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a b s t r a c t

Temperature reduction plays a key-role in increasing the energy efficiency of existing European district
heating (DH) systems and, most important, in allowing a higher and more cost-efficient integration of
sustainable low-temperature sources. However, technical, economical and legal barriers hamper the
necessary investments. Purpose of this study is the elaboration of business models encouraging a sub-
stantial temperature reduction in existing DH systems and enabling the transition towards the 4GDH.
Particular focus is paid on solutions incentivizing the deep implementation of measures on the demand
side to reduce the network return temperatures. The information collected through the review of in-
ternational success stories and through interviews with stakeholders is used to derive recommendations
for business models and propose new ideas for Austrian DH utilities, though the replicability in other
countries is not excluded. The elaborated solutions are intended to overcome the main barriers acting in
synergy on three levels: 1) customers’ engagement in fault detection and in temperature reduction; 2)
financing of fault detection and optimization measures through strategic partnerships and crowdfunding
platforms; 3) Energy Saving Contracting, especially (but not only) to solve the split incentive issue in
rental homes.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

About 6000 district heating (DH) systems exist currently in
Europe [1], in overall covering about 9% of the European heat de-
mand [2]. The potential for growth is then still significantly high,
especially in consideration of research results [3e5] indicating DH
as an important component of future smart energy systems.
However, these studies assume DH operating at temperatures
significantly lower than the largest majority of the existing systems
[6]. As highlighted in Ref. [7], a temperature reduction is then
essential to integrate DH in future smart energy systems and pro-
mote the transition towards the 4th generation (4GDH, defined in
Ref. [4]). Basically, as reported in Ref. [8], the benefits of lower
temperatures are:

� Higher efficiencies in the heat distribution (current networks
are affected by rather high thermal losses, typically 8e15% in
r Ltd. This is an open access articl
municipal systems and increasing up to 35% in low-density
areas)

� Higher efficiencies in the power generation from steam-based
CHP units

� New opportunities to diversify the heat generation portfolio,
since locally available low-temperature sources (e.g. waste heat,
solar thermal, geothermal, flue-gas condensation) can be inte-
grated in a more cost-efficient way

� Increased capacities in water-based heat storages

These advantages are expected to significantly increase the
environmental sustainability as well as the profitability and
competitiveness of European DH, which is currently dealing with
important market challenges [9e12].

The main technical barriers to lower network temperatures
typically lie on the secondary side [8,13]. In fact:

� The supply temperature must satisfy the requirements of the
building heating systems

� The cooling of the primary-sidewater in the substations is in the
power of the users, so that the network operator has no possi-
bility to act on that without the user collaboration
e under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 1
Common barriers to lower system temperatures.

Barrier Description

Technical Building installations are not conceived for low temperatures
Faults on secondary side increase the return temperature
DH utilities lack of monitoring data for efficient fault detection
methods

Economic Low availability of resources to optimize the DH system
Social Higher heat prices to finance system optimization reduce public

acceptance of DH
Legal Landlords are not allowed to charge optimization expenses on

tenants
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Typical measures to allow a colder supply consist in refurbishing
the building installations, e.g. by placing larger or additional radi-
ators [14e16], by switching to floor-heating, by using instantaneous
heat exchangers for domestic hot-water preparation [17e19] or
booster heat pumps [20e22]. However, if not all of the connected
buildings are apt to receive water at lower temperature, the
network supply temperature cannot be reduced.

On the contrary, any user improving the performance of his
substation can give his own contribute in lowering the network
return temperature. Improving the substation performances is
particularly important as high return temperatures, besides
increasing the thermal losses of the return line, force the system to
operate at higher flow rates or higher supply temperatures to
satisfy the same heat demand. Then, lower return temperatures not
only improve the network efficiency but also unlock flexibility.

However, the identification of poorly-performing substations is
unfortunately difficult. In fact, network operators often lack of the
necessary monitoring data and of the necessary resources to su-
pervise all the customer substations. Furthermore, several faults
leading to high return temperatures do not actually affect the
thermal comfort. Thus, customers are often unaware of them. To
address this issues, research has paid particular effort in the last
fifteen years to develop efficient methods and algorithms for fault
detection and diagnosis [23e30].

Contemporarily, several European DH operators have started
elaborating new ways to engage the customers in lowering the
return temperatures. These ways consider new forms of relation-
ships and new tariff structures aimed at incentivizing network-
friendly behaviors. For example, DH operators have included in
their business models motivation tariffs, periodical audits at the
building installations, tailored contracts, counselling services,
training of installers [9,27,31e36].

