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District heating (DH) can become a key infrastructure for achieving climate targets in the heating sector. In order
to support the uptake of renewables in the DH sector, the European Commission proposed to open DH infra-
structures to third parties. This will allow independent heat producers to supply heat produced from renewable
energy sources and from waste heat to consumers connected to the grid.

This paper develops a better understanding of the complexity associated with the introduction of third party
grid access (TPA). We will analyse the heterogeneous institutional set-up of DH markets in the EU and discuss
competition and market boundaries in the heat market. Based on this, the paper investigates the technical,
regulatory and economic challenges that arise from the practical implementation of TPA. We conclude that TPA
alone will not be sufficient to support the expansion of renewables in the DH sector. Complementary policy
measures will be necessary to transform the DH sector towards 4th generation DH systems that will become an

integrated element of a smart energy system.

1. Introduction

District heating (DH) can become one of the key infrastructures for
achieving ambitious climate targets in the European heating sector
(Connolly et al., 2014). The European Commission's heating and
cooling strategy has recognized the potential for decarbonising DH
through increased energy efficiency and renewable energy deployment
(European Commission, 2016a). In order to support the uptake of re-
newables in the DH sector, the Commission proposed to open DH in-
frastructures to third parties (European Commission, 2016b). This will
allow heat producers others than the incumbent DH suppliers to use the
infrastructure and to supply heat produced from renewable energy
sources and from waste heat to consumers connected to the grid.

There is a large body of literature on DH. Research covers the broad
spectrum of technical, socioeconomic, institutional, legal and political
characteristics of the DH sector. Literature highlights the important role
of DH in the future energy system. For that reason, it is becoming in-
creasingly important to develop strategies how to best transform ex-
isting DH systems towards the functionalities required by a sustainable,
smart and integrated energy system (4th generation DH systems, e.g.
Lund et al., 2014; Averfalk and Werner, 2017).

* Corresponding author.

However, there is only limited research specifically addressing third
party grid access (TPA) from a conceptual perspective. Specific in-
vestigations on TPA have been carried out for specific market condi-
tions (e.g. for Sweden (Energimyndigheten, 2011), Germany (BKartA,
2012) and Finland (P6yry, 2018)) and on rather generic TPA concepts
(Korhonen, 2014, Soderholm and Warell, 2011). However, TPA offers a
much broader diversity of design options than described in the existing
literature. Moreover, literature is lacking detailed investigations on the
specific regulatory challenges that would result from opening DH sys-
tems for third parties. Finally, the definition of the heating market as
well as the associated market boundaries need to be thoroughly as-
sessed in order to evaluate whether and/or to which extent TPA would
be beneficial with a view to a specific context of market framework
conditions.

Our contribution is to better understand the complexity associated
with the introduction of TPA in the DH sector. We will start with ela-
borating on the role of DH in the European heating sector, the diverse
ownership structure in the main heating markets as well as TPA con-
cepts in existing DH systems. Section 3 gives an overview of the
methodology of our analysis. Since TPA in a grid-bound sector is gen-
erally justified by the fact that grid operation constitutes a natural
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monopoly, we will analyse competition and market boundaries in the
heat market (section 4). This is necessary in order to identify under
which market conditions TPA might be beneficial and to which extent
TPA requires regulation. In discussing market boundaries we challenge
the frequently held opinion that DH competes with other heat supply
systems in a largely homogeneous heat market. In section 5, we will
discuss different concepts how TPA in the DH sector could be in-
troduced in practical terms. We highlight the fact that there are several
design features which can be combined, leading to a much larger
variety of different TPA design options than currently described in lit-
erature. This will be followed by an elaboration of the regulatory
challenges (section 6) that are associated to TPA in the DH sector and
that result from the specific characteristics of this infrastructure. This
applies both to regulation itself and to its institutional set-up, i.e. the
extent to which regulatory responsibility is transferred to a (in-
dependent) regulatory authority. We will finally discuss how TPA
should be designed or combined with other measures in order to
maximise its contribution to gradually transforming the DH sector to-
wards 4th generation DH systems (section 7).
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2. Background
2.1. State of DH in the European heat sector

The European DH sector has a very heterogeneous structure. Fig. 1
illustrates that the highest population rates served by DH can be found
in Northern and Eastern Europe. By contrast, the DH penetration rate in
Southern Europe is rather low, most likely due to climatic reasons. The
relatively low importance of DH in countries like the UK, Ireland and
France can be explained by traditions (focus on individual space
heating solutions), but also incumbency. In former communist coun-
tries, DH played a significant role, but — in some regions — DH is losing
market share due to a bad image and lacking investments in outdated
systems (see e.g. Biichele, 2017). However, some Eastern European
countries managed to maintain a dominant role of DH in their heating
markets (e.g. Poland and the Baltic countries).

The share of renewables in the DH sector is varying substantially
among Member States (Fig. 2). Only few countries have a share of di-
rectly used renewables (geothermal, biomass and waste) of more than
20% (Austria, Denmark, France, Iceland, Norway, Sweden and Swit-
zerland).
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Fig. 1. Percentage of the population served by DH in 2013.
Source: Fleiter et al. (2016).
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Fig. 2. Energy supply composition for DH
in Europe.

Recycled heat includes surplus heat from
electricity production (CHP), waste-to-en-
ergy cogeneration plants and industrial
processes independently of the fuel used for
the primary processes. Two thirds of the
heat delivered by heat pumps is also con-
sidered as recycled heat.

