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Working with models: Social and material relations entangled with energy 

efficiency modeling in Sweden 

Modelling the energy use of buildings during the planning process is a well-established 

practice within the construction industry today. This article studies how these models 

are handled in practice and the issues that arise around them. This is a case study that 

follows the planning process of a block of rental buildings in Sweden. With an Actor 

Network approach this article shows how the complexity of the energy model affects 

the relationships between the energy consultant and the professionals from the 

construction company. Since the construction company professionals do not understand 

the calculations behind the model, they have to trust the energy consultant’s expertise. 

Furthermore, the energy modelling practices create tensions when proposed 

architectural designs are at odds with the energy efficiency goals. Lastly, the article 

shows how the uncertainties connected to the model’s calculations provide an arena 

where personal feelings are allowed to be part of the process. From the perspective of 

the involved professionals, energy modelling is shown to entangle social and material 

relations in ways that have not previously been studied in relation to energy efficiency 

in the process of planning new buildings. 

1. Introduction 

Erik: If we make mistakes with the airtightness, we won’t be helped by pretty 

calculations. This [the calculation of energy] is fragile; we are balancing… we are 

stressing the theories a bit.  

Valter: Yes… We are building on hopes! 

Erik: Yes, this is what we believe; now we have to wait and see how it turns out in 

reality. 

Predicting energy use is an important practice in planning a building. However, it is not an 

easy practice to work with. There are great uncertainties involved in predicting the future 

energy use of buildings; air might flow differently than expected, there might be small 

mistakes in the construction process which can greatly influence airtightness, or there might 

be more thermal bridges than calculated. We need a better understanding the limitations of 

the model itself to make more robust predictions (McLeod & Hopfe, 2013) and more research 



is asked for when it comes to modelling the tenants’ behavior (Mahdavi & Tahmasebi, 2016). 

This article presents how professionals from a construction company, energy experts and 

other consultants handled these issues in the process of planning a block of rental buildings in 

Sweden. Earlier research has studied either the energy model (cf. de Wilde, 2014; Strachan, 

Svehla, Heusler, & Kersken, 2016; Vesterberg, Andersson, & Olofsson, 2016) or the design 

side of the planning process (cf. de Souza, 2012; Zapata-Lancaster, 2014) but no studies have 

focused on how the energy model is used in practice by the building professionals involved in 

the planning process from an ethnographic lens. In addition, this study utilizes ideas from 

Actor Network Theory which have been sparsely used in energy research. Thereby, this paper 

will contribute with new perspectives, both theoretical and empirical, on energy research and 

energy modelling. 

 

The residential sector uses 24.8% of Europe’s total energy consumption (Eurostat, 2016), and 

it is an important factor in making the transition towards a more energy efficient society. The 

European Union has issued a directive requiring its members to intensify their work on this 

issue. In response to EU directive 2010/31 on the energy performance of buildings, Sweden 

has pledged that all new buildings will be (or come close to being) zero energy buildings by 

2020 (European Parliament and the Council, 2010). Sweden has already regulated the amount 

of energy newly constructed buildings are allowed to use; current regulations state that 

apartment buildings can use 80 kWh/m2 per year (excluding energy used for appliances). The 

plan is to launch a new policy for near zero energy buildings in Sweden, lowering the 

requirements for apartment buildings not heated by electricity to 50 kWh/m2 per year 

(Swedish National Board of Housing, Building and Planning, 2015). To reach these targets, 

construction companies in Sweden work with energy models to predict how much energy 

their buildings will use. Energy simulations of whole buildings are now an integrated part of 



most leading building environmental rating schemes (Lee & Burnett, 2008) and it is therefore 

of a wider interest to study how these affect the planning process. Different types of software 

are used for this purpose, and there is a well-established market for energy consultants in 

Sweden and internationally.  

 

Energy simulation and calculations have been well studied in academia (e.g. Eisenhower, 

O'Neill, Fonoberov, & Mezić, 2012; Karatasou, Laskari, & Santamouris, 2013; Marszal et al., 

2011; Strachan et al., 2016). Research has shown that there often is a large gap between the 

simulated energy use and the measured energy use (de Wilde, 2014; Zero Carbon Hub, 2010; 

Schwartz & Raslan, 2013). Energy modelling has been studied in different ways in social 

sciences; for example, Jefferson (2016) studies the use of climate modelling in the World of 

Internal Contradictions scenario and studies have followed architects in their work with 

energy modelling (Zapata-Lancaster & Tweed, 2016; Zapata-Poveda & Tweed, 2014). 

However, studies focusing on how energy modelling is handled in practice on construction 

sites by the building professionals involved in the planning process is lacking. This study will 

contribute new knowledge about modelling energy use in buildings using a qualitative 

approach. The article is based on a case study which includes observations, interviews and 

analysis of the energy modelling software.  

 

The analytical approach in this article comes from science and technology studies (STS). 

Many studies in this multifaceted research field focus on the dynamics in technology and 

human interaction. In this paper, Actor Network Theory (ANT) is used to bring attention to 

both the human and the material actors and to tell the stories behind the hard work of what in 

hindsight can be made to look like a straightforward process. Telling ethnographic stories is a 

way of carefully slowing down (Latour, 2005) and through following the energy modelling in 



a construction process, this article shows how the model sometimes black boxes some issues 

while in other instances brings about new complexities.  ANT will provide a way to show 

how relationships, between humans as well as devices, affect the planning process.  