This study bases on the experience of those companies, on
additional literature research, and on stakeholder interviews. The
purpose is to elaborate innovative business models encouraging a
substantial temperature reduction in existing DH systems. Partic-
ular focus is paid on solutions incentivizing the deep imple-
mentation of measures on the secondary side to reduce the return
temperatures. As highlighted in Ref. [7], there is a high level of
understanding of how to deal with the technical aspects of the
transition towards 4GDH, while “the primary current challenge
seems to be the understanding of the implementation”. To enable
the transition, a shift in paradigm and ownership as well as in-
centives are needed [37]. This study intends to contribute in that
direction. The information collected through the review of inter-
national success stories and through the interviews are used to
derive recommendations for business models and propose new
ideas for Austrian DH utilities, though the replicability in other
countries is not excluded.

2. Austrian DH and research approach

Today, about 600 DH companies of different sizes exist in
Austria, ranging fromWien Energie GmbH, with 5868 GWh supply
in 2018 [38], to small operators of rural networks. These companies
manage one ormore DH networks each, supplying in overall almost
20 TWh/a (data of 2018 from Ref. [39]) and providing with heat 26%
of Austrian households [40]. The heat generation bases 60% on CHP
units and 40% on heat-only boilers. The sources are mainly biofuels
(47%) and gas (36%), followed bymunicipal waste (7%), oil (5%), and
coal (5%) [40].

The total number of networks is about 2,400, for a total length of
about 5500 km [40]. The overall thermal losses result 3.6 TWh/a
corresponding to about 15% of the annual heat generation for DH
[39]. In the large majority of the networks, the winter supply
temperature is above 80 �C and the winter return temperature
between 60 and 70 �C [41]. Usually, the supply temperatures result
higher in larger networks, what the study [42] associates with two
possible reasons: first, larger networks are typically older than
smaller networks and have been conceived with different techno-
logical and operational standards; second, larger networks have
grown over the years, and to satisfy an increasing heat demand
have also had to increase the initial supply temperature.

As highlighted in Ref. [12], most of the Austrian DH utilities
currently deal with major market challenges. A significant tem-
perature reduction has then become an important target to in-
crease in competitiveness, besides to decarbonize the heat sector
and enable the transition towards the 4GDH. However, technical,
economical, social and legal barriers hamper the necessary in-
vestments. Table 1 gives an overview of the most important ones.
Intention of this study is to contribute in overcoming those barriers
by elaborating innovative business models for DH.

There is no universal definition of business model or of the way
to describe it [9]. In general, it is recognized that business models is
a composition of different pieces of a business. The nine-element
Business Model Canvas defined in Ref. [43] breaks down the
concept of business model into following interconnected elements:
key partnerships, key activities, key resources, value proposition,
customer relationships, channels, customer segments, cost struc-
ture, revenue streams.

An international overview of conventional and innovative
business models for DH is available in several publications (e.g.
Refs. [9,12,27,44e48]). This work integrates the available literature
with the study of international best-practice examples andwith the
results of stakeholder interviews. The outputs of these activities are
used to derive possible ideas for business models incentivizing the
implementation of measures to reduce the operating temperatures
(and in particular the return temperature) in existing DH systems.
3. International review of successful business models

3.1. Ownership structure

An essential component of a business is the ownership struc-
ture. As stated in Ref. [49], the DH industry started originally with a
typical public ownership. Then, with the liberalization of the en-
ergy markets, this ownership structure started changing signifi-
cantly. Today, even though the majority of DH business models
continue to have the involvement of the public sector, new types of
ownership structures exist [50]. In general, the new structures
seem to be more suited than the traditional ones to encourage the
transition towards low-carbon energy systems. In fact, according to
Ref. [46], “the traditional model is frequently characterized by
challenges related to inadequate maintenance, insufficient funds
for infrastructure development, poor planning and project selec-
tion, inefficient or ineffective delivery”. The ownership structure
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can be the key to success of a business model. Exemplary is the case
of Danish DH, which is internationally recognized for the efficiency
and the integration of high shares of renewables. Besides a favor-
able economic and regulatory framework [51], this is mainly due to
the fact that Danish DH is organized to a large extent in form of
community-owned cooperatives [46,52]. Such an organization of-
fers a series of advantages, including the democratic participation
of the users in the decisions of the utility, the prevention of any
abuse of power, and the fact that, rather thanmaximizing the profit,
purpose of the cooperative is minimizing the operating costs. The
cooperatives provide own funds for the investments, and the
profits (to which the law sets a maximum threshold) remainwithin
the community. Besides such community-owned cooperatives, a
variety of other cooperative forms exist in the DH sector and have
been proliferating also in other countries, especially in Germany, in
the last years [52,53]. In Austria, the ownership of DH utilities has
still a strong public involvement, though several companies have
been privatized in the last decades. Some forms of cooperatives also
exist, however on small scale.

3.2. Financing

Another important element of a business is the financing
scheme. Based on a review of financing schemes in the energy
sector, this study identifies following as the most relevant to Eu-
ropean DH: grants and subsidies, loans, on-bill financing, leasing,
crowdfunding.

