar, Blekinge, Skåne and Halland 

län, and in Västra Götaland county also 

the Göteborg, Härryda, Mölndal, 

Partille and Öckerö municipalities.  

     (Boverket, 2015) 

 

Table 3 Specific heat consumption limits for new buildings in Sweden 

Climate zone I II III IV 

Residential buildings 

with other heating 

than electricity 

[kWh/m2∙year] 

115 100 80 75 

Climate zone I II III IV 

Residential buildings 

with electric heating 

[kWh/m2∙year] 

85 65 50 45 

Installed electrical 

power for heating 

5,5 5,0 4,5 4,5 

Allowed power add-

on for buildings 

where 

Atemp > 130 m2 

0,035*(Atemp-130) 0,030*(Atemp-130) 0,025*(Atemp-130) 0,025*(Atemp-130) 

                     (Boverket, 2015) 
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For energy performance classification, seven energy classes have been defined from the limits 

stated in BBR. 

 

Table 4 Energy performance classifications. 

Classification Energy performance (EP) 

percentage of the limits for 

new buildings. [%] 

A          EP ≤ 50  

B  50 < EP ≤ 75 

C  75 < EP ≤ 100 

D 100 < EP ≤ 135 

E 135 < EP ≤ 180 

F 180 < EP ≤ 235 

G           EP > 235 

 

4.6 Heat loss calculation 

Heat loss through  the system boundary must be balanced by energy input. Therefore, calculation 

of heat loss is essential to know what the theoretical heating energy need of the building is.  

Equation 5 

                                      

      [W] 

where  

Qtot is the buildings total specific heat loss 

Equation 6 

           

      [W/°C] 

Where Qt is the specific heat loss through transmission and Qv is the specific heat loss through 

ventilation and air leaks. 

     (Jensen, Warfvinge, 2001) 

 

4.6.1 Transmission heat transfer coefficient 

Calculated as the heat transmitted through the building envelope via the different envelope parts 

such as wall sections, windows and thermal bridges. 

Equation 7 
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where 

Ui is the U-value of part i of the envelope    [W/°C] 

Ai is the area of that part     [m2] 

Qthermal bridges is the accumulated heat loss through thermal bridges in the envelope [W/°C] 

    (Jensen, Warfvinge, 2001) (SIS, 2007b) 

 

4.6.2 Ventilation heat transfer coefficient 

Heat transfer through the ventilation system and infiltration is calculated by dividing the heat 

flow rate by the difference in temperature between internal air and the air supply.  

Equation 8 

                                 

 

 

where 

 is the density of the air (normally 1,2 kg/m3)   [kg/m3] 

cp is the thermal capacity of air (normally 1000 J/kg∙K)   [J/kg∙K] 

qvent is the flow of outside air    [m3/s] 

v is the thermal efficiency of the ventilation heat recovery 

d is the relative uptime of the ventilation system. d=1 at constant use 

qleak is the air leak flow      [m3/s] 

    (Jensen, Warfvinge, 2001) (SIS, 2007b) 

4.7 Economic investment calculation 

A very simple technique for calculation of the economic impact of an investment is the Payback 

method, which is a fast way to get a hint at how long it takes before an investment has been 

worth the cost. (Karlsson, 2014) The payback time T is calculated using the initial investment 

cost C and the net cash flow a, which in this case would be the cost reduction per year.  

Equation 9 

  
 

 
 

     (Karlsson, 2015) 

5 Results 

Energy use figures were collected from Energigruppen at Einar Mattsson, followed by a site visit 

at Landsfogden 6 for further data collection on the building and a walk-through to get a view of 

what further analyses could be relevant to do. 
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Data on the building and its technical building systems were used for a preliminary analysis of the 

energy use, even though the full year of July 2014 through June 2015 had not passed yet. 

Later, a second visit on site was performed to add data and information that had been deemed 

necessary for further analysis. Pictures were taken of the district heating substation and details of 

the building. 

The district heating substation and systems related to it were chosen for further analysis since 

they are more or less the only building systems not altered during the renovations. 

All useful data collected were used for the more thorough analysis of the district heating 

substation and its potential for energy efficiency improvements. 

 

5.1 Energy use Landsfogden 6 

Landsfogden 6 utilizes district heating and a ventilation heat recovery system for heating the 

building. Hot water is produced in the district heating substation. The substation, an ELGE 

MS2D-11613+BR-44 was installed in 1996 and was then the only heating system in the building. 

As the building was built in 1953, according to standards of the time, it’s energy performance was 

not very good before renovations in 2013-2014. Now, the energy performance figures have 

improved, see list of energy use figures since July 2009 (appendix 1). The audit in this study is 

performed on energy use figures for July 2014-June 2015. The choice for that is because the 

renovations were finished last summer with residents moving back in  July 2014. This enables a 

whole year to be examined. Because of this, a non-calendar year is used also for the years before 

the renovations, to make the most of the data and to make comparisons easier and visually more 

understandable. 

