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Abstract
Low-temperature networks (LTN) with temperatures
below 20 °C are district heating and cooling networks of
the future, since they can be operated (i) emission-free,
(ii) are suitable for space heating and cooling and (iii)
incorporate low-temperature environmental heat or waste
heat from industrial processes. In Switzerland, the number
of LTNs is continuously increasing. The aim of the
present study is a comparison between two existing, but
simplified, network topologies with either a central
circulation pump or distributed circulation pumps.
Modelica / Dymola simulations show that for four
different annual heating and cooling scenarios, the heat
pumps in the topology with decentralized circulation
pumps consume 1 % to 5 % less electric energy than the
same heat pumps in a topology with a single centralized
circulation pump.

Introduction
District heating and cooling is divided into four
categories, depending on the water temperature of the
network: (i) High temperature over 60 °C for domestic hot
water (DHW), (ii) low temperature over 30 °C for room
heating, (iii) temperatures larger than 20 °C for preheating and (iii) temperatures below 20 °C allowing for
direct cooling (Figure 1) (Hangartner 2018).

Figure 1: Four categories of district heating networks
(Hangartner 2018).
A number of LTNs have been realized in Switzerland, of
which seven are documented in (Energieschweiz 2018).
Examples are the Suurstoffi residential area in Zug, the
campus Science City Hönggerberg of ETH Zurich and
Familienheim-Genossenschaft Zürich. LTNs with their
ability to supply heat and cold are operated most

efficiently when heating and cooling demand balances;
ideally simultaneously.
In Switzerland, the year is divided into four seasons. The
climate is mild with moderate heat, cold and humidity.
The heating period typically lasts from September to May
and the cooling period from June to August. Yearly
integrated heating demand of residential buildings
typically dominates over cooling demand and ratio of 12
to 120 the two depends on the age of the buildings.
(Settembrini 2017). In office buildings, however, yearly
heating and cooling are approximately balanced
(Zakovorotnyi 2017). Both studies show that with climate
change, the demand for cooling in both building types
increases exponentially (25 to 200 % of the heating
demand for new residential buildings) in the next 50
years, whereas the need for heating decreases moderately
(from 9 to 13 % for old resp. new residential buildings).
In summary, even though, on average, yearly heating
demand in districts generally exceeds cooling demand at
the moment, there are districts, where heating and cooling
demands balance, in particular, when waste heat from
industrial processes, data centres or laboratory facilities
are included. Temporal shifts between heating and
cooling demand can be compensated using seasonal
storages e.g. borehole fields (Suurstoffi case,
Energieschweiz 2018). An additional advantage of LTNs
is the possibility of direct cooling without a chiller. The
waste heat from the cooling process, which is normally
released into the environment can be used to regenerate
geothermal probes or as a source for heat pumps (HPs).
Whether networks with simultaneous heating and cooling
load are more efficiently operated in a conventional way
with a central circulation pump (CCP) or various
decentralized circulation pumps (DCP) is an open
question. Both topologies have been realized in
Switzerland, but direct comparison is missing.
In this study, we compare the CCP and the DCP topology
using Modelica / Dymola simulations. We first present the
layout of the two topologies, then describe the model
components and evaluate the electricity consumption of
the heat pumps for the two topologies. The findings of this
comparison result in a simple method to quantify the
savings of the DCP topology compared to the CCP at the
planning stage. The electricity consumption of the
circulation pumps is not investigated in detail, but we
provide arguments that this contribution is small and may
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Figure 2: Two different network topologies. a) CCP topology with a central circulation pump. b) DCP topology with
distributed circulation pumps. The network temperatures indicated are an example and vary over time.
be negligible in the comparison. The paper ends with a
(Figure 2a) the circulation pump is located at the source,
summary of the findings and mentions further aspects for
whereas in the DCP topology (Figure 2b), the two
the decision which network topology to use.
circulation pumps are located at the users. In reality, a
network will contain more than two users. However, if the
Methods
users are sorted into two clusters with either heating or
Topologies
cooling demand and the demands summed up within each
Both investigated topologies (Figure 2) are inspired by
cluster, each group can be simplified by one large user.
(Schluck, 2015). They include a source S (geothermal
CCP topology
boreholes) and two users U1 and U2 with heating and
In the CCP topology, the flow direction in the system is
cooling demand, respectively. The heating demand is
predefined, thus uni-directional from the source S to the
covered by an HP and the cooling demand by a heat
two users U1 and U2 and back to the source. Both users
exchanger (direct cooling). Both users control their mass
U1 and U2 receive the same water temperature provided
flow on the network side by ensuring a temperature
by the source. At point P, warm and cold water is mixed.
difference of 4 K between inflow and outflow of the HP
and heat exchanger, respectively. In the CCP topology

