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Original research article 

From incentives to instructions: Climate policy mechanisms on heat pumps, 
datacentres, district heating, and epistemic collisions hindering 
decarbonisation in practice 

Caroline Anna Salling 
Technical University of Denmark, Department of Technology, Management and Economics, Produktionstorvet 424, 2800 Lyngby, Denmark   

A R T I C L E  I N F O   

Keywords: 
Energy conservation 
Electrification 
Climate policy 
Epistemics 
Big Tech 
Denmark 

A B S T R A C T   

A key mechanism of contemporary climate policy is to stimulate economic competition in technology markets to 
ensure more efficient energy use. But, what are the consequences of such incentive-based mechanisms for 
achieving decarbonisation in practice? I focus on heat pumps, both large and small, that are installed in 
households to replace oil and gas boilers and within district heating systems to use industries’ excess heat. In this 
study, from Big Tech datacentres. This is to examine whether climate policy is successfully translated into 
practice. Based on ethnography with public utility engineers of district heating in Odense, Denmark, com
plemented with document analysis of policy text, I chart three epistemic arrangements in decarbonisation work 
with attention to energy conservation, economic competition, and infrastructural connections. The epistemic 
practice of energy conservation is marginalised as competition mechanisms dominate climate policy instruments. 
The engineers’ efforts to comply and resist during infrastructural connection-making, in turn, showcase the 
limited mobilization of policy mechanisms that instruct decarbonisation as a contrast to policy mechanisms that 
try to incentivize decarbonisation. Learnings on how to best mobilise epistemic practices necessarily will have to 
go both ways between knowledge traditions on thermodynamics and market dynamics. Ultimately, hyperscale 
energy consumers such as Big Tech are configured as key agents to successful decarbonisation rather than energy 
conserving agents that, as utilities, are targets of climate policy. These findings challenge assumptions on 
whether policy mechanisms are constructed to effectively limit climate change and it suggests knowledge in
clusions to increase decarbonisation via critical energy conservation efforts.   

1. Introduction 

In 2019, news spread that Facebook had opened its first datacentre 
connected to a district heating system. By using the air accumulating 
from servers, heating could be produced in connection with the input 
from data storage and analysis. This new step for industry-utility re
lations was presented as a sustainable win-win situation: A solution to 
carbon emissions from the production and distribution of district heat
ing, historically dependent on fossil fuels, biomass, and the incineration 
of municipal waste, and an opportunity for Facebook to contribute to 
local transition efforts. The initiative was supported to the degree, that 
in Denmark where this new connection-making took place, new policy 
was formulated to include incentives for the use of industrial excess heat 
from datacentres specifically. 

Creating successful climate policy capable of rapid decarbonisation 
is becoming one of the most critical tasks of contemporary societies. 

Effectuating this task requires decreasing emissions from all parts of 
society [1]. As of yet, central pillars in ensuring decreased emissions via 
energy-focused climate policy have been eliminating taxes on electricity 
in contrast to fossil fuels and implementing subsidies for installations of 
renewable energy and energy efficiency focused technologies, such as 
heat pumps [2,3]. While studies show that such incentivising mecha
nisms are often well received in the energy sector and by energy users 
[4–6], they do not alone prove effective in ensuring the ambitious levels 
of decarbonisation needed. Existing literature has established that 
implementing subsidies and similar mechanisms such as feed-in-tariffs 
are the main success criteria for the rapid build-out of renewable en
ergy [7,8]. However, decarbonising societies requires levels of emissions 
reductions that the increased construction of renewable energy cannot 
handle alone [9,10]. 

Nonetheless, at a transnational scale, most contemporary climate 
policies depend on economically stimulating competition in technology 
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markets to introduce more renewable energy technologies into elec
tricity grids and increase energy efficiency. The Danish ‘climate agree
ment on energy and industry 2020’ is one such example which is at the 
centre of the study presented in this article. The policy was passed by the 
majority of parties across the spectrum of the Parliament of Denmark 
formulating that “Danes’ heating options needs to be green”, and that 
“Danish industries are already leaders in the development of sustainable 
technologies.” One initiative of the agreement was to eliminate excess 
heat tax for district heating, so that industrial excess heat could be 
transferred not only via sales and purchases but via certification 
schemes. An energy trade organization and the Big Tech datacentre in
dustry in Denmark had lobbied for excess heat tax elimination since the 
first announcements of hyperscale datacentres in Denmark [Salling and 
Winthereik Forthcoming]. Additionally, it introduced a new subsidy 
scheme for replacing individual oil and gas boilers with individual heat 
pumps. The two parts of the agreement, the subsidy for boiler replace
ment and tax elimination, ensured that heat pumps, both large and 
small, would be connected to energy infrastructures at major scale. As a 
connection point between the Northern European electricity grid, it 
serves both for heating individual houses and for sufficiently heating 
excess server air to match existing district heating systems. 

Server farms and the datacentre industry is extensively growing to 
enable digitalization of all kinds of societal and personal everyday 
processes [11]. The global cloud is defined by local cultures and prac
tical work on energy infrastructures, organisations, and policy [12–14]. 
The dependence of the cloud on local conditions and politics takes place 
to the extent that it has been referred to as ‘the datacentre industrial 
complex’ [15]. Datacentres, particularly of hyperscale size such as those 
constructed by Big Tech companies, depend on local systems and engi
neering practices with consequences of ‘energy gentrification’ [16]. This 
means that, with the increase of operations in major data centres, grid 
owners have to prioritise who should be connected to electricity sys
tems. It also requires new modes of energy consumption and production, 
for which reason many datacentre operators and tech companies 
become involved in new energy projects. Yet, renewable energy pro
duction for electricity consumption by hyperscale datacentres have also 
caused displacement of local communities and indigenous groups 
[17,18]. There is another side to datacentre-energy dilemmas than that 
of electricity production and consumption. In locations with district 
heating systems that collectively supply cities and towns, hyperscale 
datacentres are increasingly delivering excess heat from servers. In 
Sweden, Finland, and France, for example, such connections transform 
computation traffic into a new form of energy commodity [19]. How
ever, these emerging ‘thermopolitics of data’ [20] in the case of 
Denmark has also somewhat depoliticized server excess heat. For 
example, the 2020 climate policy eliminating tax on excess heat enabled 
datacentre operators to gift server heat rather than exchange it as a 
commodity. This event, the elimination of excess heat tax, folds the 
datacentre industry into climate policy. This raises several questions: 
Which role is the datacentre industry assigned to ensure societal 
decarbonisation? Which kinds of climate policy mechanisms on how to 
decarbonise are being rolled out? And with which effects are they 
translated into everyday engineering practice? 