2. Introducing the case - Vallastaden 

This article is based on a case study of the construction of a block of multi-family dwellings 

in Vallastaden in the city of Linköping, Sweden. Vallastaden is a special case in that it is a 

part of a housing and society exhibition. The aim is to build a sustainable city district in 

which social and ecological sustainability are integrated into the infrastructure. For example, 

the residents of Vallastaden are obligated to take part in a car pool, and there are specific 

demands on the landowners. Before land lots were sold, interested parties were encouraged to 

submit applications showing what they wanted to build on them and how they would fulfil 

the municipality’s requirements. One municipally-owned housing company applied and was 

granted space to build three projects. This article focuses on one of those projects, which 

consists of seven buildings surrounding a small square. Some of the buildings are to be 

student apartments, one will have shops at street level with apartments above them, and the 

rest of the buildings are normal rental apartments. The buildings all have a different design, 

as required by the municipality. The city district is marketed with an emphasis on diversity 

and variety (Linköping Municipality, 2016).  

 

In keeping with the focus on ecological and social sustainability, the municipality has also 

stated that the buildings in Vallastaden must be 25% more energy efficient than Swedish 

building rules (BBR) require. However, the municipally owned housing company this study 

follows require that all their new buildings use 30% less energy than required by the BBR 

regulations. Since the energy demands vary depending on the types of facilities and 

apartments, the requirements vary from one building to another. The energy demands are to 



be followed up on two years after construction is complete. Legally, it is the responsibility of 

the overall entrepreneur (in this case the construction company) to fulfil the contract that sets 

out the energy requirements. This means that it is vital for the construction company that the 

energy model is made as accurate as possible since mistakes in this calculation can cause 

heavy fines.  

3. Method  

This study combines observations, interviews and study of the energy modelling software. 

The researcher participated in all planning meetings for one and a half year, but most of the 

gathered material comes from specially appointed energy meetings, where discussions 

focused on the energy models. The study includes 25 building planning meetings and four 

energy meetings. The meetings were typically two hours long, and the planning meetings had 

about 12 participants, mostly contractors and personnel from the construction company. The 

meeting agenda for the planning meetings was standardized and even though energy was on 

the agenda for all meetings, the subject was only discussed at about half of the meetings. 

Deeper discussions on energy took place in the specific energy meetings. The energy 

meetings had fewer participants and included professionals from the construction company, 

an energy consultant, architects, ventilation consultants and a representative from the housing 

company. During meetings, the researcher took notes and soon learned to use the same 

expressions as each of the meeting participants. Although some of the words may have 

slightly changed due to the need to write quickly when taking notes, the researcher has used 

the words and expressions the respondents would normally use.  

 

The study includes interviews with the participants of the energy meetings. Interviews are a 

good complement to observations since they add comments, imagination and clues as to what 

is not being directly manifested in actions (Alvesson & Karreman, 2011). The interviews 



lasted between one and one and a half hours, were recorded and later transcribed verbatim. 

The interview guide was semi-standardized and was adapted for each of the interviews. The 

interview questions focused on respondents’ views on energy issues as part of the planning 

process, the role energy played in their work and how they perceived their own responsibility 

for energy issues. Two of the interviews were done with two persons together to allow for 

discussion between the participants and also to accommodate the respondents’ time 

limitations. To preserve privacy, pseudonyms are used in referring to the meeting 

participants. An overview of the collected empirical material is given in table 1.  

Observations (year 2015-2016) 

25 planning meetings  

4 energy meetings 

Interviews (year 2016) 

Energy consultant (Erik, engineer)  

Project coordinator and project manager (Pernilla, engineer, and Peter, engineer)  

Architects (Allison and Art, architects)  

Housing company representative (Hasse, engineer) 

Ventilation consultant (Valter, engineer)  

Table 1.  

 

All observation notes and interview transcripts were imported into the Nvivo coding 

program. In this program all material was coded according to initial coding principles 

(Saldana, 2009) and in a second process, concepts that caused friction or uncertainties were 

coded in new themes. Furthermore, part of the study also included documents describing or 

containing the calculations used in the energy models as a complement to observations and 

interviews. Studying the energy modelling software gave insights into the workings of the 



energy calculations which was necessary to understand and support the findings from the 

interviews and observations.  

4. Theory 

In order to analyse the processes used by the professionals involved in predicting the energy 

use of the planned buildings, the study used ideas and concepts inspired by actor network 

theory (ANT). ANT is an approach used to study science and the orderings of the world in 

which the network and its relations to the study object are in focus. It is this network and the 

actions of the actors in the network that bring about reality as we know it (Law 2009). Instead 

of thinking that there are many ways of knowing an object, there are rather many ways of 

practicing it. Mol (2002) argues that objects are practiced, or enacted, by the actors in their 

networks, not perceived or constructed. This ontological turn within ANT questions the 

assumption of a singular and ordered world by and do so by “re-specifying hefty meta-

physical questions in mundane settings and in relation to apparently stabilized objects.” 

(Woolgar & Lezaun, 2013 pg. 323). In this paper, I will study how the energy model changes 

from an apparently stable object to an open box. This shows how the energy calculation is 

done in practice and what different objects and relations have to be brought into presence to 

make it stable again. For this study, I will use these ideas to study how energy calculations 

bring some objects/relations/practices into presence while making others absent. In this way, 

I will not only identify what is made present, but also that which is made othered, absent, 

forgotten or displaced.  

