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Abstract: Among the available solutions for building heating and cooling, district heating (DH)
and district cooling (DC) systems are considered some of the best options since they can ensure a
better control of pollutant emissions and greater efficiency than individual systems. Nevertheless,
improvements are needed to increase their sustainability and reliability. The so-called “low
temperature district heating” (LTDH) concept has been introduced in recent years in an attempt (i) to
reduce the distribution heat losses through a temperature decrease in the DH network, (ii) to favor
the integration with renewable energy sources, and (iii) to create the conditions required for the
development of future smart energy systems. However, many concerns have been raised about its
implementation in both existing and new systems. For this reason, this paper aims to identify the
stakeholders’ ranking of the barriers against LTDH system development and implementation over
the next few years. Aiming to this, a questionnaire was designed, including an analysis of current
gaps and strengths, and then submitted to more than 50 Italian and international experts in the field
of DH. An in-depth analysis of the received answers was performed, focusing in particular on the
Italian experts” answers. Comments and suggestions on how to promote the transition to the new
LTDH approach are reported.

Keywords: district heating (DH); district cooling (DC); low temperature district heating (LTDH);
expert opinion survey

1. Introduction

Energy market decarbonization represents a challenging goal for decision makers who have
to evaluate many complex factors that are involved, such as human behaviors, social acceptability,
economic costs, available infrastructures, markets, and governance [1]. Therefore, the identification of
the best energy strategy results is very difficult. Since space heating and cooling account for almost
one-third of the total world energy consumption [2], new energy strategies are needed as soon as
possible in the domestic and residential sector. In particular, district heating (DH) is considered one
of the most interesting options to achieve Energy Roadmap 2050 targets [3]. Several studies have
aimed to demonstrate the higher efficiency and lower environmental impact with respect to traditional
decentralized heating systems [4-8]. Furthermore, better safety performances are expected to prevent
natural gas distribution in very populated areas [9]. For these reasons, more than 80,000 DH networks,
that supplied almost 11,5 EJ of heat to industries and buildings in 2014, are present worldwide [10].

Several solutions have been proposed through the years, aiming to gradually reduce the
distribution temperature of DH systems and thus to improve energy performances. Furthermore,
renewable heating sources have been progressively implemented in DH systems, including geothermal
heat pumps [11-13], biomass thermal plants [14-16], and solar plants [17]. In addition to energy
efficiency improvement, economic considerations move DH stakeholders to reduce distribution
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temperature. In fact, lower thermal losses are suggested to improve the economic competitiveness of
DH systems [18-20]. Furthermore, due to the decrease in the mean electricity selling price, in certain
working conditions, traditional natural gas boilers are preferred to Combined Heat and Power (CHP)
plants by DH companies in order to maximize profit, despite the lower efficiency [21].

To improve both efficiency and economic DH performances, the 4th DH generation, also called
“low temperature district heating” (LTDH), was first proposed in 2014 [22]. In particular, four minimum
requirements were identified: (i) the ability to supply low-temperature thermal energy to new and
existing buildings, (ii) the capacity to reduce thermal losses along the network, (iii) the ability to
integrate low enthalpy heat plants maintaining the current supply conditions, and (iv) to become a
part of smart energy systems and thus to contribute to the transition towards a 100% renewable energy
supply system between which different energy sectors are integrated. The LTDH definition identifies
a wide range of temperatures: for example, a preliminary classification is proposed in [23] where
“warm LTDH” and “cold LTDH" systems are introduced based on the need or not to locally boost the
temperature to the customer level. In [24], three different LTDH systems are defined on the basis of
distributing temperature: “low temperature” systems (55/25 °C), “ultra-low temperature with electric
boosting” systems (45/25 °C), and “ultra-low temperature with heat pump boosting” systems (35/20
°C). Despite the absence of a defined range of temperatures, many positive outcomes can be recognized
because of the implementation of the LTDH concept. First of all, a reduction of the capital expenditures
(CAPEX) and of the operative expenditures (OPEX) is expected due to the lower temperature and
thermal losses [25,26]. Secondly, a more favorable utilization of several low enthalpy heat sources is
estimated even if different configurations [27,28] have to be evaluated. In particular, many technologies
such as photovoltaic (PV) panels [29,30], heat pumps [31], solar thermal collectors [32,33], and hybrid
PV panels [34,35] can start to be considered for LTDH applications. Despite the positive outcomes,
many barriers hamper LTDH implementation. First of all, a reduction of thermal heat transfer is
expected. In fact, even if no standardized definition of LTDH temperature ranges is available in
the literature [13,36,37], the ability to ensure the existing supply conditions to customers remains a
priority for the success of LTDH. To verify the effects of temperature reduction at the supply side on
existing systems, the occurrence of uncomfortable thermal conditions was experimentally assessed,
and the results were not relevant or critical for customers [38,39]. Nevertheless, these two results in
domestic and residential sectors cannot be considered generally applicable due to the limited numbers
of investigated case studies. Nevertheless, the substitution or retrofitting of existing heat exchangers
installed in DH substations, or of the household radiators, would represent an important economic
barrier for the massive LTDH implementation. Secondly, a new figure, i.e., the prosumer, has appeared
in the LTDH market, and requires bi-directional energy metering and new management and control
demands [40,41]. Furthermore, regulatory changes are needed to help the always increasing integration
and interchangeability [37,42,43]. Finally, other technical challenges have been recognized in the
literature [44,45], such as the occurrence of substation faults [46,47], the flow recirculation in the case
of low thermal demand [27,48], and the presence of suitable conditions for legionella proliferation in
Domestic Hot Water (DHW) storage tanks (boilers) [49,50].

