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Research questions: How well does the proposed REN2017 method for identifying and 

evaluating refurbishment options from an energy-economic and added value 

standpoint perform when applied to a typical Swedish modular preschool 

built in 1969?  

 

Purpose: The purpose of this study is to develop and propose a heuristic prescriptive 

method, REN2017, for identifying and evaluating component-based 

refurbishment options from an energy-economic and added value 

standpoint; and to evaluate the method in terms of its usefulness in a real 

life scenario.  

 

Method: This study uses an abductive single-case study approach with threads of 

action research encompassing primary data, from the study object and two 

reference objects, of on-site inspections, unstructured interviews with 

professionals and staff surveys. The proposed method, REN2017, is based 

on scientific articles and official government and organization documents 

within the subjects of building retrofit; energy saving; energy-efficiency-

measure packages; refurbishment; added values; as well as case-specific 

data from qualitative document analysis. REN2017 is evaluated based on its 

applicability, adaptability and potency in assessing a building and identify 

and evaluate refurbishment options.  

 

Conclusion The study showed that the method was applicable to a 1969 modular 

preschool. Although the method was deemed potent and adaptable regarding 

the assessment of the study and reference objects as well as in the 

determination of its present state, it was regarded as lacking in its potency in 

the identification of refurbishment measures. The method enabled the 

evaluation of measures once identified. However, it requires further 

refinement of the evaluation phase regarding the connection between the 

energy-economic and the value-adding assessments as well as regarding the 

New Building analysis. 
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Frågeställning: Hur väl fungerar den föreslagna metoden REN2017 för att identifiera och 

utvärdera renoveringsåtgärder ur en energiekonomisk och 

mervärdesskapande synvinkel när den tillämpas på en typisk svensk 

modulär förskola från 1969? 

 

Syfte: Syftet med denna studie är att utveckla och föreslå en heuristisk, preskriptiv 

(normativ/föreskrivande) metod, REN2017, för identifiering och 

utvärdering av komponentbaserade renoveringsåtgärder, från en 

energiekonomisk och mervärdesskapande synvinkel; samt att utvärdera 

metoden för dess brukbarhet när den appliceras på ett verkligt scenario. 

 

Metod: Denna studie tar ett abduktivt tillvägagångssätt med en enskild fallstudie 

och inslag av aktionsforskning och innefattar primärdata från studieobjektet 

och två referensobjekt bestående av platsinspektioner, ostrukturerade 

intervjuer med nyckelpersonal, samt enkätdata. Den föreslagna metoden, 

REN2017, är baserad på forskningsartiklar och officiella myndighets- och 

organisationsdokument inom områdena byggnadsrenovering, 

energibesparing, energieffektiviseringspaket, mervärden samt fallspecifik 

data från kvalitativ dokumentationsanalys. REN2017 utvärderas baserat på 

dess brukbarhet, anpassningsbarhet och förmåga att bedöma en byggnad 

samt föreslå och utvärdera renoveringsåtgärder. 

 

Slutsats: Metoden visade sig vara applicerbar på objektet i den enskilda fallstudien 

samt potent och anpassningsbar i uppbyggnaden av en objektsbeskrivning 

och i en bedömning av byggnadens nuvarande skick. Den visade sig dock 

otillräcklig för att ta fram renoveringsförslag och anses behöva kompletteras 

i detta avseende. Metodens utvärderingsfas behöver vidareutvecklas i dess 

koppling mellan ekonomiska- och mervärdeaspekter samt i dess 

nybyggnadsanalys för att kunna resultera i ett tillfredsställande 

investeringsunderlag.    
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1. INTRODUCTION 

The European Union has set itself targets for reducing its 

greenhouse gas emissions progressively up to 2050 and the 

EU member countries have taken on national binding 

targets. The national targets are allowed to vary depending 

on national wealth regarding emissions and depending on 

starting point and ability to further increase renew able 

energy production. Local authorities can set more 

ambitious goals and can further define their local climate 

and environmental targets to find more suitable measures 

for their own circumstances and unique conditions. 

(European Commission, 207 a,b)   

According to article 9 of the directive on the energy 

performance of buildings 2010/31/EU, the EU member 

states shall ensure that all new buildings occupied and 

owned by public authorities after 31 December 2018, are 

nearly zero-energy buildings. Member states are also 

required to stimulate refurbishment of existing buildings 

to transform these into nearly zero-energy buildings, 

meaning – a building that has a very high energy 

performance (The European Parliament and the Council of 

the European Union, 2010). 

In Sweden, the energy demand of the residential and 

service sector accounts for almost 40 % of the total energy 

use, over half of which is heating of living area and 

provision of hot water (Energimyndigheten, 2015). In 

2013 non-residential premises accounted for 28 % of total 

energy use for heating and hot water of which roughly 80 

% was supplied by district heating (ibid.). Biomass 

(including organic waste) accounted for 60 % of the input 

energy in district heating production (ibid.).  

The time in Swedish history known as the record 

years (1965-1974) was a time of expansion, with urban 

areas sprawling out to cover what used to be farmland. 

Over one million homes were constructed during this time 

along with complete infrastructure systems with schools, 

hospitals, industry buildings, power plants, commerce 

buildings etc. – in fact, almost three quarters of the heated 

area of today’s building stock was constructed before 1980 

(Energimyndigheten & Boverket, 2016). Many of these 

buildings were constructed, owned and managed by the 

Swedish local authorities, and many still are. The buildings 

were constructed according to the standards and 

regulations of the time, a time of cheap energy and a time 

where climate change and long-term sustainability was yet 

to be a focus. 

While the pre-conditions may vary, it has been 

proposed that even old, listed buildings can be refurbished 

to achieve significant levels of energy demand reduction 

while maintaining cost-effectiveness (Liu, Rohdin, & 

Moshfegh, 2016) and many methods to investigate 

refurbishment measures and their effects have been 

suggested in the literature, often through mathematical, 

energy-economical optimization processes, e.g. Liu, 

Rohdin & Moshfeg (2016); Asadi, da Silva, Antunes & 

Dias (2012). 

Beyond energy targets, property owners and 

managers need to reflect over in what manner they affect 

the long-term sustainability of the society in and upon 

which they act. The concept of corporate social 

responsibility is widely accepted as important in 

Scandinavia (Strand, Freeman, & Hockerts, 2015) thus 

refurbishment actions should not necessarily be evaluated 

through a strictly energy-economic lens. Indeed, it is 

important to choose investments that bring the most 

benefits in terms of utility and suitability, operability, and 

health in addition to energy efficiency, and economy 

(Moshfegh, Liu, & Samuelsson, 2015), making parameters 

such as indoor environmental quality or ease-of-use 

factors that may influence energy efficient renovation 

actions – certainly in the context of activities offered by 

the public sector and, especially concerning the care of 

children. 

The performance of any structure decreases with 

time due to e.g. environmental stress or factors related to 

the utilization of the structure. Predicting renovation needs 

ahead of time and performing renovation measures per a 

predetermined plan can extend a buildings’ lifetime 

significantly. However, once a building depreciates past a 

certain point, it is more economical to demolish the 

building rather than to try and renovate the structure. 

(Flager, 2003) 

A large portion of the Swedish public building stock 

are beyond their “best before dates” and many of the old 

buildings will be facing extensive renovations measures if 

they are to meet modern standards and regulations 

(Boverket, 2010). In addition to old energy performance 

demands, the buildings were also constructed to fulfill 

utility demands of the past, some which may no longer be 

converging with modern demands of, e.g. ease-of-use or 

accessibility (Moshfegh, Liu, & Samuelsson, 2015).  

Major renovation projects present a good opportunity to 

improve the long-term sustainability of buildings through 

cost-effective measures to enhance energy performance 

(The European Parliament and the Council of the 

European Union, 2010), especially if the renovation 

coincides with planned maintenance (Warfvinge & Kling, 

2012).  

A critical problem is to correctly identify when to 

keep renovating an existing building, and when to instead 

demolish and build a new. In order to assess whether to 

renovate or rebuild one must be able to identify the long-

term costs and benefits of the available options, see Figure 

1. Although in many cases, it is not only a question of 

assessing economical parameters but also to highlight 

various added values of an investment option. These 

values can differ between managing actors, intended 

purpose and activities of the building. The added values 
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are especially a concern to public organizations since they 

often must account for factors important to civil affairs.  

The purpose of this study is to propose and evaluate 

a general, heuristic and prescriptive method for building 

assessment of existing buildings, and component-based 

renovation option identification & evaluation, from an 

energy-economic perspective while incorporating added 

values. The presented method has been named REN2017 

and will be referred to as such to avoid confusion with the 

methodological approach taken in this thesis. REN2017 is 

intended to be useable in various contexts that depends on 

the needs and intentions of the user and will thus at first be 

described in terms of what goals it must be able to achieve, 

with suggestions on approaches that can be taken to reach 

the goals. REN2017 was designed as a “package” of 

possible research methods that can be used to achieve 

certain goals. 

 Chapter 2 will underline and motivate why a method 

such as REN2017 is necessary. Chapter 3 will describe the 

research strategy related to the construction of the 

REN2017 method itself, with motivations behind the 

suggested methodological approaches included in the 

method package. The application of REN2017 will in 

chapter 4 be demonstrated and explored by applying 

certain methodological approaches of REN2017 to a case-

study. The methodology behind the demonstration, as well 

as the outcome of the case study will be outlined step-by-

step in chapter 4. In chapter 5, the results of the thesis work 

is presented and discussed on three levels. First, the 

specific use of REN2017 as described in the specific case 

will be discussed. This result regards the use of the method 

in the way specified in chapter 4 and should not be 

confused with the specific case outcome. Chapter 5 then 

continues to discuss REN2017 in general, based on the 

experiences gained in the case study. The final section of 

the chapter will discuss the overarching scientific 

approach of the model construction. Finally, chapter 6 will 

conclude the thesis through a short evaluation of 

REN2017, of its usefulness and of improvement 

suggestions. 

The research question of this study thus reduces to: 

How well does the proposed REN2017 method for energy-

efficiency considering important facility aspects perform 

when applied to a typical Swedish modular preschool built 

in 1969? 

2. ASSESSING A BUILDING AND 

EVALUATING THE OPTIONS 

As previously stated, in order to assess whether to renovate 

or rebuild one must be able to identify the long-term costs 

and benefits of the available options, see Figure 1. A 

thorough building retrofit evaluation is difficult to 

undertake due to the complexity involved with the task. 

Post-occupancy evaluation (POE) is a structured process 

of evaluating the performance of a building after it has 

been built and occupied.  

 

Figure 1.  A new building and its systems deteriorates over 

time. At a point the building is assessed of its status and 

possible improvements. The assessment results allow 

managers to decide whether to renovate the building and 

how, or whether the building should be demolished and 

replaced. (Own construction) 

The evaluation process is made through systematic data 

collection, analysis and comparison with explicitly stated 

performance criteria (Menezes, Cripps, Bouchlagem, & 

Buswell, 2012), and through systematic assessment of 

opinion from the buildings occupants. POE is a diagnostics 

tool and system that allows facility managers to identify 

and evaluate critical aspects of building performance 

systematically, and may benefit them in data gathering on 

facility performance, in analyzing those data, and in 

making recommendations for facility improvements 

(Preiser, 1995). The most common level of effort for these 

evaluations are indicative POEs. These are quick walk-

through evaluations through inspections and 

communication with key personnel and end-users. 

Investigative POE:s are more in depth, utilizing interviews 

and survey questionnaires in addition to photographic 

and/or video recordings and physical measurements, 

typically involving several buildings of the same type. 

While an indicative POE can be carried out within a few 

hours of on-site data gathering, an investigative can take 

anywhere from a week to several months. (ibid.)  

One of the major challenges faced when considering 

the refurbishment of a building is identifying appropriate 

refurbishment measures. The assessment of a building and 

the identification of possible refurbishment measures 

through different methods have been presented in the 

literature, e.g. through mathematical optimization models 

such as a multi-objective optimization model of buildings 

retrofit strategies that choose measures that minimize 

retrofit costs while maximizing energy savings through 

linear and non-linear mathematical formulations (Asadi, 

da Silva , Antunes, & Dias, 2012). Juan et al., (2009) 

developed a genetic algorithm-based online decision 

support system for housing condition assessment that 

suggests optimal refurbishment actions considering cost 

and quality. The refurbishment evaluation criteria were 

selected based on the suggestions by various studies 
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including the housing quality standards, established by 

U.S federal regulations. A somewhat locally adapted 

assessment model studied retrofit actions determined by 

considering the government-defined tax deductions from 

an Italian context, and applied an energy and 

environmental extended input-output model combined 

with life-cycle assessment to assess benefits from the 

policy (Cellura, Di Gangi, Longo, & Orioli, 2013).  An 

aggregation of 31 Swedish feasibility studies concluded 

that the key to major energy savings were large measures 

such as heating and ventilation systems and measures 

concerning the building shell. The most common 

investigated measure described in the report were air heat 

exchangers, façade/ceiling insulation, change/upgrade to 

energy glass windows and tuning of the heating system. 