In total, Landsfogden 6 used 327 MWh during the year, out of which 80,7 represents the 

buildings electrical needs and 246,5 were for heating and hot water production. 

 

Figure 4 Energy use profile Landsfogden 6 July 2014-June 2015 
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The distribution seen for the different months 

 

Figure 5 Energy use monthly  July 2014 through June 2015 

 

To get an even better understanding of the buildings energy characteristics, further analysis was 

performed on the data. 

5.2 Landsfogden 6 energy signatures 

The energy signature for heating was created using data for daily external average temperature 

collected from the SMHI website to create monthly external average temperature, and data for 

energy use provided by Einar Mattson (originating from the district heating provider, Fortum 

Värme) to create monthly average power use.  

 

Figure 6Energy signature, plot of average external temperature against average power. 
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where 

P – average power between two successive records 

P0 – power at 0° C 

Pb – base power 

tL – heating limit external temperature  

te – external average temperature between two records 

 

The trend line for the slope was extracted and it shows an R2-value of 0.7883, which indicates a 

reasonable correlation. One can notice in the graph that all measurements from July through 

December are plotted above the slope line, while all measurements from February through June 

are plotted below the slope line, with January more or less on the line. This indicates that 

something in the system has been altered and when asked about this, Einar Mattsson confirms 

that they did some adjustments between December and February to adjust the internal 

temperature of the building. 

The linear approximation of the points in the graph is: y=-2.9805x + 62.329, thus giving  

Equation 10 

                   

 

The equation for estimated average power for a time period, if the outside temperature te is below 

the heating limit external temperature tL=16 °C, which was calculated as the average temperature 

of the three months that are assumed to give the base load; July, August and June. The 

measurements are not as easy to interpret as most textbook examples, which have an obvious 

change in the measured points where tL is found intuitively. 

The base load Pb=15 kW was calculated using  equation 2, with tL=16 as input. Both of these 

figures seem a bit high for this building, where so much has been done for energy efficiency 

purposes, but for now they are assumed to represent our model. 

From equation 2, the slope of the trend line gives the buildings sensitivity to changes in the 

external temperature, the temperature dependent heat loss including solar irradiation and internal 

heat (Schultz, 2003): 

                                             

5.3 Heating degree days for Landsfogden 6 

SMHI provides a service for buying degree day data, but this is quite expensive, at least for a 

student. Einar Mattsson does not buy this data, but instead has found a data series that is 

provided for free on the internet. There are several services like that to be found online, but it is 

quite difficult to assess the accuracy of the figures since they are often based on measurements 

from privately owned weather stations connected to the internet or undisclosed sources.  

SMHI has made raw data from their weather stations publicly available from their website so in 

this study, a data series containing mean daily temperatures since 1961-01-01 was used to find 

relevant temperature series and calculate heating degree days. The data used is from the SMHI 

weather station closest to the building studied, called Stockholm, “Klimatnummer 98210” at 
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Latitude 59.342, Longitude 18.0575.This is approximately 8 kilometers from the building 

Landsfogden 6. (SMHI, 2015) 

Heating degree days were calculated, both according to the European standard and according to 

SMHI’s interpretation, to  examine the different results on the data studied. The mean value for 

the six years was calculated and this represents the normal year number of heating degree days, 

HDDNormal year . 

 

Table 5 Number of heating degree days for the last six years, calculated by SMHI standard and European 
standard. Normal year calculated as the mean value of all six years. 

  SMHI standard European standard 

July2009-June2010 3617 3843 

July2010-June2011 3616 3779 

July2011-June2012 3022 3287 

July2012-June2013 3543 3742 

July2013-June2014 2968 3142 

July2014-June2015 2884 3156 

      

Normal year: 3275 3492 
  

 

 

An energy signature was created plotting HDD against average power 

 

 

From this energy signature the base load can be extracted by looking at where the trend line hits 

zero HDD, at 15,8 kW, or 11,6 MWh per month. This is very close to the base load calculated 

from the previous energy signature.  

  

Figure 7 Energy signature, plot of number of HDDs per month against average power. (SMHI standard 
HDDs) 
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Base load for the year  

Eci=15,8*24*365=138984 kWh =139,0 MWh 

 

Eci=139 MWh 

Etotal=327146 

HDDnormal year= 3275 

HDDactual year=2884 

 

                                             

 

 

Doing the same calculations by the European standard gives interesting results. The base load 

turns out much lower, at 11,2 kW, which would give a yearly base energy use of 98,3 MWh. 