Grants and subsidies can typically come from European funds
such as the EU Structural and Cohesion fund, other international or
national funds, and from city-level initiatives. Usually, grants and
subsidies do not have to be paid back.

Private or public loans have to be repaid at a specific date
regardless of the success of the project. Public loans can be more
advantageous, as they can have no or subsidized interest rate.

In on-bill financing, utilities with capital availability finance
optimization measures. The customers repay then via a surcharge
on the bill [54,55]. If the tariff scheme is appropriately structured or
if the optimization reduces also the heat demand, it is possible that
the bill, even with surcharge, results anyway lower than before the
optimization. This tool is reasonably suitable also for rental homes.

In the leasing, equipment is owned by a party and the user pays
periodically for that [54].

Leasing is usually possible only for small goods and, therefore, in
the heating sector it is manly applied to meters, controller, small
boilers and heat exchangers (e.g. Ref. [56]). The lessor is usually a
financial institution, a bank, or a technology provider aiming at
introducing new products on the market [57]. The lessee can be an
Energy Service Company (ESCO), a utility, or a building owner [54].
However, other options exist, e.g. when the lessor is an ESCO or a
DH company that leases equipment to its customers (e.g. Ref. [33]).
According to the information collected in the present research, the
last option has become quite common in Denmark.

Crowdfunding shares similar principles and characteristics with
the DH cooperatives [58]. In the energy sector, crowdfunding
started around 2012 and has been rapidly growing as alternative
finance system, reaching in 2017 over 300 million EUR of funding
volume worldwide. As of yet, the majority of crowdfunded energy
projects regard wind power and solar PV, and offers monetary
returns on investment in the range 4%e9%. According to the survey
[59], transparency, expected returns, and sustainability impact are
the most important factors determining the decision to invest in
energy crowdfunding in Europe. Crowdfunding in DH is not sig-
nificant yet. However, the study [58] considers it as a possible
answer to the current and future challenges thanks to following
points of force: it is an additional finance channel allowing faster
access to capital than other sources; it is attractive for citizens and
investors willing to support projects bringing social and environ-
mental benefits; crowdfunding platforms can be good communi-
cation and marketing tools increasing the public awareness on DH
benefits and preventing negative perceptions.

3.3. Role of authorities

Governments, local authorities and policymakers of uttermost
importance in the business of a DH company. They can support
efficiency improvementmeasures acting both on the legislative and
on the financial side. Policymakers can for instance emits energy
saving obligations, which oblige energy companies to realize en-
ergy savings [54,60] and can allow or forbid companies to charge
higher energy prices to the customers. Furthermore, they can
support or prescribe DH connections in new buildings and specify
legal requirements for heating installations. Regarding financing,
authorities can offer grants, subsidies, and loans with no or subsi-
dized interest rate. Additionally, municipalities can facilitate the
access to loans by offering loan guarantees, in which they promise
to repay the loan in case of project failure (e.g. in Denmark [61]).
Loan guarantees give more security to creditors and lower the loan
costs [46]. Moreover, authorities can develop and manage certifi-
cation systems, e.g. giving the possibility to certify buildings with
certain sustainability standards, for example including low-
temperature heating systems [54].

3.4. Analysis of successful business models

3.4.1. Actors’ conflict
A major hindrance to the optimization of DH systems is the

conflict between the person profiting from lower network tem-
peratures (i.e. the network operator) and the person in charge of
the investment (typically, the building owner). Indeed, as several
secondary-side faults leading to high return temperatures usually
do not affect the thermal comfort, the heat customers are often
unaware of them and have no motivation to spend money for their
detection or removal. For this reason, innovative business models
have tried to elaborate solutions to share the created value of lower
system temperatures in a way enabling a win-win situation. Last
years’ international experience shows that it is possible to reach
this target with a variety of solutions ranging between two opposite
extremes.

One way is to charge the investment (or part of them) on the
player profiting from the optimization. This happens when, in
agreement with the owner, the network operator pays himself
optimization measures on the secondary-side installations. In case
of lacking resources, the network operator can commission a
contractor (e.g. an ESCO) to implement the optimization; the
contractor receives then remuneration from the operator in rela-
tion to the energy savings achieved (Energy-Saving and Energy-
Performance Contracting [54]). This approach can be successful in
property as well as in rental homes.

The opposite way to incentivize customer-side optimization is
to transfer the benefit (or part of them) to the person responsible
for the investment. This happens when the network operator re-
duces the energy price or provides other kinds of benefits (e.g.
vouchers, awards, etc.) to the customers optimizing their plants. An
example of this kind of incentive is the motivation tariff (paragraph
3.4.3).

However, the latter mechanism can bring good results in
property homes, whilst the owners of rental homes have no stim-
ulation to invest, unless they are allowed to increase the rent after
the building optimization. In regard to this matter, regulation dif-
fers widely across Europe [54,62]. European countries with existing
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policies to address this split incentive issue are the Netherlands,
France, Germany, the UK, Italy, and Sweden. In Austria, a rent in-
crease is not allowed [63].