 

One way objects can be made absent is through the making of black boxes, which hide 

previous struggles of ordering (Latour & Woolgar 1986). All actors are complex and made of 

a network of elements that it does not fully know or recognize (Law, 2009). While black 

boxing necessarily hide elements, this kind of simplification is needed for all agency (Law, 



2009). These simplifications are a necessary part of navigating in our everyday lives since 

they create actors that are easier to interact with. A car can for example be an actor made up 

of different elements (cf. Callon, 1987). In this study, black-boxing is used to study how the 

energy model hides important processes, thereby affecting the outcome. Furthermore, when 

an ordering process is black-boxed, it can be open again when it is questioned or investigated. 

According to Latour (1987) this unpacking destabilizes what was previously enacted as 

settled and is often a costly and time-consuming process. Studying practices through the lens 

of ANT should not be confused with other theories focusing on practice which are more 

common in the area of energy research, such as practice theory (cf. Gram‐Hanssen, 2010; 

Palm & Reindl, 2016). While there are many similarities, for example both practice theory 

and ANT pays attention to the role of materiality, there are also differences, such as ANT 

giving the non-human actors a more active voice in the analysis. 

 

Working with the theoretical ideas from ANT will show how certainty is achieved and not 

just given (Verran, 2001). The certainty of the energy calculations is achieved through the 

practices of the professionals in the construction meetings, and even if the processes 

sometimes appear smooth, this article focuses particularly on situations where it is not. 

Displays of emotions, such as disconcerting moments of unease or confusion, laughter, small 

and large interruptions, are used as a way to explore tensions. Focusing on disconcerting 

moments can be used as a way to unpack what has been considered accepted knowledge 

while also being open to think differently (Latimer & Skeggs, 2011). When these small 

interruptions that otherwise might have been neglected are put in focus, it allows me to stay 

open to different analytical perspectives and focus on how short ethnographic stories can 

open up for larger issues (cf. Jerak‐Zuiderent, 2015; Verran, 1999).  

 



5. Results 

Doing energy calculations for these new buildings involves several complicated uncertainties 

and risks. In the early planning stages, many factors are not yet settled or are unknown. Some 

of the groundwork needs to be done in place in order to know what materials and approaches 

can be used in the construction process. These uncertainties are paired with other factors that 

the professionals encounter during the planning process, such as organizational or regulatory 

issues. The following sections discuss how these complexities are played out in practice, 

starting with the choice of energy calculation model. This section first focuses on 

consequences of the choice of energy modelling software and how it can be used to black-

box results or open up to further uncertainties. The next part focuses on the thickness of the 

walls in relation to the energy modelling and how this causes problems between budgets and 

regulations. The third part of this section analyses how windows and energy calculations are 

connected and how this creates tensions within the working groups. The last part of the 

results section shows how feelings and negotiations are important in the enactment of the 

agreed-upon version of the energy calculation.  

5.1 Different energy models give different results 

5.1.1 The first phase of the planning process 

At the start of the planning process, the housing company together with the architects wrote a 

framework document which was distributed to different construction companies. The housing 

company also involved an external energy consultant in the writing of the framework 

document. According to these documents, the buildings were planned to use 56–63 kWh/m2 

per year. The energy consultant used an energy building modelling software called IDA 

Indoor Climate and Energy (IDA ICE). This software uses input data to calculate how much 

energy a building will use and then provides the results together with charts and graphs 

showing the temperature of the building throughout the year. The program has an interface 



that guides the user to ensure that the right numbers are used and are input in the correct 

order. IDA ICE comes with a 179-page manual which explains the model and its many uses. 

Guided by the software, the user fills in the different factors and ends up with a model that 

simulates the energy use both in different zones within the building and in the building as a 

whole. The company behind the software, EQUA Simulation AB, presents the model as 

accurate and simple to use while also allowing for transparency. It is not a black box, the 

company says, since the advanced user can inspect all the data behind the model (EQUA 

Simulation AB, 2016). However, during my study of the model it becomes clear that it does 

require some effort to trace the results through the model since the graphic interface covers 

lot of the work done by the model. 

 

The building professionals in this project were never shown the interface of IDA ICE. 

Instead, the energy consultant provided them with the basic results. His report began with a 

short introduction to the numbers used in the calculation; however, it was not enough 

information to reproduce the results. Based on the architects’ design, the energy consultant 

stated that all the buildings would be below the regulated levels and that the indoor climate 

would be fully acceptable. For each building, his report stated how much energy would be 

used for hot water, heat, air-conditioning and appliances. Each building was given a third of a 

page with numbers, and later in the report graphs showed the calculated temperatures over 

the year. The energy consultant in the early stages of the project left the process early on and 

has not been involved in the planning process since the procurement was done.  

5.1.2 The second phase of the planning process 

After the procurement was finished, the construction company responsible for the overall 

construction wanted to hire a different energy consultant. The project leader explained how 

he had worked with Erik, the new energy consultant, before and it had been a good 



experience. Erik used a program based on Microsoft Excel, called the Passive House 

Planning Package (PHPP). This energy calculation software is based on a German model in 

Excel. It was originally used to plan for passive houses, but Erik stated that it is the best 

simulation tool on the market. This is due to the range of the model; it includes more factors 

than other tools and it is also easy to follow, according to Erik. The model uses 36 

spreadsheets in Excel, and all results are traceable if one understands the formulas in the 

different cells. 