Energy glass windows were investigated in 75 % of the 

studies and 55 % decided to follow through with the 

window upgrades. Almost 70 % of the studies decided to 

investigate façade insulation measures but only 20 % 

chose to carry out the renovations since these measures 

were often cost intensive. The report showed that 

municipal property managers in Sweden are more likely 

than private property managers and housing associations 

to invest in measures directly connected to energy 

efficiency. It was speculated that public managers often 

have a more long-term perspective of their ownership and 

in their investments, which is also evidenced by their 

often-lower cost of capital and return. (BeBo, 2013) 

Once suitable measures have been decided upon, 

their usefulness must be determined. The literature 

includes examples of ways to evaluate costs and benefits 

of renovation measures. The most commonly used 

techniques are simple payback time and net present value 

(NPV) methods, e.g. life-cycle cost analysis (Remer & 

Nieto, 1995 a,b). Dong, Kennedy and Pressnail (2005) 

performed life cycle economic and environmental analysis 

of a Canadian residential building to assess refurbishment 

options on both economic as well as environmental 

impact; Kušar, Šubic-Kovač and Šelih (2013) presented a 

model in which they identified a building’s life-cycle costs 

and structural safety as basic relevant criteria for public 

buildings in Slovenia; Liu et al., (2016) utilized the LCC 

optimization software OPERA-MILP (Optimal Energy 

Retrofits Advisory-Mixed Integer Linear Program) to 

identify optimal retrofit solutions for a listed 1890s 

building in Sweden. The software cost-optimizes over the 

specified life cycle based on building information, costs 

and performance of different measures, energy prices and 

real discount rates. The wide variety of methods presented 

indicates that there are many ways of evaluating a building 

and that there is no single universal superior method. The 

method should be adapted to available data while 

                                                                 
1 The original text: ”Ändamålsenlighet, energieffektivitet, 

driftvänlighet, hälsa och ekonomi.” 

incorporating different contextual aspects to fulfil the 

purpose of the refurbishment.  

Per the Swedish law of energy mapping in large 

organizations (SFS 2014:266), profitability calculations 

regarding energy efficiency measures shall primarily be 

based on the life-cycle cost of the measures or package of 

measures (Energimyndigheten, n.d.). One method that 

fulfils these requirements while not relying on a forecasted 

energy price is the cost of conserved energy (CCE) method 

presented by Morelli, Harrestrup & Svendsen (2014), 

which gives the cost to save 1 kWh of energy. This method 

gives a result directly comparable to the cost of supplied 

energy clearly showing the better economical choice 

between energy efficiency and buying energy. 

2.1. A SCOPE BEYOND ECONOMICS 

As a topic previously touched upon, the evaluation of 

options are not necessarily strictly economic as other 

parameters could be motivating factors for an energy 

renovation. It is important to choose investments that bring 

the most benefit in terms of utility and suitability, energy 

efficiency, operability, health and economy (translated 

from Swedish1), something that can be done through a 

systematic approach of benefit analysis and cost analysis 

over time. (Moshfegh, Liu, & Samuelsson, 2015) An 

important factor to consider is the ability of the building to 

support the purpose of the operations being performed 

within. Modern operations often have different demands 

compared to the past and old special-purpose buildings can 

have difficulties fulfilling these (ibid.). These kinds of 

improvements are generally achieved for new buildings 

but should also be considered when refurbishing buildings. 

While the factors are difficult to quantify in economic 

terms this implies that a new building should be considered 

if the overall costs of the new building and renovation are 

of the same magnitude (Morelli, Harrestrup, & Svendsen, 

2014). 

2.2. THE ASSOCIATION BETWEEN 

SOCIAL RESPONSIBILITY AND 

SUSTAINABLE COMPETIVENESS  

All organizations need to reflect over in what manner they 

affect the long-term sustainability of the society in and 

upon which they act. This is often referred to as corporate 

social responsibility (CSR). The Scandinavian countries 

and companies are often considered to be in the very front 

line when it comes to CSR and sustainability performances 

and it has been argued that they are already serving as an 

inspirational source in these areas (Strand, Freeman, & 

Hockerts, 2015). Available data relates the efficacy of the 

Scandinavian approach to CSR in particular. The Global 

Sustainability Competitiveness Index 2016 (SolAbility, 
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2016), was topped by Sweden who for the fifth 

consecutive year shared the very top of the index with the 

other 4 Scandinavian nations.  

In the Global Sustainability Competitiveness Index 

2016, SolAbility, (2016) defines sustainable 

competitiveness as: 

“Sustainable competitiveness means that current 

wealth levels are not in danger of being reduced or 

diminished through over-exploitation of resources 

(i.e. natural and human resources), the lack of 

innovative edge required to compete in the 

globalised markets (i.e. education), or the 

discrimination, marginalisation or exploitation of 

segments of a society.” 

 SolAbility, The Sustainable 

Competitiveness Report, 5th edition, p.8 

This definition is directly related to the definition of CSR 

used by the European commission” The responsibility of 

enterprises for their impacts on society” as they both 

encompass the responsibility of countries and businesses 

to integrate a social – and in this case including an 

environmental – responsibility into their actions (European 

Commission, 2011). The traditional view on profit is in 

these definitions challenged by a more holistic view where 

the economical performances are but one of the 

measurements used to determine an actors profit. Of 

course, this view on profit brings forth a lot of challenges 

to companies and actors used to view environmental and 

social challenges in their mere periphery. These new 

dimensions of measuring profit should not be seen as a 

burden but an opportunity to cease a competitive 

advantage (Elkington, 1994). In his 1994 article “Towards 

the sustainable corporation: Win-win-win business 

strategies for sustainable development”, John Elkington 

explores strategies to simultaneously benefit the company, 

its customers and the environment when implementing 

these dimensions into their business plan. He also argues 

that it will be the companies that will determine the success 

of governmental and international policies: 

“In contrast to the anti-industry, anti-profit, and 

anti-growth orientation of much early 

environmentalism, it has become increasingly clear 

that business must play a central role in achieving 

the goals of sustainable development strategies.” 

John Elkington, 

Towards the sustainable corporation: 

Win-win-win business strategies for 

sustainable development, p.90 

In close relation to this area, Porter and Kramer (2011) 

argues that companies and communities are very much 

mutually dependent of each other and that companies 

needs to contribute to the prosperity of their community to 

be competitive. Further they argue that these principles 

equally apply to governments and non-profit organizations 

as it doesn’t matter who created the value, but rather that 

it was created by the organization that are best-positioned 

to create the most impact for the least cost. Although CSR 

is as important for governments and public organizations 

as it is for the business sector the challenges are different, 

as public organizations are often politically controlled and 

often are performing operations directly associated with 

social needs and operations affecting people and the 

environment.  

Over the last decade European governments have 

become strong drivers for CSR as they adopt policies to 

promote and encourage CSR, such as social and 

environmental criteria in supplier policies and ethical 

purchasing, outsourcing CSR policies for public contracts 

and consequently promoting ethical investment decisions. 

(Albareda, Lozano, & Ysa, 2007). Governments 

communicate their promotion of CSR in different ways but 

commonly through these policies, some of which are 

aimed at improving their own CSR, with internal policies, 

and thus recognizing the importance of leading by example 

(ibid.). This approach is embraced by the Swedish 

government as they are promoting ambitious CSR policies 

for companies in their communication to the Swedish 

parliament (Ministry of Enterprise and innovation, 2015). 

The Swedish government further acknowledges their own 

responsibility by recognizing opportunities to increase 

their environmental and social impacts when dealing with 

public procurements (Ministry of Enterprise and 

Innovation, 2017). The government is by doing this giving 

strong incentives for companies to take CSR principles 

into consideration since public contracts, which amounted 

to an estimated 625 billion Swedish crowns 2014 

(Upphandlingsmyndigheten, 2016), can be a big part of 

their business. 

2.3. IDENTIFYING ADDED VALUES 

THROUGH ENVIRONMENTAL 

RATING TOOLS 

Environmental rating tools are used to make and 

communicate comprehensive environmental assessment 

of buildings. There are many highly credited certification 

systems, e.g. LEED, BREEAM, ENERGY STAR and EU 

Greenbuilding, that can be used to assess measures for e.g. 

increased energy efficiency, indoor environmental and 

material quality for the renovation of buildings. Wu, Shen, 

Yu and Zhang (2016) compiled 29 Green Building Rating 

Systems, which in this case is synonymous with the term 

‘Environmental rating tools’, and concluded that in a 

comparison with LEED, BREEAM, GG and GBI, the 

system ESGB treated construction waste management 

most significantly.  Juan, Gao and Wang, (2010) integrated 

the criteria of the environmental tools LEED, BREEAM 

and GBTool to determine the current conditions of office 

buildings, and through interviews with building renovation 
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contractors and experts determined possible renovation 

actions to be optimized; Brown, Malmqvist, Bai and 

Molinari (2013) assessed a building through the use of the 

environmental tool Miljöbyggnad and evaluated 

renovation packages for energy efficiency increase 

through bought energy demand and life-cycle cost 

calculations and was able to identify positive IEQ impacts 

as added value.  

Especially important for the purposes of this study is 

the previously mentioned tool, Miljöbyggnad (MB). This 

tool will be further explored in chapter 4 where its 

application in the case study is described. It is an 

environmental rating tool developed specifically for the 

Nordic climate conditions and is at the time of writing the 

most used certification system for buildings in Sweden 

(SGBC a, n.d.). As of now, the Sweden (sic) Green 

Building Council (SGBC) has listed 875 certified 

buildings on their website (SGBC b, n.d.). Of the 875 MB-

certified buildings in Sweden, 38 are preschool buildings. 

32 of these certified preschool buildings are listed as being 

newly constructed buildings and only one is listed as being 

a renovation project. (SGBC b, n.d.) 

An environmental certification tool can be used to 

determine a refurbishment actions added value, in 

reference to the specified tool (e.g. Brown et.al, (2013)). 

Since added value can be very case-specific it is important 

to clearly declare the chosen reference point to enable a 

more systematic assessment approach. Once a reference 

point has been chosen, a refurbishment option can be 

further analyzed in detail since the added value assessment 

can complement a purely economic assessment. For the 

purposes of the preschool case study upon which the 

REN2017 method will be demonstrated, the primary 

reference point for added value was chosen to be indoor 

environmental quality. 

It has been shown that there is an increased 

willingness to pay regarding certified green buildings, as 

well as an association with higher rents (with either LEED 

and/or ENERGY STAR label) in the US (Eichholtz, Kok, 

& Quigley, 2010). While similar results have been shown 

to be true in Sweden, the increased willingness to pay is 

not attributed to the green label itself, but rather to the 

interest in and perceived importance of energy and 

environmental factors (Zalejska-Jonsson , 2014). 

Eichholtz et al. (2010) speculates that the intagible effects 

of the label itself, such as the beliefs about an improved 

corporate image as well as a healthier and more productive 

work force, that plays the bigger role  when determining 

the values of these green buildings in the  marketplace. 

From a strictly financial point of view Zalejska-Jonsson 

(2014) finds that the willingness to pay a premium for low-

energy buildings is mostly a rational investment decision 

regarding the buldings energy-efficiency. While it is not 

unreasonable to conclude that the positive attitude and 

increased willingness to pay also applies to a preschool 

establishment, it is not a certainty. A possible positive 

effect a green label can have on a preschool might be that, 

as Eichholtz et al. (2010) notes, it demonstrates the owner's 

commitment to environmental stewardship and social 

responsibility, which may be an important factor for 

preschool establishments. 

2.4. PRESCHOOL INDOOR 

ENVIRONMENTAL QUALITY 

CONCERNS 

Swedish children ages 1-5 that attend preschool spend on 

average 30 hours per week in the preschool establishment 

(SCB, 2004). While the time spent indoors varies by for 

example establishment and season, the indoor 

environmental quality (IEQ) has significant impact on the 

well-being of the individuals in the preschools. Children 

are especially vulnerable as they have higher inhalation 

rates per unit of body weight than adults (EPA, 2008; 

Ginsberg, et al., 2002); young children play close to the 

ground and come into contact with contaminated dust and 

various contaminants by oral exploration and by touching 

e.g. floors, surfaces, carpets and toys (Gurunathan, et al., 

1998; Lewis, Fortune, Willis, Camann, & Antley, 1999; 

Garry, 2004). Children may differ from adults in terms of 

vulnerability to environmental pollutants (EPA, 2000); 

some environmental contaminants may have longer half-

lives in children than in adults (Garry, 2004); high levels 

of exposure to indoor air pollution and allergens may be 

correlated to asthma (Breysse, et al., 2005), (Bornehag, 

Sundell, & Sigsgaard, 2004); cancer potencies per year of 

exposure to carcinogenic contaminants can be an order of 

magnitude higher during childhood than during adulthood 

(EPA, 2005). 