3.4.2. Best-practice examples
After reviewing the general ownership structures and financing

schemes, and after introducing the actors’ conflict, this research
analyzes more specifically the activities and the customer re-
lationships of DH utilities that in the last two decades have been
particularly successful in achieving important temperature re-
ductions or in maintaining low temperatures. The identified best-
practice examples, listed in decreasing order of size, are:

� Copenhagen (Denmark, 5400 GWh/a heat production), where
the operator has extensively invested in the last decades in or-
der to improve the technical, economical, and environmental
efficiency of the system and has put a significant effort in the
customer relations [35].

� Roskilde (Denmark, 385 GWh/a heat supply), where in 2003 the
network operator introduced a motivation tariff and started a
strict collaboration with the users to reduce the system tem-
peratures [32].

� Viborg (Denmark, 210 GWh/a heat supply), where the intro-
duction of a motivation tariff, smart meters, an extensive
communication, and the implementation of optimization mea-
sures allowed to reduce the average supply temperature from 80
to 66 �C and the average return temperature from 50 to 40 �C in
15 years (from 2002 to 2017) [33,34].

� Flachau (Austria, 30 GWh/a heat supply), with 381 connections
and where the DH utility awards with a certificate and
7500 kWh coupons the three customers that at the end of the
year result with the lowest flow per heat consumption. The
customers with the highest values of water flow are offered
audits and recommendations to optimize their installations.
Thanks to this motivation system and to the effort of the
network operator, the average return temperature decreased
from 61 to 47 �C in nine years (from 2008 to 2017) [64].

� Rise (Aeroe Island, Denmark, 2650 MWh/a heat supply), with
100% renewable heat generation (from solar collectors and
pellet boiler) and return temperature below 40 �C (30 �C in
winter) [36].
3.4.3. Motivation tariff
Network operators implement the motivation tariff in different

ways [9,27,36,65]. Table 2 gives a general overview on the moti-
vation tariffs identified in this work, including also the feed-in tariff
[54], since it represents a motivation for waste-heat suppliers. In
general, utilities can apply motivation tariffs for the entire year or
just for a part of the year, e.g. in the heating season. The flow
component considers in the heat price the amount of water passed
through the substation per consumed heat. The bonus and the
malus are typically calculated as percentage variations of the heat
Table 2
Motivation tariff models.

Motivation model Parameter Reference value

Flow component m3/MWh None (absolute value conside

Bonus-malus Tr or DT or m3/MWh Specified value or customers’

Discount for return-line heat MWh from return line None (absolute value conside
Feed-in tariff MWh None (absolute value conside
price (or of one of its components) according to the offset between
the measured key-parameter and the reference value. Key-
parameters can be the return temperature (Tr) [32,34], the cool-
ing through the substation DT [36], the water volume per supplied
heat [27]. The value considered for the calculation of the bonus or of
the malus is in most cases an average over the entire billing period
(ranging from onemonth to one year). The interviews performed in
this work have allowed to identify two small Austrian networks
with smart heat-meters with 12-s reading intervals. In general, the
reference value of the key-parameter can be a fixed value deter-
mined by the utility or the average value of all customer in-
stallations (e.g. in Goteborg [66]). In the latter case, the tariff
incentive has no impact on the overall income of the utility, as all
the resulting malus balance all the resulting bonus [65]. A partic-
ular bonus-malus system is the one adopted in the Austrian village
of Flachau (see 3.4.2), where there is no malus and the bonus is in
form of a coupon. The motivation for customers drawing heat from
the return line is for instance applied in the DH network of Kla-
genfurt [67]. Such a motivation model offers a discount for the heat
taken from the return line and is supposed to encourage customers
to install low-temperature systems (e.g. floor-heating, instanta-
neous domestic hot-water preparation).

From a general point of view, the motivation tariff can be
perceived as a tool not only to share part of the profit and to award
the customers with optimized installations, but also to impose a
higher heat price to the customers responsible of high return
temperatures. While, from the one side, it appears a way to fairly
distribute the operating costs, from the other side it is easy to figure
out that penalized customers may hardly accept some motivation
models. Aware of this risk, DH companies usually join the intro-
duction of a motivation tariff with extensive information cam-
paigns [32,34,35]. The campaigns can consist in informative notes
or brochures sent to the customers and/or available on the internet
or shared on social media, in audits at the customer installations, in
providing information on how to improve the performance of the
heating system and reduce the billing costs. To these activities
belong in some cases also the preparation and distribution of
videos for non-expert users and the training of installers. With the
purpose to prevent a wrong perception of the incentive tariff as an
additional taxation or an abuse of power, in these campaigns the
utilities underline that, on the contrary, it is part of a collective
effort to make the energy systems technically and economically
more efficient. With this target, the additional income from cus-
tomers with poorly-performing installation is intended to be
invested in optimization measures, which will return in lower costs
for all customers in a longer period. For instance, the operator in
Viborg used it, among others, to replace old pipes with new dual-
pipe systems, which allowed a significant reduction of the heat
losses. It is also to underline the success of the informative
campaign for the introduction of the motivation tariff in Roskilde:
here, ca. 70% of the customers were charged a malus, but just 1%
complained about that [32].
Applied to