   

During the energy meetings, Erik showed the PHPP interface to the participants in order to 

explain how he worked to create a reliable prediction of the buildings’ energy use. The other 

professionals found this model harder to understand than the previous one, and they were 

confused by the discrepancy that occurred between IDA ICE and the new model. The models 

showed very different results, even when they used the same data. This was a problem for the 

professionals since they did not know which outcome was most accurate. Erik explained how 

his preferred model was more advanced and by doing this he became the spokesperson for 

this energy model. These uncertainties were thus handled by translating old knowledge into 

new knowledge. The professionals came to see what they thought was knowledge in the early 

stages as guesses that were improved during the process. In this case, the new model showed 

that they needed to put more insulation in the attic, which meant that they needed to raise the 

roof higher than expected. They also changed to a different window supplier that could 

provide windows with better energy-saving qualities. The energy model has thus had a lot of 

influence on this project by translating energy demands into action.  

5.1.3 Black-boxing through energy models 

A series of black-boxing processes takes place when working with energy calculations. 

Black-boxing entails the way scientific and technical work is made invisible by its own 



success (Latour, 1993) and in this case the software IDA ICE were enacted by all actors as 

straightforward and accepted in the early part of the process. Although an advanced user can 

find the underlying calculations, these are not easily accessible. Moreover, the energy 

consultant who used this software translated its numbers into a short report, leaving most of 

the calculations out. The report clearly provided results that the building professionals could 

understand while hiding the work behind it. The black-boxing process made the report easy 

to understand; meanwhile, it created problems when the next energy consultant tried to 

understand the work behind the numbers. Since the opening or questioning of a black box is 

time consuming and often expensive, this is rarely done (Latour, 1987). In this case, the new 

energy consultant and the energy model PHPP collapsed the black box created by the first 

energy model and this resulted in new insecurities which the professionals involved in the 

planning process had to handle.  

 

Unboxing the first energy model meant that knowledge that had been considered as 

unquestioned and stable was once again opened up for discussion. In PHPP, all numbers were 

readily available and the paths of the numbers could be followed. Erik considered this 

software more useful thanks to its transparency. However, the construction professionals 

were discouraged by the mere sight of the advanced Excel spreadsheets. For them, the 

unboxing of the calculations created feelings of uncertainty and confusion. As I have 

mentioned, laughter can be a sign of struggle, moments that are worth highlighting (see also 

Jerak-Zuiderent, 2015; Verran, 2001). Laughter in response to the complexity of the energy 

model showed up as small interruptions after difficult questions. The following is an example 

from the interview with the project leader:  

Interviewer: The latest model, do you believe in its result, do you think it is reliable?  

Peter: The question is whether we have the competence to know that..!  

[Laughter] 



Peter: But of course, we have to believe in it. And we do. Erik [the energy consultant] is 

matchless. He is really amazing! But yes, we believe in it!  

His laughter over the slightly absurd situation, or “disconcertment” in the words of Verran 

(2001), indicates that something is troubling Peter. Even though we never can know his true 

feelings, it is an analytical work of the researcher to motivate what caused this interruption in 

order to understand the situation better. As I have shown, the model Erik used was perceived 

as extremely advanced and every time the complexity of the calculations came up, the 

professionals tended to joke about it. It was a sensitive subject since it showed a weakness in 

their knowledge about a part of the construction process. This was not the case before Erik 

entered the collaboration since the first energy calculation was enacted as unproblematic and 

settled. It was first after Erik open the black box of the knowledge which was considered as 

settled as the laughter was connected to the energy calculations. Thus, I argue that the 

complexity of the calculations and the fact that they were beyond the professionals’ expertise 

created uncertainty. The unboxing of the energy calculations left the construction 

professionals feeling that the calculations were too complex to understand, yet they would be 

responsible for the outcome. Due to the complexity of the models, the energy consultant was 

given the role of spokesperson for the model. Not having the competence to understand the 

issues, the other building professionals had to put their trust in his competence. The 

construction company professionals handled these uncertainties by attributing brilliance and 

expertise to the energy consultant. Thus, the unpacking of the black box of energy 

calculations enforced a trust in the energy consultant in order to bring the buildings together. 



5.2 Hitting the wall  

5.2.1 Enacting the walls as settled  

In the first stages of the project, the initial energy modelling of the buildings seemed to fit 

with the housing company’s demands. The architects had chosen to use curtain walls with a 

steel construction, and this was put into the first energy model. This first report stated that the 

outer walls had a U-value equal to 0.11 W/(m2C) and all buildings were under the maximum 

allowed energy use. Since the construction fitted with all calculations, the thickness of the 

walls was perceived as set. In order to make the most use of the attractive plot of land, each 

building uses as much of the area as allowed by the building permit. For the housing 

company, the sizes of the apartments is very important since that is the basis for their rents 

and therefore their budget. When the framework document was done, both the outer walls 

and the apartment sizes were enacted as set in stone.  

5.2.2 De-stabilizing the wall size 

When Erik joined the project, the construction of the building was put under the microscope 

again. According to Erik, the best way to build a house is to build a solid construction which 

is well insulated and designed with energy efficiency in mind from the beginning. In this 

case, what the professionals were trying to do was, in Erik’s words, ‘make a shitty 

Volkswagen into a race car’. According to his calculations, the first energy consultant 

included too few thermal bridges in the model. There was more concrete and more pillars 

than in standard construction, which contributed to a less solid construction with more 

leakages. Erik did not rely on the standard values for thermal bridges commonly used for all 

buildings; instead, he looked at each building and made an estimation according to its 

particular design. His unpacking of the standard values for thermal bridges put the walls in 

question. Instead of accepting the previous calculations, his work paid attention to a problem 



that had been made absent in previous discussions on energy: the role of thermal bridges in 

relation to the building design. This issue was discussed during one of the energy meetings: 

Pernilla: In the framework document it says that we should have walls with a U-value of 

0.11, but what will we end up with? 

