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Abstract

The global climate targets lead to a growing interest
in supplying buildings with heat and cold more ef-
ficiently. In districts with simultaneous heating and
cooling demands, bidirectional low-temperature net-
works can be an efficient alternative to balance local
demands within one thermal network. In order to ex-
amine this concept in more detail, this paper presents
an integral dynamic simulation model of a bidirec-
tional low-temperature network with 15 connected
buildings, equipped with heat pumps and chillers in
Modelica. Performing different simulation studies re-
garding temperature levels of the system as well as
storage utilization and the integration of renewable
energy sources, the general benefits and barriers of
this innovative concept are evaluated.

Introduction

The integration of renewable energy sources such as
solar or geothermal energy and decentralized heat
sources will become even more important in the fu-
ture. In addition, the coupling of the heating, cooling
and electricity sectors is also becoming increasingly
important in the energy supply of urban districts.
Bidirectional low-temperature networks represent a
supply concept for districts that allows the integra-
tion of various renewable energy technologies due to
the low temperature requirements on the one hand
and on the other hand implies the coupling of elec-
tricity, heat and cold through the operation of decen-
tralized heat pumps and chillers. These networks pro-
vide buildings with thermal energy close to the am-
bient temperature and local heat pumps utilize the
fluid with low-temperatures as a heat source to lift
the temperature level suitable for the building heat-
ing system. At the same time, the networks serves
as a sink for waste heat from chillers, refrigeration
or heat from other low-temperature sources. Accord-
ing to The European Comission (2015), bidirectional
low-temperature networks can be assigned to the fifth
generation of district heating networks. The fifth gen-
eration of thermal networks differs from the four pre-
vious generations described by Lund et al. (2014) in
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Figure 1: Network typology classification of
low-temperature networks according to Lang et al.

(2018).

the fact that they are operated at a neutral tempera-
ture level (e.g. 15-20 °C). Low-temperature networks,
which also include bidirectional low-temperature net-
works, exist in different variants. A possible crite-
rion for differentiation is the number of pipelines.
Here a distinction is made between thermal networks
from one to four lines (Sulzer and Hangartner, 2014).
A further differentiation criterion also described by
Sulzer and Hangartner (2014) is the consideration of
the energy and media flow in the respective network.
Regarding the energy flow to the connected build-
ings the classification subdivides into uni- and bidi-
rectional flow. The media flow in the system can be
directed (i. e. central pump) and undirected. Fig-
ure 1 gives an overview of the different system con-
figurations.

The bidirectional low-temperature network presented
in this paper is categorized in the undirected, bidi-
rectional networks, with a slight adaption of the
positioning of the pumps, further described in the
Methodology section. Nevertheless, all categories
have the central balancing unit in common. This unit
ensures the system operation within certain bound-
ary temperature conditions. Various conventional
and renewable generation technologies can be inte-
grated as balancing units, such as CHPs, central heat
pumps, compression and absorption chillers, solar
and geothermal as well as connections to central heat-
ing and cooling networks. Thus, bidirectional low-
temperature networks are a promising technology for
the energy-efficient supply of heat and cold in urban
areas. However, there are still challenges that need to
be overcome in order to achieve comprehensive use.
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Sulzer and Hangartner (2014) identify a lack of expe-
rience in the planning and operation of the networks,
as well as a lack of fundamentals for evaluating the
potential for districts under local conditions. Bidirec-
tional low-temperature networks are characterized by
a complex thermo-hydraulic system behavior, which
differs fundamentally from conventional district heat-
ing and cooling. To meet the challenges of (1) lack
of experience of real operation, (2) suitability of local
conditions and (3) complex hydraulic systems, dy-
namic simulation are one promising solution. Dy-
namic simulation provides detailed insights in the sys-
tems behavior and allows to evaluate different system
configurations. This paper presents a dynamic simu-
lation model of a bidirectional low-temperature net-
work of a real district. We use the model to perform
a simulation and give detailed insights into the sys-
tem operation. To this end, the modeling approach
and the system model are presented first, followed by
the description of the example district. Subsequently,
various system configurations are considered using
the dynamic simulation model, including the influ-
ence of network temperatures and demand structure
on system operation. Furthermore, different possibil-
ities for the integration of renewable energies into the
energy supply of bidirectional low-temperature net-
works are discussed.