red) All customers/only selected large customers/only customers with
poorly-performing installations (i.e. acting as a malus)

average All customers/only selected large customers/only customers with
poorly-performing installations (i.e. only malus)/only customers with
well-performing installations (i.e. only bonus)

red) Customers taking heat from the return line
red) Waste-heat suppliers



Table 3
Faulty components and relevant fault occurrences.

Faulty component Occurrence

Substation valve 24%
Substation control system 15%
Secondary-side distribution line 14%
Substation 12%
Domestic hot water system 12%
Space heating system 8%
Others (not specified) 15%
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3.4.4. Customer relations
As reported in Ref. [27] for Sweden, DH companies recognize

that a good and close customer relationship is in any case “the most
important factor to increase the customers’ willingness to
contribute to and work towards lower return temperatures”. A
good relationship comprehends, together with the aforesaid in-
formation campaigns, periodical surveys at the customer in-
stallations to verify the system performances. In case, the
technicians from the DH utilities can remove minor faults
completely free of charge and suggest or propose additional opti-
mization measures [27,32,34]. Such visits at all installations are
possible in small networks, while in large networks the DH oper-
ator has to focus on the most strategic customers. A way to
formalize this kind of relationship is to sign service agreements
with the customers [27]; such agreements can include carefree-
packages, periodic maintenance, leasing of equipment [33,35]. In
some cases, the service comprehends the installation of meters
with remote readings to facilitate the detection of substation faults
[35,64].

In addition to the direct customer services signed in such
agreements, some utilities support also a do-it-yourself approach
by providing the customers with useful instructions on how
detecting possible failures or faults, how correcting suboptimal
behaviors, how performing demand-side energy savings, how
reducing the billing costs. The information is in form of leaflets sent
to the customers or available on the internet, on social media, on
apps, or in form of YouTube videos. Some companies offer also the
possibility to communicate via chat or videotelephony. A further
service offered in Copenhagen is an online tool for green account-
ing, which gives to the single users the amount of CO2, SO2, NOx
emissions linked to their heat consumption.

4. Stakeholder engagement

4.1. DH operators

With the purpose to get a more accurate insight into the Aus-
trian DH, we have engaged network operators in oneworkshop and
in bilateral interviews with following questions:

1. What are typical reasons for high return temperatures in your
networks?

2. What effort is been necessary to correct those faults?
3. What fault detection methods do you use?
4. Do you have free access to the substations and the secondary

side?
5. Do you perform energy audits and technical counselling for

customers?
6. What tariff structure do you adopt?
7. How do you motivate customers in paying attention to the re-

turn temperature?
8. What financing tools do you have to improve the system

efficiency?
9. Do you give in contract any activity (e.g. energy supply, energy

saving) to ESCOs?

The engaged operators deal in overall with a large number
(~100) and variety of urban and rural networks, so that they can be
reasonably considered representative of a wide portion of Austrian
DH.

Regarding the questions 1 to 3, the operators have given infor-
mation on 113 faults they have detected in the last years. A detailed
analysis is available in Ref. [29]. Table 3 gives an overview of the
fault occurrences in the different components. The most frequently
affected components result the substation valve, the substation
controller, and the secondary-side distribution line (resulting hy-
draulic unbalanced). Summarized, the most frequent reasons for
poor water cooling in the substations are:

� Suboptimal secondary-side design and installation: undersized
substations or radiator surfaces, wrong connections (co-current
heat exchange, substation horizontally installed), presence of
bypasses, wrong valves, wrong placement of valves or sensors,
suboptimal concept for domestic hot water (e.g. inappropriate
pump or storage)

� Low-performing secondary-side operation: missing or inap-
propriate heating curve, missing or not tuned control, hydraulic
unbalances, inappropriate customer behavior (e.g. radiators
hidden behind furniture), heat-exchange hindrances (air or
scaling)

� Failures of valves, sensors, control

According to the utilities interviewed, 89% of the faults are
linked to suboptimal installations or wrong behavior on the
customer side, while just the remaining 11% are due to errors on the
network side. This fact confirms the importance and the validity of
an approach aimed at incentivizing customer-side measures. The
interviewed DH operators have also given a broad indication of the
investment effort for the necessary countermeasures in terms of
time, cost, and personnel involvement. The information shows that
76% of the countermeasures require a low effort, 17% a medium
effort, and just 7% a high one [29].