Source: Own depiction based on EuroHeat
and Power (2015).
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2.2. Ownership structure in main district heating markets

The relevance of TPA as a measure to reduce costs for the consumer
as well as to increase the share of renewables to a large extent depends
on the framework conditions of the DH market in a Member State in-
cluding the respective ownership structure. This section analyses and
compares the ownership structures in Germany, Poland, Sweden, and
Denmark (Fig. 3). Together, all four countries account for about 52% of
all DH customers in Europe.

In Denmark, the Heat Supply Act has imposed a non-profit rule for
the public heating market, which has largely affected the ownership
structures of network operations (DEA, 2017). Grid operation and DH
supply are either performed by consumer owned cooperatives or

municipal owned companies (Fig. 4). The Danish Heat supply Act de
facto has led to an unbundling of heat generation (mainly large gen-
eration units) and heat supply to the customers. Furthermore, for new
investments, DH operators are required to conduct a comprehensive
socio-economic assessment including the effect on heat prices and CO,
savings.

With regard to the number of customers, Poland has the largest DH
market in Europe. In 2016, about 430 producers and suppliers were
operating on the DH market while the majority of companies are ver-
tically integrated enterprises (URE, 2018). As regards installed capacity
and ownership of network length, the majority of companies are from
the private sector (URE, 2018). In Germany, the majority of DH com-
panies are owned by the private sector, whereas in Sweden, 72% of the
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Fig. 3. DH customers by European countries.
Source: Own depiction based on EuroHeat and Power (2015).
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Fig. 4. Ownership structure in main district heating markets in Europe by number of companies (different base years, 2008-2016).

Source: own depiction, URE (2017), BKartA (2012); Magnusson (2016).

companies are municipal or state-owned (Magnusson, 2016; BKartA,
2012).

2.3. TPA in existing DH systems

Most Member States consider DH as an integrated infrastructure.
The DH market is thereby considered as a natural monopoly requiring a
vertically integrated supplier that is responsible for production and
delivering heat to the customer (see section 4). With the exception of
Poland, no Member State has introduced full TPA, which would allow
independent heat companies (third parties) to access a heating grid in
order to supply own customers. In Poland, however, the possibility of
grid access is not used because regulations are too complicated and
restrictive (Korhonen, 2014). Some Member States allow grid access on
the production side (Producer TPA), whereby grid access is regulated.
This applies, for example, to Estonia: When new heat production ca-
pacities are necessary, the grid operator is obligated to launch a public
call for heat producers in order to determine the most cost-efficient
offer (RES-Legal, 2019). In Latvia, grid operators are obliged to pur-
chase thermal energy from all heat producers, including independent
producers, provided the price is below a threshold, and technical con-
ditions are met. The agreements between a heat producer and the grid
operator have to be in line with the requirements set by the Latvian
Energy Law. A similar system can be found in Lithuania (RES-Legal,
2019). There are some countries, in contrast, without any regulation for
TPA, e.g. Sweden, Austria, and Germany. Here, grid access is negotiated
between the parties involved on a completely voluntary basis.

As outlined in the previous section, Denmark pursues a different
strategy. Here, the DH market is dominated by non-profit ownership
structures, and legislation has a strong customer orientation. For that
reason, policy makers do not see any necessity for an enforcement of
TPA. Still, day-ahead heat plans are compiled based on bids submitted
by different heat producers in the DH network of the greater
Copenhagen region (DEA et al., 2015; Galindo Fernandez et al., 2016).
Yet, the Danish case is not representative for the majority of DH mar-
kets in Europe where such legislation (driven by socio-economic goals)
does not exist.
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3. Methodology

The European Commission proposes to introduce TPA in order to
support the uptake of renewables in the DH sector. Apart from this TPA
would strengthen competition in the DH market. The level of required
regulation is depending on the market boundary that is relevant for DH
supply. We will discuss different options how the market boundary
could be defined. We will analyse to which extent market functions
(including competition, consumer choice, switching costs etc.) are
working properly in view of different market boundaries, and whether
different market concepts justify the necessity of TPA enforcement.

In order to classify different TPA concepts, we will start with a
systematic review of concepts as described in literature. Following the
typical structure of grid-bound utility markets (production, distribu-
tion/grid, and supply/retail) we will identify and discuss various TPA
designs. Since the number of possible combinations of these design
features is very large (thus the number of possible TPA concepts), this
approach provides a significant contribution to a more systematic dis-
cussion about options to realize TPA in the DH sector and implications
associated to it.

Grid-bound utility markets require a certain level of regulation,
while opening such markets for third parties adds additional regulatory
requirements. In our analysis, we will identify the areas that need to be
regulated under different TPA regimes. Here, the focus is laid on the
grid, mainly regulating the access to and use of the DH infrastructure.
For different areas (e.g. allocation of costs to maintain and upgrade the
infrastructure and for balancing and providing back-up capacities) we
will discuss regulatory challenges and different options how these areas
could be regulated.

As regards the implications of opening DH markets for third parties,
we will focus on the question whether TPA seems to be an appropriate
concept for transforming the DH sector towards more renewables (as
well as waste heat). In this context, we will identify additional and/or
alternative policy interventions that also aim at strengthening the role
of renewables and waste heat. Here, we will extend the discussion on
instruments that more broadly aim at transforming existing DH systems
towards smart 4th generation DH systems.
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Fig. 5. District heating market definition.
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4. Competition and market boundaries of the heat market

With its proposal for the new Renewable Energy Directive the
European Commission aims at opening the DH sector for third parties
(European Commission, 2016b). Although this is mainly motivated by
supporting renewables and waste heat, TPA is also linked to competi-
tion policy and regulation. This is rather similar to other grid-bound
sectors such as electricity, gas, and telecommunication. Elements and
interventions with regard to competition policy apply to sectors whose
structural conditions generally allow for competition but market func-
tions are not working. Regulations, on the other hand, are required for
sectors in which structural conditions are not compatible with compe-
titive markets and only natural monopolies can operate (Motta, 2004).
If DH as a whole or parts of the DH supply chain are considered as a
natural monopoly, regulations, for instance on end consumer prices, are
required in order to reduce welfare losses, whereas TPA is an element of
competition policy.