Methodology

Using an undirected, bidirectional low-temperature
network in the scope of this paper, the description
of the overall concept takes place in more detail in
this section. As the presented evaluations are per-
formed with a dynamic simulation model, the simu-
lation models are described later in this section.

Network concept and models

The principals of the presented undirected, bidirec-
tional networks were already introduced above. We
divide the network into three major sub-systems, the
central balancing unit, the substation in the build-
ings and the pipe network itself. This section starts
with the detailed description of the used substation
concept. The undirected, bidirectional networks con-
sidered in this paper differs from the conventional
network types in the positioning of the distribution
pumps, as these are installed decentral in the sub-
stations of the buildings. Due to the decentralized
distribution of the pumps, it is possible for every con-
sumer to obtain the mass flow required to cover the
heating and cooling demands on their own from the
network. For this purpose, the buildings are equipped
with heat pumps and chillers that utilize the thermal
network as an energy source. The buildings are con-
nected to the cold and warm line of the bidirectional
network, the warm line serves as a heat source for heat
pumps, the cold line serves as a heat sink of chillers.
Consequently, the medium with reduced temperature
by the evaporator of the heat pump and the heated

Figure 2: Energy balancing within and between
buildings with heating and cooling demands.

medium of the condenser of the chiller are fed into the
cold and warm line of the network respectively. Both,
the cold and warm line are operated at low tempera-
tures in order to minimize heat losses to the ambient
and to provide good conditions for efficient heating
and cooling. Thus these networks enable the user
to take heat or cold as required while simultaneously
feeding the cold/waste heat into the other line.

By connecting buildings with different thermal de-
mands for both heating and cooling, bidirectional
low-temperature networks enable efficient use of ther-
mal energy through energy balancing between differ-
ent users. The concept is to recycle as much thermal
energy as possible within the buildings or to exchange
it between different users. Energy balancing within
a building takes place with simultaneous heating and
cooling demands in the same building, energy bal-
ancing between different buildings with heating and
cooling demands takes place using the thermal net-
work Figure 2 schematically illustrates these two en-
ergy balancing processes within the system. A build-
ing is shown on the left (building 1), where heating
and cooling demands are completely balanced. In this
situation the building is decoupled from the network.
The other two buildings have a predominant heat de-
mand (building 2) and a predominant cold demand
(building 3), so that they need heat or cold from the
network. Since the pumps are installed decentral in
the substations of the respective buildings, the flow
direction within the network is determined by the
composition of the energy demands of the individual
buildings. Thus, the flow direction of the medium
within the network is regulated according to the de-
mand situation and can change. In order to ensure
the network temperature limits, a central balancing
unit is used.

The analysis of the bidirectional low-temperature net-
work are carried out using dynamic, thermo-hydraulic
simulation models developed in the modeling lan-
guage Modelica. For this purpose, a system model of
the bidirectional network is composed of various com-
ponent models (Müller et al., 2016), (Wetter et al.,
2015). Figure 3 shows the schematic structure of
the system model. The three main components of
the system model are the models of the hydraulic
network (i.e. junctions and pipes), the substations
representing the buildings heating and cooling de-
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Figure 3: Visualization of the system model of the
bidirectional low-temperature network.

mands as well as the building-integrated equipment
(heat pumps, chillers and distribution pumps) and
the model of the central supply unit. According to
the considered network topology, these models are
combined to the system model of the respective bidi-
rectional low-temperature network by connecting the
individual component models. The pipe elements are
modeled using a dynamic, equation-based thermo-
hydraulic pipe model, the so-called plug-flow pipe
model (van der Heijde et al., 2017). The model bases
on a plug-flow approach, suitable for the simulation
of long pipes, e.g. in district heating and cooling
systems. Therefore, the pipe model takes into ac-
count the transport delay, heat loss and storage ef-
fects as well as temperature propagation along the
pipe length idealized as plug-flow. The plug-flow pipe
model copes with heating and cooling systems, fluc-
tuating inlet temperatures, varying mass-flows (stop-
ping or reversing) and arbitrary network lay-outs in-
cluding branching and meshed systems. For a more
accurate calculation of the heat losses of the pipes, the
model was extended to include the surrounding soil,
which is represented by a combination of cylindrical
thermal resistances (R) and capacitances (C). These
RC-combinations represent the heat transfer and heat
storage effects in the pipe and the surrounding soil.
As an external boundary condition for the heat loss
calculation, the annual profile of the undisturbed soil
temperature is used, which is calculated according to
Florides and Kalogirou (2005).
In the system model, the substation models represent
the buildings connected to the network as well as the
equipment installed in the substations. This includes
not only heat pumps and chillers but also the dis-
tribution pumps, which are required to provide the
mass flow for heating and cooling applications. The
demand profiles are inputs of the substation models,
which can either be determined by dynamic building
simulations or given by measured values. These pro-
files are used in the substations for the equation-based
control of mass flows. To this end, the required mass
flow is calculated on the basis of the current heat-
ing or cooling demand by specifying a temperature
difference between flow and return and passed on to
the pump models. For modeling the heat pumps and
chillers in the substations, a power curve adjusted