To address these questions, I analyse the epistemic foundations 
involved within the implementation of small and large heat pumps with 
datacentre excess heat integrations. The knowledge traditions 
grounding both the climate policy design and engineering practice 
however turn out being far from aligned. To show how these epistemic 
matters impact successfully realising decarbonisation in practice, I 
develop the term of epistemic collisions. When epistemic collisions 
become documented analytically, not just the why and how objects 
collide can be analysed but also the material effect can become a topic of 
critical investigation. Collisions highlight how meetings of scientific 
practical differences create effects that are rarely equal. In contrast to 
generative moments of friction and conflict [21], whereas collisions do 
involve moments of friction, they also produce destruction, including 

hinderances to processes such as decarbonisation. 
To illuminate such epistemic collisions and their consequences for 

decarbonisation, I begin with the materials and methods of ethno
graphic data collection on the datacentre-district heating site in the city 
of Odense, where engineers have been tasked with installing large heat 
pumps to decarbonize the city’s public heating system, use server heat, 
and deliver cooling for a Facebook datacentre. I build on philosopher of 
science, Isabelle Stengers’, work on the history of constructivist 
knowledge events to conceptualise what I term epistemic collisions of 
particular relevance to decarbonisation work. I then analyse the 
empirical material and chart three epistemic arrangements of collisions 
in decarbonisation work with attention to energy conservation, market 
competition, and infrastructural connections. The new climate policy 
requires that the utility engineers must go beyond energy conservation 
work, while increasingly engage with market dynamics to make sense of 
the material effects of the interruption caused by the economic 
competition in their practice of thermodynamics. However, the 
obstruction to the engineers’ work of decarbonizing public energy pro
duction and distribution provides a lesson not just in the ways energy 
transitions are practiced within engineering and policy work. But also, 
how epistemic arrangements within energy work can be drawn out to 
assist decarbonisation more explicitly. The material conditions and 
components of epistemic arrangements need to be analysed to reach a 
better understanding of the outcomes of political decisions on the crit
ical issue of how to slow down emissions-induced climate change. As 
Stengers reminds us, the question of what makes knowledge into 
knowledge, is also a question of “what we want from our knowledge” 
[[26]: p. 157]. 

2. Materials and methods: on heat pumps for district heating, 
dwellings, and a datacentre 

This article is based on two months of ethnographic fieldwork in 
October and November 2020. The qualitative, empirical material 
generated and employed in the analysis are fieldnotes from participant 
observation, reports, law-text, and interview transcriptions with utility 
workers of a Danish district heating utility in the city of Odense of whom 
most of the interlocutors were educated engineers. The study was 
developed as part of a larger research project looking into the impact on 
welfare services and welfare infrastructures from the advent of large- 
scale, planned digitalization. With the focus on district heating as an 
exemplary infrastructure largely dependent on typical welfare state 
policy such as non-profitability, high taxation, and universal access, also 
to energy, I designed the research to investigate relations between so
cietal digitalization accredited to infrastructure build-out such as 
hyperscale datacentres and in practice, contemporary infrastructure 
decarbonisation projects. The research site of a new Facebook data
centre and district heating in the city of Odense was selected as study site 
substantiating the roles and responsibilities for societal decarbonisation 
that the hyperscale datacentre industry are appointed via policy design. 
The material was finally thematised from which the three topics of en
ergy conservation, economic competition and infrastructural connec
tions guiding the following findings sections emerged as areas that 
explicate complexities and problems of realising climate policy during 
the digital age in practice. 

Odense’s district heating network is a site of relations between the 
different heat pumps, their humans, and the policies that change their 
environments. The engineers, with whom I conducted fieldwork, use the 
excess heat from the Facebook servers along with electricity from 
increasingly renewable sources to replace coal. This study is centred 
around two different kinds of heat pumps that the utility engineers 
became involved with directly and indirectly. While they work on 
installing large heat pumps several square meters in size, consisting of 
pipes moving between its components to use Facebook’s server air, they 
are confronted with small single-household heat pumps. Individual heat 
pumps are usually installed on the outside walls of detached family 
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houses as substitute for fuelling with gas, wood pellets, or individual oil 
burners. While both types of pumps depend on electricity and the 
thermodynamic work of conserving as much energy as possible, their 
economic and societal positioning are far from similar. 

The reason for constructing a new building to house heat pumps was 
the arrival of Facebook’s hyperscale datacentre in 2019. Part of the 
construction planning was to connect the energy supplied by its servers 
to the local district heating infrastructure supplying the whole city. This 
came at an opportune moment as the city’s engineers were looking to 
transition away from burning coal and were looking for new sources of 
heat. The heat pumps were expected to both increase the temperature of 
the server air to produce hot water to be piped to heat 90,000 homes, 
shops, schools, the hospital, factories, and so on; and deliver its other 
output, cooling, to the essential cooling tubes within the datacentre. 
Planning for the purchase, installation, and testing of these heat pumps 
is a costly job carried out by the engineers maintaining and extending 
the municipality-owned, non-profitable utility company’s district heat
ing network. 