Erik: We have 195 and 95 [millimetres of] insulation, so we should probably not mention 

that [the U-value]… 

[Pernilla starts calculating] 

Pernilla: It is 0.14… 

[short silence] 

Peter: Ok, but let’s look at the windows instead.  

According to this initial document, the external walls were to have a U-value equal to 0.11 

W/(m2C), but the professionals calculated the heat transfer coefficient to 0.14 W/(m2C). The 

agency of the new energy calculations destabilized the enactments of the walls. The early 

energy calculations enacted the walls as standardized walls which reached the 

recommendations, while Erik’s unpacking of the knowledge about the thermal bridges turned 

the walls into a problem. The standard walls then became parts of a ‘shitty Volkswagen’ that 

could not be transformed into a race car. The topic was clouded with friction, which was most 

notable in that Erik did not even want to mention the U-value of the walls out loud. The 

tensions can be attributed to the fact that Erik stated explicitly that their current design would 

not meet the targeted criteria and this could cause problems further on. Even though the 

energy calculations through Erik’s unpacking of the standard of thermal bridges enacted a 

different version of the walls, it did not have the agency to change the practices of 

constructing the building. The shortcomings of the energy calculations were conditioned by 

regulations, higher costs and institutional concerns.   

 

This section has shown the processes of black-boxing and unpacking the energy calculation 

and the consequences of making some estimations present while silencing others. Due to the 



complexity of the model, the building professionals were in the hands of the energy 

consultant. Erik’s enactments of the walls created discomfort in the discussions since the 

walls were no longer within the regulated levels. This shows how the energy calculation 

challenged the stability of the construction, which clashed with regulations and already set 

budgets. This discomfort arose in the arena between the building permit, the housing 

company’s budget and the enactment of the unacceptably thin walls. The uncertainties 

associated with the practices of working with the energy calculation are thus dependent on 

the extent of the black-boxing done by the energy consultant.  

5.3 A window of opportunity 

5.3.1 A tension between design and energy efficiency 

The relation between design and energy efficiency was perceived very differently from 

different standpoints. The energy expert had a vision of low energy use that was not in line 

with the architects’ views. Due to the specific contract which regulated that the client was to 

be actively involved during the planning process, the representative from the housing 

company became responsible for balancing the wishes from the energy expert and the 

architects in practice. However, during the interviews the architects expressed feeling down 

prioritized when it comes to difficult decisions also in other projects so this tensions is not 

specific for this process. The architect’s feeling of having less influence can also be traced in 

other research (Alsaadani & Bleil De Souza, 2016). The energy calculation brought this 

tension to the surface by destabilizing the enactment of a good design. This will be shown in 

relation to the choices made about windows. Since the participants in the energy meetings 

had concluded that the walls were set, they decided that the main factors they should be 

working with were windows and ventilation in order to get below the stated target of 30% 

lower energy use than BBR. During an energy meeting, Peter stated: ‘Windows affect 30%, 



ventilation 60%, so in this case we have to work with what we’ve got.’ One way to work with 

the window issue to lower the energy use was to find a supplier who could provide windows 

with a low coefficient of heat transmission (U-value). Furthermore, some of the buildings had 

large glass sections which were enacted as very problematic. To reach the goals of the energy 

model, the architects were told to reduce the window area in some of the buildings. The 

architects removed a small window from the apartments in one of the buildings, which 

reduced the window area by eight square meters. Even though this was spoken about as a 

small effort, the professionals also viewed it as a small success.  

5.3.2 Enacting good design in relation to energy calculations 

The energy calculation not only destabilized the number of windows in the buildings, it also 

raised questions of a more philosophical nature. During the interview with Art and Allison, 

the architects, Art explained their view of the problem with windows:  

Interviewer: What were your opinions about having to use fewer windows, was it tough 

or difficult?    

Art: It was difficult, definitely. And well… We reached some kind of pain threshold 

where it felt like, well… We have made so many compromises, some smaller and some 

larger, but it is so difficult. It is almost philosophical, like, how do you value something 

measurable, like energy demands, against something that’s not measurable, like 

aesthetics, or that something is nice? How can you treat these different types of values 

and measure them against each other? It’s not really possible, but it is these kinds of 

questions one has to deal with. But somewhere, at least for me, I felt that ‘the windows 

can’t get any smaller now’. Otherwise we should rethink the whole façade construction.  

Windows played an important role in different ways in the planning of the block of buildings 

in Vallastaden. Due to the high demands on the buildings’ energy efficiency, windows were 

enacted as a shortcoming. However, windows also bring in light and are enacted as a 

necessary feature of a building people would enjoy living in. The energy calculation brought 



this tension to the forefront and tested boundaries. This is made very explicitly in our next 

example, the case of the laundry room.  

 

From the start, the design of the laundry room in one of the buildings with student apartments 

included an outer wall with a glass section from top to bottom. This design was questioned in 

the early stages by the first energy consultant and at that point the windows first became 

relevant in the efforts to try to reduce the energy use of the building. The architects drew 

several suggestions with fewer and fewer windows and even gave one example were they 

only used very small windows.  

Art: It went from full glass sections to small apertures. And that… hurt a bit. But then, 

the client said that it wasn’t working, we need to find another way to work with energy 

here.  

Windows are important in the design of a ‘good house’ and there comes a point when the 

windows cannot get any smaller. The valuation process between energy demands and living 

conditions became a struggle between professions caring for their own craftsmanship, the 

energy consultant wanting to make an efficient building, and the architects wanting to build a 

building that is nice to live in.  

