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Abbreviations

[EA

EBC

DHC

GHG

LTDH

DSM

DR

PV

CHP

MPC

DHW

Meaning

International Energy Agency
Energy in Buildings and Communities
District Heating/Cooling

Green House Gas
Low-temperature district heating
Demand-side-management
Demand response

Photovoltaic

Combined heat and power

Model Predictive Control

Domestic Hot Water
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Introduction

A significant share of households relies on district hea-
ting/cooling (DHC) networks to meet their heating and/
or cooling needs. For instance, in countries such as Ice-
land, Denmark, Lithuania, Estonia, Sweden, Finland,
and Northern China, approximately 50 % of the building
stock is connected to DHC networks.

Although increased evidence from monitoring data
shows that 50-60% of all building heating/cooling sys-
tems have faulty operation leading to higher volume
flows and return temperatures and in consequence to
unnecessary heating/cooling use and inefficient operati-
on of DHC systems, today optimization of DHC focuses on
the system side and does not integrate building systems.
Addressing the challenge of demand side management
decidedly needs a technological approach.

However, the success and effectiveness of new initiati-
ves and solutions increasingly hinges on resident/user
engagement. As expectations evolve and roles and re-
sponsibilities shift, there is a pressing need to address
these aspects alongside technological advancements.
The overarching aim of IEA EBC Annex 84 is to provide a
comprehensive knowledge and tools for successful ac-
tivation of the demand management of buildings in DHC
networks. The project investigates both the social and
technical challenges and how these can be overcome
for various building typologies, climate zones and local
conditions. Furthermore, it explores how digitalisation
of heating/cooling demand facilitates the use of demand
side management overall and the activation of demand
response specifically.

EBC ANNEX 84 CASE STUDIES

The Annex includes four main objectives. Firstly, it aims
to provide knowledge on the various stakeholders in the
energy chain and on effective collaboration models for
demand side management. Secondly, the Annex is de-
dicated to evaluating and designing solutions for hea-
ting and cooling substations in buildings to enhance
demand side management. Thirdly, it focuses on develo-
ping methods and tools to use smart heat meter data
for real-time data modelling and identifying building dy-
namics. Lastly, it intends to share insights through case
studies to facilitate the adaptation and visualization of
project outcomes.

Flexibility in building heat demand can be utilized th-
rough Demand-Side Management (DSM]. This involves
demand response, which actively leverages building fle-
xibility. In the context of this IEA EBC Annex, demand re-
sponse objectives such as peak shaving (load shedding),
load shifting, and on-site generation utilization have
been considered. These strategies can help increase
the share of renewable energy in total energy producti-
on and reduce reliance on peak-only boilers, which are
predominantly fossil-based.

This brochure aims to showcase a selection of case stu-
dies that illustrate various ways of implementing de-
mand side management in buildings connected to ther-
mal networks. It presents 13 detailed case studies, all
integral parts of the comprehensive research project.
Each case study is thoroughly examined, covering as-
pects such as research objectives, collaboration models,
and demand response control mechanisms. Further-
more, it describes the results and conclusions of each
study, highlighting valuable lessons learned and best
practices observed throughout the project duration.



Peak shaving in Turin District Heating

With the development of a
genetic optimizer algorithm,
the optimal anticipation time
could be found to reduce the
morning peak loads.

Contact Details

Department of Energy,
Politecnico di Torino

Dr. Elisa Guelpa
elisa.guelpa@polito.it

Dr. Vittorio Verda
vittorio.verda@polito.it

www.polito.it

The district heating network in Turin is
the largest in Italy. This project tested
load shifting with some of the buildings
connected to a distribution network in
the Turin DH grid. The heat is genera-
ted in two large, combined heat and po-
wer plants and in various boilers.

The heating systems in most of the
buildings are turned off overnight and
reactivated in the morning between 5
and 6 am. This results in a load peak
due to the system cooling down over-
night. The peak is characterized by the
mass flow rate and, consequently the
thermal profile.

The implementation of demand res-
ponse aims to reduce the peak load
and the proportion of heat generated by
the heat-only boilers. To mitigate peak
loads, an optimizer has been designed
to adjust the schedules of the heating
systems installed in buildings to flatten
the total thermal load as much as pos-
sible. The primary aim was to find the
best timing for activating a building’s
heating system to achieve maximum
peak shaving.

The best anticipation time is found by
using a genetic algorithm optimizer.
The optimization considers the predic-
ted thermal demand for each building,
utilizing data collected at substation
level.

The genetic algorithm is incorpora-
ted to a network simulator. Combined,
these tools can determine the optimal
time for activating the heating systems.

