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The progRESsHEAT project
The progRESsHEAT project aims at assisting policy makers at the local, regional, national and
EU-level in developing integrated, effective and efficient policy strategies to achieve a rapid and
widespread penetration of renewable and efficient heating and cooling systems. Together with 6
local authorities in 6 target countries across Europe (AT, DE, CZ, DK, PT, RO), heating and
cooling strategies will be developed by a detailed analysis of (1) heating and cooling demands
and future developments, (2) long-term potentials of renewable energies and waste heat in the
regions, (3) barriers & drivers and (4) a model-based assessment of policy intervention in
scenarios up to 2050. progRESsHEAT will assist national policy makers to implement the right
policies based on a model-based quantitative impact assessment of local, regional and national
policies up to 2050.
Policy makers and other stakeholders will be strongly involved in the process, learn from
experiences in other regions and gain a deeper understanding of the impact of policy instruments
and their specific design. They are involved in the project through policy group meetings,
workshops, interviews and webinars targeted to the fields of assistance in policy development,
capacity building and dissemination.
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1. Introduction
Following intensive discussion of involved stakeholders, it was decided that the modelling case study
for Herten should focus on the district heating network primary.
The district heating network in Herten consists majorly of two larger sub-networks. The first system
provides heat for residential and public buildings located in the northern part of the city and the
second one provides heat for buildings located in the southern part. Both larger sub-networks are
connected to each other; however capacities of this interconnection are limited creating a
bottleneck.
Furthermore several island networks exists such as the island network located in the southern part
providing heat for commercial buildings and plants where the heat is supplied by the local waste
incineration plant.
The local utility (Stadtwerke Herten) plans to utilize more heat from the local waste incineration
plant in the future. The city is currently negotiating with the operator of the waste incineration plant
about conditions for this potential heat supply. From the data for the local waste incineration plant
obtained from the website of the operator it is obvious that only a small fraction of the potential
heat is utilized [1]. Herten’s climate concept 2020+ assumes that the waste incineration plant might
provide round about 184 000 MWh thermal heat, which equals a feed-in capacity of around 35 to 40
MWth.
Anyhow, a supply of the heat for the district heating network of the whole city by the waste
incineration plant is evaluated as not realistic by the city based in two major reasons. First ‘large’
investments are necessary to overcome the current bottleneck between the northern and southern
part of the district heating network (the waste incineration plant is located in the southern network).
Second, the operator of the waste incineration plant is negotiating also with other interested parties
to supply the heat, so that the local utility might be not able to source all the heat necessary from the
waste incineration plant.
One characteristic property of the district heating network in Herten compared to other local case
studies in this project is that the two larger sub-networks in the city are connected to a larger
transmission network, which provides heat not only for Herten, but for other cities as well. The
transmission networks are fed with coal fired combined heat and power plants (CHPs). Thus, the
focus in this local case study is to show pathways on how to substitute large fraction of the heat
provided by these plants by centralized renewable technologies and reduced heat demand in
buildings.
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2. Assumptions and input data
2.1

Modelled system

Figure 1 shows a grid-diagram of the current district heating network in Herten. The rose-red area
isolated by dotted lines represents the northern part of the district heating network in Herten.
Within that area the blue lines represent a larger transmission pipe coming from a coal fired CHP
plant (Plant Scholven) providing heat for several parts of the town (such as Schieferfeld, Ostring, etc.)
located in the northern part of the city. For each part of the city the connected capacities (AW) and
the heating capacities (HL) are given. Some parts of the city may be separated from the transmission
pipe via heat exchanger (i.e. Langenbochumer Str.), some not (i.e. Ostring). The connection to the
parts of the town is visualized by black lines. The largest part of the town connected with regard to
the heating capacity is the city centre (Herten Nord (Innenstadt)), which is separated by the limited
interconnection (Netztrennung) to the southern part of the district heating network.
The southern part of the district heating network is visualised within the purple area isolated by
dotted lines. Within that area the green lines represent a larger transmission pipe from a coal fired
CHP (Plant Herne) providing heat for the southern parts of the town, which is separated from the
transmission pipe via heat exchanger (Ewaldstraße, Herten Süd). Furthermore four island networks
are visualized (RZR, Kessel, BHKW, NRW Solarsiedlung Sonne+).
The island network RZR is provided by heat from the waste incineration plant (RZR) and in emergency
cases heat may be provided from the southern part of the district heating network (represented by
the dotted green lines). The island network Reitkamp is provided by heat with a natural gas fired
boiler and the island system Goethe-Gaerten with a CHP fired with biogas. Finally, the island network
NRW Solarsiedlung Sonne+ is supplied by a hydrogen-fired CHP and solar energy within the context
of a funded R&D-project.
While the focus of the study lies on the northern part of Herten’s district heating system, the scope
of the study includes the entire city with the southern system as well as decentralized demand. The
current DH generation capacities (large scale coal fired CHPs) are outside the system boundary. We
assume that Herten receives heat from the transmission pipes with a fixed price and a fixed CO2
intensity. This is the benchmark for system changes towards a higher share of renewable sources.
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Figure 1 Grid diagram for the district heating network in Herten.

2.2

Demand status-quo and projection

Before analysing the heat supply, the current and future development of heat demand has to be
assessed. For the analysis, three elements of heat demand are required, listed as follows.
First, we set up a building stock model for the city distinguishing regional location of buildings as well
as different building types.
Second, we calculate an hourly profile for the district heating network based on the given annual
data. The hourly profile is needed to assess the new district heating generation mix. This includes
solar thermal generation, which is only available at certain times of the year and particularly during
summer. Estimating realistic solar fraction as well as Levelized costs of heat requires hourly profiles.
Third, energy demand and building stock projections are calculated up until 2030 and 2050 using the
simulation model INVERT/EE-Lab. The model allows simulating the impact of current building
standards on the evolution of the future building stock and the resulting energy demand.
INVERT/EE-Lab is a bottom-up simulation model that calculates energy demand for heating and
cooling and simulates energy-related investments in buildings. The calculation of energy demands is
based on national standards and takes user behaviour into account. Energy-related investments are
simulated based on a combination of approaches from decision theory as well as diffusion theory. To
apply the model INVERT/EE-Lab a building stock differentiated by building types is necessary with
certain attributes attached to the building types used.
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2.2.1

Building a stock model of residential housing

This section describes the estimation of Herten’s residential building stock. This is a prerequisite to
estimate scenarios on the future evolution of space heating demand taking building renovation and
technical change into account. The building stock contains various building types as well as their
geographic location.
To generate a building stock five main sources of information are used as follows.