 

Design considerations were seen as imposing on more important matters; this is reflected in 

Erik’s words at one energy meeting where the shortcomings of the energy models’ results 

were discussed: 

Erik: As long as the architects have not taken any passive house courses, they will build 

buildings like a glove, but it should be a mitten, or even better, a round ball with a lot of 

insulation around it. And on top of this they add a lot of windows and winter gardens and 

then it goes even more downhill. That is sub-optimization. I find that hard to live with.  



There was tension between the building professionals and the architects, which was 

somewhat outspoken but sometimes made absent. The tension surfaced particularly when the 

professionals discussed the energy model and windows. Despite the architects’ efforts, in 

many discussions some of the professionals at the construction site enacted them as a 

hindrance in the work of making the energy efficient building.  

 

Energy calculations evoked the need to evaluate the value of good living conditions and the 

need for energy efficiency. As a consequence, it also brought out tensions in the working 

group. The energy calculation had the agency to change the use of windows, to bring about 

tension and to affect the relationships between the collaborating partners in the planning 

process. The technical calculation tool is indeed a socio-technical device, bringing up 

tensions that might not have surfaced otherwise. Even so, its abilities are not limitless. As 

shown in the example of the much-diminished windows in the laundry room, the aim to build 

nice homes is still the main goal.  

5.4 Feeling the energy calculation 

5.4.1 The flexible energy calculation 

The energy consultant in this project, Erik, was central to the enactments of the energy 

calculation. His views on the calculation guided the other professionals in the planning 

process. During discussions, he often mentioned how the energy calculation was separated 

from ‘reality’; ‘This is just made-up-stuff, that is something one has to remember’. Even so, 

he was passionate about creating a calculation that would be reliable. His reflexive view on 

the energy modelling as well as his care for it raised interesting discussions:  

Pernilla: Is there any possibility to calculate in a way so that we will pass?  

Erik: To calculate so that we will pass is possible, but the probability that it will turn out 

that way is low.  



Valter: We could lower the ventilation even more, and then we would pass, but one also 

has to be able to stand by the calculation.  

[…] 

Erik: I feel confident with this energy calculation we have discussed today. 

Peter: Yes, me too.  

The problem could be solved, in theory, through the calculation. Since the calculation was 

seen as rather flexible, it would be possible to solve the problem by using some different 

numbers. This shows how the energy model not is enacted as settled at this stage and this has 

consequences for how it was handled by the professionals.  

5.4.2 Caring for the energy calculation 

Valter, the consultant for the ventilation contractor, felt uneasy about lowering the value of 

the ventilation in the energy model, thinking that the input data was unrealistic. The energy 

model not only had to be reliable and as accurate as possible, it had to feel right for the 

professionals! Later in the meeting, they found a solution everyone agreed on and the 

meeting ended with an air of calm and assurance. The members of the meeting often 

expressed that they wanted to believe in the numbers they used and they wanted to feel safe 

with the model. The choice of words indicates that they considered these things to be 

important. During the planning meetings, which did not focus on energy, feelings were 

seldom expressed as clearly as in this setting. This shows how these meetings about energy 

were an arena where feelings were allowed to play a greater role than in other settings in the 

planning process. There are two major reasons for this. One is that the energy model was 

enacted as a flexible device, which could not provide simple and straightforward output, and 

the other is that energy is a subject that raises personal concerns.  

 

During one energy meeting, these concerns became enacted in discussions on the reuse of 

spare heat. The housing company is owned by the municipality and has a policy of using 



district heating provided by the municipality and not installing heat pumps in newly 

constructed buildings. However, the spare heat in the laundry room could be used in an 

efficient way by installing a heat pump, and it would also help the company reach the targets 

for the energy model. This can be exemplified by Erik: ‘Yes, of course we need to take care 

of this [spare heat], I cannot look myself in the mirror if we let this go.’ Energy is not only 

about making an efficient building, it connects to other concerns as well. This care is made 

present especially when it comes to wastefulness. Wasting heat sparks concerns not only 

about efficiency, but also about more personal values. During a later interview, Erik was 

asked why he believed it was so important to make use of the spare heat from the laundry 

room, and he answered that it had to do with being responsible: ‘If I’m ever blessed with 

children, and grandchildren, I want to be able to look them in the eyes and say, “I know, it 

didn’t work, but at least I did what I could; I tried my best.”’ Thus, a realistic energy model 

is not only made from input data; in the work with the model the feelings in relation to the 

model are made present as well. Wastefulness in particular creates passion for the use of 

resources. The energy calculation once again brought to the surface not only tensions, but, 

even more, feelings. Because the energy calculation was enacted as flexible, it opened up 

space for arguments other than those based on logic and efficiency. Furthermore, the 

entanglement with societal values of environmental concerns enabled Erik to care for spare 

heat as a way to take responsibility for the future.  

6. Conclusions 

6.1 Black boxing in energy modelling practices 

The results show that the choice of calculation tool is important in the way it can black-box 

elements or make them easily accessible. In addition, the practices of using these devices can 

also function as unpacking or black-boxing. When the new energy consultant in the project 



opened the black box of the first energy model, which previously had been enacted as 

accepted and settled, this created new uncertainties. This situation enforced a trust in the 

energy expert since the other professionals lacked the competence to understand the model. 