Peak can be reduced by 5% when fewer
than 30% of the buildings are conside-
red, with a maximum anticipation of 20
minutes. Generally, these results sup-
port the inclusion of demand response
strategies in DH networks.

Throughout the project, the maximum
anticipation time was limited to 20 mi-
nutes to minimize effects on the inter-
nal temperature. However, simulation
analyses show the peak effects can be
entirely avoided by setting the maxi-
mum anticipation to 60 minutes.

EBC ANNEX 84 CASE STUDIES
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Data-driven automated DSM technology

The aim of the project is to re-
duce peak loads through the
Development of an automa-
ted, data-driven DSM techno-
logy of small district heating
networks.

Contact Details
AEE Intec

Dr. Ingo Leusbrock
i.leusbrock@aee.at

www.aee-intec.at
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The project "DataDrivenLM” developed
an automated, data-driven DSM tech-
nology to reduce load peaks and tested
it within a typical Austrian medium-si-
zed low temperature DH network, sup-
plying a few hundred customers in a
rural area with continental climate.

The primary aim of the study was to
reduce load peaks mostly caused by
building operation in winter, while also
evaluating the impact of load manage-
ment on the optimization of the central
heat pump.

Simultaneous activation of heating
systems leads to peak heat load in the
early morning, particularly at low outs-
ide temperatures, typically covered by a
peak boiler. The DH system is optimized
by an intelligent control strategy with
DSM to reduce peak boiler operation.
For this, DH network customers are di-
vided into flexible customers with load
flexibility and fixed customers without
load flexibility for DSM. A data-driven
thermal load model is developed to
forecast the load of fixed customers
and optimize the flexible customers to
avoid load peaks and flatten the overall
load.

The developed DSM solution is entirely
data-driven, requiring no additional
hardware or sensor equipment, mi-
nimal parameterization, and no extra
investment for end customers. This
solution enables direct cost savings by
avoiding operation of the peak load bo-
iler and indirectly through the reuse of
existing infrastructure to accommodate
new customers.

Preheating the distribution grid with
the centralized heat pump to cover
peak loads enhances overall system
efficiency by transferring electricity de-
mand from the peak load boiler to the
centralized heat pump, consequently
reducing the peak load boiler's share
from 22% to 10%.

The developed DSM solution aligns
well with typical network infrastructu-
res, ensuring adaptability to common
boundary conditions. This technology
is straightforward to implement and
cost-effective, enabling a rapid transi-
tion to renewable energies and offering
scalability as a purely digital solution.
Its effectiveness for complex buildings
might be limited, as the approach uti-
lizes highly simplified building models.
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LEIBNITZ |

© AEE Intec

Increasing efficiency and fle-
xibility of Leibnitz’s DH sys-
tem utilizing nearly 100%
renewable energy by bidirec-
tional coupling of two DH net-
works and a high-level pre-
dictive control

Contact Details
AEE Intec

Dr. Ingo Leusbrock
i.leusbrock@aee.at

www.aee-intec.at

The DH supply of Leibnitz (Austria) and
surrounding communities will be mas-
sively expanded over the next few years
with plans to utilize nearly 100 % rene-
wable energy from biomass and waste
heat.

As part of the research project “Ther-
maFLEX” two existing DH networks
were interconnected by a bi-directional
heat transfer station. Furthermore, an
overarching energy management sys-
tem was implemented also incorpora-
ting DSM.

The project examined a DSM method
using predictive control including a mo-
del to calculate supply capacity limits
for each substation, aiming to facilitate
the use of only renewable energy and
fluctuating industry waste heat. The in-
vestigated DSM method aims to regula-
te the temperature of both the primary
and secondary flows. Further, the effi-
ciency of the district heating network as
well as the energy producers should be
increased.

In addition to the technical implemen-
tation, a comprehensive communica-
tion campaign on various communica-
tion channels was launched to inform
citizens about the expansion of the dis-
trict heating systems.

The primary goal was to emphasize the
importance of these projects for clima-
te protection and establish Leibnitz as
leader in proactive climate policy.

A preliminary evaluation using histo-
rical data and simulations of the DH
network revealed a cost reduction of
approximately 9% and a 45% decrease
in GHG emissions for the entire net-
work. This was achieved by integrating
the networks, allowing for heat exchan-
ge, and ensuring efficient, sustainable
heating with renewables, thereby redu-
cing fossil fuel usage.

First practical tests of the DSM appro-
ach qualitatively showed reduction of
larger peaks, but also oscillations of
the load curve, due to a synchronizati-
on of the safety measures. Fossil fuel
usage could be decreased, while waste
heat and biomass utilization increased,
thanks to a comprehensive control stra-
tegy covering all components, including
thermal storage.