Therefore, many investigations have been performed through the years, but they principally
account for technological issues in the Northern European framework. To overcome this research limit,
existing technological and non-technological barriers for LTDH implementation were investigated in
an initial paper by our team with a specific focus on the Italian framework, considered representative
of Southern European Countries [51]. This paper aims to assess the LTDH barriers ranking through
an expert opinion survey. The survey was designed to include an analysis of current DH gaps and
strengths, and then submitted to more than 50 Italian and international experts in the field of DH and
DC, as described in the second part of the paper regarding methodology. In the third section, via an
in-depth analysis of the given answers, criticalities and potentials of the LTDH approach are recognized
in order to suggest dedicated technological and non-technological solutions. A comparison between the
answers of the Italian experts and the other ones was made to underline if differences and/or similarities
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can be found. Final comments about the existing criticalities of LTDH development were lastly reported
in the conclusion for government bodies, policy owners, and all other potential stakeholders.

2. Materials and Methods

Several examples of expert opinion surveys can be found in the literature. For example, the
authors in [52] analyzed the potential of renewable hydrogen systems in Europe, the authors in [53]
assessed the future battery cost for electric and plug-in hybrid vehicles, the authors in [54] investigated
photovoltaic and concentrated solar power technologies, and the authors in [55] examined the expected
future cost of advanced biofuels. Indeed, as reported in [56], expert opinion surveys are very useful for
analyzing concepts that will be, in other cases, very difficult or impossible to measure through other
traditional methods. However, several considerations are needed to design an expert opinion survey.

First of all, experts have to be recognized. For this purpose, it was decided to apply the definition
in [57], i.e., a person “trained by practice” or “skilled,” while the noun “expert” carries the additional
meaning of “one whose special knowledge causes him to be an authority” or “a specialist” for the
sector. Because different organizations are interested in DH technology, the experts were identified in
both private and public companies, universities, private research centers, and DH sector organizations.
A minimum number of experts is needed to ensure statistical confidence in the survey results. A
minimum number of 50 participants was considered. For this purpose, the invitation to participate
was sent to more than 50 worldwide sector experts with whom we were in contact. For confidentiality
reasons, the names of the experts are not reported in this paper. Furthermore, to increase the number
of participants, DH international associations (Table 1) were asked to share their survey with their
members. In particular, association selection was based on the relevance of DH in the country. The
countries that participated in the survey with at least one participant are shown in Figure 1.

Table 1. Invited association to the proposed expert opinion survey.

Positively Answered to the

DH Association Invited to the Survey Country Invitation
Associazione Italiana Riscaldamento Ttaly X
Urbano (AIRU)
oSzl S :
Finnish Dis’crj;;cSI(—)Ifiaa’cti;:E1 and Cooling Finland X
AGFW Germany X
UK District Energy Association UK X
Polish District Heating Poland
Hellenic Association for Cogeneration of Greece
Heat & Power
Norsk Fjernvarme Norway
Japan Heat Supply Business Association Japan
China District Heating Association China
Center for Energy Efficiency Russia
Euroheat & Power NA (*) X
International District Energy Association NA (*) X
Asia Pacific Urban Energy Association NA (*)

(*) Euroheat & Power and the International District Energy Association, respectively, located in Belgium and in the
United States of America, including members from different countries.



Energies 2020, 13, 810 4 of 34

I Countries that have at least one participant

Countries that were invited to the survey but did not participate

Figure 1. Countries that have at least one participant and countries that were invited to the survey but
did not participate.

Since literature is poor about LTDH applications in Southern European Countries and particularly
in Italy, we decided to give more relevance to that area by inviting a greater number of Italian experts.
Therefore, in addition to the general data analysis, two separated assessments (answers from Italy and
from other countries) were performed.

To design the survey, a clear identification of the questions was needed. In particular, because of the
survey’s aim, the questions were prepared to identify the advantages and disadvantages of traditional
DH and LTDH as well as the main technical and non-technical barriers against LTDH implementation.
In particular, all technical, economic, regulatory, and authorization aspects were covered, and experts
were asked to rank them. We preferred to not specify LTDH in terms of temperature, i.e., warm and cold
LTDH. Therefore, the definition found in [22], where no unambiguous definition of temperature ranges
is present, had to be considered for answer analysis. Even if some concerns arise from this decision, it
should be noted that no standardized definition of LTDH temperature ranges exists. Therefore, the
most generic definition was considered to prevent participants from misunderstanding.

Regarding the survey design, three main sections were considered. The complete list of questions
and answers, however, is given in Tables A1l and A2 in the Appendix A. In the first section, five
questions were proposed to categorize participants and to be used in the following sections to perform
a multi-parametric investigation. A summarized list of main data is proposed:

1. Organization type (Q1.1). Different organization types were considered for the purpose of the
analysis: (i) private and (ii) public companies, (iii) universities, (iv) private research centers,
(v) authorities, (vi) self-employment operations, and (vii) other.

2. Organization location (Q1.2). This information was considered essential to characterize participants’
opinions as a function of country and thus to recognize differences.

3. Expertise area within the organization (Q1.3). Depending on the expertise area within the
organization, different opinions were expected. Participants were asked to select one among: (i)
energy planning, (ii) R&D, (iii) technical design, (iv) management, (v) business development,
(vi) administrative/legal/authoritative, and (vii) other.

4. Expertise area in district heating (Q1.4). Because differences in expertise area were possible,
specifically regarding DH, participants were asked to specify it.
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5. Experience in DH sector (Q1.5). Participants’ experience is proportional to the expected knowledge
of the DH sector. Four options were proposed: (i) less than 2 years, (ii) between 2 and 5 years, (iii)
between 5 and 10 years, and (iv) more than 10 years.

The second section of the survey aimed to identify when and how one first became aware of the
LTDH concept. In particular, three questions were asked:

1. Awareness about the LTDH concept (Q2.1). Two possible answers were given. Regarding participants
that had never heard about the LTDH concept, the survey was designed to omit their answers
about the LTDH concept.

2. First temporal awareness of the LTDH concept (Q2.2). This question was introduced to recognize
the temporal evolution of the 4th generation of the DH sector. For this purpose, four possible
answers were suggested: (i) before 2000, (ii) between 2000 and 2010, (iii) between 2010 and 2017,
and (iv) this year, i.e., in 2018.

