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The International Energy Agency (IEA) was established in 1974 within the framework of the Organisation for Economic Co-operation
and Development (OECD) to implement an international energy programme. A basic aim of the IEA is to foster international co-
operation among the 30 IEA participating countries and to increase energy security through energy research, development and
demonstration in the fields of technologies for energy efficiency and renewable energy sources.

The IEA co-ordinates international energy research and development (R&D) activities through a comprehensive portfolio of
Technology Collaboration Programmes (TCPs). The mission of the IEA Energy in Buildings and Communities (IEA EBC) TCP is to
support the acceleration of the transformation of the built environment towards more energy efficient and sustainable buildings and
communities, by the development and dissemination of knowledge, technologies and processes and other solutions through
international collaborative research and open innovation. (Until 2013, the IEA EBC Programme was known as the IEA Energy
Conservation in Buildings and Community Systems Programme, ECBCS.)

The high priority research themes in the EBC Strategic Plan 2019-2024 are based on research drivers, national programmes within
the EBC participating countries, the Future Buildings Forum (FBF) Think Tank Workshop held in Singapore in October 2017 and a
Strategy Planning Workshop held at the EBC Executive Committee Meeting in November 2017. The research themes represent a
collective input of the Executive Committee members and Operating Agents to exploit technological and other opportunities to save
energy in the buildings sector, and to remove technical obstacles to market penetration of new energy technologies, systems and
processes. Future EBC collaborative research and innovation work should have its focus on these themes.

At the Strategy Planning Workshop in 2017, some 40 research themes were developed. From those 40 themes, 10 themes of special
high priority have been extracted, taking into consideration a score that was given to each theme at the workshop. The 10 high priority
themes can be separated in two types namely 'Objectives’ and 'Means'. These two groups are distinguished for a better understanding
of the different themes.

Objectives - The strategic objectives of the EBC TCP are as follows:

— reinforcing the technical and economic basis for refurbishment of existing buildings, including financing, engagement of
stakeholders and promotion of co-benefits;

— improvement of planning, construction and management processes to reduce the performance gap between design stage
assessments and real-world operation;

— the creation of 'low tech’, robust and affordable technologies;

— the further development of energy efficient cooling in hot and humid, or dry climates, avoiding mechanical cooling if possible;

— the creation of holistic solution sets for district level systems taking into account energy grids, overall performance, business

models, engagement of stakeholders, and transport energy system implications.

Means - The strategic objectives of the EBC TCP will be achieved by the means listed below:

— the creation of tools for supporting design and construction through to operations and maintenance, including building energy
standards and life cycle analysis (LCA);

— benefitting from 'living labs' to provide experience of and overcome barriers to adoption of energy efficiency measures;

— improving smart control of building services technical installations, including occupant and operator interfaces;

— addressing data issues in buildings, including non-intrusive and secure data collection;

— the development of building information modelling (BIM) as a game changer, from design and construction through to operations

and maintenance.

The themes in both groups can be the subject for new Annexes, but what distinguishes them is that the 'objectives' themes are final
goals or solutions (or part of) for an energy efficient built environment, while the 'means’ themes are instruments or enablers to reach
such a goal. These themes are explained in more detail in the EBC Strategic Plan 2019-2024.

Overall control of the IEA EBC Programme is maintained by an Executive Committee, which not only monitors existing projects, but
also identifies new strategic areas in which collaborative efforts may be beneficial. As the Programme is based on a contract with the
IEA, the projects are legally established as Annexes to the IEA EBC Implementing Agreement. At the present time, the following
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projects have been initiated by the IEA EBC Executive Committee, with completed projects identified by (*) and joint projects with the
IEA Solar Heating and Cooling Technology Collaboration Programme by (3t):

Annex 1:
Annex 2:
Annex 3:
Annex 4:
Annex 5:
Annex 6:
Annex 7:
Annex 8:
Annex 9:

Load Energy Determination of Buildings (*)

Ekistics and Advanced Community Energy Systems (*)
Energy Conservation in Residential Buildings (*)
Glasgow Commercial Building Monitoring (*)

Air Infiltration and Ventilation Centre

Energy Systems and Design of Communities (*)

Local Government Energy Planning (*)

Inhabitants Behaviour with Regard to Ventilation (*)
Minimum Ventilation Rates (*)

Annex 10: Building HVAC System Simulation (*)
Annex 11: Energy Auditing (*)

Annex 12: Windows and Fenestration (*)

Annex 13: Energy Management in Hospitals (*)

Annex 14:
Annex 15:
Annex 16
Annex 17:
Annex 18:
Annex 19
Annex 20:
Annex 21:
Annex 22:
Annex 23:
Annex 24:
Annex 25
Annex 26:
Annex 27:
Annex 28
Annex 29:
Annex 30:
Annex 31
Annex 32:
Annex 33:

Condensation and Energy (*)

Energy Efficiency in Schools (*)

: BEMS 1- User Interfaces and System Integration (*)
BEMS 2- Evaluation and Emulation Techniques (*)
Demand Controlled Ventilation Systems (*)

: Low Slope Roof Systems (*)

Air Flow Patterns within Buildings (*)

Thermal Modelling (*)

Energy Efficient Communities (*)

Multi Zone Air Flow Modelling (COMIS) (*)

Heat, Air and Moisture Transfer in Envelopes (*)

: Real time HVAC Simulation (*)

Energy Efficient Ventilation of Large Enclosures (*)
Evaluation and Demonstration of Domestic Ventilation Systems (*)
: Low Energy Cooling Systems (*)

¥t Daylight in Buildings (*)

Bringing Simulation to Application (*)

: Energy-Related Environmental Impact of Buildings (*)
Integral Building Envelope Performance Assessment (*)
Advanced Local Energy Planning (*)

Annex 34: Computer-Aided Evaluation of HVAC System Performance (*)

Annex 35: Design of Energy Efficient Hybrid Ventilation (HYBVENT) (*)

Annex 36: Retrofitting of Educational Buildings (*)

Annex 37: Low Exergy Systems for Heating and Cooling of Buildings (LowEXx) (*)
Annex 38: 3t Solar Sustainable Housing (*)

Annex 39: High Performance Insulation Systems (*)

Annex 40: Building Commissioning to Improve Energy Performance (*)

Annex 41:
Annex 42:

Whole Building Heat, Air and Moisture Response (MOIST-ENG) (*)
The Simulation of Building-Integrated Fuel Cell and Other Cogeneration Systems (FC+COGEN-SIM) (*)

Annex 43: 3t Testing and Validation of Building Energy Simulation Tools (*)

Annex 44: Integrating Environmentally Responsive Elements in Buildings (*)

Annex 45: Energy Efficient Electric Lighting for Buildings (*)

Annex 46: Holistic Assessment Tool-kit on Energy Efficient Retrofit Measures for Government Buildings (EnERGo) (*)
Annex 47: Cost-Effective Commissioning for Existing and Low Energy Buildings (*)

Annex 48: Heat Pumping and Reversible Air Conditioning (*)

Annex 49: Low Exergy Systems for High Performance Buildings and Communities (*)

Annex 50: Prefabricated Systems for Low Energy Renovation of Residential Buildings (*)

Annex 51:

Energy Efficient Communities (*)

Annex 52: 3 Towards Net Zero Energy Solar Buildings (*)

Annex 53: Total Energy Use in Buildings: Analysis and Evaluation Methods (*)

Annex 54: Integration of Micro-Generation and Related Energy Technologies in Buildings (*)

Annex 55: Reliability of Energy Efficient Building Retrofitting - Probability Assessment of Performance and Cost (RAP-RETRO) (*)
Annex 56: Cost Effective Energy and CO2 Emissions Optimization in Building Renovation (*)

Annex 57: Evaluation of Embodied Energy and CO2 Equivalent Emissions for Building Construction (*)
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Annex 58:
Annex 59:
Annex 60:

Annex 61

Annex 64

Annex 79

Annex 91

Annex 97

Reliable Building Energy Performance Characterisation Based on Full Scale Dynamic Measurements (*)
High Temperature Cooling and Low Temperature Heating in Buildings (*)
New Generation Computational Tools for Building and Community Energy Systems (*)

: Business and Technical Concepts for Deep Energy Retrofit of Public Buildings (*)
Annex 62:
Annex 63:

Ventilative Cooling (*)
Implementation of Energy Strategies in Communities (*)

: LowEx Communities - Optimised Performance of Energy Supply Systems with Exergy Principles (*)
Annex 65:
Annex 66:
Annex 67:
Annex 68:
Annex 69:
Annex 70:
Annex 71:
Annex 72:
Annex 73:
Annex 74:
Annex 75:
Annex 76:
Annex 77:
Annex 78:

Long-Term Performance of Super-Insulating Materials in Building Components and Systems (*)
Definition and Simulation of Occupant Behavior in Buildings (*)

Energy Flexible Buildings (*)

Indoor Air Quality Design and Control in Low Energy Residential Buildings (*)

Strategy and Practice of Adaptive Thermal Comfort in Low Energy Buildings (*)

Energy Epidemiology: Analysis of Real Building Energy Use at Scale (*)

Building Energy Performance Assessment Based on In-situ Measurements (*)

Assessing Life Cycle Related Environmental Impacts Caused by Buildings (*)

Towards Net Zero Energy Resilient Public Communities (*)

Competition and Living Lab Platform (*)

Cost-effective Building Renovation at District Level Combining Energy Efficiency and Renewables (*)

1t Deep Renovation of Historic Buildings Towards Lowest Possible Energy Demand and CO, Emissions (*)

1¥ Integrated Solutions for Daylight and Electric Lighting (*)
Supplementing Ventilation with Gas-phase Air Cleaning, Implementation and Energy Implications (*)

: Occupant-Centric Building Design and Operation (*)
Annex 80:
Annex 81:
Annex 82:
Annex 83:
Annex 84:
Annex 85:
Annex 86:
Annex 87:
Annex 88:
Annex 89:
Annex 90:

Resilient Cooling (*)

