
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

137,000 170M

TOP 1%154

5,600



1

Chapter
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Application in Energy Systems
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Abstract

This chapter investigates the implementation of district cooling systems by 
exploring several research studies reported in the literature. The topics addressed 
include typologies and design parameters, benefits and limitations, applications 
of the system, and the technology readiness level. District cooling systems are 
generally regarded as cost-efficient and environmentally friendly solutions. One 
might think that district cooling is only a solution for areas with a very warm 
climate. However, based on the reported results of the surveyed studies, the num-
ber of operating district cooling systems has increased over the years, with the 
Scandinavian countries taking the lead in this market within European countries. 
Implementation of these systems concluded reduction in primary energy and 
electricity use, they also proved to be an environmentally efficient way.

Keywords: district heating and cooling system, district cooling, free cooling

1. Introduction

With the increase in population and urbanization, energy use also has grown 
rapidly worldwide. Energy use in the building sector (commercial and residential 
buildings) has increased between 20 and 40% in developed countries [1]. Several 
researchers have worked on moderating the use of fossil fuels by introducing alter-
native energy sources such as industrial waste heat, biogas and biomass, nuclear 
energy, geothermal and solar energy, groundwater [2–5]. The European Union is 
responsible for 33% of the total CO2 emission [2]. Based on the European Green 
Deal, the European Commission has provided an action plan to ensure energy 
transition as the EU aims to become the first climate-neutral continent by 2050 [6]. 
To oblige with these implications, energy-saving technologies have to be integrated 
into different energy sectors, especially the building sector since the energy 
demand is 36% of the global final energy use [7]. Studies have been conducted to 
analyze the increased use of biomass to reduce CO2 emission in different sectors 
such as transportation and building sectors [8, 9]. One way of reducing the amount 
of resource use is to connect several customers’ heat and cold demands with the 
available sources [10]. District energy systems are said to promise energy security as 
they offer flexibility in their energy use compared to individual energy systems [11]. 
The heating or cooling resources can be from renewable sources of energy as well as 
non-renewable sources.
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The cooling energy demand for buildings varies depending on countries and 
their outdoor temperatures. Buildings have various cooling demands due to the 
differences in the construction material, size, occupant behavior, the purpose of 
the building, etc. However, it should be pointed that even identical buildings have 
different cooling demands depending on the kind of activities within the building. 
Due to the recent changes in climate and its implications on the energy performance 
of the buildings and indoor thermal conditions, different space cooling technologies 
have gained more attention. It is likely to predict the growth of cooling demand 
in Europe due to rising ambient temperatures (including heat waves), heat island 
effects, higher thermal insulation levels, increased comfort desires/requirements, 
and the fact that saturation of cooling demand is significantly lower than in the USA 
and Asia. Estimated cooling saturation for commercial and residential buildings in 
the USA was 80 and 65%, respectively, and Japan had 100 and 85%, respectively, 
in the year 2005. Corresponding cooling saturation numbers for Europe were 27 
and 5%, respectively [12]. The cooling saturation for EU27 has passed 40% for the 
service sector and is around 7% for residential buildings [12]. It has been estimated 
that 10% of all building areas in EU28 were cooled and covered around 16% of the 
total cooling demand in the year 2014 [13]. In Europe district cooling was intro-
duced in the 1990s; however, it is still a rather uncommon cooling solution with a 
market share of only around 1% of the cooling market in 2014 [12].

The desired indoor conditions can be met using individual cooling devices such 
as air conditioners, central air conditioning systems, or district cooling system 
(DCS). The district cooling system supplies chilled water for cooling and dehumidi-
fication to a group of buildings in a district (city, neighborhood, or campus). The 
coolant (usually water) is typically generated at a central chiller plant and circulates 
through a distribution network between a central cooling plant and the buildings in 
the district [14, 15]. Figure 1 depicts a DCS using a natural source such as a lake/sea 
to cool the buildings. It is generally referred to as free cooling.

Water in the district cooling network gets cold from nearby natural cold sources, 
such as a river/sea, and if needed from the cooling machines, that is, when the 
temperature of the cold source (the river) is high. The combination of free-cooling 
and cooling machines demands less electricity compared to separate heat pumps or 
cooling machine installations in every building.