In previous research, trust between collaborators has proven to be important in collaborations 

between partners with unequal knowledge about the process (Alsaadani & Bleil De Souza, 

2016; Backlund & Eidenskog, 2011). As this study has shown, energy calculations have the 

agency to enforce trust but also have the agency to create tensions.  

  

The thickness of the walls and the use of windows exemplify ways that the energy model 

caused disruption in the planning process. When the professionals needed to lower the energy 

use of the building, they considered the possibility of making the walls thicker. However, the 

walls could neither be moved inwards or outwards due to regulation restrictions and budget 

decisions. If the energy model had been open for inspection in an earlier phase, this issue 

could have been resolved by reconsidering the wall size. This example highlights the 

necessity of bringing the energy model and energy expertise into the process at an early stage. 

If the energy expert and the architects had been working closer together in the early phases, 

this issue might never had risen. While other research has asked for increased knowledge 

from designers (Zapata-Poveda & Tweed, 2014) there is also the option to give the energy 

expert a more active role in an earlier phase. Taking the energy model seriously when writing 

the framework contract, despite the many unknown parameters, could have given the 

professionals a better starting point for constructing the energy efficient building.  

6.2 Studying energy modelling with ANT 

The empirical material in this study has been collected through the notion of studying the 

mundane, in this case the energy model, to understand how it came to be enacted as settled 

(Woolgar & Lezaun, 2013). In the spirit of this version of ANT, I have put this technical 



device in focus and analysed it on equal terms as other actors. This provides an ability to 

think differently though a different organization of the material as well as a sensitivity for 

both what is made explicit and what is made silent. This is made clear in relation to windows, 

where the valuation of a house that is nice to live in is contrasted with a house that is energy 

efficient. Even though the friction between the architects and the other professionals 

concerning the importance of design versus other values is present in other settings as well 

(Alsaadani & Bleil De Souza, 2016), it is made very explicit through the work with the 

energy model. This example shows how a device that seemingly is purely technical, such as 

energy modelling, can bring up deeply philosophical questions about what a home should be. 

Its socio-technical entanglement includes evaluating the feeling of a home while 

incorporating efficiency.  

 

In contrast to the explicit tensions between design and energy efficiency, other situations has 

shown disconcertment in more subtle ways. One of the most important results from this case 

comes from the enactment of the energy model as, on one hand, a very flexible, unstable 

entity, and on the other hand, a purely technical calculation. The energy consultant explained 

how the calculations had to be regarded as ‘made-up stuff’ and that the reality lay outside the 

windows of the construction company’s barracks. In situations where the model was enacted 

as flexible, it left room for a wider variety of arguments. By staying sensitive to the small 

interruptions and expressions of emotions, I have been able to further investigate into how 

these other types of engagements has been a part of the practice of modelling energy use of a 

building. Sometimes the tensions are made explicit, in other situations they are masked with 

words that are seldom used in the down-to-earth construction site. Instead of laughing away 

or ignoring these small indications, this study takes time to explore the trouble that 

professionals hide with laughter.    



References 

Alsaadani, S., & Bleil De Souza, C. (2016). Of collaboration or condemnation? Exploring the 

promise and pitfalls of architect-consultant collaborations for building performance 

simulation. Energy Research & Social Science, 19, 21-36. 

doi:https://doi.org/10.1016/j.erss.2016.04.016 

Alvesson, M., & Karreman, D. (2011). Qualitative research and theory development: 

Mystery as method. London: Sage Publications. 

Backlund, S., & Eidenskog, M. (2013). Energy service collaborations: It is a question of trust. 

Energy Efficiency, 6(3), 511-521. 

Callon, M. (1987). Society in the making; The study of technology as a tool for sociological 

analysis. In Bijker, W.E., Hughes, T.P. and Pinch T.J. (eds), The Social Construction 

of Technological Systems, New Directions in the Sociology and History of 

Technology, MIT Press, Cambridge, Mass. 

de Souza, C. B. (2012). Contrasting paradigms of design thinking: The building thermal 

simulation tool user vs. the building designer. Automation in Construction, 22, 112-

122.  

de Wilde, P. (2014). The gap between predicted and measured energy performance of 

buildings: A framework for investigation. Automation in Construction, 41, 40-49. 

doi:https://doi.org/10.1016/j.autcon.2014.02.009 

Eisenhower, B., O'Neill, Z., Fonoberov, V. A., & Mezić, I. (2012). Uncertainty and 

sensitivity decomposition of building energy models. Journal of Building 

Performance Simulation, 5(3), 171-184. doi:10.1080/19401493.2010.549964 

EQUA Simulation AB. (2016) IDA Indoor Climate and Energy. Retrieved from 

http://www.equa.se/en/ida-ice  

European Parliament and the Council, (2010). Directive 2010/31 on the energy performance 

of buildings.  

Eurostat. (2016). Final energy consumption by sector. Retrieved from 

http://ec.europa.eu/eurostat/tgm/refreshTableAction.do?tab=table&plugin=1&pcode=t

sdpc320&language=en  

Gram‐Hanssen, K. (2010). Standby consumption in households analyzed with a practice 

theory approach. Journal of Industrial Ecology, 14(1), 150-165.  



Jefferson, M. (2016). Energy realities or modelling: Which is more useful in a world of 

internal contradictions? Energy Research & Social Science, 22, 1-6. 

doi:http://dx.doi.org/10.1016/j.erss.2016.08.006 

Jerak-Zuiderent, S. (2015). Keeping open by re-imagining laughter and fear. The Sociological 

Review, 63(4), 897-921. doi:10.1111/1467-954X.12221 

Karatasou, S., Laskari, M., & Santamouris, M. (2013). Models of behavior change and 

residential energy use: A review of research directions and findings for behavior-

based energy efficiency. Advances in Building Energy Research, 8(2), 137-147. 

doi:10.1080/17512549.2013.809275 

Latimer, J., & Skeggs, B. (2011). The politics of imagination: keeping open and critical. The 

Sociological Review, 59(3), 393-410.  