In 2007 the Swedish Energy Agency and Boverket 

presented a report on an IEQ study on 131 Swedish schools 

and preschools. The study identified issues and made 

recommendations on how to proceed with improving the 

IEQ. A selection of generally identified issues 

(Energimyndigheten & Boverket, 2007): 

• 72 % of the schools and preschools in the study did 

not have flicker-free lighting. 

• 2/3 of the studied objects had at least one aspect that 

have negative impact on air quality.  

• 40 % of the objects did not meet the standards of the 

air quality inspections. 

• Almost 75 % of the objects had air climate problems 

that can be directly be connected to ailments for the 

users. Air temperature quality and odor were the 

most common issues. 

• The risk of legionella was significant for the studied 

schools and preschools 

• Some form of acoustic problem was identified in 

roughly half of the objects. The issue was worse in 

the preschools than the schools. 

• Issues with the thermal climate was identified in 75 

% of the objects.  
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• Moisture problems were identified in roughly 80 % 

of the objects. 

• 75 % of the objects had some form of risk or problem 

related to the foundation of the building.  

 

The recommendations included, but were not limited to: 

installation of sunscreens; guarantee that the supply air 

flows at least fulfill minimum requirements; the 

performance of more rigorous air quality controls; 

ensuring good IEQ when refurbishing and managing the 

objects; installation of well performing control equipment. 

(Energimyndigheten & Boverket, 2007) 

3. RESEARCH STRATEGY 

Evaluating a building from a cost-effective energy-specific 

perspective while incorporating added values is a complex 

task. Beneficial adjustments are specific to a particular 

building and varies with existing issues and managerial 

intentions – an adjustment that solves an actual issue is, of 

course, more value-adding than an adjustment addressing 

a non-issue. Thus, due to the complexity and specificity of 

the task, the REN2017 method was designed to be 

prescriptive and heuristic in nature, in order to be 

adaptable from case to case, Figure 2. A specific use of this 

general method will be described in chapter 4. Prescription 

driven research was well suited to the study at hand as it is 

solution-focused, rooted in the design science paradigm 

(e.g. Medicine and Engineering), has a player driven 

perspective and results in a research product of a heuristic 

nature (Aken, 2004). The general logic of a prescription is 

“if you want to achieve Y in situation Z, then perform 

action X”. A heuristic prescriptive method is general and 

must be modified and fitted to a specific problem – “if you 

want to achieve Y in situation Z, then something like action 

X will help”. (ibid.) Here, “something like action X” will 

encompass a wide variety of the skills, experiences and 

knowledge of a professional aiming to “achieve Y”.  

 

Figure 2. By applying the REN2017 approach to a case 

object, suggestions for improvements based on the needs 

of the user can be identified and evaluated. (Own 

construction) 

The REN2017 method was designed in a pragmatic and 

iterative manner. As such, it utilizes an abductive logic 

which is especially appropriate as a nonlinear process is 

being utilized in order to support theory with empirical 

findings and vice versa (Dubois & Gadde, 2002). To do so 

requires going back-and-forth between different research 

activities, a process previously described by Dubois and 

Gadde (2002) as “systematic combining”. The 

methodology employed when designing REN2017 is 

further made synonymous with Dubois and Gadde’s 

description of the systematic combining approach: 

“Systematic combining can be described as a nonlinear, 

path-dependent process of combining efforts with the 

ultimate objective of matching theory and reality” 

The literature study consisted of consulting scientific 

articles for existing methods of building evaluation, 

refurbishment selection and refurbishment option 

evaluation. Documentation analysis of official 

government documentation, as well as official 

documentation from organizations was performed to 

gather information regarding for example, national and EU 

goals, statistics for energy use, the state of indoor 

environment of preschools. The integrity and validity of 

the documents were assessed through a series of questions 

as suggested by Bryman and Bell (2013, p. 573): 

• Who created the document? 

• Why was it created? 

• Was the person or the group who created the 

document in a position that allowed them to write in 

an authoritative way concerning the subject at hand? 

• Did the individual or group that created the 

document have personal interests to defend? If so, 

can a specific bias be detected? 

• Is the document typical? If not, is it possible to detect 

in what way it is atypical and/or the extent of the 

atypicality.  

• Is the content of the document clear? 

• Is it possible to confirm the scenarios or accounts 

presented in the document? 

• Can the documents be interpreted differently than in 

the way presented for the purposes of the study at 

hand? If so, what are these interpretations and why 

are they being discarded? 

A qualitative content analysis approach is likely the 

most common approach regarding a qualitative 

documentation analysis, and utilizes a search for 

underlying themes of the analyzed material (Bryman & 

Bell, 2013). This approach was used for the purposes of 

this study, considering themes such as ways to evaluate the 

performance of a building, common refurbishment 

measures, sustainability and indoor environmental quality. 

Qualitative, empirical data was collected through a 

single-case study approach with threads of action research 

(e.g. a clinical approach, interaction with key personnel 

and end-users and a strong emphasis on local problem-

solving (Aken, 2004)) inducing theoretical research based 

on case study findings.  

A case study approach allows investigators to retain 

holistic and realistic characteristics of real-life events (Yin, 

 

IMPROVEMENT 
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2003). As such, an explorative single-case study was 

performed to enable the evaluation of the method, in 

accordance with the aim of the study. The single-case 

study approach was used to capture conditions of a locally 

and contextually typical building. The traditional 

prejudice, according to Yin (2003, p.10), is that a study 

may suffer from the high specificity of a single-case study 

approach as it is ill-fitted for making scientific 

generalizations. However, Dubois and Gadde (2002) 

argues that since scientific findings are unstable over time, 

the best understanding of how a phenomenon interacts in 

a particular environmental context is best understood 

through a thorough single-case study approach. They 

continue to argue that many of the possible negative 

aspects that originates from the high specificity of a single-

case study can be mitigated through an abductive 

approach, with its strong reliance on theory.  

3.1. THE REN2017 METHOD 

REN2017 was designed as a post-occupancy evaluation 

method to primarily be used in an investigative manner to 

compile and incorporate available documented data and 

collected user opinions into a result.   

Thus, as described in Figure 3, the method is based upon: 

• Identification. Assuming that refurbishment options 

are not known beforehand, the method must enable 

the identification of options. Assuming that 

important result parameters are unknown, the model 

should provide a simple-to-use way to suggest 

important parameters to consider.  

• Evaluation. Once options are identified, the method 

should provide ways to compare one option to 

another, as well as combinations of options into 

packages, from an energy-economic and value-

adding viewpoint. 

 
Figure 3. The basis of the REN2017 method. (Own 

construction) 

The proposed post-occupancy evaluation method was 

formed to meet the method’s intentions and consists of 

several stages. 

3.2. IDENTIFICATION 

The identification process attempts to establish a picture of 

the building’s status. Based on this, possible refurbishment 

options can be suggested. Identification in the REN2017 

method is performed through the use of environmental 

rating tools, documentation analysis, inspections, and 

communication with end-users, see Figure 4.   

Environmental rating tools can provide suggestions 

and framework and can be used for identification and 

evaluation purposes, as suggested in previous chapters. 

The use of an environmental rating tool provides third-

party boundaries and guidelines to the process and presents 

a synoptic assessment of the building and potential 

deficits. There are many environmental tools for building 

evaluation that all involve different parameters and are fit 

for different purposes. If, for example, water consumption, 

waste management and access to public transport are 

valuable factors for the evaluation, one could choose to 

evaluate through LEED or BREEAM. Assessment through 

application of environmental rating tools is done according 

to the established methodology of the specific tool thus the 

methodology will not be further discussed here. 

 

 

Figure 4. The identification process of a building through 

the REN2017 method results in suggestions for possible 

improvements. (Own construction) 

Documentation analysis of the building and its system as 

well as related projects provide ways to assess the 

building, its history and allows identification of possible 

issues. Any documentation pertinent to the building and its 

history is of interest in the documentation analysis process. 

This includes but is not limited to building permits, 

technical specifications, approved inspection documents, 

renovation history. Documentation analysis may or may 

not be a requirement of the chosen environmental rating 

tool. Archived material is not affected by the researcher’s 

values and prejudices, thus these factors can largely be 

discarded regarding the validity of the data (Bryman & 

Bell, 2013, p. 550). However, the quality of the documents 

should be evaluated, for example in accordance with the 

series of questions posed by Bryman and Bell (2013, p. 

573), as described in the previous section. 

It should be noted that the collection of 

documentation, and the analysis of documentation data can 

be a very time-consuming process. Organization-specific 

documents such as goal specifications, internal 

communications, meeting protocols, etc., while useful in 

establishing a timeline of the building can be additionally 

difficult to access. (Bryman & Bell, 2013, p. 556) 

IDENTIFICATION 

What is the state 

of the building? 

What has been 

done? 

What is 

important and 

reasonable to 

improve? 

 

EVALUATION 

What are the 

energy-economic 

and value-adding 

effects of an 

improvement? 
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As previously stated, a qualitative content analysis 

approach is likely the most common approach regarding a 

qualitative documentation analysis. The themes of the 

underlying material depend on the purpose of the 

documentation analysis, but key themes include building 

component specifications, energy consumption data and 

use and alterations of a building.  

The opinions of key personnel and end-users should 

be considered essential when identifying and evaluating a 

building with REN2017. Qualitative interviews and 

surveys (questionnaires) are example methods of acquiring 

such information. The methods one choose to use in order 

to gain this information must be fitted to the specific 

situation, expertise and resources at hand. One example is 

the method suggested by Kim, Oh and Kim, (2013) for 

evaluating the performance of green buildings with an 

emphasis on user experience. The researchers investigated 

the applicability of the method by collecting data on user 

experience through a questionnaire study of residents of a 

certified green building and were able to identify building 

attributes that did not meet with user’s satisfaction or 

needs. The design of qualitative interviews, such as semi- 

or unstructured interviews, can vary depending on how the 

researcher chooses to approach the subject. Semi-

structured interviews where questions are prepared 

beforehand but not necessarily presented according to the 

predetermined plan, might be suitable in situations where 

it is deemed necessary to allow the respondents freedom to 

freely form their answers (Bryman & Bell, 2013, pp. 475-

476). Unstructured interviews tend to be similar to a 

normal conversation. The interviewer can ask single 

questions and react with follow-ups on points that seem 

relevant (Bryman & Bell, 2013, p. 475) and the respondent 

is given almost full liberty to discuss reactions, opinions 

and behavior on a particular issue (Ghauri & Grønhaug, 

2002, p. 101). This type of interview can fit a situation 

where one can combine information gathering with other 

activities, such as during on-site inspections. 

If a statistical assessment is deemed appropriate, 

structured interviews or surveys can enable the collection 

of large amounts of data regarding opinions and attitudes 

of respondents in a quantitative fashion in order to allow 

for correlative or causative conclusions to be drawn. These 

are based upon predetermined questions and interview 

formats, which allows for compilation and comparison of 

answers between respondents through quantitative 

measures and statistical methods (Ghauri & Grønhaug, 

2002, p. 100; Bryman & Bell, 2013, p. 246).  

A source of information are people who have a 

history with the building e.g. residents/staff, engineers or 

technicians with knowledge of the building’s present and 

past. On-site inspection is recommended in REN2017 as 

these give an evaluator the opportunity to confirm or 

discard information gathered from the documentation 

analysis.  

Once the building baseline case is identified, 

including measures that have historically been performed, 

possible refurbishment measures can be suggested. 

Suggestions can be based on e.g. expert opinion; 

comparisons with similar cases where actions have been 

taken; or; commonly performed refurbishment measures 

(e.g. (BeBo, 2013)). The use of environmental tools also 

enables suggestions to be made by proposing measures to 

combat deficiencies and inadequacies that ware identified 

in the assessment process. 

3.3. EVALUATION 

The evaluation step of the method consists of an energy-

economic assessment of the refurbishment measures 

suggested by the identification step, followed by a value-

adding assessment, see Figure 5.  

