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CALPEX PUR-KING 
wins DTI test again

Every year, the Danish Technological Institute 
carries out an extensive series of tests on pre-
insulated district heating pipes to ensure the 

supply infrastructure components.
In this demanding and technically detailed testing 
process, our CALPEX PUR-KING system pulled 

PEX pipe systems segment. It is a special honour 
for us take the top position in this category for the 
sixth year in a row.

CALPEX PUR-KING – 
There can only be one king

The CALPEX PUR-KING continues to set stan-
dards in the world of pipe insulation and defend 

worldwide. The performance of the CALPEX PUR-
KING not only impresses when it comes to the 

-

With potential annual energy savings of up to 15%, 
the insulation material is a smart investment for 

-

protection. 

2 emis-
sions.

Cover Page Advertisement

EDITORIAL

Make or Break the  
European Green Deal
2024 is no ordinary year. In June, citizens will elect the 
next Members of the European Parliament and determi-
ne the political direction of the next European Commis-
sion. Speculation is rife as to the priorities of this next 
mandate, but most experts foresee a conservative push, 

which could slow or even halt the 
pursuit of Europe’s climate ambiti-
ons. This is quite bad news, as the 

on a new CO2 emissions reduction 
target for 2040. 

Politically, one should recognise 
that the economic crisis and de-
industrialisation of Europe is ta-
king centre stage, and that the 

appetite for new initiatives is limited, with Member 
States already struggling to implement the extensive 
measures of the Fitfor55 package. At the same time and 
despite progress made, the EU remains structurally 
dependent on fossil fuels, and in particular natural gas. 
Gas consumption in the residential sector grew by 50% 
since 1990. The de-fossilisation of Europe’s largest ener-
gy consumer, heating and cooling, is still lagging be-
hind. 

To maintain momentum, the next Energy or Climate 
Commissioner must play it smart and focus on targeted 
actions with the highest impact. It reads a bit self-ser-
ving, but what about a “green heating and cooling act”?

From 2025, heating and cooling plans will be manda-
tory for cities above 45,000 citizens. This will enable a 
systematic assessment of the potential of heat net-
works at local level. However, we need the right tools to 
carry out this “heat revolution”. A European Heat Fund, 
a framework for waste heat recovery, a geothermal 
strategy and even the long-awaited heat pump action 
plan could be essential building blocks to accelerate the 
deployment of new renewable and climate-neutral heat 
projects.

It’s not as if we’re running out of clean, renewable 
heat sources: the potential in Europe is about 2,000 TWh 
per year, more than the total heat demand forecasted for 
2050! And in the midst of a climate and energy security 
crisis, it does seem like we have no heat to waste!

Aurélie Beauvais
Managing Director of Euroheat & Power, Brussels/Belgi-
um



I/2024www.ehp-magazine.com

4 INHALTCONTENTSISSUE I/2024

25

167

EDITORIAL

���3 Make or Break the European Green Deal – 
   Aurélie Beauvais

NEWS

 5  Brussels
 6 Industry

SPECIALIST TOPICS

 7  8th Global District Energy Climate Awards 
   Recognise Innovative District Energy Solutions – 
   Aksana Krasatsenka, Sara Comparetto

11 Optimal Extension Planning of District Heating 
   Networks by Phased Investment – Martin Sollich, 
   Mathieu Peeters, Yannick Wack, Robbe Salenbien,
   Martine Baelmans, Maarten Blommaert

16 Minewater Utilisation as a Secondary Heat   
   Source and Heat Store in Smart Local Energy  
   Systems – Eshagh Goudarzi, Helen Turnell, 
   Catarina Marques, Graeme Maidment, Maria 
   Astrid Centeno

21 Choosing AI for Sustainable Heating: 
   A Lithuanian Town’s Journey with Digital Twin  
   Technology – Vytautas Siozinys

INTERVIEW

25 Interview with Brice Raisin: “CHP Plays a Unique  
   Role in Participating in the Power and Heat 
   Generation Decarbonisation” – Silke Laufkötter

SPECIALIST TOPICS

27 Analyses of the Effectiveness of Cyclones for  
   Cleaning Flue Gases after Burning Biofuels –  
   Mikhail Zaichenko, Dmitry Khokhlov, Kirill 
   Sterkhov, Rodion Maslov