5)
4)
3)

5)

1)

6)

6)

2)

5)

Figure 3: CCP topology in the Modelica / Dymola environment.
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Figure 4: CCP topology in the Modelica / Dymola environment.
Table 1: Nominal parameters for the HP model
DCP topology
In the DCP topology, the flow direction through the
Parameter
Unit
Value
source S is not predefined and depends on the heating and
Heat Demand (Evaporator)
kW
10
cooling demand of the two users. The flow is nonCooling Demand (Condenser)
kW
8.3
directional. If heating and cooling demand balance, the
COP
6.1
mass flow through the source is zero. If the cooling
el. Power Consumption
kW
1.7
demand of U2 exceeds the heating demand of U1, U1
Mass Flow 1 (Condenser)
kg/s
0.497
receives its water from U2. If the cooling demand of U2
Mass Flow 2 (Evaporator)
kg/s
0.694
is smaller than the heating demand of U1, U1 receives
ΔT Evaporator
K
3
water partially form the source S and U2. Since the
ΔT Condenser
K
5
outflow temperature of U2 is 4 K larger than the outflow
Temperature Condenser
°C
35
temperature of the source, the coefficient of performance
Temperature Evaporator
°C
10
(COP) of the HP increases when cooling demand exceeds
Model of the Direct Cooling Heat Exchanger
heating demand. The temperature increase of the water
The model for the heat exchanger is
supplied to HP is one of the key aspects of the paper.
𝑄𝑄̇ = 𝑄𝑄̇𝑐𝑐,𝑚𝑚𝑚𝑚𝑚𝑚 ε
(4)
Simulation Model
where ε is constant effectiveness (in our case 70 %) and
The two topologies (Figure 2) are compared using
𝑄𝑄̇𝑐𝑐,𝑚𝑚𝑚𝑚𝑚𝑚 the maximum cooling load that can be transferred
Modelica / Dymola simulations (Figure 3, 4). The
by the heat exchanger.
components of the simulation are 1) an HP, 2) a heat
Geothermal Boreholes Model
exchanger for direct cooling (FC), 3) geothermal
boreholes, 4) pumps, 5) pipes and 6) valves. All model
The borehole model used is a hybrid step-response model
components are from the IBPSA library (IBPSA 2018).
(HSRM), which was first implemented by Picard 2017
and will be further developed by Picard D. and Cimmino
Heat Pump Model
M. in the project 1 (IBPSA 2018). The eight boreholes
The maximum theoretical achievable 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 is
used here provide nearly constant outflow temperatures to
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = (𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐 ⁄ (𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒 ))
(1)
the network throughout the year.
Here, 𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒 and 𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐 is the evaporator and the condenser
Table 2: Parameter for the borehole field model
temperature, respectively. In reality, the COP is always
Parameter
Unit
CCP
DCP
lower. In the model, the COP of the heat pump is defined
Mass Flow Nominal
kg/s
1.194
0.597
by
Number of Boreholes
Pcs.
8
8
(2)
𝐶𝐶𝐶𝐶𝐶𝐶 = 𝜂𝜂𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,0 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 ,
Borehole Length
m
250
250
With

𝜂𝜂𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,0 = 𝐶𝐶𝐶𝐶𝐶𝐶0 /𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,0 ,

(3)

being the ratio of the real COP and the theoretical 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
at design conditions (indicated by index 0). In our case,
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,0 = 11.9 (see table) COP0 = 6.1, therefore,
𝜂𝜂𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,0 = 0.51.

