Decarbonising (sub-)
urban districts through

neighbourhood heating and
cooling networks: Financing
and organizational
pathways

KLEMENS LEUTGOB
RACHEL LEUTGOB
MARTIN PEHNT
JAKOB METZ
SEBASTIAN BLOMER

*Author affiliations can be found in the back matter of this article

ABSTRACT
Peer-reviewed paper 5-032-26

In existing urban and suburban areas with medium heat density neither conventional
large district heating systems operating at high temperatures, nor heat pumps for
individual buildings, offer optimal decarbonisation solutions for both technical and
economic reasons.

Neighbourhood heating and cooling (H&C) networks can bridge this gap. These
networks are low temperature grids (4" generation) or anergy grids (5 generation),
primarily supplied by locally available renewable energy sources, such as near-surface
geothermal energy, groundwater, solar thermal energy, waste heat, or ambient
energy. Heat pump technologies raise the temperature to the required level, and
depending on the source and dissipation system in the buildings may also offer free
or low cost cooling.

Although the technical concept of neighbourhood H&C networks is well-proven, the
concept has seen limited practical application. Against this background the paper
addresses the following topics, based on experience gained in pioneer neighbourhoods
in Germany, Austria, the Netherlands and the Czech Republic:

* What are the driving factors behind neighbourhood H&C networks, compared to
district heating or individual heat pump solutions?

*  Which organisational and financial models are most suitable for neighbourhood
H&C networks in existing (sub-)urban areas, depending on the prevailing
starting conditions and applicable regulatory and legal framework? Which billing
models (e.g. consumption-based, flat-rate, hybrid) best ensure competitiveness,
economic viability and attractive heating and cooling costs for customers,
including potential co-owners?

*  What energy policy framework conditions are appropriate for accelerating the
roll-out of neighbourhood H&C networks?
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INTRODUCTION

THE ROLE OF NEIGHBOURHOOD HEATING AND COOLING NETWORKS IN
DECARBONISING HEAT SUPPLY

The shift from fossil fuels to renewable energy sources and other zero-carbon solutions in the
heating and cooling sector has been notably slow. In 2021, the renewable energy share in
the H&C sector stood at approximately 23% across all EU Member States, significantly trailing
behind the power sector (37.5%).

Increasing the share of renewables for heating and cooling in urban and sub-urban areas is
particularly challenging for two reasons. Firstly, there are several limitations for extending
decarbonised conventional, high-temperature district heating systems:'

* In many supply areas existing high-temperature district heating systems are already
operating at, or near, their maximum capacity. This lack of capacity will increase in
the near future, as existing district heating systems many of which are still fossil fuel
dependent begin to decarbonise. Furthermore, the integration of locally available
renewable energy sources into conventional district heating systems is challenging
due to discrepancies in grid temperature levels.

» District heating requires high heat density in the supplied area. Consequently, areas
with a lower heat density and areas situated at a greater distance from existing
district heating pipelines are usually not viable for district heating supply.

* Residents are often reluctant to connect to larger district heating systems, because
they are afraid of losing control and independence over their heat supply.

Secondly, there are also limitations for decarbonising individual heating systems. Whereas the
substitution of individual fossil heating systems for individual renewable heating systems is in
most cases technically and economically feasible in single family or terraced houses, in urban
and suburban settlement structures we observe the following limiting factors:

*  Space limitations, for example for drilling geothermal probes, for the necessary PV
installations, or for the installation of individual air heat pumps, whereby in this case
the space limitations come from the fact that the noise emission of air heat pumps
require sufficient distance from the neighbouring property, which is often difficult to
arrange in (sub)urban areas.

* Economic disadvantages, partly due to space limitations and partly from the inability
to access economies of scale, which are typical for many technical decarbonisation
measures, i.e. these measures are highly capital-intensive investments, however, the
costs per each additional user decrease.

Against the background of these limitations, neighbourhood H&C networks have an important
role to play by filling the gap for heat supply decarbonisation (cf. Figure 1). From a technical
perspective, these networks can be described as low temperature district heating (LTDH or
fourth-generation district heating, 4GDH) or ambient temperature district heating systems
(ATDH or fifth-generation district heating and cooling, 5GDHC). 5GDHC are often also referred
to as anergy networks.

In 4GDH, supply temperatures remain sufficient to cover both space heating and domestic
hot water demand (typically around 60°C), in most cases without any temperature boost at
the building level, keeping the system boundary comparable to conventional district heating
networks. In contrast, 5GDHC, the thermal energy from low-temperature sources like geothermal
probes, groundwater or rivers is distributed in the form of cold water and raised to the required
temperature in the individual buildings or flats using end-user heat pumps (cf. Figure 2).

CURRENT STATE OF RESEARCH AND METHODOLOGICAL APPROACH

Regarding the technical definition of the neighbourhood H&C networks the study builds on the
concepts of 4GDH described by (Lund et al., 2014) and 5GDHC referred to by (Boesten et al.,

1 To give an example, for the city of Vienna the mentioned limitations are spelled out in the so-called Vienna
Heating Plan 2040 (Stadt Wien, MA 20, 2023).
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2019; Buffa et al., 2019; Gudmundsson et al., 2021). Still, while the term “generation” implies
a chronological succession, Lund et al. (2021) argue that 5GDHC specifically integrates the
cooling aspect and is a complementary technology with its own merits, that may coexist in
parallel with other 4GDH technologies. Consequently, our study integrates both types of state-
of-the-art district heating and cooling and focuses on smaller-scale, neighbourhood-driven
projects to realize those systems in the identified “gap” between conventional district heating
and individual solutions.

Organizational and economic approaches are central to the realization of neighbourhood H&C
networks, therefore different concepts of ownership, operation and pricing have to be studied.
This results in the possible involvement of municipalities, (energy) cooperatives and private
companies. Based on a survey of several ambient temperature district heating systems, Rinner &
Osthorst (2025) underline that there is no standard solution. They also highlight that especially
in projects that are driven by cooperatives or that located in heterogenous neighbourhoods,
consumers trust in pricing, operation and security of supply is a crucial element for successful
realization. Energy cooperatives can empower citizens to realize sustainable energy solutions
beyond available market solutions and thereby drive the implementation of new technologies
(Drewing, 2021). In Germany, for example, there has been a significant growth in the number
of district heating cooperatives in recent years, however, the focus of these initiatives has
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Figure 1 Gap closed by
neighbourhood H&C networks.

Figure 2 Basic configuration
of a neighbourhood H&C
networks.



been to use of heat from bioenergy-plants in conventional district heating systems (Drewing,
2021; von Obernitz, 2024). In the literature, municipalities are also highlighted as important
stakeholders, particularly regarding the actual and future ownership of heat supply systems
(e.g. Djerup et al., 2020).