 

 

Figure 8 Energy signature from alternative HDD calculations according to European standard 

 

This way of calculating and plotting, where all months have HDDs, suggests that applying the 

SMHI standard is a bit blunt. This plot gives a base power of 11,2 kW even if the three summer 

months are not included, whereas with the SMHI method the plot changes significantly when 

plotting without them. If one were to do this plot without having measurements for the non-

heating season it seems that the European standard works better for making assumptions of the 

base load. Also, 11,2 kW is also much closer to the lowest measured value of 12,7 kW average 

power. 

The resulting weather corrected total energy use though, is very close to the first result, 

at Ecorr= 351,5 MWh. The two methods differ only by 0,32% in the end. 
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For the total energy use over the year, weather corrected figures give 

 

 

Figure 9 Weather corrected energy use profile Landsfogden 6 July 2014-June 2015 

 

When weather normalization is applied on the monthly energy use, the figures for the three 

summer months July, August and June even out a bit, thus giving an indication that there is a 

base load energy use to be found and not only an assumption that it is supposed to be there.  

 

Figure 10    Weather corrected monthly total energy use Landsfogden 6 July 2014-June 2015. 
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5.4 Specific heat consumption of Landsfogden 6 

 

Table 6 Specific heat consumption of Landsfogden 6 

Energy use per year, weather corrected 352,6             [MWh] 

Atemp 2800              [m2] 

Specific heat consumption, EP 126                [kWh/m2∙year] 

 

Landsfogden 6 is not regarded to be heated with electricity, since the installed power for the 

ventilation heat recovery system (see Appendix III) is lower than the limit of 10 W/m2. 

(Boverket, 2015) 

 

Table 7 Energy performance classification. Limits for zone III included. Landsfogden 6 classification 
highlighted. 

Classification Energy performance (EP) 

percentage of the limits for 

new buildings. [%] 

Resulting EP limits in Zone 

III, which regards  

Landsfogden 6. Other heating 

than electricity. 

[kWh/m2∙year] 

A          EP ≤ 50           EP ≤ 40 

B  50 < EP ≤ 75  40 < EP ≤ 60 

C  75 < EP ≤ 100  60 < EP ≤ 80 

D 100 < EP ≤ 135 80 < EP ≤ 108 

E 135 < EP ≤ 180 108 < EP ≤ 144 

F 180 < EP ≤ 235 144 < EP ≤ 188 

G           EP > 235           EP > 188 

 

Landsfogden 6, with its EP of 126 kW/m2 and year lands in the E category, of buildings with 

energy performance between 135% and 180% of the limit for new buildings in Climate zone III. 

This is a surprisingly high figure, given the extensive renovations that have been done recently. 

 

5.5 Heat loss of Landsfogden 6 

In the Master of Science thesis Simulering av energieffektiviserande åtgärder I samband med ROT , by Jie 

Gong (Gong, 2011), the building Landsfogden 6 was studied together with its sister building 

Landsfogden 4. Using the IDA ICE software, renovation measures were modeled and analyzed 

for energy efficiency purposes. The measures proposed are to a great extent the measures that 

were implemented when renovations eventually took place. The simulations include exchanging 

the windows for new ones with a better U-value, switching to a heat recovery ventilation system 

and retrofitting the façade with 100 mm of thermal insulation. (Gong, 2011) 
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Table 8 Simulated heating energy need and heating power need, pre and post renovation suggestions. Model 
1: Addition of all separate suggestions. Model 2: Some input changed, for example lower indoor temp and 
less air leakage. 

Values from IDA ICE 

simulations 

Pre renovation model All renovation 

suggestions combined, 

model 1 

All renovation 

suggestions combined, 

model 2 

Heating energy need 

[MWh] 

359 130 114 

Heating power need 

[kW] 

125 66 42 

      (Gong, 2011) 

Table 9 Simulated heating energy need and heating power need, pre and post insulation retrofit 

Values from IDA ICE 

simulations 

Pre renovation model Simulation of adding 

100 mm of insulation 

Heating energy need 

[MWh] 

359 296 

Heating power need 

[kW] 

125 106 

    (Gong, 2011) 

 

Gong’s simulations assumed a thermal insulation thickness of 100 mm while Einar Mattsson 

decided on a different solution; Insulation material of 80 mm + 70 mm thickness was installed, 

where the ventilation ducts from the heat recovery ventilation system lies in the inner layer and 

the outer layer is installed overlapping that. (Gong, 2011) (Einar Mattson, 2013) 

 

The following assumptions were made for this analysis: 

-Retrofit installment of 350 mm insulation in the attic on top of the old insulation had very little 

impact in Gong’s simulation. In the actual renovations the existing insulation was replaced with 

400 mm of new insulation. This small difference between simulations and actual renovation was 

disregarded here and assumed to be of equal value.  

-The thickness of the wall insulation after the renovations is the only part that differs from 

Gong’s study, and was regarded as the only difference that gave any impact in the calculations 

here.  