A printed map from the climate concept 2020+ fractioning the city in so called energetic city
space types (see also D2.1 status quo factsheet for Herten ). (a)
A digital map from the land registry office containing basic (plot) areas of buildings in Herten
(b).
The online available GIS-system TIM-online provided by the state of North Rhine-Westphalia.
In the system maps are available for North Rhine-Westphalia covering also the city of Herten
(c) [3].
The building typology for Germany prepared by the Institut Wohnen und Umwelt GmbH
(IWU) in Darmstadt [4].
The census database for Germany. In the database the number of flats differentiated by sized
categories is contained differentiated by cities [4].

The building stock is constructed in two steps. The first step was to rework the map of energetic city
space types. This was based in the reason that the plot areas of buildings contained in the map from
the land registry office do not appeared to be homogenous within all areas differentiated in the map
of energetic city space types [3]. Thus it could be assumed that the types of buildings within the
areas differentiated in the map of energetic city space types are also not homogenous. Therefore the
map of energetic city space types was digitized and it served as basis to create a new map. The
digitized map was reworked in the way that new areas had been defined where the building types
within the new areas are more homogenous. The modification was realised by a three-steps-method,
using spatial analysis and remote sensing:
1. Comparing the map of energetic city space types (a) with the digitized map from the land
registry office (b) to identify areas where the plot areas of buildings (called plots in the
following) are not homogenous.
2. Comparing the plots within the identified areas from step 1 with the topographic map for
Herten from the TIM-online-system (c) to confirm the impression from step 1. For that the
site boundaries contained in the topographic map are useful.
3. Redefining areas identified in step 1 so that each area contains more homogenous building
types.
An exemplary sequence of the steps for one area is given in Figure 2.
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Figure 2 Approach to redefine areas.

The second step was to assign to each area from the new map a building type from the building
typology for Germany prepared by IWU [4]. Therefore the new map has been compared with the
map of energetic city space types and orthoimages from the TIM-online system visual. Based on this
visual comparison a building type had been assigned to each area. Furthermore assumptions about
the construction period or periods had been assigned to each area according the categorization from
IWU. In addition the energetic condition with regard to modernization (called state of renovation in
the following) of buildings had been assigned to each area. For that information from the city of
Herten about the energetic condition of buildings in defined areas has been used. Finally the number
of buildings per area has been counted to derive a stock on residential buildings differentiated by
building type, construction periods and state of renovation. A summary on the resulting stock
differentiated by building types is given in Table 1.
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The stock generated has been finally distributed to building classes contained in INVERT/EE-Lab
which had been applied in previous studies for the German building stock. For the task to distribute
plot areas to discrete building cases in INVERT/EE-Lab, the length of the appropriate construction
period or periods and the state of renovation for each deposed building had been used. This was
basically done by generating weighting factors as the building classes from INVERT/EE-Lab had also
been differentiated by building types (detached house, terraced house etc.), construction periods
and condition of modernization. The boundary condition was that the total plot area distributed to
all building classes equals the plot area per building type in Table 1. For each building class from
INVERT/EE-Lab the plot area and the number of floors had been given. This was then used to
calculate the gross floor area for each building type and thus for the whole building stock in a first
step.
In a further step the values for the estimated total gross floor area had been compared to reference
figures from the census database. The census data base contains the number of flats per size
category. The size categories start with ‘below 40 m²’ gross floor area and are then increased in 20
m² steps until they reach ‘200 m² or more’ gross floor area per flat. A minimum and maximum
reference value had then been estimated by taking the lower and higher boundary and the number
of flats for each size category into account with the assumption that within the smallest category
‘below 40 m²’ the lower boundary is 20 m² and within the largest category ‘200 m² or more’ the
higher boundary is 300 m². The minimum total gross floor area estimated was then round about 2,34
million m² and the maximum was 2,97 million m². Comparing the average of these values with the
total gross floor area estimated in the first step the result was that the estimated stock was round
about 50% larger. The reasons for that may lie in an overestimation of the number of buildings or in
too large gross floor areas assumed per building class. After comparing the gross floor areas
contained in the building classes from INVERT/EE-Lab with pictures from an onsite inspection the
impression was that the gross floor areas for detached and terraced houses appeared too large for
the case of Herten. Thus, they had been adjusted. The estimation of the total gross floor of the
generated building stock after adjusting the number of gross floor is 2,94 million m², which lies in the
range of the reference values based on the census data. The gross floor areas differentiated by
building type and number of buildings are given in Table 1.
Table 1 Estimated stock of residential buildings and gross floor area for residential
buildings for Herten.
Building type
Detached house
Terraced house
Apartment building
Large apartment building
Total

Number of
buildings [1000]
8,5
1,8
5,0
0,1
15,4

Plot area
[km²]
0,85
0,14
0,75
0,02
1,77

Gross floor area
[million m²]
1,07
0,26
1,50
0,11
2,94
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2.2.2

Energy demand projection for Herten

Based on the building stock an energy demand projection for residential buildings is calculated using
the bottom-up model INVERT/EE-Lab. The projection is based on a current policy scenario for
Germany taking the renovation of buildings, the demolition and the construction of new buildings
into account. Averages of applied rates are given in the following as indication; average rate of
modernization: 1,5%, new construction rate: 0,4%, demolition rate 0,5%.
The resulting projection of the final energy demand for space heating and hot water per building
type category is given in Figure 3. The resulting development includes the renovation of existing
buildings, the construction of new buildings and the demolition of old buildings. A substantial
decrease in heat demand from about 460 GWh in 2014 to little above 200 GWh in 2050 can be
observed. The corresponding final energy demand for space heating and hot water per m² is given in
Table 2 for selected years.