32 Feasibility Study Concerning Process Heat 
   Supply in a District Heating System with Heat 
   Pump – Haochen Wang, Dimitri Nefodov, 
   Markus Richter, Thorsten Urbaneck

40 Short Comparison of District Heating Develop- 
   ment Potential in Germany and France – 
   Jeanne Ravinet, Ingo Weidlich

46 Shrouds for Flexible Polymer Pipe Systems in  
   Heating Networks: the Requirements and 
   Solutions – Stefan Kirsch, Olaf Kruse

49 New Danish Measures for Reducing Legionella 
   in Domestic Hot Water Installations 

LAST PAGE

51 Advertisers’ Index/Impressum/Preview

40 46



5

I/2024 www.ehp-magazine.com

BRUSSELS   NEWS 

Recommendations on Financing Energy Efficiency Measures
A new Commission Recommenda-

-

by the European Commission, as 
required under Article 30 of the new 

-
cently entered into force. The rec-
ommendation relates to how best to 

-
port, with the objective to support 
Member States with the transposi-
tion and implementation of this 
article, which sets out key provi-
sions to facilitate investments in 

the amended requirements and il-

lustrates how the objectives of the 
new Directive could be achieved as 

contribute to a uniform under-
standing of the legislation across 
Member States as they prepare 
their transposition measures.

-

-
quired investment needs to achieve 

-
port will need to come from the 
private sector. Therefore, Article 30 
strengthens the legal and policy 

-
nancing, with the aim of increasing 

the cost-effectiveness of public 
budget support and attracting more 
private investment.

Article 30 EED thus incentivises 
-

cial and technical support for energy 
-

ed policy measures enabling the 
mobilisation of private investments 

s 
an emphasis on the cooperation 
between the European Commission, 

-
tutions. 
www.GWTQRC.GW

Study: DHC Is a Top Solution to Reduce Fossil Imports
A ground-breaking study from the 
University of Aalborg shows that a 
goal of providing 20% of the EU heat 
demand with district heating by 

would save 24 billion m3 of gas, 
corresponding to 32% of EU’s Rus-
sian gas imports in 2022. Euro-
heat & Power urges policy makers 
to support the modernisation and 
construction of new district heating 
and cooling systems, as a critical 
tool to phase-in fossil-free heat 
sources in buildings, and strength-
en Europe’s energy security.

With 41,3% shares of renewables 
and climate-neutral heat sources, 
district heating and cooling systems 
emerge as one of Europe’s top solu-
tions to decarbonise space heating 
and hot water supply in buildings 
and industry. The sector represents 
31% of EU energy demand, with over 
75% coming from fossil fuels.

The study from Aalborg Universi-
ty, reveals that expanding district 
heating and cooling networks to 
supply 20% of the EU heat demand 

would save 24 billion m3 of gas by 
2030. Gas savings are achieved 
with the phase-in of clean and re-
newable heat sources in existing 

3

and the expansion and modernisa-
tion of existing district heating 

3

In a set of policy recommenda-
tions, Euroheat & Power called for a 
paradigm shift in the implementa-
tion of building renovation policies. 
Local heating and cooling plans 

building performance criteria and 
design appropriate clean heat in-
centives, to ensure that nearby re-
newable and waste sources are al-
ways considered. The sector also 
calls for the introduction of de-risk-
ing schemes for clean and renewa-
ble heat projects, as well as an ur-

approval procedures.
Aurélie Beauvais, Managing Direc-

tor of Euroheat & Power said: “The 
next decade must be the one of 
heating and cooling decarbonisa-

tion, it has become a climate and 
energy security imperative. The Fit-
for55’ package established a clear 
pathway to 100% renewable and cli-
mate-neutral district heating and 
cooling networks by 2050, but we still 
need the right framework and tools 
to engage this massive transforma-
tion. A total of €144 billion must be 
invested in EU district heating and 
cooling networks by 2030”.

