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District heating and cooling energy network 
using CO2 as a heat and mass transfer fluid

Introduction
Since a growing part of the population worldwide will 
live in cities, urban energy supply is very important 
when considering improved energy efficiency strategies. 
However, as a result of the different willingness of building 
owners to invest in energy renovation of their buildings, 
the building stock is often very diverse. A result of this is 
that the energy demand and the required temperature 
levels for each building tend to differ within a given part 
of a city. Moreover, cooling loads tend to increase in the 
central city district with a large share of shops and offices, 
including data centers. Hence, there is an increase in both 
heating and cooling networks in already crowded city un-
dergrounds. To face the temperature heterogeneity of 
building requirements, concepts of medium to low tem-
perature district heating (DH) systems, with or without 
decentralized heat pumps, have been proposed and im-
plemented [1, 2, 3]. Other concepts combine heating and 
cooling (DHC) supply in very low temperature networks 
where the transfer fluid acts as a cold network for cooling 
purposes and supplies evaporator heat to decentralized 
heat pumps heating buildings. These buildings have the 
advantage of better efficiency, since the individual heat 
pumps supply just the temperature level needs of the 
individual buildings, and they consist of a 2-pipe rather 
than a 4-pipe system. However, to limit the exergy los-
ses, and since they are only based on the specific heat of 
water, they need to have a reduced difference of tempe-
rature between the supply and return pipes (down to a 
few degrees) implying the transport of large amounts of 
water and therefore large pipes and trench requirements. 
This paper summarizes a series of papers [4, 5, 6] on an 
alternative concept of significantly more compact, very 
low temperature network using the latent heat of CO2 
that is used both as a refrigerant and an energy transfer 
fluid. Furthermore, CO2 does not run a risk of freezing 
and, therefore, street implantation does not require any 
significant depth for freezing protection in case of trouble. 
Like the very low temperature DHC heating and cooling 
networks based on water, and since the temperature level 
is closed to that of the surrounding ground, insulation can 

The 5th generation compact district heating and cooling networks in a temperature range of 10 to 16 °C have a 
great potential for energy savings by providing a heat source for decentralized heating heat pumps, a cold source 
for air-conditioning and a heat sink for refrigeration or cogeneration units. The energy balance of the network is 
achieved by a central plant equipped with a heating heat pump in winter operation and a heat dissipator in summer 
operation. They typically facilitate the synergy between users and allow the concept of a city without chimneys or 
cooling towers in the various buildings. One such concept is based on using the latent heat of the transfer fluid (CO2), 
with one saturated CO2 vapor pipe and one saturated CO2 liquid pipe. Studies show that up to 80 % of the final energy 
can be saved in urban areas, at a cost that is lower than the conventional technologies. 
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be reduced to a minimum allowing a further gain in ditch 
width requirements. Furthermore, the temperature level 
corresponds to ground vertical probes for thermal stora-
ge or geothermal heat capture. Several other alternative 
uses of such networks are described in the next sections. 
Note that here the terminology of 5th generation DHC is 
used in order not to be confused with the so-called low 
temperature of the 4th generation review defined by Lund 
et al. in [7, Table 1].

Description of the 5th generation DHC
Figure 1a and 1b illustrate the network with the central 
plant and the first users in summer and in winter. The 
network consists of one saturated liquid pipe and one 
saturated vapor pipe, both in a saturated temperature 
range of 10 to 16 °C. In summer, free cooling is provided 
for air conditioning by evaporating liquid taken from the 
liquid pipe and releasing it in the form of vapor to the 
vapor pipe. In winter, vapor is taken out of the vapor pipe, 
condensed in a condenser-evaporator of a decentralized 
heat pump and then released in the liquid pipe. Direct use 
of the CO2 vapor is also an option, particularly for hot wa-
ter-heating using a supercritical heat pump with oil-free 
compressor. Overall, this implies that the flow in the pipes 
can go in both directions depending on the relative ratio 
between the cooling and heating duties, allowing heat re-
covery when both services are required at the same time. 
Ideally, the central plant that balances the energy demand 
uses high grade environmental sources such as surface 
water (lake, sea, river), geothermal probes or industrial 
waste heat sources. 