Against the background of the current state of research, our study is based on practical
experience and draws primarily on insights gained from specific implementation projects. In
particular, it addresses the following questions:

* How have neighbourhood H&C networks in selected EU countries developed, and
what characteristics can be observed in practical implementation projects?

*  Which organisational and financial models are available to implement neighbourhood
H&C networks? Which of these models are best suited to which baseline conditions?
And what billing models are connected to the organisational and financial models?

*  Finally, which energy policy framework conditions are appropriate for accelerating the
roll-out of neighbourhood H&C networks?

OVERVIEW OF GOOD PRACTICE EXAMPLES

In contrast to new construction areas, which are often built as nearly-zero energy quarters or
even positive energy districts and where the use of neighbourhood H&C networks as defined
above is increasingly common, in existing neighbourhoods only a limited number of examples
exists. In our study, examples of neighbourhood H&C projects in Austria, the Czech Republic,
Germany and the Netherlands are analysed, these are all countries that have good potential
for neighbourhood H&C networks due to their climate conditions.

Initially, a list of existing examples and projects that are still under development was compiled.
For each project information on the name, location, clients, building structure, technology of
the network, categorised development stage and further information on the operator was
collected. Figure 3 gives an overview of the status of the identified projects in the participating
countries. 70 existing projects have been identified, many of them being 5GDHC systems in
Germany, as described by (Wirtz, 2026). Furthermore, around 20 projects in advanced stage of
development were identified and around 30 projects that are in an early development stage.
For two thirds of the identified examples the operator type was clear, with 35% being run by
private companies, 32% by municipal utilities, 12% by municipalities und 20% by cooperatives.
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Germany 46 4
Czech Republic 9 1 3
Austria 7 1 9

The following section describes in detail two specific cases to illustrate some of the key features
of neighbourhood H&C projects.
“COLD VILLAGE HEATING” IN RECH

The project “cold village heating” in Rech (“Kalte Dorfwdrme Rech”) was initiated after the
flood catastrophe of the river Ahr in Germany in 2021. Buildings needed to be reconstructed
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Figure 3 Status of identified
neighbourhood H&C projects
in the participating countries.



or fundamentally renovated including introducing new heating systems, meanwhile, the road
surfaces needed to be refreshed. This confluence led the municipality of Rech to turn this
problem into an opportunity, leveraging synergies between rebuilding the city’s infrastructure
and laying the cold district heating network. Consulting and conceptual support was provided
by the energy agency of the federal state and the University of Applied Sciences in Mainz.

LOCATION RECH IM AHRTAL, GERMANY SUPPLY TEMP. 5-25°C

Year 2024 Heat Source Ground probe fields
Distance 4km Operator Municipality
Buildings 53, rural area Billing Capacity Pricing

A passive geothermal anergy network (5GDHC) was established to supply low-temperature
energy, with decentralized heat pumps being used for heating and cooling (see Table 1 and
Figure 4). Currently, there are 53 buildings connected; and once in the final development
stage, the network will contain approximately 500 connection points with a 2 MW connected
heating load and four ground probe fields with 20 probes each, totalling nearly 10,000 m in
length. Furthermore, the uninsulated network pipes (polyethylene) themselves contribute a
considerable share to the energy absorption from ground. The ground probe fields are installed
stepwise as the connection load increases, which helps preliminary financing and thus lowers
heat production costs.

According to the current business and billing model, heat pumps were purchased and installed
individually by the customers (property boundary “evaporator”, cf. section below on billing
models). As the network is operated as a passive anergy network, total electricity consumption
is accounted for at the customer level. Therefore, customers are charged only a monthly
capacity price of €80/kW peak load, plus a fixed price for operation, maintenance, and repair
costs. Excluding heat pump capital costs, this results in heat supply costs of approximately
€0.11-0.12/kWh.

SIMON-DENK-GASSE, VIENNA: SMALL-SCALE ANERGY GRID

The Simon-Denk-Gasse project in Vienna illustrates the implementation of a neighbourhood
heating and cooling network in a dense urban residential setting. The project connects five
existing residential buildings constructed in a similar period with comparable technical
conditions. A 5GDHC network is being established, utilising local groundwater potential through
wells as the primary heat source, and distributing the thermal energy up to defined property
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Table 1 Characterisation of
“cold village heating” in Rech.

Figure & Construction phase
of the anergy grid in the city
of Rech (left) and exploiting of
the borehole heat exchanger
field (right) (Ngahan & Giel
2022).



boundaries, while heat upgrading and final use occur within the individual buildings. The
system also integrates peak-load coverage and renewable electricity generation; the system
also enables reversible operation to provide cooling in summer (see Table 2 and Figure 5).

LOCATION VIENNA, 9t DISTRICT SUPPLY TEMP. 12°C

Year 2025 Heat Source Groundwater well
Distance - Operator Sozialbau AG (housing cooperative)
Buildings 5 Billing Different for each building (depending on the

applicable housing law)

Organisationally, the project was initiated by a housing cooperative, which expanded the
concept from an initial two-buildings to a block-wide solution involving additional neighbouring
properties. The legal and operational framework is based on private-law agreements and
easements requlating cooperation and shared renewable energy use. Financing structures differ
depending on tenure arrangements, combining public support with long-term amortisation
mechanisms. Through early stakeholder involvement and transparent communication with
building and flat owners as well as residents, trust was established early on, which proved to
be an important factor for the successful implementation of the project (Sozialbau AG, 2026).

DRIVING FORCES BEHIND NEIGHBOURHOOD H&C NETWORKS

The analysis of good practice examples confirms that neighbourhood H&C networks, being
cross-property solutions, have several important advantages that facilitate the decarbonisation
of heat supply, especially in urban and suburban areas. These advantages can be summarised
as follows:

1. Economies of scale: Extending the system boundary beyond a single building, often leads
to more cost-effective solutions However, there is a trade-off between the improvement
in the cost-benefit ratio that can be achieved through cross-property projects and
additional costs incurred to expand the network.

2. Solutions to space limitations: With a cross-property approach, limitations that exist
on one property can in many cases be compensated by another property involved in the
project, e.g. through the joint use of a heating centre, by enabling drilling of geothermal
probes on neighbouring property, or through the optimal placement of a PV system on
the neighbouring property. Otherwise, space limitations can often become a “game
stopper” for a decarbonisation project for one single property.

3. Better access to renewable heat sources: Some heat sources, such as groundwater or
waste heat from data centres or similar, can only be used efficiently through a network-
based solution.