500
450
400
Final energy demand [GWh]

350
300
250
200

150
100
50

detached houses

terraced houses

apartment buildings

2050

2048

2046

2044

2042

2040

2038

2036

2034

2032

2030

2028

2026

2024

2022

2020

2018

2016

2014

0

large apartment buildings

Figure 3 Final energy demand projection for residential buildings in Herten.
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Table 2 Estimated final energy demand for space heating and hot water [kWh/m²y].
Building type
Detached house
Terraced house
Apartment building
Large apartment building
2.2.3

2014
185
150
150
83

2030
115
97
85
64

2050
89
81
64
54

Hourly demand profile of the district heating network

The hourly demand profile has been generated by fractioning the annual demand of the district
heating network into hourly demand values. To do so 80% of the district heating demand has been
modelled to be linear dependent on ambient temperatures accounting for space heating. A threshold
value of 15°C ambient temperature is used. Above this threshold no space heat is demanded. The
residual 20%-share of the district heating demand is modelled independent from ambient
temperatures, assuming that it mainly is residential hot water demand.
In order to compare wether this approach reflects real systems, the relative profile applied has been
compared for one part of the city (Innenstadt) with relative figures from measured data analyzed in
Conrad et al. (2015). Conrad et al. (2015) analyze hourly demand profiles of district heating networks
in Germany and Austria. They derive a function for predicting the relative load of district heating
networks dependent on the ambient temperature using statistical analysis. Conrad et al. (2015)
provided us with measured data on the overall district heating demand for buildings in the year 2013
differentiated by regions.
The comparison of both approaches is given in Figure 4. It shows that the trend is reflected by the
applied assumption. However, differences exist as the applied trend appears to fluctuate stronger
than the profile for comparison from Conrad et al. (2015). This is reflected by comparing the relative
differences per hour. The average of the differences per hour is 14% pts. A main reason might be that
the profile from Conrad et al. (2015) is the average of several networks reducing fluctuations.
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Relative load [%]
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Reference from Conrad(2015)

Figure 4 Comparison of applied district heating demand profile with Conrad (2015)

2.3
2.3.1

Production
Status-quo

In 2011 47% of the final energy demand for space heating and hot water preparation has been
provided by natural gas, followed up by district heating with a share of 28%. The rest is covered by
heating oil (16%), coal (5%) and electricity (4%). Process heat is fully generated by natural gas. More
details on the energy demand for heating and cooling can be retrieved from the D2.1 report.
As mentioned in the introduction the focus in the local case study is on the district heating network.
Referring to the grid-diagram in Figure 1 it can be seen that the northern and southern part of the
district heating network (rose-red and purple area) make up more than 90% of the overall district
heating capacity (island networks included). The final energy demand for the supplying units for
these areas and additionally the supply from the waste incineration plant (RZR) is given in Table 3.
The city plans to use the waste incineration plant (RZR) to provide the heat for the southern network.
Thus, the case study focuses on the northern part of the district heating network, which accounts for
nearly 70% of the heating capacity listed in the grid-diagram (cf. Figure 1).
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Table 3 Final energy demand district heating network including northern and southern
part and RZR (ref. to 2011) – energy figures in GWh.
Plant

Supply from plant

Transmission
heat losses

Plant Scholven
Plant Herne
RZR (waste incineration)
Total

138
39
9
186

26
7
1
35

Final energy demand
provided to
consumers
112
31
8
151

The CO2-emssion factor for the northern and southern part of the district heating network was 228
gCO2/kWh referred to the thermal energy supplied by the plants in 2011 (source: City of Herten). The
reference prices for the purchase of heat from the larger utilities paid by the district heating operator
is 37,17 EUR/MWh.
2.3.2

Future production: Centralized systems

As the district heating system in Herten is currently supplied with heat from coal fired CHPs the
approach was to frame a potential alternative mix of centralized heat supply units with a high share
of renewable energy. We aim to design a system which is technically feasible and to compare to the
current system with regard to cost of heat.
As introduced in chapter 2.1 there are several individual district heating sub-systems in Herten,
which are mostly connected to the central transmission pipes. Thus, the approach chosen is to
include new generation capacity subsystem-wise into the model assuming that the sub-systems are
not connected to each other. The generation units need to be placed at or near the connection to the
sub-systems. This approach on the one side allows a step-wise transition towards a RES-based district
heating system that might be easier for the city to implement and on the other side reduces heat
losses in transmission pipes.
For the case study it has been finally decided to generate a potential new mix of supply units for the
three largest sub-systems (Innenstadt, Schieferfeld and Kuhstrasse, cf. Figure 1). For the new mix of
generation units two technologies are analysed in detail: First, solar thermal fields with flat plate
collectors and possible heat (pit) storage and, second, ground source heat pumps (brine to water). To
calculate the cost of heat an interest rate of 1,5% is assumed, reflecting a socio-economic
perspective.
The main goals of the technical detailed modelling of the sub-systems are listed in the following.