Performance pro running
meter Boreholes

W/m

30

30

Circulation Pump Model
The pump model computes the electric power
consumption of the circulation pump by multiplying the
hydraulic power with a total efficiency of 49%, which is
a typical assumption of technical planners.
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Model for Heating and Cooling Load
The heating load 𝑄𝑄̇𝑆𝑆𝑆𝑆 must balance the heat losses to the
environment to keep the room temperature constant and
thus depends on the temperature difference between the
room temperature 𝑇𝑇𝑟𝑟 and the ambient temperature
𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎 .The heating load is defined by
(5)
𝑄𝑄̇𝑆𝑆𝑆𝑆 = 𝑘𝑘(𝑇𝑇𝑟𝑟 − 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎 ),
where k (W/K) is a factor (here assumed constant and not
considering any radiative energy fluxes) that includes all
heat transfer properties between the room and the
ambience. This equation is identical to
𝑄𝑄̇𝑆𝑆𝑆𝑆 = 𝑄𝑄̇𝑆𝑆𝑆𝑆,𝑠𝑠

(𝑇𝑇𝑟𝑟 − 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎 )

,

(6)

where the standard load is
𝑄𝑄̇𝑆𝑆𝑆𝑆,𝑠𝑠 = 𝑘𝑘(𝑇𝑇𝑟𝑟,𝑠𝑠,𝑊𝑊 − 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎,𝑠𝑠,𝑊𝑊 )

(7)

(𝑇𝑇𝑟𝑟,𝑠𝑠,𝑊𝑊 − 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎,𝑠𝑠,𝑊𝑊 )

and 𝑇𝑇𝑟𝑟,𝑠𝑠,𝑊𝑊 − 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎,𝑠𝑠,𝑊𝑊 is a “standard” temperature
difference. Equation 6 is used in the model to calculate
the heating load for space heating 𝑄𝑄̇𝑆𝑆𝑆𝑆 .
Space cooling is determined analogously by
𝑄𝑄̇𝑆𝑆𝑆𝑆 = 𝑄𝑄̇𝑆𝑆𝑆𝑆,𝑠𝑠

(𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎 −𝑇𝑇𝑟𝑟 )

(8)

(𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎,𝑠𝑠,𝑆𝑆 −𝑇𝑇𝑟𝑟,𝑠𝑠, 𝑆𝑆)

Where 𝑄𝑄̇𝑆𝑆𝑆𝑆,𝑠𝑠 is the standard cooling load, 𝑄𝑄̇𝑆𝑆𝑆𝑆 is the actual
cooling load, 𝑇𝑇𝑟𝑟,𝑠𝑠,𝑆𝑆 is the standard room temperature in
summer and 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎,𝑠𝑠,𝑆𝑆 is the standard ambient temperature
in summer (not considering any radiative energy fluxes).
In addition to the loads described above, constant band
loads are added for some scenarios.
Table 3: Parameters for heating and cooling load model
in the four variants
Parameter
𝑄𝑄̇𝑆𝑆𝑆𝑆,𝑠𝑠
𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎,𝑠𝑠,𝑊𝑊
𝑇𝑇𝑟𝑟,𝑠𝑠,𝑊𝑊
𝑄𝑄̇𝑆𝑆𝑆𝑆,𝑠𝑠
𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎,𝑠𝑠,𝑆𝑆
𝑇𝑇𝑟𝑟,𝑠𝑠,𝑆𝑆

Unit
kW
°C
°C
kW
°C
°C

V1
10
-8
21
10
35
26

V2
6
-8
21
10
35
26

V3
10
-8
21
6
35
26

V4
6
-8
21
6
35
26

Heating and Cooling Temperatures
Not only the heating demand for space heating changes

Figure 5: a) HS and HR temperatures for DHW and SH.
b) Heating load for DHW and SH. The heat load of SH
depends on 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎 and is calculated from the tempeatures
in (a). The heat load of DHW is constant.

depending on the ambient temperature, but also the
temperatures in the secondary (building) circuit change
depending on ambient temperature. Figure 5 shows heat
supply (HS) and heat return (HR) depending on ambient
temperature (Figure 5). The heating load and
temperatures for DHW remain constant.