3. Theoretical framework: epistemic collisions 

This section conceptualises epistemic collisions by drawing on Isa
belle Stengers’ analysis of the history of science, including her findings 
on thermodynamics as constructivist, pragmatic practice. Centuries 
before the advent of social science, thermodynamic theorists established 
that objects have relation-making powers and constructive material 
forms [22]. Descriptive science institutions, commanding policy cham
bers, instrumental industry offices, explorative citizen science outings, 
instructive classrooms, and maintenance-focused public utility in
frastructures are all sites in and between which knowledge traditions are 
mobilised. Not only do technologies move around, shift hands, and 
transform, but so do the scientific objects that are pressed together, 
substantiated, and maintained so well that they remain scientific 
wherever they are stopped on their journeys. Facts are among the en
tities that come from somewhere: from concrete events, practices, tools, 
things, and the actions of living and unliving creatures [23]. But which 
role does epistemic collisions then have for (the success of) 
decarbonisation? 

Conflicting (in contrast to, for example, collaborating) engagements 
across institutionalised epistemic boundaries are common [24]. This 
applies equally when the topic of investigation is not science production 
but “science on the run” [25]. Analysing the history of scientific disci
plines, Stengers has traced constructive events in the history of physics. 
She argues that physics emerged as a separation between the why’s 
(physical causes) and the how’s (theoretical explanations) of worldly 
processes. Many groupings within physics easily accept surrealist 
physics such as chaos theory, physical disorder, worm holes, and mul
tiverses. Yet many surprisingly still reject the point that theorists such as 
Henri Poincaré and Ilya Prigogine made part of their academic projects: 
that is, the “great laws of physics” are constructive conventions that can 
and already have been modified when solutions to contradictions are 
agreed upon scientifically [[26]: p. 154]. Knowledges are produced 
according to concrete situations in locations and history [27,28], and 
scientific knowledges differ from others in how they are produced in 
terms of both principal outcomes – facts, theories, hypotheses, conver
sations, and laws – and secondary effects, such as certainties and gen
eralizations [29,30]. Scientific truths are not stable, singularized entities 
but relational events [31]. For example, physical chemist Prigogine’s 
scholarship differs from that of the positivist enlightenment project by 
making explicit, that scientific laws do not to explain regularities of 
reality but do characterize such regularities that any concrete system 
may present as “the extent to which its past determines its present and its 
present makes its future predictable” [[26]: p. 155]. The collective 
insistence on constructive possibles points out that it is not as if nature 
itself could request unveiling and show coherent all-encompassing 
conformity. 

Both economics and several sub-fields of the natural sciences, like 
thermodynamics, electromagnetics, and microbiology, emerged from 
the Industrial Revolution with the development of industrial machines 
[32,33]. While inherent to the industrialisation that caused emissions- 
induced climate change [34], these traditions are also mobilised as 
central to societal decarbonisation. The list of scientific intersections 
across the common boundaries of these sub-disciplines’ is long. Specif
ically when zooming in on research conducted in the name of industri
alisation. For example, “the economy” (which first appeared as a term in 
the 1930s) – were initially merely an analytical description; eventually, 
however, came to produce its referents – to produce “the economy” [35]. 
Daggett [36] and Stengers [37] trace one such scientific identification in 
the history of thermodynamics, which long predates formulations by the 
first Scottish energy scientists in the mid-1800s, who developed ther
modynamics as a field resting on their pious ethic of limiting (energetic) 
waste. Indeed, concepts that foreshadowed energy conservation can be 
traced all the way back to the ancient Greeks, including stoic philoso
pher Heraclitus who argued that the cosmos was an ever-burning fire, 
often referred to as his philosophy of “fire-and-flux” [36]. The first law 
of thermodynamics, which was later identified as the conservation of 
energy – energy cannot disappear because it is constant – appeared even 
before James Prescott Joule’s infamous finding of the quantitative 
equivalence between heat and work in 1842. 

Stengers [37] additionally shows how “energy conversion” was 
originally the first law of thermodynamics. Only later it changed with 
reference to “energy conservation.” Conversion as a term was rejected 
because it mainly served an aesthetic purpose in describing the process 
of material translation, whereas the process of conservation enabled 
measuring energy. Energy was no longer only converted from one state 
to another but also into a number. In other words, the conversion of 
energy was quantified. And the quantification of energy production for 
commodity production, the knowledge of how to make engines produce 
more with lower fuel expenses, proved crucial in the early days of 
industrialisation. The quest on the part of the industrial owning class to 
produce the cheapest commodities in their new factories initiated the 
period in which economic competition really came to impact daily lives 
both in factories and town markets as well as in the making of energy 
science itself. The industrial requirement for the quantification of energy 
made the first law of thermodynamics one of conservation rather than 
conversion. 

Stengers’ method is to contrast performative approaches and ideal 
type knowledge objects, with historical instances of scientists’ pushing 
for constructivist attention to their own practices. Specifically, to study 
(with) scientists’ own conceptualizations. The differences that occur to a 
physical environment become documented knowledge with the study of 
approximations of non-symmetry between past and present [37]. Such 
analysis of the relations between physical environments and scientific 
phenomena is foundational in social studies of science; however, it does 
not account for the life of such law-full forms outside of the academy – in 
the industrial data factory or the energy plant, for example. Epistemic 
collisions, as building on the theory of constructive knowledge events, 
happen via ideal types of knowledge traditions that while in theory 
easily can co-exist then eventually clash in practice. The following sec
tion shows how epistemics collide in the context of climate policy as 
utility engineers are tasked with implementing new decarbonisation 
initiatives. With findings on the three areas of energy conservation, 
economic competition, and infrastructural connections, the study shows 
how epistemic arrangements are made to guide decarbonisation and 
how a specific collision between mobilised market dynamics and ther
modynamics alters the potential success of implemented climate policy. 