Water from the river/sea is used to cool the water in the district cooling network. 
When the district cooling water is cooled to 6°C, it is pumped to the connected 
building/consumers through the distribution network that comprises supply and 

Figure 1. 
Schematic of a district cooling system (DCS). Reprint with permission from Gävle Energi AB [16].
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return pipe. The cold and heat carriers in the district network are generally in the 
form of pressurized water and to be economical, the dense urban areas appear to be 
a fulfilling choice as the distribution pipes should be short [10].

Cold is delivered to the consumers (offices, buildings, industries, server halls, 
etc.) through the district cooling network with the help of the heat exchangers at 
user buildings [17]. Cold can be delivered to the cooling coils (to cool the supply air 
in the air handling units) or via chilled beams installed in the building zones.

Overall, as seen in Figure 1, four major parts could be introduced in a district 
heating or cooling system: the main supply unit, distribution networks, user 
stations, and finally the heating or cooling system inside the building’s zones. Cold 
can be supplied for industrial purposes too, such as food preparation, although it is 
beyond the scope of this chapter.

It is possible to incorporate either a single or multiple cooling technologies in 
the DCS central chiller plant depending on the available energy sources (thermal 
or electrical), environmental and economic considerations as well as the demand 
profile. Absorption chillers are among the available options for chiller plants. 
Absorption chillers use heat and not electricity as their primary source of energy 
[18]. They possess a lower COP (coefficient of performance); however, the electricity 
consumption and primary energy use are reduced in these chillers and the mechani-
cal compressor of a compression chiller is substituted by a thermal compressor [19]. 
Renewable thermal energy such as biomass waste or solar energy could be utilized 
using heat-driven chillers or thermal power plants. In such plants, the heat could be 
transferred to electrical or mechanical energy to drive the vapor compression chill-
ers. The triple-effect lithium bromide absorption chillers could be exploited for DCS 
as they could be driven by higher-grade sustainable heat sources [20].

Free cooling is another option for a central plant. The available natural cold 
sources are involved in cooling the building; the heat will naturally flow out 
without the need of the compressor and the vapor-compression refrigeration 
system [15, 21–23]. Rivers, lakes, the sea, and outdoor air are among the natural 
cold sources. By using seawater air conditioning, deepwater conditioning could be 
employed as in this situation, and the water temperature is well below the ambient 
temperature (generally around 5°C). For such DCS, it is possible to utilize 100% 
free cooling. However, given the lack of natural cold sources, free cooling could be 
combined with other cooling technologies such as absorption chillers to compen-
sate for the lack of available cold from the lake/sea, especially on a seasonal basis. 
An approach to using naturally cold water is cold district heating and cooling [24]. 
In this context, the cold water from the lake, sea, etc., is used for direct or active 
cooling in the system and serves as the cooling fluid. With the help of the decen-
tralized chillers or pumps, the water is chilled or heated for the district system. 
A research project introduced seawater district cooling and analyzed the system 
through a case study in Diego Garcia [25]. It was concluded that the system was 
economically efficient and reduced maintenance and electricity usage.

This book chapter aims to investigate the implementation of district cooling sys-
tems by exploring research studies reported in the literature. The topics addressed 
include typologies and design parameters, benefits and limitations, applications of 
the system, and the technology readiness level.

2. Review method

To provide an overview of the available district cooling systems and their per-
formance for different applications in various climate conditions, a literature review 
was performed.
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Different databases have been used to identify available books and academic 
literature, including ScienceDirect, Google Scholar, and Scopus.

Keywords such as district energy, district cooling system, free cooling, absorp-
tion chillers, the resilient building were used. No limitation was applied on the 
publication period, though recently published works were prioritized.

3. Typologies (classifications) and design parameters

In this section, three different classification groups are proposed. The primary 
proposed classification is based on the system: Centralized and decentralized 
DCS. The former category is suitable for large-scale regions where the energy is 
distributed among several buildings in an area. The latter category is more suitable 
for small capacities where the energy conversion takes place in the units outside the 
buildings and then is transferred to the buildings [2, 26–28].

The second proposed category is based on the central plant: free cooling systems 
or the use of heat pumps and chillers [29–31].

The third category is based on the occupant behavior as well as the building 
typology, which is design parameters that can affect the energy use in the buildings. 
Occupant behavior mainly consists of interactions with operable windows, lighting, 
blinds, thermostats, and plug-in appliances. Building types are such as villa, retail, 
public office.

4. Benefits and limitations

Literature covers the benefits and limitations (disadvantages) of DCS. These 
benefits and limitations are categorized from three perspectives; environmental, 
operational, and economical.