-Gong had placed the heat recovery ventilation systems in the basement, but here the assumption 

was that it does not matter and that the thermal efficiency of the system installed was the same as 

simulated. 

-The impact of the air duct placement in the insulation was disregarded and the insulation was 

treated as homogenous. 
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Equations 7 and 8 gives  

                             

 

    

The heat transfer through the building envelope is accumulative. All segments of the enclosure 

(walls, windows, doors and so on) contribute and the values are added together. 

Thus, if all else is constant and only the specification of the wall segments differ: 

                     

 

Equation 11 

        

   (SIS, 2007a)  

where RT is the thermal resistance of the component (in this case all of the outer walls), and 

Equation 12 

RT=Rsi+R1+R2+….Rn+Rse   

    

for thermally homogenous layers, where 

Rsi is the internal surface resistance 

R1+R2+….Rn are the design thermal resistances of each layer 

Rse is the external surface resistance 

   (SIS, 2007a) 

Equation solving, see Appendix V 

 

Table 10 Calculated heating power need impact from wall sections 

Wall section setups RT values for the different wall section 

setups 

Calculated impact of the walls 

on the heating power need 

[kW] 

Before renovation                      

After renovation, 100 

mm insulation 

(simulated) 

                                  

After renovation, 150 

mm insulation 

(Remodel) 

                     

 

             

 

So the heating power need was 125 kW before renovations. Gong’s simulations stated it to be 66 

kW for the first model and 42 kW for the second model. As shown here, the impact of the extra 

50 mm insulation was a decrease of (P100-P150)= 3 kW in the heating power need. 
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Applied on the total effect of all renovations as seen in table 6, the following results are seen. The 

simulations combined with calculations are called Scenario 1 and Scenario 2. 

 

Table 11    Resulting heating power need for actual renovation measures. 

Values from IDA ICE 

combined with the 

actual 150 mm 

insulation measure. 

Pre renovation model Actual renovation 

measures combined, 

Scenario 1 

Actual renovation 

measures combined, 

Scenario 2 

Heating power need  P 

[kW] 

125 63 39 

 

 

Looking at the results from the 2014-2015 measured values: 

From equation 2, stemming from the first energy signature: 

                   

The power at the winter extreme external temperature, DUT= -18°C (Einar Mattsson, e-mail) 

         

Equation solving, see Appendix V 

 

Compared to the simulated values of P = 125 kW heating power need before renovations and 

P = 66 kW or even 42 kW after renovation,  P = 116 kW is quite far from the target. This 

indicates that improvements can be made on the heating systems. 

 

5.6 Possible improvements 

Considering the renovations that took place in 2013-2014, where major alterations were made on 

the building envelope, the ventilation system and the lighting fixtures in common spaces, the 

present situation should leave little room for further improvement on anything but the district 

heating substation and systems related to that. Insulating the building envelope even further 

would not yield very large energy savings, considering the contribution calculated earlier on the 

last 50 mm of wall insulation were only 3 kW, and more construction work would be expensive 

as well as destroy the capital already invested. 

Looking at the energy use figures of the last year, the distribution between electricity and district 

heating has been around 20-30 % electricity, with approximately 25 % electricity in the coldest 

months. 

Assuming that the 75/25 percent ratio stands after improvement and/or exchange of the district 

heating substation, there would be a significantly lower district heating need at the extreme winter 

temperature. 

Using the simplest simulation, Scenario 1, that gave a power need of 63 kW after calculations 

(table 9), 75%  of that is approximately Pdistr,Scenario 1 = 48 kW still needed from the district heating 

systems.  



-39- 
 

With the best simulation, Scenario 2, power need of 39 kW was found after calculations (table 9), 

75%  of that is approximately Pdistr,Scenario 2 = 30 kW still needed from the district heating systems. 

The difference between Pdistrictheat and Pdistr,Scenerio 1 or 2  was assumed to be the possible heating power 

need improvement, derived from simulations and the further calculations performed on those 

figures. The heat recovery ventilation system was assumed for the calculations here to already be 

as efficient as possible and to maintain the same power need as today. 

This is a very blunt approximation. Further calculations on the co-dependencies between the 

district heating substation and the heat recovery ventilation system would require computer 

simulation and might be suited for further studies later.  

 

Table 12 Possible heating power need improvement from the district heating substation and related systems. 