4. Findings 

4.1. Energy conservation: the thermodynamics of heat pumps 

In a large meeting room within the office buildings of the district 
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heating energy plant called Fynsværket, located in Odense, a course 
titled ‘introduction to electricity using heat pumps’ is about to take 
place. The course targets the department of electricity within the local 
district heating utility out of whom most have a background in electrical 
engineering. It has been prepared by Kai, the utility’s expert on heat 
pumps. Kai, who conducted an industrial PhD in physics within the 
organization on the topic of heat pumps a couple of years ago, will also 
be the instructor for the course. The department of electricity has 
requested the course as they have learned that heat pumps will be 
installed at large-scale within the district heating network, including at 
the central energy plant. The new era of heat pumps is a result of the 
energy transition of electricity grids. Practitioners as well as politicians 
expect electricity will become increasingly renewables-based due to the 
ongoing construction of wind turbines connected to the Northern Eu
ropean grid. The members of the department of electricity sit in rows in 
front of the projected power point, while the heat pump expert, Kai, 
stands in front of the projected power point slides. The first slide argues 
for the advent of heat pumps with seven points (translated from Danish 
by the author): 

“1. Electricity-using heat pumps are a competitive alternative to the 
current coal boilers of the energy plant. 2. They are a politically 
acceptable future-oriented solution. 3. The general tax on electricity 
has recently been lowered. 4. The consumer tax on electric heating is 
being phased out. 4. There is not much financial support for biomass 
energy plants. 6. Biomass is not popular.” 

Starting with this foundation for the course is an opportunity for Kai 
to convince everyone in the room that heat pumps is the best alternative 
when phasing out coal, also in comparison to biomass such as wood
chips. The department receiving the course has been responsible for 
everything electricity-related at the energy plant for many years. The 
energy plant was first constructed to produce electricity. Eventually, the 
heat from its electricity generating turbines was used for heating the 
facilities of local institutions, such as the city’s only indoor swimming 
pool at the time. This was the start of district heating. As electricity in 
the 1990s and 2000s became increasingly produced from renewable 
sources, the energy plant largely came to produce district heating: coal 
would be burned to heat water running in circuits around the city. This 
method proved more efficient both in terms of consumption and price 
levels than if every household and institution installed individual 
boilers. Now, with the advent of large heat pumps, electricity is 
returning to the foreground. Not because the energy plant produces 
mainly electricity as before, but because grid electricity is used to power 
the heat pumps. This increases the temperature of air enough to send 
transformed hot water into the circuit of heating pipes laying under
neath most streets of the city. To understand heat pumps, Kai says as he 
introduces the content of the course, is to understand the basics of 
thermodynamics. Kai’s go-to description of heat pumps is that they 
‘work like refrigerators, just the opposite way’, and continues with a 
reminder that ‘energy is always transferred from high to low tempera
tures.’ This is the first law of thermodynamics: energy is conserved even 
when it is transformed into another substance. In Odense, lukewarm 
server air is transformed into hot water through pressure from the 
electricity-powered heat pumps (Image 1). 

Commenting on his own description, Kai explains that the metaphor 
of the fridge makes it clear that heat pumps are about relations between 
hot and cold, opposites, always producing or using both on different 
sides with some kind of added energy – in the cases of both fridges and 
heat pumps: electricity. The thermodynamics of both fridges and heat 
pumps transform energy through different substances, such as air and 
water that are increased or decreased in temperature. It is the 
constructivism of energy conservation that Kai mobilizes when planning 
how to install more heat pumps. The utility of energy is what makes it 
important. 

The fridge metaphor serves Kai another purpose. Just as a fridge 
produces heat when producing cooling – it often accumulates behind the 

fridge and is usually not put to use – the heat pumps also produce 
cooling. When I arrived in Odense to do fieldwork with the district 
heating engineers, one of the first things I learned (which had not 
become apparent in initial desk research – it was not described any
where in the public material), was how the heat pumps also produce 
cooling for the servers within the datacentre. Kai is delighted with this 
facet of operations, and it was surprising that the simultaneous cooling 
was not advertised anywhere in Facebook’s wealth of sustainability 
material showcasing their delivery of server heat to a local heating 
system in Denmark. Facebook has installed its own cooling system, Kai 
tells me, as it has never relied on an external cooling system before. But 
on an everyday basis, the heat pumps put to work by the utility engi
neers produce cooling for Facebook’s servers, simultaneously ensuring 
the safety of Facebook’s data as they produce heat for the citizens of 
Odense. The substance flow does not only move from Facebook to the 
heat pumps and into the city but also the other way around. 

Energy conservation enables the production of energetic value 
beyond organizational boundaries. Kai and his colleagues are well 
versed in the knowledge of how energy never disappears and can always 
be used somewhere for the purpose of using less fuel and reducing costs. 
When calculating the flows of the heat pumps and displaying them for 
his colleagues, Kai demonstrates that he and the heat pumps are 
collectively mediators of energy conservation. Guided by Kai, the heat 
pumps create efficient energy use by being machines of energy mea
surement: ‘the thermodynamicist’ is a constructivist, who recognizes 
that measurement “creates the object that it measures” [22: p. 210 cited 
in [[37]: p. 122]]. It is objectified knowledge, but what he does with it 
makes material and political differences. Kai’s demonstration of energy 
conservation shows how energy knowledge comes about in relation to 
working machines and identified thermodynamic issues, rather than in 
isolation. 

Image 1. One of the new heat pumps built to use server air from Facebook’s 
datacentre for district heating. Image by the author. 
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In this epistemic arrangement, the large heat pumps are mobilised to 
comply with both the climate policy demanding increased use of heat 
pumps and with their own personal ambitions to decarbonise the district 
heating system as much as possible. It shows how Kai is concerned with 
emissions effects from energy production on climate change, and his 
transition strategy is electrification via big heat pumps as a means to 
decrease emissions from heating. In fact, the utility strategized on how 
to implement large heat pumps years before the climate policy incen
tivised the increased use of excess heat from industries such as Face
book. Energy conservation has for centuries epistemically defined 
machinic work as theory. Yet, this material on Kai and his colleagues 
energy conservation work shows how utility workers are starting to 
employ thermodynamics more performatively as a tool. Thermody
namics was the theoretical foundation for the industrialisation of soci
eties worldwide, yet also via Kai’s work shows potential as an active 
ideal. Energy is always conserved but could actively be conserved even 
more. So far so good, yet the energy conservation taking place via 
installing heat pumps is not the only epistemic arrangement that defines 
the levels of realized decarbonisation. 