Environmental advantages:

• District heating and cooling (DHC) possesses the ability to be integrated with 
renewable resources, consequently reducing greenhouse gas (GHG) emissions, 
and saves energy. The central water-cooled chiller plants on the large scale use 
a lower amount of energy and appear more efficient compared to the on-site 
small capacity systems [20, 32–34]. Therefore, DCS appears more successful in 
dense areas in a city or municipality since nearby these areas, there are gener-
ally some natural cooling or waste energy sources available [35]. However, 
these two criteria can be found in many areas and cities.

• A DHC system aims at saving primary energy, electricity, space, inhibiting air 
pollution, and reducing environmentally harmful refrigerants [36].

• A DHC system aims at saving energy and space, and inhibiting air pollution, 
and helps to eliminate environmentally harmful refrigerants [36, 37].

• District cooling can greatly reduce the electricity use and peak power demand, 
and thus reduce energy use, during the cooling season [35].

Environmental disadvantages:

• Depending on the central plants, DCSs may not totally be environmentally 
friendly as long-term use of the free cooling sources such as sea or lake might 



5

Review on District Cooling and Its Application in Energy Systems
DOI: http://dx.doi.org/10.5772/intechopen.100307

affect the temperature of the sources and limit the cooling capacity if no anticipat-
ing measures are considered. It also could affect the ecosystem of the sources [38].

• A free cooling system uses a vast amount of water, which is a problem in areas 
lacking water [30].

Operational advantages:

• Prevention of intensive use of chillers and machinery space in the user  
stations [39].

• Noise and structure load reduction [39].

• Saves space by removing the cooling tower and chiller plant from the buildings 
or roofs [39].

• A wide range of production methods and always the latest type of equip-
ment are integrated with DCS due to mitigation measures against global 
warming [30, 40].

• District cooling has less requirement for technical staff on building level [34].

Operational disadvantages:

• Heat loss within the plant itself as well as the building serviced by the DHC due 
to distribution losses in pipes and heat exchangers is inevitable [41, 42].

Economic advantages:

• The transparency of costs and future proof investment due to easy payment of 
utility bills [30].

• The DCS is relatively flexible as different central plants could be utilized based 
on the fuel cost, therefore reducing the cooling cost [20, 35, 43].

• Owned by the municipality, a district cooling system can capture cash flows 
that were previously paid for imported natural gas or electricity [35].

• DCS can provide more job opportunities as it provides more reliable and flex-
ible services by a specialized professional team [39].

Economic disadvantages:

• Selection of a system that shows large environmental benefits may, in fact, end 
up not being economical as both the environmental and economic aspects have 
to be considered together [32].

• In purpose to utilize cogeneration of district system and electricity, larger DHC 
is required [44].

• High initial investment costs and lack of negotiable prices and tariffs from the 
customer’s side as DCS are often owned by few local energy companies, and 
there is a risk of monopoly for the cooling prices and tariffs [10].
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5.  Application, technology readiness level, and performance with a focus 
on resilience

In this section, DC cooling technologies, energy sources, operational aspects, 
and the applications of DC systems are reviewed based on implemented DC tech-
nologies through published DC design and analysis research. Before heading to the 
applications of the DC systems, the concept of resilience is introduced.

The resilience of the building is its ability to withstand extreme weather condi-
tions and recover from the possible incurred damages efficiently and quickly [45]. 
Chen et al. [46] investigated the resilient cooling strategies and Hay [47] inves-
tigated resilience as a developing planning tool for communities. District energy 
was recommended as the technology that can balance the relationship between the 
communities and the region [47]. Sharifi et al. advocated for developing district 
energy systems, net-zero buildings, and neighborhoods as criteria for assessing 
urban energy resilience [48].

Based on a report from International District Energy Association (IDEA) [49], 
in 2019, 303 buildings and Ca 10.8 million ft2 were added to the district systems, 
beyond North America, which is a strong growth in the district systems employ-
ment. The number of buildings and the area that was used for the system in 2018 
correspond to 156 buildings and Ca 50 million ft2. Based on the statistics in [50], 
70% of residential end users in high-population areas in Europe were powered by 
fossil fuel in 2015. Hence, DHC networks show great potentials that can help in 
decarbonization and improvement of indoor air quality as these systems help to 
reduce the primary energy use by utilizing renewable sources of energy and reduc-
ing the thermal losses [51].