depending on the Carnot efficiency is used. In these
models, the coefficient of performance (COP) is calcu-
lated as a function of the source and sink temperature
using a quality grade of the heat pump or chiller.
The main function of the central supply unit is to en-
sure that the limits of the network temperatures are
not exceeded. Therefore the model contains two heat
exchangers for heating and cooling. The direction of
flow within the central balancing unit is determined
by the buildings and indicates whether the current
demand for heat or cold is predominant. In the case
of a predominant heat demand, heat must be added
to the network; in the case of a predominant cooling
demand, heat must be extracted from the network ac-
cordingly. As long as the network temperatures are
within the defined temperature range, the heat ex-
changers neither add nor remove heat from the net-
work. The model of the central balancing unit allows
to simulate the required heat and cold supply with-
out considering specific equipment for heat and cold
generation.

Use case and simulation studies

The above described integral dynamic simulation
model is used for an existing city district composed
of 15 buildings connected to the bidirectional network
with ten substations. The city district, called Medi-
con Village, is located in Lund, southern Sweden and
consists of a mixture of commercial and residential
buildings. In this area, E.ON is currently building
a bidirectional low-temperature network under the
name ectogridTM (ectogridTM , 2019). Figure 3 shows
the structure of the bidirectional low-temperature
network represented by the system model. Eight sub-
stations are connected to buildings with heating and
cooling demands, one substation supplies buildings
with cold only and one substation supplies buildings
with heat only. In addition, a central energy bal-
ancing unit is integrated in the system model to en-
sure compliance with the network’s temperature lim-
its. The temperature levels required for heating and
cooling the buildings are 55/45 °C and 8/14 °C respec-
tively. The distribution network of the bi-directional
low-temperature network has a total pipe length of
approx. 3.1 km and consists of plastic pipes without
insulation due to the low temperature difference to
the surrounding soil and the resulting low heat losses.
The aggregate annual heat consumption of the build-
ings is about 9.4 GWh with a peak load of 4.0 MW.
The annual cooling consumption is 3.8 GWh with a
peak power of 2.8 MW. Annual heat and cold con-
sumption profiles are measured in hourly resolution
and are used as simulation inputs. Figure 4 shows
the annual aggregated, measured consumption pro-
files. For the energy efficiency of bidirectional low-
temperature networks, the simultaneous occurrence
of heating and cooling demands is particularly im-
portant, since in these cases a direct energy balancing
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Figure 4: Aggregated heat and cold consumption
profiles of Medicon Village.

can take place between buildings. An evaluation of
the demand structure is achieved using the diversity
index according to Pass et al. (2018). This index can
be used to evaluate the energy efficiency of a bidi-
rectional low-temperature network based on the de-
mand structures and the operational energy efficiency
of the heat pumps and chillers. For the analyzed use
case, the annual average value of the diversity index
is 0.74, which indicates an energy-efficient operation
of the bidirectional network.

In the following section, the dynamic simulation
model of the example district Medicon Village is used
to investigate different system configurations of bidi-
rectional low-temperature networks. The system be-
havior is first analyzed on the basis of a base case,
followed by the investigation of different temperature
levels, the investigation of the influence of additional
consumers and the integration of central storage sys-
tems as well as the influence of pipe network insula-
tion. In these studies, the focus is on the system’s
energy efficiency and the integration of renewable en-
ergies.