Fig. 5 depicts different concepts of DH markets from a regulatory
point of view. The grey shaded area defines DH production, grid op-
eration, and supply as integrated infrastructure operated by vertically
integrated suppliers.

e The dashed rectangle defines a market where only the grid is re-
garded as natural monopoly with potential competition on the
market for heat generation and supply to the customer (as princi-
pally introduced in Poland).

The dotted rectangle defines a market where grid operation and
supply are held by the same company, while there is competition on
the market for heat generation (as implemented in the Baltic States).
The dot-dashed rectangle reflects the concept of a heating system
market in which DH supply is competing with other heat supply
technologies.

The respective market definition determines whether there is a
justification or even a need for enforcing TPA or market regulations. In
any case, the relationship between different market definitions and TPA

concepts (as described in section 5) should be subject to further re-
search.

Wissner (2014) concludes that a DH grid must be regarded as a non-
contestable natural monopoly. A second grid operator in the same area
would not lead to a reduction of distribution costs due to the fixed costs
of the grid infrastructure and the minimum connection density that is
required to achieve an economic operation. In addition, the costs for
constructing a grid are sunk costs, thus, an essential barrier to the
market entry of new competitors. As a consequence, price regulation is
necessary.

While the grid can be regarded as natural monopoly, this does not
automatically apply to the other elements of the supply chain, e.g. the
production side. A second competitor does not face high sunk costs.
While technical restrictions, especially for smaller grids, might inhibit
an economic operation of more than one production unit, a competitive
heat production market is generally possible in larger networks.

Considering that DH production and supply is not a natural mono-
poly, the main question is whether market functions are working
properly to ensure competition. If DH supply is considered to be the
relevant product market (dashed rectangle in Fig. 5), competition be-
tween different DH producers and suppliers needs to be enforced by the
development of sound framework conditions for TPA.

The main argument against the need for more competition within a
DH sector is that DH belongs to a heating system market (dot-dashed
rectangle in Fig. 5) in which it competes against other decentralised
heat supply options such as gas and oil boilers or heat pumps (Wissner,
2014; Lukosevicius and Werring, 2011). However, this argument can be
thoroughly challenged for several reasons, which include financial
constraints, constraints in the rental sector, and in the case of joint
ownership, as well as multiple infrastructure ownership.

4.1. High upfront costs as financial constraint
The existence of a heating system market is only feasible if all

consumers have the possibility to switch their heat supplier without
major financial constraints and other market barriers. In theory this
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leads to competitive pricing of the heat delivery. Contrary to gas mar-
kets, where consumers can easily switch between different suppliers,
switching from DH requires a replacement of the heat generation
system, e.g. by replacing the DH substation with a gas boiler. Thus, the
required investment for the new heating system might represent a
significant financial constraint. In a functioning heating system market
these financial barriers would be addressed by other market actors such
as energy supply contractors that offer the installation and operation of
decentralised heating technologies (Wissner, 2014). Other possibilities
are leasing contracts for heating systems. However, energy supply
contracting is not available in every European region and/or for each
customer.

With regard to this question, one must bear in mind that building
owners and consumers are a very heterogeneous group. This hetero-
geneity also has a large influence on the dynamics in the heating market
and in particular on which heating systems are preferred. However, this
aspect is not in the scope of this paper and is left for further research.

4.2. Constraints in the rental sector and in the case of joint ownership

Moreover, the definition of a heating system market as the relevant
market boundary is not convincing since DH consumers are often not
entitled to take decisions about the heating system. Only in owner-oc-
cupied single family buildings heat customers have full control over the
decision about their heating system, whereas heat customers in rented
buildings cannot replace their heat generation system since it is owned
by their landlord. In such cases, the heat consumer is depending on the
decision of the landlord. In multi-family buildings with joint ownership,
often even a three quarter majority decision among all owners is re-
quired to change the heating system (Heiskanen et al., 2012). More-
over, in many buildings, especially in the case of self-contained central
heating, a supply contract is usually concluded between a supplier and
the resident of the apartment. While tenants are allowed to switch their
gas, electricity or heating oil supplier, switching from DH to another
energy source is not possible.

All these constraints are even more relevant since DH networks are
usually built in areas with high heat demand density. High heat demand
density is often given in areas dominated by multi-story residential
buildings with either tenants or joint owners as heat customers which
are, as shown above, heavily constrained in switching between different
heating systems. For instance, in Germany about 81% of all residential
DH customers live in rented dwellings, in which they may not decide
about the change to another heating system (Destatis, 2014).

4.3. Multiple infrastructure ownership

Covering over 50% of the total final energy demand for space
heating and hot water, decentralised gas boilers are the most common
heat generation technology in the EU-28 (Fleiter et al., 2016). Very
often, the installation of a gas boiler turns out to be the most cost-
effective alternative to DH. In many regions municipal utilities operate
both infrastructures — DH and local gas networks. In such cases com-
petition between gas and DH markets is rather limited since the DH
network operator decides whether access to a competing technology is
granted.