2014-2015 winter extreme power need 116 kW 

Without the base load (15 kW) 101 kW 

District heating part (75%), Pdistr 75 kW 

District heating part in simulation model 1, (75%), Pdistr,Scenario 1 48 kW 

Improvement possibility  (difference Pdistr – Pdistr,Scenario 1) 27 kW 

Possible district heating power need improvement  (27 kW of 75 kW) 36% 

  

District heating part in simulation model 2, (75%), Pdistr,Scenario 2 30 kW 

Improvement possibility  (difference Pdistr – Pdistr,Scenario 2) 45 kW 

Possible district heating power need improvement (45 kW of 75 kW) 60% 

 

Calculations for different theoretical energy signatures  gives the possibility to 

make estimates of energy need per year in kWh and forecast energy performance 

 

Equation solving, see Appendix V 

 

So the energy need of Landsfogden 6 after renovations can be described by these two equations: 

Equation 13 

                                     

Equation 14 
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Figure 11Energy signatures for the actual data from 2014-2015 and theoretical data for Scenario 1 and 
Scenario 2 

The mean temperatures for every month of the last six years were used to create a normalized 

mean temperature for all months of the year. These were used for calculating the average power 

per month for  Scenario 1 and 2. This gives the energy need per year and the specific heat 

consumption. 

Table 13    Calculated energy need per year and specific heat consumption of Scenario 1and 2. Indicating 
possible energy savings. 

 Scenario 1 Scenario 2 

Energy need per year [MWh] 240 180 

Specific heat consumption 

[kWh/m2∙year] 

87 63 

 

These figures seem reasonable compared to the results of the energy audit of Landsfogden 6, 

where energy use figures were very high and also when looking at the resulting Energy 

performance classification. 

Table 14    Future Possible performance classification  

 Scenario 1 Scenario 2 

EP classification D C 

 

Table 15    Situation in 2009, before the renovation (weather normalized) 

Energy use  [MWh] 530 

Specific heat consumption [kWh/m2∙year] 190 

EP classification G 

     (ÅF, 2012) 
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Table 16    Energy saving possibilities 

 Energy use [MWh] Savings [MWh] Savings [% ] 

Today 353 ----------------------------- ---------------------- 

Scenario 1 240 113 32 

Scenario 2 180 173 49 

 

5.6.1 Existing district heating substation 

Today, the district heating substation, an ELGE MS2D-11613+BR-44 (see Appendix VI for 

specifications) is equipped with a tube heat exchanger for heating and two heat exchangers for 

hot water production. ELGE heat exchangers are known to be robust and not causing much 

problems unless they start to leak, either caused by corrosion on its mantle tube from outer 

sources or from pressure spikes in the district heating distribution net. If no such problems are 

present, the heat exchangers still usually have a very high thermal efficiency. (Lund, 2015) 

The manufacturer ELGE went bankrupt in the 1990s and Einar Mattsson has not been able to 

find any specifications for the substation. Information and specs has been retrieved from Hans 

Lund at AB Fortum värme and Peter Gummerus at Nordiq Production. See Appendix VI. 

5.6.2 Future district heating substation 

Through interviews via e-mail and telephone, opinions of a few district heating professionals 

have been collected. 

The one common opinion is that it is impossible to forecast what impact a change of the district 

heating substation would yield. If an old substation had already been quite well adjusted, the 

reduction in energy use might be almost zero. Heat exchangers do not age very much except for 

possibly accumulating dirt and lime on the inner surfaces. Figures of 1-5 % reduction in thermal 
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efficiency for old heat exchangers are mentioned, but the thermal efficiency might not matter that 

much in this case since they are so much too large today and the slow flow through them may 

compensate for lower thermal efficiency. One can only get a more efficient system through 

actively working with it and adjusting it correctly. (Gummerus, 2015)(Lund, 2015)(Wiede, 2015) 

Too large valves and pumps are also mentioned as possible problems; 

Pumps and valves are not proportionate. The pump for the heating water circulation for 

example, is old and of a kind that never shuts off. It is usually used for well-functioning systems 

with a power need of  600-700 kW. (Gummerus, 2015) 

The primary control valve  is too large, with a maximum flow factor Kvs= 4,0, where maybe 

Kvs= 2,5 would be enough. Too large valves can possibly create a situation where the flow 

regulation is only on or off, causing unwanted fluctuations. (Lund, 2015) 

Figures ranging from 15% up to 40% reductions in district heat energy use, if one were to do 

serious and initiated adjustments to the heating system, are mentioned.  

The district heating substation has a much higher capacity than needed today and the analysis 

suggests that the control system is not properly tuned. Depending on which simulation model is 

used, the heat exchangers for heating would only have to be capable of delivering either 48 or 30 

kW maximum power, as opposed to the existing 175 kW capacity. 

Landsfogden 6 holds 36 apartments and has a heating power need of 30 to 48 kW. Instead of 

going through an analysis of the district heating substation to find and replace pumps and valves, 

as well as installing an internet connected control system, the recommendation will be to 

exchange it for a completely new substation with an online control system, where pumps and 

valves will be optimized from the start. Thorough work with adjusting the system is 

recommended, something that would also be made easier since the internet connection allows for 

this to be done in part from Einar Mattsson HQ (or anywhere else) instead of having to go to the 

site for every adjustment. This also allows for easier monitoring of system behavior by 

Energigruppen, who are responsible for energy issues at Einar Mattsson, and for alerting facility 

management staff of unwanted deviations. 

