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1 Introduction

‘District Cooling has its roots in the early 1800s when plans were made to distribute
clean, cold air to buildings through underground pipes. It is not known if these plans
were actually carried out, and District Cooling was not introduced on a practical level
until the Colorado Automatic Refrigerator Company was established in Denver in 1889.
Many of the earlier systems used ammonia and saltwater to freeze meat and cool
buildings used by the public such as restaurants, theatres etc. In the 1930s large
cooling systems were built in the Rockefeller Centre in New York City and the United
States Capitol buildings’ [1].

A brief history of ‘modern’ District Cooling can be summarized using the following
milestones:

1960s: first commercial District Cooling systems were installed in the USA in non-
residential areas near cities.

1967: first district cooling system in Europe. Climadef began supplying District Heating
and Cooling to the La Défense office complex in Paris.

1989: first District Cooling system in Scandinavia (Baerum, Oslo).

1992: Vasteras Energi & Production initiated the production of District Cooling in
Sweden.

1995: District Cooling was successfully established in Stockholm. In 2015, District
Cooling in Sweden had an energy output of around 900 GWh [2].

Largest District Cooling systems today are operating in Asia (Singapore, Tokyo, Dubai,
UAE, Qatar, Saudi Arabia), Central and Northern Europe (Stockholm, Paris, Helsinki,
Vienna, Berlin, Copenhagen, Amsterdam and Barcelona) and North America (Chicago,
Toronto). No information about the total number of District Cooling systems operating
worldwide is available, while in Europe around 150 systems are in operation. Cold
energy delivered by District Cooling systems can be estimated to some 83 TWh per
year [3].

District Cooling is based on centralized production of cold water which is distributed to
customers in a closed loop underground pipe network. Production can be based on
various sources and technologies. Common renewable cold sources are seas, lakes,
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rivers and ground water. Where excess cold is available from industrial processes, it
can be used directly in the District Cooling systems. Where excess heat is available,
absorption chillers can be used to produce cooling. Storage of cold water or ice can
help increase energy efficiency and lower operation and maintenance cost. At the
customer end of the system, the cooling is transferred to buildings in energy transfer
substations.

= IF
Sea water ] /
Solar heat Electricity I i Customer ETS
c |
Waste heat \ ' / SEWROE Water L
\ I
Rivers & lakes ; / i
™~ Sourcing Froduction [

o
RN .

N

Distribut&m ﬁl — (CustomerETS
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Figure 1: general scheme of a District Cooling system [4]

District Cooling systems can exploit renewable energy sources and excess energy from
anthropic processes, significantly contributing to decarbonization of the heating and
cooling sector. Furthermore, as they usually make use of thermal energy storage in
order to meet peak cooling demand during warm summer days, they will in the future
offer increasingly valuable flexibility to the electricity grid, which makes them
economically appealing and attractive from the perspective of national and regional
energy planning. Given the current energetic framework, which calls for greenhouse
gas emission reduction [5] and for innovative approaches to face the issue of
intermittent renewable energy sources, District Cooling is therefore increasingly raising
interest among policy makers and municipalities.

Attention in this report is put on cooling sources and on cooling production
technologies, with the intent of guiding readers through the many available options for
implementing or expanding sustainable District Cooling systems that can meet
sustainability requirements set at national, European and international levels.
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The current guideline report first explains what District Cooling is, and why it can be
beneficial for society and investors Chapter 2. Chapter 3 provides an overview of
District Cooling development, followed by a detailed description of energy sources and
cold generation technologies Chapter 4 and by a comprehensive list of best practices
as case studies Chapter 5. Chapter 6 extensively considers design aspects of a DC
system, from feasibility evaluation to maintenance. Chapter 7 is about basic and
advanced control logics and concludes the technical section. Chapter 8 provides a
methodology for estimating the cooling demand of a district, which is the first action to
be undertaken by project developers in order to assess whether District Cooling can be
economically feasible. Chapter 9 shows a list of innovative District Energy concepts,
whereas Chapter 10 is an overview of potential business models for District Cooling
systems. Finally, Chapter 11 explains the role of public authorities in the development
of District Cooling projects.

Further information is reported in the Appendixes:

e Appendix 1 shows a flowchart of the implementation process of District Cooling
projects;

e Appendix 2 provides a checklist for designers and project developers;

e Appendix 3 lists relevant standards at European, American, Chinese and
international levels;

e Appendix 4 provides information about heat losses in District Cooling piping.
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