4.2. Economic competition: the market dynamics of heat pumps 

“The parties agree that oil and gas boilers should be phased out and 
replaced with heat pumps, district heating, etc. It should be more 
attractive to choose green heating solutions. It’s important to the parties 
that there is a good balance between collective and individual heating 
options. Subsidies for district heating should be implemented in areas 
where district heating is socio-economically favourable. In areas where 
district heating has not been implemented, subsidies for heat pumps 
should be available.” (translation from the Danish Climate Agreement 
for Energy and Industry, October 30, 2020) 

Heat pumps are increasingly connected to district heating systems. 
Yet they are also increasingly installed as an alternative to district 
heating. People who live in areas not yet connected to district heating 
pipes are increasingly choosing to purchase small, single-household heat 
pumps to warm their homes during the cold months of the year. In 
Denmark that is usually October to April. They do this because these 
small heat pumps have been heavily subsidized in Danish energy pol
icies from the late 2010s into the early 2020s. The 2020 climate policy 
and the roll-out of a subsidy scheme by the sub-ministerial Danish En
ergy Agency is the central policy initiative on small heat pumps. Heat 
pumps are advertised as the best alternative to gas, oil, and wood 
boilers, and more and more companies specialize in installing them. For 
many years, district heating has expanded through the laying of pipes 
alongside roads in urban and suburban areas to connect increasing 
numbers of buildings and therefore building managers and owners. It is 
the ongoing state of work and the adaptability of the infrastructure that 
make it valuable to locals, such as with new pipes and connected 
buildings. Every year new connections have been made and this 
expansion is generally considered a built-in feature of large-scale district 
heating: it needs to accrete to become more efficient. District heating has 
for decades been favoured by Danes living in areas serviced by piping 
systems because Danish energy policy dictates that district heating 
cannot produce profit, stating it must remain the cheapest energy 
source. Such goals are realized through energy efficiency initiatives. 

In October 2020 the utility has organised a meeting to discuss a new 
issue that many of its workers are concerned about. The new climate 
policy only just implemented subsidising small single-household heat 
pumps is starting to impact their work on new extensions of the district 
heating pipes onto more houses, shops, schools, etc. District heating has 
been the energy policy favourite for years and is now challenged by 
private companies rapidly installing heat pumps in houses in every 
corner of the nation-state. Several of the participants, including the 
customer manager of the utility, are worried that the more people who 
install small heat pumps, now incentivised by the climate policy passed a 
few months before the meeting, the fewer the areas will become new 

district heating connections. After all, the presence of a certain number 
of interested managers or owners in an area is necessary for a worth
while construction project that involves hiring diggers, closing off roads, 
digging holes, and filling them with connected, sealed, multi-layered 
pipes. But most importantly, as one of the attendees observes, is that 
the fewer connected buildings on a new piping system, the less efficient 
it will become. The 20 attendees are members of different departments 
of the district heating utility, discussing whether their policy work will 
have greater impact if responding to public hearings as usual, writing 
op-eds, having more conversations with the industry organization for 
district heating in Denmark, or writing posts on social media. Eventu
ally, the meeting takes a turn as the customer manager shows a recent 
post on LinkedIn of his in which he explains the problem of incentivising 
small single-household heat pumps over district heating. 

The new climate policy has become a major concern to the heating 
engineers in Odense. Private companies that sell and install heat pumps 
invest in marketing on a large scale, and benefit from the many eco
nomic schemes from which it becomes cheaper and faster for residents 
to have a small heat pump installed rather than wait for prospective 
district heating. In September 2020 the district heating utility formed a 
lobby group to act on their concern that district heating had become 
‘exposed to competition’, as one of the engineers told me when he 
invited me to one of their meetings. The core responsibility of the lobby 
group is to discuss options for making clear to politicians the hindrance 
to decreasing carbon emissions from energy: economic competition. 

In Denmark, district heating is regulated through (what in direct 
translation from Danish is called) a “rest-in-itself-principle.” A utility 
regulated by this principle cannot legally produce profits or deficits, 
which must be reflected in all heat prices. The no-profit utility principle 
contrasts both the smaller and major cooperatives in Denmark that are 
not regulated on the basis of profit. The price for heating one’s apart
ment, school, or shoe shop is determined by only the necessary costs of 
producing and delivering the heat. The principle ensures the manage
ment model originally implemented in 1979 with the first policy on 
heating utilities. The policy securing the principle roll-out was imple
mented in response to concerns with the formation of a ‘natural mo
nopoly’ and the opportunity offered to utilities to raise prices if utilities 
were monopolising. In other words, not to balance and enforce 
competition but with concern for equal, cheap and energy efficient ac
cess through regulated exchanges rather than via formation of 
economically competitive utilities. 

In heat pump language, energy efficiency is synonymous with ‘co
efficient of performance.’ Kai works with this measurement daily to 
ensure that heat pumps already installed, and those they purchase in the 
future, use as little electricity as possible while producing the required 
amount of energy for district heating. In district heating language (not 
just heat pumps), energy efficiency depends on the length of pipes. The 
longer the hot water travels the colder it will get en route. This means 
district heating pipes are only extended when sufficient building owners 
and managers in a prospective area consent to connection. Therefore, if 
a single-family houseowner on a prospectively connected suburban 
street decides to purchase an individual heat pump with competitive 
advantage, district heating’s energy-efficiency measures might reduce 
the engineers’ incentive to dig pipes into the area (Image 2). Yet it was 
only in the 1990s that energy efficiency became a policy tool answering 
to heavily increasing greenhouse gas emissions and their climatic im
pacts [38]. Energy efficiency first became a core precept for energy 
production in the 1800s as a tool for industries constantly working to
wards cheapening the production of commodities. Worries about fuel 
depletion and the finite amount of fuels were central to the 1860s, as 
stated in Jevon’s famous Coal Question [39]. Energy efficiency became a 
solution to issues of price as the decreasing size of fuel repositories 
became particularly prominent when coal was heavily subsidized due to 
the oil crisis of the 1980s. 