EBC ANNEX 84 CASE STUDIES
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Flexible energy system integration

Optimal dispatch plan to in-
crease flexibility in DH net-
work to stabilize the future
energy system.

Contact Details

AIT Austrian Institute of
Technology GmbH

Dr. Demet Suna
demet.suna@ait.ac.at
Integrated Energy Systems

Dr. Ralf-Roman Schmidt
ralf-roman.Schmidt@ait.
ac.at

Integrated Energy Systems

www.ait.ac.at
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This project aims to increase the de-
mand flexibility, so heat and electrici-
ty sectors can complement each other
to promote efficient use of renewables
and waste heat in the energy system.
While “Flexi-Sync” includes six demo
sites in total, this case focuses on the
demo site in Maria Laach, Austria. The
DH network spans 1.5 km and serves
30 customers. During the study, five va-
rious buildings, were examined, which
collectively account for approx. half of
the total energy demand.

The study explored the potential for
enhancing flexibility by remotely cont-
rolling substation settings to leverage
the thermal inertia of connected buil-
dings. An optimization software is used
to generate an operation plan conside-
ring the weather forecast and building
flexibility. For this, demand forecasts
with detailed data from every substati-
on, system component model libraries
to enable detailed configuration and fi-
nally an optimization model generator
and solver to find the optimal energy
dispatch are utilised. The DH network
operation involved collaboration with
optimization and control companies as
key participants.

Customer were informed about the
project at an early stage but were not
involved in the testing phase. Several
substations were equipped with buffer
storages to act as storage tanks for the
whole plant and new substation cont-
rollers with software interfaces.

Practical tests confirm the viability of
generated optimal dispatch plans. With
the optimization, the peak load could
be reduced (shifted) by about 80 kW, or
about 6% of the contracted load com-
pared to regular operation. Live tests
conducted over one spring month sho-
wed that approximately 6 MWh, or 7%
of the energy demand for that month,
could be saved. Furthermore, there
have been no increase in complaints
from tenants about thermal comfort in
tested buildings. The increase of flexi-
bility in actual operation can be reali-
zed.

In the future, excess electricity from a
CHP plant could also be used for load
compensation and stabilizing the po-
wer grid. Moreover, finding a low-cost
solution is necessary because the cost
of the implementation is too high, espe-
cially for small rural grids.
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Smart energy in Homes

Online monitoring of energy
consumption and voluntary
DSM with the goal to save
energy.

Contact Information
Department of the Built
Environment,

Aalborg University

Dr. Ole Michael Jensen
omrj@nuild.aau.dk

Dr. Anna Marszal-Pomi-
anowska

ajm@build.aau.dk

https://www.en.build.aau.dk
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In this case study the energy consump-
tion of 140 households were moni-
tored over a period of 1.5 years. The
households monitored are located in
southern Denmark within detached,
town or row houses. In 72 buildings are
supplied by district heating for space
heating and production of domestic hot
water. It should be mentioned that the
project was conducted without an acti-
ve participation of the DH utility.

The project aimed to save energy and
enable households to track consumpti-
on via an online portal. Throughout 1.5
years, DR events and measurements
were conducted to analyse occupants’
involvement and potential drop-out
effects in DR participation. In this pro-
cess, the residents were able to volun-
tarily change the set-point tempera-
ture profile. Therefore, the DSM is very
much end-user-driven.

Each household could track its energy
consumption in an online portal and
was equipped with remote controlled
smart thermostats. The control could
be done remotely via smart control sys-
tem in the whole house or manually in
every radiator by the occupants. In the
case of a multi-family house a common
agreement has been made.

Additionally, the costumers had the op-
portunity to get in touch with a consul-
tancy company that provided them gui-
dance on how to improve the energy
use performance.

At the end of the project, an annual
energy reduction of 6.5% for all custo-
mers (including individual boiler custo-
mers) and 2.6 % for DH customers was
achieved.

Evaluation of the project shows that it
is important to consider the building
and their residents as entities capable
of delivering flexibility to the DH sys-
tem. Buildings do not provide flexibility
is their occupants by chancing habits
and comfort preferences can modulate
the energy load profiles. Hence, the re-
sidents should be engaged in the pro-
cess to improving heating control and
demand response.

EBC ANNEX 84 CASE STUDIES
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Substitution of conventional radiator controllers

Substitution of conventional
controllers to reduce energy
consumption with minimal in-
vestment costs.