Results and discussion

In this section, different system configurations of bidi-
rectional low-temperature networks are discussed us-
ing dynamic simulations of the example district. The
system variations examined in more detail are the
impact of different temperature levels of the thermal
network, the influence of the integration of thermal
energy storage and the adjustment of the demand
structure through the integration of additional con-
sumer as well as the effect of insulation of the pipe
network. Based on these studies, the possibilities of
integrating different renewable energy resources into
the supply of bidirectional low-temperature networks
will then be discussed. First, the general operation
of the bidirectional low-temperature network is dis-
cussed on the basis of a base case simulation, which
will later be used as a basis for comparison and evalu-
ation of the different system variations. In this basic
case, the supply temperature limit values of the net-
work are set at 20 °C and 32 °C. The temperature dif-
ferences over the substations are 5 K in both heating
and cooling operation. In order to avoid overheating
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Figure 5: Temperatures of warm and cold line at
central supply unit.
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Figure 6: Heat and cold supply of central balancing
unit.

and cooling down of the system, the central balancing
unit adds or removes heat from the network.

Figure 5 and Figure 6 show the simulation results for
the temperature profiles of the warm and cold lines
measured at the central supply as well as the heat
and cold supply of the central supply unit for the base
case. Based on the two diagrams, it can be seen that
there is a predominant heat demand in the network
in winter, thus heat must be supplied to the network
in order to ensure the minimum supply temperature
of 20 °C. The return temperatures during this time
are slightly below 15 °C due to the heat extraction of
the substations and the heat losses of the pipe net-
work to the surrounding soil. In summer, the net-
work temperature rises due to the increased demand
for cooling. In the transition periods between win-
ter and summer the predominant demands alternate,
leading to multiple flow reversals in the system and
fluctuating temperatures. During this transition pe-
riods the energy demands in the network balance each
other, the central supply does not have to be operated
and the network temperature varies between the limit
values. This energy balance between different build-
ings also lowers the annual amount of heat and cold
supplied by the central unit. The annual heat supply
of 4.7 GWh is about 50 % of the heat demand, the
central cold supply of 0.8 GWh is only about 22 %
of the cold demand. In addition, however, a power
quantity of 3.6 GWh is required for the operation of
the heat pumps and chillers. One main difference to
conventional district heating and cooling networks is
the simultaneous use of the bidirectional network for
heat and cold supply, which is also shown by the cen-
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tral heat and cold supply in Figure 6. Although there
are heat and cold demands in the network through-
out the year, only the predominant demand has to be
balanced by central supply unit.

Temperature levels

The impact of the different network temperature lim-
its on the energy efficiency is analyzed on the basis
of the annual amount of heat and cold supplied by
the central balancing unit as well as the electricity
demand for the operation of the decentralized heat
pumps and chillers. For this purpose, three different
temperature limit combinations listed in Table 1 are
simulated and compared. Starting from the tempera-
ture limits in the base case of 20/32 °C, a case with a
larger spread between the limit values (16/36 °C) and
a case with a smaller spread between the limit val-
ues (24/28 °C) is considered. As Table 1 shows, the
network temperatures primarily influence the central
heat supply and the power demands of the decentral-
ized equipment. In general, it can be seen that a
larger temperature spread leads to a lower need for
heat supply, but at the same time to higher power
demands of the heat pumps and chillers. The re-
duction in electricity demand at smaller temperature
spreads primarily results from the improved operat-
ing conditions for heat pumps and chillers. There
are two main reasons for the increase in heat demand
for smaller temperature spreads. On the one hand,
the higher network temperatures lead to higher heat
losses of the pipe network. On the other hand, the im-
proved operating conditions for heat pumps, i.e. the
higher COPs, mean that less electricity is required for
the heat supply. As a result, more heat has to be ex-
tracted from the network to provide the same amount
of heat. The cold supply, however, is influenced only
to a minor extent by the different temperature levels.
First, the heat losses of the network decrease in sum-
mer with lower network temperatures; second, the
lower network temperature results in improved oper-
ating conditions for the chillers and thus to a lower
electricity demand. The reduction in heat losses in
summer and the lower amount of heat fed into the
network due to the improved operation of the chillers
are of the same order of magnitude and compensate
each other.

In general, this simulation study has shown that the
adaptation of the system temperatures of the bidirec-
tional network leads to different amounts of heat and
cold supplied by the central balancing unit. Within
certain limits, the system can therefore be suited to
local conditions and locally available renewable en-
ergy resources (e.g. geothermal energy, waste heat)
by adjusting the temperature levels. Furthermore,
dynamic adaptation of the network temperatures de-
pending on the individual demand situation can lead
to an improvement in the energy efficiency of the sys-
tem. In this context, dynamic simulation models can

be used to improve the network temperatures taking
local boundary conditions into account.