Competition has become a sedimented, collective issue for the 
heating engineers in Odense. Some of them are against the roll-out of 
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small heat pumps in prospective district heating areas and others are 
more concerned with when, how, and through which combinations of 
small and large heat pumps less carbon can be emitted from energy. Kai 
spends some of his time at weekends calculating the emissions and 
prices for combining district heating and small heat pumps. His care for 
large-scale, electricity-system scenarios displays his motivated applica
tion of energy conservation to ensure the planning, building, and ret
rofitting of the district heating system and the energy system realising 
decarbonisation. And this application pf thermodynamics is tested when 
the arrival of competition becomes a shared, stabilized concern among 
the heating engineers. 

When juxtaposing the social science literature on market competi
tion and energy conservation, one thing particularly distinguishes their 
epistemic foundation. Competition as an economically performative 
within the epistemic arrangement of market dynamics [40–42] is in 
marked contrast with conservation as an energetically pragmatic 
epistemic arrangement within thermodynamics [22,36,37]. Market 
mechanisms are negotiable and in-the-making [43], whereas molecules 
can be directed, conserved, and moved around [44]. Performativity and 
pragmatics deliberately make and unmake material worlds but with 
different means and ends. But who makes them perform and pragmatize, 
and with which consequences? In common with energy conservation, 
economic competition is a topic understudied by social science beyond 
economic theory [22]. Somewhat ironically – because, as Adam Smith 
invented the ideal of competition in the 1700s working like an invisible 
hand – most social studies have deliberately not shown competition in 
action [45], but instead examined idealizations of competition (for 
notable exceptions, see [46–48]). Yet making competition happen takes 
considerable bureaucratic policy work [49], and, additionally, when 
interlocutors identify how they are forced to organize to deal with 
competition, then conceptual intervention does not prove analytically 
sufficient. Competition is a market dynamic is not merely an invisible 

hand, hook, or any other tool; rather, it travels as a result of considerable 
force to perform the liberalised market. The spheres of planning, regu
lating, and working with energy are embedded with just as many di
mensions of power plays as any other area of contemporary societies 
[50]. 

Competition has not always defined market dynamics. In the guild 
era of the Middle Ages, for example, copying commodities and adding 
new traits to them was considered highly unlawful [51]. The shift from 
liberalism to the neoliberalism of the 1900s is characterized by an un
derstanding of human social relations that shifted from one based on 
exchange to one of competition [52]. The earlier dominating forms of 
liberalist theory emerging from Adam Smith’s scholarship of the 1700s, 
and the neoliberalism of the 1900s shares the definition of the political 
sphere as inherently economic, which explains why neoliberal policy is 
fundamentally more economic than anything else. The performative 
mobilization of competition made possible to consider what competition 
could do rather than only what competition as a phenomenon is. In most 
contemporary economic theories, competition is no longer a descriptive 
term but the ultimate tool for “perfect competition” in which market 
dynamics enable fair exchanges when all capital, sellers, buyers, and 
laborers can compete with each other [53,54]. Yet, as Callon [41] points 
out, there is considerable distance from street market dynamics to 
competitive, capitalist market dynamics, including digital capitalism, 
which is a point he insists on in order to show that non-capitalist markets 
have existed, do exist, and that many more of such market forms could 
emerge with enough political ambition. 

Economic competition became an object of consensus due to its 
active potential for industrial production in the 1700s. In the context of 
many EuroAmerican nation-states, however, competition additionally 
became a regulated a law in the first part of the 1900s. “The law’s 
purpose is to advance efficient societal use of resources through effective 
competition for the benefit of companies and consumers” [55]. These 
words are of §1 in the Danish legislative text that guides what is called 
‘the competition law’ (in other legal frameworks also known as “anti
trust law”). It was originally passed in 1931 to hinder monopolization. 
Then reformulated in 1990 to advance competition. This event is 
important because it marks a shift in the application of competition in 
society at large: its transition from descriptive to purposefully perfor
mative. The transformation from the exchange relations of medieval 
societies to competitive relations with neoliberalisation marks a 
defining shift for competition. Yet, no empirical scientific consensus 
exists on whether economic competition stimulates or paralyzes the 
innovation [41], including the forms of technological and policy inno
vation needed to decrease greenhouse gas emissions extensively. 

This epistemic arrangement of economic competition shows us that 
the small single-household heat pumps are contested by the utility 
workers as they are concerned with how much the district heating will 
be exposed to new forms of economic competition. Specifically, because 
the district heating is regulated via the ‘rest-in-itself-principle’ that 
means the utility cannot produce profit while small heat pumps are 
becoming heavily subsidized due to climate policy and therefore 
incentivised as alternative to district heating when locals transition from 
oil and gas boilers. While the utility workers resist these events and their 
recent and future consequences to intense energy conservation decar
bonisation, economic competition becomes highlighted as a way in 
which climate policy instrumentalises transition incentivises. Despite 
that, economic competition guides the climate policies incentivising 
transition on this study’s areas of district heating, datacentres, and heat 
pumps in Denmark. The performativity, competition as tool rather than 
as fact, collides with the epistemic foundation of thermodynamics as 
merely facts. As the engineers’ experiences and concerns show, suc
cessful decarbonisation mobilised by climate policy cannot hinge solely 
on incentives, such as incentives for competition between utilities. 
Large-scale connections, complexities and inter-dependencies between 
infrastructures and industries is the reason for why economic competi
tion is not enough. Large heat pump instalment and management for 

Image 2. District heating pipes for a new housing area in Odense are buried 
underground on a street that has been closed during the digging work. Image by 
the author. 
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district heating and server excess heat in the following section shows 
such inter-dependencies. 

4.3. Infrastructural connections: the relational dynamics of heat pumps 

The performance of competition is not only apparent in energy policy 
but also in the workings of the heavily energy-consuming datacentre 
industry. Datacentres are becoming ‘infrastructural in-betweens’ as 
nodes in bigger networks simultaneously connected and disconnected to 
both information and energy streams [56]. A profile of the localized 
conditions from which Facebook benefits in Odense demonstrates how 
explicit competition-based strategy works to situate Facebook in the 
decarbonisation plans of the engineers; however, it requires consider
able work by the engineers and their machines. 