Similar limitations can be expected if electricity for heating (e.g. by
using heat pumps) is considered to be part of a heating system market.
In a given city or region, utilities operating DH networks are often the
same companies that operate the electricity distribution system. Thus,
they can place a ban on the installation of a heat pump (e.g. on the
grounds of constrained electrical networks). And they can influence a
heat pump's profitability by limiting the availability of a low heat pump
electricity tariff to regions where DH is not available. This limitation
could be implemented by claiming regular (instead of lower) network
charges for all power-to-heat applications in those areas where DH
competes with these options.

Energy Policy 132 (2019) 881-892

If one considers the limitations on consumer choices, switching
costs, as well as the multiple infrastructure ownership, a heating system
market is not an appropriate market boundary for DH. Apart from the
markets for different energy sources (DH, gas, electricity, non-grid
based energy sources), other markets also have a relevant impact on the
heating system choice. This includes the technology market for heating
systems, the buildings’ retrofit market, as well as the housing market.
They all determine the availability of different heat supply options for
consumers and their economic efficiency. Consequently, the heat sector
can be described by multiple supply markets including the DH market
instead of a pure heating system market.

Our analysis shows that a heat market concept that is defined by
competition between different heating systems (heating system market)
is not a valid argument against the necessity of TPA enforcement. The
level of competition and market boundaries in the heat markets rather
suggest that DH needs to be considered as a heat market by itself.
Therefore, consumer rights need to be addressed by either enforcing
competition (e.g. through the introduction of TPA) or by other means,
e.g. legislations regulating the ownership structure and profit margins.
In any case and besides the correct market definition, the complexity of
the heat market makes a case for a minimum regulation standard which
includes DH as well as other energy types.

5. Design features for third party access (TPA)

Up to now, there has only been limited scientific literature on third
party access to DH grids. Two main sources are Korhonen (2014) and
Soderholm and Warell (2011). Both introduce certain terminologies
and generic definitions of TPA concepts.

Korhonen (2014) describes the following concepts:

(1) Network Access Model: Producers have access to heat networks
provided that they supply heat to their own end-customers, which
could be new customers or existing customers of the — previously —
vertically integrated grid operator. Although Korhonen (2014) in-
dicates that this is currently possible under Polish law, “it is other-
wise practically never implemented due to its complexity”.

(2) For the Single Buyer Model, Korhonen (2014) distinguishes be-
tween three different approaches. These are:

a) negotiated voluntary network access under which “the DH op-
erator and supplier” (requesting grid access) “determine, on a vo-
luntary basis, how to set up the heat dispatch order to the DH net-
work”. Thus, this is typically applied in DH systems that
integrate excess heat from industry or from CHP, in case that the
access heat is not owned by the DH incumbent company.
negotiated mandatory network access with a clear obligation to
grid operators to enable grid access. However, the (technical and
economic) conditions for grid access still need to be negotiated
between the grid operator and the third party requesting grid
access. According to Korhonen (2014), typical examples for ne-
gotiated “mandatory” network access include mandatory rules
for establishing regular competition (tendering), e.g. monthly
auctioning in Lithuania or mandatory rules for network access
for preferred heat sources (e.g. tendering for new capacity in
Estonia).

c) fully regulated network access, where the regulator determines
ex ante access provisions for grid access. Here, the network
operator is obliged to provide access to the network if these
conditions are met by the heat producer requesting grid access.
Regarding unbundling, Korhonen (2014) argues that “in this
model, it is usually important, or necessary, to unbundle the DH
networks and production.”

b

=

While for the single buyer model Korhonen (2014) distinguishes
between different approaches as to how grid access of a third party
(producer) is regulated he does not say anything about how supply to
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customers is organised. The distinction between the Network Access
Model and the Single Buyer Model, however, implies that under the
Single Buyer approach it is the single buyer who is finally supplying DH
to customers regardless of whether third party DH production is in-
volved or not.

Soderholm and Warell (2011) distinguish between systems called
“regulated TPA” and “negotiated TPA”. Whereas “negotiated TPA implies
that the district heating network owners are required to negotiate about
access to the network with the producers of heat”, regulated TPA refers to a
regime “where the network owner has a legal obligation to allow access to
the network” while the conditions for access to the network are nego-
tiated between the network operator and the third party in advance
(Soderholm and Warell, 2011). In both cases, customers have the right
to choose their own supplier. In the terminology of Korhonen (2014),
both systems could be classified as Network Access Models. Moreover,
Soderholm and Warell (2011) describe single buyer models and a
system called “extended producer market”. The latter is a certain form
of a single buyer model, extended by high transparency rules for all
market actors. The idea of this model is that due to clear unbundling
rules and high transparency requirements regulation efforts can be re-
duced.

At first glance, it seems logical to associate negotiated TPA with DH
systems that operate under free market conditions while state inter-
vention is minimal (e.g. Sweden, Finland, Austria and Germany).
Regulated TPA appears to be suitable for DH regimes that are subject to
tight regulation and state control (e.g. Denmark, Eastern European
Member States). However, whether such assignment really makes
sense, needs to be analysed in depth.

While we find the discussion of the concepts in above mentioned
sources extremely valuable, we also see a risk for misunderstanding the
chosen terminologies and classifications. In particular, we would like to
draw attention to the fact that there are several design features which
can be chosen and combined in multiple ways, opening up a large
variety of options how TPA could be designed. Fig. 6 shows the dif-
ferent design features which we consider most relevant. They are
structured along the supply chain from heat generation to the DH grid
to the retail market. Whereas the design features listed in the second
column can be clearly assigned to certain parts of the supply chain, the
cross-cutting aspects listed in the third column have implications on all
steps of the supply chain.