Contact Details

Chair of Buildings Energy
Systems and Heat Supply,
TU Dresden

Laura Lehmann
laura.lehmann@tu-dresden.
de

Dr. Clemens Felsmann
clemens.felsmann@tu-dres-

den.de

https://tu-dresden.de/ing/
maschinenwesen/iet/gewv
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SubRegisasubproject of CAMPER-MO-
VE, which was supported by the Federal
Ministry for Economic Affairs and Cli-
mate Action (grant number 03ET1656).
It investigates if the substitution of con-
ventional radiator controllers has posi-
tive effects of the heating consumption
in three historic university building on
the campus of the Technical University
Dresden.

The radiators in the buildings were
equipped with electronic controllers
and accompanied by monitoring. The
user can adjust the setpoint on the
electronic thermostatic control valve. It
is possible to implement a night/wee-
kend setback routine.

The heating systems in the three buil-
dings were monitored. On this basis,
the energy consumption was analysed
and the thermal comfort in the rooms
evaluated.

The set-point could be set by the users
themselves. During the analysis, par-
ticular attention was paid to the moti-
vation of users to adopt energy-saving
behavior. Load shifting can be realized
by preheating the thermal mass before
the start of working hours on selected
days or by adjusting intermittent hea-
ting using room specific timetables.

The energy saving potential resulting
from the use of modern radiator cont-
rollers and load shed was quantified as
part of various scientific studies. The
energy saving for the entire building
can be assumed to approx. 10-15%. If
the initial state is correspondingly poor,
energy saving can be larger. Through
the load shift, load peaks can be re-
duced, and higher peak cost could be
avoided.

It can be analysed how load shifting
in individual buildings can reduce
peak loads in the campus area and
avoid higher peak costs. Energy sa-
vings of approximately 15% in the exa-
mined buildings were confirmed in the
2023/2024 heating period.
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Digitizing DH supply infrastructure

Investigating the possibilities
and potential of the digitaliz-
ation in the Hannover DH grid.

Contact Details

Thermal Energy Systems
Department, Fraunhofer IEE

Dr. Anna Cadenbach
anna.cadenbach@iee.fraun-

hofer.de

https:/www.iee.fraunhofer.
de
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The project “SmartHeat” aims to digiti-
ze the DH supply infra-structure within
a virtual power plant framework. The
research project focused on exploring
and assessing the potentials and possi-
bilities for digitizing substations in the
DH sector, concentrating on upgrading
existing heat supply structures.

As part of the project, this case study
focused on simulative quantificati-
on of flexibility potentials in buildings
connected to the Hannover DH grid
as well as practical implementation
in short-term tests. Thereby suitable
control, regulation procedures and data
exchange methods were examined.
Furthermore, the potential of fault de-
tection with digitized substations as
well as flexible tariffs to improve col-
laboration between customer and sup-
plier have been investigated.

The study focused on 10 building pairs
supplied by the DH network with simil-
ar boundary conditions . Three different
control mechanism are implemented to
achieve load smoothing:

1) stepwise increase of reduced room
set point temperature after night-set-
back, 2] priority control for charging the
DHW storage, 3) charging of the DHW
storage overnight.

Simulation shows reduction of peak de-
mand hours per year, by DSM scheme:
1) between 5 and 35%, 2] between
42 and 88%, and 3) between 0 and
15% depending on the building.

Several DHW charging process in short
period sometimes led to reduced in-
door
were too short-term and exemplary to
draw conclusions but were conducted

temperatures. Practical tests

successfully; due to covid pandemic
long-term tests could not be realized.

Results from a customer survey sho-
wed high acceptance (about 70%)
for dynamic tariffs if they offer lower
prices during low-demand periods. Ho-
wever, only about 10% accepted higher
prices during high-demand periods.
Room-wise heating control was more
acceptable (around 60%) compared to
sharing heat demand and power data
with the utility (around 50%). Additio-
nally, 60 % of customers were willing to
install thermal energy storage in their
homes to increase flexibility.

EBC ANNEX 84 CASE STUDIES
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Flexible and innovative operation of DH network

Flexible and innovative ope-
ration of local DH network
with decentralized solar ther-
mal collectors and central
CHP plant.

Contact Details

Building Energy Technology,
Fraunhofer ISE

Axel Oliva
axel.oliva@ise.fraunhofer.de

https://www.ise.fraunhofer.
de
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The case study in 'Freiburg-Gutleut-
matten’ under the 'EnWiSol' project
aims to implement, verify, and derive
guidelines for the long-term use of so-
lar thermal energy in residential areas,
especially considering the evolving
energy supply structure.

The primary aim is to assess how so-
lar thermal systems can be integrated
in the supply of urban districts under
the conditions of the current and future
energy market with a focus to demons-
trate an innovative integration of the
solar thermal systems into the local
DH network in Gutleutmatten. In the
process, decentralized solar thermal
energy should be coupled to enable
deactivating the DH system during the
summer.