The first goal is to derive technical feasible assumptions on potential heat shares of the
potential new mix of supply units, also taking demand profiles and temperature
requirements into account.
 The second goal is to set realistic assumptions on cost for the modelled potential new mix of
supply units.
Both sets of assumption shall be also applicable for the whole northern part of the district heating
network. In other words, the assumptions should not change substantial if capacities of the modelled
installations would be increased to cover the heat demand of the whole northern part of the district
14
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heating network. To guarantee this, the three modelled sub-systems cover 80% of the capacity
supplied in the northern part of the district heating network.
The potential new supply technology configurations are evaluated with regard to heat production
and corresponding price of heat by performing simulations in energyPRO on an hourly basis. The
system design is conducted using the energy demand balance for 2011. Evaluations are being
conducted also with regard to the future heat demand projections for two scenarios.
District heating network temperature
Supply and return temperatures are central parameters for the performance of a district heating
system and also affect the efficiency of using renewable energy supply in the system. The following
assumptions are taken for the supply and return temperatures.
For Germany a typical supply temperature of 80 °C and a return temperature of 60 °C are reported
by the IEA [9]. We assume that these values are representative for residential buildings with district
heating in Herten as well.
In Herten the heat losses with regard to the supply temperature in the district heating network are
estimated to be not greater than 20 °C. Applying this estimated value to all sub-systems results in a
required supply temperature of 110 °C at the sub-networks connection to the transmission system.
These temperatures usually refer to a design temperature on a very cold day, which is for Herten
minus 12 °C. Consequently, most of the time supply temperatures are below 110 °C.
We model the supply temperature dependent on the ambient temperature; the minimum is set to
80 °C, guaranteeing that the temperature is high enough for hot water generation at any time. This is
based in the reason that we assume a minimum temperature of 60 °C for hot water generation which
has to be available at the buildings (60 °C = 80 °C – 20 °C (losses)). The district heating return
temperature is also modelled dependent on the ambient temperature. The relation between
ambient heat and supply and return temperature is illustrated in Figure 5.
Supply or return temperature [°C]

120

100
80

60
40
20
0
-20

-10

0
10
20
30
Ambient temperature [°C]
Supply temperature
Return temperature

40

Figure 5 Applied district heating temperatures.
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Solar thermal for district heating
Cost data
Capital costs for solar thermal plants including storage are taken from solar district heating guidelines
[5]. Costs of land are derived from a Geographical Information System from the state North RhineWestphalia [6]. Central assumptions for the cost of solar fields are presented in Table 4. The lifetime
has been assumed to be 30 years for the solar plants including storages.
Table 4 Cost assumption for solar fields
Value
Cost of land
Collectors including additional
equipment.
Pit Storage

5,30 EUR/m²
Cost function ranging from 200 to 400
EUR/m²for the cases calculated.
Cost function ranging from 50 to 200
EUR/m³ for the cases calculated.

Source
[6]
[5]
[5]

Analysis
The size of the solar field and the thermal storage are varied for each sub-system in order to find the
system with the lowest cost of heat. Technical and economic assumptions such as efficiencies for the
solar fields are again chosen from solar district heating guidelines [5].
A visualisation of the cases evaluated is given in Figure 6 including key figures such as levelized cost
of heat (LCOH), solar field and storage size and the solar fraction representing the percentage of
demand covered by the solar field during a year in the corresponding sub-system.
Accordingly, systems without thermal storage have the lowest LCOH for small systems below
4 000 m² field area. However, with less than 5% the solar fraction is also very low for this system
design. Between 5 000 and 22 000 m² systems with a relatively small storage of about 2 000 m³ have
lowest LCOH. Above 25 000 m² systems with 10 000 m³ storage become similarly cost-effective, but
achieve an about 4 percentage points higher solar fraction. LCOH range between 20 and 30
EUR/MWh for all systems assessed.
With regard to land area necessary for the solar thermal fields nearby locations to the sub-systems
connections has been assessed applying Geographic Information Systems. It has been assessed if the
area for the fields chosen is available and if it is marked as agricultural area. This is based in the
reason that agricultural land has served as area for solar thermal fields in several other project. Thus,
to allow the usage of agricultural land for solar thermal fields is not uncommon. Furthermore the
prices of agricultural areas are by far lower than areas dedicated for trade and industry.
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Innenstadt
100

30%

25%

80

20%

15%
40
10%

20

Solar Fraction

LCOH [EUR/MWh]