Data-Driven Smart Buildings

Energy Flexible Buildings Towards Resilient Low Carbon Energy Systems

Positive Energy Districts

Demand Management of Buildings in Thermal Networks

Indirect Evaporative Cooling

Energy Efficient Indoor Air Quality Management in Residential Buildings

Energy and Indoor Environmental Quality Performance of Personalised Environmental Control Systems
Evaluation and Demonstration of Actual Energy Efficiency of Heat Pump Systems in Buildings
Ways to Implement Net-zero Whole Life Carbon Buildings

1 Low Carbon, High Comfort Integrated Lighting

: Open BIM for Energy Efficient Buildings
Annex 92:
Annex 93:
Annex 94:
Annex 95:
Annex 96:

Smart Materials for Energy-Efficient Heating, Cooling and IAQ Control in Residential Buildings
Energy Resilience of the Buildings in Remote Cold Regions

Validation and Verification of In-situ Building Energy Performance Measurement Techniques
Human-centric Building Design and Operation for a Changing Climate

Grid Integrated Control of Buildings

: Sustainable Cooling in Cities

Working Group - Energy Efficiency in Educational Buildings (*)

Working Group - Indicators of Energy Efficiency in Cold Climate Buildings (*)

Working Group - Annex 36 Extension: The Energy Concept Adviser (*)

Working Group - HVAC Energy Calculation Methodologies for Non-residential Buildings (*)
Working Group - Cities and Communities (*)

Working Group - Building Energy Codes
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The integration of buildings into the energy system introduces both opportunities and challenges for district
heating and cooling (DHC) utilities. While demand response (DR) strategies and new pricing models can
improve efficiency, barriers such as split incentives, regulatory constraints, and information asymmetries
hinder their implementation. Additionally, knowledge gaps exist regarding cost-effective deployment and
stakeholder engagement.

Research and interviews presented in this deliverable indicate that households generally support DR
schemes as long as comfort and control are maintained. A lack of transparency in DR programs can lead to
frustration, emphasising the need for better communication. While many DHC providers acknowledge the
potential of DR, they focus more on supply-side measures due to regulatory and knowledge barriers.

Key Recommendations combining both ends of the DR value chain (i.e. DHC customers and DHC utilities)
for successful implementation of the DR programs, leading to a more sustainable and energy efficient DHC
sector are:

Improve Communication: Ensure clear information about DR programs to enhance participation and user
satisfaction.

Development of Fair Pricing Models: Gradually introduce variable tariffs with protections for low-income
households and support for energy-efficient renovations.

Stronger promotion of Knowledge Sharing: Facilitate collaboration and best practice exchanges among
DHC utilities.

Addressing Regulatory Barriers: Advocate for policy adjustments to enable demand-side flexibility.
Incentivise Customer Participation: Use financial, environmental, and energy-saving incentives to en-
gage consumers effectively.
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Buildings are becoming smarter due to the widespread availability of connected devices, sensors, actuators
and appliances, which can improve the indoor comfort of occupants while reducing total building opera-
tional costs, energy, and environmental footprint [1]. At the same time, space and water heating contribute
to 45% of CO2 emissions in the building sector, accounting for 12% of global energy-related CO2 emissions
[1]. Space cooling, which currently represents only 15% of the energy used for heating [1], along with heat-
ing, makes up the largest portion of carbon emissions in buildings. Over the next 30 years, building floor
areas are expected to double by 2070, cooling demand is projected to grow by 3% annually, but heating
demand is not expected to balance out this increase, thus these energy uses are key targets for interven-
tions aimed at a swift and effective transition to zero-carbon energy systems [2].

District heating and cooling (DHC) systems are recognized as the most sustainable solutions for meeting
heating and cooling needs in densely populated areas where individual heat pump installations are imprac-
tical [2,3]. It is estimated that district heating (DH) systems supply 9% of the global heating demand in
buildings and industry [4]. According to the IEA's "Net Zero by 2050" strategy [5], DH is expected to supply
over 20% of the global space heating demand. The district cooling (DC) systems are in the development
stage, delivering around 300 PJ/year globally [2]. Yet, they are gaining the interest of the international com-
munity since the impact of climate change on global warming is now clearly visible, and the cooling de-
mand increases even in heating-dominated locations, e.g. Austria, the Netherlands, Poland, and Canada.
Additionally, the European Union has raised its CO2 emissions reduction target for 2030 from 40% to 55%.
The EU's "Fit-for-55" proposal aims to achieve this goal through enhanced energy efficiency and increased
reliance on renewables. As a result of these international targets, both the DHC and electrical power sec-
tors are undergoing significant transformations, striving to eliminate fossil fuels and boost the share of re-
newable energy sources (RES).

The planned decarbonization of the energy system necessitates a revolution across all energy sectors and
a shift towards smart energy systems, markets, and social restructuring [6—9]. A high integration of RES,
such as geothermal, solar, and wind energy, either directly at DHC production units or indirectly through the
electricity grid via large-scale heat pumps (HPs), may result in fluctuating heat production [10]. Conse-
quently, DHC systems could play a critical role in buffering energy system intermittency. However, this vari-
ability presents additional challenges in DHC system operation and planning, increasing the need for long-
and short-term energy storage and flexibility and, thus, interoperability between the existing and new com-
ponents and functionalities located at the production and demand sides. Thus, DH systems are undergoing
major changes to meet decarbonization goals and manage intermittent heat supplies to ensure consistent
heat availability while maintaining stable operation and cost-optimal performance.

Thermal energy storages (TES) offer a promising solution to enhance the controllability of DHC systems
during short- and long-term operational challenges [11,12]. According to [13], TES in DHC systems can be
classified by a) physical phenomenon: sensible, latent, and chemical; b) storage duration: short-term and
long-term; c) location: distributed/decentralized and localized/centralized; and d) transportability: fixed and
mobile. TES can be integrated into the production unit or strategically placed within the distribution network,
centrally controlled by DHC operators. Water circulating in DHC network pipelines has also been explored
as a source of thermal storage or driven in a decentralized manner via broadcasted incentive signals
[14,15]. These TES solutions involve actions and investments on the primary side.
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At the same time, every building connected to the DHC network can be seen as a decentralized TES solu-
tion with characteristics fluctuating according to the heat demand profile of the building. The main concept
behind utilizing buildings for energy storage is that for a specific time, the heat supply to the building ex-
ceeds current demand, with the stored heat used later [16]. This concept, known as energy-flexible building
or demand response (DR), has been studied by international experts for over a decade, focusing on initial
concept definition, formulation, simulation studies [17], general discussions on applications and challenges
[18,19], and extensive reviews of evaluation metrics [20]. However, these studies are mostly academic,
with generic definitions and evaluation metrics applied across different scopes, mainly in the electricity sec-
tor, without accounting for hydronics in thermal DHC systems. Despite its potential, large-scale implemen-
tation of demand response and utilisation of buildings for energy storage in DHC systems has not yet mate-
rialised, as utilities are hesitant to adopt it in daily operations. Integrating solutions for flexibility activation
and control into existing DHC systems and building heating installations while ensuring customer satisfac-
tion, economic viability, interoperability and regulatory compliance is a complex task that requires collabo-
ration among various stakeholders with sometimes conflicting goals. These challenges limit the large-scale
adoption of the demand response concept in DHC systems.

The overarching goal of IEA EBC Annex 84 “Demand Management of Buildings in Thermal Networks” is to
develop comprehensive knowledge used as guidelines for the successful activation of the DR in DHC sys-
tems. The work of IEA EBC Annex 84 explores both the social and technical challenges and how they can
be overcome, as well as how digitalization of the demand side (e.g., smart meters, sensors, monitoring
equipment) can further facilitate large-scale DR utilization with the minimum investments.

To fulfil the aim the following specific objectives were defined for IEA EBC Annex 84:

» Provide knowledge on partners/actors involved in the energy chain and on collaboration models/instru-
ments for successful demand management.

» Classify, evaluate and provide design solutions for new and existing building heating and cooling instal-
lations for successful demand management in various DHC networks.

» Develop methods and tools to utilize data from energy and IEQ monitoring equipment for real-time data
modelling of thermal demand response potential in buildings and urban districts.

+ Disseminate lessons learned from case studies collected by the Annex.

To address these objectives, the research and development work in the Annex is divided into four sub-
tasks, each of which is further divided into several specific work items (see Figure 1).

IEA EBC Annex 84
Demand Management of Buildings in Thermal Networks
Subtask A Subtask B Subtask C Subtask D
Collaboration models — WHO Technology at building level - hardware Methods and Tools- software Case studies

D.1 Type A - Existing buildings
and networks (TRL7-9)

B.1 Classification of buildings and
DHC networks

C.1 Smart thermal operation of
buildings

A1 Existing situation in the field ‘

B.2 Supply, storage and

D.2 Type B - New building (TRL6-
distribution of energy in building 7

scale district thermal networks

A.2 Definition and terminology ‘ C.2 Smart buildings in urban- ‘

A.3 Concepts for new ‘ 4

C.3 Smart algorithms for demand
management of buildings in DHC
networks

(technology) (TRL4-5)

A{ D.4 Type D - Virtual platforms

collaboration models

B.4 Role of monitoring equip.,

B.3 Role of DHC substation ‘
sensors and control ‘

(TRL3)

D.3 Type C — Laboratory cases ‘
D.5 Assessment and Evaluation ‘

B.5 Framework for evaluation of
technical options

Structure of the IEA EBC Annex 84

It investigates the motivations, challenges and limitations of key actors involved in DR. It reviews existing
terminology and indicators describing the DR concept followed by the development of a common language
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understandable for all involved actors. It reviews the existing collaboration models and provides recommen-
dations for the commercial utilisation of the DR concept by DHC utilities in the case studies in Subtask D.

It investigates the technological options integrated at the building level to enable DR. Special attention is
given to the evaluation of their ability to maintain the thermal and domestic hot water (DHW) comfort de-
mands of the end-users while reacting to the DHC signals, to their market readiness level, and to their eco-
nomic and adaptation potential in different generations of DHC systems.

It develops new data-driven algorithms for modelling the smart thermal operation of individual buildings and
for aggregation, orchestration and feasibility studies of individual smart buildings in urban DHC systems
and techno-economic system-wide optimization of DHC systems.