Datacentres are still growing in size. These, new data-producing, 
high-energy consuming buildings stacked with servers, are sites for 
construction work in both urban and rural spaces. In the South of 
Odense, Denmark, next to two architecturally connected server halls 
that makes the datacentre – both in operation, yet constructed for 
further extension – is a rectangular, shiny black and brown building 
within the new industrial quarter designed for future tech companies. 
Inside the building, three large heat pumps hum in ambient harmony as 
they transform lukewarm server air into hot water and warm radiators 
for the city. The heat pumps for Facebook’s server air were first tested at 
the start of the district heating season in 2020, when people began to 
turn the knobs of thermostats in workplaces and in their homes. The 
district heating utility has constructed a building to house the new heat 
pumps adjacent to the datacentre, and Jens, who was responsible for the 
project, updated me on its status while introducing the newly installed 
machines. 

The building is split in three: a visitors’ room facing the datacentre, a 
small office with computers monitoring the heat pumps, and the hum
ming heat pumps at the heart of the building where the heat pumps pipes 
cross each other and move in different directions in and out of the 
building. Although the components of these three large heat pumps do 
exactly the same as the small heat pumps that many people are installing 
in their homes, they look nothing alike. These are not mobile machines 
that one can purchase, screw on a wall, and plug in. Jens walked around 
the new utility building located next to the Facebook datacentre. While 
the new large heat pumps were to ensure the transformation of air and 
water into different temperatures, it was pipes that filled most of the 

space. Pink and blue pipes hold the air coming in and out of the Face
book datacentre (Image 3), while the red pipes contain water circulating 
through the district heating (Image 4). Next to each other sit three large 
torpedo-shaped tanks. These tanks were also presented in the course on 
heat pumps with Kai: the compressors. This part of the machine is 
powered by an electric motor that forces vapor of lower pressure and 
temperature to rise in temperature and pressure. Here, the server air 
enters at a lukewarm 27 ◦C state but is transformed into 70 ◦C water by 
the heat pumps. The water from the city pipes is 40 ◦C when entering the 
heat pumps but 70 ◦C on its return to the city, while the cooling element 
– 15 ◦C air – travels back to the datacentre to cool its servers (Image 5). 
As we leave the noisy room, Jens comments that these heat pumps are 
powered by the same electricity as the datacentre: Facebook has 
included the heat pumps in the purchase agreements for the operation of 
everything inside the datacentre, including the power-hungry servers. 

A poster in the visitor room claims that the Facebook datacentre only 
uses 100 % renewable energy from Norwegian wind turbines. A diagram 
on the poster shows a wind turbine placed right next to and directly 
connected to the datacentre. New forms of energy-market financial de
vices make Facebook’s claim to renewability possible. Corporate Power 
Purchase Agreements (CPPAs) are increasingly normalized by high- 
energy consuming industries that have the capital it takes to make 
large, renewable, energy construction investments [Salling Forth
coming]. Yet these agreements are termed ‘virtual’ by the companies 
selling procurement and instalment. The consumption of only renew
ables is the financial definition rather than the energetic: When the wind 
does not blow hard on the Western shores of Jutland, Denmark, and the 
rivers are not running heavily in Norway, the datacentre depends 
equally on fossil fuels as any other electricity consumer. 

Images 3 and 4. Pipes carrying air and water that connect the district heating heat pumps with the Facebook datacentre. Images by the author.  

Image 5. Energy conservation between the Facebook datacentre and district 
heating system in Odense. Large heat pumps installed by the utility ensures that 
the air from servers is heated more than double the temperature to fit the 
district heating system’s standard temperature. Diagram by the author. 
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While datacentres are nodes in between major infrastructures, heat 
pumps also come to function as infrastructural nodes. Infrastructures 
ensure ‘exchanges over space’ [57], and they are “sunk into” other 
technologies, societal arrangements, organisations, including other in
frastructures [58]. But energy infrastructures also require conversion 
and conservation machines much like the job that heat pumps is tasked 
with for running energy and information infrastructures successfully. In 
turn, the heat pumps end up showing how the heating infrastructures 
that Facebook delivers excess heat to, is connected to and heavily 
dependent on larger electricity infrastructures such as the Northern 
European grid. Jens is critically aware of the wider energetic connec
tions beyond the district heating pipes, heat pumps, and servers. We talk 
long about how the server air is electrically serviced. Yet he ends out 
asserting that he feels somewhat speculative in speaking about all these 
things like infrastructure connections, while he at the same time is very 
informed about it all. He gives the reason that his job description and the 
success criteria of his tasks within this construction project: The heat 
pumps need to conserve the luke-warm server air much as possible. The 
epistemic complexities within this dimension of the decarbonisation 
project we may refer to as coming down to infrastructural connections. 

Infrastructures are continuously built and extended, few left behind 
or abandoned. Yet the knowledge and engineering work that requires 
competences beyond single technological management can be referred 
to as of more infrastructural character. This includes knowledge on and 
skills in bridging sociotechnical boundaries across locations and un
derstand how they are connected [59]. While these epistemics of 
infrastructural connections reaches beyond complying with or resisting 
incentivising mechanisms of the climate policy, they provide another 
important lesson for successful decarbonisation. While much less insti
tutionalised than knowledges on thermodynamics and market dy
namics, the relational dynamics between technological and societal 
structures such as infrastructures have similar epistemic foundations 
with consequences for decarbonisation practices. Yet they are learned 
via practices in places with concerns for how to operate infrastructures 
according to energy conservation. This may also be the reason why such 
usually informal epistemic arrangements only unfold when policy must 
be complied with or resisted rather than in the making of it. The Danish 
climate policy of 2020 is organised into initiatives that incentivize 
transitions in sectors and with technologies. The connections between 
the instalments and replacements of technologies and energy con
sumption levels and fuel resources are areas of infrastructural character 
that climate policy is yet to include in order to successfully decarbonise, 
for example, the datacentre industry. 