Energy Policy 132 (2019) 881-892

On the retail market, the first design option is whether consumers
should have the possibility to choose between different DH suppliers,
i.e. whether there is an open retail market with competing heat sup-
pliers or not. Although this may be considered as a crucial design op-
tion, we would like to emphasize that TPA is also possible if it is im-
plemented on the production side only, without opening the retail
market. Thus, one of the fundamental questions is to which extent
consumers’ freedom of choice should be put at the core of a TPA ap-
proach, or whether the intention lies more on the heat production side
to ensure economic (and renewable) supply of heat to the grid. The
question whether the retail market should be opened also needs to be
discussed in view of the wide range of system sizes in the DH sector.
While competition on the retail level might be an option for rather large
DH systems, it should be thoroughly evaluated above which minimum
regional system scale opening of the retail level might be beneficial. We
are not aware of any previous scientific work to identify such thresh-
olds. One of the crucial criteria is the attractiveness of the number and/
or size of customers to be supplied by an alternative DH supplier (or
even several alternative DH suppliers). However, a detailed analysis of
this question is not within the scope of this paper.

The second design option refers to the question of end-user price
regulation. The neo-classical argument is that under a properly working
retail market no price regulation is required. However, the question is
to what extent there is really sufficient competition — even in an open
retail market and taking into account the market boundaries and con-
straints as discussed in section 4. And of course, the question also de-
pends on whether the heating policy in a municipality foresees zoning
of DH priority areas. In such a case, as e.g. implemented in some
Scandinavian and Baltic regions, competition might be restricted since
building owners do not have the right to disconnect from the DH
system.

On the production side, a crucial design feature is whether there is
an open producer market or whether producers supply their own cus-
tomers. The latter case is covered by an open retail market on the
supply side as described above. However, if there is no open retail
market, the producer market can still be opened (Producer TPA). In
such a case, rules are required to determine the conditions under which
the grid operator or single supplier has to purchase heat produced by
third parties.

The next TPA design feature is whether there should be mandatory

suppliers yes/no

Open producer market
(Producer- TPA) yes/no

Voluntary vs mandatory
right to grid access

Negotiated vs regulated

grid access
Regulated grid charges Tr?nsparency al?out
prices, transactions,
yes/no
system costs yes/no

Open retail market with
several competing

Price regulation yes/no

Regulator yes/no

Unbundling obligation:
No unbundling vs
partial unbundling
(e.g. production -
grid/retail)

vs full unbundling

Zoning/DH priority
areas yes/no

Fig. 6. Design features of third party access to DH.
Source: Own depiction.
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or voluntary grid access. Voluntary grid access is occurring in many DH
grids by integrating industrial excess heat. However, if TPA is aimed at
opening DH systems beyond the limitations of voluntary agreements,
introducing mandatory grid access is needed. Under mandatory grid
access, grid operators would be obliged to grant grid access if certain
minimum requirements are met. In the case of mandatory grid access, it
could be left to the market actors involved to negotiate the specific grid
access conditions (negotiated grid access), or grid access could be
regulated (regulated grid access). In the case of negotiated grid access,
unbundling is required to a certain extent in order to avoid a vertically
integrated DH company misusing its predominant role and negotiation
power. If regulated grid access is applied, the regulatory authority de-
fines ex-ante grid conditions. If these conditions are met by a heat
producer, grid access must be granted.

Regulating grid access also involves the question of how to de-
termine the level of grid fees in a fair and non-discriminatory way.
Here, different aspects need to be taken into account. This includes the
contribution of a heat producer or consumer in stabilizing or destabi-
lizing the DH grid as well as in increasing or decreasing supply and
return temperature. Both can have a positive or negative impact on the
overall efficiency of a DH grid. It is obvious that the effectiveness of this
policy design feature also depends on the unbundling obligations within
the whole DH system.

Four design features can be regarded as cross-cutting issues, which
can have an impact on all levels of the DH supply chain and thus the
effectiveness of TPA regulations:

@ Firstly, the extent to which the DH system is regulated and whether
or which of the regulatory tasks have been transferred to an (in-
dependent) regulatory authority.

@ Second, the question to which extent unbundling of the different
levels of the supply chain is required (no unbundling obligation vs.
partial unbundling, e.g. unbundling of production and grid opera-
tion/retail vs. full unbundling of all three levels of the supply chain).
As described above (e.g. in the case of negotiated vs. regulated grid
access), the depth of unbundling can have a considerable impact on
the effectiveness of a TPA regime.

@ Third, mandatory transparency regarding prices, heat generation
costs, number and amount of transactions etc. might be an essential
instrument to implement a properly working TPA. The key issue is
that a vertically integrated DH operator may have a substantial in-
formation advantage making it more difficult for new market en-
trants to join the market. Transparency rules are expected to im-
prove this situation.

@ Fourth, the design feature of zoning and identifying DH priority
areas in which consumers are obliged to connect to DH under cer-
tain conditions (forced connection) is crucial for setting other design
features. DH priority areas may strongly contribute to lower heat
supply costs due to higher connection rates and thus higher utili-
zation of the infrastructure. This is the reason why some countries,
in particular in Scandinavia, have been implementing this idea
successfully in the past decades. However, it is obvious that zoning
is conflicting with consumers' free choice of a heating system. And in
several cases it turned out to be politically rather difficult to restrict
consumers' free choice. In any case, zoning or defining preferential
areas might have an impact on other design features. In particular,
price regulation might be required as competition on the retail level
might be fundamentally limited.