It provides an overview of state-of-the-art methods, frameworks, software, numerical tools and algorithms
relevant to smart thermal management of individual buildings and building clusters connected to district
heating and cooling networks. It covers aspects such as dynamic modelling, large data treatment and anal-
ysis, techno-economic optimization, fault detection and orchestration of the smart thermal operation and
demand response of buildings integrated into thermal grids.

It reviews the existing real-life and virtual buildings or cluster of buildings delivering thermal storage to DHC
systems and thereby being demand-response-ready. The investigation includes the applied technological
solutions, control strategies, collaboration agreements between DHC utilities and the customers, and fi-
nally, the motivation of the actors to initiate the DR action.

To address the topic comprehensively and uniformly the Annex 84 has adopted the terminology, which is
technology agnostic and presented in Figure 2.

DEMAND RESPONSE

Non-permanent demand changes

() ,— ACTION TYPE —‘ = ’7 CONTROL TYPE j @
—

—— —

AUTOMATED MANUAL (ﬁ

=]
@ @ DIRECT INDIRECT o &
by utilit by customer
. v v Y Automatic demand change Manual demand change
Direct demand changes Incentivized demand changes

mect DR: the change in the demand profile is directly activated in-the building by the DHC grid operator according to the
agreement conditions made between the end-user and DHC utility. The DR event does not require constant customer
engagement and reactions. The DR event/output has a low uncertainty and a high reliability.

Indirect DR: the change in the demand profile is expected to be the response to the variations in the broadcasted signal (e.g.

energy price, environmental footprint, shot-down periods, flexibility market bid). The end-user is the actuator of the DR event. The

DR event/output has a high uncertainty and a low reliability.

Automated: the change of the demand profiles is made by automated and remote adjustment of the settings of heat installation

components. To execute the DR event, there MUST be interoperability components present. The DR event/output has a low

uncertainty and a high reliability.

Manual: the change of the demand profiles is made by manual adjustment of the settings of heat installation components. To
Qecute the DR event, there CAN be interoperability components present. The DR event/output has a high uncertainty and a low

rel j

iability.

Terminology applied in IEA EBC Annex 84

Combining the two action and control types there can be four different demand response types: 1) Direct
Automated (e.g. model predictive control in the building executing a forecast of the DHC grid operator), it
is characterised by high & high reliability; 2) Indirect Automated (e.g. model predictive control in the
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building reacting to the DHC broadcasted signal), it is characterised by low & high reliability; 3) Direct Man-
ual (e.g. DHC operator vising the house or sitting in the control room and pressing the button), it is charac-
terised by high & low reliability; 4) Indirect Manual (e.g. end users changing the settings physically or via
using the remote technology (walking in the house, sitting on the sofa and using app) as the reaction to the
broadcasted signal), it is characterised by low & low reliability. Figure 3 presents the visualisation of the

four DR types.
5 - 0
Direct manual

A

Direct automated
—
—
)

’ @ ‘ i

@

Indirect automated .
Indirect manual

lllustration of the four types of DR according to Annex 84

Finally, the direct and indirect action types proposed by Annex 84 are preferable DR mechanisms em-
ployed by the DHC operators; they indicate the level of operator involvement in the DR programme. From
the customers’ perspective, i.e. more sociological viewpoint, these action types can be classified as explicit
or implicit DR mechanisms. In the explicit DR, the customers receive a direct payment from the DHC utility
for shifting their demand as part of the DR programme. In implicit DR, various incentives, e.g. price or CO:2
signals, are used to encourage the customers to modulate their demand.

The integration of buildings in the energy system brings new opportunities but also new complexities for
energy service companies, such as district heating and cooling (DHC) utilities, regarding addressing cus-
tomers' and stakeholders' needs [21]. The adaptation of new communication and collaboration models is
often confounded by significant split incentive barriers and information asymmetries between stakeholders
(i.e. customers and utility operators). There is also a significant knowledge gap on the aspects of cost-ef-
fective implementation and increasing customer and stakeholder involvement.

There exist two opposing approaches to involve customers in the activation of demand response (DR) as-
sets [22]. The end-users can either be active participants by adjusting the timing of energy use according to
the received signal (price, CO2 emissions, etc.) or be passive participants, where the change/adjustment of
energy use is executed by automatic system remotely controlled by DHC system operators.

Knowledge of energy demand is pertinent when integrating buildings in DHC systems. For end-users, en-
ergy is mostly invisible and consumed in the course of performing practices in everyday life. Experiments
with the electric grid have shown that customers are to some extent flexible in their electricity consuming
practices and react to e.g. time-of-use pricing. Heating/cooling demand response is very different and re-
lates to questions of thermal comfort and control of space heating and cooling, as well as to patterns of do-
mestic hot water (DHW) use. Knowledge on how end-users can be engaged is crucial for improving
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heating/cooling control and demand response and its potential for minimizing bottlenecks in the DHC sys-
tem. Moreover, these insights are significant for developing relevant new services and products.

The development of DHC systems varies significantly across the globe, adding further complexity [2]. The
establishment period of DHC systems differs from one country to another. Older thermal networks were de-
signed solely for heating or cooling, whereas newer collective thermal networks provide both. The age of
DHC networks often determines the heat/cold carriers and operating temperatures. Table 1 presents the
characteristics of different generations of DHC systems as proposed in [2, 23-25].

Table 1 Features of the DH and DC system generations developed using information from [2,23,24,30-32].

Period | heat/cold carrier | Supply Extra features
Temp.(°C)

First generation (1GDH) > 1880 | steam >200 concrete ducts

Second generation (2GDH) > 1930 | pressurised water > 100 in-suit elements

Third generation (3GDH) > 1980 | pressurised water <100 prefabricated elements

Fourth generation (4GDH) > 2008 | pressurised water <70 2-way DH

Fifth generation or Cold District | > 2010 | water <25 Combined heating and cooling;

Heating (5GDH&C or CDH) individual heat pumps or boosters

First generation (1GDC) > 1890 | refrigerant or brine -4 to +7 centralised chillers

Second generation (2GDC) >1960 | cold water 2t0 8 large mechanical chillers

Third generation (3GDC) >1990 | cold water 0.5t08 diversified cooling technologies
and cooling sources; storage;
coupling to DH

Fourth generation (4GDC) > 2020 | multi-source 4to 24 Centralised and decentralised so-
lutions; integration with Electricity,
DH, and gas systems

Moreover, each DHC system has a unique local signature, influenced by factors such as the geographical
distribution of its components, technical characteristics, and the mix of buildings with various heating/cool-
ing installations and consumer demands. Recent reports on DHC system digitalisation [26,27] highlight the
rapid evolution of technologies, offering new management solutions that enhance performance and flexibil-

ity.

DC systems are not yet as well established as DH systems. However, they have the potential to play a ma-
jor role in reducing environmental impacts in a cost-efficient manner. Compared to individual solutions, DC
systems offer lower environmental footprints, higher energy efficiency, improved flexibility for electricity
grids, cross-sector synergies, and mitigation of the urban heat island effect [24, 28]. Currently, they primar-
ily provide space cooling for commercial buildings in major urban areas across Europe, the Middle East,
Asia, and Canada [29].
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Therefore, up-to-date knowledge of DHC utility operators' approaches to utilizing buildings as decentralized
storage assets is crucial for successfully integrating buildings into the daily operation of DHC networks.

Therefore, within the scope of subtask A, which aimed to study the motivations, challenges, and constraints
faced by key actors involved in demand response (DR) and to analyse current collaboration models and to

offer recommendations for the commercial implementation of the DR concept by DHC utilities, the following
activities were conducted and are described in this deliverable:

— Customers' engagement in DR programs and their perspectives on the DR concept, based on findings
from the RESPOND project.

— Survey of DHC professionals on their views regarding the integration of buildings into the daily operation
of DHC networks.

— Analysis of existing tariffs and collaboration models, including a literature review and case study analy-
sis.
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The Horizon 2020 Integrated Demand Response Solution Towards Energy Positive Neighbourhoods (RE-
SPOND) project (grant agreement No 768619) [33] took a very ambitious challenge of investigating how to
ensure user engagement in demand response (DR) strategies. The RESPOND project aimed to fill the gap
between the ongoing DR initiatives often focusing on the biggest customers with high energy demand and
households with small demand. The objective of RESPOND was to design, implement and test DR solu-
tions for small dwellings which, acting like a large group, can change their heating consumption load during
a certain period to decrease the peak in the usage curve, without affecting users' comfort while benefiting
from cheaper and cleaner energy. Therefore, the target citizens in RESPOND were the end-users living in
apartments in multi-story buildings. The RESPOND project leveraged a holistic approach to the demand
response concept working with societal challenges from a social practice perspective, which emphasizes
the role of meaning, competences, materiality and technical design in energy-consuming practices and in
changing these through DR programmes, and technical challenges such as interoperability between smart
home devices and automation systems, reliable energy data analytics and real-time forecasting to foster
execution of DR strategies.

The methodologies applied in the project were also very comprehensive including a thorough theoretical
study of how to achieve the long-lasting engagement of the end-users in the DR programmes followed by a
10-week-long experimental investigation of different DR control strategies in social housing buildings (in the
Danish pilot) and finished with in-person interviews with end-users to collect their feedback on the con-
ducted experiment and potential improvements of the DR strategies.

In the RESPOND project, residents were considered a key demand-side variable capable of enabling sys-
temic demand response interventions thus speeding up the process towards carbon-neutral societies. This
scope and the mixed methods applied to design, demonstrate and validate the DR concept are unique
among known real-life DR cases described in the Annex 84 subtask D deliverable [ref]. Therefore, the
knowledge and experience collected during the RESPOND provide the fundaments for Annex 84 recom-
mendations for the successful engagement of residents in the demand response programmes in the district
heating sector.

The following sections are developed using the results collected in eight deliverables developed during RE-
SPOND and primary in WP3 User Engagement Process and WP6 Validation and replication of project re-
sults: D.3.1 Criteria and framework for participant recruitment [34], D3.2 Uuser engagement strategy [35],
D.3.3 Findings and recommendations from focus groups on user context [36], D3.4 Personal energy perfor-
mance assistant design [37], D6.2 Validation analysis of operation scenarios [38], D6.3 User engagement
assessment [39], D6.4 RESPOND replication plan [40], and D6.5 Best practices and lessons learnt [41].