Additional consumer

Particularly important, as already described, is the
temporal composition of the heating and cooling de-
mands, since the energy efficiency of bidirectional
low-temperature networks is strongly determined by
the energy compensation between different buildings.
Due to the high diversity index of 0.74, the example
district Medicon Village already shows a high poten-
tial, but in order to illustrate the influence of the
demand structure, the demand structure is adjusted
by additional consumers. Especially the simultane-
ity of heating and cooling demands will be increased
leading to a higher diversity index of the bidirectional
network. For this purpose, an additional cooling con-
sumer with a constant demand of 200 kW is con-
nected to the network in winter when the demand for
heat predominates, and an additional heat consumer
with a constant demand of also 200 kW is connected
in summer when the demand for cold predominates.
In the context of urban districts possible additional
heating and cooling consumers are data center, super
markets and cold storage rooms as well as swimming
baths.

The dynamic simulations are performed for the base
case with the temperature limits of 20 °C and 32 °C.
Due to the additional consumers, the annual heat
demand in the district increases by approx. 6 % to
10.0 GWh and the annual cooling demand by approx.
37 % to 5.2 GWh. At the same time the diversity
index increases to 0.87. Although the overall heat-
ing and cooling demands of the buildings are higher,
the central heat supply is reduced by approx. 30 %
to 3.3 GWh and the cold supply by approx. 22 %
to 0.7 GWh compared to the base case without addi-
tional consumers. At the same time, the electricity
demand increases by 10 % to 4 GWh due to the opera-
tion of the additional heat pump and chiller. Thus, by
planning and optimizing the demand structures, the
energy balancing within the network and the energy
efficiency of bidirectional low-temperature networks
can be improved.

Integration of thermal energy storage

The next system configuration examined is the in-
tegration of thermal energy storages into the bidi-
rectional low-temperature network. Thermal storage
systems offers an opportunity to temporally decouple
energy supply and demand and thus improve the po-
tential for using fluctuating renewable energies. To
this end, the model of the central supply unit is ex-
tended by a simple model of a stratified storage tank.
The storage tank is directly integrated into the bidi-
rectional network and thus increases the volume and
thermal storage capacity of the network. To show the
effect of thermal storage systems, simulations with
two different storage sizes are carried out and com-
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Table 1: Impact of the network temperature limits on energy demand.
Tmin/Tmax Heat supply Cooling supply Electricity demand
16 °C/36 °C 4.3 GWh 0.9 GWh 4.7 GWh
20 °C/32 °C (base case) 4.7 GWh 0.9 GWh 3.6 GWh
24 °C/28 °C 5.4 GWh 0.8 GWh 3.1 GWh
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Figure 7: Heat and cold supply of central balancing
unit with and without thermal buffer storage.

pared with the base case without storage. The consid-
ered storage capacities are 2000 m3 and 200,000 m3 re-
spectively, which corresponds to the cases of a larger
buffer storage and a seasonal storage. Because of its
size, the seasonal storage in particular is an extreme
case which is considered in order to demonstrate the
general potential.

First, the influence of the buffer storage on system
behavior is discussed. This is most evident in the
transition periods in which the predominant heating
and cooling demands alternate and the network tem-
perature varies between the limit values without op-
eration of the central supply unit. Figure 7 shows
the influence of the buffer storage tank on the cen-
tral heat and cold supply in the transition time. Due
to the higher thermal capacity, the heating-up and
cooling-down of the network is less rapid so that the
network temperature reaches the limit values more
slowly with changing predominant demand. On the
one hand, more energy can be stored in the network,
and on the other hand, this extends the periods in
which the central supply unit does not have to be op-
erated (e.g. between the days 160 to 164). Overall,
the central heat and cold supply is slightly reduced,
as the additional storage capacity improves the pos-
sibilities for energy balancing by allowing a longer
period of time between thermal energy feed-in and
use. However, the buffer storage has comparatively
little effect on the overall systems performance.