The project comprises 38 building
connection units with 525 living units.
The decentralised buffer storages are
directly connected to the CHP based DH
system and are supplied by the roof-
top installed solar-thermal systems
as well. All systems are owned by the
DH utility. The system components are
connected via local wireless lan sys-
tem.

In this project, innovative DH network
operation modes are developed and
tested. First, the central CHP plant in-
termittently supplies the buildings by
forecasting buffer storage operation.
Second, the decentralized buffer stora-
ges cooperate, sending optimized heat
pulses from fully loaded to nearly emp-
ty storages.

Simulation studies project that rene-
wable energies could supply over 20%
of this heat demand. Intermittent ope-
ration and heat pulses support CHP
electricity strategies, prevent network
overheating, and enable heat sha-
ring among consumers. Decentralized
thermal collectors boost the renewab-
le share, extend heat self-sufficiency,
and reduce distribution losses. In areas
with high PV penetration, decentralized
solar DH systems with thermal collec-
tors work synergistically with the pow-
er grid when CHP operates based on
heat demand.

Under current conditions, the decent-
ralized solar DH system has heat gene-
ration costs 3 to 4 ct/kWh higher than
the standard DH system, depending on
the CHP operating mode. However, with
rising gas prices and heating demand,
the economic viability of both systems
becomes more comparable.

13
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Remote control of radiator thermostats

Engagement of occupants in
reduction of peak loads by
remotely controlling radiator
thermostats.

Contact Details

Department of the Built
Environment,
Aalborg University

Dr. Toke Haunstrup Bach
Christensen

thc@build.aau.dk

https://www.en.build.aau.dk

This case study refers to a pilot site
from the H2020 "RESPOND" project,
which aims to reduce energy consump-
tion during peak demand periods in
exchange for financial incentives. This
study of 10 three-story multi-family
houses in Aarhus, connected to the
local DH network Kredslgb, evaluates
the effects on both room temperature
and DH load, as the DH supplier aims to
reduce peak demand to avoid the need
for infrastructure upgrades.

The heating systems were managed by
temporarily controlling radiator ther-
mostats to reduce the morning peak.
Three DSM methods were tested:

1) Lowering room temperature setpoint
to 16 °C from 7 to 8 am. 2) Lowering
room temperature setpoint to 16 °C
from 6 to 9 am. 3) Preheating: setpoint
increase by 1 °C from 4 to 6 am, follo-
wed by 16 °C from 6 to 9 am.

All installed thermostats followed the
same schedule, except for the ba-
throom ones, which were manually
controlled to ensure maximum thermal
comfort and reduce mold risk. Tenants
engaged in the DR process via a smart-
phone app but were unaware of the
specific actions taken.

REMOTE CONTROL OF RADIATOR THERMOSTATS

The DR actions effectively conser-
ved energy and redistributed demand.
Overall, this study achieved a 14.4% re-
duction in energy consumption across
the buildings, with heating demand
during DR periods cut by about 50 %.
The first method saved 6.3% of ener-
gy, reducing the load peak by 33 kWh;
the second method also saved 9.4 % of
energy, significantly lowering the load
peak by 90 kWh; and the third method
achieved 9.4 % savings, initially increa-
sing the load peak before reducing it
by 30 kWh. These results highlight the
effectiveness of DR strategies in mana-
ging energy consumption and demand,
particularly with targeted incentives
and active participation.

For designing a DSM program that re-
duces heating, it's crucial to offer op-
tions for occupants to adjust setback
schedules, temperatures,
and fluctuations according to their
needs. Information about the plan and

minimum

financial incentives can increase the
residents’ acceptance. The collective
achievement of social goals play an im-
portant role in connecting residents to
the project.

EBC ANNEX 84 CASE STUDIES
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Temperature optimisation for LTDH

Dynamic control of network
supply temperature in Bres-
cia’'s DH Network for peak
shaving purposes.

Contact Details
VITO - Vlaamse Instelling
voor Technologisch Onder-

zoek

Jad Al Koussa
jad.alkoussa@vito.be

Dirk Vanhoudt
dirk.vanhoudt@vito.be

https://vito.be/en
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The case study is part of the "TEMPO"
(Temperature Optimization) project
and was conducted in a multi-story
residential apartment complex with
of 43 buildings connected to the main
DH network in Brescia. The study was
carried out in 2018, examining dy-
namic control of the network supply
temperature to the buildings.