This section is developed using the content of the RESPOND project's deliverable D3.2, which is the User
engagement strategy [35].
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Demand Response (DR) solutions, as components of smart energy systems, have often been perceived
and implemented as primarily technical or infrastructural initiatives. However, it is crucial to integrate
knowledge about customers/residents and their everyday practices into these solutions. For DR solutions
to be successful and functional in practice, two key criteria must be met:

— Meaningfulness: The solution must resonate with people and align with their values or motivations.
— Practicality: The solution should be easy for users to engage with, ensuring it is both functional and
user-friendly.

The practicality criterion can be further broken down into two essential aspects that shape the usability of a
DR solution: the technological design and the users' competences or know-how for operating the DR solu-
tions. These two criteria are closely interconnected. For instance, how people ascribe meaning to a certain
technology —such as DR solutions—depends partially on their technical proficiency and familiarity with it.
Similarly, what users find meaningful is shaped by a range of socio-economic factors and individual, cultur-
ally influenced preferences. For example, some individuals might find DR solutions meaningful because
they offer financial benefits, while others may engage with them for their environmental benefits.

Demand Response (DR) strategies often adopt an approach termed by Shove [42] as the ABC model,
where ABC stands for Attitude, Behaviour, and Choice. Strengers [43] extended this model by adding a “D”
for Demand, forming the ABCD model. This framework suggests that demand-side solutions should be
grounded in an analysis of customers' attitudes, values, choices, opinions, barriers, and drivers. The under-
lying assumption in ABCD model is that demand can be influenced by mapping and understanding the
ABCD of end-users, and then applying appropriate strategies. This model operates on the premise that
people's behaviour is determined by their attitudes (e.g., environmental values) and that people’s decisions
are conscious and deliberate, informed by their knowledge, such as the environmental impact of certain
behaviours.

However, the ABCD approach is criticised by social science research for overlooking the dynamic and
evolving nature of practices. Rather than viewing energy demand as a result of rational, individual choices
shaped by attitudes, the practice theory approach recommends energy consumption as the outcome of col-
lective and habitual practices. Practices are shared activities that individuals perform, influenced by various
elements, including technical factors like the design of energy-consuming products.

Strengers also challenges the assumption that energy consumers (e.g. occupants) are perceived as "micro
resource managers" who make rational, daily decisions about their energy use based on information given
by, for instance, smart meter feedback. This perspective fails to account for two key realities:

— Energy consumption emerges from daily practices such as cooking, cleaning, and showering, which are
driven by need of comfort and convenience rather than energy efficiency.

— People’s energy-related habits are shaped by a complex interplay of factors, including materials (e.g.,
appliances), meanings, and competences, rather than by deliberate decision-making.

These observations form the foundation for the subsequent analysis and the development of the RE-
SPOND user engagement strategy:

— Energy consumption results from everyday practices such as household chores and personal care.

— People generally do not focus on energy consumption itself; it is a outcome of their daily routines.

— These practices are shaped by a combination of elements, including materials (technologies and prod-
ucts), meanings (cultural and personal significance), and competences (skills and know-how).
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Simply providing information is insufficient to change practices. Effective strategies must address the
meanings and competences that underpin these practices and influence energy consumption.

RESPOND project has come up with following key findings for how to make the DR programmes meaning-
ful for the DH customers:

Variable pricing (dynamic tariffs) can be an effective incentive for shifting energy consumption, but the
tariff scheme must be simple, provide timely notifications of price changes, and include large price dif-
ferences to motivate behaviour change.

When asked, customers rate environmental concerns (e.g.”saving the environment”) higher than social
influence in clarifying their behaviour and domestic energy consumption, however ...

Research shows that normative social influence, the tendency to align with perceived societal norms,
has a higher impact on energy-related behaviour than personal beliefs or stated values.

Policies, campaigns, and initiatives should prioritize influencing shared practices over targeting individ-
ual beliefs.

Energy feedback increases households’ awareness of their energy use but does not necessarily trans-
late into changes in their routines or practices.

Domestic energy consumption is the result of routinized practices.

Designing interventions to change practices and thereby shift energy consumption requires identifying
and addressing all elements that shape practices: materials, meanings, and competences.

Promoting new practices should be supported through hands-on demonstrations of new (e.g., more en-
ergy-efficient or time-shifted) ways to perform everyday activities.

Demand Response (DR) programmes must ensure that customers’ thermal comfort is not compro-
mised, as this could compromise their acceptance of DR programmes.

Incorporating information about the indoor environment and recommendations for improvement in DR
solutions can make these programs meaningful and encourage the engagement of people.

Competences (skills) play a crucial role in shaping practices, influencing energy consumption, and ef-
fectively utilizing feedback and DR programmes.

Competences (know-how) are transferable between practices. Therefore, DR solutions should leverage
skills familiar from other practices, e.g. use of mobile applications for DR strategies, as most people are
accustomed to this solution.

Competences (e.g. use of smartphones and mobile apps) vary among individuals, which must be ac-
counted for in the design of DR solutions.

Within households, competences can differ among occupants, leading to variations in how easily indi-
viduals adopt DR solutions and recommendations. These differences may create imbalances, where
some household members become more adept at managing these systems, causing conflicts within the
household about who is controlling what (and how).

To develop the necessary competences for using DR solutions and recommendations, hands-on
demonstrations are recommended. These demonstrations should clearly show users how to interact
with new technologies.

DR solutions should offer easy-to-understand, specific, timely, and household-tailored recommenda-
tions to guide occupants in adjusting their practices to time-shift energy consumption.
Community-based approaches can foster long-term engagement of customers in DR programmes.
While feedback data helps users gain insights into their energy use patterns, it does not necessarily re-
sult in practice changes. Tailored recommendations on how to modify practices may be helpful.

19/49



— Technology is embedded in social practices and daily routines, and it has the potential to alter these
routines.

— While technology is designed with a specific purpose in mind, its interpretation and use remain flexible
and open to individual adaptation.

— Educational and social background impacts the effect of DR management technology.

— Providing historical feedback can encourage long-term user engagement.

— Frequent feedback provides the best results. However, it is important to include an option for adjusting
the frequency of feedback

— Comparing energy usage with that of neighbours yields good results.

— DR technologies should be integrated with existing systems and technologies.

— Everyday practices involving automation (e.g. remote control of the setpoints) are typically easier to
time-shift.

Based on the previous sections and the social practice theory, briefly mentioned in the introduction to sec-
tion 1.1 and further elaborated in deliverable D3.2 User engagement strategy [35], the RESPOND project
proposed the following strategy for end-user engagement with DR programmes:

Well-designed and functional digital solutions with user-friendly interfaces are key to ensuring the success-
ful and long-term engagement of customers in DR programmes. Incorporating focus groups and mock-ups
during the development process is recommended to achieve this goal.

Customers must always have the option to override automated Demand Response settings. Providing this
level of control is essential for ensuring user satisfaction and allowing them to address any thermal discom-
fort or inconvenience caused by automation. The absence of such a feature may undermine the success of
the DR programmes.

DR technological solutions should offer timely and personalized recommendations on when and how to
shift energy consumption. These recommendations are critical for maintaining user engagement and
should be adjustable in frequency to meet individual preferences.

A clear and simple graphical representation data is crucial for helping users understand the information be-
ing shared.

Displaying individual customer performance in comparison to others in the neighbourhood can sustain user
interest in DR programmes. This approach leverages the dynamics of normative social influence and com-
petition to drive engagement. However, all implementations must strictly align with GDPR to ensure data
privacy.

In-person engagement, such as workshops and meetings, provides an effective way to introduce DR pro-
grammes and familiarize users with technological solutions. These interactions help to enhance user en-
gagement and disseminate knowledge about energy consumption practices, including time-shifting strate-
gies.
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End-users inclusive design of digital solutions

Well-designed and operating digital solutions with user-friendly interfaces and functionalities is a key to
successful and long-term engagement of customers. The use of focus groups and mock-ups in the devel-
opment process is recommended.

2.2 Demand response experiment with district heating customers liv-
ing in apartment units (Aarhus, Denmark)

This section is developed using the content of the RESPOND project's deliverable D6.2, which is the Vali-
dation analysis of operation scenarios [38].

In RESPOND project, the main drivers to use the DR strategies among the DH customers were the capac-
ity issues and high peaks in various areas (e.g. residential area expansion) in the morning due to people
showering nearly simultaneously and adding this consumption to existing space heating demand. By appli-
cation of DR strategies, the DH supplier would like to eliminate the investment in upgrading the pipes in the
ground and the cost of activation of peak boilers, which might lead to higher heat prices for the customers.

The DR experiment took place for 10 weeks in February and March 2020 in 10 three-storey apartments
owned by the social housing association in Aarhus, see Figure 4. All units were occupied by two adults and
between zero and three children, who lived there for over one year.
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Figure 4 Picture of the case study building (left). Location of the radiators (red circle), temperature sensor (green cir-
cle), fireplace (purple circle), and DH substation (yellow) (right). [34-41]

The DR control strategies included only the direct automated types, where the thermostatic valve settings
were changed remotely without the end-user actions. The end-users could always override the DR event
settings. The characteristics of the DR strategies and their schedules are presented in Figure 5. The end-
users were not introduced to the DR events’ characteristics or the schedule. DR events were tested in five
working days, weekends were excluded from DR events. It should be noted that the DR events were not
activated by the DH utility but by the project participants.
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Figure 5. Overview of the DR strategies during the 10-week experiments and their characteristics.

The thermostat set-point is 16°C and not lower during the DR event for the following reasons: a) to main-
tain a temperature that is within the occupants’ acceptable range for thermal comfort, and b) to prevent the
dwelling’s temperature from dropping to a level that could cause condensation on walls, leading to mould
growth and potential building damage

Before each DR event, the RESPOND DR system remotely read the thermostat set point values, using
them as the baseline for the event. Once the DR event finished, the thermostat set points were reverted to
their pre-event settings, i.e. set points defined by the occupants.