3. First approach communication channels (Q2.3). With the received answers, it was possible to identify
the dissemination potential and thus to give suggestions for future improvement. The following
options were suggested: (i) sector conference/seminar/workshop, (ii) peer-reviewed papers, (iii)
technical magazines/newspapers, (iv) internet sites, (v) plant visits, and (vi) other.

In the third section, questions focusing on more technical aspects of DH and LTDH systems were
proposed to recognize participants’ opinion:

1. Advantages of the existing DH systems with respect to conventional individual heating systems installed
in the buildings (Q3.1). To answer the questions, several possible advantages were identified in
accordance with the existing literature [58-64].

2. Disadvantages of the existing DH systems with respect to conventional individual heating systems installed
in the buildings (Q3.2). As for advantages, disadvantages were also selected based on those
reported in the literature.

3. Advantages of LTDH systems with respect to traditional DH systems (Q3.3). Regarding traditional DH
systems, the proposed options were identified based on those reported in literature.

4. Disadvantages of LTDH systems with respect to traditional DH systems (Q3.4).

5. LTDH barriers’ ranking (Q3.5). Participants were asked to give a rank between 1 (very low
importance) and 5 (very high importance) to several technical, economic, and other barriers that
could obstruct LTDH market development.

6.  Market development of the LTDH concept (Q3.6). Experts were asked to comment on the diffusion of
the LTDH concept over the next 20 years.

Concerning possible answers, we decided to minimize open-form questions as much as possible.
In fact, even though open-form questions permit spontaneous responses and avoid the bias derived
from the suggestion of answers [65], the possible high number of different responses to the same
question would have been critical for data collection and elaboration. Furthermore, a minimum number
of open-ended questions was proposed to prevent participants from not finishing the survey [66].
Therefore, we decided to use closed-form and multiple-choice questions. Furthermore, participants
could select the option “other.” In this case, the answer was carefully analyzed in order to understand
if it could be lead back to one of the other suggested answers. Although 77 experts started the
questionnaire, only 58 of them answered all the questions, i.e., 75.3%. Therefore, regarding participants
that did not complete the survey, only questions that were fully answered were considered.
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3. Results and Discussion

3.1. Identification of Participants” Status

Participants’ status identification was the first step of the survey. Concerning countries in which
the participants” organizations operate, Italy was the most represented with 44 participants, followed
by Denmark with 12 participants (Figure 2).

Involved countries
Netherlands; 1
Soicoetons. 1

-,

,
United Kingdom; 3 NS

Ttaly; 44

Denmardg 12

Figure 2. Number of participants from each country.

Regarding the organization type (Figure 3), the greatest percentage of participants works in private
companies (33.8%), followed by universities (24.7%), public companies (18.2%), public authorities
(6.5%), private research centers (5.2%), self-employment operations, (3.9%) and other types (7.8%). In
particular, it is clear that Italian participants mainly come from private companies, while universities
are the primary type of organization from which participants from other countries come.

Organization type
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Figure 3. Number of survey participants as a function of the organization type.
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With attention to participants’ role within the organization (Figure 4), the greatest number
of participants is employed in energy planning roles (23.4%), followed by R&D (20.8%), technical
design (20.8%), management (18.2%), and business development (11.7%). Administrative, legal, and
authoritative (3.9%) and other roles (1.3%) are poorly represented.
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Figure 4. Number of survey participants as a function of the employment role.
Considering the role engaged for DH activities (Figure 5), differences appear with respect to

the previous figure (Figure 4). In particular, a decrease in managerial (-6.5%), R&D (1.3%), and

development (2.6%) positions is verified. On the other hand, an increase in technical (+7.8%) and
authoritative (+1.3%) positions was found.
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Figure 5. Number of survey participants as a function of the employment role engaged in DH activities.
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Regarding participants’ experience (Figure 6), the main percentage of participants has more than
10 years of experience, followed by participants with experience between 5 and 10 years. Similarly low
percentages are present for participants with lower experience.

Experience role in DH activities
35

20

28%
15
34%
10
5
0

Lessthan 2 years Between2and5 Between 5and 10 More than 10 years
years years

Number of participants, [#]

@ltaly OOther countries
Figure 6. Number of survey participants as a function of experience in DH systems.
3.2. The First Approach to the LTDH Concept

The first approach of participants with the LTDH concept was analyzed, using the answers
received in the second section. Only two Italian participants (4.5%), employed in private companies
respectively in managerial and energy planning roles for less than 2 years, did not know about the
LTDH concept before participation in the survey (Table 2). Among those participants that knew of
the LTDH concept, two did not complete the following questions, so they were not considered in the
remaining part of the survey.

Table 2. Participants’ knowledge of the LTDH concept before taking the survey.

Is LTDH a Known Concept? Italy Other Countries
Yes 42 33
No 2 0

Regarding initial awareness of the LTDH concept (Figure 7), the greatest number of participants
became aware of LTDH for the first time between 2010 and 2017. It is interesting to note that some
participants answered “before 2000” through direct experience, leading to an apparent contradictions
with the information available in the literature. Only one specified having proposed the innovative
concept during a conference before 2000. Indeed, these answers can be justified by the fact that many
participants consider all efforts to reduce the operative temperature as a LTDH implementation, even
if only this characteristic (i.e., distribution temperature decreasing) is not sufficient to define a LTDH
system, in accordance with [22,67].
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First approach with LTDH

45

'S
o

w
<

66%

10
5
0

Before 2000 Between 2000 and Between 2010 and After 2017
2010 2017

w
S

[~
G

Number of participants, [#]
1%
3

[

@Italy OOther countries

Figure 7. First exposure to the LTDH concept.

Thanks to the multi parametric approach, the influence of several parameters was investigated.
Organizational influence is reported in Figure 8. As shown, maximum values are identified for between
2010 and 2017. Furthermore, the greatest number of participants that became aware of the LTDH
concept before 2000 are employed in public and private companies. For those participants employed
in universities, initial research activities started before 2010, while an exponential increase occurred
after 2010 in accordance with the literature (papers, conferences, and workshop presentations).