 

Table 17   System specification for possible future district heating substation 

     (Svensk Fjärrvärme, 2014) 

5.6.3 Investments and calculations 

According to Energigruppen at Einar Mattsson, the work cost of installing a district heating 

substation can be approximated at 150 kSEK. 

Several manufacturers have been approached to get cost proposals for the hardware. Since the 

analysis changed drastically in the last few weeks, it was not possible to get new proposals in time. 

Therefore, an estimated cost of 60 kSEK for a district heating substation and online control 

Control system Internet connected 

Heating system heat exchanger max capacity 50 kW/30 kW 

Hot water production heat exchanger max capacity 100 kW 

Hot water flow 0,55 L/s 
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system was used. The estimation is based on the proposals from two different manufacturers for 

a substation with 150 kW max power for heating, that were both a bit more expensive than that, 

at 65-70 kSEK. 

The only figure for adjusting and optimization available is approximately 60 kSEK (Gummerus, 

2015). 

The assumption was that all the energy savings from the present state would be achieved from 

the changes in the district heating substation, while the heat recovery ventilation system was 

assumed to use the same amount of electricity and provide the same heat as today. 

The cost of district heating in the last 12 months: 260 kSEK  

 

From figure 8 and table 15: 

 

Table 18   Cost reduction from Scenario 1 and 2 

District heating energy 

use [MWh] 

265 Percent savings per year Cost reduction [kSEK] 

per year (from 260) 

Savings with Scenario 1 

[MWh] 

113 42 % 110  

Savings with Scenario 2 

[MWh] 

173 65 % 170 

 

 

Table 19    Investment cost 

Investment District heat substation with 

online control system. 

Installment procedure Optimization 

procedure 

Total 

Cost [kSEK] 60 150 60 270 

 

 

Table 20   Payback time on the investment 

 Cost reduction [kSEK] Payback time [years] 

Scenario 1  110 2,5 

Scenario 2  170 1,6 

 

 

6 Discussion 

The very blunt assumption that the 75/25 power use ratio between the district heating substation 

and the heat recovery ventilation system would still hold after exchanging the substation is a 
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weakness. Of course the heat recovery ventilation system and the district heating substation 

interacts, via the building, so to speak. Unfortunately, there was not time enough to do further 

calculations on this, which I deem would demand making a full computer model of the building 

and do simulations. 

The base temperature for the HDD calculations can be a problem if not chosen right. I would 

have liked to run calculations on the energy signature of HDD against kW and iterating with 

different base temperatures for the HDD calculations to see which trend line has the best R2-

value. 

One could also argue that the savings in energy would take place more in the heating season and 

only calculating the savings as percentage from the yearly cost is wrong. Breaking it down into 

months instead might be better. 

Energy audits should not be done in the first two years after construction or renovation, since 

there often are adjustments that take some time. In this case the right adjustments could not be 

done in the last winter, since there never was an actual case of the winter extreme external 

temperature of -18°C. 

Energy audits are difficult to execute in the summer; The heating system is basically not in use at 

all, so no measurements can be done that actually say anything about the system. 

7 Conclusions 

The energy performance of Landsfogden 6 is not what it should be. At 126 kWh/m2 and year the 

energy costs are much higher than they need to be for this building. 

To address this, an analysis was made, partly by using results from an earlier study on the 

building. This resulted in the conclusion that large savings could be done. 

The district heating substation is old and maybe four to six times more powerful than needed. Its 

valves and pumps are too large. Factors that indicate that it might not be working very well, as 

indicated by the high energy use figures. 

Exchanging the substation for a new, that is online and can be adjusted and monitored from the 

office was calculated. From the results in this analysis, the payback time is at most 2,5 years and 

after that the cost reduction is at least 110 kSEK/year, with the possibility of 170 kSEK/year . 

Therefore,  it is a strong recommendation that Einar Mattsson should exchange the district 

heating substation in Landsfogden 6. 

As for the EU regulations, so far they have had the impact of instigating the creation of energy 

performance certification, which has brought the issue forth and created an awareness among 

people. The real impact will of course be seen in the near future, as new public bodies’ buildings 

will have to be near zero energy buildings from 2019-01-01 and all new buildings will have that 

requirement from 2021-01-01. That is only five and a half years away from now and I would 

expect this to become an issue in the public debate in the next few years, as well as some 

construction projects being hurried on to avoid these demands. 