A few studies are introduced to show the performance of DCS through simula-
tion and real data collection in different climate conditions and their effects on 
building’s cooling loads. The studies that were dedicated to Asian countries are 
presented to show the diversity of DHC systems as Asian countries are developing 
more DHC systems to reduce air pollution, primary energy use, etc. Later in this 
section, research projects dedicated to DHS in Europe are introduced.

A study was conducted on the performance of DCS vs. individual cooling 
systems (ICS) in Hong Kong considering different chilled water pump schemes 
[52, 53] for commercial buildings. Based on the simulation results, DCS consumes 
around 15% less energy compared to ICS. The annual operation cost of DCS also is 
10% lower than ICS under the electrical tariffs of Hong Kong.

Energy modeling of DCS was conducted in [14] in the South East Kowloon 
Development Project in Hong Kong for residential and commercial buildings. 
Based on the simulation results, chilled water, eutectic salt, and ice storage could 
respectively result in a 38, 38, and 22% reduction in installed cooling capacity. An 
et al. [54], Yan et al. [55], and Nagota et al. [56] analyzed the performance of DCS 
in districts in China and Japan and concluded the energy-saving effect of DCS. 
Studies were conducted with absorption chillers as the cooling technology in other 
parts of Asia such as Thailand [57], Turkey [58], Iran [59] and concluded the energy 
and carbon emission-saving effect of DCS. As it could be seen from the mentioned 
studies so far, the positive economic implication of the DHC system is generally 
observed from the conducted studies.

The Scandinavian market is taking the lead with 49 operating DCS, followed by 
Germany (28 operating DCS) and Italy (14 operating DCS) [30].

A detailed study on the market of DCS in Sweden is done by [60]. Major district 
cooling systems appear in Stockholm, Gothenburg, Linköping, Solna-Sundbyberg, 
Lund, and Uppsala. Based on the statistics reported by Energiförtagen [61], 
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deliveries for 2018 totaled 1156 GWh. It was a record year for Swedish district 
cooling and an increase of 26 percent compared to 2017, due to an exceptionally hot 
summer. The total length of district cooling pipelines increased to 627 km, while 
in 2019, deliveries totaled 991GWh. Figure 2 shows deliveries and network length 
from 1996 to 2019 [61].

From Figure 2, and the economic and environmental benefits provided through 
the expansion of DC capacity, a continued growth in DCS is expected.

Fahlén et al. [62] presented a study based on the DHC system of Gothenburg. 
Combined heat and power (CHP) plants and excess heat from industries supply 
about 80% of the heat. The study assesses the potential of absorption cooling 
technology to improve the economic and environmental performance of the DHC 
system. The results show potentials for cost-effective CO2 emission reduction.

The use of absorption chillers in a DCS in Sweden was studied in [63, 64] and 
the energy performance of the system appeared to improve. A DCS was initiated 
in 1995, in the city center in Södermalm, Stockholm. Later, it was expanded and 
another area was added to the system. Both the districts are connected by pipes 
located in lake Mälaren [65]. In the Södermalm DCS, existing heat pumps in 
Hammarbyverket were used.

DCS design has evolved over the years from for example constant to variable 
flow in the distribution loop. These evolutions and updates in design practices have 
continuously been upgraded and employed in the system. A long-term security of 
supply is a driving factor in the heating/cooling systems especially in DHC since the 
heat/cold is generally supplied by local units. Therefore, it is important to upgrade 
the design in such a way as to achieve this aim. To be able to express a general 
reliability level, a definition has been anticipated as the system reliability rate for a 

Figure 2. 
District cooling deliveries (GWh) and network length (km) in Sweden [61].
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DH system [10]. The rate is regarded as the ratio between the numbers of supplied 
available district heating to the customers during a year by total hours in a year [10]. 
Many factors are responsible for low system reliability rates such as the fuel supply, 
pipe failures in the distribution networks, water leakages caused by corrosion or 
pressure surges, and power outages. The latter mentioned factor also influences the 
short-term reliability of the system. All the mentioned incidents affect the resilience 
of the system. To compensate for the power outage, a backup electricity generation 
is generally anticipated for the main distribution pump. To measure the technology 
readiness level also, the U.S. Department of Energy has introduced a method to 
calculate the readiness level [66].