60

5%

30,0

28,0

26,0

24,0

22,0

20,0

18,0

16,0

14,0

12,0

10,0

8,0

6,0

4,0

2,0

1,8

1,6

1,4

1,2

0%
1,0

0

Solar field size [1000 m2]
Storage size 0 m³

Storage size 2 000 m³

Storage size 10 000 m³

Storage size 60 000 m³

Without thermal storage

With 2 000 m³ thermal storage

With 10 000 m³ thermal storage

With 60 000 m³ thermal storage

Figure 6 Evaluation of solar field size etc. for the sub-system Innenstadt. Left ordinate:
LCOH depending on solar field and storage size (lines). Right ordinate:
Solar fraction depending on the same.
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Heat pumps
Boundary conditions
Herten and its neighbour cities are former coal mining cities. Thus pit water from past mining
activities has to be pumped permanently to prevent flooding and is released to nearby rivers. These
pumping stations are located in cities around Herten. As several mining tunnels exist below Herten,
ground source heat pumps (brine to water) might be not applicable in the usual way, where cold
brine is released to the ground, heated up and then pumped to an heat exchanger. For the situation
in Herten it might make more sense to directly use warm pit water as heat source for the heat pump.
However, as heat capacities of brine and pit water are relatively similar, the mass-flows to be
pumped are also similar for the same ground temperatures. Consequently, capital and operating cost
of ground source heat pumps (brine to water) are also applicable to the situation in Herten.
Cost data
Capital cost for heat pumps are assumed based on the ”Technology Data for Energy Plants” database
published by the Danish Energy Agency ( brine to water heat pumps, approx. 1 500 EUR/kW) [7].
Electricity prices for 2011 are based on Eurostat electricity prices for industry (Consumption band: ID,
Excluding VAT and other recoverable taxes and levies, 113.9 EUR/MWh). Electricity price projections
are based on own calculations. The lifetime has been assumed to be 20 years heat pumps.
Analysis
For the heat pump model two existing case studies were analyzed, one from Helsinki [9] and the
other one from Bochum [10]. The case study from Helsinki refers to 5 heat pumps with sewage as
heat source in the winter and seawater as heat source in the summer. In total the five heat pumps
have a maximum heat output of 83,9 MW in the winter and 90,6 MW in the summer. Thus, the case
study from Helsinki provides reliable indications of achievable COPs for large scale heat pumps
depending on heat source temperature. The second case study from Bochum refers to a
demonstration project in the nearby Herten were pit water is evaluated as heat source for ground
source heat pumps. This study provides measures values for the temperature of the pit water in
Herten. Combining both sources the design point COP for heat pumps is set to 3,5 based on the
following reference conditions: water is heated from 50 °C to 62 °C (heat sink) and pit water is cooled
down from 20 °C to 8 °C (heat source). The maximum output temperature of the heat pump is set to
80°C. To identify a suitable heat pump size for the individual district heating sub-systems, the heat
fraction and LCOH are compared for several system sizes. (cf. Figure 7). It can be seen that LCOH and
heat pump fraction increases with installed capacity. Furthermore the heat pump fraction reaches a
maximum at approximately 85%, which is based in two reasons explained in the following. The first
reason is that the heat fraction below results from a system where the heat pump is combined with a
solar field including heat storage. The solar field has lower cost of heat than the heat pump, thus
whenever it is possible, the solar field and storage are preferred in the operation strategy as the final
objective set is to minimize cost. The second reason is that the demand during very cold hours
requires high inflow temperature in the district heating network, which can’t be supplied by the heat
pump. However, this is the minor reason. Modelling the heat pump without solar fields and heat
18
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storages a maximum heat pump fraction of approximately 99% can be achieved based on ambient
temperatures in the city in 2011. The capacity of the heat pumps chosen had been finally fixed based
on the overall design approach, presented in the next section.

LCOH [eur/MWh]

Heat Pump Fraction

HP Innenstadt

90,00

90,00%

80,00

80,00%

70,00

70,00%

60,00

60,00%

50,00

50,00%

40,00

40,00%

30,00

30,00%

20,00

20,00%

10,00

10,00%

-

Heat Fraction

LCOH [eur/MWh]

0,00%
3,50

7,00

10,50

14,00

17,50

21,00

Installed Capacity [MW]

Figure 7 Variation of installed capacity for heat pumps with regard to LCOH and heat
fraction.

Summary of systems modelled in energyPRO
The approach to define the analyzed supply mix for each sub-system is as follows:
1. Define the solar field and storage size per sub-system so that LCOH is minimal (cf. Figure 6)
2. Define the thermal capacity of the heat pumps so that the maximum solar fraction is
achieved at reasonable capacities (i.e. in Figure 6 17,5 MW and not 21 MW).
The final system designs for the modelled sub-districts are presented in Table 5. In the final design
heat shares of the potential new systems on the overall heat demand in the districts of up to 99%
might be achieved.
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Table 5 Sub-systems with installed equipment and investments necessary.
Sub-systems with Installed
equipment
Innenstadt
Heat Pump Qinst= 17,5 MW th
2
Solar Field = 16 000 m
3
Thermal Storage = 2 000 m
Combined LCOH [EUR/MWh]
Kuhstrasse
Heat Pump Qinst= 6,3 MW th
2
Solar Field A = 8 000 m
3
Thermal Storage V = 2 000 m
Combined LCOH [EUR/MWh]
Schieferfeld
Heat Pump Qinst= 4,8 MW th
2
Solar Field A = 8 000 m
3
Thermal Storage V = 2 000 m
Combined LCOH [EUR/MWh]

Investment
[Million EUR]

LCOH
[EUR/MWh]

27,1

72

4,5

20
64

9,8

74

2,7

24
64

7,4

78

2,7

26
65
64

Overall LCOH [EUR/MWh]
Total Investment [EUR]

54,2

Future centralized system assumed
Based on the potential new systems modelled in energyPRO the future mix of supply technologies
assumed in the study differentiated by the northern and southern area from the grid-diagram in
Figure 1 is as follows.
Northern part of the district heating network (rose-red area in Figure 1).


Within the modelled sub-systems in energyPRO up to 99% of the heat demand could be
covered by the combination of heat pump and solar field as designed before. Thus, it is
assumed that 95% of the demand in the northern part of the district heating network
would be covered by renewable systems as modelled in the sub-districts in future.

Southern part of the district heating network (purple area in Figure 1).


All districts: supplied with heat from the waste incineration plant.

Island networks:


RZR supplied with heat from the waste incineration, other island networks (not explicitly
modelled or taken into account).

Investment necessary to expand district heating network
To calculate capital cost for the expansion of the district heating network a formula based on Persson
et al. (2011) is applied, which combines both heat and building density [12]. The independent
variables in this formula are population density, specific building space, specific heat demand and
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effective width of the pipes. The dependent variable is capital cost per unit of energy additionally
connected to the district heating network (i.e. EUR/GJ annual heat demand). Persson et al. use
empirical cost data from Sweden. The formula is used to analyze potential capital cost for district
heating expansion for areas with different heat building densities within a city (plot ratios) under
varying market shares for district heating. We apply this formula to Herten estimating average
expansion cost of the district heating network of about 2,08 EUR/MWh of additional connected
annual heat demand.
2.3.3

Future production: De-centralized systems

For the heat demand from residential and public buildings not covered by district heating decentralized heat systems are analyzed with respect to the LCOH. The systems taken into account are
listed in the following:
Solar thermal collectors on the roof, either combined with





Biomass (pellet) boiler
air source heat pumps
ground source heat pumps, or
natural gas boiler.

