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Abstract. In order to reduce greenhouse gas emissions and
decrease dependency on depleting fossil fuel resources the
shift to a renewable energy system is necessary. District heat-
ing and cooling systems are a viable solution to provide heat
and cold in urban environments. Renewable heat and cold
sources that may get incorporated in future urban energy
systems will not provide the same high temperature output
as current fossil fuel fired systems. Fifth generation district
heating and cooling (5GDHC) systems are decentralized, bi-
directional, close to ground temperature networks that use
direct exchange of warm and cold return flows and ther-
mal storage to balance thermal demand as much as possi-
ble. 5GDHC offers a way to incorporate low temperature re-
newable heat sources including shallow geothermal energy,
as well as reduce total demand by recuperating generated
heat from cooling and generated cold from heating. The large
scale of 5GDHC allows for optimal design of technical parts
like heat pumps and thermal storage vessels, while increas-
ing overall system efficiency by incorporating a large va-
riety of supply and demand profiles. We provide a defini-
tion for 5GDHC and show how this concept differs from
conventional district heating systems. The Mijnwater sys-
tem in Heerlen, the Netherlands is showing what a city-level
5GDHC system can look like.

1 Introduction

In order to keep the effects of climate change limited, the
United Nations (UN) have agreed to keep the average global
temperature increase below 2 ◦C, compared to pre-industrial
levels (UNFCCC, 2018), while pursuing efforts to keep the

temperature increase below 1.5 ◦C. To do so, greenhouse gas
emissions will need to be reduced by 95 % in 2050, compared
to 2010 (IPCC, 2018). In the European Union, buildings con-
sume 50 % of the total energy demand, emitting 26 % of
CO2 emissions (European Commission, 2018). Most of these
buildings can be found in cities, towns and suburbs, as 72.5 %
of EU inhabitants live in urban areas (EuroStat, 2016). This
means that in order to reach the UN climate goals, a transi-
tion towards a fossil-free urban energy system is needed.

In the Netherlands the transition to the future urban energy
system is directly linked to the national government’s deci-
sion to stop using domestic natural gas from the province of
Groningen. To address earthquake related safety concerns,
the Dutch government aims to completely stop natural gas
production in this field by 2030 (Wiebes, 2018). Currently,
over 90 % of Dutch residences use natural gas for space
heating, cooking and domestic hot water, consuming 289 PJ
in 2015 (ECN, 2017). Service related buildings like offices,
schools and hospitals consume another 127 PJ of natural gas
(ECN, 2017). Together, this amounted to more than 30 % of
natural gas consumption from the Groningen field in 2016
(ECN, 2017). This cannot be substituted easily with natu-
ral gas from other fields, because of its specific caloric value.
Using imported natural gas not only has geopolitical implica-
tions, it also requires expensive facilities to add nitrogen. An
upgrade of the existing mixing facility is planned to be com-
pleted by 2022, but the total capacity will not be enough to
completely cover demand (Wiebes, 2018; ECN, 2017). This
results in a double incentive to shift to a new energy system
in the Netherlands, one that is both low in greenhouse gas
emissions and does not use natural gas from Groningen.
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An alternative way of providing heat in urban environ-
ments is the use of district heating systems. These supply
hot water or steam to consumers using a network of pipes.
District heating networks can be local to a group of buildings
or single neighborhoods, or span entire cities. Heat is usually
produced in a central facility, which is often a fossil fuel fired
combined heat and power (CHP) plant (Werner, 2017). Even
though this is a highly efficient process, it is not based on
renewable sources and therefore not a sustainable alternative
to using natural gas.

Most of the heating requirement in the urban environment
in Europe is low temperature (Sanner et al., 2011). Connolly
et al. (2014) show that low temperature district heating sys-
tems can potentially supply five times as much heat in 2050
as conventional district heating systems. This way, low tem-
perature sources like geothermal, surface water and sewage
water can supply around one third of the European heat de-
mand, making its thermal potential larger than from sources
like biomass incineration or waste-to-energy heat production
(Persson, 2015). Also in the Netherlands low temperature
geothermal energy is showing the single largest potential of
providing renewable heat (Hoogervorst, 2017). At the same
time the potential for renewable high temperature sources
like biogas and solid biomass is limited (Hoogervorst, 2017),
making them unsuitable for large scale application in urban
energy systems. A resilient urban energy system should fa-
cilitate the utilization of renewable, local, low temperature
sources.