Another problem associated with DHC systems that affect the resilience of the 
system is the high delta-T syndrome. Due to several reasons, degradations occur 
over time, which deteriorates the standard temperature difference between the sup-
ply and return water that in turn affects the performance of the system. A research 
project was conducted on the low delta-T problem of the DCS in Gothenburg, 
Sweden [67]. The problem was analyzed by collecting operational data from the 
Gothenburg district cooling system along with chilled water systems from 37 of the 
connected buildings. The results depicted several solutions in the district cooling 
system to overcome a low delta-T and increase the return temperature. For instance, 
it was recommended to comply with the building design guidelines as well as limit 
the flow on the primary side of the heat exchanger, and this helps to restrict the 
operation in the saturation zone of the heat exchanger. A similar study was carried 
out by Henze et al. [68] on two university campuses in Massachusetts and Colorado 
and proposed a solution that provided additional cooling load to the campuses 
with the same central plant system. The mentioned issues raise the importance 
of maintenance of the system since the system has to be able to retain its ability to 
withstand future shocks such as those mentioned above, as well to extend its techni-
cal lifetime to remain resilient.

6. Energy efficiency and life cycle analysis

To quantify the energy efficiency of the DCS, three energy efficiency factors 
were proposed [55]. These factors are presented using Eqs. (1)-(3) and each is 
explained in this section.

“Coefficient of performance” of the chiller plant is represented by COPPlant  
(Eq. (1)) where Q is the total cooling supply of the chiller plant. Wplant is the energy 
use of the DCS plant.

 plant

plant

Q
COP

W
=  (1)

WTFdistri represents the “water transport factor” of the cooling distribution 
network system (Eq. (2)) where Wdistri is the energy use of the cooling distribution 
system which is the total energy use of all secondary water pumps for chilled water.

 distri

distri

Q
WTF

W
=  (2)

SCOP represents the “system coefficient of performance,” which is the overall 
energy efficiency of the chiller plant and the distribution system (Eq. (3)). Based on 
the previous studies, 80% of the energy consumed by the chilled water pumps leads 
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to cooling loss, which is due to the chilled water distribution; therefore, it must be 
accounted for in the calculation process.

 
( )distri

plant distri

0.8Q WTF
SCOP

W W

-
=

+
 (3)

Keeping the efficiency of the system aside, the feasibility of a DHC system could 
be investigated by taking into account the cost analysis. To provide an effective 
evaluation of the energy system and the cost-effective alternatives, life cycle cost 
analysis (LCCA) could be considered. The energy performance and cost analysis of 
DCS have been evaluated in several studies [69–71].

LCCA takes into account the costs involving the construction, operation, and 
demolition phases [72]. The life cycle cost (LCC) is as below [71]:

 ( ) ( ) ( )fuel Dispose
1

, ,
n

IC OMLCC C PWF i n C C PWF i n C= + ´ + - ´å  (4)

 ( ) ( ), 1
n

PWF i n i
-

= +  (5)

where ( ),PWF i n  is present worth factor; ICC  is initial capital cost; fuelC  is 
natural gas cost; OMC  is operational and management cost; DisposeC  is abandoned 

equipment cost; n is life cycle period and i is interest rate.
The dynamic payback period (PP) of investment, considering the time value of 

the capital, is calculated using Eq. (6):
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1
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ln 1

ln 1

IC
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C C C C C C
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i

-é ùæ ö´ê ú-ç ÷ç ÷+ + + - -ê úè øë û=
+

 (6)

where C represents cost and the subscripts represent the respective 
parameters.

7. Conclusions

With the increase in energy demand, especially cooling energy due to climate 
changes and the rise in comfort requirements in buildings, meeting the future 
energy demand has gained more attention. Resilient, economic, and environmen-
tally friendly solutions are required to meet the future energy demand. To fulfill the 
growing cooling demand and the community’s growing concern about carbon foot-
print reduction and energy resilience, DC systems are becoming increasingly attrac-
tive to communities. District energy is a flexible system in terms of the sources as 
they can accommodate both cooling and heating. The main focus of the chapter was 
the district cooling systems and it was aimed to outline the possibilities and benefits 
of using a district energy system specifically the DCS. Three classification groups 
based on the system, central plant, and occupant behavior were proposed.

DCS can reduce electricity use and peak demands and be integrated with 
renewable resources, and, therefore, contributes to reducing greenhouse gas 
emissions and air pollution. Several sources can be used—free cooling together 
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with electricity or thermally driven chillers. These systems are more efficient 
in more populated districts. Since the coolant is produced in the central chiller 
plant, not only the use of space in the building is minimized, but the noise pollu-
tion also is reduced. District cooling systems have been reported as economic and 
environmentally friendly solutions to meet the cooling demand of buildings. The 
investigated studies in this chapter reported a decrease in energy use when DCS was 
implemented.
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