Typically, poorly-performing substations are detected through
the value of the water flow per delivered heat. High values indicate
a poor cooling of the primary water. Another method used by the
interviewed utilities is the one based on the over-consumption [8],
which, besides detecting the faulty substations, ranks them ac-
cording to their impact on the whole system [25]. However, in both
methods, the values are calculated in most cases over a rather long
period, ranging from one month to one year. It means that a fault
can affect the efficiency of the system for a rather long time before
being detected. There is the exception of some small networks with
remote readings, which allow a much faster detection of deviating
behaviors (e.g. Ref. [64]). Systems for remote readings are imple-
mented also in some large networks, but just at the most important
substations or at particular nodes.

Regarding the question 4, the property border vary from case to
case. In some networks, especially in new ones, the substations
belong to the operator, who is in charge also of the maintenance
and has possibility to inspect them any time; in other cases, they
belong to the customers, so that inspections are more complicated.
Beyond the border, the secondary-side installations are in most
cases (with the exception of particular customers) completely un-
known to the network operator.

Regarding the question 5, regular audits at the customer
buildings are usually not the praxis. They take place just in case the
operator notices unexpected values of operating parameters that
can be signs of faults, or in case he receives complaints from the
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customer because of failures or bad performances of the heating
system. These audits are also an opportunity to provide the cus-
tomers with additional instructions on how they can optimize the
plants, increase the comfort, and reduce the heating costs. The
operator can repeat the audit in a later moment to verify the suc-
cess of the fault correction in a longer period. On the contrary,
periodic inspections at all customer plants is usually not feasible
because of the large resources they would require. For this reason,
they occur just in some cases of particularly important customers.

Regarding the question 6, fast all network operators apply a
standard price structure consisting of:

� Base price, depending on the connection capacity (EUR/kW)
� Energy price, depending on the heat consumption (EUR/MWh)
� Meter price, which is charged for the leasing of the heat meter
(EUR/months)

The tariff is usually the same over the year, though some utilities
offer a discount outside of the heating season. Some DH operators
offer also tariff systems tailored to the needs of special customers
such as industries and large buildings; such solutions can include
also the maintenance of the secondary-side equipment.

Regarding the question 7, apart from the cases of Flachau and
Klagenfurt (see paragraphs 3.4.2 and 3.4.2), the only methods
applied to motivate customers are motivation tariffs, which how-
ever are rather seldom in Austria and, moreover, are not sufficient
to reach significant results if the network operator does not provide
the customers with appropriate technical instructions and
recommendations.

Regarding the question 8, for the most operators the available
financing tools (typically grants and subsidies from local, national,
and European funds) are not sufficient to encourage big in-
vestments. Therefore, even though expecting profits from lower
temperatures, DH utilities are not able to bear the upfront costs or
to lend capital to the customers to optimize their installations.

Regarding the question 9, contracting is not a standard in
business models of Austrian DH utilities. However, in some net-
works the operation and heat supply are assigned to ESCOs. Con-
tracting is more frequent, still rather seldom, for energy saving.

4.2. Real-estate managers and owners

Purpose of the interviews with property managers and owners
is to get information, in particular, on how decisions regarding re-
furbishments or upgrades of the building heating system are usu-
ally taken. In bilateral interviews, we have addressed the Vienna
real-estate owners’ association (Zentralverband Haus und Eigen-
tum) and Austrian companies managing a total of about 40,000
units (apartments, offices, stores) in about 2000 buildings. The
asked questions are:

1. On what basis are investment decisions usually taken?
2. Are there non-economic drivers?
3. How does real-estate owners typically perceive DH?
4. In your opinion, would incentives be an effective tool to

encourage DH customers to optimize their installations and
lower the return temperature?

Regarding the question 1, the decision for investments in the
heating system has in most of the cases exclusively or predomi-
nantly economic drivers: crucial are upfront costs and expected
savings. It is very seldom that owners replace or renovate the
existing heating systems as long as they work, unless it is legally
required or very attractive offers are available on the market.

Regarding the question 2, the most important non-monetary
drivers are: thermal comfort, simplicity of system operation and
control, reliability. Nonetheless, these aspects are usually less
decisive than money.

Regarding the question 3, although the significant role in the
Austrian heat market, DH is not always well considered. In fact, not
a few owners perceive it as limiting their freedom of choice or their
range of action on thermal comfort and heating costs. Furthermore,
DH is perceived more expensive than other solutions, and inde-
pendent heating is frequently preferred. Hence, if not legally
required, the decision to switch from independent heating to DH
(and to invest for the related equipment and construction work) is
taken just in rare cases of owners with ethical and ecological
concerns. Similarly, it is rather unrealistic that owners of homes
supplied with DH invest in optimization measures to reduce the
return temperature, if it does not lead to concrete benefits.