First approach with LTDH vs Organization type
4
100%

6
90%
80%
14

70%

10,
60% 7 13

22
50%
0% 11 1
30% ]
33 o
20% 3
3

10% 2 1 1

0% ‘

Public company  Private  Privateresearch  University Public Self-employed Other
company centre Authority

Percentage, (%)

@Before 2000 OBetween 2000 and 2010 M@Between 2010 and 2017 @2018

Figure 8. First exposure to the LTDH concept as a function of the organization in which participants
are employed.

Concerning the role within the organization (Figure 9), as expected, those roles that are involved in
the development of the company or in research were the first to become aware of LTDH. It is interesting
to note that the greatest percentages of participants that became aware of LTDH before 2000 come
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from technical/design roles. However, because of the drop between 2000 and 2010, some doubts on
LTDH definition is present. For research and development (R&D), energy planning, and business
development, an increasing trend appears during all the identified periods.

First approach with LTDH vs employment role
100%
90%

80%

0% 2 13 10 15
T 60%
s
=)
= 50%
3 3
£ a0%
1 22
30% 4
5
20% 33 1 1
10% 1 1M1
0%
Administrative/  Business Energy Management R&D Technical Other
Legal / development planning design

Authorizative

EBefore 2000 DOBetween 2000 and 2010  @Between 2010 and 2017  B@2018

Figure 9. First exposure to the LTDH concept as a function of the role of the survey participants.

Regarding the communication channels, no differences seem to be present as a function of
participants’ nationality (Figure 10). As shown, conferences/seminars/workshops are the best
communication channels for sharing the positive outcomes of the technology to need-owners and to
ensuring the greatest knowledge transfer. In addition, peer-reviewed papers also play an important role
in the state-of-the-art updates, but they are not the preferred channels for those who have to implement
technical solutions. This condition can be justified by the fact that the very high-quality scientific results
required for publications are not usually available at the beginning of a new technology. More resources
should instead be dedicated to improving the sharing potentials of technical magazines/newspapers,
Internet sites, and plant visits, which are theoretically accessible to a greater number of interested
stakeholders. In particular, plant visits should be stressed in order to show the positive potentials of
different solutions and to validate their performances in terms of efficiency, availability, and reliability.

Many participants also indicated “other” kinds of communication channels. Based on a
more in-depth analysis, participants indicated direct experience or brainstorm meetings within
the organization as communication channels. In this case, it has to be noted that presumably the
LTDH concept was simply identified as a solution ensuring the reduction of operative temperatures,
neglecting other conditions.
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Figure 10. LTDH communication channels.

11 of 34

The influence of the organization type and of the employment role is shown (Figures 11 and 12).
As expected, sector conferences were the preferred communication channel independently of the
organization type or the role. Peer-reviewed papers contributed to knowledge-sharing between
participants engaged in managerial roles, energy planning, and R&D, while a very poor contribution
appears for participants employed in technical roles, even though they are responsible for the design of
new plants. Because of the low number of participants, the identification of statistical considerations

for other roles is challenging.
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Figure 11. Communication channels as a function of the organization type.
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Communication channels vs Employment role
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Figure 12. Communication channels as a function of the role within the organization.

3.3. Experts’” Opinions about Traditional DH Systems: Strengths and Weaknesses with Respect to Individual
Heating Systems

The advantages of traditional DH systems with respect to individual heating systems are reported
in Figure 13. Despite the different nationalities, similar trends appear. In particular, the higher efficiency
of DH systems is considered the greatest advantage by 65% of the participants, independently of the
countries. The reliability of DH solutions is considered another point of force by almost 45% of the
participants. Furthermore, there were different opinions from Italian and other participants about the
ability to supply new and existing buildings. Participants also stated the ability to diversify input

energy sources and the ability to supply several and different heating demands to ensure the highest
performances as advantages.

Advantages of traditional DH respect to individual heating systems

State of the art technology/reliability — llg
Remunerative business model 3 5
Able to supply heat to new and existing buildings % 16
Higher efficiency respect to tradizional decentralized plants — 2(1)9

30 40 50 60 70 80 90 100
Percentage of participants. [%]

o
—
o
(%]
=1

M@Italian case OOther Countries

Figure 13. Advantages of traditional DH systems with respect to individual heating systems.
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The influence of organization, role, and experience is reported, respectively, in Figures 14-16. In all
cases, all the participants agree to the fact that the higher efficiency of DH systems is the most important
advantage, even if some differences are present. In particular, for public company employers, the
reliability of the technology (72.7%) has to be considered as a predominant advantage. Private company
and university participants, while agreeing to the higher efficiency (61.1 and 68.8%, respectively),
attribute very lower importance to DH system reliability.

Advantages of traditional DH systems respect to individual heating systems
100%

90%

80%

8 8
11
0,
70% 39
11
60%
8
0,
50% 27 5
24
40% 76
o 3 5
30% T 4 4 15
12 5
20%
8
2 L2
10% 1
0%

Percentage of participants, [%]

State of the art Remunerative business ~ Able to supply heat to Higher efficiency respect ~ High replicability Other
technology/reliability model new and existing to tradizional
buildings decentralized plants

mPublic company @Private company B University BAverage

Figure 14. Advantages of traditional DH systems with respect to individual heating systems as a
function of the organization type.

Advantages of traditional DH systems respect to individual heating systems
100%

90%
80%
70%

60%

5
12
o 105
3
9 8
3.7
0,
50% 5
6 2 24
40% 5 5
2 2
30% e MRE
4
1 12 1
20% 3 34
8
- ﬂ
0
0%

Percentage of participants, [%]

State of the art Remunerative business ~ Able to supply heat to Higher efficiency respect ~ High replicability Other
technology/reliability model new and existing to tradizional
buildings decentralized plants

BBusiness development @Energy planning @Management BR&D  OTechnical design B Average

Figure 15. Advantages of traditional DH systems with respect to individual heating systems as a
function of the employment role.
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Advantages of traditional DH systems respect to individual heating systems

100%

90%

80% 14
oy 0,
T 0% 16 39

i 5
5
g, 0% 10 10 4
g 4
= 4
£ 500 12
&4 5 0% 27
°© 3
o 24
2 40% 3
34 8
) o 2 2 2 7 7
Ao 30% 2 2 15
12
20% 3 3 3
3 8
10%
0%
State of the art Remunerative business  Able to supply heat to Higher efficiency respect ~ High replicability Other
technology/reliability model new and existing to tradizional
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Figure 16. Advantages of traditional DH systems with respect to individual heating systems as a
function of the experience.