For the analysis the systems are sized for each building type. The maximum individual installed
capacity us defined using the model energyPRO, based on the overall heat demand of each building
type at the design outside temperature of -12 °C. An overcapacity factor of 20% for each unit is
assigned. For the design of the solar area of the combined system (with 20% solar fraction share of
the heat demand in 2030), a calculation method for the estimated solar thermal energy output was
used. In this calculation, a global irradiation, typicall for this region, of 900 kWh/m2 has been applied.
Possible capital costs are taken from several sources. The same process was used for the calculation
of the LCOH of the existing energy units, where around 70% of the demand is supplied by natural gas
boilers, 19% by oil boilers, 6% by coal-fired boilers and 5% by electricity. A summary on the
assumptions and estimated LCOH for residential decentralized heating before and after 2030 is given
in Table 6 and Table 7.
For the industry in Herten currently not connected to the district heating network it was assumed
that the future heat demand will be covered by biogas boilers (space heat, hot water and process
heat).
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Table 6: Assumptions for decentralized technologies 2012-2030
Detached
House
Natural Gas
Boiler
Investment
Efficiency
Lifetime
Fix O&M
LCOH
Oil Boiler
Investment
Efficiency
Lifetime
Fix O&M
LCOH
Coal Boiler
Investment
Efficiency
Lifetime
Fix O&M
LCOH
Electric Boiler
Investment
Efficiency
Lifetime
Fix O&M
LCOH

Terraced
House

Medium
Apartment

1

522 EUR/kWth
1
90-100 %
1
25
1
2%
94-116 EUR/MWh

1

616 EUR/kWth
1
85 %
1
20
1
4%
122-215EUR/MWh

1

283 EUR/kWth
1
75 %
1
20
1
2%
46-75 EUR/MWh

1

647 EUR/kWth
1
100 %
1
30
1
0.1 %
312-357EUR/MWh

522 EUR/kWth
1
90-100 %
1
25
1
2%
95-118 EUR/MWh
616 EUR/kWth
1
85 %
1
20
1
4%
123-218EUR/MWh
283 EUR/kWth
1
75 %
1
20
1
2%
46-76 EUR/MWh
647 EUR/kWth
1
100 %
1
30
1
0.1 %
312-358EUR/MWh

Large
Apartment

1

334 EUR/kWth
1
90-100 %
1
25
1
2%
88-106 EUR/MWh

1

334 EUR/kWth
1
90-100 %
1
25
1
2%
88-101 EUR/MWh

1

399 EUR/kWth
1
85 %
1
20
1
4%
112-202EUR/MWh

1

196 EUR/kWth
1
75 %
1
20
1
3%
44-72 EUR/MWh

1

638 EUR/kWth
1
100 %
1
30
1
0.1 %
312-359EUR/MWh

1

1

399 EUR/kWth
1
85 %
1
20
1
4%
112-194EUR/MWh

1

196 EUR/kWth
1
75 %
1
20
1
3%
44-69 EUR/MWh

1

638 EUR/kWth
1
100 %
1
30
1
0.1 %
312-353EUR/MWh

1

1

1

1 [13]
2 [8]
3 Assumption
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Table 7: Assumptions for decentralized technologies 2030 and 2050
Detached House

Terraced
House

Medium
Apartment

Large
Apartment

Biomass Boiler
Investment
Efficiency
Lifetime
Variable O&M
Fix O&M
LCOH

800-600 EUR/kW
82 %
2
30
2
40 EUR/unit
2
22 EUR/unit
97-78 EUR/MWh

2

800-600 EUR/kW
82 %
2
30
2
40 EUR/unit
2
22 EUR/unit
99-80 EUR/MWh

2

800-600 EUR/kW
82 %
2
30
2
40 EUR/unit
2
22 EUR/unit
84-64 EUR/MWh

2

2

500 EUR/kW
82 %
2
30
2
100 EUR/unit
2
500 EUR/unit
72-62 EUR/MWh

Biomass Boiler
1

1

1

1

Investment
Efficiency
Lifetime
Fix O&M
LCOH

974 EUR/kWth
1
90 %
1
25
3
2%
111-133 EUR/MWh

974 EUR/kWth
1
90 %
1
25
3
2%
111-127 EUR/MWh

974 EUR/kWth
1
90 %
1
25
3
2%
112-131 EUR/MWh

800 EUR/kWth
1
90 %
1
25
3
2%
104-118 EUR/MWh

AS Heat Pump
Investment

1130 EUR/kWth 1

1130 EUR/kWth 1

1130 EUR/kWth 1

750 EUR/kWth 2

260 %
1
20
2
150 EUR/unit
184-190 EUR/MWh

260 %
1
20
2
150 EUR/unit
185-185 EUR/MWh

260 %
1
20
2
150 EUR/unit
176-177 EUR/MWh

260 %
1
20
2
450 EUR/unit
162-156 EUR/MWh

Efficiency
Lifetime
Fix O&M
LCOH
GS Heat Pump
Investment
Efficiency
Lifetime
Fix O&M
LCOH

1

1

1675 EUR/kWth
1
335 %
1
20
2
200 EUR/unit
180-184 EUR/MWh

1

1

1675 EUR/kWth
1
335 %
1
20
2
200 EUR/unit
181-176 EUR/MWh

1

1

1675 EUR/kWth
1
335 %
1
20
2
200 EUR/unit
169-166 EUR/MWh

1

1

1675 EUR/kWth
1
335 %
1
20
2
600 EUR/unit
170-161 EUR/MWh

1 [13]
2 [8]
3 Assumption
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3. Scenario definition
3.1

Overview

Scenarios and technology selected technology combinations are used to analyse the future prospects
of renewable H/C and heat savings in Herten. More precisely, we vary the number of buildings
connected to district heating, the central and the decentral heat generation. In the following, the
individual assumptions and combinations are explained.
The number of buildings connected to the district heating grid is defined in two scenarios as follows.