Because of the very low temperature of this system, a real 
synergy between heat providers and heat users can be 
achieved. This is in contrast to the present situation, se-
eing side by side the cooling tower of a shop and the chim-
ney of a fuel-based hot water heater. It is a step towards 
future districts without chimneys or cooling towers. A re-
cent theoretical study on a real district in Geneva shows 
that more than 80 % of the energy could be saved, com-
pared to today’s energy system using predominantly fuel 
boilers and conventional single stage refrigeration and 
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air-conditioning units [4]. In addition, the size of piping is 
significantly reduced, as shown in Figure 2, to the point 
that the pipes could be implemented in utility channels 
or in pedestrian paths. 

The main drawback is the high pressure of the order of 
50 bars and the large amount of CO2 that could cause 
some safety concerns in case of a major leak. However, 
several hundreds of supermarkets in Europe [8] are al-
ready equipped with direct CO2 networks supplying cold 
at slightly lower pressures of the order of 40 bars with 
safety valves calibrated at 70 bars. 

Experimental proof of concept
A scaled-down lab facility [Figure 3] was built to have a 
proof of concept to demonstrate the feasibility using only 
existing components, with scalable results and in which 
the potential hydro-acoustic phenomena could be obser-
ved and measured. Furthermore, the test rig has been 
used for experiments with various control schemes. The 
tests run so far did not indicate any major operational 
difficulties such as strong pressure surges or two-phase 
flow instabilities in the main network. 

Figure 1b.  Central plant and first users in winter of a CO2 
based DHC

Figure 1a. Central plant and first users in summer of a 
CO2-based DHC network (light blue pipe=vapor pipe 
and dark green pipe =liquid pipe)
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Figure 2. Size comparison between a water-based and a CO2-based very low temperature 
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Figure 3. Picture of the test rig installed at the 
industrial energy services in Geneva 
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Figure 2. Size comparison between a water-based and a CO2-based very low temperature 
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Further extension of the concept
The proposed two-pipe CO2 energy network does not only 
allow for cold and warm energy supply via decentralized 
heat pumps when required but can also be a real um-
bilical cord in the city for further duties and improved 
synergies. Other uses include:

1)	 Supply of an extinguishing agent in case of fire, 
either directly in non-occupied rooms or indirectly 
using mixing ejectors to reduce the excessive con- 
centration of CO2; 

2)	 Supply of a cold source for Organic Rankine Cycles 
or other waste heat conversion or cogeneration de-
vices;

3)	 Integration with daily electricity storage at the central 
plant, like the reversible trans-critical CO2 heat pump-
power cycle shown in [10];

4)	 Integration with photovoltaics that allows to drive the 
heat-pumps with renewable energy. 

In addition, the excess of PV electricity can be converted 
into methane by electrolysis and the Sabatier reaction. 
The resulting methane can be stored in summer in the 
form of liquid methane that can be converted into heat 
and electricity in winter. The use of combined cycles with 
CO2 capture or fuel cells that separate the CO2 such as 
SOFC [9] allows to collect CO2 in the network and store it 
to recycle it as methane in summer. Studies have demon-
strated that cities in this way may become self-sufficient 
in energy [11].

Conclusion
The 5th generation district heating and cooling networks, 
based on the use of the  latent heat of a natural fluid 
such as CO2, represent an interesting option to develop 
high efficiency city districts by providing a very compact 
energy network allowing to make use of the synergies 
between the needs of the various users. Based on existing 
technologies, we have demonstrated that this technology 
can save more than 80 % of the final energy consumed in 
a city center while being cheaper than conventional solu-
tions. Combined with solar PV, it allows to design districts 
with nearly zero emissions. In spite of the relatively high 
pressures required by a CO2 DHC network, experiments 
at a reduced scale have not shown any major pressure 
surge concerns so far.