 

Figure 5. The evaluation process of REN2017 determines 

the cost of conserving energy, and added values connected 

to the suggested improvements, leading to management 

information for investment decision-making. (Own 

construction) 

Calculations regarding investment costs and energy 

savings are performed to identify the profitability of the 

specific investments, as well as in combinations with each 

other. The marginal cost of conserved energy in SEK/kWh 

for a specific measure (CCE) is calculated as suggested by 

Morelli, Harrestrup and Svendsen (2014) in equation 1, 

where 𝑡 is the ratio between the reference period 

𝑛𝑟  (𝑦𝑒𝑎𝑟𝑠) and the technical lifetime 𝑛𝑢 (𝑦𝑒𝑎𝑟𝑠); 

𝑎(𝑛𝑟 , 𝑑) is the capital recovery rate, equation 2, for which 

𝑑 is the real interest rate; 𝐼𝑚𝑒𝑎𝑠𝑢𝑟𝑒 is the marginal 

investment cost (SEK); = Δ𝑀𝑦𝑒𝑎𝑟 is the change in annual 

maintenance cost (SEK). Δ𝐸𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛,𝑦𝑒𝑎𝑟 is the change in 

energy consumption during operation of the measure 

(kWh); 𝑝𝑒𝑛𝑒𝑟𝑔𝑦𝑡𝑦𝑝𝑒  is the price for the energy consumed 

(SEK, heat or electricity); Δ𝐸𝑦𝑒𝑎𝑟 is the change in annual 

energy conserved by the measure (kWh). The CCE allows 

a comparison of the measures independent of energy price. 
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The CCE for all proposed measures are sorted from 

lowest to highest i.e. most efficient to least in terms of 

expenses per saved unit of energy. To combine measures, 

the total cost for the combination of measures is divided 

by the total energy savings of the combination, equation 3. 

Determination of added values for each 

refurbishment option has to be analyzed on a case per case 

basis depending on the intent of the researcher as well as 

on identified issues. Some added values may apply to one 

case but not to another, e.g. for a building with no reported 

issues with the thermal winter climate, measures that 

improve the climate cannot be considered to add 

significant value on top of primary values. Care should be 

taken when analyzing self-reported perceived issues. 

In some cases, an evaluation may conclude that the 

building is in need of major action, now or in the near 

future. A new building can be seen as an option to 

renovation if the costs are similar or if the old building is 

no longer able to fulfill its intended purpose.  The cost for 

demolition and replacement of a building depends on 

whether the same plot of land is used or if procurement of 

new property is necessary. Either way, demolition and 

disposal of old material is important to include in an 

evaluation.  

4. EXPLORATIVE CASE: REN2017 

APPLIED 

 A case study was performed as a simple example with 

limited resources to explore the usefulness of the model. 

The case study describes how the general method was 

applied to the specific case of an older Swedish preschool 

– Hökåsen preschool in Västerås, Sweden. The building, 

owned by the city of Västerås (Västerås Stad), was 

considered in need of refurbishment by the facility 

managers H2M Fastighetsteknik. Indoor environmental 

quality was considered important in addition to energy-

economic factors by both the facility managers and the 

owner. 

This chapter will begin with the identification 

process, followed by the evaluation of identified 

refurbishment options. The chapter ends with the case 

outcome and recommendations attained based on the use 

of the method. 

4.1. IDENTIFICATION 

The identification process begins with the creation of case 

descriptions to give an overview of the case and reference 

objects made through qualitative documentation analysis, 

on-site inspections and unstructured interviews conducted 

with key personnel. It continues with a brief description 

and motivation of the chosen environmental assessment 

tool Miljöbyggnad and an explanation of how the tool was 

used in the assessment of the case and reference objects. 

Surveys were chosen for the case study as a way to gather 

quantifiable data of the end-users’ opinions regarding the 

indoor environment. The specifics of, and the motivation 

behind, the survey method and its results are presented 

towards the end of this section.  

Building case descriptions 

The constructional design of the studied preschool was 

typical for the time of construction. As such, two examples 

of preschools, similar to the case study object (see Figure 

6), which had previously undergone renovation were used 

as reference objects under the assumption that any action 

performed on the reference objects would be relevant to 

the study object.  

 

Table 1. Equations 1-3. 

   

Cost of conserved energy 
(SEK/kWh) 𝐶𝐶𝐸 =

[𝑡 ∗ 𝑎(𝑛𝑟 , 𝑑) ∗ 𝐼𝑚𝑒𝑎𝑠𝑢𝑟𝑒 + Δ𝑀𝑦𝑒𝑎𝑟 + Δ𝐸𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛,𝑦𝑒𝑎𝑟 ∗ 𝑝𝑒𝑛𝑒𝑟𝑔𝑦𝑡𝑦𝑝𝑒]

[Δ𝐸𝑦𝑒𝑎𝑟]
 

 

Eq.1 

Annuity factor 
𝑎(𝑛𝑟 , 𝑑) =

𝑑(1 + 𝑑)𝑛𝑟

(1 + 𝑑)𝑛𝑟 − 1
 

Eq.2 

Cost of conserved energy, 
combination of actions 
(SEK/kWh) 

𝐶𝐶𝐸 =
ΣΔ𝐶

ΣΔ𝐸
 

Eq.3 
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The study object and the two reference objects (A and B) 

were investigated through a documentation analysis and 

through on-site inspections. The documentation analysis 

involved research into e.g. past building permits, energy 

declaration and approved inspection documents. 

Additionally, reference object A had been the focus of past 

thesis work for which a thorough technical documentation 

had been performed, which was used in conjunction with 

previous stated documents. The on-site inspections were 

performed with personnel familiar with the buildings. The 

study object was visited twice. Once with the chief 

operating officer and the production manager at H2M 

Fastighetsteknik, responsible for the technical 

management of all three objects; and once with two energy 

advisers from Västerås Stad. Reference object A was 

visited once with the energy advisers. Reference object B 

was visited twice, the first time with a civil engineer 

employed by Västerås Stad with significant experience 

with the three objects, and the second time with the energy 

advisers of Västerås Stad. Conversations were had during 

and in connection with the inspections to gather 

information from personnel familiar with the objects.  

Summary of reference object A, Nordanby 

Nordanby preschool, Figure 7, was constructed in 1967 

with six units. In 1976 one additional unit was constructed 

and another one was raised in 2006 for a total of eight units 

at the time of this study. In addition to the construction of 

a new unit in 2006, the preschool underwent refurbishment 

and reconstruction. The main actions undertaken were 

insulation of outer walls, insulation of roof, and insulation 

of the concrete slab. The roof insulation included an inner 

roof and an addition to the outer roof presumably to fit the 

ventilation ducts, as can be seen in Figure 8.

 

Figure 8. The roof extension of Vetterslund preschool. 

Similar construction can be found at Nordanby 

District heated floor heating and radiators were installed; 

new mechanical ventilation systems with heat exchangers 

(9 systems); all windows were replaced to 3-pane; energy 

efficient doors were installed; new, larger entryways were 

constructed (~28 m2). At the time of this study, venetian 

blinds were installed in all windows.  

Summary of reference object B, Vetterslund 

Vetterslund preschool, Figure 9, was established in 1968 

and was added to with more units in 1978, it is unknown 

Figure 6. The floor plans of the reference and study 

objects illustrate the similarities between the objects. 

From top to bottom: Ref A, Nordanby; Ref B, Vetterslund; 

Study object, Hökåsen. Courtesy of Västerås Stad. 

Figure 7. Reference object A, Nordanby preschool, 

courtesy of Västerås Stad. 

Figure 9. Reference object B, Vetterslund preschool, 

courtesy of Västerås Stad. 
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how many units were constructed at a given point. In 2004 

the preschool underwent major refurbishment and the 

archives show building permits from 2003, however these 

documents have not been accessible. According to an 

interview with a civil engineer at Västerås Stad, one unit 

was replaced by a newly constructed unit “around that 

time”. At present time, the preschool consists of six 

modular units. On-site inspection of Nordanby and 

Vetterslund showed that Vetterslund have undergone 

similar refurbishment and reconstruction to that of 

Nordanby: additional insulation of roof with the same 

addition partition; the wall thickness was comparable to 

that of Nordanby thus the assumption is the outer walls had 

been additionally insulated; heated floors and radiators; all 

six ventilation systems were mechanical with heat 

exchanging capabilities (cross flow) with installation year 

2006 except system 6 which was installed somewhere 

between the OVK evaluations of 2012 and 2015; all 

windows were 3-pane and all doors were deemed 

relatively new. All windows were equipped with venetian 

blinds for sun screening, and one house side 

(southernmost, facing south) was equipped with awnings. 

Likewise, Vetterslund also had relatively new large 

entryways/cloakrooms designed the same way as the ones 

on Nordanby (~28 m2).  

 

Summary of study object, Hökåsen 

The study object of the case study was Hökåsen preschool 

in Västerås, Sweden as seen in Figure 10. Hökåsen was 

constructed in 1969 with two additional units raised in 

1972. At the time of the study, Hökåsen consisted of six 

modular units, more or less identical to each other and 

interconnected through a corridor.  

Most windows were 2-pane glass windows of which 

the majority had venetian blinds (approximately 80 %). 

Six ventilation systems provide air for the six houses, and 

one system serves the kitchen air supply as well as house 

2 for a total of seven ventilation systems. All systems sans 

the kitchen system were rotary air-to-air heat exchangers 

installed in 1994, with water based post heaters. The 

seventh system was installed in 1992 and had no heat 

recuperating capabilities. Floor heating was installed in 

select areas. No additional roof insulation; all doors were 

older than the doors on Nordanby and Vetterslund; the 

cloakrooms at Hökåsen had not been rebuilt and were 

small in comparison to Vetterslund and Nordanby (~8 m2). 

The outer walls of Hökåsen were thicker than the walls of 

both Nordanby and Vetterslund, indicating wall insulation 

of at least similar levels. All three preschools were heated 

through district heating. 

Joint description summary of case objects 

Where documentation of the technical specifications for 

the preschools could not be attained, the specs were based 

on Grillfors and Holmberg (2007). The specifications for 

Hökåsen were based on Nordanby specs pre-renovation 

while Vetterslund specs were based on Nordanby post-

renovation where the same refurbishment actions apply. 

Technical specifications for the buildings are summarized 

in Table 2.  

 

Assessment through Miljöbyggnad 

As Miljöbyggnad is an environmental tool developed 

specifically for Swedish conditions and emphasizes 

evaluating the factors energy and IEQ, it was the 

environmental rating tool of choice for this case study. 

Miljöbyggnad evaluates the areas energy, IEQ and 

materials & chemicals. The areas are split up into a total of 

Figure 10. The study object of the case study, Hökåsen 

preschool, courtesy of Västerås Stad. 

Table 2. Technical specification summary of the 

reference and study objects. Heat transfer coefficient 

in W/m2,K; areas in m2. 

Section Description U-value Ref A, 
area 

Ref B, 
area 

St.obj. 
area 

Floors Concrete 
slab 

0.29 1005 
 

1067 
 

915  

 Concrete 
slab 
(insulated) 

0.195 402   

Outer 
walls 

Wood stud 
wall with 
wood 
paneling 

0.261 717 
 

620 
 

 

 Wood stud 
wall with 
wood 
paneling 

0.229   513  

Windows Triple-
pane 
windows 

1.2 134 
 

110 
 

16 
 

 Double-
pane 
wooden 
windows 

3 - - 94 
 

External 
doors 

Glass 
door, 
aluminum 

1.5 23 
 

32 
 

- 

 Wooden 
door with 
small 
window 

2.5  25 
 

- 32  

Roof Insulated 
roof (250 
mm) 

0.138 1404 
 

1067 
 

- 

 Insulated 
roof (130 
mm) 

0.309 - - 915  
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12 aspects, which in turn are divided into one or more 

indicators for evaluation. The system uses a total of 16   

indicators with specified rating criteria, stipulating 

requirements for a Gold, Silver, Bronze or Rated rating. 

The aggregate of these indicator results is then used to 

determine the area, aspect and single unit ratings (SGBC, 

2014 a). Compared to similar international environmental 

rating tools, MB is less complex than LEED and 

BREEAM since it uses fewer indicators and covers less 

areas. For the same reason, it is more complex than EU 

Green Building. (SGBC c, n.d.) The indicators outlined by 

the tool for existing buildings, and a rough approach of 

evaluation are described in Table 3. The indicators with a 

methodological approach that require further explanation 

are detailed in the text ahead. Table 4 show the equations 

used for assessing the indicators and Table 5 show a 

summary of the Miljöbyggnad assessment and the 

corresponding grade to each indicator for the three study 

objects. For MB grade requirements, refer to Appendix A. 

For further information refer to the Miljöbyggnad 

methodology for existing buildings (SGBC, 2014 a,b). As 

the scope of this study was limited to energy efficiency and 

indoor environmental quality of Swedish buildings, MB 

was considered to be the best fitting environmental rating 

tool for this case study. 