Brian Vad Mathiesen, Associate 
professor at Aalborg university 
added: “District heating and cooling 
is Europe’s next ‘key enabling tech-
nology’ for a cleaner and more resil-
ient energy system. Not only does it 
harness clean heat sources that 
could theoretically cover half of the 
EU’s current heat demand, but it is 
also a key solution for energy sys-
tem integration. It’s hard to under-
stand why REPower EU hasn’t given 
more support to the deployment of 
this technology, which has proved 
its worth in decarbonising heat in 
many countries.”
www.GWTQJGCt.QTI
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€2.17 Billion to 
Modernise Energy 
Systems 
Under the Modernisation Fund, the 
EU has disbursed €2.17 billion to 
help modernise the energy systems 
in nine Member States through 19 
selected projects. These invest-
ments will help to reduce green-
house gas emissions in energy, in-
dustry and transport, and improve 

by revenues from the EU Emissions 
-

ernisation Fund has now disbursed 

revenues since its launch in 2021.

to achieve a higher energy standard 
for public buildings and convert of 
coal to gas in district heating. Po-
land will get €221 million for high 

heating and industry and power 
grids for future electric car charg-
ing stations.
www.GWTQRC.GW

19 Organisations Call to Publish Heat 
Pump Action Plan Straight Away 
A coalition of 19 organisations, in-
cluding industry associations, NGOs,
consumer groups, and think tanks 
issued an urgent call to European 
Commission President von der 
Leyen. The unexpected delay in 
publishing the Heat Pump Action 

-
ter of 2024 and now postponed until 
after the EU elections, threatens 
Europe’s energy transition, they 
warn.

With heating and cooling contrib-
2 emis-

sions, heat pumps will play a critical 
role in achieving climate neutrality 
and, therefore, in shaping the 
net-zero economy – leading to jobs 
and investments. 

EU Affairs at the European Heat 
Pump Association said: “The heat 
pump sector needs more stable 
policies to boost the shift from fos-
sil fuels and energy imports to 
clean heat and energy independ-

ence. Pushing back the Plan that 
can deliver is a mistake.”

Many of the signatory organisa-
tions contributed to an ‘accelerator’ 
document, outlining strategies to 
expedite heat pump rollout, which 
was presented to EU Energy Com-
missioner Simson in June 2023, 
and to the European Commission’s 
public consultation on the plan.

Large heat pumps combined with 
heating and cooling networks allow 
the harvesting of untapped renew-
able heating resources such as geo-
thermal, solar thermal, and recov-
ered heat from urban environments. 
Delaying the publication of the Heat 

-
cant progress and the pressing 
need to revitalise slowing heat 
pump sales – risks breaking mo-
mentum and undermines long-
term policy clarity necessary to re-
assure consumers, the sector, and 
all segments of society.
www.GJRC.QTI

Guidebook for the Digitalisation of District Heating
What should be taken into account 
when digitising existing and new 
district heating systems? Answers 
are provided in a guidebook created 
by Fraunhofer Institute for Energy 
Economics and Energy System 
Technology IEE together with inter-
national research partners. 

The Annex TS4 project, “Digita-
lization of District Heating and 
Cooling: Optimised Operation and 
Maintenance of District Heating 
and Cooling Systems via Digital 
Process Management”, was carried 
out from 2020 to 2023 within the 
framework of the International En-
ergy Agency’s District Heating and 
Cooling Technology Collaboration 

-

tries worked together on this essen-
tial technology for decarbonising 
the thermal energy system. With 
growing complexity or the demand 

-
ble heat supply infrastructure and 
operation systems have to be adapt-
ed for future demands. On the other 
hand, integration of the different 
sectors is an important issue, and 
this means integration of solutions 
at network level as well as at opera-
tion level.

The “Guidebook for the Digitali-
sation of District Heating: Trans-
forming Heat Networks for a Sus-
tainable Future” was created as 
part of the Annex TS4 project. The 
report provides background mate-

rial and current knowledge on the 
digitalisation of district heating 
systems. 

The material gathered and sum-
marised in this guidebook exhibits 
that digitalisation is an essential 
enabling technology for increasing 

-
trict heating and cooling systems 
and facilitating the wider integra-
tion of renewable and waste energy 
for the decarbonisation of the ener-
gy supply. The experts show how 
digitalisation options can be real-
ised in district heating. They 
demonstrate technological, legal 
and economic sides. The guidebook 
can be found at www.iea-dhc.org.
www.iGG.HTCWPJQHGT.dG�
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ENERGY ECONOMICS   SPECIALIST TOPIC 

8th Global District Energy Climate 
Awards Recognise Innovative 
District Energy Solutions
In collaboration with the International Energy Agency (IEA) and the IEA Technology  
Collaboration Programme on District Heating and Cooling (IEA DHC), the UN Environment  
Program, and organisations of the District Energy sector – Euroheat � Power, IDEA  
and APUEA – an unique initiative was formed with the Global District Energy Climate  
Awards to celebrate success and collective attainment in the DHC sector. The Ceremony  
of the 8th edition of these Awards was held during the Euroheat � Power Summit on  
14-15 November 2023 in Brussels, Belgium.