The DR events were executed separately in every room in the apartment. The bathrooms were excluded
from the studies since occupants are more sensitive to temperature changes in these spaces than in other
rooms.

Finally, before starting the DR events, new digital thermostats were installed in every room of the 10 apart-
ments and connected to new gateways. This work was done in mid-November to give the occupants 2,5
months to get familiar with new technology (Danfoss ECO thermostats) and integrate it into their everyday
routines for adjusting thermal comfort in their homes. In this way, the baseline observations in weeks 1&2
were not biased due to lack of experience with new hardware.

2.21 Quantitative results

The reduction of energy use at the community level varied between the three DR control strategies. The
biggest savings of 27,5% were achieved in weeks 7&8, where no preheating was used. In weeks 5&6 with
1h preheating, the energy use decreased by 9.4%. The smallest energy savings of 6.3% were achieved in
weeks 3&4, where the temperature setpoint was lowered for just 1 hour.

The results of the peak load reduction had a slightly different pattern. The biggest peak load reduction of 90
kWh was also achieved in weeks 7&8. However, the DR preheating strategy applied in weeks 5&6 resulted
in a peak increase of 30 kWh. The DR strategy of 1h temperature decrease applied in weeks 3&4 led to a
peak decrease of 33 kWh.

The load rescheduling, i.e. moving energy use from peak to off-peak periods, was most beneficial in weeks
38&4, where the consumption during DR event was reduced 50% compared to the baseline. In weeks 5&6
load reduction of 25% was achieved and no load was rescheduled in weeks 7&8 compared to the baseline
weeks.
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This section is developed using the content of the RESPOND project's deliverable D6.3, which is User en-
gagement assessment.

During the 10-weeks of the DR experiments, after every week occupants were asked to provide feedback
on the previous week. 20 persons received questions in weeks 1-6 and 19 in weeks 7-10. The response
rate was 76% (149 answers out of 196 questionaries sent). The detailed questions used in the question-
naires can be found in Appendix 11 in D6.3 User engagement assessment report [39].

The age distribution of respondents was < 18 years old - 1, 30-49 years old — 6; 50-70 years old — 9; >70
years old — 4. The COVID-19 situation in winter 2020 (test weeks 6-10), and the respondents’ age distribu-
tion affected the stay-at-home time, which was 89%, 55%, 85% and 88% during periods morning 6-10,
noon/afternoon 10-16, evening 16-22 and night 22-6, respectively.

The overall results show that during the 10-week DR experiment, 76% of assessments expressed satisfac-
tion with temperature conditions, and 24% were dissatisfied. It was identified that too-low temperatures
were a problem for 37% of respondents, and too-high temperatures were troublesome for only 15%. Occu-
pant feedback about excessively low temperatures highlighted issues such as cold radiators, difficulty regu-
lating the temperature, and temperature fluctuations between rooms and over time.

By comparing responses between the four baseline weeks and the six weeks with DR events, it was found
that over half of the occupants experienced excessively low temperatures during periods without DR ac-
tions. In contrast, the percentage of dissatisfied occupants decreased to 37% during the DR event periods.
However, as shown in Figure 6, the mornings when DR events occurred proved to be the most challenging.
This suggests that the DR actions, such as reducing the heating set-point temperature to a minimum, con-
tribute to an increase in cold-related discomfort. The discomfort was consistent across different rooms, ex-
cept for the bedroom, where only one person (5%) reported issues with low temperatures.
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Noon/aft 10-16
oon/afternoon
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0% 20% 40% 60% 80% 100%
Baseline = DR events

Distribution of answers to the question: what time of the day do you experience problems with too low tem-
peratures? (Baseline weeks 1,2,9,10; DR period weeks 3-8).

The interviews were conducted after the completion of the DR trial, focusing on four apartments. The
planned DR protocol was partially implemented in households Aa01, Aa04, and Aa06, while it was fully im-
plemented in Aa05.

The results are presented in three sections. Part 1 provides an overview of the interviewees’ experiences

with the indoor environment and temperatures during the DR trial. Part 2 explores the interviewees’ percep-
tions of their level of control over their home's indoor environment during the trial. Part 3 summarizes the
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interviewees’ attitudes toward participating in future DR schemes in district heating networks and outlines
the conditions under which they would consider participating in such programs.

Household Aa01 (a couple 60+, preferred room temperature 20 °C, differentiation of temperature be-
tween rooms, with unused spaces not heated).

The couple generally felt that the temperatures in their home were lower than they preferred, both during
and outside of the DR trial. On two mornings in week 7 (set-point 16°C between 6-9 a.m.), they experi-
enced particularly low temperatures in the bathroom and their bedroom. During these experiences and
other moments of feeling cold, the couple typically explained that they had touched the radiators and felt
that they were cold. As the participants had not been informed about the DR event schedule prior to the
trial, experiencing cold radiators lead to some speculation and uncertainty of the couple with regard to
whether this was due to the experiment or could be a failure of the thermostat. Similar stories of cold radia-
tor surfaces were also mentioned in interviews with households Aa04 and Aa06.

The couple rarely adjusted the new thermostats after their installation. They believed it was important to
avoid changing the set-point temperatures to prevent interfering with the DR experiment. This thoughtful
approach to adjusting the thermostats may have contributed to their perception of too-low temperatures.

Household Aa04 (a female 50+ and teenage male, preferred room temperature is high)

Generally, the lady found the indoor temperatures less stable during the DR experiment period compared
to a typical winter. Therefore, she had to adjust the thermostats more frequently than usual. However, there
is no evident pattern regarding when she felt cold, as these experiences have occurred both in the morning
and at various times throughout the day.

Household Aa05 (a couple 40+ and two young children, preferred room temperature 22-23°C, uni-
form temperature across rooms)

Compared to previous years, the family noticed a greater need to frequently adjust the thermostat set-
points to maintain a comfortable indoor temperature. It might partly be due to the 6-year-old son, who found
it exciting to interact with the thermostats as they light up when the set-point temperature is changed.

In the evenings, they experienced excessively high temperatures (e.g. 25-26°C) in the master bedroom and
excessively low temperatures in their son’s bedroom

Overall, there is no clear pattern when the rooms feel too warm or too cold, suggesting that these fluctua-
tions are less related to the DR experiment and more likely caused by other factors, such as unpredictable
thermostat behavior or their son adjusting the temperature settings.

Household Aa06 (a retired couple)

The couple did not indicate during the interview that the experiences of excessive heat or cold are linked to
the DR experiment. Their experience appeared to be related to the change in thermostats, which function
differently from the ones the couple was familiar with before.

The interviews showed that the RESPOND DR experiment had a limited impact on how the interviewed oc-
cupants perceived the thermal conditions in their homes. The negative experiences reported by the house-
holds are connected to the performance of the thermostats rather than the DR experiment. Household
Aa01 and Aa05 members only experienced feelings of cold or warmth directly related to the DR Experi-
ment.
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The frustration with the new thermostats was a key factor to consider when assessing the interviewees’
perceptions of their control over the indoor temperature during the DR experiment. The thermostats' “sensi-
tivity” in regulating temperature may be the reason why four out of the five households felt a loss of control
over their thermal conditions in the house.

Moreover, the interviews pointed to that having a clear understanding of the plan and objectives behind a
DR strategy may significantly influence how households will experience indoor temperature variations.
Thus, the design of the trials, where the participants were not informed about the exact trial protocol (e.g.
when thermostat set-points would be regulated), seemed to result in more frustration among the partici-
pants than if they had been informed about the trial schedules.

These findings underlined the importance of users' long-term experience with technology used for control-
ling heating in their homes and of dialogue between the DHC ultilities and their customers to enhance occu-
pants' acceptance of DR solutions and potential indoor conditions inconveniences.

The interviews revealed that house owners were generally positive about their participation in future De-
mand Response schemes. Especially the couple in Aa01 household was very enthusiastic about it and in-
dicated that avoiding digging up all the roads in the neighbourhood to install new pipes is an acceptable
incentive to participate in DR programs. For this couple, price was not a decisive factor in their acceptance;
the primary motivation was avoiding the need for costly and disruptive pipeline upgrades.

Beyond avoiding the inconvenience of DH piping upgrades an important incentive, shared by several inter-
viewees, was the cost savings. Yet, the interviewees found it difficult to estimate how much they would
need to save to make participation in DR programs worthwhile. Additionally, Aa06 occupants mentioned
environmental benefits as a motivating factor for accepting DR control.

Several interviewees emphasized that a DR scheme should not come at the risk of too low indoor tempera-
tures and occupants feeling too cold. Most households seemed willing to accept a temperature setback of
1-2°C but not beyond that. Additionally, two interviewees proposed a solution where only in part of the
house/apartment the DR scheme is activated and room, such as the kitchen and bathroom are excluded.

Overall, the interviews reveal a generally positive attitude toward heat DR (specifically peak shaving in the
morning hours). However, this acceptance is conditional on maintaining some level of control, particularly
regarding (a) the extent of temperature reductions during setbacks and (b) the ability to customize DR con-
trol for different rooms.
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3. District heating and cooling professio-
nals' perspective towards DR programmes

In the recent scientific publication [44] analysing the strengths, weaknesses, opportunities and threats
(SWOT analysis) of the demand response (DR) in DHC systems, the authors have listed the following 17
elements, presented also on Figure 7:
Strengths:

1) well-grounded state-of-the-art knowledge

2) real-life examples of DR in the DHC systems supported by digitalisation;
Weaknesses:

3) great variety of DHC system types

4) great variety of building systems, lack of interfaced interaction, and control possibilities

5) lack of good DR examples; low penetration of best practices

6) lack of data sharing and DR follow-up check

7) lack of collaboration models to support DR implementation in real-life

8) lack of consistent evaluation metrics for DR actions/strategies

9) lack of a regulatory framework and DR tariffs
Opportunities:

10) accelerating digitalisation of the building and the DHC sectors

11) accelerating the shift from high to low supply temperatures in DH systems

12) fault detection and diagnostics at the demand side in DHC systems

13) new customer-tailored collaboration models and energy pricing mechanisms

14) customers’ increased awareness of energy consumption, flexibility potential and energy cost

savings

Threats:

15) low penetration rate and period between planning and commissioning of DHC systems

16) intermittent and inconsequent application of policies to support DR, RES, DHC

17) reluctance to apply academic research results in real-life applications. However, these are just
theoretical studies using literature and expert knowledge as the background.