Landsfogden 6 has been impacted in the way that Einar Mattson chose at first to aim for the 

2020 goal of the Energy Efficiency Directive, only to abandon that for the very much higher goal 

of 50% better energy efficiency in 2050 (which might be in regulations soon). After switching the 

substation, they might be there. 
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8 Recommendations 

For further work, a more extensive analysis using simulation software could be implored. Further 

calculations on the co-dependencies between the district heating substation and the heat recovery 

ventilation system utilizing computer simulation might be suitable. 

Could the extracted heat from the laundry room be utilized in the heat recovery ventilation 

system? Apparently the air is too polluted with dust and moisture for that. Could that be fixed? 
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Appendices 

Appendix I: Energy use Jan 2009-June 2015 

 

 

 

 

 

 

  

Einar Mattsson Byggnads AB

2015-07-06

Landsfogden 6, 

Landsfogden 6 

District heating

Actual use (kWh) Heat Heat Heat Heat Heat Heat

 2009 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015

jul 8579 5300 5828 9391 8256 6417  

aug 7873 13547 9010 9391 6781 8500  

sep 17762 13729 18041 24058 18219 14736  

okt 48714 48000 41145 46935 33000 22103  

nov 53286 67667 50533 58911 42188 25820  

dec 75061 89061 64786 76190 47924 39961  

jan 75286 94879 79238 76041 78559 66682 34239

feb 68413 79405 79034 75837 66657 52769 28469

mar 65444 68773 73000 53345 68028 48438 27078

apr 36857 45365 34839 51624 51110 31841 18809

maj 27810 28660 23724 27739 12480 16078 13676

jun 19119 12281 8438 16254 10852 10391 6675

Summa: 540638 535577 490183 512562 382567 246483

 

Landsfogden 6, 

Landsfogden 6

Building electricity

Actual use (kWh) Electricity Electricity Electricity Electricity Electricity Electricity

 2009 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015

jul 2536 2599 2402 2600 2535 3011  

aug 2612 2912 2540 2600 2314 4348  

sep 2823 2839 2818 2916 2655 6253  

okt 3190 3486 3521 3267 2473 8387  

nov 3520 3494 3502 3161 2115 10176  

dec 3517 3717 3796 3098 3555 11342  

jan 3715 3517 3836 3729 3110 7184 11055

feb 3291 2959 3078 3208 2677 7561 8321

mar 3335 3257 3546 2757 2538 7574 7389

apr 3075 2467 2810 2735 2752 6506 3198

maj 3430 3074 2827 2701 2087 4661 2746

jun 2823 2577 2211 2675 1993 2917 4437

Summa: 36049 37355 36384 32799 52050 80663

2013-2014 not usable for energy observations because of renovations taking place.
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Appendix II: Energy use, average power, temperatures and 

heating degree days of the coldest day of the winter. 

 

 

 

  

Date MWh Date Time (UTC) Temperature

28,12,2014 00:00 2571.471 2014-12-27 06:00:00 -7.9

2014-12-27 12:00:00 -6.7

29,12,2014 00:00 2573.462 2014-12-27 18:00:00 -7.9

2014-12-28 06:00:00 -9.3

2014-12-28 12:00:00 -6.7

2014-12-28 18:00:00 -9.7

2014-12-29 06:00:00 -9.7

Energy use 2014-12-28: 1.991 MWh 2014-12-29 12:00:00 -6.7

2014-12-29 18:00:00 -5.9

Mean power use: 0.082958333 MW 2014-12-30 06:00:00 0.1

Mean power use: 82.95833333 kW 2014-12-30 12:00:00 0

(2014-02-28) 2014-12-30 18:00:00 0.5

From Date Time (UTC) To Date Time (UTC) Representative day Min temp Max temp Date Mean temp HDD

2014-12-26 18:00 2014-12-27 18:00 2014-12-27 -9 -3.6 2014-12-27 -7.4 24.4

2014-12-27 18:00 2014-12-28 18:00 2014-12-28 -10.1 -6.3 2014-12-28 -8.8 25.8

2014-12-28 18:00 2014-12-29 18:00 2014-12-29 -10.7 -5.7 2014-12-29 -7.8 24.8

2014-12-29 18:00 2014-12-30 18:00 2014-12-30 -5.9 0.5

2014-12-30 18:00 2014-12-31 18:00 2014-12-31 0.4 3.6
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Appendix III: Specification of the heat recovery ventilation 

system  
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Appendix IV: Thermal resistance of stone wool product 

from Paroc 

 

http://www.paroc.com/~/media/Files/Solutions%20and%20Products/thermal-resistance-

table-INT.ashx 

λ=0,035 W/mK, was taken from Paroc website , http://www.paroc.se/losningar-och-

produkter/produkter/pages/isolering-for-putsade-fasader/paroc-fatio 
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Appendix V: Calculations 

From 5.5 (p. 37): 

 ∆Qtot is dependent on 1/RT  for the different simulations, and thus on 

 

                  
 

  

Uwall=0,502 before renovations (Gong, 2011), which gives 

             

RT100 of the simulation with 100 mm insulation, where the design thermal conductivity for the 

added insulation λ=0,035 W/mK, was (see appendix IV), R100=2,85 (Paroc, 2015) 

                            

And in the same way, RT150 , with the actual insulation of 150 mm, R150=4,25 (Paroc, 2015) 

                            

The difference in the heating effect need from the pre renovation model and with 100 mm 

insulation added, from Table 7, is  125-106=19 W 

      

  
 

 
 

 

Awall is constant but unknown, the equations solved for the different R values. 