Concerning the role, different opinions were found. After efficiency considerations, the business
developers indicated the profitability of the existing business model (40.0%), while energy planners,
managers, and R&D employers recognized reliability as the second-most important advantage (58.8,
50.0, and 50.0%, respectively). Technical participants valued the ability to heat supply new and existing
buildings (53.3%). No particular trend appears as a function of the participants” working experience.

Concerning disadvantages, as shown in Figure 17, distribution heat losses are considered the most
important disadvantages with respect to individual heating systems, even though a greater importance
seems to be given by the participants of other countries (71.4%) than by the Italian participants
(40%). After this, the complexity to integrate renewable energy production within the central plant is
indicated by participants from other countries (42.9%). For the Italian case, the influence of several
parameters on plant profitability represents the second most important disadvantage (33.3%). In fact,
since Italian DH plants mostly produce thermal and electric energy through CHP plants, the profit
depends on several factors that cannot be controlled by DH operators, such as the electricity selling
price. Despite this difference, similar responses are obtained demonstrating that traditional DH system
represents state-of-the-art technologies for which similar conclusions can be made by experts of all
sectors worldwide. Participants recognized other disadvantages that were not listed in the survey,
such as the initial investment that is required for the implementation and that has to be overseen by the
DH operator, the authoritative processes required to design and build a new system, the requirements
in terms of reliability in order to ensure high levels of supply services, and the constraints imposed by
the authorities.
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Figure 17. Disadvantages of traditional DH systems with respect to individual heating systems.

Furthermore, regarding disadvantages, answers were elaborated considering different parameters
as reported in Figures 18-20. As shown in these three figures, few differences appear with respect to
average values even if some deviations are present.

Percentage of participants, [%)]
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Figure 18. Disadvantages of traditional DH systems with respect to individual heating systems as a
function of the organization type.
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Figure 19. Disadvantages of traditional DH systems with respect to individual heating systems as a
function of the employment role.
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Figure 20. Disadvantages of traditional DH systems with respect to individual heating systems as a
function of the experience.

Concerning the organization, public company participants believed that the most important
disadvantage are the high distribution heat losses (54.5%) followed by influence of external factors on
the business models (45.5%). For private company participants, after the high heat distribution losses
(44.0%), the second greatest disadvantage among the proposed ones are the high heat selling price
(22.2%) and the influence of external factors on business models (22.2%). For participants that come
from universities, the second greatest disadvantage after the high distribution heat losses (75.0%) is the
complexity to integrate the renewable sources in the generation plant (37.5%).
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Regarding the employment role, not all the participants agree to the fact that the distribution heat
losses are the main disadvantage. In fact, business developers indicated the influence of external factors
on business models as the primary disadvantage (60.0%). Other answers seem to be uninfluenced by
the employment role.

Considering working experience, more deviations from average values appear as a function of
the working experience. In particular, it seems that participants with low experience tend to recognize
more disadvantages with respect to others.

3.4. Experts’ Opinions about LTDH Systems: Strengths and Weaknesses with Respect to Traditional
DH Systems

Similar results were found concerning the LTDH advantages with respect to different countries
(Figure 21). Particularly, according to Figure 21 the ability to reduce operative thermal losses is the most
important advantages (73.3 and 82.1%) followed by the lower complexity of integrating renewable
sources at generation plants (50.0 and 64.3%). More importance is given by participants outside Italy
to the ability to increase system energy efficiency (75.0 vs. 33.0%) thanks to a greater utilization
of renewables. Operative cost reduction does not appear to be a primary advantage for Italians or
participants from other countries (30.0 and 32.1%). In fact, additional operative costs could be required
to power supply remote temperature boosters in LTDH networks.

Advantages of LTDH respect traditional DH systems

Reduction of distibution heat losses NEEEG_—_—__NIG——_I__—_—_—_—-—_
Lower complexity for the integration of renewables at __1§_|
generation plant 18
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Reduction of operative costs =|99
Higher environmental sustainability _—U—| 15
Higher energy efficiency _-m—| 21
Higher integration in DC systems El 10
otier EELA——
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Figure 21. Advantages of LTDH with respect to traditional DH systems.

The evaluations of answers as a function of organization type, employment role, and working
experience are illustrated in Figures 22-24.

Considering the organization type, few differences appear with respect to the average values for
renewable integration, environment sustainability, and energy efficiency. In particular, little attention
to environment topics seems to be given by public and private company employers.
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Figure 22. Advantages of LTDH systems with respect to traditional DH as a function of the
organization type.

Furthermore, regarding the employment role, few differences are present. In particular, participants
involved in technical roles and R&D mostly appreciate the reduction of complexity to integrate
renewables, while little importance is given by business developers, energy planners and managers.
Evaluating economic aspects, business developers and managers give more importance to the
reduction of operative costs. Energy planners, R&D, and technical employers pay more attention to
the sustainability and energy efficiency topics.
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Figure 23. Advantages of LTDH systems with respect to traditional DH as a function of the
organization type.
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Considering working experience, participants with little working experience give greater
importance to energy efficiency topics with respect to economic aspects. However, apart from
these participants, negligible differences with respect to average values were found.

Advantages of LTDH respect traditional DH
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Figure 24. Advantages of LTDH systems with respect to traditional DH as a function of the experience.