The seasonal storage has a much greater influence
on system operation. For dimensioning the seasonal
storage tank, the cooling demand is used. As can be
seen in Figure 6 and Table 1, the annual cooling de-
mand of the bidirectional low-temperature network is
significantly lower than the heat demand. The cold
resulting from the supply of heat in winter is thus
sufficient to cover the entire cooling demand in sum-
mer. In order to ensure a realistic initialization of the
storage facility, the simulation period is extended to
2 years and the results of the second year are con-
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Figure 8: Network temperatures with seasonal
thermal storage.

sidered. Figure 8 shows the temperature profiles of
the warm and cold lines that occur due to the use of
the seasonal storage tank. In winter the system tem-
peratures behave similar to the case without storage
shown in Figure 5. In summer, on the other hand,
the high thermal capacity of the storage tank leads
to very slow heating-up of the network (between the
days 530 to 630). Despite the high waste heat in
summer, the temperature of the warm line only rises
slightly to approx. 22 °C and thus does not reach the
limit value. For this reason, the use of the seasonal
storage tank allows to supply the example district
only with heat and electricity. The central cold sup-
ply is no longer required. In addition, the heat supply
is reduced by approx. 21 % compared to the base case
due to the improved energy balance of the buildings.
The electricity demand also decreases by approx. 8 %,
mainly due to the better operating conditions of the
chillers in summer.

Pipe insulation

Since the insulation of the pipe network has a large
impact on the investments of the bidirectional low-
temperature network, the dynamic simulation model
can be used to estimate the influence and need of
the insulation with regard to critical network tem-
peratures and heat losses. In order to estimate the
influence of pipe insulation on the system behavior,
a simulation of the base case with insulated pipe net-
work is carried out and examined in the following.
An insulation layer is considered in the plug-flow pipe
model and parameterized for all pipe sections with a
thermal conductivity of 0.04 W/(mK) and a thickness
of the pipe insulation of 4.5 cm. Due to the insula-
tion of the pipe network, the central heat supply is
reduced by approx. 16 % to 4.0 GWh, but in parallel
the central cold supply increases by almost 60 % to
approx. 1.4 GWh. The total power demand of the
decentralized heat pumps and chillers is almost unaf-
fected. Overall, the pipe insulation leads to a reduc-
tion in the heat losses of the network. This reduction
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has a negative effect in winter, when the heat demand
in the network predominates and heat has to be sup-
plied to the network. In summer the heat losses of the
network have a positive effect, because there is a pre-
dominant cooling demand during this period and heat
must be extracted from the network. Therefore, the
pipe insulation during summer leads to a reduction
in heat losses and thus more heat has to be extracted
by the central balancing unit. This results in the in-
crease of the annual cold supply. Table 2 summarizes
changes in the overall energy demand of the system
caused by different pipe insulation levels.

Whether the insulation of the pipe network is advan-
tageous depends strongly on the demand structure,
the local conditions (in particular the soil tempera-
ture) and energy resources of a district. For example,
if cooling can be supplied in a district using renewable
energy sources, the increase in cooling demand and
the simultaneous reduction in heat demand due to
the insulation of the pipe network can lead to reduced
CO2 emissions. However, the pipe insulation makes
it possible to allow lower network temperatures in
winter, as the risk of individual pipe sections freezing
due to the medium’s stagnation is reduced. The dy-
namic simulation model can thus help to identify the
critical pipe segments that are threatened by freez-
ing, so that the insulation of critical network sections
can be taken into account at the planning stage. It
allows to test different insulation standards and their
impact on the overall energy balance of the system.
The simulation results could also serve as a basis for
the economic evaluation of the pipe insulation.

Table 2: Impact of pipe insulation level on energy
demand.

Insulation
thickness

Heat
supply

Cooling
supply

Electricity
demand

no insulation 4.7 GWh 0.9 GWh 3.6 GWh
4.5 cm 4.0 GWh 1.4 GWh 3.6 GWh
10.0 cm 3.9 GWh 1.5 GWh 3.6 GWh

Integration of renewable energies

The central challenge of the energy sector is the con-
version from a predominantly fossil energy supply to
a continuously increasing energy supply using renew-
able energy sources. District heating and cooling sys-
tems offer various options for the integration of re-
newable energies. These are on the one hand the use
of renewable energy sources for heat and cold supply,
on the other hand the different system components
offer possibilities to adapt the energy demand to re-
newable energy generation. Here, the thermal inertia
of buildings, decentralized and central energy storage
systems and the thermal inertia of the thermal net-
work itself can be used in combination with suitable
control strategies to provide flexibility on the demand
side (Vandermeulen et al., 2018). In the following, the
use of renewable energies for the central heat and cold
supply and also the power supply of bidirectional low-

temperature networks is discussed in more detail on
the basis of the simulation studies discussed above.