Fig. 7 illustrates some of the key relationships and inter-
dependencies between the different TPA design features. However, in
reality the process of designing a regulatory scheme will never follow
such a linear logic. The numerous interdependencies have to be as-
sessed in an iterative process. The box at the bottom of the figure also
highlights that there are several aspects to be considered in different
types of regulatory regimes. This is the close link between price
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regulation and zoning as well as the close interlinkage of transparency
rules, regulation efforts, and potential unbundling obligations. One of
the conclusions that can be drawn from Fig. 7 is that some combina-
tions of TPA design features are not recommendable. For example,
mandatory negotiated grid access without unbundling will not work
properly due to the market power of vertically integrated companies.

6. Regulatory requirements

The original Commission's proposal to introduce TPA provided that
Member States should lay down necessary measures to ensure non-
discriminatory access to DH for renewables and waste heat. This im-
plies a mandatory approach to be taken, backed by appropriate reg-
ulation. Many of the aspects around TPA discussed in the previous
sections translate into the question of how to best regulate the re-
spective issue. The adaptation of the regulatory framework is challen-
ging since opening DH systems for TPA will increase the complexity of
the regulatory regime. If, by TPA, more parties get involved additional
regulation is required to ensure fair and non-discriminatory market
conditions for all system participants. But how much regulation is
needed, and which system functionalities need further rules when
opening a DH system?

The different areas that need to be regulated and the respective
regulation depth depend on the specific TPA concept that is introduced
(see above) and, of course, the design of the existing system. To a
certain extent, regulation might be required on all three levels, pro-
duction, distribution/grid, and supply/retail. For instance, if unbund-
ling is not foreseen, rules need to be implemented that hinder an in-
cumbent integrated grid operator to be too restrictive when
independent heat producers apply for grid access. If the retail market is
not opened, a certain level of price control (ex-ante or ex-post) should
be in place to protect connected consumers against unjustified price
increases. In addition to the regulatory rules, it must be discussed how
best to enforce these rules. This is about the institutional set-up of
regulation. In countries that do not yet have a regulatory authority, the
introduction of TPA could call for a regulator. In countries that have a
regulatory authority for the heating market, but which has little com-
petences only, the role of the regulator might need to be strengthened.

While the production as well as the retail level need regulatory
oversight, the regulatory focus lies on the access to and use of the DH
infrastructure. Third party use of a DH infrastructure faces the over-
arching challenge of determining fair and non-discriminatory grid
charges. This topic, however, goes beyond the scope of this article.
Specifically related to TPA, as a minimum, the following areas need to
be regulated:

@ defining technical parameters to ensure the reliable operation of the
infrastructure (grid code)

@ allocation of costs to maintain and upgrade the infrastructure

@ allocation of balancing costs, costs for back-up capacities including
allocation of benefits such as flexibility/inertia benefits of the grid

@ allocation of grid losses

@ allocation of sunk costs

6.1. Defining technical parameters to ensure the reliable operation of the
infrastructure

For TPA systems specific technical requirements for grid access and
usage of the grid need to be defined. While general pre-qualification
criteria might apply to all DH systems — these criteria could be set by
the regulator — the specific technical requirements are specific for each
DH system (e.g. depending on the layout of the infrastructure, tem-
perature level etc.) and also depend on the specific location of the heat
producer requesting grid access etc. Usually the technical requirements
are defined by the grid operator. However, integrated grid operators
might have an incentive to set up rather restrictive requirements in



V. Biirger, et al.

Energy Policy 132 (2019) 881-892

Open

retail
market

Producer
TPA

Mandatory grid access

Regulated vs
negotiated
grid access

Negotiated

Obligatory
unbundling
required

Regulated
grid
charges?

District heating zoning and priority areas
Price regulation

Strong regulation
and/or unbundling

Producer
TPA

No TPA regulation,
voluntary grid
access

Negotiated grid

Regulated access

required

Regulated
grid
charges?

Transparency
Regulation effort
Unbundling obligation

Fig. 7. Key relationships and interdependencies between different TPA design features.

Source: Own depiction.

order to increase the hurdle to get connected to the grid. TPA regulation
needs to ensure that the technical requirements for grid access are fair
and non-discriminatory (comparable to the technical connection con-
ditions for the connection of a consumer to a DH system). Independent
heat producers need to gain grid access on equivalent terms compared
to the production plants of the integrated grid operator.

6.2. Allocation of costs to maintain and upgrade the infrastructure

TPA might gradually transform the topology of a DH system, which
is rather centralised today, to a decentralised system with a variety of
different heating sources with different characteristics of being con-
nected to the grid. This change in the topology might require technical
adaptations to ensure the technical performance of the grid. If for ex-
ample a large waste heat producer, a large heat pump, or a large solar
collector field apply for grid access, the layout of the grid needs to be
adjusted to the new topology. It needs to be regulated which party will
be required to establish the grid connection, to make the respective
investment, and how to allocate these costs, e.g. whether such invest-
ments in the infrastructure have to be borne by the system participant
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who caused these costs (option 1). For instance, in Estonia, the operator
of the plant applying for grid access is charged with the costs of grid
connection (RES-Legal, 2019). As an alternative (option 2), these costs
could be equally distributed among all system participants via the grid
charges (Wissner, 2014). Option 1 can be justified by the cause-and-
effect relationship if one argues that the party has to cover the costs that
can be assigned to his activity. However, the existing infrastructure
might already be stretched to the limit by production plants that were
connected to the grid earlier. In such a case it would be the marginal
plant (applying for grid access) to cover all costs that also other parties
have caused. So it can be concluded that option 1 introduces a poten-
tially severe barrier to new market entrants.