Indicator 1. Energy consumption 

Energy consumption is a measure of a building’s annual 

specific energy use as defined in the energy declaration 

expressed as energy per heated area, 𝑘𝑊ℎ/𝑚𝐴𝑡𝑒𝑚𝑝
2 . The 

specific energy is the energy the building consumes in a 

normal year for heating purposes as well as for running 

machinery vital to the operation of the building, (e.g. 

electricity for ventilation is included, electricity for 

running the clothes dryers is not) i.e. the consumption 

divided by the heated area corrected through a 

normalization factor 𝑐 for a reference year, see equation 4. 

In the available energy declarations for the study and 

reference objects, the normalization was done with the 

SMHI energy-index system. While 2016 energy 

consumption data for the three preschools have been 

available to this study, the energy-index system have not. 

The normalization coefficient for 2016 for a preschool 𝑖  

were approximated as proportional to the 2010 energy 

declarations for each object, equation 5. 

For Hökåsen, the electricity required for operational 

purposes was discernable from the total in the energy 

consumption data. However, for the other two objects only 

data for the total electricity consumption was available. 

The assumption was to use the same quota between 

operational electricity and total electricity as was used in 

the 2010 energy declaration, for a specific preschool 𝑖 

(equation 6).  

 

Indicator 2. Heat effect demand 

The heat effect demand indicator rewards buildings that 

have been designed and built to limit the heating effect at 

the n-day mean air temperature (DVUT), i.e. the design 

temperature regarding heat effect, the coldest mean winter 

temperature. 

The heat effect demand was calculated accordingly 

to the MB methodology (SGBC, 2014 b), see equation 7. 

The MB tool specifically designed for this calculation was 

utilized with data from Table 2 and a DVUT of -19 °𝐶. 

Indicator 3. Solar heat gain 

Rewards buildings designed and built to limit the heat gain 

during summer time thus limiting overheating. 

Table 3. Miljöbyggnad indicators for existing 

buildings (SGBC, 2014 b) and the methodology used 

for evaluation of each indicator. 

Indicator Approach 

1. Energy 
consumption 

Blueprints, energy 
declaration 

2. Heat effect 
demand 

Blueprints; On-site 
ocular inspection  

3. Solar heat gain Blueprints; On-site 
ocular inspection  

4. Energy mix Documentation of 
energy mix from 
producer 

5. Sound 
environment 

On-site listening 
control, survey 

6. Radon 
concentration 

Documented radon 
tests 

7. Ventilation 
standards 

Inspection of 
ventilation system; 
CO2-test; OVK report; 
survey 

8. Nitrogen dioxide Estimate from local 
NO2 measurements 
(Västerås Stad, u.d.) 

9. Damp proofing On-site measuring; 
ocular inspection; 
survey 

10. Thermal climate, 
winter 

Blueprints; on-site 
inspection, survey 

11. Thermal climate, 
summer 

Blueprints; on-site 
inspection, survey 

12. Daylight Blueprints; on-site 
measuring 

13. Legionella On-site measuring 

16. Decontamination 
of hazardous 
substances 

On-site ocular 
inspection of risk 
factors 
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The solar heat gain was calculated using the 

proposed methodology of MB (SGBC, 2014 b), equation 

8, for windows towards east and west via south (i.e. 90 to 

270 degrees, assuming north = 0), where 𝑔𝑠𝑦𝑠𝑡is the total 

solar energy transmittance of the glass and solar 

protection; and 800 𝑊/𝑚2 assumes that the maximal 

irradiance towards a vertical surface between the spring 

and fall equinoxes is 800 𝑊/𝑚2. The 20 % worst rooms 

(e.g. largest windows in proportion to the room, worst 

solar protection etc.) were evaluated and the room with the 

highest SVL dictates the indicator grade. 

Indicator 4. Energy mix  

Rewards buildings that consume renewable energy, energy 

associated with low emissions and low waste. Proportions 

of environmentally certified renewable energy, non-

environmentally certified renewable energy and non-

renewable energy are calculated.  

The district heating fuel mix in Västerås 2016 were 

57 % recycled waste, 35 % renewable, 4 % peat and 4 % 

fossile (Mälarenergi, 2016 a). No change in energy mix 

will be caused by any proposal of this study. 

Indicator 10. Thermal climate, winter 

The transmission factor describes the cooling effect from 

windows during the winter season for representative 

rooms, equation 9 (SGBC, 2014 b). The lowest TF decides 

the indicator grade. Survey results were taken into account. 

Indicator 11. Thermal climate, summer 

The sun heat factor is an expression that describes the 

result of heat gain from windows affect the indoor climate 

for representative rooms, equation 10 (SGBC, 2014 b). 

The lowest SVF decides the indicator grade. Survey results 

were taken into account. 

Indicator 12. Daylight 

The daylight quality was assessed through a factor based 

on relative size of windows to floor for representative 

rooms, equation 11. The lowest AF decides the indicator 

grade. Survey results were taken into account. 

Indicator 13. Legionella 

No legionella tests could be performed for this study. 

Indicator 16. Decontamination of hazardous substances 

No tests were performed for this study, besides a general 

overview during on-site inspection.  

Table 4: Equations 4-11 used for assessing the respective MB indicator. 

    

Indicator 1 
𝐸 =

𝑐(𝐸ℎ𝑒𝑎𝑡𝑖𝑛𝑔 + 𝐸𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛)

𝐴𝑡𝑒𝑚𝑝
   

𝑘𝑊ℎ/𝑚𝐴𝑡𝑒𝑚𝑝

2  Eq.4 

 
𝐸2016,𝑛𝑜𝑟𝑚,𝑖 = (𝐸2016,ℎ𝑒𝑎𝑡𝑖𝑛𝑔,𝑖 + 𝐸2016,𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛,𝑖) ∗

𝐸2010,𝑡𝑜𝑡,𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑,𝑖

𝐸2010,ℎ𝑒𝑎𝑡𝑖𝑛𝑔,𝑖 + 𝐸2010,𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛),𝑖
 

𝑘𝑊ℎ Eq.5 

 
𝐸2016,𝑒𝑙,𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛,𝑖 =

𝐸2010,𝑒𝑙,𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛,𝑖

𝐸2010,𝑒𝑙,𝑡𝑜𝑡,𝑖
∗ 𝐸2016,𝑒𝑙,𝑡𝑜𝑡,𝑖 

𝑘𝑊ℎ Eq.6 

Indicator 2 𝑃𝑡𝑜𝑡

𝐴𝑡𝑒𝑚𝑝
=

𝑃𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 + 𝑃𝑎𝑖𝑟 𝑙𝑒𝑎𝑘𝑎𝑔𝑒 + 𝑃𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛

𝐴𝑡𝑒𝑚𝑝
  

𝑊/𝑚𝐴𝑡𝑒𝑚𝑝
2  Eq.7 

Indicator 3 
𝑆𝑉𝐿 = 800 ∗ 𝑔𝑠𝑦𝑠𝑡 ∗

𝐴𝑔𝑙𝑎𝑠𝑠

𝐴𝑟𝑜𝑜𝑚
 

𝑊/𝑚2 Eq.8 

Indicator 10 
𝑇𝐹 = 𝑈𝑔𝑙𝑎𝑠𝑠 ∗

𝐴𝑤𝑖𝑛𝑑𝑜𝑤

𝐴𝑓𝑙𝑜𝑜𝑟
  

𝑊/𝑚2 Eq.9 

Indicator 11 
𝑆𝑉𝐹 = 𝑔𝑠𝑦𝑠𝑡 ∗

𝐴𝑔𝑙𝑎𝑠𝑠

𝐴𝑟𝑜𝑜𝑚
  

− Eq.10 

Indicator 12 
𝐴𝐹 =

𝐴𝑔𝑙𝑎𝑠𝑠

𝐴𝑟𝑜𝑜𝑚
  

− Eq.11 
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Assessment of perceived indoor environmental quality 

Since the case involved preschools utilized Miljöbyggnad 

as an assessment tool that, in their recommended method, 

also advocates the use of the MM 040 NA sp2 survey 

template, it was used as a part of the identification process. 

This was further motivated by the survey template also 

having a lot of available data to be used as reference 

values.  

To gather information from the end-users about the 

perceived indoor environmental quality conditions, all 

three objects were surveyed. Surveys for perceived indoor 

EQ were conducted among the staff of all three study 

objects. The MM 040 NA Sp2 survey for work 

environment in preschools was used as the questionnaires 

have been used in many studies and nation-wide surveys, 

e.g. Energimyndigheten & Boverket, (2007). For further 

information about the questionnaires, refer to e.g. 

Andersson, (1998) or the manual for the school and 

preschool survey (Andersson, Stridh, Fagerlund, & 

Aslaksen, 2012). The survey data was compared to 

available reference data sets for significance through two-

proportion z-test at a 0.95 significance level. Significant 

differences between the surveyed proportions and the base 

reference data were considered for determination of base 

case IEQ. Significant issues identified at Hökåsen were 

compared with the reference objects’ significant issues, in 

order to identify, shared pre- and post-renovation issues.  

The ‘Base’ reference was used when applicable 

represented data for buildings without known climate 

problems, n=319 (Andersson, Stridh, Fagerlund, & 

Aslaksen, 2012); Where the base reference data was 

unavailable, the ‘STIL’ reference data from 37 preschools 

in a nationwide IEQ study was used as a reference, n=408 

(Andersson, Stridh, Fagerlund & Arlaksen, 2012; 

Energimyndigheten & Boverket, 2007). 

The unit non-response is the proportion of non-

participators of the surveyed group, shown in Table 66. 

The item non-response is any missing answers from the 

collected surveys. The survey tracks responses regarding 

often perceived issues. An item non-response have been 

considered to be a “non-hit”. In the Nordanby survey, one 

complete page was missing from all participants, thus no 

comparison have been made to Nordanby for the missing 

questions in this page (temperature conditions, noise and 

air quality). Where possible the survey results of Nordanby 

and Vetterslund were treated as one set of data as the 

objects have many layout similarities and have undergone 

the same refurbishment. 

 

Table 6. Number of respondents and non-response rates 

for each study object. 

 n Non-response 

Hökåsen 13 24 % 

Nordanby 10 50 % 

Vetterslund 10 50 % 

 

Survey results were tested for significance against 

reference data through two-proportion z-tests at a 0.95 

significance level. Questions regarding work environment, 

present symptoms, allergies and psychosocial 

environment were tried against the base reference data for 

buildings without known climate problems and; 

temperature conditions, noise, and air quality were tried 

against the STIL data representing typical values for 

Swedish preschools.  The survey results are shown in 

Figures 11-17. Categories with significant differences 

from the reference data are presented in  

Table 7.  

Indicator Ref A Ref B Study object 

 Nordanby Vetterslund Hökåsen 

Energy 
consumption 

Heat effect 
demand 

Solar heat 
gain 

Energy 
source 

Noise  - - 

Radon 

Ventilation 

NO2 

Damp 
proofing 

- - - 

Thermal 
climate, w 

Thermal 
climate, s  

Daylight 

Legionella - - - 

Hazardous 
substances 

- - - 

 

Table 5. Environmental rating tool assessment of the 

reference and study objects through Miljöbyggnad. 

R=Rated; B=Bronze; S=Silver; G=Gold; - 

=Assessment not possible. 
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Table 7. Identified significant differences in the Hökåsen 

survey data from the reference data. S signifies identified 

issues shared between all three objects. 

  

 Reference data: Base; survey data: Hökåsen, Nordanby, 
Vetterslund 

 Work environment 
S Draught 
S Varying room temperature 
S Room temperature too low 
 Stuffy, “bad” air 
 Dry air 
 Static electricity, often causing shock 

S Noise 
S Light that is dim or causes glare and/or reflections 
 Present symptoms 

S Fatigue 
 Hoarse, dry throat 
 Cough 

S Dry hands, itching, red skin 
 Allergies 
 Have suffered or suffers from hay fever 

S Have had or has allergic symptoms from eyes/nose 
 Perceived psychosocial environment 
 Often interesting and stimulating work 

S Often get support from fellow workers 

 Reference data: STIL; survey data: Hökåsen, Vetterslund 

 Temperature conditions 
 Generally lacking 
 Far too cold in the winter 
 Far too warm in the summer 
 Noise and acoustics 
 The noise from ventilation is disturbing 
 Acoustics 
 Air quality 
 Worse on Monday morning 
 Worse in the afternoon 
  

 

 

 
Figure 11. Responses for work environment related 

questions. The percentage of respondees that report often 

experiencing the following work environment related 

problems. Reference values for buildings with no known 

climate problems (Andersson, Stridh, Fagerlund, & 

Aslaksen, 2012) 

 

Figure 12. The percentage of respondees who report often 

experiencing the following symptoms and discomfort. 