4. Cooling as a “side-product”, the hidden champion: Many of the technical concepts
for neighbourhood H&C networks include a low-cost cooling component that leads to
a significant improvement in summer comfort through the use of a suitable source (in
particular near-surface geothermal energy, groundwater) and the use of suitable low-
temperature dissipation systems (e.g. panel heating, convector radiators). As summer
heat is an increasingly critical problem in many European cities, this argument of low-cost
cooling is an attractive one, as demonstrated in the good practice examples.
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Table 2 Characterisation of
neighbourhood H&C network
in Simon-Denk-Gasse, Vienna.

Figure 5 Post-war buildings
as a typical building type in
Simon-Denk-Gasse, Vienna,
and the properties in the
street block (Photo credit:
SOZIALBAU AG).



5. Faster implementation paths for entire neighbourhoods: Decarbonising individual
properties one after the other takes a very long time because a multitude of individual
investment decisions have to be made and are decided at different times. Investing in
a network has the chance to create momentum that eases the investment decisions of
individual residents. In addition, financial resources can be pooled so that financing the
investment is less of a burden from an individual perspective.

These advantages are specifically relevant in areas with medium to high heat density where
conventional district heating is not economically viable or does not meet required capacity.

ORGANISATIONAL AND FINANCIAL MODELS

Unlike conventional district heating, neighbourhood H&C networks rely on decentralised heat
sources and on-site temperature upgrading (e.g., via heat pumps). This has a major impact on
the way that costs and risks are distributed across stakeholders thereby leading to organisational
and financial models that differ in certain respects from those used for district heating.

To define suitable organisational and financial models for neighbourhood H&C networks, four
structural elements are particularly important:

1. the services and responsibilities that must be organised across the project lifecycle;

2. the financing streams that cover investment and operating costs;

3. whether the project follows a bottom-up or top-down approach, determining who
initiates the project, takes over the initial preparation (e.g. planning and participation
processes), holds decision-making power, and assumes key responsibilities; and

4. the billing method applied.

SERVICES TO BE ORGANISED

The first step is to define the system boundaries and the services that must be organised.
Clear system boundaries determine which tasks and risks are managed by which stakeholders
(e.g. individual building owners, energy service providers, inhabitants or other institutions).
System boundaries are primarily determined by the technical set-up of the neighbourhood
heating and cooling network, including energy source(s), the distribution network, the heat
upgrading concept (centralised versus building-level heat pumps, depending on the selected
low-temperature or anergy configuration), and the heat dissipation systems (e.g. radiators)
within the dwelling units. This technical delineation provides the basis for structuring services
and assigning roles and responsibilities across stakeholders (cf. Figure 6) (Leutgéb et al., 2025).

FINANCING STREAMS

The sources for financing neighbourhood H&C networks can combine equity contributions,
public funding (grants and subsidies), and ongoing payments from users.

From a cash-flow perspective, it is useful to distinguish financing streams that cover capital
expenditure (CAPEX) - such as equity, subsidies, and debt - from those that cover operating
expenditure (OPEX), primarily through recurring user payments (tariffs and service fees).
The CAPEX-OPEX balance depends strongly on the technical configuration. In anergy-
type neighbourhood H&C networks (i.e., cold-water grids), upfront investment in network
infrastructure and source development often dominates total costs, whereas the operating
costs of the network and source-side equipment are very low.
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Figure 6 Assignment of roles
and responsibilities related
to the development of a
neighbourhood H&C network.



Investment costs can be recovered through long-term contributions by the project participants,
complemented by heat- and/or cooling-related charges over the operating period (for details
cf. section on billing models). However, the feasibility and design of such cost-recovery
mechanisms depend on national legal frameworks and therefore require a country-specific
legal assessment, for example on tenancy and housing law provisions, consent requirements
among owners or tenants, and regulations governing the allocation and billing of heating costs.

BOTTOM-UP VERSUS TOP-DOWN APPROACHES

In the following section, we distinguish organisational and financial models for neighbourhood
heating and cooling networks based on the initiating actor and the distribution of decision-
making power and responsibilities (see Table 3). Bottom-up models are initiated and governed
by local stakeholders (property owners or residents), whereas top-down models are led by
institutional actors (municipalities, utilities, energy service companies).

BOTTOM-UP TOP-DOWN
Property owner model Municipal utility model
Heating community model Energy service model

Property owner model

In a property owner model (see Table 4), a single property owner or a group of property owners
develops, finances, and operates the heat supply system and supplies heat to the properties via
private-law agreements. The initiating owner can be an individual owner, a housing association,
or a housing cooperative, typically leveraging an “anchor” building as the investment and
operational base. The concrete design of this model is strongly shaped by national legal
frameworks, as contract design, consumer protection requirements, and the permissibility of
third-party heat supply can differ across countries (Leutgéb et al., 2025).

Financing typically combines the owners’ equity, available public funding, and - depending on
project scale - debt financing. Investment costs are recovered by payments at the beginning
coming from each property owners as well as through long-term heat supply charges paid
by the connected properties, as specified in bilateral or multi-party private-law agreements,
frequently related to easements in the land register. This model has been used in the practice
example Simon-Denk-Gasse in Vienna, as described above.

ADVANTAGES DISADVANTAGES

*  Works well when a housing cooperative/ *  Power imbalance/dependency: connected
large owner can bundle demand and neighbours depend on one supplier; needs strong
creditworthiness. contracts and consumer protection.

*  Potentially easier financing if the lead *  Complex private-law contracting

owner has balance-sheet strength and can

leverage grants/debt. Limited scalability: works for small clusters; may be

harder to expand without changing governance

Heating community model (e.g. through cooperative)

In a heating community model (see Table 5), building owners and/or end-users establish a
dedicated legal entity (e.g., a cooperative, association, or limited liability company) to develop
and operate the neighbourhood heat supply. This structure can facilitate broad participation
while providing a formal mechanism for capital mobilisation and long-term governance.

Municipalities can play an enabling role (e.g., initiating and moderating the set-up and providing
information), while operational responsibility remains with the community entity.

Financing commonly combines member equity (e.g., cooperative shares), public funding, and
- depending on scale and creditworthiness - debt financing. Investment costs are recovered
through long-term payments by members, usually via heat supply charges and/or service fees
paid to the community organisation (Braumann, 2025).
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Table 4 Advantages and
disadvantages from the users’
perspective - property owner
model.