In the Netherlands less than 4 % of heat demand in the
built environment is supplied by district heating systems in
2017 (ECN, 2017). However, district heating is considered a
viable solution for urban areas to replace natural gas infras-
tructure for heating by 2050 (Sanner et al., 2011; CE Delft,
2016; Planbureau voor de Leefomgeving, 2017). In order to
make this new heating regime ready to operate fully on re-
newable sources, it needs to be designed differently than cur-
rent conventional district heating systems (Lund et al., 2014).
One alternative district heating and cooling (DHC) system
that is proposed, is called fifth generation district heating
and cooling (5GDHC) (Buffa et al., 2019; Bünning et al.,
2018). These 5GDHC systems work with near-ground tem-
peratures and allow for bi-directional exchange of heat and
cold between connected buildings, facilitated by seasonal
storage. This way the total energy demand in a district can
be greatly reduced, while renewable sources like solar ther-
mal or geothermal can be incorporated to cover the residual
demand.

This paper presents the 5GDHC concept as an advanced
and sustainable urban energy system. Section 2 introduces
5GDHC and shows how it combines concepts from conven-
tional DHC and local energy projects to come up with an in-
tegrated urban energy solution. Section 3 shows how the Mi-
jnwater system in Heerlen, the Netherlands applies 5GDHC
in practice. Section 4 discusses the context of 5GDHC and
suggests future work to be done on this topic.

2 Fifth generation district heating and cooling systems

District heating systems can be found in cities across Eu-
rope, North America and parts of Asia. Lund et al. (2014)
provided an excellent overview of the development of dis-
trict heating systems over the past century and a half. The
earliest generations of district heating systems used pressur-
ized steam. Later systems used pressurized water and from
the 1970s onward the Scandinavian model with working
temperatures around 90 ◦C became standard. The decreasing
temperature and increased standardization of components al-
lowed for lower transportation losses and increasing variety
of heat sources, like residual heat from waste incineration
and geothermal heat sources.

According to Lund et al. (2014), future generations of dis-
trict heating systems should be based on renewable energy
and facilitate substantial reductions in heat demand. They de-
fined some properties that future, or fourth, generations dis-
trict heating systems should have in order to fulfill its role in
sustainable energy systems, which are:

1. the ability to supply low temperature heat to both exist-
ing, renovated, and new buildings;

2. having low grid losses;

3. the ability to recycle heat and integrate renewable
sources;

4. the ability to be an integrated part of a renewable multi-
energy system (MES), including cooling;

5. having a sound business model, also in the transition to
renewable energy sources.

Connecting local clusters of buildings to collectively ben-
efit from a renewable source of heat is relatively common
practice. The buildings on the campus of the Swiss Federal
Institute of Technology in Zürich are connected to a group of
borehole thermal energy storage systems via a local grid, by
which they manage to cover over 90 % of their total heat-
ing demand (ETH Zürich, 2017). The Drake Landing So-
lar community in Canada is a group of 52 detached homes
that managed to reach a 97 % solar fraction on their heat de-
mand using a collective storage system for their solar ther-
mal collectors (Mesquita et al., 2017). There are numerous
examples of systems like this, such as cold district heating
networks (CDH) (Pellegrini and Bianchini, 2018) and bi-
directional low temperature district heating (LTDH) (Bün-
ning et al., 2018). Although they greatly improve the cli-
mate performance of the specific site, the solutions are not
designed to be scaled up to city level sizes, possibly miss-
ing out on economics of scale advantages (Truong and Gus-
tavsson, 2014). Fifth generation district heating and cooling
(5GDHC) combines the properties of local renewable energy
systems with the principles of future district heating as de-
fined by Lund et al. (2014).
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Figure 1. A circular representation of a 5GDHC system. The network is balanced over the year, with warm return flows from cooling supply
and cold return flows from heating supply covering as much of the demand as possible. Any residual heat or cold demand is supplied using
renewable sources.

Conventional district heating systems have a linear design.
Heat is generated at a source and transported to the con-
sumers using hot water. There is a return flow of water, which
has no value from an energy perspective. A 5GDHC system
is non-linear, bi-directional, and decentralized. In principle,
each consumer can operate as a producer (Buffa et al., 2019).
Ideally, heat and cold demand should be of similar size (Bün-
ning et al., 2018), in which case the system can be almost
circular.