Concerning disadvantages, the need to locally boost the supply temperature in order to satisfy
customers’ heating and hot water sanitation demands is the most significant for all participants. With
attention to DHW production, dedicated solutions, consisting, for example, in thermal or chemical
strategies, have to be implemented in order to avoid legionella proliferation in water storage [36].
As shown below (Figure 25), Italian experts agree to the fact that a business model is still required
for LTDH. In fact, since a bidirectional flow of energy to and from DH networks is expected, new
actors, i.e., the prosumers, will appear in the market requiring dedicated regulations and legislative
initiatives able to identify how to monetize the energy fluxes. Differently from Italian participants,
other participants recognized the complexity required to manage the overall system. As expected, in
fact, the presence of remote energy sources requires additional efforts and resources and new control
strategies to avoid thermal and hydraulic imbalances within the networks. However, the need to
monitor energy fluxes to and from the networks, i.e., the smart metering implementation, is considered
a disadvantage by few experts. Other participants proposed higher operative costs due to the electrical
consumption required to supply power for temperature boosters at the substations, and the need to
convince customers to apply new technical solutions to be integrated with the LTDH solution.
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Figure 25. Disadvantages of LTDH systems with respect to traditional DH systems.

Considering the organization type (Figure 26), it seems that participants employed in private
companies greatly evaluated the disadvantages arising from LTDH implementation. In addition,

it should be noted that system complexity is mainly considered by those participants employed
in universities.
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Figure 26. Disadvantages of LTDH systems with respect to traditional DH as a function of the
organization type.

In Figure 27, role influence is shown. As expected, the need to locally supply the temperature for
heating and HSW demands is considered the main disadvantage, independently of the role, even if
differences in the percentage are present. With respect to average values, differences in participants’
opinions about the economic investment and the complexity to manage the overall system are also

present. In fact, an underestimation by business developers, energy planners, and mangers is present
with respect to average values.
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Figure 27. Disadvantages of LTDH systems with respect to traditional DH as a function of the
employment role.

In Figure 28, working experience is considered. In particular, it appears that, for participants with
experience less than 2 years, the main disadvantage is the absence of a ready business model in which
LTDH can be developed. In addition to this, it has to be noted that these participants do not consider
the need to locally boost the temperature to produce hot, sanitary water as a disadvantage, in contrast
with the other participants. For participants with experience between 2 and 5 years, three issues are
considered the most important disadvantages of LTDH with respect to traditional systems: the need
to develop a dedicated business model, the high investment costs, and the need to locally boost the
supply temperature. For those participants with experience greater than 5 and 10 years, the main
disadvantage is the need to locally boost the supply temperature for heating and HSW purposes.
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Figure 28. Disadvantages of LTDH systems with respect to traditional DH as a function of the experience.
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3.5. Experts’ Opinions about LTDH Systems: What Is the Importance of the Proposed Barriers with Respect to
the Implementation of the LTDH Concept

Experts’ opinions about existing barriers with respect to the implementation of LTDH resulted
in similar trends independently of the country, as shown in Figure 29. Few differences, in fact, are
present. In the Italian case, the possible “high investment cost” (B1) is considered the most critical barrier,
followed by “the limited opportunities for existing substation retrofitting” (B6) and “the need to locally boost
supply temperature” (B2). Even if the same three barriers are the most concerning for experts outside
Italian borders, the greatest importance is given to (B2). Lower importance from all the participants is
given to those barriers that involve the changes of the existing business with the need, for example,
to introduce new rules, to change existing contracts, or to identify incentive actions ensuring the
profitability of the new business. Among these barriers, the following can be cited: “the need to modify
existing business models” (B3), “the contractual restrictions about supply temperature conditions” (B5), “the
relationship with the customer” (B7), “the Legislative/Regulatory/Authorization constraints” (B8), and “the
conflictual relationship between the grid operator, the district heating plant manager, and the eventual manager
of the sub-station” (B9). Very low importance is given to “the metering of the thermal energy fluxes to and
from the network” (B4), possibly because of the availability on the market of dedicated technologies for
this purpose, such as smart meters. However, the greatest difference of opinion regards “the lack of the
required technical competence” (B10), which assumes a very important role for the implementation of the
LTDH concept outside Italy.

Ranking existing barriers

Bl B2 B3 B4 BS B6 B7 B8 B9 B10

@Italy ranking OOther Countries

Figure 29. Ranking of the identified existing barriers against the implementation of the LTDH
concept. (B1) High investment cost; (B2) the need to locally boost supply temperature; (B3) the
need to modify existing business models; (B4) the metering of the thermal energy fluxes to and from
the network; (B5) the contractual restrictions about supply temperature conditions; (B6) the limited
opportunities for existing substation retrofitting; (B7) the relationship with the customer; (B8) the
Legislative/Regulatory/Authorization constraints; (B9) the conflictual relationship between the grid
operator, the district heating plant manager, and the eventual manager of the sub-station; (B10) the lack
of the required technical competence.

Considering organization influence (Figure 30), few differences arise. In particular, public
employers give a lower ranking to all barriers with respect to the average values, even if limited
possibilities to retrofit existing DH substations and the need to modify existing business models are
considered the most important barriers. For private company participants, the most important barrier
is the high investment cost followed by the modification of existing business models. For participants
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from universities, the most important barriers are the need to modify the existing business models and
the lack of the required technical competences.
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Figure 30. Ranking of the identified existing barriers as a function of the organization type.

Concerning the employment role (Figure 31), energy planners give, on average, the highest
ranking to the barriers considering the high investment costs as the most important in accordance with
managers. For business developers and R&D specialists, the need to modify the existing business is
the most significant barrier against LTDH implementation.
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Figure 31. Ranking of the identified existing barriers as a function of the employment role.
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To conclude, in Figure 32, the influence of working experience is also reported. As shown, few
deviations with respect to the average values are present except for some barriers (B.1, B.3, and B.5)
where very high rankings were calculated considering the answers of those participants with less than
2 years of experience.
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Figure 32. Ranking of the identified existing barriers as a function of the working experience.