ADVANTAGES

DISADVANTAGES

Direct involvement of citizens, especially
interested/affected heat customers possible

Full control/steering by the affected parties
through membership in heating energy
community

Higher acceptance may lead to higher connection
rates and thus better economic viability

Possibility to combine with an electricity energy

*  High coordination effort during the initiating
phase

*  Technical and financial risk lies entirely with
the heating energy community

*  Financing can be difficult for a newly
established organisation (can be mitigated
through a leasing model, where the
community leases the appliances from
investing building owners)

community

*  Optimising plant operation requires specific
expertise (but this can be outsourced/
purchased)

*  The contractor’s competitive risk is largely
limited to the construction phase and warranty
obligations

Municipal utility model

In a municipal utility model (see Table 6), the municipality acts as the heat supplier and system
operator, usually through a municipality-owned or municipality-affiliated utility company.
Planning, investment, construction, and operation are fully under municipal control, without
appointing an external third-party operator as the primary asset owner. Ownership and
investment risk remain with the municipality. The municipality remains the central decision-
maker, responsible for strategic direction, investment decisions, tariffs, and long-term
development. However, the municipality can bring in external parties for specific technical
and operational services when needed. The municipal utility model is the closest model to a
conventional district heating supply.

Financing typically combines municipal funds, public subsidies, and debt. Capital requirements
are high upfront, with refinancing achieved through long-term heat tariffs and/or service fees
(cf. chapter on billing models below). In general, the feasibility of this model depends on the
municipality’s financial strength (Rinner & Osthorst, 2025). However, the involvement of a
municipal utility can reduce the burden on public debt because utilities operate as separate
accounting entities, provided that investments can be covered predominantly by revenue from
the sale of heat.

If a municipality-owned or affiliated utility already exists, it is logical for them to take on
the role of operator. This approach benefits from the municipalities’ professional expertise
and established operational routines, which facilitate implementation and stakeholder
communication. In this case, the model closely resembles the energy service model.

Another option is to use a Special Purpose Vehicle (SPV) to isolate financial risks and manage
specific infrastructure projects, thereby enabling the municipality to retain control while
collaborating with external investors or service providers.

ADVANTAGES DISADVANTAGES

Large share of technical and economic risk rests
with the municipality or the municipal utility

*  Utilizing local energy resources within a °
municipal utility framework makes them a
public asset, ensuring equitable access and

distribution within the community *  High effort and expertise required on the

municipality’s side (preparation, investment,
operation, marketing); adequate staff resources
must be available, usually to be provided through a
municipal utility

*  Direct service provision for citizens

*  Municipality has full control over the overall
project
¢ Sufficient financial strength of municipalities

*  Favourable financing conditions for the .
required

public sector

*  Limitation for smaller to medium municipalities
that usually do not have their own municipal
utilities

*  The contractor’s competitive risk is largely
limited to the construction phase and
warranty obligations

Energy service model

In an energy service model (see Table 7), an external energy service provider (sometimes called
an ESCO) develops and operates the heat supply assets and neighbourhood heating network up
to adefined handover point (e.g., the building connection). The provider finances the investment
and recovers costs through long-term supply agreements, with payments for delivered heat
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users’ perspective - heating
community model.

Table 6 Advantages and
disadvantages from the
municipal perspective -
municipal utility model.



based on contractually defined tariffs. This model is well-suited for areas with high heat density
and strong connection rates, where stable demand supports financial viability. Municipalities
without their own utility may choose this approach to ensure implementation of a larger scale
network beyond a bottom-up project.

The municipality plays an enabling role, typically setting the political framework, facilitating
land access, and granting usage rights or concessions. Through procurement processes like
public tenders, municipalities can influence which energy service providers or utility companies
are selected. However, this requires additional resources for procurement and coordination (cf.
section on procurement procedures below).

ADVANTAGES DISADVANTAGES

*  The energy service provider’s specific *  Along-term contractual relationship with narrowly
expertise typically leads to lower lifecycle defined exit scenarios creates a certain dependency
costs (natural monopoly)

*  Economic and technical risk rests with the ®  Public procurement requires specific know-how on
energy service provider the side of the municipality

*  Optimisation of the system is in the *  Alack of bidders is possible

rovider’s own interest L . .
P *  Competitive risk for the energy service provider

. The investment can be financed by the (while the asset value of the investment is
energy service provider preserved)

*  Lower staff/resource requirements on the *  Financing conditions are usually less favourable
municipality’s side than those of a municipality (however, this depends

on the municipality’s financial leeway)

DECISION TREE FOR THE SELECTION OF A SUITABLE ORGANISATIONAL AND
FINANCIAL MODEL

The decision tree (see Figure 7) provides structured guidance on how different organisational
and financial models for neighbourhood H&C networks relate to specific starting conditions
and decision contexts. It is based on the analysis of neighbourhood H&C projects in Austriq,
the Czech Republic, Germany, and the Netherlands. While model selection cannot be reduced
to a mechanical application of a flowchart - and additional contextual factors may become
relevant - the decision tree serves as a heuristic tool to narrow down feasible options at an
early stage of project development.

As discussed in the chapter above, the first distinction concerns whether the project is initiated
and driven by a group of property owners (bottom-up approach) or by institutional actors such
as municipalities or energy service companies (top-down approach).

Across both bottom-up and top-down pathways, a central question is who is willing and able
to assume investment risks and initial transaction costs? Closely linked to this is the issue of
financing capacity. In the case of municipalities, for example, the availability of financial leeway
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Table 7 Advantages and
disadvantages from the
municipal perspective -
energy service model.

Figure 7 Decision tree for
selecting organisational
models in neighbourhood H&C
projects (source: e7 GmbH).



- i.e., the ability to take on additional debt without breaching fiscal constraints - can be a
decisive factor in determining whether ownership and investment risks can be retained within
the public sector (Rinner & Osthorst 2025). However, the involvement of a municipal utility may
offer a solution to overcome financial limits.

On the bottom-up side, the decision tree further differentiates between a property owner model
and a heating community model. Where a single property owner is willing and able to assume
investment risks and transaction costs, a property owner model may be feasible. Where risks
and investments are shared among multiple stakeholders over alonger time horizon, the choice
of an appropriate legal entity becomes critical. For long-term, jointly financed infrastructure
projects, legal forms that allow risk-sharing, capital accumulation, and stable governance -
such as cooperatives - are more suitable than looser association-based structures.

In addition to governance and financing considerations, the technical system configuration
also influences model selection. The definition of system boundaries - such as whether
the organisational entity covers only the distribution network or also central generation,
decentralised heat pumps, metering, and billing - directly affects asset ownership, operational
complexity, and risk allocation. Technical choices (e.g., centralised versus decentralised use of
heat pumps) therefore interact with organisational feasibility and financing structures.