-
-
-

-

-

-

-
-

Winners and jury of the 8th Global District Energy Climate Awards  Source: Euroheat � Power
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express appreciation to our panel 
members whose rigorous evalua-
tion of the projects ensured a fair 
and thorough assessment. Lastly, a 
sincere thank you to the Euroheat & 
Power team for their exceptional 
coordination, making this initiative 
and the awards ceremony possible. 
Together, we celebrate the triumphs 
and collective strides toward a 
sustainable and resilient future in 
the District Heating and Cooling 
sector.”

Modernisation and/or  
Expansion 

Modernisation and/or Expansion – 
category recognising the District 
Energy system that had the most 
positive impact in terms of effec-

-
menting the modernisation and/or 
expansion. Aspects of modernisa-
tion may be technical, managerial, 
or operational. Expansion can target 
a new area or sector. The winner is 
the Pons District Heating Network – 
Emasol Project in Pons, France. 

The project consists in the instal-
lation of a solar thermal power sta-
tion of 1,800 m2 (Figure 1) with 
storage of 500 m3 intended to supply 
in hot water the heating network of 
the city of Pons. Solar thermal pow-
er allows the annual production of 
about 1,000 MWh, 21% of the annual 
production of heating and more 
than 250 t of CO2 emissions avoided 
annually. The operator of the sys-
tem is Newheat since September 
2021. Newheat produces and sells 
solar heat to the current delegate of 
the heating network Dalkia. The 
City of Pons is owner of the heating 

-
scriber of the heating network.

“Newheat is humbled to be a Glob-
al District Energy Climate Awards 
winner. Our team has worked hard 
to complete this innovative solar 
thermal project, through which the 
city of Pons in Charente Maritime 

(France) has been saving money 
since July 2021, and even more so 
during the current energy crisis. 

plat collectors installed on trackers 

natural gas used to supplement the 
existing biomass heating plant, 
particularly during the summer 
months. The heating network has 
now a share of around 90% renew-
able energy. Each year, it avoids the 
emission of more than 250 t of CO2

by supplying heating and domestic 
hot water to the network,” said Nico-
las Graveline, Head of International 
Development, Newheat.

Sector Coupling 

Sector Coupling – category recog-
nising projects that demonstrate 
the technical integration and the 
synergies achieved between ther-
mal energy systems and electricity 
systems. The winner is the Pit 
Thermal Energy Storage in Høje 
Taastrup, Denmark. 

VEKS (municipality owned heat 
transmission company) and HTF 
(consumer owned heat distribution 
company) has implemented a Pit 
Thermal Energy Storage (PTES) in 

Høje Taastrup, Denmark, to provide 
-

tion system and the heat production 
system in Greater Copenhagen. The 
project was developed 2017-2018 
and implemented 2019-2022. Dur-
ing implementation material tests 
were carried out and new imple-
mentation methods were devel-
oped. Size of the storage is 
70,000 m3, storage medium is water, 
in- and outlet capacity is 30 MW 
and storage content is 3,300 MWh. 
The project has several innovative 
elements, such as:
• 

-
ed up to 90 °C constantly.

•  A new business model had to be 
developed to integrate the storage 
in the heat and electricity produc-
tion system in Greater Copenha-
gen.

•  A new developed polypropylene 
membrane is implemented to re-
sist higher water temperature. It 
is used for tightening of bottom 

-
brane under the lid. Implementa-
tion methods for membranes had 

the membrane is vulnerable to 
low temperatures.

Figure 1. A solar thermal power station of 1,800 m2 supplies the heating net-
work of the city of Pons  Source: Newheat
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•  In- and outlet system and lid have 
innovative elements. 
The storage serves four combined 

heat and power plants and three 
waste-to-energy plants. Optimisa-

-
tion result in 27.4 TJ saved fuel/a 
and a total CO2-reduction of 

€10.7 million. Simple payback peri-
od is 12 years and IRR is 7.5%. The 
PTES is commissioned end of De-
cember 2022 and in commercial 
operation from 15th February 2023.