The heat loss, P, is linearly dependent on Q, which gives 

     
     

 
 

            (1) 

 

     
     

    
 

               (2) 

 

(1) and (2) gives 

 

               (3) 

 

Values for P is taken from Gong’s results, which gives              (4) 

(3) and (4) 
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gives 

           (5) 

With (4), gives 

           

 

     
     

    
 

               (6) 

(6) and (1) gives 

          

 

Wall section setups RT values for the different wall section 

setups 

Calculated impact of the walls on 

the buildings heating power need 

Before renovation 

(simulated by Gong) 

                    

After renovation, 100 

mm insulation 

(simulated by Gong) 

                                  

After renovation, 150 

mm insulation 

                     

 

             

 

The impact of the extra 50 mm insulation was (P100-P150) 3 kW heating power need. 
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From 5.5 (page 38):  

 

From equation 2, stemming from the first energy signature: 

 

                   

 

The power at the design external temperature, DVUT, for the measured values is 

(DVUT= -18°C) 

         

From which we draw the base load of 15 kW to end up with 

 

         

for heating purposes. 

 

Compared to the simulated values of P = 125 kW heating power need before renovations and 

P = 63 kW or even 42 kW after renovation, this indicates that there are improvements that can 

be made on the heating systems. 

Looking at the energy use figures for the last year, the distribution between electricity and district 

heating has been around 20-30 % electricity, with approximately 25 % electricity in the coldest 

months. Assuming that distribution to be used as an approximation at the design heat load 

temperature, gives  

                  

 

which is still above the total power need of Gong’s simulations after renovation. 

Looking at the simplest simulation, that gave a power need of 63 kW after my calculations, 75% 

of that is approximately 48 kW. 

The difference between these two, 75-48=27 kW is assumed to be possible the improvement 
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From 5.6 (page 39): 

 

Equation 6: 

                                      

Gives that 

     
           

                     
 

 

Pinternal is energy from other sources inside the building that is not attributed to the heating energy.  

People who live in a building give off heat equivalent to 1 W/m2 . (SVEBY, 2009)  

Atemp = 2800 m2 gives 2800 W 

70 % of household electricity use can be said to generate heat. (SVEBY, 2009) The average 

electricity use in a Swedish flat is 2500 kWh/year. (E.ON, 2015) which gives approximately 1750 

kWh heat per flat and year. There are 36 flats in Landsfogden 6 so the energy from household 

electricity will be 36*1750 = 63000 kWh/year, which gives 63000 [kWh/year]/8760h = 7.2 kW 

This together gives Pinternal =  7,2 + 2,8 = 10 kW internal power. 

So at winter extreme external temperature -18 °C we use P from table 10 to establish Qtot. 

From 

Table 10: 

Qtot  

[W/°C] 

P = 63 1,4 

P = 39 0,76 

 

Assuming that the base load is still the same, (Pb = 15) since the use and number of residents of 

the building is the same: 

Equation 1,  

          

is used to determine a new equation for the buildings energy signature. At the winter extreme 

temperature; 

te = -18 °C 

P = 63 kW  

A= -Qtot = -1,4 W/°C 

  Gives the power at 0 °C, P0 = 37,8≈38 kW 

Together with the base load  

Pb = 15 

  Gives the equation 15 = -1,4∙te + 37,8 

  Which gives te = 16,3 ≈ 16 = tL 
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For the second model;  

te = -18 °C 

P = 39 kW  

A= -Qtot = -0,76 W/°C 

 

the same calculations give the power at 0 °C, P0 = 25,3≈25 kW 

 

Which gives te = 13,6 ≈ 14 = tL 

 

So the energy need of Landsfogden 6 after renovations can be described by these two equations: 

Equation 15 

                                     

Equation 16 
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Appendix VI: Specification district heating substation 

ELGE MS2D-11613+BR-44 

 

 

Radiator: 

 Primära temperaturer 120/63 

 Standardförsmutsningspålägg 12,7 kW/m2 °C 

Tryckfall sekundärsida 11,6 kPa 

Tryckfall primärsida 16,3 kPa 