Overall, the decision tree highlights that the choice of organisational and financial model
depends less on abstract preferences and more on concrete factors such as risk allocation,
financing capacity, governance willingness, and institutional context.

BILLING MODELS

Compared to conventional high-temperature district heating networks, neighbourhood H&C
networks, can be far more complex depending on their technical configuration, ownership
structure, and service boundary.

Billing models are closely linked to investment recovery. Given the high upfront capital
requirements of neighbourhood networks, tariff structures must be designed to enable
repayment over realistic periods. This creates a structural tension, especially in existing
neighbourhoods where compulsory connection is often absent, or buildings are connected
sequentially over an extended period of time. Networks developed gradually, e.g. with
installation of geothermal probe fields in multiple stages, and are economically advantageous,
as the investments are adapted to connection of households. From a billing perspective, gradual
extensions of the networks add complexity, as billing models must accommodate changing
cost structures as the network grows.

In 4GDHC networks the system boundaries are comparable to conventional networks. Billing
follows established patterns of fixed base and capacity price and variable components tied to
actual energy consumption. A specific instrument proposed for 4GDHC networks are so-called
motivation tariffs, which introduce penalties for high return temperatures and rewards for low
return temperatures, creating direct financial incentives for consumers to adapt their building
systems to low-temperature supply (Garay et al. 2019; Lund et al. 2022).

Anergy networks (5GDHC) present a substantially more complex billing environment. The
system boundary is large, encompassing the heat source or sink, network energy gains
and losses, decentralised heat pumps, their electricity consumption, and potentially also
centralised or decentral pumping energy. Heating and cooling can be billed separately, and
seasonal differentiation between summer and winter operation is sometimes beneficial. Wirtz,
Schreiber & Muller (2022) provide an empirical analysis of billing approaches across 53 districts
with anergy networks in Germany, where they distinguish between billing at the condenser
(34 districts) or evaporator (8 districts) of the decentralised heat pump. Most common is a
combination of fixed price and variable pricing for heating (30 districts), while 9 districts only
charge a fixed price (based on peak capacity) and 8 districts use a flat-rate pricing. Cooling is
frequently offered free of charge, reflecting the benefit that heat feed-in provides to ground
probe regeneration.

A key structural parameter in billing of anergy networks is the property boundary. Where
the property boundary is set at the heat pump evaporator, the network supplies only a low-
temperature fluid. The consumer operates and finances their own heat pump and pays
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electricity costs directly. In passive anergy networks, where the integrated pumps of the
decentralised heat pump units generate the entire network flow without a central circulation
pump, a fixed capacity charge is the simplest approach, as it eliminates the need for heat
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metering and consumption accounting. Since energy costs arise entirely at the consumer 032-26
level, they are transparent and well-calculable, while the operator faces minimal revenue risk.
This model is particularly well-suited to small municipalities, cooperatives, and community-
led initiatives that lack the administrative expertise and resources required for consumption-
based billing and ongoing operational accounting. Conversely, where the boundary extends to
the heat pump condenser, the operator supplies usable heat, enabling the full range of billing
models including energy price, flat rate, and heat contracting. Table 8 provides an overview of
possible billing methods.
BILLING MODEL  SYSTEM DESCRIPTION PROPERTY BOUNDARY EVALUATION
(5GDHC)
Fixed + variable Low- Fixed base price covering O&M, Condenser + stable revenue, consumption
temperature  plus charge per kWh heat. incentive
Evaporator
and anergy . .
Most common for DH. - metering and accounting necessary
networks
Heat contracting possible.
Variable Low- Variable pricing of kWh heatand - + consumption and efficiency
temperature  network usage efficiency. incentive, transparency
networks . . . .
Heat contracting possible. - complex metering, accounting and
tariff calculation
Fixed passive Fixed charge based on peak Evaporator + simple accounting, no metering
anergy capacity. Energy costs of decentral necessary, low operator risk,
networks HPs are paid by consumer. individual HP installation
No heat contracting possible. - no regard of network load
Flat rate Low- All-inclusive heating and cooling, Condenser + maximum simplicity, predictable
temperature  monthly pricing according to costs for consumers, bundled
and anergy estimated consumption/living electricity and HP purchasing
networks area.

- no consumption or efficiency
incentive, cross-subsidisation risk

An important issue is how to price cooling appropriately: The benefit of ground regeneration
to the network as a whole must be weighed against the value of cooling delivered to the
consumer, a challenge that remains underexplored in established tariff structures. A related
question concerns the differentiation between passive regeneration by cooling supply and
active waste heat feed-in, which may warrant different tariff treatment.

Finally, the relationship between billing and ownership deserves attention. Where consumers
co-invest in the network in form of cooperative shares or subordinated loan, as is characteristic
for the heat community model, tariff structures will reflect this financial engagement, e.q.,
through reduced energy prices or profit participation. Once senior credits and then subordinated
loans are fully repaid, capital costs decline significantly, raising the question of how to handle
the resulting surplus: Either reduced capital costs could be passed on to consumers through
lower heat tariffs - which would be in line with the cooperative’s at-cost principle - or surpluses
could be retained for reinvestment into expanding existing or new neighbourhood heating
projects.

POLICY FRAMEWORK FOR NEIGHBOURHOOD H&C NETWORKS

The decarbonisation of heating and cooling in the EU is primarily shaped by three directives
under the European Green Deal and Fit-for-55 framework, the Energy Efficiency Directive
(EED), the Renewable Energy Directive (RED III) and the Energy Performance of Buildings
Directive (EPBD). Meanwhile, the EU leaves substantial discretion to Member States regarding
implementation design.

In Austria the heating structure differs markedly, with district heating covering around 32%
of residential units, natural gas 20%, and biomass and wood 16% (Statistik Austria 2025).
Neighbourhood heating and cooling networks currently play only a limited role, though

Table 8 Overview and
evaluation of possible billing
models and associated district
heating technologies.



Vienna’s Heating Plan 2040 (Vienna 2024) explicitly designates certain areas for local collective
heating (“Lokale Gemeinschaftswdrme”), prioritising low-temperature and anergy networks
fed by geothermal sources and waste heat. Large-scale implementation remains pending. The
Austrian framework is not codified in a single law but combines several statutes: The Renewable
Heat Act from 2024 prohibits fossil-fuel systems in new buildings and requires district heating
connections to meet an 80% renewable quality standard or provide a binding decarbonisation
plan. Several housing laws (Condominium Act, Tenancy Act, Heating Cost Accounting Act, etc.)
create further complexity for the heat transition. The UFI programme provides investment
grants of up to 35% for low-temperature networks, however, lacking clear provisions for 4GDHC
and 5GDHC networks.