Analogue to electricity micro grids, bi-directional decen-
tralized district heating and cooling grids have the potential
of turning each connection into a “prosumer”. 5GDHC does
not have return flows as such, but warm and a cold pipes
(Bünning et al., 2018). Heat pumps at the building site are
connected to both cold and warm water lines. In case of heat
demand, the building withdraws water from the warm line,
uses it in a heat pump to reach the required heating temper-
ature and discharges to the cold line. When there is cooling
demand, the system works in the opposite direction, charging
from the cold pipe and discharging warm water to the warm
pipe.

The principles of non-linear and bi-directional flow and
lack of return flow are not new in local heating systems. It is
new to scale these principles up to the scale of a city, with
a multitude of demand types and sources of heat and cold.
Figure 1 shows a schematic overview of a 5GDHC system at
the district level. This representation emphasizes the closed
nature of 5GDHC. Different types of consumers – residents,
industry, offices – offer different types of load profiles. Some

of these are balanced over the year, others are heat or cold
dominated. The role of the warm and cold grid is not to lin-
early transport heat or cold from a supplier to a consumer,
but rather to facilitate in exchanging residual heat or cold be-
tween connected buildings. Storage facilities act as buffers
to bridge the temporal gaps between demand and supply. Re-
newable electricity sources are integrated by running trans-
port pumps and heat pumps at times of high availability of
renewable electricity. During times of lower availability of
renewable electricity thermal energy supply can rely on (lo-
cal) buffers and building thermal mass. Sources with a large
thermal radius, like shallow geothermal energy, can be spread
across the city, making optimal use of the available heat and
cold.

The temperature in both the warm and the cold pipes are
free-floating. Usually, the temperatures are close to ground
temperature and therefore not suitable for direct heating pur-
poses (Buffa et al., 2019). By allowing free-floating temper-
ature, an increase in the warm pipe is allowed if this is ben-
eficial to accommodating higher temperature sources. This
way, grid temperatures can be optimized for maximum over-
all system performance. As in electricity grids, the thermal
grids can then operate as a virtual storage for the prosumer
(Bünning et al., 2018).

The use of both short-term and seasonal energy storage is
a key part of a 5GDHC system. It allows for bridging the
temporal gap between supply and demand of heat and cold,
as well as temporal gaps between availability of renewable
electricity and operating moments for heat pumps. Thermal
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energy storage can also significantly reduce the required heat
pump power output, which has a major impact on the invest-
ment costs. There is definite potential to exchange heat in
a situation of simultaneous heat and cold demand in neigh-
boring buildings (Walker et al., 2017). This benefit increases
with the scale of the system, as more variety of load profiles
increases the likelihood of simultaneous demand and supply,
which can cancel each other out. Most heat demand will still
occur in winter while most cold demand occurs in summer.
Seasonal storage allows for the heat surpluses in summer to
be used to cover part of the heat demand in winter.

Cooling demand is expected to grow significantly in the
next few decades (Sanner et al., 2011), especially in cities,
where urban heat island effect leads to faster temperature in-
crease than in rural areas (Kolokotroni et al., 2012). With the
absolute cooling demand in the EU being about a sixth of
the absolute heating demand in 2050 (Sanner et al., 2011), a
large part of the heating load in urban areas can be covered
using recuperated cooling return flow. The residual demand
should be covered using renewable heat sources like deep
or shallow geothermal, surface water or sewage water, solar
thermal, or any other source that happens to be locally avail-
able. A larger 5GDHC system can facilitate multiple types
of heat and cold sources and since the system is intrinsically
modular, new sources can be added as the system expands.

5GDHC systems will have a considerable number of de-
grees of freedom. This is reflected in Fig. 2, in which the
temperature levels and heat pumps for an individual con-
nection are represented. Operation of a 5GDHC will need
to take into account, among other things, grid temperatures,
supply and return temperatures of the building heat pumps,
storage sizes and temperatures, and source temperatures and
timing of operation. In Fig. 2 each temperature level has its
own dedicated heat pumps and buffers, with an optional heat
pump for domestic hot water production in case the regular
heat pump is not able to reach sufficiently high temperatures.
These characteristics, together with the integration of renew-
able electricity sources, makes 5GDHC effectively a multi-
energy system (MES).