6.3. Allocation of costs for balancing and backup capacities

Despite the fact that DH systems offer a certain storage capability,
and through that, flexibility between the load curves of supply and
demand, it needs to be ensured that production meets demand on the
required time scale. On the demand side for the load standard, load
profiles will be used for small scale consumption in private households
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and small businesses (similar to the electricity and gas sector). For large
consumers online load measurements will deliver the required data.
The aggregation of all load profiles on the consumption side including
the anticipated grid losses and the inertia/storage capability of the grid
determine the required load curve of all production units feeding the
DH system.

If parties other than a vertical integrated DH company use the grid,
matching load profiles becomes more challenging since additional
players need to be involved. Firstly, it is necessary to regulate who is
responsible for load matching. Usually, this will be the grid operator,
who needs to have access to balancing heat capacities (e.g. via own or
contracted heat generators). Secondly, it is necessary to regulate who is
responsible for providing backup capacity. Backup capacity is required
for managing the risk that a production plant suddenly fails, for in-
stance due to technical problems. Moreover, backup or reserve capacity
might be required if weather conditions do not ensure sufficient heat
generation by renewables (e.g. in the case of solar thermal heat). So far,
in all DH systems with an open production market (Producer TPA) both
system services are provided by the system operator.

For both system services it is necessary to regulate how the corre-
sponding costs are distributed among the system participants. Costs that
unambiguously can be assigned to one participant will need to be borne
by this party. All other cost items, e.g. for providing balancing heat that
cannot be clearly assigned to any actor, might be integrated in the grid
charges. Under such a concept all system participants benefit from the
flexibility/inertia benefits of the grid (mainly the heat storage cap-
ability of the grid).

6.4. Allocation of grid losses

Swedish DH systems are reported to have average grid losses as high
as 12% (Vesterlund et al., 2013). The larger Austrian DH systems
analysed by Bohmer and Gossl (2009) have distribution losses in the
range of 7%-20%. According to Larsen (2002), heat losses in a DH
network should be in the range of 10%. Regarding network losses, the
position of the feed-in point within the DH grid topology can have a
considerable impact. Costs associated to grid losses must be allocated
among all system participants in a fair and transparent way, preferably
via the network charges.

6.5. Allocation of sunk costs

If TPA stimulates many new heat producers (e.g. renewable heat
producers) to access a DH system and if increasing demand within the
DH scheme does not compensate for the additional production, existing
(e.g. non-renewable) heat producers (e.g. operated by the integrated
DH system operator) will be replaced by the new entrants. In extreme
cases, this can lead to the bankruptcy of the DH company, whose
generation unit is affected. This raises the question of whether there
will still be sufficient generation capacity at all. In any event, capacity
that is forced out of the market might lead to stranded investments if
the replaced capacities was not fully amortised by then. Accordingly,
the question arises of how to allocate the respective costs. Should the
sunk costs solely be borne by the heat producer that was driven out of
the market? Or should the sunk costs at least partly be allocated to the
heat producer that caused these costs? The latter case leads to the
question how to determine these costs in a transparent and fair way.

Most of the cost components described in the previous sections are
generally integrated into the grid charges. This also applies to the costs
resulting from grid losses that have to be distributed among the DH
participants. TPA regulation must ensure that grid charges are fixed in a
transparent, fair, and non-discriminatory way.
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6.6. Impact on the uptake of renewable energy, waste heat and other climate
mitigation contributions

Opening the DH sector for third parties increases the level of re-
quired regulation, especially, if unbundling was not implemented. This
provokes the question whether the introduction of more complexity is
justified by the anticipated benefits associated with TPA. In other
words, TPA is not a value per se. Pros and cons, potential benefits and
disadvantages need to be thoroughly evaluated. In theory, TPA can
have an impact on many areas, including competition (production and
retail), costs as well as the technology, and fuel mix of a DH system. In
the following section, we will discuss TPA with regard to its potential
impact on transforming the DH sector towards the 4th generation
concept.

Isolated TPA, e.g. as foreseen in the original Commission's proposal
of the new RED, mainly addresses a competition issue. If grids are
opened to third parties without specific rules supporting renewables or
waste heat, this mainly aims at strengthening competition on the pro-
duction and supply side of the DH sector. However, there is no evidence
that the lack of competition is one of the key barriers against the uptake
of renewables or waste heat in the DH sector. So, TPA alone might not
be sufficient for boosting renewables or waste heat, especially given the
local scale of DH systems. Using the measure to support competition
and trigger the uptake of renewables and waste heat at the same time
would also go against the so-called Tinbergen rule, which is one of the
key rules in policy science. Simply stated, the rule lays down that for
every independent policy target there must be at least one com-
plementary independent enabling policy instrument. If there are fewer
instruments than targets, then some policy goals will not be achieved
(Tinbergen, 1952; Turner, 1993). As the main purpose of TPA is to
strengthen competition, additional/alternative policy instruments are
required to boost renewables. Such policy instruments include

@ an obligation for (integrated) DH suppliers to gradually increase the
share of renewables or waste heat in their supply portfolio (quota,
e.g. Seefeldt et al., 2011), and to ensure a minimum renewables
share if a certain trigger is met, such as falling below a certain
minimum efficiency level or exceeding a certain primary energy
factor (Paar et al., 2013),

@ an obligation to gradually reduce the primary energy factor or the
GHG emission factor of a DH system,

@ preferential TPA for renewables or waste heat combined with an
obligation for (integrated) DH suppliers to purchase this “pre-
ferential” heat fed into the system at a fixed minimum price (similar
to a feed in system), e.g. Veum et al. (2016),

@ the introduction of mandatory tendering rules for renewables and/
or waste heat when new capacity is required (e.g. to meet demand
from new customers, to replace existing heat generation capacities),

@ specific financial programmes to support renewables installations
and/or industrial waste heat to be connected to a DH system (e.g.
solar collector fields, large heat pumps), and to support the in-
stallation of new DH systems mainly fed by renewables.