Scenario 1: No additional district heating expansion. The relative share of connected
buildings remains constant.
Scenario 2: Moderate district heating expansion (mainly higher density in existing network).
The number of connected/supplied houses is increased so that the final energy demand for
district heating from residential housing in 2050 equals more or less the demand in 2011. In
other words, better building insulation is compensated by connecting additional buildings.

Both scenarios assume the continuation of current policies with regard to building renovation
resulting in a continuously decreasing energy demand for space heating in the entire city. The
analysis focuses on public, commercial and residential buildings and excludes process heat demand
from industry.
Central heat demand is distinguished in the two main parts of the DH network. The sub-systems in
the north are supplied by combined heat pump and solar thermal systems replacing 95% of the coal
fired CHP. The remaining 5% are still provided by the large CHP plant. The sub-systems in the south
are switching to waste incineration also replacing coal CHP.
The residual heat demand not supplied by district heating is then assumed to be covered completely
by a decentralized solution. Four alternative decentral generation systems are considered and
compared in the results sections. Table 8 provides an overview of the scenarios and technology
variations.
Table 8 Assumed heat generation technologies for scenarios and corresponding
variations.
Segment

Central: District heating grid north
Central: District heating grid south
(including islands)
Decentral heat generation from
residential, public and commercial
buildings.

Scenario 1
Scenario 2
(no DH extension)
(DH extension)
 95% of demand covered by heat pump + solar
 Rest covered by existing system (coal CHP)
 100% of heat demand covered by waste
incineration plant
Biomass + 20% solar
Ground source heat pump + 20% solar
Air source heat pump + 20% solar
Natural gas + 20% solar
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3.2

Defining the number of buildings connected to district heating

In a first step the building stock derived from chapter 2.2.1 has been extended in the way that it has
been defined how many buildings from each building type are supplied by the district heating
network. To do so step spatial analysis has been used as the city provides a map indicating which
areas are supplied majorly by district heating or natural gas, or which are mixed areas, means
supplied by natural gas and district heating network. This has been combined with the stock (which is
also spatial available) to define the number and type of buildings from the stock currently supplied
by district heating, so that the share on the overall demand for heating and cooling is 28% (as per
energy balance from the city in 2011) . This is then the number of buildings for scenario 1 and as the
heat demand per building decreases over time, the overall demand also decreases for the district
heating network. The relative number of buildings per building type supplied with district heating in
Scenario 1 is then given in Table 9 together with the total number of buildings assumed to be
connected in 2014.
Table 9 Assumed relative number of buildings supplied with district heating (% refers
to number of buildings per type) in Scenario 1.
Building type
Detached house
Terraced house
Apartment building
Large apartment building

2014 - 2050
14%
25%
40%
55%

In a second step it has been calculated how many building from which type has to be additional
connected to the district heating network compensating the declining heat demand. To do a
hierarchy has been applied given priority to larger buildings. This means that buildings are connected
additionally to the district heating until the gap is compensated starting with large apartment
buildings down and ending with detached houses. The corresponding relative number of buildings
per building type supplied with district heating in Scenario 2 is then given in Table 10 for selected
years.
Table 10 Assumed relative number of buildings supplied with district heating (% refers
to number of buildings per type) in Scenario 2.
Building type
Detached house
Terraced house
Apartment building
Large apartment building

2014
14%
25%
40%
55%

2030
14%
25%
59%
100%

2050
14%
91%
100%
100%

The total number of buildings connected to district heating in Scenario 1 is given in Table 11. The
difference in total numbers compared towards Scenario 2 is given in Table 12. It indicates how many
buildings from each type needs to be connected additionally up to 2050 to compensate the declining
heat demand.
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Table 11 Total number of buildings connected to district heating in Scenario 1
Building type
Detached house
Terraced house
Apartment building
Large apartment building

2014
1 115
406
1 896
25

2030
1 107
403
1 880
25

2050
1 055
384
1 792
24

Table 12 Additional numbers of buildings connected to district heating in Scenario 2
compared to Scenario 1.
Building type
Detached house
Terraced house
Apartment building
Large apartment building

2014
0
0
0
0

2030

2050

0,0
0,0
1 380
20

0,0
1 021
2 688
20

The corresponding final energy demand for district heating from for both scenarios is finally given in
Table 13.
Table 13 Final energy demand per year for district heating in GWh
Building type
Scenario 1
Scenario 2

2014
129
129

2030

2050

79
124

61
135
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4. Results
The scenarios are evaluated with regard to future CO2 emissions reduction and LCOH for the
generation and supply of heat. The heat generation cost for the decentral and central heat
generation systems are calculated for 2030 and 2050 for a simple socio-economic perspective (1,5%
discount rate, no taxes and profit margins, no external costs). The costs cover all energy system
elements including e.g. transmission cost for the central systems.
Results are first presented for the individual generation systems and segments, before they are
presented as average for all combinations of scenarios and decentral generation systems. Finally, a
specific analysis of the impact of DH extension on the LCOH is shown.

4.1

LCOH and CO2 emissions by generation system and demand segment

Results for LCOH and CO2 emissions are given in Figure 8, differentiated by year for each decentral
systems and each DH extension scenario. For comparison the procurement cost of the current
system in the district heating network including transmission are given as reference for the central
system (approx. 62 EUR/MWh, dashed black line). To compare the decentral cost the dashed green
line presents current generation cost (2014) assuming a natural gas boiler combined with solar flat
plate collectors (approx. 90 EUR/MWh, dashed red line). From Figure 8 the following observations
can be made.