Strengths Weaknesses

Well-grounded state-of-the-art Great variety of DHC
knowledge system types

Lack of collaboration models to
Grfegt Xg_riety Lack of DR support DR imlp:imentation
of building . in real-life
Accelerating the shift from high to | systems, lack of ?°°d exa;nptl_es,
low supply temperatures DH interaction & ?‘g p?ne rat.lon
systems control possibility | O P€St practices

Opportunities

Threats
Reluctancy to apply Intermittent and
academic research inconsequent
results in rgal-life application of policies
application. to support

Q Technical . Digital O Social Q Regulatory

Figure 7: Summary of the SWOT analysis with indication of different elements groups
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Therefore, the following work of IEA EBC Annex 84 aimed at conducting a survey with DHC professionals
to collect insights on strengths, weaknesses, opportunities and threats associated with DR from stakehold-
ers daily working with DH customers, operational challenges and future developments in the DHC systems.

The survey was designed to gauge the opinions and attitudes of DHC professionals towards the DR con-
cept. Therefore, the survey included 17 Likert Scale questions with a five-point agreement scale, 2 open-
text questions, and 1 close-ended question. The background data of the respondents, such as age, educa-
tion, expertise in the DHC utility, daily tasks and responsibilities, were collected at the end of the survey.
The survey was originally developed in English and translated by the Annex 84 participants into Danish,
French, German, ltalian and Spanish. The questions were grouped into the following categories:

— Load management: challenges and experience

— Relevance of the electricity market

— Familiarity with DR

— Willingness for system upgrades and investment enabling DR

— DR control limitations: data privacy, thermal comfort, legal responsibilities
— Benefits and barriers from DR and their importance

— Incentives for customers to participate in DR programmes

— Relevance of DR to future developments of DHC systems

— Importance of policy measures to enable DR programmes

The questions used in the survey can be found in Appendix 1.

The questionnaire was distributed by the Annex 84 participants in their networks and the DHC+ platform
[45] has disseminated the survey on their webpage and included it in the newsletter to increase the out-
reach of the survey.

46 respondents answered the survey. Taking into consideration that the district heating and cooling sector
is rather conservative, hermetic and not easy to collaborate with, this response rate is satisfactory. Also,
since there are 46 answers from 8 countries, the analysis is performed globally, which means no results or
conclusion is drawn at the country level but only commonly for the whole survey.

Figure 8 presents the background information of the survey respondents. Eight countries were represented

in the survey with a good mix of only district heating (46%) and district heating & cooling (46%) utilities. The
district cooling utilities constitute only 8%.
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Figure 8. Characteristics of the survey respondents.

3.2.1 Load management: challenges and experience

Above 60% of respondents indicate that already today they face challenges in load management. However,
75% do not take any measure to change the load curve during critical moments, such as morning peaks
during the heating season, where the production of DHW water tops the space heating demand.

Challenges in load management
1 - not much
2 - a little
B 3 - somewhat
B 4 -much

M 5 -a great deal

Measures in load management
1 - not much
2 - a little
M 3 - somewhat
M 4 - much

B 5 - a great deal

Figure 9. Distribution of answers for the first group of questions.

3.2.2 Relevance of the electricity market
For 50% of respondents, the price of electricity plays a crucial role in the daily control of the system, partic-
ularly in DHC networks with CHP units and heat pumps.

3.2.3 Familiarity with DR concept and willingness for upgrades

The survey revealed that 90% of respondents are familiar with the concept of shifting customer loads to
enhance system operation. Similarly, 84% are open to implementing control updates necessary for activat-
ing demand-side management to optimize the system.

However, only 30% of respondents, equivalent to 15 utilities, currently apply DR strategies in their daily
DHC operations. Unfortunately, the survey did not include a question about the specific strategies they use.
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When asked about the importance of DR-ready customers, 50% of utility operators indicated that they con-
sider them important for future system optimization.

Degree of DR application

Degree of DR familiarity

Figure 10. Distribution of answers for the third group of questions.

1 -not much

2 - a little

M 3 - somewhat

Ml 4 -much

1 -not much

2 - a little

M 3 - somewhat

Ml 4 -much

M 5 -a great deal

3.2.4 DR control limitations: data privacy, thermal comfort, legal responsibilities
The next set of questions focused on the restrictions that could limit the application of DR in DHC systems.
When asked, “Would you see any legal or organisational restrictions when controlling the heating/cooling
consumption of your customers to solve challenges in your network?”, DHC professionals provided varied

responses.

M 5 -a great deal

Data privacy was identified as a restriction by 50% of respondents, but legal responsibilities were seen as
an even greater limiting factor (Table 1). Thermal comfort was perceived as both a concern and a non-is-
sue, indicating differing perspectives among professionals. Additionally, respondents had the opportunity to

list other restrictions in an open-text field, where the following additional concerns were highlighted:

“Mostly contractual obligations than legal”’ (SIN)
— “The electricity grid must have already put in place a demand response mechanism”
— “Old structure and known and safe practices” (DK)
— “Split of cost customer/network operator” (DE)
— “The technical effort is too great” (DE)

— “Customer-facing marketing” (SP)
— “Tariffs” (SP)

Table 2. Distribution of answers on restrictions for DR concept.

Likert Scale Data privacy Customers thermal comfort Legal responsibilities
Absolutely not 38% 21% 25%
Mostly not 17% 20% 13%
Probably 33% 25% 38%
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Mostly yes 8% 21% 17%
Absolutely yes 4% 13% 7%

The implementation of new concepts and changes to “business-as-usual’ routines requires a clear under-
standing of the benefits that follow these changes. To assess this, DHC professionals were asked to evalu-
ate the importance of environmental, monetary, energy mix, and operational benefits.

Monetary savings in production, peak load reduction, and the increased integration of renewable energy
sources were identified as highly important by DHC professionals. However, all six benefits were consid-
ered significant, with only minor percentage differences in their evaluations. This supports the idea that the
DHC sector is undergoing a major transformation, where reducing environmental impact and eliminating
fossil fuels, especially those used during peak periods, is a top priority.

Additionally, DHC utilities are beginning to recognize the secondary benefit of the application of DR con-
cept, namely the possibility to detect faults in domestic heating installations.

Distribution of answers on benefits of DR concept.

Not
. 6% 6% 1% 11% 6% 22% 32%
important
Of little
) 17% 6% 22% 11% 6% 1% 37%
importance
Moderately
. 11% 11% 11% 6% 11% 6% 10%
important
Important 28% 44% 28% 28% 44% 39% 11%
Very
. 39% 33% 28% 44% 33% 22% 10%
important

Similar to the benefits, the barriers to implementing DR were also examined. DHC professionals were
asked to evaluate the importance of six key barriers.

The results showed that the high cost of technology is considered a significant barrier. The complexity of
control was rated as moderately important by some professionals, while others viewed it as a major chal-
lenge. Unclear benefits were not seen as a significant obstacle to DR implementation.

Data privacy concerns varied across regions. For German DHC professionals, data privacy was rated as

important or very important, whereas professionals from other countries were generally less strict about this
issue.

. Distribution of answers on barriers of DR concept.

Not
. 13% 13% 20% 27% 13%
important
Of little
i 7% 7% 40% 13% 33%
importance
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Moderately
. 27% 33% 6% 20% 40%
important
Important 40% 20% 27% 20% 13%
Very im-
13% 27% 7% 20% 0%
portant

All four aspects of the DR concept that are unclear or currently unavailable are considered important by
DHC professionals. Real-life experience with DR programmes does exist, subtask D has collected 30 case
studies, but it is not well communicated within the sector.

Additionally, the lack of regulations and technical standards was identified as a significant obstacle. An-

other key challenge is customer acceptance and trust in DR solutions, which was rated as important by
nearly half of the surveyed DHC professionals.

Distribution of answers on the aspects not available or not enough elaborated for DR concept success.

Not important 13% 27% 13% 7%
Of little

) 20% 20% 13% 20%
importance
Moderately

. 20% 0% 14% 20%

important
Important 32% 13% 60% 33%
Very important 15% 40% 0% 20%

Monetary savings were identified as the most important incentive for motivating DHC customers to partici-
pate in DR schemes. Additionally, CO, savings were considered more significant than energy savings.
DHC professionals indicated that customers do not place a high value on their comfort and are willing to
compromise it in favour of the social benefits of the DR initiatives. This aligns with the findings of the RE-
SPOND project survey described in section 1.2.3, which showed that most households would accept a
temperature decrease of 1-2 K but not beyond that.

Not important 7% 7% 7% 14%
Of little

, 0% 7% 0% 20%
importance
Moderately

. 27% 33% 40% 33%

important
Important 20% 47% 27% 20%
Very important 47% 0% 20% 7%

The future development of DR schemes is considered important by 65% of DHC professionals. This is
seen as a promising opportunity and a key driver for technology providers in the DHC sector, as well as for
researchers exploring the use of buildings as decentralized storage facilities.
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The significance of policy regulations varies depending on how regulated the DHC market is in each coun-
try and the level of freedom utilities have. For example, in Denmark, where the market is highly regulated,
utilities will only integrate DR schemes if they are proven to be highly reliable to avoid compromising the
customer-utility relationship. In contrast, other markets may operate under regulations similar to those in
the electricity sector, allowing for greater flexibility in implementing DR schemes. As a result, policy regula-
tions will differ across DHC markets and countries.

The survey results from DHC professionals indicate that most DHC utilities currently do not implement sig-
nificant measures to shift demand-side loads to manage daily load fluctuations in the network. Instead, their
main strategies focus on the primary side, involving the control of production units and the optimization of
distribution networks. However, the survey confirmed that many DHC utilities are familiar with the demand
response (DR) concept.