The objective was to reduce the peak
energy consumption of the DH net-
work branch through demand res-
ponse in the apartment building, as
these power peaks are expensive to
supply by the peak load plants.

The apartment building consists of 43
flats and is in a peripheral branch of
the network. A mixing station is loca-
ted between the main network and
the building, mixing hot water from
the main network with return water
from the building. Two test periods
were carried out with varying outdoor
temperatures.

Temperatures ranged from 8 to 14 °C
during the first period in autumn and
ranged from 1 to 6 °C during the se-
cond period in winter.

To impact energy consumption of the
building and achieve peak shaving,
the outdoor temperature measure-
ment was overridden, specifically by
adding a positive or negative offset
to the actual outdoor temperature
reading. Since the building’s heating
system is regulated by a common he-
ating curve, altering the outdoor tem-
perature reading affects the set point
of the secondary supply temperature
to the heating circuit, effectively influ-
encing the building’s heat consump-
tion.

In the first period, the daily peak ener-
gy consumption was reduced by an
average of 330 kWh, reaching up to
700 kWh. This reduction amounted to
60 to 70% compared to the baseline.
However, during the second period,
the substation behaved unexpectedly.
The results could not be attributed to
the behaviour of the control algorithm
but were instead caused by a capacity
issue in the heat exchanger.

Throughout the project, it was obser-
ved that indoor temperature sensors
were removed or relocated. Moreover,
the involvement of multiple stake-
holders in practical implementation,
communication, and consultation is
essential.
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Energy and cost savings in office building

Investigation of energy and
cost savings by two control
strategies in an office building
considering motivational ta-
riffs.

Contact Details
Department of Civil and
Mechanical Engineering,
Technical University of

Denmark

Dr. Michele Tunzi
mictun@byg.dtu.dk

https://construct.dtu.dk
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This study aims to investigate energy
and cost savings of two different cont-
rol strategies for a Danish office buil-
ding. The heating system has existing
one-string convectors operated with
high flow and small temperature diffe-
rences.

Typical motivational tariffs employed
by Danish DH utilities were considered.
These assume a bonus or penalty of 1%
in the end-users heating bill per each
degree of the average return tempera-
ture below or above a reference tempe-
rature.

The scope of this investigation was to
compare al night setback control and
b) continuous heating with minimized
supply temperature curves by simula-
ting and testing the proposed strate-
gies in the office building.

The test took place during December
2020 and January 2021, without inter-
nal heat gains due to COVID-19 res-
trictions, presenting conservative test
conditions. Prior to testing, all ther-
mostatic valves were set to 3, equal to
an indoor temperature of 20-22 °C in
the offices.

The central building management sys-
tem was adjusted to implement the
night setback strategy reducing the
supply temperature by 20 °C between
6 pm and 6 am. The new control curve
resulted in supply temperatures below
55 °C in all conditions securing ade-
quate indoor temperatures of approx.
21 °Cin all rooms. An energy-weighted
average return temperature of 43.7 °C
could be achieved, 12 °C lower than in-
itial operations.

Dynamic simulations demonstrated
that both strategies yielded comparab-
le energy savings, approximately 11 %.
Moreover, due to lower average return
temperatures, additional cost savings
were realized through motivation ta-
riffs, with savings of 23.1% for the con-
tinuous low-temperature heating and
18.6 % for the night setback strategy.

Notably, the continuous low-tempera-
ture heating strategy has the capacity to
mitigate peak heat demand during the
mornings while still delivering compa-
rable energy savings as the night-set-
back control approach.
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Fade-out effect from demand response program

Long-term evaluation of per-
sistence and preferences with
occupant-controlled DR in-
terventions in single-family
houses connected to DH.

Contact Details
Department of the Built
Environment, Aalborg Uni-
versity

Dr. Anna Marszal-Pomi-
anowska

ajm@build.aau.dk

https://www.en.build.aau.dk
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This study was part of a demonstrati-
on project conducted in southern Den-
mark in the years 2012-2015. It pre-
sents unique long-term insights into
DR events in 72 single-family houses
connected to a DH network.

The project aimed to investigate the
long-term effectiveness of DR strate-
gies, particularly the "night setback”
approach. Further, it examines resi-
dents’ adjustments to and persistence
with DR interventions over 17 months,
to inform the transition towards more
energy-efficient and renewable ener-
gy-powered district heating networks.

All houses were equipped with monito-
ring and control equipment, which allo-
wed the deactivation of the heating sys-
tem, so the indoor temperature doesn’t
drop below a threshold. The occupants
controlled the DR events settings and
could at any time stop using it. Occu-
pants had access to monitored data and
control options via a homepage, where
setting could be modified according to
the individual household preferences.