“Thank you very much for this 
great honour of being selected as 

Energy Climate Award 2023. VEKS 
and Høje Taastrup District Heating 
companies, are both humbled and 
excited that the international jury 
have shown us this honour. We 
hope the project may inspire other 
to build heat pit storages. Let us 
know if you need some advice. By 
projects like this we reduce our use 
of natural gas and other fossil fuels. 
In fact – a simple and effectful con-
tribution to the green transition,” 
said Morten Stobbe, CEO VEKS.

Emerging District Energy 
Market

Emerging District Energy Market – 
category highlighting the success-
ful implementation of a District 
Energy system in a country that 
does not yet have an established 
District Energy market. The winner 
is the Tallaght District Heating 
Scheme in Dublin, Ireland. 

The Tallaght District Heating 

scale district heating network of its 
kind in Ireland. The scheme went 
live early in 2023 and operates un-

-
ly-owned by South Dublin County 
Council. The scheme will make a 

carbon emissions in the area, sav-
ing almost 1,500 t of CO2 each year 
and establishing Tallaght as a lead-
er in innovation in the area of cli-
mate change. The TDHS delivers a 
high level of innovation, as waste 
heat from the nearby Amazon data 
centre will supply the heat to the 
network. During normal operation, 
heat demand will be 100% covered 
from the data centre waste heat. 

South Dublin County Council ini-
tiated this project to exemplify the 
environmental value and potential 
of district heating in Ireland. The 
collaboration between the council, 

and the Dublin energy agency Code-
ma has resulted in a low-carbon 
solution, optimising the potential of 
recyclable heat combined with inno-
vative heat-pump technology. Heat 
Works intends to be an exemplar 
heat network business in Ireland, 
delivering economic, environmental 

businesses. It will become a promi-
nent part of the county’s identity, 
supporting the local and national 
climate action plans by reducing its 
carbon footprint and helping make 
South Dublin a better place to live, 
work and visit.

“Trading as Heat Works, Ireland’s 

energy company, is now providing 
lowcarbon heat to public buildings 
in the area. The development of this 
innovative, low-carbon initiative 
has been led by South Dublin City 
Council with the assistance of its 
energy agency, City of Dublin Ener-
gy Management Agency, Codema. 
The Tallaght District Heating Net-
work was partly funded by the Eu-
ropean Union’s Interreg NWE pro-

2040 Climate Action Fund, SEAI 
and through direct funding from 
SDCC. In the Government‘s Climate 
Action Plan 2023, the increased 
ambition is that Ireland will reach 

2025 and up to 2.7 TWh by 2030,” 
said Admir Shala, District Heating 
Development Manager, Codema – 
Dublin‘s Energy Agency.

Out of the box

‘Out of the box’ – category recognis-

any of the other categories listed for 
the Global District Energy Climate 
Awards but show evidence of signif-
icant innovation in the District En-
ergy sector. The winner is the Cen-
trio Chicago District Cooling 
System in USA. 

Centrio operates the largest car-
bon-free ice storage chilled-water 
system in the United States, provid-
ing sustainable district cooling 
service to nearly 53 million square 
feet of building space in 115 build-
ings across downtown Chicago, Illi-

plant was established in 1995. Over 

grew from a single central plant 
serving a handful of downtown 

-
bution plants interconnected by 

-
eral satellite chiller plants. The 
district cooling system continues to 
improve and grow. In the last three 
years the system has grown by 13% 
and the major modernisation and 
expansion effort included the in-
stallation of the Chicago River Ultra 
Filtration System, Plant 2 Moderni-
sation, and Construction of the Old 

-
tion. 

Centrio Chicago has taken a ho-
listic approach to reach a car-
bon-free cooling solution for down-
town Chicago citizens and busi-
nesses by coupling climate and 
natural resource solutions within 
the district thermal cooling storage 
sector and electric sector as well as 
the water sector. As a result, the 
system is experiencing savings of 
approximately 35,000 t of Carbon 
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each year with about 250,000,000 
million gallons of water savings 
each year. Additionally, the Chicago 
operations team has successfully 
converted about 45% of its refriger-
ant inventory to an option that re-
sults in a decrease of about 400 
GWP.