Reference data for buildings with no known climate issues 

(Andersson, Stridh, Fagerlund, & Aslaksen, 2012). 

 

 

Figure 13. The percentage of respondees reporting having 

or have had allergies. The reference data for buildings 

with no known climate problems show no data for eye/nose 

discomfort (Andersson, Stridh, Fagerlund, & Aslaksen, 

2012) 

 

 
Figure 14. The percentage of respondees reporting often 

percieved phenomena regarding the working conditions. 

Reference value for buildings with no known climate 

problems. (Andersson, Stridh, Fagerlund, & Aslaksen, 

2012) 
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Figure 15. The percentage of respondees who report bad 

or very bad temperature conditions. Reference data for 

previously surveyed Swedish schools and preschools 

(Energimyndigheten & Boverket, 2007;Andersson, Stridh, 

Fagerlund, & Aslaksen, 2012) 

 

 
Figure 16. Percentage of respondees that report noise 

related problems. Reference data from previous mappings 

of IEQ on Swedish schools and preschools 

(Energimyndigheten & Boverket, 2007; Andersson, Stridh, 

Fagerlund, & Aslaksen, 2012). 

 

 

Figure 17. The percentage of respondees that report 

problems related to ventilation. Reference data from 

previous IEQ mappings of Swedish schools and preschools 

(Energimyndigheten & Boverket, 2007; Andersson, Stridh, 

Fagerlund, & Aslaksen, 2012). 
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4.2. EVALUATION 

This chapter provides a step-by-step description of the 

evaluation process of the study object, starting with 

general assumptions of cost related variables such as 

interest and energy price. This is followed by equations 

and assumptions regarding the energy performance of the 

new and old building components. The chapter continues 

with assumptions and calculations for the marginal cost of 

energy conservation for each refurbishment option, and 

ends with a brief example of how to conduct a simple 

assessment of the New Building option, with assumptions. 

The identification process of REN2017 when 

applied to the case study led to the suggested 

refurbishment options: 

• Insulation of ceiling 

• Change of doors 

• Change of windows 

• Change FT ventilation to FTX 

• Addition of cloakrooms 

 

The actions were suggested based on: 

a) Renovation performed on Nordanby in 2006 

(Grillfors & Holmberg, 2007) and Vetterslund. 

b) Suggestions by energy advisers from Västerås 

Stad. 

c) Common refurbishment actions for Swedish 

1970s buildings (BeBo, 2013). 

Energy price and rates 

Calculations were performed with a reference period of 30 

years assuming a real interest rate of 2.5 %. The 

assumptions of costs for materials and labor based of older 

sources were adjusted to match 2017 prices by accounting 

for a yearly real price increase of materials and labor of 2.9 

% - the average increase of the factor price index in 

Sweden since 2007 (SCB, n.d.). All costs were excluding 

VAT. The assumptions regarding energy price and rates 

are shown in Table 8. 

The energy price is not a variable used in the 

calculations of the marginal cost of conserving energy. It 

is however important to have as a reference in regards to 

the economic validity of the refurbishment options. The 

price for district heating in Sweden varies geographically 

and likewise the yearly price increase. The base price 

assumed for the purposes of this example was the variable 

price of district heating of Mälarenergi for Västerås 2017 

(Mälarenergi, 2017), adjusted as a 30-year average. As the 

price varies seasonally, the year average price was 

calculated as an average for the degree hours of the 

corresponding price period. 

 

𝑝𝐻𝑒𝑎𝑡,𝑎𝑣𝑔,2017 =
∑ 𝑝𝐻𝑒𝑎𝑡,𝑠𝑒𝑎𝑠𝑜𝑛 ∗ 𝐷ℎ𝑠𝑒𝑎𝑠𝑜𝑛

𝐷ℎ𝑦𝑒𝑎𝑟
 

Eq.12 

 

The yearly price increase of district heating in Sweden 

have risen by an average of 3.5 % annually since 2000 and 

by 1-2 % in recent years, 2014-2015 the price increased by 

1.3 % and 2015-2016 by 0.9 % while the average total 

price increase for the nation 2006 to 2016 was 32 % 

(EKAN-gruppen, 2016). The average total price increase 

for Västerås 2006 to 2016 was 78 % (ibid.) 

The average price for district heating in Västerås 

increased by 1.48 % from 2016 to 2017; is predicted to 

increase by max 1.5 % 2017-2018 and by max 2 % 2019-

2020 (Mälarenergi, 2016 b). The reference period was 30 

years, and the price was assumed to increase further. A 

price increase of 3 % annually over the reference period of 

30 years was assumed, and an average price for district 

heating was calculated as: 

𝑝ℎ𝑒𝑎𝑡 =

∑ 𝑝ℎ𝑒𝑎𝑡,𝑎𝑣𝑔,2017 ∗
(1 + 𝑑𝑝)

𝑛

(1 + 𝑑𝑟)𝑛
29
𝑛=0

30
 

Eq.13 

 

where 𝑑𝑝 is the yearly increase in district heat price; 𝑑𝑟 is 

the real interest rate and; 𝑛 is the year in question from 0th 

to 29th.  

Table 8. Assumptions regarding rates and energy price. 

Description Variable Assumption 

Real interest rate 𝑑𝑟  2.5 % 

Price increase for parts 

and labor 

 2.9 % 

30-y-avg. energy price 

district heating 
𝑝ℎ𝑒𝑎𝑡 0.50 SEK/kWh 

 

Ceiling and doors 

Insulation of roof, ground slab and outer walls are 

associated with increased thermal efficiency of the 

building due to improved U-values, mainly improving MB 

parameters such as specific energy consumption and heat 

effect demand. It has been estimated from previous work 

by Gillfors & Holmberg (2007) that the added insulation 

also seals the buildings climate shell, improving 

airtightness, a fundamental building property that impacts 

undesirable infiltration. This would bring an array of 

improvements for the chosen added value reference point, 

MB since it impacts the buildings energy use, thermal 

comfort, minimizes the risk of moisture damage as well as 

ensures nominal function of the buildings ventilation 

system, according to SP Technical Research Institute of 

Sweden (RISE, 2017). These improvements could affect 

identified problematic areas such as working environment, 

present symptoms and temperature conditions. In this 

specific case, the insulation of the roof also encompasses 

the installation of an inner roof, potentially improving 

acoustics and also reduces noise.  

A climate shell with less leakage would mean that 

the ventilation systems need to circulate less air from the 

outside. Cold air has lower moisture content than warm air 
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thus bringing less cold air into a building can improve 

problems with dry air, such as dry throat and skin. 

The external doors share many aspects concerning 

energy and IEQ with that of the windows. Tightening or 

replacement of old doors can reduce draught, noise, 

condensation as well as enable a nominal function of the 

ventilation system. As can be seen in from thermal camera 

images taken at Hökåsen preschool in Figure 18, the old 

wooden doors have significant leakages.  

 

Figure 18. Thermal image of a typical door at Hökåsen 

preschool. Substantial leakages can be identified. Photo 

by Per Eriksson. 

To calculate the effect of additional insulation of 

ceiling, the following equation was used: 

𝑄 = 𝑈 ∗ 𝐷ℎ ∗ 𝐴 

 

Eq. 14 

where 𝑄 is the energy loss through the building envelope 

(kWh/year);  𝑈 is the heat transfer coefficient of the ceiling 

(W/m2, K); 𝐷ℎ is the number of degree hours in the heating 

season for the structure (kKh). The degree hours for the 

wall and roof were set to 112 kKh (Mälarenergi, n.d.). 

With a base temperature of 20 °𝐶 and the assumption that 

the heating system is active 24 hours per day during the 

heating season September through May. Cold bridges were 

assumed to be 25 %. 

Table 9 show the assumptions regarding costs and 

material performance for the actions. Costs include 

material and installation costs, which are template 

estimates. 

To fit the ventilation system, the roof needs to be 

partially heightened same as for Nordanby and Vetterslund 

(see Figure 8). This has been included in the cost for 

ceiling renovation. 

The maintenance cost pre- and post-renovation were 

assumed to be the same. 

The technical lifetime for the ceiling was assumed to 

100 years. This assumption depends on whether the 

building is planned to remain for another 100 years or that 

the residual value remains proportional to the estimated 

remaining technical lifetime after the calculation horizon. 

The result of air tightening of the climate shell 

(equation 15) was calculated assuming all actions were 

implemented resulting in a leaking change from 0.3 oms/h 

to 0.15 oms/h (Grillfors & Holmberg, 2007). 

ΔE =
[
Δ𝑙𝑒𝑎𝑘𝑎𝑔𝑒𝑉𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝜌𝑎𝑖𝑟,20°𝑐𝑝,𝑎𝑖𝑟,20°𝐷ℎ

3600
]

𝐴𝑡𝑒𝑚𝑝

 

 

Eq. 15 

Table 9. Technical data assumptions for insulation of 

ceiling and replacement of doors. a: (Grillfors & 

Holmberg, 2007); b: (Wikells Byggberäkningar AB, 2008) 

  Ceiling Doors 

𝑈0   W/m2,K 0,309 2,5 

𝑈1  W/m2, K 0,138 a 1,5 

𝐴  m2 915 32,2 

𝐶𝑜𝑠𝑡  SEK/m2 700 b 7711b 
Technical 

life 
years 100 30 

 

Windows  

In addition of a significant reduction in energy efficiency, 

replacing old windows with new modern triple-pane 

windows can improve IEQ by reducing draughts, noise, 

condensation, convection and solar transmittance as well 

as improve the thermal climate during the winter with their 

lower u-value (Energimyndigheten, LIP-kansliet, 2000). 

Old windows can be associated with a high energy 

leakage, as can be seen from thermal camera images taken 

from Hökåsen in Figure 19.  

 

Figure 19: Thermal image of a typical, non-replaced, 

window at Hökåsen. The image shows a large energy 

leakage through the window frames. Photo by Per 

Eriksson. 

A tightening of these old windows or a replacement with 

new windows could a significant impact on draught and 

reduce unwanted natural ventilation, which enables the 

ventilation system to control where the supply air comes 

from. Filtering the supply air can be a clear advantage for 

ailments associated with pollen allergies (Ekstrand-Tobin 

& Olsson-Jonsson, 2011). Replacing 2-pane with 3-pane 

glass windows could also have a positive impact on noise 

reduction. 

The energy loss for windows was calculated as the 

difference between heat loss and solar heat gain: 

 

𝐸𝑤𝑖𝑛 = (𝐷ℎ ∗ 𝑈 − 196.4 ∗ 𝑔) ∗ 𝐴 Eq. 16 

 

where 196.4 is the oriented-weighted solar radiation for 

vertical windows; and where 𝑔 is the total solar energy 



19 

 

transmittance for the window. 112 kKh was used as degree 

hours for windows, same as for ceiling. 

Table 10 show the assumptions regarding costs and 

material performance for the windows.  

 

Table 10. Data assumptions for window retrofit measures. 

Costs exclude VAT. a: (SGBC, 2017) 3.0; b: (Wikells 

Byggberäkningar AB, 2008); c: (Svenskt Trä, 2003) 

  

𝑈0   3 W/m2,K 

𝑈1  1,2 W/m2, K 

𝑔0   0,76 a 
𝑔1  0,42 a 

𝐴  110 m2 

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡  4637 b SEK/m2 

𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑐𝑜𝑠𝑡0 100 c SEK/m2 

𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑐𝑜𝑠𝑡1 0 SEK/m2 

𝑇𝑒𝑐ℎ𝑛𝑖𝑐𝑎𝑙 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 30 years 
 

Ventilation 

The approved ventilation inspection documents (OVK) for 

Hökåsen suggested the replacement of the kitchen system 

with a heat recovery system as a possible energy-saving 

measure. This suggestion was echoed by the energy 

advisers as well as both the chief operating officer and the 

production manager at H2M. Assumptions for the 

ventilation installations are summarized in Table 11. 

The energy consumed for heating purposes for the 

ventilation system is calculated as 

 

𝑄𝑣, 𝑒𝑛𝑒𝑟𝑔𝑦 = 𝑐𝑝 ∗ ρ ∗ 𝑞 ∗ (1 − η) ∗ 𝐷𝑣 Eq.17  

 

The total amount of electricity consumed to operate the 

ventilation fans is given by 

 

𝑄𝑣, 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 = 𝑃 ∗ 𝑡 Eq.18  

 

Where 𝑐𝑝 is the specific heat capacity for air at 20 °C (J/ 

(kg, K)), 𝜌 the density for air at 20 °C (kg/m3), q the air 

flow volume (m3/s), η the efficiency of the heat 

recuperating system, Dv the amount of degree hours per 

year (kKh), P is the marked power of the system (kW) and 

where t is the time the ventilation system is activated (h). 