The study revealed a decrease in par-
ticipation from 89 to 81% over the two
heating periods. Approx. 60% of the DR
events, the night setback was initiated
at 8 pm with indoor temperatures drop-
ping between 0.5 and 4 K. The most
common duration of night setback was
7 hours on weekdays, extending up to
14 hours. The energy savings ranged
between 4 and 10% of the total heat
demand. The study indirectly confir-
med the already identified four critical
factors for successful DSM applicati-
on in residential buildings: set indoor
climate conditions, timing and magni-
tude of load shifts, individual control,
and communication. The reason why
occupants continued to apply the DR
strategy could be that they were in full
control over the DR events and could
easily adjust settings according to the
household’s demands.

These findings emphasize the import-
ance of considering buildings and their
occupants not merely as demand-side
variables but as active participants ca-
pable of contributing to systemic inter-
ventions, thereby accelerating the tran-
sition towards carbon-neutral heating
systems.

FADE-OUT EFFECT FROM DEMAND RESPONSE PROGRAM
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Intelligent Controller for the DH network in Rottne

Testing and evaluation of the
STORM controller in the Rott-
ne DH network.

Contact Details

VITO - Vlaamse Instelling
voor Technologisch Onder-
zoek

Tijs van Oevelen
tijs.vanoevelen@vito.be

Dirk Vanhoudt
dirk.vanhoudt@vito.be

https://vito.be/en
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This case study, conducted in 2018
in Rottne (Sweden), was part of the
"STORM" project. The DH system, com-
missioned in 1998, achieved 100 % fos-
sil fuel-free status by 2012. To meet the
climate goals of the city, the efficien-
cy and sustainability of the Rottne DH
system were further improved by the
STORM controller.

The aim was to lower the peak energy
consumption of the DH network beyond
a set peak power threshold through
demand response in buildings, testing
and evaluating the peak shaving con-
trol strategy of the STORM controller.
The STORM controller consists of a Fo-
recaster estimating future heat demand
and thermal flexibility of buildings, a
Planner designing optimised head load
control plan, a Tracker sending control
signal to individual buildings and buil-
ding agents negotiating their contribu-
tion based on local constraints.

The test was conducted in nine of the
largest customer substations within
Rottne's network, accounting for 34 %
of Rottne’'s total heat consumption.

The strategy of STORM is designed to
minimize heat production from peak
units, which incur higher fuel costs, by
prioritizing base load units up to their
full capacity. Therefore, it seeks to shift
heat loads greater than the base load
capacity to times of lower heat demand.

During the evaluation period from
March 2018 to January 2019, the
STORM peak shaving control strategy
shifted heat production from expensive
peak loads above to more economical
baseloads below 2.5 MW. This shift re-
sulted in a 3.1% (7.4 MWh) decrease
in peak heat production, compared to
the reference period. Despite an over-
all increase in total heat load due to a
rise in uncontrollable heat demand, the
controllable heat load consistently re-
mained lower than the reference in all
evaluated months, indicating a reducti-
on of 12.7 MWh. The total heat load in-
creased by 69.1 MWh, primarily due to
the uncontrollable heat demand. These
results demonstrate that the STORM
controller can optimize the distributi-
on of heat production, even when faced
with increased uncontrollable demand.
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Further Information

Peak shaving in Turin District Heating

Data-driven automated DSM technology

100% renewable District Heating

Flexible energy system integration

EBC ANNEX 84 CASE STUDIES

Guelpa etal. (2019): Demand side management
in district heating networks: A real application.
https://doi.org/10.1016/j.energy.2019.05.131

Project website:
https://www.aee-intec.at/datadrivenlm-verbesse-
rung-der-systemeffizienz-von-thermischen-net-
zen-durch-intelligente-datengetriebene-lastmanagement-
methoden-p245

Final project report:
https://energieforschung.at/wp-content/uploads/si-
tes/11/2023/02/871697_DDLM_publizierbarer_Endbe-
richt_a.pdf

Kaisermayer et al. (2022): Smart control of inter-
connected district heating networks on the example
of “100% Renewable District Heating Leibnitz".
https://doi.org/10.1016/j.segy.2022.100069

Final project report “ThermaFLEX":
https://greenenergylab.at/wp-content/uploads/2023/12/
thermaflex-endbericht.pdf
https://greenenergylab.at/projects/100-renewable-dis-
trict-heating-leibnitz/

Project website Flexi-Sync:
https://www.ivl.se/projekt/flexi-sync.html

Conference Presentation: S. Demet, Flexible and synchronized
local energy systems-concept development and demonstrati-
on - A case study of a rural district heating network in Austria.
https://www.tugraz.at/fileadmin/user_upload/tugrazExterna
1/738639ca-39a0-4129-b0f0-38b384c12b57/files/pr/Sessi-
on_E5/551_PR_Schmid.pdf