It becomes quite obvious that TPA is not a key prerequisite when
implementing most of these instruments. An alternative to directly
supporting renewables or waste heat are measures that have an impact
on the use of fossil fuels. Typical candidates of this type of measure are
energy and carbon taxes, which are imposed on coal, natural gas, and
oil. Energy and carbon taxes on fossil fuels increase the price of fossil
fuel input and thus incentivise the use of renewables and waste heat,
which are not subject to the tax.

The main purpose of integrating renewables and waste heat into DH
systems is to decrease the CO, emissions of the heat supply. However,
apart from the share of renewable or waste heat, there are a couple of
other measures that contribute to the same target to gradually dec-
arbonize the whole heating sector. On the one hand, this includes
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measures that are necessary to facilitate the integration of renewables
and waste heat in the infrastructure. On the other hand there are
measures that aim at the transformation of existing DH systems towards
so-called 4th generation DH systems which become an integrated part
of a smart integrated energy system (Lund et al., 2014). Measures to
support both targets include activities to

@ gradually reduce the temperature level in existing DH systems
(transformation to LowEx grids), e.g. by implementing thermal en-
ergy cascades such as connecting low temperature customers to the
return flow of a high-temperature DH system (e.g. Kofinger et al.,
2017), and by reducing the temperature requirements at the de-
mand side (see next point). Lowering the system's temperature in-
creases the efficiency of low temperature heat sources from e.g.
solar thermal or heat pumps (for heat pumps see e.g. DECC, 2016)
and improves the potential for excess heat recovery of e.g. CHP
plants (Ramé and Sipild, 2017),

@ lower the temperature level of the heating distribution systems in
existing buildings, e.g. by replacing critical radiators (e.g.
@Ostergaard and Svendsen, 2016), by installing floor and wall
heating systems and by installing ventilation based heating, as well
as the temperature level of the domestic hot water system,

@ decoupling high temperature customers (e.g. industrial high tem-
perature heat demand) from the system,

@ lower grid losses by e.g. reducing grid temperatures, enhancing pipe
insulation, improving control and introducing continuous mon-
itoring of the system performance,

@ strengthen the connection of the DH sector to the overarching en-
ergy system (mainly the electricity sector) by installing (seasonal)
heat storage capacity, electric heat generation, DSM measures at the
consumption side etc.

7. Conclusions and policy implications

The analysis of four key countries, covering more than 50% of the
European DH sector, shows that today a considerable share of the sector
is hold by vertically integrated, profit-oriented companies. While DH
grids can be regarded as natural monopolies, competition could be in-
troduced at the production and supply end of the DH sector. Given the
different regional scales of existing DH systems, introducing competi-
tion on the production and retail level might be worth consideration at
least for large scale systems (e.g. systems with a thermal capacity larger
than 100 MW, a minimum network length of 50 km supplying more
than 25000 customers), and if customer rights are not guaranteed by
other means, e.g. the institutional settings and ownership structure. A
precondition for opening the DH market to competition is allowing
third parties to use the grid infrastructure. Introducing TPA could be
designed by a large variety of different options including voluntary
and/or mandatory elements (e.g. voluntary or mandatory, negotiated
or regulated grid access).

Pros and cons of different TPA concepts respectively certain design
features strongly depend on the specific policy targets. If the policy
target is to increase consumers’ freedom of choice, the opening of the
retail market would be essential. If policy is aiming at ensuring low
consumer prices, producer TPA might be an appropriate measure.
Finally, the degree of regulation (and associated costs) that policy-
makers are willing to accept is also crucial for the decision whether
mandatory and negotiated vs. regulated grid access should be im-
plemented. While we discuss different TPA design features, further re-
search should be dedicated to analysing the specific impact of these
concepts in the context of different DH regimes, and in light of different
policy targets.

In order to ensure fair and non-discriminatory market conditions,
opening a natural monopoly needs to be adequately regulated. Given
the physical and technical specifications of DH, TPA will add com-
plexity to the regulatory regime, especially if unbundling is not
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implemented. For that reason TPA is only justified if there is an in-
dication that the expected benefits will outweigh the impact of a
growing level of complexity.

What are the expected benefits of TPA? In theory TPA could have a
positive impact in many policy fields including competition, energy
prices, greenhouse gas mitigation. The European Commission proposed
the introduction of TPA in order to provide incentives for an enhanced
use of renewables and waste heat in DH systems. However, while
strengthening competition seems to be the primary impact of TPA, the
impact on renewables and waste heat penetration might be rather
limited. This particularly holds true if TPA is not combined with ef-
fective additional measures specifically supporting renewables and/or
waste heat. Further research should be dedicated to the question how
the policy mix should be designed as to effectively incentivise the
transformation of existing DH regimes towards 4th generation, taking
into account the heterogeneous framework conditions for DH in the
different Member States.

Our paper contributes to the current discussion and scientific lit-
erature by putting the different concepts of TPA in the context of the
European DH sector. Various questions remain for further research, in
particular regarding the effectiveness and economic efficiency of TPA in
view of different framework conditions. There is also a need for further
research with regard to the question of how the heating market should
appropriately be defined and to the relationship between different
market definitions and TPA concepts. We also believe that a better
understanding of the socioeconomic, institutional, legal, and political
characteristics — in other words, the non-technical factors — of DH
contributes to an improved regulatory policy framework for a future-
proof, decarbonised, and smart DH sector.
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