3 5GDHC in practice

The Mijnwater DHC system in Heerlen, Netherlands is
technologically one of the most advanced 5GDHC sys-
tems (Buffa et al., 2019). Originally a local district heat-
ing and cooling network using a flooded coal mine as a
low-temperature geothermal source, it has been transformed
into an urban smart DHC grid, incorporating several de-
centralized heat sources (Verhoeven et al., 2014; CE Delft,
2018). This includes a data center, residual heat from su-
permarket refrigerators and from small scale industrial pro-
cesses, as well as the warm return flow from space cooling in
the connected buildings. Currently Mijnwater services over
200 000 m2 of building floor area. A large role has been given

Figure 2. Overview of an individual connection in 5GDHC. Several
temperature levels can be distinguished, with the temperature only
getting upgraded as close to the demand side as possible.

to Mijnwater in the regional energy strategy to transition the
region with 250 000 inhabitants to a carbon-neutral energy
system in 2040 (PALET 3.0, 2016). The development of Mi-
jnwater reflects the principles of 5GDHC, as it is developing
from a local project engineered for an individual heat source
to a modular urban-scale grid.

Figure 3 gives an impression of the Mijnwater system,
with several clusters connected to a backbone system. This
backbone was initially intended to connect consumers to the
flooded coal mine that acted as a geothermal source. Now,
it is supporting bi-directional flow of warm and cold wa-
ter, connecting the clusters to each other as well as to the
mines. A cluster is connected to the backbone via heat ex-
changers placed on a skid in a concrete underground “cluster
basement” (Verhoeven et al., 2014). The flooded mine is now
used as seasonal thermal energy storage system with an enor-
mous capacity. By balancing the clusters internally in terms
of supply and demand, the system facilitates modular expan-
sion as each cluster will put only a limited capacity demand
on the backbone and the centralized storage system.

All connections to the Mijnwater grid are bi-directional
and are able to deliver both heat and cold throughout the
year (Verhoeven et al., 2014). This is reflected in the two-
pipe structures of the backbone and cluster grids. Originally,
Mijnwater was designed and built as a three-pipe grid with
a warm and a cold supply pipe and a common return pipe.
In coherence with 5GDHC principles, the return flow pipe is
no longer in use, and the cold and warm lines are now bi-
directional.

Buildings are connected to the cluster grids via building
energy plants. The step-up heat pumps and chillers are lo-
cated there. “Step-up heat pump” is the name given to the low
temperature heat pump, as not to confuse it with the high-
temperature booster heat pump used to supply domestic hot
water. A building-level buffer of typically 1000–3000 L can
be used to supply water at space heating temperatures during
moments of peak demand.
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Figure 3. An artist’s impression of the Mijnwater system. The figure
shows three cluster connections, the backbone pipes, and the warm
and cool wells. (courtesy Mijnwater B.V.).

A step-up heat pump upgrades heat flows from cluster tem-
perature level to space heating temperature level, which is
dependent on the outdoor weather. It supplies the required
temperature for space heating, which can also be used as in-
put temperature for the booster heat pump. A cooling heat
pump provides space cooling using the cold cluster level and
adds the recovered heat to the warm cluster. Both these heat
pumps can operate on each others return flows, providing op-
portunity to locally resolve both heating and cooling from
simultaneous demands.

For domestic hot water there is a booster heat pump and
water storage vessel of 120–200 L as close to the point of de-
mand as possible in order to minimize transportation losses.
By making smart use of this storage vessel, the capacity of
the booster heat pump is quite limited at 500 W electric.
Dutch households have an average demand profile of 20 min
of hot water consumption per day. The booster heat pump
can take the full 24 h to generate this amount of heat, when
necessary, because of the large storage capacity. If a building
has only one user, like a single-family home, the booster heat
pump is placed in the energy plant. In buildings with multiple
users, like shared office buildings or apartment blocks, each
user has their own booster and water vessel.