Bidirectional low-temperature networks offer numer-
ous options for integrating renewable energies due to
their temperature levels as well as the coupling of the
heating, cooling and electricity sectors. Using the
base case as example it can be seen from the tem-
perature and power profiles of the central supply in
Figure 5 and Figure 6 that in winter heat sources with
a temperature above 20 °C and in summer heat sinks
with temperatures below 32 °C can be used to balance
the energy consumption of the network and to ensure
the defined limits of the network temperatures. This
enables a wide use of renewable energy technologies.
The use of central waste heat (e.g. from data centers
or industrial cooling processes), the operation of cen-
tral heat pumps, the use of geothermal as well as solar
thermal energy are suitable for the supply of heat. In
combination with heat pumps, heat sources at lower
temperature levels like ground-water or waste heat
can also be integrated. The investigation of the inte-
gration of additional consumers has shown that the
use of waste heat, which results in increased diversity
indexes, leads to improved energy efficiency of the
system. Geothermal energy, free cooling and com-
pression chillers in combination with technologies for
renewable power generation are examples of possible
technologies for cold supply of the bidirectional low-
temperature network. The electricity demand result-
ing from the operation of heat pumps and chillers
also enables the use of renewable electricity from PV-
systems and wind turbines. Another efficient way
of providing heat, which also provides the electricity
needed to operate the bidirectional low-temperature
network, is to use combined heat and power (CHP)
units. During the winter, CHPs can feed heat into the
network and at the same time supply the heat pumps
and chillers with electricity. In combination with a
central absorption chiller, the heat from the CHP
unit can be used in summer to provide cold. Fur-
thermore, the investigation of different temperature
levels has shown that the network temperatures can
be adapted to local renewable energy resources like
river water, waste water of waste heat from industrial
processes. Due to the thermal capacity of the bidirec-
tional network, fluctuating energies can be fed in as
long as the temperature limits are not reached. The
integration of energy storages also provide improved
conditions for the use of fluctuating renewable energy
resources like solar thermal energy or electricity from
PV-systems and wind turbines. Short-term fluctuat-
ing energy sources can be utilized through the use of
buffer storages, seasonal energy sources through the
use of seasonal storage facilities.

Conclusion and limitations

Bidirectional low-temperature networks are an
promising concept to provide heat and cold for city
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districts. These networks are characterized in partic-
ular by low temperatures and the simultaneous use for
heating and cooling using decentralized heat pumps
and chillers. The network allows energy balancing be-
tween buildings, thus enabling the connected build-
ings to supply each other with heat and cold which
increases the energy efficiency of the system. In or-
der to investigate the complex hydraulic behavior of
bidirectional low-temperature networks and various
system configurations, a dynamic simulation model
of an existing district was developed and used in this
paper. The results of the simulation studies show
that many system configurations influence the oper-
ation and the energy demands of bidirectional low-
temperature networks. By modifying the network
temperatures, the heating, cooling and electricity de-
mands of the bidirectional network can be adjusted
within certain limits. In addition, the impact of the
demand structure on the energetic efficiency of the
network was assessed by demonstrating the influence
of additional, time-adjusted consumers. Through in-
creased energy balancing, the additional heating and
cooling demands could even lead to a reduction in
the central heat and cold supply required to ensure
temperature limits. Furthermore, the simulation re-
sults show that the integration of seasonal storage
systems enable to completely replace the central cold
supply in the example district. Through specific plan-
ning in accordance with the respective local renewable
energy resources, bidirectional low-temperature net-
works offer various possibilities for the integration of
renewable energies and show great potential for effi-
cient and low emission heat and cold supply of city
districts. However, the energy efficiency of bidirec-
tional low-temperature networks strongly depends on
the composition of the energy demands and the tem-
peratures required by end users. Energy can only be
shifted between buildings and thus recycled if heat-
ing and cooling demands occur simultaneously. More-
over, the required flow temperatures of the end users
affect the COPs of the heat pumps and chillers and
thus the electricity consumption. Especially in ex-
isting districts with high requirements on the flow
temperatures, this leads to increased electricity con-
sumption for the heating and cooling supply. The
paper shows that dynamic thermo-hydraulic simula-
tion models can make an important contribution to
planning and operational control of bidirectional net-
works. For this reason, the existing simulation model
will be extended in future research to include systems
for central heat and cold supply. In addition, the inte-
gration of renewable energies through the use of the
network’s thermal inertia will be examined more in
detail in the future.
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