In Germany’s building stock gas heating systems dominate with around 14.3 million
installations - more than half of all decentralised systems - while renewable heating
technologies represent only about 22% of the stock (DENA 2024). Around 15% of residential
units are supplied via district heating networks (BDEW 2025). The federal Heat Planning Act
(WPG) requires cities above 100,000 inhabitants to complete municipal heat plans by mid-
2026, with smaller municipalities following by mid-2028, classifying areas as suitable for
district heating, decentralised systems, or green gases - but critically an explicit category for
low-temperature or anergy networks is missing. New heat networks must source at least 65%
of annual generation from renewables or unavoidable waste heat. Until recently, the Building
Energy Act (GEG) reinforced this through a technology-neutral 65% renewable requirement
for newly installed heating systems, with district heating connection as an explicit compliance
pathway. In February 2026, the German Federal Government announced it will abolish this
requirement, replacing it with a green fuel obligation for new installed boilers starting at only
10 % from 2029, leading to a significant backdrop in climate ambition. The district heating
ordinance (AVBFernwdrmeV), designed for conventional high-temperature systems, creates
additional barriers for neighbourhood H&C networks, particularly through its assumption of a
standardised heat supply rather than a tempered energy source, and its implicit separation of
supplier, network operator, and consumer roles. Permitting under the water law (WHG) remains
time-consuming and locally inconsistent, though the Geothermal Acceleration Act (GeoBG)
introduces tighter approval timelines. On the funding side, BEG supports building connections
and heat pumps at 30-70%, BEW funds feasibility studies, infrastructure investment at 40%
and operating costs for up to ten years, and the re-launched KfW 432 covers neighbourhood
concept development. Key remaining gaps are the prohibition on cumulating BEW with other
funding sources and the Warm Rent Neutrality provisions (WarmelV), which cap permissible
heat prices at the level of previous fossil operating costs.

The Czech Republic presents a unique starting point: approximately 40% of the population
is connected to district heating, providing a strong infrastructural foundation. However, the
fuel mix remains heavily fossil-dependent, with coal accounting for around 41% of heat
production in 2024 and heat pumps less than 0.1% (ERU 2025). A key challenge lies in the
regulatory framework, which makes no distinction between large city-wide systems and small
neighbourhood networks, imposing identical licensing and price regulation requirements
regardless of scale - creating disproportionate administrative burdens for smaller, community-
led initiatives.

The Netherlands faces a different set of challenges: individual gas boilers have been
historically dominant, and district heating covers only around 7% of households. Small-scale,
low-temperature neighbourhood networks are gaining attention as an alternative, particularly
where large-scale district heating is not economically viable. The incoming Collective Heat
Act will give municipalities greater control over the heat transition, introduce cost-based tariff
regulation, and establish specific rules for small collective heat systems. The “not more than
the alternative” principle, requiring heat network costs not to exceed those of a conventional
gas boiler, remains a point of debate.

Irrespective of the various starting points in the countries studied, based on the examples
of good practice for neighbourhood H&C networks outlined in the section above, a set of
consistent policy lessons can be derived, which, if taken into account when designing the policy
framework, would make it considerably easier to implement neighbourhood H&C networks
(Pehnt et al., 2026):
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* Across-cutting finding is the critical importance of the early project phase. The
Rech project illustrates how this phase, before formal funding eligibility begins, is both
the most decisive and the least supported stage. Strong local leadership, volunteer
engagement, and individual “caretakers” proved essential, yet no dedicated public
funding instrument was available to support the initial phase. The re-launch of the
KfW 432 programme directly addresses this gap. The Simon-Denk-Gasse project
reinforces this finding with large resources consumed by contractual arrangements
and administrative procedures.

* A standardised legal framework for neighbourhood H&C networks remains absent
in all four countries assessed. However, a dedicated regulatory category including a
clear and consistent definition, distinct from individual building systems and large
conventional district heating, would lower the threshold for community-led initiatives
and increase regulatory certainty.

» Afurther lesson concerns regulatory certainty over time. The Simon-Denk-Gasse
project experienced shifts in legal frameworks and funding conditions during its
extended development period. Funding programmes must therefore provide multi-
year reliability, as abrupt regulatory changes disproportionately affect long-duration
neighbourhood projects - as currently seen with the announced abolition of the GEG’s
65% rule in Germany.

* Permitting complexity emerges as a systemic barrier. High transaction costs
are among the most consistent barriers identified. Therefore, procedures should
be simplified and consolidated to reduce administrative burden to the minimum
necessary. Competition for underground space and fragmented, plot-by-plot
approval processes significantly extend timelines and increase costs. Germany’s
GeoBG represents a promising response, though effectiveness will depend on local
implementation capacity.

* Another important issue to the acceleration of financial support schemes for
small-scale projects ensuring non-discrimination. Funding programmes should
support small-scale neighbourhood projects on equal terms to larger investments.
They should take into account shorter decision- and reaction-times by a “fast lane
funding”, introduce early start of measures and in advance payments.

* Furthermore, it is necessary to explicitly include neighbourhood H&C networks in
municipal heat planning. Heat planning processes should recognise neighbourhood
networks as a complementary decarbonisation pathway alongside large district
heating and individual climate-friendly systems. Areas that are unsuitable for
conventional district heating may have good potential for neighbourhood-scale
solutions that current planning categories fail to capture.

*  Finally, policy measures are required that incentivise energy service providers to
engage in neighbourhood H&C networks: Given the current scarcity of energy service
providers active in this field across EU Member States, engagement in the planning,
financing, implementation and operation should be pushed, e.g. by public templates
for tender material and service contracts or by public guarantee schemes that reduce
the investment risks from the point of view of service providers.

CONCLUSIONS

Currently in Europe there exists a considerable number of neighbourhood H&C networks in
newly constructed neighbourhoods, however, only a small number of these networks have
been established for existing neighbourhoods. This study shows - based on lessons learnt
from good practice examples - that neighbourhood H&C networks can nevertheless make a
significant contribution to the decarbonisation of heating and cooling. Particularly, in urban and
suburban areas with medium to high heat density where they represent a feasible and cost-
effective solution that bridges the gap between conventional district heating and individual
solutions for each individual building.
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The study also shows that, in practice, various organisational and financial models have already Leutgdb et al.
emerged to address differences in the baseline conditions of governance and institutional zfgffe?;:;':ersmdy
context, financial capacity, risk allocation or legal frameworks. The applicable organisational DOI: 10.66506/essp.5-
and financial models include both bottom-up approaches, in which investments are initiated 032-26

and managed by property owners and/or residents, and top-down approaches, which are

driven by local authorities and/or energy service providers.