3.6. Experts” Opinions about the Diffusion of the LTDH Concept in Next Twenty Years

In accordance with Figure 33, different opinions were given by Italians and other participants
about LTDH market development in the next 20 years. In particular, a very low penetration is expected
in the Italian market, where 60% of the experts thought that poor diffusion is the most probable
development scenario. A lower percentage of experts believed that the LTDH concept would see good
diffusion. Only one Italian participant stated that market penetration is already in place. A different
perception is present outside Italian borders, where only a small percentage of the participants (11.1%)
thought that LTDH would not have a good diffusion in the market, while the most experts (63.0%)
supposed that the LTDH concept would see good diffusion. In this case, some experts believed that
the business is already in place (18.5%).

Considering organization influence (Figure 34), very different opinions about LTDH penetration
in the market were found. While for public and private company participants poor diffusion will be
present, for university participants, good diffusion is expected. A more complex situation appears
considering the value obtained as a function of the employment role (Figure 35), so it is very difficult
to perform a characterization. Finally, considering working experience (Figure 36), it seems that the
good diffusion of LTDH is mainly expected by participants with less experience in the field.
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Figure 33. LTDH concept diffusion over the next 20 years.

LTDH diffusion in next 20 years

100%
90%
80%
70%
§. 60%
)
& 50%
g
Tz 40%
~y
30%
20%
I ||I "
N i Illl
one Poor diffusion in Good diffusion in Market 1 don't know
next 20 years next 20 years penetration
already in place

EPublic company @EPrivate company BUniversity B Average

Figure 34. LTDH concept diffusion over the next 20 years as a function of the organization type.
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Figure 35. LTDH concept diffusion over the next 20 years as a function of the employment role.
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Figure 36. LTDH concept diffusion over the next 20 years as a function of working experience.
3.7. Experts” Open Considerations about LTDH

Some participants proposed interesting considerations about the LTDH concept at the end of the
survey. A list of the most relevant follows:

1.  Economic considerations.

a. Because of the technical and economic limitations in the retrofit of existing DH networks,
the LTDH approach can be more easily applied in new DH networks. Given that it is
reasonable to expect a higher number of new DH projects where a low DH penetration is
currently present, LTDH vision seems to have the greatest potential in these areas.
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b. A reduction of the initial investment would be possible if both heating and cooling demands
were supplied with a single energy distribution network.

C. Legislative, regulatory, and incentive strategies have to be promulgated by national
governments to promote the implementation of LTDH systems. In fact, thermal loss
reduction is not sufficient to justify the investment and secure a low pay back period.

Technical considerations—concerns about the need to design larger diameter pipelines to supply
high thermal demands in LTDH systems with respect to traditional DH systems.

a. Regardless of opinion, as shown in [26], the LTDH network requires a higher flow rate in
comparison with traditional district heating only in the case that heat and cooling demands
are not balanced.

b.  Furthermore, a reduction of the heating demands to be supplied by the networks is ensured
by the heat pumps installed in DH substations. At the evaporator site, in fact, a reduction
factor equal to (COP-1)/(COP), where COP is the coefficient of performance of the heat
pump, has to be applied.

Service reliability and redundancy.

a. Based on the presence of prosumers, whose behavior cannot be completely controlled by DH
operators, some backup or integration devices have to be considered in the design phase.

b.  Heatstorage volumes should be considered when heat production and consumption cannot
be contemporary. For this purpose, sensible or latent heat storage technologies can be
evaluated in accordance with the work of [68].

4. Conclusions

The need to change the DH market in the direction of LTDH in accordance with [22] still

requires many efforts from all stakeholders. The diffusion and further development of LTDH systems

require not only technological progress, but also the definition of a strategy able to overcome the
existing non-technological barriers. Such a strategy should involve all the stakeholders (i.e., citizens,
municipalities, local and regional authorities, policy makers, the DH industry, universities, and research
centers) in a co-design of LTDH systems. Based on the received answers from the expert opinion
survey and the elaborated information, it is possible to synthetize the following considerations:

1.

Communication channels. Sector conferences, seminars, and workshops represent the most preferred
communication channels by the interviewed participants. Only few participants recognized other
communication channels, such as peer-reviewed papers and plant visits.

Advantages of traditional DH systems with respect to individual heating systems. Participants
agreed to the fact that higher efficiency and technology reliability are the most important.
Only a small percentage of participants attributed importance to business profitability or to
technology replicability.

Disadvantages of traditional DH systems with respect to individual heating systems. From the reported
answers, it is clear that the high distribution thermal losses were the most important disadvantage
of traditional DH. The influence of external conditions on the DH business model is also considered
by some as a critical point for technology implementation.

Advantages of the LTDH approach with respect to traditional DH systems. Almost all the participants
agreed to the fact that LTDH ensures a reduction of distribution heat losses and less complexity
in the integration of renewable sources at generation plants. Only a small percentage of Italian
participants believed that the higher environmental and energy performances represent an
important advantage. Consequently, the Italian authorities should propose promotion actions to
compel sector stakeholders to improve energy and environmental performances.
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5. Disadvantages of the LTDH approach with respect to traditional DH systems. To accelerate the transition
to LTDH systems, dedicated actions have to be taken. First of all, current DH business models
need to be changed in order to be applied to LTDH systems, ensuring profitability. Secondly,
dedicated technological solutions are required to ensure existing supply conditions, especially in
the case of network retrofitting.

6.  Ranking of the barriers against the implementation of LTDH. It seems that Italian rankings were
on average lower than those received from other participants. That is, the most important
barriers were the need to modify existing business models, the high investment cost, the limited
opportunities for existing substation retrofitting, and the contractual restrictions about supply
temperature. A different opinion about the suggested lack of competence for the implementation
of LTDH systems was found between Italian and other participants.

7. Diffusion of the LTDH concept in the next 20 years. Despite the need to move in an LTDH direction
to ensure energy and decarbonization goals, only participants from other countries believed that
a good diffusion would be possible in the next 20 years; for Italian participants, a poor diffusion
of the LTDH concept was expected. This opinion can be justified by the fact that Italian DH
plants are of recent construction and in most cases not yet completely amortized. In addition to
this, the low renovation rate of existing Italian buildings compels managers to believe that high
temperature supply is still necessary to ensure contractual supply conditions [51].