The primary restrictions preventing the large-scale application of DR are legal and contractual responsibili-
ties. Another major barrier is the lack of experience and knowledge transfer on DR applications between
DHC utilities. Responses from professionals suggest a shortage of real-life DR application examples, de-
spite subtask D in Annex 84 having collected multiple DR trial cases.

Regarding customer participation in DR schemes, monetary incentives are considered the most effective

motivation. However, there is also potential for leveraging environmental benefits and energy savings to
engage DHC customers.
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There are two main types of district heating and cooling markets: regulated and deregulated [46]. In a regu-
lated market, the government sets the rules for calculating the price, and all DH plants and distribution net-
works are owned and operated by municipalities. Companies do not generate profits, and DH pricing fol-
lows a "cost-plus" method, where the price covers operating costs, annual depreciation, and a permitted
profit. In a deregulated market, the marginal-cost pricing method is commonly used, encouraging cost re-
duction, efficiency improvements, and investment in advanced technologies. This pricing model is generally
more supportive of demand response than the cost-plus approach.

However, to the authors' knowledge, no DHC supplier currently employs a pricing model that enables de-
mand response or allows buildings to actively participate in the DHC market by delivering energy flexibility.

Recent research has examined the impact of DH tariff structures on the profitability of building renovations.
Findings suggest that fully flexible tariffs, which accurately reflect heat supply costs, combined with low-
interest loans for energy conservation measures, provide a strong economic incentive for retrofitting most
existing buildings [47-50]. However, one critical but often overlooked aspect is the social compatibility of
such tariffs, which may penalize energy-inefficient buildings. Since housing prices and rents tend to be pos-
itively correlated with energy efficiency [51,52] the introduction of variable DH tariffs, potentially triggering a
retrofitting wave, could have negative effects on housing affordability [53]. Additionally, these tariffs may
disproportionately affect low-income households, which struggle to reduce energy consumption [54], as
well as low-income homeowners, who have lower adoption rates for energy retrofits compared to high-in-
come building owners [55]. Thus, while variable DH tariffs could serve as a powerful tool to address the
persistently low building retrofitting rates, their successful implementation would require substantial policy
adjustments to ensure social fairness [54]. Consequently, such tariff structures should be seen as a me-
dium to long-term solution rather than a quick fix.

A total of 30 case studies were analyzed in Subtask D of IEA EBC Annex 84, focusing on the integration of
demand-side management in buildings connected to thermal networks. Among these, 13 case studies ex-
plicitly described active collaboration between stakeholders, and eight implemented practical solutions in
either individual buildings or entire districts. Four of these cases, characterized by diverse stakeholder en-
gagement, are described in detail here.

The case studies cover a wide range of building types, including residential and non-residential properties,
such as single-family houses, multi-story buildings, and both tenant-occupied and owner-occupied dwell-
ings. However, specific details regarding building types and ownership or rental arrangements were not
consistently provided across all studies. The duration of the studies varied considerably, ranging from a few
weeks to over a year, reflecting the diverse methodologies and contexts employed.

33/49



A key aspect of these collaborations was the collection of qualitative data, particularly regarding thermal
perception, which cannot be directly measured. Several studies used surveys to evaluate thermal percep-
tion, shedding light on user acceptance thresholds. Notably, one case study utilized data from the electrical
grid rather than thermal networks, investigating user behavior in overriding thermostats during demand re-
sponse events. Table 6 provides an overview of the case studies, describing aspects related to collabora-
tion between stakeholders.

. Overview of relevant case studies from subtask D. Case Study Nr. equivalent with consistent with numbering
of cases within Subtask D. Involvement of the customer in de/activating the demand response is indicated.

Data-driven automated DSM technology (“DataDrivenLM” by .
2 ) Automated - Direct
AEE Intec, Austria)

Digitizing DH supply infrastructure (Project “Smart Heat” by .
9 Automated-Indirect
Fraunhofer IEE, Germany)

Perceptions of indoor climate during DR (by Chalmers Univer- )
25 . Automated-direct
sity, Sweden)

28 DR events in a university building (by Aalto University, Finland) Direct

This case study explores the implementation of an automated-direct, data-driven load management in a
typical Austrian medium-sized district heating (DH) network. The network, located in a rural area, serves a
few hundred customers and utilizes a biomass/wood chip boiler as its primary heat source, with an oil boiler
for infrequent peak demands. The primary objective of the DR utilisation is to flatten the overall load,
thereby avoiding peaks and very low partial loads.

Participating customers are assigned to one of two groups: (a) Flexible customers, who actively participate
in the DR program with their load flexibility, mainly in space heating for residential buildings, and (b) Fixed
customers, who participate in DR but have no own flexibility, such as industries with fixed production plans.
All participating customers have space heating systems controlled by a heating curve (supply temperature
as a function of the ambient temperature). For flexible customers, by introducing a temperature offset to the
actual ambient temperature in the heating curve, the load management potential is increased. This inter-
vention allows the adjustment of the heating curve of the flexible customers according to the DH network
needs. All customers contribute to load management by providing life data to the DH operator on supply
and return temperatures, set points, volume flow, power and energy, valve positions, pressure, and ambi-
ent temperature.

This collaboration type benefits both existing and new customers. New customers can be relatively quickly
connected to the grid and existing customers might profit from indirect cost savings as a result of the possi-
bility of reusing existing infrastructure (boilers, storage) when connecting new customers. Without the sys-
tem, new customers' peak loads might necessitate retrofits in boilers and piping; however, this can be
avoided due to shifts and reductions in peak loads. Additionally, customers could benefit from improved
long-term stability of their heat prices, due to reduced dependency on fossil energy price increases.

The results of this case study indicate that the implementation of a fully data-driven DR solution constitutes
a straightforward and cost-effective strategy for mitigating peak demand and flattening the heating curve.
Segmenting customers into two groups, those with load flexibility and those without, facilitates load man-
agement for the grid operator. Given that customer participation is primarily indirect through data provision,
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minimal engagement from customers is required. This circumstance fosters high levels of acceptance and
willingness to cooperate. Furthermore, customers benefit indirectly from the DR initiative, as no additional
hardware or equipment, and thus no investment is necessary to enhance grid capacity.

This case study examines a case in Hannover involving 20 buildings connected to the DH system. These
buildings include single-family houses (SFH), multi-family houses (MFH), and non-residential buildings
such as kindergartens, hotels, and offices, each with varying building standards. Three of these buildings
are used to test different control mechanisms. A key objective of this case study is load smoothing by en-
gaging customers through variable heating tariffs, which allow customers to benefit from temporarily lower
heat prices.

The collaboration involved the following three components: (1) the implementation of variable heat tariffs as
customer incentives, (2) the optimization of customers’ installations, and (3) the establishment of interoper-
ability protocols for data and control signals exchange.

A customer survey is used to analyze the acceptance of the dynamic tariffs. The results (very similar re-
sults for customers living in SFH and MFH) show that 70% of customers accept dynamic tariffs if there is a
chance of lower prices during low-demand periods. However, only 10% of the customers accept higher
prices during peak-demand periods.

This case study based on Hagejard et al. (2021) [56] investigates tenant perceptions of indoor climate and
demand-side management (DSM) in Malmoé, Sweden. The research focuses on 93 participants residing in
33 multi-residential buildings, constructed between 1949 and 1973, with three buildings having undergone
refurbishment. Of these, eight buildings implemented power control and load shifts, involving 40 tenants.
The study explores the impact of direct automated and centrally controlled load shifts on thermal sensation
and satisfaction, utilizing the thermal inertia of buildings to facilitate load shifting. Indoor temperatures were
allowed to fluctuate by +0.5°C, enabling a 75% power reduction for two hours or a 25% power reduction for
six hours.

The study was conducted in three phases: an initial registration and survey, a two-week trial with demand
control and diary entries on indoor temperature perception, and a closing survey. Six different load shift
tests were executed between November 18th and December 1st, 2019, including variations such as -50%
for 1 or 3 hours, -100% for 0.5 hours, -25% for 3 hours, and +25% for 1 hour.

The collaboration involved dividing participants into two groups: Group A received notifications 30 minutes
before load shifts, while Group B did not receive notifications. Results show four factors influencing the per-
ceptions and acceptance of DR: the possibility to set indoor climate conditions, timing and magnitude of
load shifts, individual control and communication. Overall, between days with and without load shifts, no
difference in thermal comfort and satisfaction was identified. However, fewer participants can imagine al-
lowing more variation in temperature at home to save energy after the trial. Furthermore, mornings are per-
ceived as colder than other times of the day. Temperature reduction during times perceived as cold and
temperature increase during times perceived as warm should be avoided. Additionally, there is a positive
correlation between perceived control and willingness to accept larger temperature variations.

The case study based on Mishra et al. (2019) [57] explores the implementation of demand response events
within a district heating network at the U-Wing of a large building on Aalto University’s Espoo campus in
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Helsinki, Finland. The building, originally constructed in 1975 and refurbished in 2014, spans 13,800 m?
and operates within a district heating network with supply temperatures ranging from 75 to 115°C.

In this case study a price-based DR control is applied, where the inlet temperature of the heating water
substation is adjusted in response to pricing models. The primary objectives include facilitating load shifting
by utilizing the building mass as thermal energy storage, reducing peak load boiler operations, and achiev-
ing lower energy prices. The study investigates the extent of permissible deviations in inlet water tempera-
ture and their impact on occupant perceptions. Field tests of demand response strategies were conducted
to evaluate their effects on both the building and its occupants.

The collaboration involved implementing price-based demand response while monitoring occupant satisfac-
tion, providing insights into the balance between energy efficiency and occupant comfort. This research
contributes to the development of effective demand response strategies in district heating systems, high-
lighting the potential for energy savings and enhanced occupant satisfaction.

During the test, several different ranges of deviation of the inlet water temperature are achieved. The re-
duction of the inlet water temperature is between -2.7°C and -21.1°C. The Increase of water inlet tempera-
ture is between 0.8°C and 10.9°C. Regarding the occupants, the perception of the indoor thermal environ-
ment did not deteriorate during the DR implementations. Certain DR implementation periods even seemed
to improve occupant perception over the reference periods.