“Centrio is deeply honoured to 
accept the 2023 Global Climate 
District Energy Award. As an organ-
isation dedicated to sustainability 
and maintaining a 99.99% reliability 
record, we are grateful for the recog-
nition of our system in downtown 
Chicago for operational excellence, 
and pioneering sustainable practic-
es in what has become North Amer-
ica’s largest carbon-zero district 
cooling system. From innovative 
river-water cooling to thermal ice 
storage or ‘Ice Battery’, the district 
has evolved into a beacon of hope 
for a climate-resilient future. This 
unique system was designed to op-
erate at night and melt during the 
day, reducing costs and carbon 
emissions and it also leverages the 
Chicago River for aqua-thermal 
heat rejection and employs proprie-
tary technologies, saving 
250,000,000 million gallons of water 

-
ty and establishing higher industry 
standards. Thank you again for 
recognising our efforts in the battle 
against climate change. Together, 
we can push the boundaries for 
sustainable energy and truly inno-

vate to make a difference,“ said 
Meghan Riesterer, Chief Sustaina-

-
dent ESG & Decarbonization, Cen-
trio.

Special jury award 

The evaluation panel, while highly 
impressed by all submissions, rec-
ognised a standout project, due to 
its sound concept, high replicability 
potential, and the overall quality of 
the proposal. Therefore, the jury 
decided to grant a special award – 

Hospital Severo Ochoa Waste Heat 
Recovery in Madrid, Spain. 

An existing heating system, pro-
viding heat to seven large buildings 
of one of the largest hospitals in 
Madrid has been modernised by 
using low temperature waste heat 
from cooling towers of the hospital 
itself. By inserting a heat pump into 
the system, the waste heat can be 
recovered, and heat and hot water 
(including high temperature pro-
cess water for sanitation) is provid-
ed. The waste heat recovery support 
the existing gas boilers and in 
combination with photovoltaics in-
stalled on the hospital buildings 
rooftops electricity for the heat 
pump is generated. As a result, both 
the waste heat and the electricity 
needed for the system to work, are 
locally available making the hospi-
tal resilient to external impact (like 

gas supply and price of electricity). 
The payback of the system has 
been estimated at less than two 
years, the primary energy savings 
are 3,624 MWh/a and 820 t of CO2/a. 
The success of the system modern-
isation showcases the importance 
of making public buildings fore-
runners in the energy transition. 
The system solution is unique in 
that it recovers waste heat from 
cooling towers, such are common 
in countries with warm climate, 
indicating a vast replication poten-
tial.

“ASIME is characterised by a 
strong R&D&I component in all its 
projects. We are proud to be award-
ed in the 8th Global District Energy 
Climate Awards for the project in-
stalled at the Severo Ochoa Hospital 
in Madrid that takes advantage of 
residual heat through a technologi-
cal development based on booster 
heat pumps. Thanks to this project, 
in 2022 it has been possible to re-
duce annual energy consumption 
of this hospital by 21% and CO2

emissions by 70%. We believe that 
this award should serve as an in-
centive to European administra-
tions to adapt this type of measures 
to the majority of tertiary buildings 
in Europe, where the consumption 
of general services can represent 
up to 70% of the energy cost,“ said 
Jesús Marín, Business Develop-
ment Director in Brussels, Grupo 
Empresarial Electromédico.

Aksana Krasatsenka  
Director of Knowledge 
Transfer,  
Euroheat & Power,  
Brussels/Belgium
ak@euroheat.org

Sara Comparetto              

Euroheat & Power,  
Brussels/Belgium
sc@euroheat.org
www.euroheat.org

How to be part of the Global District Energy Climate Awards?

The GDECA are awarded every two years. Next round of applications will 
open in 2025. The Awards coordinator, Euroheat & Power, is currently ac-
cepting expressions of interest to host the 2025 ceremony in conjunction 
with a major District Energy-related event.
Since this is an international initiative, the awards invite participation from 
diverse corners of the globe, including the Latin American market and the 

-
nities and organisations served by a District Energy system. Finalists will 
be selected from those who best articulate their ambition and aspirations 
for District Energy performance improvements.
www.districtenergyaward.org
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Optimal Extension Planning  
of District Heating Networks  
by Phased Investment
How can the upfront costs for district heating network development be lowered? 
Phased investment is a promising solution, but designing heating networks with 
phased investment requires careful consideration. In his master thesis, Mathieu 
Peeters showed how an automated design strategy, utilising numerical optimisation, 
can generate cost-effective phased district heating network designs.