The approved ventilation inspection document (OVK) 

states that the ventilation system is operational during 

weekdays from 06.00 – 18.00, corresponding to 35.7 % of 

the total time. For the sake of simplicity, the amount of 

degree hours will be assumed to be proportional to the 

amount of time the ventilation system is activated. Note 

should be taken that this is a rough estimate since the 

outside air temperature generally is peaking during mid-

day and thus the degree hours will be fewer in day time in 

proportion to the amount of total amount of time. Installing 

a heat recuperating system may be associated with an 

increase in fan electricity consumption but it is assumed to 

be unchanged, since it is compensated through a lower heat 

demand of the building. The effect of the new system is 

assumed to be the same as the old, thus no differences are 

found in operability costs. The costs for installation, and 

maintenance were based on Torsell (2005) which in turn 

based their costs on (Wikells Byggberäkningar AB, 2004). 

Additionally, the prices were validated through email 

correspondence and an estimated installation cost tender 

from the sales department at Swegon, a supplier and 

developer of indoor climate systems. The cost associated  

with the installation, such as demolition, delivery and 

associated labor were estimated to around 32 man-hours, 

corresponding to a cost of approximately 16 000 SEK.  

 

Table 11. Data assumptions for calculations of FT and 

FTX systems. 

Dv 43 kKh 
P 0,8 kW 
t 3128 h/year 

Technical life 20 years 

 FT FTX 

Maintenance 
costs 

267 SEK/year 1 321 SEK/year 

Total installation 
costs 

 113 157 SEK 

 

Cloakrooms 

Through documentation analysis and on-site inspection it 

was noted that a 28 m2 cloakroom had been added to each 

unit of both Nordanby and Vetterslund preschools. 

Mainly, these allowed the staff and children to occupy the 

entryway all at once, but it could also potentially mean 

energy savings if it shortens the time spent having the door 

open whenever large groups enter and exit the building. It 

was identified as a potential energy-saving measurement 

mainly through conversations with the energy advisers 

from Västerås Stad. Further analysis and evaluation of the 

measure showed that it did not conserve any energy, due 

to it being countered by the increase in building envelope 

area. As such, the CCE calculation method could not be 

applied, nor could any apparent impact on any of the 

Miljöbyggnad indicators or any of the IEQ parameters be 

identified. The measure was because of this not evaluated 

any further.  

New building 

Assumptions regarding the performance and cost of a new 

building was gained through interviews and through 

examples of projects in other areas. The cost of producing 

a new building intended for preschool activities with up-

to-date energy efficiency, adequate area, good indoor 

quality and child friendly environment can be as low as 21 

– 22 000 SEK per m2 gross area (PWC, 2013). In the same 

report, which compared the cost of two preschool 

buildings that was built in 2013 in Uppsala, Sweden, the 
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cost of a preschool following the Swedish requirements for 

a preschool to be approved was 25 000 SEK per m2. This 

building also satisfied the higher standards sought after in 

this study regarding energy efficiency and indoor 

environmental quality. The city of Västerås and its 

property managers, H2M, has estimated the cost of 

erecting a new preschool to about 30 000 SEK per m2 area.  

It was assumed that a new preschool replaces the old, 

i.e. the old building is demolished and disposed of, and a 

new building of the same size is raised. No consideration 

was taken of any value of reclaimed material etc. Table 12 

sums the assumptions for the energy economic 

calculations of a new building. 

 

Table 12. Assumptions regarding the costs associated with 

a new building. a: (Wikells Byggberäkningar AB, 2008); 

b: Estimate based on interviews with H2M and Västerås 

Stad; c: Estimates based on case studies of modern schools 

and preschools, with district heating (Lindstaf, 2010). 

  

Demolition 900 SEK/m2 a 

Investment 30 000 SEK/m2  
Energy 

consumption 
50 kWh/m2, year  

Lifetime 100 years 
 

4.3. CASE OUTCOME 

The results of the study are presented, in the order of 

energy-economic comparison of the refurbishment actions 

and erecting a new building in relation to the assumed 

energy price in Table 13 and Figure 20; the energy-

economic comparison of combinations of actions 

compared to new building and in relation to the assumed 

energy price, Figure 21. The Miljöbyggnad impact of each 

refurbishment option is shown in Table 14; and any 

indicator grade change is shown in Table 15. Table 16 

shows any significant identified IEQ problem of the survey 

at Hökåsen as well as shared significant issues between 

Hökåsen and the reference objects Nordanby and 

Vetterslund.   

Under the assumptions of the previous chapter, the 

ceiling insulation option has the lowest price of conserving 

energy, followed by ventilation and windows. Changing 

doors is considerably more expensive from an energy 

conservation standpoint than the other options. At the 

assumed long term energy price of 0.50 SEK/kWh and 

under the assumptions from the previous chapter, 

installing a combination of ceiling insulation and 

ventilation is economically comparable to buying energy 

at 0.53 SEK/kWh. This combination would improve the 

Miljöbyggnad indicators 1. Energy consumption, 2. Heat 

effect demand, but not enough for a grade improvement to 

bronze. The indicator 5. Noise, is predicted to improve 

overall due to an opportunity to install a noise reducing 

inner ceiling. However, the noise levels could also be 

worsened in the building served by the new mechanical 

ventilation system, due to the heat recuperating system.  

Overall Ventilation (indicator 7) would likely improve, 

locally due to a new and improved ventilation system, but 

overall due to a decrease in leakage through the building 

shell, improving control capabilities of all ventilation 

systems. Similarly, indicator 9. Damp proofing, is likely to 

improve due to tightening of the climate shell. Indicator 

16, Hazardous substances could improve locally with the 

installation of a new ventilation system. Installing new 

windows would improve the Solar heat gain and Thermal 

climate, summer indicators (3 and 9 respectively). 

However, this is not due to the new windows but due to the 

assumption that protection from the sun (e.g. venetian 

blinds) is included with the new windows. 

Choosing all refurbishment measures is not 

economically viable at the assumed energy price.  A 

combination of all options would improve the 

Miljöbyggnad indicators Energy consumption, Heat effect 

demand and Thermal climate, winter to a bronze grade. 

Based on an evaluation of the identified significant 

IEQ issues it was assumed that all issues would improve 

to some extent after a refurbishment. No attempts were 

made to quantify or measure the improvement potential, 

which instead is used indicatively to supplement an 

investment decision. The analysis of the survey results 

suggests that some issues (i.e. the identified shared issues) 

with the indoor environmental quality persist after all 

suggested refurbishment measures would be implemented, 

under the assumption that the three objects are otherwise 

identical.  

The New Building option represents a comparison to 

an “ideal option” which is assumed to solve all IEQ and 

quality-of-life issues at a premium price. The proposed 

refurbishment options do not promote Hökåsen to the same 

status as a new building, making a direct comparison 

difficult.



21 

 

 

Figure 20. The cost of conserving energy for each individual proposed refurbishment action and erecting a new building, in 

relation to an assumed energy price of 0.50 SEK/kWh. 

 

 

 

Figure 21. The cost of conserving energy for the combinations of the proposed refurbishment actions and erecting a new 

building, in relation to an assumed energy price of 0.50 SEK/kWh. 

Table 13. The cost of conserving energy for each individual proposed refurbishment action and combinations of actions, in 

SEK/kWh. 

 Single Combined 

Ceiling 0.42 - 

Ventilation 0.73 0.53 

Windows 0.82 0.62 

Doors 2.62 0.79 

New building 3.03  
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Table 14. Expected indicator effect from each refurbishment 

option, where + indicates an improvement. 

Indicator Hökåsen    

 Windows Ventilation Ceiling Doors 

Energy 
consumption 

(+) 
21.4 

(+)  
13.8 

(+) 
24.0 

(+) 
4.94 

Heat effect 
demand 

(+)  
8.44 

(+)  
2.25 

(+) 
6.67 

(+) 
1.37 

Solar heat 
gain 

(+)  
75 

   

Energy 
source 

    

Noise   (+/-) (+)  

Radon     

Ventilation (+) (+) (+) (+) 

NO2     

Damp 
proofing 

 (+)   

Thermal 
climate, w 

(+)  
0.495 

   

Thermal 
climate, s 

(+) 
0.0935 

   

Daylight     

Legionella     

Hazardous 
substances 

 (+)   

 

Table 15. Expected quantifiable indicator effect and MB grade 

assuming installation of all options. The indicators Energy 

consumption, Heat effect demand, and Thermal climate, winter 

reach MB Bronze as a result of the refurbishment. 

Indicator Base Post 
renovation 

Energy 
consumption, 
kWh/m2 

196 118 

Heat effect 
demand, 
W/m2 

86 64 

Solar heat 
gain 

167 92 

Thermal 
climate, w 

0.82 0.33 

Thermal 
climate, s 

0.21 0.12 

 

Table 16.  Added IEQ values related to refurbishment actions. S 

denotes a shared problem between the studied object Hökåsen 

and the reference objects Nordanby and Vetterslund. 

  

 Reference data: Base; survey data: Hökåsen, 

Nordanby, Vetterslund 

 Work environment 

S Draught 

S Varying room temperature 

S Room temperature too low 

 Dry air 

S Noise 

 Present symptoms 

S Fatigue 

 Hoarse, dry throat 

 Cough 

S Dry hands, itching, red skin 

 Allergies 

 Have suffered or suffers from hay fever 

S Have had or has allergic symptoms from eyes/nose 

 Reference data: STIL; survey data: Hökåsen & 

Vetterslund 

 Temperature conditions 

 Generally lacking 

 Far too cold in the winter 

 Far too warm in the summer 

 Noise and acoustics 

 Acoustics 

 Air quality 

 Worse in the afternoon 
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5. RESULTS AND DISCUSSION 

The proposed method was used in a case study to assess a 

building, identify energy-efficiency-improving 

refurbishment options and evaluate these through an 

energy-economic and IEQ value adding assessment. This 

chapter presents and discusses the results drawn from the 

case study, followed by a section dedicated to the results 

and discussion of the model. The chapter concludes with a 

discussion regarding the chosen research approach. 

5.1. CASE SPECIFIC DISCUSSION 

In the following subchapter, the result and experiences of 

using the REN2017 method will be presented and 

discussed. As the use of the method involved different 

stages and entailed different independent sub-methods, 

they will be treated separately.  

The identification process 

Gathering of documentation data and building a case 

description 

The case study suffered from sometimes lacking, 

decentralized and generally difficult-to-obtain information 

and documentation of the study and reference objects – 

typical issues to encounter when performing 

documentation analysis as mentioned in chapter 3. This 

made the assessment process more difficult than expected 

beforehand. If documentation were available and easier to 

obtain, more detailed case descriptions could be made and 

more refurbishment options would perhaps be able to be 

identified and evaluated. This would presumably further 

complement the validation of the method. 

The use of Miljöbyggnad as an assessment and measure-

identification tool 

The tool provided helpful user guidance as using the tool 

gave suggestions on important factors to consider, 

calculation tools and methods for the assessment, and a 

clear way to benchmark the results to a reference grade. 

Using Miljöbyggnad was inadequate on its own in the 

identification of possible refurbishment options. Utilizing 

Miljöbyggnad to its fullest proved to require resources 

beyond the budget of this study for a complete evaluation 

of e.g. hazardous substances or damp proofing.  

The use of the MM 040 NA sp2 survey 

The survey participation rate was high for Hökåsen and 

moderate for the combined Nordanby and Vetterslund, 

approximately 75 % and 50 % respectively. It was 

however a relatively small number of participants in the 

study, which made the statistical analysis difficult because 

of it depending on a large number of participants in order 

for strong correlations to be demonstrated. These problems 

will likely reoccur if the same method is utilized for other 

preschools within Västerås if population sizes are assumed 

to be similar. The item nonresponse rate was large in both 

populations, speculated as being due to participants 

receiving inadequate instructions. Also, some received 

answers were incompatible with the base reference 

materials as some questions were missing.  

Although the use of the survey enabled the collection 

of perceived user experience and also facilitated the whole 

process as it came with a complete design, it left much to 

be desired in its instructions for interpreting the data. As 

the resources required for proper analysis of the survey 

data were underestimated, survey data was analyzed 

cautiously with a simple statistical test. As both surveys 

suffered small population sizes, which this made 

interpretations of the data more uncertain as individual 

factors get relatively larger impact, it was speculated that 

the statistical analysis conducted on the results should 

incorporate e.g. a co-variance analysis. This would render 

underlying factors that may affect the survey participants 

and their answers to be identified. If resources would 

permit, this could be achieved by an external professional 

analysis, as is provided by the survey designers.  

Since the added values were identified through 

surveys and are perceived problems, it would pose an 

ethical problem to quantify or put a price tag on them. 