4 Discussion

A wide range of renewable sources can serve as alternative to
fossil-based heat (Winkel et al., 2013). Sanner et al. (2011)
show that shallow geothermal sources are omnipresent in Eu-
rope and that they can potentially cover a quarter of total
heating demand in Europe, with deeper geothermal having
the potential of covering another quarter of the demand. So-
lar thermal has about the same potential as shallow and deep
geothermal combined (Sanner et al., 2011; Connolly et al.,
2014). This introduces more variability in temperature and

timing of supply than in current Scandinavian model dis-
trict heating systems (Lund et al., 2014). At the same time
enhancing building thermal insulation reduces both the total
heat demand and the required temperature for heating build-
ings, while generating a substantial cooling demand. As large
scale systems benefit from economies of scale (Truong and
Gustavsson, 2014), it is advantageous to design large scale
systems that are flexible enough to account for differences
between buildings in space and time and to accommodate a
wide variety of renewable heat sources. Fifth generation dis-
trict heating and cooling is a proposed resilient urban energy
infrastructure design that can supply heating and cold at re-
quired temperatures to consumers, reducing total energy de-
mand by facilitating direct heat exchange and uses renewable
sources to cover residual demand.

The variety of temperature levels and the integration of
electricity infrastructure make 5GDHC a multi-energy sys-
tem (MES). Optimizing design and operation of such a sys-
tem is a non-trivial process. We propose to use the energy hub
concept, which analyzes MES from an input-output perspec-
tive (Mancarella, 2014). Mohammadi et al. (2017) define an
energy hub as “a multi-generation system in which produc-
tion, transmission, storage, and consumption of multi-energy
carriers take place to meet different type of demands”. In
principle all types of fuels, electricity, as well as other types
of energy carriers can be inputs or outputs of an energy hub
(Geidl and Andersson, 2007). Geidl and Andersson (2007)
showed that the energy hub concept can be applied to a wide
variety of technologies, optimizing combinations of storage
and conversion for both costs and emissions. This makes it an
effective tool to capture the complexity of 5GDHC systems.
The review by Mohammadi et al. (2017) shows that energy
hub literature mostly covers natural gas and electricity net-
works. Mohammadi et al. (2017) notice that such a focus on
natural gas based infrastructure and technologies reduces the
potential of these models to present 100 % renewable energy
systems. While district heating and cooling systems have
been integrated in energy hubs before, these models worked
with a linear representation of supplying district heating and
cooling from a centralized source (Orehounig et al., 2014).
As energy hub carrier flows are usually expressed in terms
of energy, temperatures of the warm and cold water flows
were taken implicitly. In terms of input-output, this means
that there is a direct one-to-one conversion of a unit of dis-
trict heat input to a unit of heat demand. Since 5GDHC does
not have return flows, heat pumps will deliver a unit of cold to
the potential supply side for each unit of heat that is delivered
to the demand side. To allow for these floating temperature
levels, some additions to existing energy hub concepts will
need to be made.

Districts or regions are almost always considered from an
administrative point of view. The concept of the Dutch Cli-
mate Agreement (Nijpels, 2018) proposes a neighborhood
approach based on administrative neighborhoods as a means
to conduct the energy transition. However, from an energy
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efficiency perspective this is likely not the optimal unit of as-
sessment, as it leads to highly uniform neighborhoods which
likely have highly similar energy demand and supply pat-
terns. In finding an optimal design of a 5GDHC cluster, the
boundaries of the neighborhood should ideally not be set be-
forehand. Rather, the optimal solution might be not to in-
clude all buildings in the district, or to include some build-
ings from adjacent neighborhoods. Energy infrastructure fol-
lows urbanization, but it also has the capacity to structure
urbanization patterns (Juwet and Ryckewaert, 2018). In new
developments, structures’ energy profiles may have be taken
into account in urban planning, creating neighborhoods with
complementary demand profiles. Experiences with the Mijn-
water system have shown that, given matching demand pro-
files, a 5GDHC system can be set up in developments starting
at approximately 75 000 m2.

Mijnwater is among the technologically most advanced
5GDHC systems (Buffa et al., 2019). Based on the princi-
ples tested in Heerlen, five pilot projects for 5GDHC are be-
ing developed as part of the Interreg NWE project “D2Grids”
(D2Grids, 2019). These projects are situated in Bochum
(Germany), Brunssum (Netherlands), Paris (France), Glas-
gow, and Nottingham (United Kingdom). This project aims
to provide industrial standards for 5GDHC in order to en-
hance the modularity of its design.