Results
Electricity Consumption of the Heat Pumps.
Figure 6 examines the electric power of the HP for the
CCP and the DCP topology over a period of one year.
Figure 6a shows the ambient temperature as the
cumulative distribution diagram. From this, the heating
and cooling loads on the user side are calculated using (6)
and (8) (Figure 6 b, solid lines). The vertical solid line
indicates the time point of equal heating and cooling load
on the user side. From the user load (condenser load), the
evaporator load (𝑄𝑄̇H,network side ) is calculated using the
COP of the HP (Figure 6b, dashed line). The vertical
dashed line indicates the time point of equal heating and
cooling load on the network side. The yellow shading
shows the time intervals with cooling or heating only.
From the heating and cooling demand on the network
side, the mass flows through users U1 and U2 and
consequently through the source (Figure 6c) are
calculated. For time periods with heating and cooling
only, the mass flows through the source are identical in
both topologies. For simultaneous heating and cooling the
mass flow through the source in DCP topology is reduced
compared to the CCP topology. As soon as cooling
demand exceeds heating demand on the network side, the
water temperature supplied to the HP of U1 increases by
4K (due to waste heat from direct cooling of U2) (Figure
6d). This increases the COP of the HP (Figure 6e) and
reduces the electrical power of the HP (Figure 6f) by 12.6
to 13.3 % (Figure 6g), depending on the temperatures of
HS and RF on the building side, which are linked to
ambient temperature. On average, the decrease of
electricity consumption is 12.9 % during times when
cooling exceeds heating. This percentage is referred to as
parameter α later on. However, as cooling demand only
exceeds heating demand during part of the year and the
heating demand during this time is smaller than during the
rest of the year, the reduction of electrical power
integrated over the entire year is only βsim = 1.1 %. In
numbers, the electrical power is 5565 kWh for the CCP
topology and 5503 kWh for the DCP topology (Legend of
Figure 6f).
The same analysis was carried out for three additional
yearly heating and cooling scenarios (Figure 7). The
previously analysed profile (reference) is repeated in
Figure 7a. Figure 7b represents a situation with additional
DHW production. In Figure 7c the cooling load is
increased compared to a reference, whereas the heating
load is identical to the reference. In Figure 7d, both, the
heating and cooling loads are increased compared to the
reference. For the four different scenarios, the electricity
savings of the DCP topology compared to the CCP
topology are βsim = 1.1 % (reference), 1.5 %, 4.4 % and
4.1 % (table 4). These savings are in line with the
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Figure 6: Simulation results for the CCP topology and DCP topology. Numerical values of the yearly heating and
cooling demand and the yearly electric energy consumption of the HP are indicated in the legends of (b) and (f).
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estimates of (Sulzer, 2018). The savings depend on the
time interval where cooling load exceeds heating load and
the heating load during this time interval compared to the
heating load during the rest of the time.

winter and summer, respectively. The power ratio rP is
then defined by
𝑟𝑟𝑃𝑃 =

𝑃𝑃𝑊𝑊,𝐶𝐶

(10)

𝑃𝑃𝑊𝑊

(11)

𝑃𝑃𝑆𝑆,𝐶𝐶

The ratio of electric power consumption during winter
and summer in the CCP topology is usually an unknown
at the planning stage of a district heating network. We
thus estimate rP using the approximation
𝑟𝑟𝑃𝑃 =

𝑃𝑃𝑆𝑆

where PW (W) is the mean heating load in winter and PS
(W) the mean heating load in summer (Figure 8).

∆𝑡𝑡𝑊𝑊

Figure 7: Four different heating and cooling load
profiles. The four variants (V1 – V4) are (a) Reference
(Figure 7b), (b) Reference with additional domestic hot
water, (c) Reference with additional band load cooling
and (d) Reference with additional domestic hot water
and band load cooling.
Table 4: Parameters for estimating the savings
Parameter
∆𝑇𝑇𝑊𝑊
∆𝑇𝑇𝑆𝑆
PW
PS
rt
rP
α
βsim
βest

Unit
Days
Days
%
%
%

V1
235
130
4.6
0.9
1.8
5.4
12.9
1.1
1.2

V2
293
72
5.8
3.4
4.1
1.7
12.8
1.5
1.6

V3
140
225
5.5
1.9
0.6
2.9
13.0
4.4
4.7

V4
207
158
6.2
4.1
1.3
1.5
12.6
4.1
4.3

Quantifying Savings at Planning Stage.
The savings β (-) of the electricity consumption of HPs in
the DCP topology compared to the CCP topology are
expressed by β = (1 - ED/EC). Here, ED and EC are the
electrical energy consumptions of the DCP and the CCP
topology, respectively. In the previous section, βsim was
directly calculated from the simulation. Here we provide
a method to estimate βest at planning stage. Therefore we
first determine the time interval ΔtW, where heating load
exceeds cooling load (Figure 8). The index “W” may be
interpreted as “winter”. In the remaining time interval ΔtS
(index “s” for “summer”) cooling load exceeds heating
load. The time ratio rt is then defined by
𝑟𝑟𝑡𝑡 =

𝛥𝛥𝛥𝛥𝑊𝑊
𝛥𝛥𝛥𝛥𝑆𝑆

(9)