Additionally, the practical problems associated with 

economically assessing an added value for these highly 

subjective factors, is beyond the aim and scope of this 

study. This study therefore takes a passive approach when 

dealing with added values and merely aims to highlight 

them to be incorporated into the decision making process 

to be managed in an appropriate manner.  

The evaluation process 

Connecting the refurbishment measures with the added 

values 

The perceived IEQ issues were difficult to connect to the 

added value impact of the specific refurbishment options. 

As such, an easier-to-use survey, e.g. the survey 

accompanying the Miljöbyggnad tool itself, might have 

proved advantageous in the process of connection the 

identified issues to each refurbishment option. One 

suggestion is that a survey could be adapted to suit 

predefined added values in order to enable easier 

interpretation and analysis. Also, it would enable the user 

to exclude questions addressing non-issues or issues not 

associated with the defined added values 

Using CCE in order to economically assess the identified 

refurbishment measures 

The method of comparing measures through the cost of 

conserved energy enabled a way to compare the relative 

effectiveness of the options unrelated to an energy price 

forecast. However, the energy price still needs to be 

considered in the investment-decision phase and the 

uncertainties of long-term energy price predictions are 

substantial. Additionally, both the technical lifetime and 

reference period had a great impact on the outcome of the 
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CCE. An important factor to keep in mind regarding the 

price for heating, which has not been mentioned or 

considered in this study, is current and future price models 

and their impact on energy conservation. For example, 

should the price be based on top effect demand rather than 

energy consumption, the cost of conserving one unit of 

energy would be less relevant as the cost driver in this case 

would be effect, not consumption. 

The addition of cloakrooms 

The addition of cloakrooms was discarded in the 

evaluation process of viable refurbishment measures due 

to not lowering the specific energy consumption or having 

any significant positive impact on either Miljöbyggnad 

indicators or the identified IEQ issues. It was however a 

valid refurbishment valuable in other aspects, such as the, 

according the preschool personnel, substantial increase of 

operability and quality-of-life for children and staff at the 

preschool. This is something that could motivate an 

investment on its own, but as the measure was aimed at an 

added value not included in our study it fell out of the 

evaluation process. More aspects aiming to increase the 

operability of the facility could have been included as 

important added values.   

The New Building option  

This was an option not thoroughly investigated and only 

serves the purpose of comparison of the costs to an “ideal” 

solution in this study. It was assumed that a new building 

eliminates any indoor environmental issues identified in 

the base reference of this study in addition to improving 

work environment problems that renovation is unable to 

address, e.g. accessibility and operation specific issues. 

Due to the insecurities involved with the New Building 

option, it was difficult to garner usefulness of the findings. 

5.2. REN2017 DISCUSSION 

The identification process 

Defining the aim of the refurbishment 

This method includes an assessment of the building by 

utilizing an appropriate environmental assessment tool to 

identify suitable refurbishment options. In the exploratory 

case, the tool Miljöbyggnad was used, which to some 

extent incorporates IEQ into the assessment. However, the 

identified refurbishment options are primarily aimed at 

improving energy-specific factors and the IEQ assessment 

remains somewhat in the periphery. The aim of the 

refurbishment should be specified so that the added value 

assessment receives proper attention. Ultimately, the 

REN2017 method could be modified to give IEQ 

precedence over other factors by choosing another 

assessment tool, which are more based on e.g. surveys and 

perceived IEQ problems. Likewise, if the refurbishment is 

motivated by improving environmental factors, impacting 

factors should be introduced earlier in the identification 

process. One example could be to incorporate a life-cycle 

assessment targeting CO2 emissions, from cradle-to-grave, 

for each refurbishment option.  

It would have been interesting to conduct a more 

thorough analysis of what important aspects that could 

have been included in to the added-value definition.  In 

order to investigate the REN2017 methods potency in 

dealing with broader range of added values, especially 

those traditionally viewed important in the CSR context, 

aspects such as company image, environmental impact and 

other competitiveness implications could have been 

explored further. This is further motivated by the dealing 

with the implications of CSR in public organizations, 

which can be allowed an especially large focus. 

Identifying refurbishment measures  

In the case study, the documentation analysis was 

occasionally difficult to perform as important documents 

were not always available. The identification of options 

was made possible largely through evaluation of previous 

refurbishment performed on similar buildings. A well-

structured and accessible documentation system was 

indicated to be an important factor for the ease-of-use of 

the method. In order to identify other refurbishment 

options, one must be able to identify problem areas 

specifically connected to typical refurbishment measures.  

As such, the availability of expertise regarding building 

performance and the accessibility of documentation should 

be considered before deciding to use the REN2017 

method. 

The evaluation process 

Determining an appropriate reference period 

The reference period of 30 years is commonly used when 

assessing refurbishment options, mainly due to being in 

close relation to many of the options technical lifetimes. 

Although, for some options such as insulation of the 

ceiling, ground slab and walls, the technical lifetime far 

exceeds that of the reference period. These options’ 

technical lifetimes are often associated with being 

indifferent to wear and tear and can be assumed to be 

almost fully functional though a buildings whole lifetime. 

The REN2017 method does take this into account, where 

the technical lifetime is put in proportion to the reference 

period, and thus includes a residual value. However, since 

the technical lifetime of insulation options can be >100 

years they are associated with a fair amount of 

uncertainties. New technical innovations regarding 

material improvements, power generation that may have a 

significant impact on energy prices, the remaining planned 

life of the building etc. may render the refurbishment 

options monetary value obsolete. Caution should therefore 

be taken when assessing these types of refurbishment 

options, especially if they only are economically viable if 

they are dependent on assumptions that are associated with 

uncertainties. 
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Analyzing risks and variables 

In a purely economic model aiming to address 

refurbishment options, all probable scenarios should be 

investigated and risk-assessed. Since the calculation 

horizon is relatively long for buildings and many factors’ 

uncertainty will increase with time, the risks should be 

made clear so that a proper risk assessment could be 

conducted. This should include, but not be limited to, 

variables such as the district heating price, cost of material 

and labor, maintenance cost, technical lifetimes and even 

weather conditions, depending on the scope of the 

analysis. In this particular method, which aims to include 

added values into the decision-making of each option, they 

too should be risk-assessed.  

5.3. RESEARCH APPROACH 

An abductive approach was deemed necessary as the 

method had to be continuously re-iterated upon in order to 

meet new aspects of the problem encountered while 

developing research and data. Action research was well 

suited to the abductive approach, through the mixture of 

intensive interaction with key personnel and local 

problem-solving. Conducting surveys and performing on-

site inspections had the intention to clinically diagnose the 

objects in order to produce a prescriptive model adapted to 

the specific case.  

As previously discussed, making scientific 

generalizations based upon a single-case study approach is 

deemed problematic, mainly due to its specificity. Using 

quantitative methods is often dependent on the notion of 

being able to draw general conclusions based upon the 

sample size and thus relying on statistics. Considering the 

generality of the method and the specificity of each 

building a quantitative method would have been even more 

problematic. Thus, rather than exploring the method with 

quantitative methods, which would require even more 

resources, the qualitative method enabled a more in-depth 

investigation. As such, for all the complexity and 

specificity associated with the task, the single-case study 

was considered valuable for assessment of the method due 

to the typicality of the study object as shown by the 

similarities to the reference objects.  

6. CONCLUSIONS 

In Sweden, continuously increasing requirements for 

buildings in terms of energy efficiency and sustainable 

competitiveness increase the demand for methods that 

aims to lower energy-use while also considering other 

important aspects of the facility. Thus, the purpose of this 

study was to develop, propose and evaluate a method for 

the assessment of existing buildings, which would enable 

component-based refurbishment option identification and 

evaluation, from an energy-economic perspective while 

incorporating pre-defined added values.  

Through a single-case study, the developed 

REN2017 method was shown to be applicable to a 1969 

modular preschool. Due to the typicality of the preschool, 

it is reasonable to conclude that the method is applicable 

to similar objects facing refurbishment. Although the 

method was deemed potent and adaptable regarding the 

assessment of the study and reference objects as well as in 

the determination of their present states, it was regarded as 

lacking in potency regarding identification of 

refurbishment measures. Once identified, the method 

enabled the evaluation of measures. However, further 

refinement of the evaluation phase regarding the 

connection between the energy-economic and the value-

adding assessments, is necessary. 

Due to limited resources, the case study suffered 

difficulties in correctly identifying issues from user 

opinions, as well as to correlate these with specific 

refurbishment measures. Similarly, with limited resources 

some areas could not be evaluated and analyzed properly, 

such as moisture damage, and hazardous materials. As 

such, consideration has to be taken to available resources 

when designing a suitable research strategy.  

The New Building analysis of the REN2017 method 

proved to be more challenging than expected and this 

particular phase of the evaluation was concluded to be too 

blunt in its design. Much more time and effort should be 

dedicated to a New Building analysis and as such, this 

phase of the REN2017 method needs further research and 

refinement regarding e.g. costs, risks, limitations and 

benefits of the option. 
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Appendix A – Miljöbyggnad Indicator grade requirements 
 

 

Indicator Bronze Silver Gold 

Energy 

consumptio

n 

1.8 ∗ 𝐵𝐵𝑅 1.35 ∗ 𝐵𝐵𝑅 1 ∗ 𝐵𝐵𝑅 

Heat output 

demand 
≤ 98  W/m2,K ≤ 63 ≤ 42 

Solar heat 

gain 
≤ 48 W/m2 floor ≤ 43 ≤ 32 

Energy 

source 

>50% from fuel types I,II,III >10% from fuel type I and <25% from 

type IV – OR: >50% from type II and 

<25% from IV 

>20% from type I and <20% from type IV – 

OR: >50% from type II and <20% from each 

of the types III and IV 

Sound 

environment 

With windows closed, faint traffic noise can be 

heard even with other sound in the room. 

 

When the room is silent, traffic noise can be 

heard but there is no need to raise the voice in a 

normal conversation. 
 

When the room is silent, appliances can be 
clearly heard, if listened for.  

 

It is noticeable when the ventilation system is 
turned off. 

With windows closed, traffic noise 

can only be heard when the room is 

silent. 

 

When the room is silent, appliances 

can be heard faintly if listened for. 
 

Faint noise from normal 
conversations can be heard from 

connecting rooms but the content of 

the conversation cannot be 
discerned. 

 

Faint noise is heard from above 
when furniture is moved or from 

people walking with hard heels. 

 
It is barely noticeable when the 

ventilation system is turned off. 

SILVER+ 

 

Good results from survey or energy 

declaration. 

Radon ≤ 200 𝐵𝑞/𝑚3 ≤ 100 ≤ 50 

Ventilation 

standards 

Approved OVK Approved OVK 

 

Outside air flow ≥0.35 l/s per m2 floor 

area +≥ 7l/s, person  

SILVER+ 

 

Good ventilation or air forcing possibilities 

 

Good result from survey 

Nitrogen 

dioxide 

>40 µg/m3 ≤ 40 ≤ 20 

Damp 

proofing 

No moisture or water damage. BRONZE+ 

 

Constructions are considered good and 

has considerable technical lifetime 

remaining  

SILVER+ 

 

Documentation of well-made wet rooms.  

 

Good result from survey. 

Thermal 

climate, 

winter 

Transmission factor <0.45 

 

Heat source below windows or other protection from 

convection, i.e. air velocities <0.15 m/s 

TF <0.3 

 

Heat source below windows or other 

protection from convection, i.e. air 

velocities <0.15 m/s 

SILVER+ 

 

Good result from survey 

Thermal 

climate, 

summer 

SVF < 0.06 

 

Windows can be opened 

SVF < 0,054 

 

Windows can be opened 

BRONZE+ Comfort cold 

 

Good result from survey 

Daylight AF ≥ 10 % AF ≥ 15 % SILVER+ 

 

Good survey result 

Legionella Hot water temperature ≥ 50 ℃ after 30 seconds’ flow BRONZE + 

 

Cold and hot water lines in the same ducts 

are insulated.  

 

Hot water temperature ≥ 50 ℃ after 

heater of heat exchanger  

SILVER+ 

 

No cold water lines are placed in joists with 

floor heating nor in walls or in joists to 

rooms that are warmer than 24 ℃ e.g. saunas 

Decontamin

ation of 

dangerous 

substances 

Regulations for existence and stock-taking of substances 

with environmental or health risks are fulfilled 

 

Asbestos stock-taking is performed and any asbestos is 

either encapsulate or exists as fibers in solid material. 

BRONZE+ 

 

Ozone depleting CFCs, asbestos and PCB 

have been investigated and have not been 

found or have been removed.   

SILVER+ 

 

Cadmium, lead, radioactive isotopes, 

mercury impregnated-wood have been 

investigated and not found or have been 

removed. 
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