5. Conclusion: instructions that put energy conservation to the 
front 

In the Danish climate policy of 2020 on industries and energy a 
central topic for decarbonisation was left uncovered. Specifically, that of 
industrial energy consumption levels. The policy text described how to 
include emerging industries into energy infrastructures via incentivising 
the use of server excess heat from datacentres for decarbonising district 
heating. It also described the ambitions to build new renewable energy 
islands, new subsidy schemes for biogas, energy efficiency in buildings 
and for installing small single-household heat pumps, innovation targets 
in relation to technological development of Power-to-X and Carbon 
Capture and Storage. The void of decarbonisation initiatives beyond 
technology development and instalment and how to incentivize them is 
indicative of how emerging energy intensive industries are folded into 
climate policy as solution developers and collaborators rather than as 
targets with responsibility for compliance and efficient, crtical emissions 
reductions. With the analysis of how the climate policy translates into 
decarbonisation practices, we see how, ultimately, hyperscale energy 
consumers such as Big Tech are configured as key agents to successful 
decarbonisation rather than agents that, as utilities, are targets of 
climate policy. 

During recent years, both small and large heat pumps are installed to 
increase dependence on large-scale electricity grids rather than burning 
fuels locally. In the city of Odense, utility engineers experience district 
heating infrastructure is becoming exposed to economic competition 
due to subsidies for small heat pumps while they are installing large heat 
pumps to utilise heat from industries, specifically datacentre server heat. 
The climate policy creates selective incentives for decarbonisation 
which are simultaneously received with excitement and fear by the 
district heating engineers. These events showcase three epistemic ar
rangements relevant for contemporary issues in decarbonisation work 
between policy and engineering practice: (1) energy conservation, (2) 
economic competition, and (3) infrastructural connections. By analysing 
these arrangements based on theorisation of ‘epistemic collisions in 
decarbonisation practices’, it becomes apparent that economic compe
tition is stimulated via the incentivising mechanisms of climate policy. 
Simultaneously, the practical decarbonisation work within a Danish 
heating utility also shows how engineers try to mobilise energy con
servation more performatively in order to actively make instalment 
conserving more energy. Yet the potentials of conducting decarbon
isation work via conserving as much energy as possible with non- 
profitable utility extensions becomes limited in opposition to market 
dynamics hinging on competition. The form of competition stimulated 
via climate policy theoretically expected to naturally balance economic 
and social relations moves from economics to policy and to industries 
that are tasked with producing and installing technologies for a decar
bonizing society. But the engineers’ knowledge of how energy conser
vation works in practice problematizes competition as it is implemented 
in energy policy made to decarbonise society overall. When the engi
neers must (a) plan how to ensure individual heat pumps are not 
installed in areas in which they have already begun to expand district 
heating, they have (b) less time to plan, calculate, and discuss how to 
phase out fossil fuels, decrease energy consumption, and install and use 
renewable energy sources. District heating is not a source capable of 
realising decarbonisation in itself but because active energy conserva
tion work practically makes it so. And when major tech corporations are 
politicized by concern with only IT market impacts, computing’s ener
getic impact passes as a problem that will be solved by IT companies 
limited, energy market initiatives. 

In addition to the epistemic collision between energy conservation in 
engineering practice and economic competition in climate policy, this 
study identifies another epistemic arrangement with hopeful potentials 
for successful decarbonisation. While the public utility engineers’ 
knowledge on how to practice the conservation of energy and to save 
energy most efficiently proves difficult to include into climate policy 
directly, their knowledge on and competencies in large-scale infra
structure complexities and dependencies proves mobilizable. This form 
of knowledge is informed by how heating systems depend on electricity 
systems and how big industries’ energy consumption systems require 
financial energy markets mechanisms dependent on major electricity 
grids. The utility engineers know the new infrastructure inter- 
dependencies that growing industries construct, which is of critical 
importance both for understanding how greenhouse gas emissions are 
continued beyond externalisations by industries and how to politically 
undo dependencies creating new carbon lock-ins, and additionally, en
ergy consumption lock-ins. ‘Energy conservation’ stands out as not only 
theory but also an aim with potentials for becoming an active tool in 
mobilising decarbonisation work within many more practices guiding 
decarbonisation, such as within both a variety of utilities and policy- 
making chambers. 

Finally, the utility engineers’ efforts to comply and resist climate 
policy, in turn, showcase the limited mobilization of policy mechanisms 
that instruct decarbonisation as a contrast to policy mechanisms that try 
to incentivize decarbonisation. This study cannot showcase to which 
extent subsidies for single-household heat pumps competing with dis
trict heating quantitatively interrupts work to decrease greenhouse gas 
emissions. Such a study requires in-depth analysis and aggregation of 
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district heating versus electricity grid fuel sources and their emission 
factors. Yet it shows how contemporary climate policy mobilizes 
incentivising mechanisms aimed to stimulate economic competition. In 
turn, this finding also indicates how mechanisms that instruct how to 
decrease emissions from industrial energy consumption and utility en
ergy production are insufficient. The issue with climate policy mecha
nisms of instructive character is that they are often perceived as limiting 
to individual and corporate freedom, i.e., carbon tax, consumption 
boundaries, rationing and allowances, fossil fuel bans, phase-outs, and 
blockades. A critical issue for further research is how such instructive 
climate policy mechanisms are framed as negative for human liveli
hoods. Including how climate policy debates on how to implement 
instructive mechanisms formulate limits to consumption and production 
as losses to individuals and industries as a contrast to big policy initia
tives centred around redistribution mechanisms for a just and rapid 
transition. In conclusion, successful decarbonisation requires of climate 
policy to necessarily draw on and include a broader variety of knowl
edge bases. That means inclusion of on the ground workers and not only 
industry representatives specialised in policy and lobby work. Including 
thermodynamical and infrastructural practice-based knowledges that 
aim to critically conserve energy in contrast to policy in which in
centives stimulating economic competition is the single guiding princi
ple for decreasing and limiting societal carbon dioxide and other 
greenhouse gas emissions. 
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