Among the decentral technologies heat pumps plus solar thermal show the highest LCOH,
whereas natural gas or biomass boilers show the lowest LCOH in 2030 and 2050.
In 2030, CO2 emissions of heat pumps are still relatively high compared to natural gas and
waste incineration, while in 2050 they are up to 90% lower due to falling average CO2
emissions in electricity generation.
Among the central technologies assumed cost for the waste incineration plant (south) are by
far lower than the cost for the new heat pump plus solar thermal systems modelled in the
north.
The LCOH for heat generation in DH in the north is 28% lower in case the district heating
system is extended (scenario 2). In scenario 1 the falling heat demand in the system is
increasing LCOH.
Comparing systems with equal CO2 emissions, the central systems generally show lower
LCOH. I.e. both scenarios with heat pumps and solar thermal in DH have substantially lower
LCOH than the decentral alternatives (16-42%).
Differences in cost between 2030 and 2050 are relatively small
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0
Decentral Decentral GS Decentral AS Decentral
Central
Biomass + Heat Pump + Heat Pump + Natural Gas Scenario 1
Solar
Solar
Solar
+ Solar
(north)

Central
Scenario 2
(north)

Central
Scenario 1
and 2
(south)

CO2/kWh 2030

CO2/kWh 2050

LCOH 2030

LCOH 2050

LCOH in DH today

LCOH gas boiler + solar today

Figure 8: LCOH and specific CO2 emissions for alternative systems by segment and
scenario
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4.2

LCOH and CO2 emissions by scenario and technology combination

Remaining CO2 emissions compared to 2011 are given in Figure 9 for each combination of scenarios
and decentral generation technologies also for the years 2030 and 2050. Furthermore LCOH taking
the generation cost for the technologies from the previous section and the covered demand into
account are given for the entire system including decentral and central generation (north and south).
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Figure 9: LCOH and CO2 emissions reduction for each combination of scenarios and
technology variations

From Figure 9 the following observations can be made.





The technology variations generally show lower LCOH in scenario 2, which assumes an
extension of the DH system.
From 2030 towards 2050 the combinations with decentral heat pumps plus solar in scenario
two become substantially more cost-effective compared to 2050, however, still they show
higher LCOH than the combinations with natural gas and biomass boilers.
CO2 emission reductions are higher in scenario 1 in general, also for similar technology
combinations. The main reason behind this is the fact that the central system is not fully
covered by renewable energy as still 5% from the northern part comes from the existing
system. This share is required to cover heat demand above the temperature level achieved
by the heat pumps (>85 °C). Furthermore, the south is supplied with heat coming from the
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waste incineration, where an emission factor of 0,17 kg CO2 /kWhth is assumed for. Moreover,
efficiencies (COPs) of heat pumps in the decentral system are assumed to be very close to
the central system (central: 3,0 ASHP: 2,6 and GSHP: 3,35). Thus, increasing the density of
the district heating network leads to slightly higher emissions (and decreasing LCOH) in this
particular case. However, differences are not high (3-4 % for 2050).

4.3

LCOH for the new central generation mix over time

The LCOH for the modelled new central generation mix using heat pumps plus solar thermal depends
strongly on the future district heating demand. This is visualised for both scenarios in Figure 10. A
reduction of total heat demand (and production) results in continuously increasing LCOH, while if the
heat demand remains rather constant, the LCOH do not increase and might even fall. Not that the
heat demand visualized in Figure 10 refers only to three modelled sub- systems in the northern part
of the district heating network. However, as the modelled sub-systems cover 80% of the capacity
supplied in the north part of the DH network, the derived cost are applied for the full northern part
of the district heating network as well.
Both scenarios assume similar capacities of heat pumps and solar thermal fields installed in 2011.
Alternative design approaches with lower capacities could be evaluated. However, this would at least
mean that by far lower capacities have to be installed reducing the effect in CO2 emissions reduction.
But depending on the planned extension of the DH system, such options should be assessed in detail.
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Figure 10 Development of LCOH for heat pump + solar thermal system in comparison
for scenario 1 and scenario 2 (Transmission cost excluded)
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5. Conclusions
Based on the analysis the following conclusions are drawn.
With regard to the district heating network:





Up to 2030 and 2050 a substantial reduction in buildings heat demand due to improved
building insulation is expected.
The reduction in heat demand can be compensated by continuously connecting apartment
buildings to the DH network up until 2050, resulting in a relatively constant total heat
demand.
The falling heat demand in the system can substantially reduce the economic feasibility of
new RES generation capacity, particularly for systems with high upfront cost such as heat
pumps and solar thermal systems.

With regard to cost of heat generation:




For the combination of heat pumps plus solar thermal system central technologies seem to
be more cost-effective as de-central ones.
Including solar thermal fields reduces the cost of heating substantially compared to using
heat pumps only. Sufficient agricultural land is principally available.
In general, biomass and natural gas solutions for de-central systems cause lower cost of heat
than heat pumps plus solar thermal. However, the availability of (regional/sustainable)
biomass might be questionable in future, particularly when other sectors also require more
biomass (transport, materials production).

With regard to CO2 emissions reduction:




The reductions compared to 2011 lie between 60% and 80% for the considered fraction of
heat demand (heat demand from public and residential housing). The city anticipates
reducing emissions by 65% until 2030 referred to 1990. In Herten the CO2 emissions had
been reduced by approx. 11% from 1990 to 2011. Assuming that this reduction also took
place in the fraction of heat demand considered here, the presented scenario variations can
all achieve this goal.
To achieve a CO2 emissions reduction of 95% by 2050 compared to 2011 seems principally
possible.

Based on the assessment and results, the following future analyses seem to be promising.





More detailed analysis of the projected future reduction of heat demand in buildings via
building insulation particularly taking into account the role of drivers such as the
refurbishment rate and factors like competition with the gas infrastructure.
Regional availability of biomass.
Assess options to reduce the LCOH from large-scale heat pumps in DH. This includes
addressing questions like:
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o



Is it worth to treat heat pumps preferential (e.g. by providing reduction of EEG-levy),
if they provide demand side flexibility? Which flexibility might be achieved, at which
cost?
o Which alternative design approaches are available to reduce the costs and how do
they interact with tariff schemes?
Assess the potential role of solar thermal energy to reduce the LCOH for the combined heat
pump plus solar thermal systems in the DH grids in the north by installing larger systems with
e.g. seasonal storage.
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