Mijnwater has already shown that 5GDHC is a proven sys-
tem, both in new and existing buildings (Verhoeven et al.,
2014). In the development of the system there has been some
leeway for trial-and-error, as the flooded mines have an enor-
mous storage capacity and can act as a geothermal source
when necessary. Implementing a cluster without the mine
reservoirs for the first time requires a good analysis method
to size the variety of the required technologies. Mijnwater is
decreasingly using the mines as geothermal source, while in-
creasingly relying on customers with a net surplus of heat,
like a data center, to supply the system. Initially without a
connection to the backbone, the newest Mijnwater cluster un-
der development will not be able to take advantage of this, so
heat will need to be generated on site as long as the cluster
is not balanced. The modular design of 5GDHC allows for
this, regardless of the types of heat sources that are avail-
able at the cluster location. Currently in different EU demon-
stration projects, the implementation of low temperature in-
dustrial waste heat and sewage heat is realized (LIFE4heat,
2018; Heatnet NWE, 2016; REWARDHeat, 2019). As long
as there is sufficient storage available, any heat source that
can provide the total yearly amount of heat needed can be
applied to balance the cluster.

Current methods of analysis used for planning district
heating and cooling systems are based on one-year data of
climatology, demand and supply or typical meteorological
years. However, with further climate change and expected
higher probabilities of extremes in terms of colds and heat
waves, this may not prove to be a reliable basis of inputs for
the system (Pyrgou et al., 2017). Methods for estimating fu-

ture building energy consumption taking into account more
extreme weather events have been proposed by, among oth-
ers, Crawley (2008), Crawley and Lawrie (2015) and Hos-
seini et al. (2018). Combined with the higher required cool-
ing load resulting from enhanced insulation grades in re-
furbished buildings and increasing urban heat island effects
(Kolokotroni et al., 2012), a new ground for designing neigh-
borhood energy profiles based on more extreme weather vari-
ations is appropriate.

While a top-down analysis of the exact size and compo-
sition of the system as proposed here may give an optimal
technical solution, in reality a system is dependent on its
users for implementation. Huijts et al. (2012) show that trust
has a large impact on citizen acceptance of a technology and
trust itself is influenced by procedural fairness. In the case
of transitioning neighborhoods to new sources of heat, some
citizens may not perceive the procedure of selecting the order
and matter of the transition as fair, leading to citizens not ac-
cepting the optimal solution. Even if the procedure is fair, an
optimal solution for the neighborhood might not always align
with the optimal individual solution in the case of 5GDHC.
Perceived distributive fairness may also influence citizen at-
titude (Huijts et al., 2012) and thus acceptance of 5GDHC
technology. The final system design should take this into ac-
count, even if it does not lead to the highest overall technical
efficiency.

5 Conclusions

5GDHC is a decentralized, bi-directional, close to ground
temperature district heating and cooling concept that is based
on the principle of closing energy loops as much as possible
and using renewable sources to bridge the gap between sup-
ply and demand. The concept combines the principles of fu-
ture urban heating and cooling systems proposed by Lund
et al. (2014) with the principles of local energy grids en-
gineered around individual sources. Lacking a return flow,
consumption of heat is considered supply of cold and vice
versa. 5GDHC systems provide a high level of flexibility as
a result of their integration of heating, cooling and electric-
ity infrastructures and the availability of storage facilities at
different temperatures and time scales. By making smart use
of this flexibility, the system is modular and can be extended
with almost any type of consumer and renewable heat or cold
source. This is a necessary feature in future urban energy sys-
tems, as high temperature renewable heat sources like solid
biomass or waste incineration will not be able to cover the
total heat demand in the European built environment (Pers-
son, 2015). Optimizing 5GDHC systems is a non-trivial task,
as the complexity and different temperature levels introduce
a large number of degrees of freedom. A fitting methodology
of optimizing both design and operation of a 5GDHC system
is energy hub optimization, although existing models lack the
capability of modeling floating temperature levels. We pro-
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pose that future work should focus on integrating 5GDHC
characteristics in existing energy hub models.

The Mijnwater system in Heerlen, Netherlands is putting
the 5GDHC principles into practice. The grid was originally
a low temperature heat and cold supply grid using a shal-
low geothermal source and a linear approach to supply and
demand. The system is now converted to a warm and cold
pipe structure that facilitates prosumers, bi-directional flow
and decentralized production of heat and cold. This shows
that 5GDHC principles can be applied in large scale district
heating and cooling systems.
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