However, in order to significantly boost the implementation of neighbourhood H&C networks,
the policy framework needs to be improved, as current policy instruments often overlook these
smaller-scale solutions. The study presents a number of levers where in the revision of future
energy policy, neighbourhood H&C networks should be systematically addressed by dedicated
and supplementary policies, in order to reduce transaction cost, planning time and overall
inertia of neighbourhood solutions.

ADDITIONAL FILE

The additional file for this article can be found as follows:

* Decarbonising (sub)urban districts through neighbourhood heating and cooling
networks. Presentation slides for eceee 2026. URI: https://eceeeproceedings.org/
articles/86/files/6a5f52823ae05.pptx

ACKNOWLEDGEMENTS

This paper has been prepared in close connection with the LIFE-project “Low-temperature and
renewable neighbourhood heating and cooling networks: Technical solutions, investment plans
and business models for local approaches to decarbonise heat supply of existing buildings”
(HeaTogether-project, https://heatogether.eu). The authors are grateful to the whole project
team for fruitful collaboration and valuable inputs.

COMPETING INTERESTS

The authors have no competing interests to declare.

ECEEE PAPER ID
5-032-26

AUTHOR AFFILIATIONS

Klemens Leutgob
e7 GmbH, AT

Rachel Leutgob

e7 GmbH, AT

Martin Pehnt

ifeu - Institut fur Energie- und Umweltforschung Heidelberg, DE
Jakob Metz

ifeu - Institut fir Energie- und Umweltforschung Heidelberg, DE
Sebastian Blomer

ifeu - Institut fur Energie- und Umweltforschung Heidelberg, DE

REFERENCES

BDEW. 2025. Fernwédrmeerzeugung nach Energietrédgern in Deutschland.

Boesten, S, Ivens, W, Dekker, SC and Eijdems, H. 2019. ‘5" generation district heating and cooling
systems as a solution for renewable urban thermal energy supply’. Advances in Geosciences, 49:
129-136. DOI: https://doi.org/10.5194/adgeo-49-129-2019

Braumann, W. 2025. DekarboGen: Genossenschaftsmodelle fiur die Warmewende; Konzepte, Vorteile,
Geschdfts- und Finanzierungsmodelle. Unpublished.

15


https://eceeeproceedings.org/articles/86/files/6a5f52823ae05.pptx
https://eceeeproceedings.org/articles/86/files/6a5f52823ae05.pptx
https://heatogether.eu
https://doi.org/10.5194/adgeo-49-129-2019

Buffa, S, Cozzini, M, D’Antoni, M, Baratieri, M and Fedrizzi, R. 2019. ‘5th generation district heating and
cooling systems: A review of existing cases in Europe’. Renewable and Sustainable Energy Reviews,
104: 504-522. DOLI: https://doi.org/10.1016/j.rser.2018.12.059

DENA. 2024. DENA-Gebdudereport 2024. Zahlen, Daten Fakten zum Klimaschutz im Gebdudebestand.
Deutsche Energieagentur, Berlin.

Djerup, S, Sperling, K, Nielsen, S, @stergaard, PA, Zinck Thellufsen, J, Sorknaes, P, Lund, H and Drysdale,
D. 2020. ‘District Heating Tariffs, Economic Optimisation and Local Strategies during Radical
Technological Change’. Energies, 13: 1172. DOI: https://doi.org/10.3390/en13051172

Drewing, E. 2021. ‘Energieinfrastrukturen umbauen: Potenziale und Grenzen genossenschaftlich
organisierter Warmenetze’. In Reicher, C and Schmidt, A (Hrsg.), Handbuch Energieeffizienz im
Quartier (pp. S. 93-105). Springer Fachmedien Wiesbaden. DOI: https://doi.org/10.1007/978-3-658-
21873-7 9

ERU. 2025. Rocni zprdva o provozu tepldrenskych soustav CR za rok 2024 (Report on heat delivery in the
Czech Republic in 2024). Prague 2025.

Garay, R, @stergaard, KK, Caramaschi, M, Bryder, K, Buhl, L, Christiansen, C and Pedersen, MK. 2019.
RELATED. D2.2 - Interconnection schemes for consumer installations.

Gudmundsson, O, Dyrelund, A and Thorsen, JE. 2021. ‘Comparison of 4th and 5th generation
district heating systems’. E3S Web of Conferences, 246: 09004. DOI: https://doi.org/10.1051/
e3sconf/202124609004

Leutgdb, K, et al. 2025. Project Report Warmeteilhabe. Unpublished.

Lund, H, @stergaard, PA, Nielsen, TB, Werner, S, Thorsen, JE, Gudmundsson, O, Arabkoohsar, A and
Mathiesen, BV. 2021. ‘Perspectives on fourth and fifth generation district heating’. Energy, 227:
120520. DOL: https://doi.org/10.1016/j.energy.2021.120520

Lund, H, Thorsen, JE, Jensen, SS and Madsen, FP. 2022. ‘Fourth-Generation District Heating
and Motivation Tariffs’. ASME Open Journal of Engineering, 1: 011002. DOI: https://doi.
org/10.1115/1.4053420

Lund, H, Werner, S, Wiltshire, R, Svendsen, S, Thorsen, JE, Hvelplund, F and Mathiesen, BV. 2014. ‘4th
Generation District Heating (4GDH). Integrating smart thermal grids into future sustainable energy
systems’. Energy, 68: 1-11. DOI: https://doi.org/10.1016/}.energy.2014.02.089

Ngahan, P and Giel, T. 2022. Oberfldchennahe Geothermie fir Bestandsgebdude - Potential, Méglichkeiten
und Betrieb.

Pehnt, M, et al. 2026. Neighbourhood heating and cooling networks: Policy strategies for an overlooked
approach to decarbonise (sub)urban heat supply, White paper within the EU-project “HeaTogether”,
https:/heatogether.eu/knowledge-hub/.

Rinner, C, and Osthorst, W. 2025. ‘(Kalte) Nahwdrme in der Warmewende Analyse technischer Konzepte,
Betreibermodelle und Kostenstrukturen anhand von Praxisbeispielen’. Working Paper on Politics of
Sustainability, 19.

Sozialbau AG. 2026. Nahwédrmenetz Simon-Denk-Gasse. Retrieved from https://www.sozialbau.at/energie-
nachhaltigkeit/innovative-energiesysteme/nahwaermenetz-simon-denk-gasse#:~:text=In%20
der%20Simon%2DDenk%2DGasse,f%C3%BCr%20die%20Wohngeb%C3%A4ude%20umgestellt%20
werden, Vienna (2024).