We further define PW,D (W) and PS,D (W) as the mean
electrical power consumptions of the HP in the DCP
topology during winter and summer, respectively, and
PW,C (W) and PS,C (W) as the mean electrical power
consumptions of the HP in the CCP topology during

∆𝑡𝑡𝑆𝑆

𝑃𝑃𝑊𝑊

𝑃𝑃𝑆𝑆

Figure 8: Schematic to illustrate the parameters rt and
rP used for estimating the savings βest. PW is the mean
heating load (red dotted horizontal lines) during the time
interval ΔtW. PS is the mean heating load (red horizontal
lines) during the time interval ΔtS.
The electrical energy consumption of the HP in the CCP
topology is the sum of the energy consumption in summer
and in winter.
(12)
𝐸𝐸𝐶𝐶 = 𝑃𝑃𝑆𝑆,𝐶𝐶 𝛥𝛥𝑡𝑡𝑆𝑆 + 𝑃𝑃𝑊𝑊,𝐶𝐶 𝛥𝛥𝑡𝑡𝑊𝑊
The same applies to the DCP
𝐸𝐸𝐷𝐷 = 𝑃𝑃𝑆𝑆,𝐷𝐷 𝛥𝛥𝑡𝑡𝑆𝑆 + 𝑃𝑃𝑊𝑊,𝐷𝐷 𝛥𝛥𝑡𝑡𝑊𝑊 =

(13)

(1 − 𝛼𝛼)𝑃𝑃𝑆𝑆,𝐶𝐶 𝛥𝛥𝑡𝑡𝑆𝑆 + 𝑃𝑃𝑊𝑊,𝐶𝐶 𝛥𝛥𝑡𝑡𝑊𝑊

For the left hand side of (13), we used PS,D = (1-α)PS,C and
PW,D = PW,C. Using (12) and (13) in the definition of βsim
results in:
𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒 = 1 −

𝐸𝐸𝐷𝐷
𝐸𝐸𝐶𝐶

=1−

1−

(1−𝛼𝛼)𝑃𝑃𝑆𝑆,𝐶𝐶 𝛥𝛥𝑡𝑡𝑆𝑆 +𝑃𝑃𝑊𝑊,𝐶𝐶 𝛥𝛥𝑡𝑡𝑊𝑊
𝑃𝑃𝑆𝑆,𝐶𝐶 𝛥𝛥𝑡𝑡𝑆𝑆 +𝑃𝑃𝑊𝑊,𝐶𝐶 𝛥𝛥𝑡𝑡𝑊𝑊

𝑃𝑃
𝛥𝛥𝑡𝑡
(1−𝛼𝛼)+ 𝑊𝑊,𝐶𝐶 𝑊𝑊
𝑃𝑃𝑆𝑆,𝐶𝐶 𝛥𝛥𝑡𝑡𝑆𝑆
𝑃𝑃𝑊𝑊,𝐶𝐶 𝛥𝛥𝑡𝑡𝑊𝑊
1+
𝑃𝑃𝑆𝑆,𝐶𝐶 𝛥𝛥𝑡𝑡𝑆𝑆

=

(14)

Using the definitions of the time ratio (9) and the power
ratio (10), equation (14) becomes
𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒 = 1 −

(1−𝛼𝛼)+𝑟𝑟𝑃𝑃 𝑟𝑟𝑡𝑡
1+𝑟𝑟𝑃𝑃 𝑟𝑟𝑡𝑡

= 𝛼𝛼

1

1+𝑟𝑟𝑃𝑃 𝑟𝑟𝑡𝑡

(15)

Figure 9 shows a contour plot representation of β (in
percent) as a function of rP and rt for the four different
scenarios of Figure 7. As α is only varying slightly (table
3), the contours of the four scenarios are almost identical.
The estimated energy savings βest (15) are indicated by
diamonds in Figure 9 and agree within 8 % with βsim
(Table 4). For example, the reference (V1, Figure 7a) is
represented by the blue diamond in Figure 9. In this
scenario, heating dominates cooling for 235 days per year,
so the ratio rt is 1.8 (235 to 130 days). The ratio of the
mean electrical power consumptions rP of the HP between
winter and summer is 5.4 (4.6 kW in winter to 0.9 kW in
summer). These two parameters can be used in Figure 9
to estimate the electric energy savings βest for a DCP
topology compared to a CCP topology. In this case,
βest = 1.2 %. In contrast, V3 has a saving of 4.3 %.
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∆𝑡𝑡𝑊𝑊 < ∆𝑡𝑡𝑆𝑆