Regarding the question 4, incentives for DH customers can
theoretically help in lowering the return temperature. However, an
effort fromDH operators is also necessary, as they have to give clear
and complete instructions on the measures to undertake to opti-
mize the building installations. Furthermore, incentives for cus-
tomers seem not to be a good solution for rental homes. In fact,
according to the Austrian Landlord and Tenant Act [63], the opti-
mization measures are at the owner’s charge, who would not
benefit from a lower heat tariff if the DH customer (like in the
predominant majority of rental homes) is the tenant.
5. Proposed business models

5.1. Overview

The ideas for innovative business models elaborated in this
work base on the outcomes of sections 3 and 4. Essentially, the
proposed solutions are supposed to act in synergy to address the
main technical, economic, social, and legal barriers to lower system
temperatures summarized in Table 1. Those solutions act on three
levels:

� Engagement of customers in fault detection and in temperature
reduction thanks to improved relationships, extensive
communication, new tariff structures, customized offers, coun-
selling services

� Financing of fault detection and optimization measures through
strategic partnerships and crowdfunding platforms

� Energy Saving Contracting (see paragraph 3.4.1), especially (but
not only) to solve the split incentive issue in rental homes

Fig. 1 gives an overview of the proposed concept and of the
principal actors involved. The monetary benefits due to lower
operating temperatures are supposed to return to the investors
and, in accordance with the adopted motivation scheme, to the
engaged customers. Investors can be the DH utility itself as well as
different stakeholders, including contractors implementing energy
saving measures. The invested capital is used to detect faults and
optimize the system as well as, in case, to integrate new technol-
ogies for heat supply at lower temperatures. The customers,
together with or alternatively to monetary investments on their
installations, can support the system optimization with practical
contributions (e.g. correct wrong behaviors, inform the utility
about substation anomalies, allow inspections at the building in-
stallations). The paragraphs 5.2 and 5.3 illustrate in more detail the
ideas elaborated for customer engagement and financing. The so-
lutions are proposed here in a generic form as first results of this
work.



Fig. 1. Overview of the proposed concept for business models and main actors involved.

Fig. 2. Logo climate and energy fund.
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5.2. Customer engagement

As highlighted in paragraph 3.4.4, good relationships between
DH utilities and their customers have proven to be crucial for the
transition of DH systems towards lower temperatures. A sense of
trust towards the utility is a prerequisite to preserve customer
loyalty and stimulate the cooperation in lowering the system
temperatures. Therefore, the DH operator should provide cus-
tomers with completely transparent information about the offered
services, the contract conditions, and the tariff structure. The value
proposition, i.e. the thermal comfort and heat for domestic hot-
water preparation, should comprehend diversified solutions
ranging from just heat supply to packages including also periodic
maintenance of the secondary-side installations, leasing of equip-
ment, energy audits at the buildings, technical counselling.

With particular regard to fault detection, it is advisable to agree
with the customers services including periodic inspection and
maintenance of their substations. In case, the technicians from the
DH utilities can remove minor faults completely free of charge and
propose additional improvements. Furthermore, the DH utility
could instruct the customer on how detect anomalous operating
values on his substation by the readings of temperature or mass
flow sensors. To this purpose, it can be helpful to install displays for
non-expert users showing warnings in case of anomalous data
(upgraded systems could also advice the customer via SMS). Ideally,
these activities should address all customers. Of course, in large
networks it is suggested to proceed gradually starting from the
largest ones. Activities that the utility has no possibility to perform
with internal resources can be assigned to contractors.

To motivate the customers in detecting faults and improve the
substation cooling, this work suggests to introduce a motivation
tariff according to any model listed in Table 2. In addition or as an
alternative, a valuable tool can be also award the most “virtuous”
customers with other kinds of benefits, such as vouchers to redeem
in the next billing period or in stores that signed a partnership with
the DH utility. Possible criteria to select the “virtuous” customers
can be, e.g., the yearly average of the substation performances, the
performance improvement compared with the previous year, or
the money the customers invested on optimization measures
during the year.

Extensive informative campaigns including instructions on how
improve the system performances and save costs are strongly
recommended for the acceptance and the success of new tariff
structures. As communication channels, additionally to the stan-
dard ones (invoices, letters, customer centers, web-page), it is
advisable to consider social media, chat, and videotelephony ser-
vices. Social media are helpful for the DH company to share infor-
mative leaflets and tutorial videos, as well as to collect opinions
from the customers and make surveys. Furthermore, the customers
can be offered online calculation tools for the forecast of the
heating costs as well as for green accounting, e.g. calculating the
amount of CO2, SO2, NOx emissions linked to the heat consumption.
Chat and videotelephony can help customers to quickly get in
contact with the company in case they need any kind of support
(e.g. clarifications on the bill, on the contract, technical support) or
in case they want to inform about anomalous installation
behaviors.