Stadt Wien, Energy Planing MA. 2023. Wiener Wdrmeplan 2040 einschlief3lich Beschreibung der Methodik
und der Vorgehensweise zur Entwicklung des Konzeptes. Wien.

Statistik Austria. 2025. Mikrozensus Energieeinsatz der Haushalte. Wien: Statistik Austria.

von Obernitz, J. 2024, April 10. Wédrmewende mit Genossenschaften: Birgerschaftliche Wédrmenetze
planen und umsetzen [Presentation]. https://veranstaltungen.fnr.de/fileadmin/Projekte/2024/
Veranstaltung/Gruene_Waerme_2024/Jonas_von_Obernitz. W%C3%A4rmenetze _mit_
Genossenschaften.pdf.

Wirtz, M. 2026. Quartiere und Projekte mit kaltem Nahwdrmenetz—nPro. https://www.npro.energy/main/
de/5gdhc-networks/5gdhc-districts.

Wirtz, M, Schreiber, T and Miiller, D. 2022. ‘Survey of 53 Fifth-Generation District Heating and Cooling
(5GDHC) Networks in Germany’. Energy Technology, 10: 2200749. DOI: https://doi.org/10.1002/
ente.202200749

Leutgdb et al. 16
eceee Summer Study
proceedings

DOI: 10.66506/essp.5-

032-26

TO CITE THIS ARTICLE:
Leutgdb, K, Leutgdb, R, Pehnt,
M, Metz, J and Blomer, S.
2026. Decarbonising (sub-)
urban districts through
neighbourhood heating and
cooling networks: Financing
and organizational pathways.
eceee Summer Study
proceedings, 1(1): 16, pp. 1-16.
DOI: https://doi.org/10.66506/
essp.5-032-26

Submitted: 19 March 2026
Accepted: 19 May 2026
Published: 21 July 2026

COPYRIGHT:

© 2026 The Author(s). This is an
open-access article distributed
under the terms of the Creative
Commons Attribution 4.0
International License (CC-BY
4.0), which permits unrestricted
use, distribution, and
reproduction in any medium,
provided the original author
and source are credited. See
https://creativecommmons.org/
licenses/by/4.0/.

eceee Summer Study
proceedings is a peer-reviewed
open access journal published
by European Council for an
Energy Efficient Economy
(eceee).


https://doi.org/10.66506/essp.5-032-26
https://doi.org/10.66506/essp.5-032-26
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.rser.2018.12.059
https://doi.org/10.3390/en13051172
https://doi.org/10.1007/978-3-658-21873-7_9
https://doi.org/10.1007/978-3-658-21873-7_9
https://doi.org/10.1051/e3sconf/202124609004
https://doi.org/10.1051/e3sconf/202124609004
https://doi.org/10.1016/j.energy.2021.120520
https://doi.org/10.1115/1.4053420
https://doi.org/10.1115/1.4053420
https://doi.org/10.1016/j.energy.2014.02.089
https:/heatogether.eu/knowledge-hub/
https://www.sozialbau.at/energie-nachhaltigkeit/innovative-energiesysteme/nahwaermenetz-simon-denk-gasse#:~:text=In%20der%20Simon%2DDenk%2DGasse,f%C3%BCr%20die%20Wohngeb%C3%A4ude%20umgestellt%20werden
https://www.sozialbau.at/energie-nachhaltigkeit/innovative-energiesysteme/nahwaermenetz-simon-denk-gasse#:~:text=In%20der%20Simon%2DDenk%2DGasse,f%C3%BCr%20die%20Wohngeb%C3%A4ude%20umgestellt%20werden
https://www.sozialbau.at/energie-nachhaltigkeit/innovative-energiesysteme/nahwaermenetz-simon-denk-gasse#:~:text=In%20der%20Simon%2DDenk%2DGasse,f%C3%BCr%20die%20Wohngeb%C3%A4ude%20umgestellt%20werden
https://www.sozialbau.at/energie-nachhaltigkeit/innovative-energiesysteme/nahwaermenetz-simon-denk-gasse#:~:text=In%20der%20Simon%2DDenk%2DGasse,f%C3%BCr%20die%20Wohngeb%C3%A4ude%20umgestellt%20werden
https://veranstaltungen.fnr.de/fileadmin/Projekte/2024/Veranstaltung/Gruene_Waerme_2024/Jonas_von_Obernitz_W%C3%A4rmenetze_mit_Genossenschaften.pdf
https://veranstaltungen.fnr.de/fileadmin/Projekte/2024/Veranstaltung/Gruene_Waerme_2024/Jonas_von_Obernitz_W%C3%A4rmenetze_mit_Genossenschaften.pdf
https://veranstaltungen.fnr.de/fileadmin/Projekte/2024/Veranstaltung/Gruene_Waerme_2024/Jonas_von_Obernitz_W%C3%A4rmenetze_mit_Genossenschaften.pdf
https://www.npro.energy/main/de/5gdhc-networks/5gdhc-districts
https://www.npro.energy/main/de/5gdhc-networks/5gdhc-districts
https://doi.org/10.1002/ente.202200749
https://doi.org/10.1002/ente.202200749

	﻿﻿﻿Introduction

	﻿﻿﻿The role of neighbourhood heating and cooling networks in decarbonising heat supply

	﻿﻿﻿Current state of research and methodological approach


	﻿﻿﻿Overview of good practice examples

	﻿﻿﻿“Cold village heating” in Rech

	﻿﻿﻿Simon-Denk-Gasse, Vienna: Small-scale anergy grid

	﻿﻿﻿Driving forces behind neighbourhood H&C networks


	﻿﻿﻿Organisational and financial models

	﻿﻿﻿Services to be organised

	﻿﻿﻿Financing streams

	﻿﻿﻿Bottom-up versus top-down approaches

	﻿﻿﻿Property owner model

	﻿﻿﻿Heating community model (e.g. through cooperative)

	﻿﻿﻿Municipal utility model

	﻿﻿﻿Energy service model


	﻿﻿﻿Decision tree for the selection of a suitable organisational and financial model

	﻿﻿﻿Billing models


	﻿﻿﻿Policy framework for neighbourhood H&C networks

	﻿﻿﻿Conclusions

	﻿﻿﻿Additional File

	﻿﻿﻿Acknowledgements

	﻿﻿﻿Competing Interests

	﻿﻿﻿eceee paper ID

	﻿﻿﻿﻿AUTHOR AFFILIATIONS

	﻿﻿﻿References