36/49



The integration of buildings into the energy system presents both opportunities and challenges for district
heating and cooling (DHC) utilities. While new pricing models and demand response (DR) strategies can
enhance efficiency and sustainability, significant barriers such as split incentives, information asymmetries,
and regulatory constraints hinder their widespread implementation. Additionally, the knowledge gap regard-
ing cost-effective deployment and stakeholder engagement remains a critical issue.

Findings from research and interviews highlight that while DR mechanisms can be beneficial, their suc-
cessful implementation requires careful consideration of social equity, affordability, and user experience.
Customers generally support DR programmes if they do not compromise comfort and allow for a degree of
control. Moreover, the lack of clear communication and transparency in DR strategies can lead to frustra-
tion among end-users, emphasizing the need for improved stakeholder engagement.

On the utility side, many DHC providers acknowledge the potential of DR programmes but focus primarily
on supply-side measures to solve the future challenges rather than demand-side flexibility. Key barriers in-
clude regulatory limitations, insufficient knowledge transfer, and a lack of real-world DR application cases.

To narrow the existing gap and foster the roll-out of DR programmes application among DHC utilities fol-
lowing recommendations were formulated:

1. Enhance Communication and Customer Engagement
— Clearly inform customers about DR programme objectives, schedules, and expected impacts to miti-
gate frustration and increase participation.
— Provide user-friendly interfaces and controls that allow households to customize DR participation,
ensuring comfort and convenience.
2. Develop Socially Equitable Pricing Models
— Introduce variable DH tariffs gradually, ensuring safeguards for low-income households to prevent
affordability issues.
— Implement financial support mechanisms such as subsidies or low-interest loans to encourage en-
ergy-efficient renovations, mitigating negative social impacts.
3. Promote Knowledge Sharing and Best Practices
— Establish platforms for DHC utilities to exchange experiences and lessons learned from DR imple-
mentations.
— Encourage pilot projects and demonstration cases to showcase the benefits and feasibility of DR
schemes.
4. Address Regulatory and Contractual Barriers
— Advocate for policy adjustments that facilitate demand-side flexibility while ensuring legal and con-
tractual clarity.
— Develop standardized DR frameworks to support consistent implementation across different market
structures.
5. Leverage Multiple Incentives for Customer Participation
— Combine financial incentives with environmental and energy-saving motivations to appeal to a
broader range of customers.
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— Offer tiered DR participation options, allowing customers to choose their level of engagement based
on their preferences and needs.

By addressing these challenges through policy adjustments, improved communication, and knowledge

transfer, DHC utilities can successfully integrate demand response mechanisms, leading to more efficient
and sustainable energy systems.
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Questions used in the DHC survey

1 Do you face major challenges with regard to the load profile of your district heating/ district cool-
ing network?

1-notmuch 2 -alittle 3 - some- 4 - much 5 - a great
what deal
Challenges in load man- (1 Q (2) Q 3) Q 4) Q (%) Q

agement

2 Do you take measures to change the load curve (e.g. load shift in the morning during the heating
season)?

1-notmuch 2 -alittle 3 - some- 4 - much 5 - agreat
what deal
Measures in load manage- (1) Q4 (2) Q 3 Q 4) Q (%) Q

ment

3 How important is the electricity price in your daily control of the district heating/district cooling
system?

1 - not im- 2 - of little 3 - moder- 4 - important 5 - very im-
portant importance  ately im- portant
portant
Importance of electricity (1) Q (3) QA (2) QA 4) QA (5) Q

price

4. Do you already apply demand response concept in your district heating/district cooling network
operation?

1-notmuch 2 -alittle 3 - some- 4 - much 5 - a great
what deal
Degree of demand re- (1) Q (2) QA 3) QA 4) QA (5) Q

sponse application
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5. How familiar have you been with the advantages of the demand response concept, as short-term
storage before this questionnaire?

1-notmuch 2-alittle 3 - some- 4 - much 5 - a great
what deal
Demand response con- (1 Q (2) Q 3) Q 4) Q %) Q

cept/technologies

6. How important are demand-response-ready customers allowing for shifting heating/cooling
peaks or for decentralized storage of heat/cold from the grid?

1 - not im- 2 - of little 3 - moder- 4 - important 5 - very im-
portant importance  ately im- portant
portant
Importance of demand-re- (1) O 3) Q (2) Q 4) Q (b5) Q

sponse-ready customers

7. Would you be willing to upgrade the control system of the heating/cooling network and custom-
ers' heating/cooling installations in such a way that the control of the heating/cooling consumption
of your customers would be usable and help in solving challenges in your network?

1 - abso- 2 - mostly 3 - probably 4 - mostly 5 - abso-
lutely not not yes lutely yes
Control optimization (1 Q (2) Q 3) Q 4) Q (%) Q

8. Would you see any legal or organizational restriction when controlling the heating/cooling con-
sumption of your customers in order to solve the challenges in your network?

1 - abso- 2 - mostly 3 - probably 4 - mostly 5 - abso-

lutely not not yes lutely yes
Data privacy (1 0 (2) O (3 0O 4) Q (5) 0O
Ensure thermal comfort (1 Q (2) Q 3 Q 4) Q (5) Q
Legal responsibilities (1) Q (2) QA 3) QA 4) QA (5) Q

Other (please specify below)

9. Are there any national rules/guidelines/standards/technical specs defining minimum require-
ments for substations?
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10. What amount of energy or load - as a share of your total generated - would be beneficial to be
shifted and/or saved?

11. Would you be willing to invest in the district heating/district cooling system to implement the
option to control the heating/cooling consumption of your customers?

1 - abso- 2 - mostly 3 - probably 4 - mostly 5 - abso-
lutely not not yes lutely yes
Investments (1 0Q (2) 0Q (3) 0O 4) Q (5) 0O

12. How important are following benefits for you to implement demand response concept in your
district heating/district cooling system?

1 - not im- 2 - of little 3 - moder- 4 - important 5 - very im-
portant importance  ately im- portant
portant
CO2 emissions savings (1) Q (3) QA (2) QA 4) QA (5) Q
Production cost savings (1 Q0 3 0O (2) 0O 4) Q (5) 0O
Distribution cost savings (1 Q 3) Q (2) Q 4) Q (%) Q
Peak load reduction (M Q 3 Q (2) Q 4) Q (5) Q
Renewable energy share (1) QO 3) O (2) O 4) Q (5) 0O
increase
Possibility of fault detec- (M Q 3 Q (2) Q 4) Q (5) Q

tion at customers’ heat-
ing/cooling installations
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Prestige among competi- (1) QO (3) O (2) O 4) Q (5) 0O
tors

Other (please specify below)

13. How important are barriers that could hinder the deployment of demand response concept in
your district heating/district cooling system?

1-notim- 2 - of little 3 - moder- 4 - important 5 - very im-
portant importance  ately im- portant
portant
High cost of technologies (1) O 3) Q (2) Q 4) Q (%) Q
High complexity level of (1 4Q (3 Q (2) Q 4) Q (5) Q4
control
Insufficient or unclear ben- (1) O 3 Q (2) Q 4) Q (%) Q
efits
Lack of customers’ ac- (1) Q 3) QA (2) QA 4) Q (5) Q
ceptance and trust
Lack of appropriate regu- (1) Q4 (3) QA (2) QA 4) Q (5) Q
lation
Lack of real-life experi- (1 Q 3) Q (2) Q 4) Q (%) Q
ence
Lack of technical stand- (1) Q (3) QA (2) QA 4) QA (5) Q
ardisation
Data privacy and protec- (1 Q 3 Q (2) Q 4) Q (b5) Q
tion problems
The reduced potential (1 4 (3 4 (2) Q 4) 4Q (5) 0O

market makes it unattrac-
tive to develop them

Other (please specify below)
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14. Would the following incentives be able to convince your customers to engage in the demand
response concept?

1 - abso- 2 - mostly 3 - probably 4 - mostly 5 - abso-

lutely not not yes lutely yes
Monetary savings (1 0Q (2) 0Q (3) 0O 4) Q (5) 0O
CO2 emission savings (1) Q (2) QA 3) QA 4) Q (5) Q
Energy savings (1) Q (2) Q (3) 4 4) Q (5) Q
Higher comfort (1 Q (2) Q (3) 0O 4) Q (5) 0O

Other (please specify below)

15. How relevant to the market is the development of concepts and technologies for intelligent heat-
ing/cooling grids - will they have a direct influence on your planning or operation in the future?

1-notmuch 2-alittle 3 - some- 4 - much 5 - a great
what deal
Influence on future deci- 1) O 2) O 3) O 4) O 5) O

sions

16. Have you heard about or do you see any business model of the demand response concept in
district heating/district cooling systems? If yes, could you shortly describe it?

17. How important for you would be policy measures or directives for the dissemination of demand
response concept in district heating/district cooling systems?

1 - not im- 2 - of little 3 - moder- 4 - important 5 - very im-
portant importance  ately im- portant
portant
Policy measures and laws (1) Q4 (3) QA (2) QA 4) Q (5) Q

for implementation
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18. Which country do you come from?

19. What is your gender?

(1)
()
©)

O Male
O Female
O Non-binary

20. What is your age

1)
2)
3)
4)
5)
6)

~ o~ o~ o~ o~ o~

21. What is your highest (finished) education level?

(1)
()
(3)

22. In which branch do you work? (e.g. planner, grid operator, contact with customers)

QO Below 30 years
O 30-39 years
O 40-49 years
QO 50-59 years
O 60-69 years
O Above 70 years

O Secondary School
O High School
O University level

23. What kind of position do you have in your company?

(1)
(2)
@)
(4)
®)
(6)

O Director
O Middle management
O Technical management

O Controlling
QO Team leader
Q Other

24. Is your company dealing with anything else than the supply and distribution of district heat-
ing/cooling?

47/49



25. Is your company in District heating OR District cooling OR District heating & cooling sector?

(1) Q District heating sector
(2) U District cooling sector
(3) U Both sectors

26. If you feel comfortable with it, please give the name of your company
NB! This information will be used only for describing statistics behind the survey, NO specific
names will be public available!
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