Conference Presentation: C. Fuchs, Electricity Market Par-
ticipation of Flexible District Heating Networks in Austria -
A case study of a rural district heating network in Austria.
https://www.tugraz.at/fileadmin/user_upload/tugrazExterna
1/738639ca-39a0-4129-b0f0-38b384c12b57/files/pr/Sessi-
on_A5/155_PR_Fuchs.pdf

Webinar: Flexi-Sync Webinar #7:

Cost-optimal flexibility and flexibility price models.
https://www.ivl.se/projekt/flexi-sync/webinars.html
Webinar: Flexi-Sync Webinar #6:

Demo of district energy flexibility optimization tool.
https://www.youtube.com/watch?v=G7X_1130cl4

Webinar: Flexi-Sync Webinar #5:

Austrian rural district heating at the power market.
https://www.youtube.com/watch?v=tE3-H1Hsz-8

Webinar: Flexi-Sync webinar 2:

Austrian and Swedish demos.
https://www.ivl.se/projekt/flexi-sync/webinars.html
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Smart Energy in Homes

Substitution of conventional radiator controllers

Digitizing DH supply infrastructure

Flexible and innovative operation of DH network

Remote control of radiator thermostats

Temperature optimisation for LTDH

Energy and cost savings in office building

Fade-out effect from demand response program

Intelligent Controller for the DH network in Rottne

Final Report:
https://vbn.aau.dk/en/publications/smart-energi-i-hjem-
met-evaluering-af-fors%C3%B8g-med-intelligent-tempe

Project website SubReg:
https://tu-dresden.de/ing/maschinenwesen/iet/gewv/for-

schung/forschungsprojekte/projekt-camper

Project website SmartHeat:
https://www.iee.fraunhofer.de/de/projekte/suche/2019/
smartheat.html

Project website EnWiSol:
https://www.ise.fraunhofer.de/de/forschungsprojekte/en-
wisol.html

Project website RESPOND:
https://cordis.europa.eu/project/id/768619

Project website TEMPO:

https://www.tempo-dhc.eu/

T Van Oevelen, L Scapino, J Al Koussa, D Vanhoudt. A
case study on using district heating network flexibility
for thermal load shifting. Energy Reports. 7, 4, 2021, 1-8
https://doi.org/10.1016/j.egyr.2021.09.061

T Van Oevelen, T Neven, A Bres, R-R Schmidt, D Vanhoudt.
Testing and evaluation of a smart controller for reducing
peak loads and return temperatures in district heating net-
works. Smart Energy 10, 100-105.

D Vanhoudt. Digitalisation in district heating networks: the
TEMPO-project. European Energy Innovation, Autumn 2019
D Vanhoudt, J Desmedt. New Management Systems for DHC
Networks, HOT | COOL, Spring 2019.

Benakopoulos et al. (2022): Energy and cost savings with
continuous low temperature heating versus intermit-
tent heating of an office building with district heating.
https://doi.org/10.1016/j.energy.2022.124071

Marszal-Pomianowska et al. (2023) - Do the customers
remember? The fade-out effect from the demand res-
ponse applied in the district heating system in Denmark.
https://dx.doi.org/10.1088/1742-6596/2600/13/ 132003

T Van Oevelen, D Vanhoudt, C Johansson, E Smul-
ders. Testing and performance evaluation of the
STORM  controller in  two demonstration sites.
Energy 197, 2020.
https://doi.org/10.1016/j.energy.2020.117177
https://www.districtenergyaward.org/storm-project-dh-rott-
ne-sweden/
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A significant share of households rely on district heating and cooling (DHC) networks for their thermal needs.
However, monitoring data shows that 50-60 % of these systems are operating inefficiently due to faults, resulting in
excessive energy consumption and increased inefficiencies across DHC networks. Despite this, current optimisation
efforts focus mainly on system-level improvements, often overlooking the integration of building-specific systems.

The IEA EBC Annex 84 project aims to address these challenges by providing comprehensive knowledge and tools
for effective demand side management (DSM) in DHC networks. The project examines both social and technical
barriers across different building types, climate zones and local conditions, and focuses on how digitalisation can
enhance DSM and activate demand response strategies such as peak shaving, load shifting and on-site generation.
These approaches can boost renewable energy integration and reduce reliance on fossil fuel-fired boilers.

This brochure presents 13 case studies that provide valuable insights into the implementation challenges and ben-
efits of DSM in buildings connected to thermal networks.
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