∆𝑡𝑡𝑊𝑊 > ∆𝑡𝑡𝑆𝑆

𝑃𝑃𝑊𝑊 > 𝑃𝑃𝑆𝑆

𝑃𝑃𝑊𝑊 < 𝑃𝑃𝑆𝑆

Figure 9: Contour plot of the electric energy savings β (%) for a DCP topology compared to a CCP topology. The four
scenarios of table 8 result in almost identical isolines (four lines close to each other) because α only varies marginally
between the scenarios. The vertically dotted line at rt = 1 represents a scenario where winter is as long as summer (see
text for the definition of winter and summer in this context). The horizontally dotted at rp = 1 represents a scenario
where the heating load in summer is identical to the heating load in winter.
The heating demand profiles of V1 and V3 are identical,
compared to the CCP topology. We note, that α depends
but the cooling demand of V3 was adjusted with an
on temperature difference (temperature lift) between
additional band load. This shifts the intersection between
primary (network) and secondary (building) water, which
dominant heating and dominant cooling to the left (Figure
is between 8 K and 45 K in our case.
7c). Now, heating exceeds cooling for only 140 days per
Electricity Consumption of the Circulation Pumps
year. This reduces rt to 0.6 (140 to 225 days). Although
For this work, we neglect the electricity consumption of
the heating demand profile of V3 is identical to V1, rP
circulation pumps for the following reasons. (i) The main
changes due to the new time intervals considered in the
hydraulic advantage of the DCP topology is the reduced
calculation. For V3, PW and PS are 5.5 kW and 1.9 kW,
mass flow through source when heating and cooling
respectively, whereas they were 4.6 kW and 0.9 kW for
demand are approximately equal. That is why the total
V1. Thus, rP is reduced from 5.4 to 2.9 and βest is increased
hydraulic power of the DCP topology is always smaller
from 1.2 % to 4.7%. Since the cooling demand exceeds
than for the CCP topology. However, this advantage
heating demand over a longer period, the heat pump is
becomes minor, when the source of the CCP topology is
supplied with a higher temperature for a longer time and
hydraulically decoupled allowing for basically
thus operates longer at higher COP. As rt and rP are easily
frictionless water flow through the bypass when heating
calculated at the planning stage, Figure 9 provides a
and cooling balance (Figure 9). With the bypass, the
practical tool to estimate the savings of the DCP topology
hydraulic power needed in the two topologies is similar.
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Figure 10: CCP topology with hydraulically decoupled
source, using a bypass (blue line) and an additional
circulation pump.
(ii) The electricity consumption of the circulation pumps
is usually much smaller than the electricity consumption
of the HPs, typically by a factor of 5 to 10 (Hangartner
2018). Therefore, the main difference in electricity
consumption between the two topologies will be caused
by the electricity consumption of the HPs and the
difference in electricity consumption of the circulation
pumps plays a minor role.
Discussion
This work is based on a simplified representation of two
network topologies with only two users. More complex
districts can be simplified to the “two user case” by
clustering users with heating and cooling demand
respectively. The geothermal boreholes were designed to
provide nearly constant outflow temperatures
independent of inflow temperatures and volume flows
through the boreholes. The boreholes thus represent an
idealized source. Using Figure 10, engineers can estimate
the energetic advantages of a DCP over the year on the
basis of estimated heating and cooling demands. Energy
savings of the DCP topology can be achieved by including
new buildings or areas with cooling demand. Apart from
electricity consumption, network control and network
flexibility toward network expansion are important issues
to consider when choosing a network topology. Moving
towards complete hydraulic decoupling (Sulzer 2018) for
easier control and increased flexibility might be an option
to consider in the future
Conclusion
In a low-temperature network with distributed
circulations, the heat pumps consume less electricity than
in a low-temperature network with a central circulation
pump. If the cooling load in the network is larger than the
heating load, the HP in the DCP topology is supplied with
warmer water (here by 4 K) compared to the CCP
topology. Those 4 K correspond to 13 to 14 % less
electricity consumption of the HPs. However, integrated
over one year, the advantage of electric energy
consumption is reduced to 1 % to 5 %, depending on the
time and the power ratio. Larger savings are achieved,
when the cooling load exceeds the heating load over most
of the year and when during this time most of the total

heating demand is covered order to estimate the savings
at planning stage, we presented a graphic representation
to estimate the savings only based on the time and power
ratio, which are directly extracted from the expected load
profiles.
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