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a b s t r a c t

The building and infrastructure sector is accountable for 46% of the total worldwide energy consump-
tion. Most traditional energy sources such as coal or petroleum are among the non-renewable types and
most likely to be depleted in the forthcoming decades. To address the current energy crisis, use of renew-
able energy such as solar sources and a considerable increase in energy efficiency are proposed as the
potential solutions. District heating systems (DHS), in particular, has recently received more attention
due to several advantages in energy production, distribution and consumption for the space heating.
This paper reviews the recent advancements in the energy production, modelling and optimization of

the DHSs. A classification of energy sources is presented in terms of their sustainability and ease of inte-
gration to a DHS. Current modelling methods are further compared with respect to computational limi-
tations, level of precision as well as the degree of certainty in the output level. Moreover, the recent
studies of DHS are classified in accordance with the optimization objectives, including energy/exergy effi-
ciency, cost, exergo-economic/thermo-economic and green-house gas (GHG) and pollutant production.
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1. Introduction

Sustainable development is the ability to supply current popu-
lation needs without preventing future generations to sustain
theirs (Brundtland, 1987). Most traditional forms of energy such
as coal, petroleum and natural gas are non-renewable sources of
energy and will be depleted in a near future (Li et al., 2011a,b).
Use of renewable energy and an increase in energy efficiency are
two essential solutions to address the current energy crisis
(Keçebas�, 2013).

In the building sector, 46% of the total worldwide energy
demand can be attributed to heating and cooling (IEA, 2012). In
addition to the availability of non-renewable energy forms, envi-
ronmental impacts associated with power production from these
non-renewable energies stresses the development of more efficient
and sustainable heating/cooling and energy distribution strategies.
District heating systems (DHS) have shown to be a promising tech-
nology to address sustainability in building-related energy produc-
tion and distribution (Laajalehto et al., 2014).

Many countries have already benefited from a rapid growth in
the number of the DHS installed in the recent years (Ancona
et al., 2014). In many cities, the requirements for space heating
(SH) and domestic hot water (DHW) can be entirely supplied by
the DHS. Fig. 1 shows the percentage of district heating utilized
in Europe by 2012. Many long and short term plans have also been
developed to fully take advantage of renewable energy sources. An
example is a plan in Denmark to employ100% of the energy
demand from the renewable sources (Li et al., 2011a,b). In addition

to energy efficiency, DHS helps to minimize a number of safety and
fuel transportation issues due to the absence of any combustion
system for the space heating at the end-user level. The absence
of boilers also elevates the available usable floor area. Moreover,
individual users restrain from dependency on installation and
maintenance of boilers, furnaces, chillers and/or air-conditioning
(Gopalakrishnan and Kosanovic, 2014).

DHS implementation, nonetheless, requires a high level of man-
agement, especially in regions with a high share of renewable
energy systems, e.g. Germany, Sweden and Denmark, where most
end-users have to remain connected to the electrical grid in order
to import/export excess electricity during the fluctuation of power
and heat demand in the operation period (Gopalakrishnan and
Kosanovic, 2014). Furthermore, optimization of costs is necessary
to justify fluctuations in heating and electricity consumption in
accordance with in-peak and off-peak tariffs from electrical distri-
bution companies (Gopalakrishnan and Kosanovic, 2014).

DHS are extensively reviewed in the past years; Rezaie and
Rosen (2012) reviewed DHS in terms of technology and potential
enhancements; Lund et al. (2014) discussed 4th generation of
DHS (4GDHS); Xu et al. (2014) reviewed available seasonal thermal
energy storage technologies; Hepbasli (2010) reviewed energetic,
exergetic and exergoeconomic aspects of geothermal DHS (GDHS);
Cheng and Hu (2010) discussed municipal solid waste use in DHS;
Tabasova et al. (2012) analyzed waste-to-heat impacts on the
environment; Harris (2011) reviewed thermal energy storage in
Sweden and Denmark; BCS (2008) reviewed waste heat recovery
in the U.S.; Novo et al. (2010) reviewed basin thermal energy

Fig. 1. Share of low temperature heat demand in Europe currently met by DHS (Andrews et al., 2012).
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