Furthermore, the communication should include the issue of an
annual sustainability report as instrument to increase the public
awareness on social and environmental benefits of DH. It would
support the marketing and increase the chance to attract investors
with social and environmental drivers.
5.3. Financing

Financing is necessary to raise capital for the optimization
measures. Although experience indicates that fault removal inmost
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cases does not require large investments (paragraph 4.1), capital is
still necessary to remove the other faults and, among others, to
improve the quality of the fault detection methods, to install new
data acquisition equipment (e.g. smart meters, sensors with remote
readings), to integrate control algorithms, to upgrade the energy
management system. Moreover, although the most faults can be
removed with low expenses, their occurrence may however be
high. In general, all the possible financing schemes listed in para-
graph 3.2 are welcome. Typically, DH optimization projects are
attractive for investors of “patient” capital (i.e. without expectation
of particularly high returns) and willing to promote activities with
social, ethical, and environmental goals. For these reasons, this
study suggests to give citizens the possibility to take part in DH
business through retirement funds and crowdfunding platforms.
The latter ones seem particularly advisable (see 3.2).

Furthermore, it is to underline the possibility of strategic part-
nershipswith stakeholders that may have economic benefits from a
lower DH temperature, in particular:

� Industries, data-centers, and commercial activities supplying
waste-heat to the DH system or identified as potential suppliers
in case of lower return temperature. Lower temperatures will
allow existing suppliers to increase the amount of sold waste-
heat without important investments on their installations, and
will allow potential suppliers to make profit by selling waste-
heat.

� Developers and providers of technologies that a DH systemwith
a lower return temperature may potentially host, e.g.: heat
pumps to integrate low-temperature sources, flue-gas con-
densers, solar thermal systems.

� Developers and providers of ICT technologies to guarantee low
temperatures support the operation, e.g.: technologies for data
acquisition and visualization, technologies for fault detection,
smart controllers, visualization tools.

� Developers and providers of technologies for low-temperature
building heating systems, e.g.: equipment for floor-heating,
booster heat-pumps, heat-exchangers for instantaneous do-
mestic hot-water preparation.

� Commercial activities from which the DH utility can buy
vouchers to award the most “virtuous” customers, in case the
utility decides to introduce such motivation method (see 5.2).

These stakeholders may have interest, for instance, in lending
capital to finance the temperature reduction. The investments of
waste-heat suppliers will return through the sale of waste-heat;
the investments of technology developers and providers will re-
turn through the sale or the leasing of their technologies to the DH
utility or to the customers; the investments of commercial activities
delivering vouchers will return through the voucher sale. Alterna-
tively, joint ventures can be other possible relationships between
the DH utility and these stakeholders.

6. Conclusions

Purpose of this study has been the elaboration of business
models promoting a substantial temperature reduction in existing
DH systems and enabling the transition towards the 4GDH.
Particular focus has been paid on solutions encouraging the deep
implementation of measures on the secondary side to reduce the
return temperatures. Through the review of international success
stories and through interviews with stakeholders, we have got an
insight into the main technical, economic, social, legal barriers to
lower system temperatures and we have identified the key-aspects
of successful business models. We have used the collected infor-
mation to derive recommendations and propose new ideas for
Austrian DH utilities, though the replicability in other countries is
not excluded.

The proposed solutions are intended to act in synergy on three
levels:

� Engagement of customers in fault detection and in temperature
reduction thanks to improved relationships, extensive
communication, new tariff structures, customized offers, coun-
selling services

� Financing of fault detection and optimization measures through
strategic partnerships and crowdfunding platforms

� Energy Saving Contracting, especially (but not only) to solve the
split incentive issue in rental homes

These solutions are described in this paper in a generic form. In a
future development, in agreement with specific DH utilities, we
intend to definemore in concrete business models tailored to them.
The main target of these business models will be to share the
created value of lower system temperatures in a way incentivizing
network-friendly behaviors. Additional work could include the
SWOT analysis and the replicability study of the developed
solutions.

Moreover, the proposed ideas need to be verified on the field.
From a general point of view, as they derive from success stories,
they are expected to bring benefits to DH market and to help in
decreasing the system temperatures. However, as some specific
aspects are highly case-sensitive, the success is not always auto-
matically obvious. In particular, the effectiveness of the strategies to
engage customers in fault detection (which depends on several
aspects including the user mentality) are still to be confirmed. This
is out of the scope of this preliminary study and can be part of a
next work.

Another possibility to consider in a future work could be to in-
crease the citizen participation through cooperatives, following the
examples of Danish and German models. The investigation of the
potential of such solutions in Austria was out of the range of this
study. However, the solutions recommended here include the
participation through crowdfunding platforms, which, although a
phenomenon different from cooperatives, are recognized to be
valuable participation tools with similar principles.
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