Latour, B. (2005). Reassembling the Social: An Introduction to Actor-Network-Theory. 

Oxford: Oxford University Press. 

Latour, B., & Woolgar, S. (1986). Laboratory life: The construction of scientific facts. 

Princeton: Princeton University Press. 

Law, J. (2009). Actor-network theory and material semiotics. In B. S. Turner (Ed.), The new 

Blackwell companion to social theory (pp. 141-158). Oxford: Blackwell. 

Lee, W., & Burnett, J. (2008). Benchmarking energy use assessment of HK-BEAM, 

BREEAM and LEED. Building and Environment, 43(11), 1882-1891.  

Linköping Municipality. (2016). Welcome to Vallastaden. Retrieved from 

http://www.vallastaden2017.se/english/  

Mahdavi, A., & Tahmasebi, F. (2016). On the quality evaluation of behavioural models for 

building performance applications. Journal of Building Performance Simulation, 1-

11. doi:10.1080/19401493.2016.1230148 

Marszal, A. J., Heiselberg, P., Bourrelle, J. S., Musall, E., Voss, K., Sartori, I., & Napolitano, 

A. (2011). Zero energy building: A review of definitions and calculation 

methodologies. Energy and Buildings, 43(4), 971-979. 

doi:10.1016/j.enbuild.2010.12.022 

McLeod, R., & Hopfe, C. J. (2013). Hygrothermal implications of low and zero energy 

standards for building envelope performance in the UK. Journal of Building 

Performance Simulation, 6(5), 367-384. doi:10.1080/19401493.2012.762809 

Mol, A. (2002). The body multiple: Ontology in medical practice. Durham: Duke University 

Press. 



Palm, J., & Reindl, K. (2016). Understanding energy efficiency in Swedish residential 

building renovation: A practice theory approach. Energy Research & Social Science, 

11, 247-255.  

Saldana, J., M. (2009). The coding manual for qualitative researchers. Los Angeles, CA: 

SAGE Publications Ltd. 

Schwartz, Y., & Raslan, R. (2013). Variations in results of building energy simulation tools, 

and their impact on BREEAM and LEED ratings: A case study. Energy and 

Buildings, 62, 350-359. doi:http://dx.doi.org/10.1016/j.enbuild.2013.03.022 

Strachan, P., Svehla, K., Heusler, I., & Kersken, M. (2016). Whole model empirical 

validation on a full-scale building. Journal of Building Performance Simulation, 9(4), 

331-350. doi:10.1080/19401493.2015.1064480 

Swedish National Board of Housing, Building and Planning (2015). Förslag till svensk 

tillämpning av nära-nollenergibyggnader (Proposal for a Swedish application of 

close to zero energy buildings). 

Verran, H. (1999). Staying true to the laughter in Nigerian classrooms. The Sociological 

Review, 47(S1), 136-155.  

Verran, H. (2001). Science and an African logic. Chicago and London: University of Chicago 

Press. 

Vesterberg, J., Andersson, S., & Olofsson, T. (2016). Calibration of low-rise multifamily 

residential simulation models using regressed estimations of transmission losses. 

Journal of Building Performance Simulation, 9(3), 304-315. 

doi:10.1080/19401493.2015.1067257 

Woolgar, S., & Lezaun, J. (2013). The wrong bin bag: A turn to ontology in science and 

technology studies? Social Studies of Science, 43(3), 321-340. 

doi:10.1177/0306312713488820 

Zapata-Lancaster, G. (2014). Low carbon non-domestic building design process. An 

ethnographic comparison of design in Wales and England. Structural Survey, 32(2), 

140-157. doi:10.1108/ss-07-2013-0029 

Zapata-Lancaster, G., & Tweed, C. (2016). Tools for low-energy building design: an 

exploratory study of the design process in action. Architectural Engineering and 

Design Management, 12(4), 279-295. doi:10.1080/17452007.2016.1178627 

Zapata-Poveda, G., & Tweed, C. (2014). Official and informal tools to embed performance in 

the design of low carbon buildings. An ethnographic study in England and Wales. 

Automation in Construction, 37, 38-47. doi:10.1016/j.autcon.2013.10.001 



Zero Carbon Hub, Closing the Gap between Designed and Built Performance, Zero Carbon 

Hub, London, 2010. Retrieved from http://www.zerocarbonhub.org 

 

 


	Försättsblad
	rev Building on hope
	1. Introduction
	2. Introducing the case - Vallastaden
	3. Method
	4. Theory
	5. Results
	5.1 Different energy models give different results
	5.1.1 The first phase of the planning process
	5.1.2 The second phase of the planning process
	5.1.3 Black-boxing through energy models

	5.2 Hitting the wall
	5.2.1 Enacting the walls as settled
	5.2.2 De-stabilizing the wall size

	5.3 A window of opportunity
	5.3.1 A tension between design and energy efficiency
	5.3.2 Enacting good design in relation to energy calculations

	5.4 Feeling the energy calculation
	5.4.1 The flexible energy calculation
	5.4.2 Caring for the energy calculation


	6. Conclusions
	6.1 Black boxing in energy modelling practices
	6.2 Studying energy modelling with ANT

	References


