
1 

RESOURCE EFFICIENCY IN A DISTRICT HEATING CONTEXT 
Linda Wårell, Economics, Luleå University of Technology, +46920491941, linda.warell@ltu.se  

Anna Krook Riekkola, Luleå University of Technology, +46920492552, anna.krook-riekkola@ltu.se 
 
 
Overview 
Resource efficiency, i.e. using the limited amount of natural resources in a more sustainable and 
environmentally friendly manner, has been recognized as highly important in order to reach many 
environmental goals set by the EU today. The resource-efficient Europe flagship initiative was a response 
to this recognition, and the Roadmap to a resource efficient Europe sets out the design and implementation 
of future resource efficient actions (European Commission, 2011). Using natural resources, such as water, 
land, minerals etc., more efficiently is something we all should strive for and in this perspective more focus 
should also be given to recycling and reuse. However, in energy systems it is not always clear what 
increasing resource efficiency in fact implies, as many different actions can be seen as resource efficient 
but from different perspectives. For example, when considering the Swedish energy system it can be 
considered as resource efficient to increase the use of heat pumps, as these reduces the amount of energy 
needed ceteris paribus. However, when considering the entire energy system it could also imply an 
increase of electricity use, if more and more households choose this energy solution. District heating, 
another alternative for many households, is in many perspectives also a resource efficient energy solution, 
as it in many cases recycles heat from other sources (e.g., industrial processes, waste, CHP etc.). Thus, this 
is resource efficient but from a different perspective compared to heat pumps. Furthermore, different 
district heating systems are more or less resource efficient, depending on the energy solutions chosen in 
that specific system. 
 
The main aim of this paper is thus to analyse resource efficiency in the Swedish energy system, with a 
specific focus on district heating. Quantitative impacts will be assessed by comparing an energy system 
with district heating to a scenario without district heating, using a national energy system model of the 
entire Swedish energy system. The model is able to capture the interaction of fuels over time, between 
energy conversion sectors (e.g. electricity and heat sector, biofuel production, bi-product from industry) 
and between energy demand sectors (e.g. residential sector, transport sector, industry sectors. When 
assessing resource efficiency in the energy system it is vital to consider all aspects of the system. The paper 
will start by defining resource efficiency in an energy system perspective, with a special focus on the 
district heating context. Thereafter the energy model will be described, and the quantitative results 
presented. The following section will analyse resource efficiency by combining the quantitative results with 
a qualitative analysis of resource efficiency in a energy systems perspective, with a focus on district 
heating. 
 
Methods 
The main method applied within this study is energy system analysis using TIMES-Sweden. TIMES-
Sweden is an energy system model based on the TIMES platform. TIMES is an economic model generator 
for developing energy system models on a local, national or multi regional level, and provides a 
technology rich basis for estimating energy dynamics over a long-term, multi-period, time horizon. 
TIMES is developed within ETSAP and TIMES models are usually applied to the analysis of the entire 
energy sector, but may also be applied to study in detail single sectors (Loulou et al., 2005). The TIMES-
model minimizes the total discounted system cost over the modelled time-horizon to meet a given demand 
of useful energy. TIMES-Sweden was developed as a part of the Pan European TIMES model (PET-model) 
within NEEDS and RES2020. They still share the main structure, (described in RES2020, 2008), but 
TIMES-Sweden has been further improved to better describe the Swedish situation. In order to assess the 
difference between a national energy system with and without district heating, two different scenarios are 
defined. DH Scenario: represents a reference scenario where district heating is part of the energy system, 
includes present environmental policies and assumptions about an EU-ETS price in line with IEA two 
degree target. No-DH Scenario: Represents an alternative scenario where district heating has been removed 
as an option, and the present city-gas grids are assumed to have a renaissance. All other assumptions are in 
line with the DH scenario assumptions. 
 
Results 
One of the main benefits with district heating is that a large part of the production of district heating uses 
fuels with low or no alternative use. In 2012 biomass constitute the largest share in the district heating 
production (42 %). The results show that the use of biomass in an energy system without district heating 
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would be reduced considerably. Furthermore, most of the biomass used in district heating production is so 
called crude wood (such as logging residues), which has rather limited alternative uses. It is mainly larger 
thermal plants that can use crude wood as fuels in their production, which implies that it is likely that some 
of the logging residues today used in district heating production will not have any alternative use in a 
scenario without district heating. Thus, in a scenario   without district heating we can see that the resource 
efficiency regarding biomass would be decreased. The second largest fuel used in district heating 
production is waste (almost 20 %). District heating production in waste incineration plants is economically 
very beneficial considering that there is a fee to accept waste, i.e., there is a positive marginal cost in 
production. In an energy system without district heating, the waste market in Sweden would thus be 
significantly different. About half of the household waste is used in producing heat, and the rest comes 
from industrial waste. The main issue in an energy system without district heating is to consider what to do 
with the excess waste. Another relatively large fuel source used to produce district heating is industrial 
waste heat (representing 7 % of supplied energy). The Swedish industry uses the district heating networks 
as heat sinks, which thus implies that instead of cooling excess heat from industrial processes they can sell 
the excess heat to local   district heating networks. Thus, industrial waste heat supplied to the local district 
heating  networks  provides revenues for the industries. Considering that industrial waste heat has no/low 
alternative use for the firms, it is likely that the socio-economic cost in an energy system without district 
heating resulting from the loss of the revenue, plus the potential extra cost of cooling. Furthermore, it is a 
resource efficient solution to use industrial waste  heat in district heating production considering both that it 
is a fuel with a low marginal cost (thus economic efficient) and with no/low alternative use (resource 
efficient). 
 
Conclusions 
In sum, using alternative fuel sources (logging residuals, waste, industrial waste heat) to produce heat, in 
this case district heating, implies that less higher grade fuel sources, such as electricity, can be used for 
other energy needs. This is according to our view an important feature to consider when developing future 
energy systems. Furthermore, it provides a more flexible energy system considering that the system is not 
dependent upon only few energy sources (with many alternative uses, thus increasing the competition for 
these fuels). The use of alternative fuels is though very easy to neglect when analysing the future energy 
system. However, when considering all socio-economic effects from an energy system without district 
heating, the potential cost to the society from eliminating the possibility to use the alternative fuels 
discussed above could be large. If there is a governmental aim to increase resource efficiency, the use of 
fuels with no/low alternative use should be encouraged. Thus, an energy system without district heating has 
considerably less potential to comply with an overall resource efficiency target. 
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