The following topics still need to be investigated for the success of the LTDH concept:

e dedicated business models to the LTDH concept based on the prosumers concept and on the
modification of the existing energy self-consumption model in Italian regulatory frameworks;

e innovative and high efficiency devices able to locally boost the supply temperature at the values
required by contract and able to be installed in available spaces;

e identification of the best control strategies to manage LTDH systems in the case of contemporary
heating and cooling demands.

Starting from the results achieved through the expert opinion survey, it will be possible to build a
strategy for the development of LTDH systems. In particular, the realization of demonstrative plants
in specific pilot cases, where an LTDH system is co-designed with the all stakeholders, is crucial for an
effective promotion and diffusion of an LTDH approach, especially in Italy and Southern Europe.

Author Contributions: M.P. conducted the conceptualization and the methodology of the expert opinion survey;
A.G. prepared the survey and was in charge of the data analysis and the preparation of the original draft; E.P.
reviewed the original draft; C.S. provided comments and supported the study design. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by EIT Climate-KIC Association of the European Institute of Innovation and
Technology, which co-financed the “iEnergyDistrict” project. EIT Climate-KIC is a European knowledge and
innovation community working towards a climate-resilient society founded on a circular and zero-carbon economy.

Acknowledgments: The authors acknowledge all the experts and the DH associations that answered the survey
and in particular the AIRU (Associazione Italiana Riscaldamento Urbano), who shared the survey and thus made
it possible to receive a sufficient number of answers to ensure statistical analysis.

Conflicts of Interest: The authors declare that there is no conflict of interest.

Appendix A

Survey questions and answers are reported below in Tables A1 and A2.
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Table Al. The expert opinion survey questions.

The Survey Questions

1.1 In what of the following organizations do you work?

1.2 In which country is your organization located?

Part 1:

. 1.3 What is your expertise area within the organization?
Professional Status

1.4 What is your expertise area in district heating?

1.5 How long do you work in the district heating sector?

2.1 Have you ever heard about “low temperature district heating”?

Part 2: 2.2 When do you hear about the concept of “low temperature district
LTDH: The First Approach heating” for the first time?

2.3 Through which channel do you hear about the concept of “low
temperature district heating” for the first time?

3.1 In your opinion, what are the main advantages of existing traditional
district heating systems?

3.2 In your opinion, what are the main disadvantages of existing
traditional district heating systems?

3.3 In your opinion, what are the main advantages of the low

Part 3 temperature district heating plants in comparison with traditional ones?
art 3:

LTDH: Your Opinion 3.4 In your opinion, what are the main disadvantages of the low
temperature district heating plants in comparison with traditional ones?

3.5 Are you able to rank the following barriers to adapt traditional
district heating systems to “low temperature district heating systems?

3.6 What future do you expect for low-temperature district heating
systems in your country?

3.7 Please, can you leave a comment about low temperature district
heating systems?

Table A2. The expert opinion survey questions.

Suggested Answers to the Expert Opinion Survey

Question 1.1 O Public company
O Private company
O Private research center
O University
O Public Authority
O Self-employed
O Other

Question 1.2 Any country in the world is permitted as an answer.

Question 1.3 O Administrative/Legal/Authorization
O Business development
O Energy planning
O Management
O Research and development

O Technical/Design

O Other
Question 1.4 Answers are equal to those for Question 1.3.
Question 1.5 O Less than 2 years

O Between 2 years and 5 years
O Between 5 years and 10 years
O More than 10 years
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Table A2. Cont.

Suggested Answers to the Expert Opinion Survey

Question 2.1 O Yes
o No (*)
Question 2.2 O Before 2000

O Between 2000-2010
O Between 2010-2017
O This year

Question 2.3 (**)

O Sector conference/seminar/workshop
O Peer-reviewed papers

O Technical magazines/newspapers

O Internet sites

O Plant visits

O Other

Question 3.1 (**)

O State-of-the-art technology/Reliability

O Remunerative business model

O Able to supply heat to new and existing buildings

O Higher efficiency with respect to traditional decentralized plants
O High replicability

O Other

Question 3.2 (**)

0 Complex integration of renewable energy sources in the generation plant

O High distribution heat losses

O Business model influenced by several external factors such as fuel cost, electricity
selling price and incentives/Feed-in tariffs

O High limitations to decentralized energy production (at customer level)

O Environmental sustainability

O High heating selling price

O Technical and/or economic limitations for the integration with district cooling
systems

0 Other

Question 3.3 (**)

O Reduction of distribution heat losses

O Lower complexity in the integration of renewable energy sources at the generation
plant

O Lower complexity in the integration of renewable energy sources at the customer
level

O Reduction of operative costs

O Higher environmental sustainability

O Higher energy efficiency

O Higher integration in district cooling systems

O Other

Question 3.4 (**)

O Business model still to be developed

O Higher investment costs

O The need to locally boost supply temperature depending on customer’s
characteristics (i.e., old/new buildings)

O More complex management of central heat production and distribution

O More complex management of the overall system due to distributed energy
production required also at the customer level

O Need to meter thermal energy fluxes to and from the network

O The need to locally boost supply temperature for domestic hot water production
0 Other
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Table A2. Cont.

Suggested Answers to the Expert Opinion Survey

Question 3.5 (***) 0O High investment costs

0O The need to locally boost supply temperature

O The need to modify existing business models

0O The metering of the thermal energy fluxes to and from the network
O Contractual restrictions about supply temperature conditions

O Limited opportunities for existing substation retrofitting

O The relationship with the customer

O Legislative/Regulatory/Authorization constraints

O Conflictual relationship between the grid operator, the district heating plant
manager and the eventual manager of the substation

O Lack of the required technical competences

O Other

Question 3.6 O None

O Poor diffusion in the next 20 years

0 Good diffusion in the next 20 years

O Market penetration already in place with good diffusion
O Idon’t know

Question 3.7 Open form answer

(*) In the case the participant answers “no,” all the questions about LTDH are not required to be answered. (**) More
than one answer is possible for the question. (***) Participants were asked to rank the identified barriers for the
implementation of LTDH with a number from 1 (very low importance) to 5 (very high importance).
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