Modern district heating networks 
are seen as an important contribu-
tor to decarbonise the heating sec-

because they allow to integrate re-
newable and waste heat. More over, 
local pollution from gas or oil boil-
ers can be avoided. The main chal-
lenge of building new and expand-
ing old district heating networks is 
the high upfront investment cost 
for the pipes and roadworks. Due to 
the high initial investment costs, it 

and public capital, and political 
support to further exploit the poten-
tial of district heating. In addition, 
large heating network concepts 
ranging over boundaries of munici-
palities might be delayed by long 
permitting processes.   

One promising approach to allevi-
ate both obstacles is phased invest-
ment planning: Instead of building 
the network at once, the network is 
expanded in multiple investment 
phases. As such, the network owner 
can already generate revenue be-
fore investing in further extensions, 
reducing the upfront investment 
costs and the overall project risk. 

-

design the network topology and 
the pipe diameters in an economi-
cally optimal way. An overview of 
different approaches can be found 
in Wack et al. [1]. However, a phys-

ics-based optimisation framework 
that optimises the topology, pipe 
sizes, and operation of heating net-
works considering multiple invest-
ments phases did not exist up until 
recently. In Mathieu Peeter’s stu-
dent thesis [2], an approach was 
developed which aims to close this 
gap and enable optimal heating 
network designs for phased invest-

The approach is implemented as 
an extension of Pathopt [3;4], an 
advanced framework for the design 
optimisation of district heating 
networks. It is based on a complete 
heat transfer model that accurately 

-

transfer on the design. The meth-
ods used are scalable such that 
whole districts and/or small cities 
can be studied. The authors want to 
highlight with this article the pos-

investment on the roll out of district 
heating networks. 

New heating network  
design optimisation method 
for phased investment

The work of this student project 
was part of a KU Leuven master 
thesis [2] and was presented at the 
9th International Conference on 
Smart Energy Systems in Septem-
ber 2023 [5]. An extensive explana-

tion of the underlying network 
simulation and core optimisation 
algorithm can be found in Wack et 
al. [4]. In the following, its extension 
to phased investment planning is 
described. The aim of the presented 
method is to minimise the total 
discounted costs of the network 

phases, by optimising the network 

diameters, and the network opera-
tion. In case of phased investment, 
two or more network sections are 
simultaneously optimised. 

In the developed method, an opti-
misation algorithm is thus set up to 
drive down the total project costs. 
This cost estimate assumes the fol-
lowing: The heat producer unit is 
considered to be built at full capacity 
from the start, to cover the peak heat 

-
larly, network circulation pumps are 
dimensioned from the start to cover 

Capex of heating and the pumps 

phase. Capital costs of piping, on the 
other hand, need to be covered only 
in the phase were they are laid out. 
The operational costs of each period 
contain heat costs and pumping 
costs.

To account for the phases of in-

which the network can be devel-
oped in each phase, such as done 
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for a test case in Figure 2. In gener-
al, it is of course technologically 
possible to lay new pipes in every 
street in every phase. However, it is 
very challenging to do roadworks in 
the same street multiple times 
within few years, due to govern-
ment regulations or local opposi-
tion. The initial network connec-
tions are therefore assumed to 
remain, meaning that no pipes or 
consumers are removed from earli-
er to later phases. Hence, the last 
phase contains all streets and con-
sumers. Pipes that are constructed 
in earlier phases are then re-used in 
later phases.   

-
ulation is done for each period, to 
accurately capture heat and pres-
sure losses throughout the network. 
Thereby, the thermal comfort satis-
faction of all connected consumers 
and compliance with pressure lim-
its within the network can be guar-
anteed. The simulations also allow 
to accurately determine the heat 
and pump-related Opex for each of 
the different operational phases.

Showcasing the method’s 
potential – a test case

To demonstrate the functioning 
and merits of the phased invest-

ment network optimisation meth-
od, it is applied to a test case. The 
case aims at designing a medi-
um-sized district heating network  
in Eeklo, Belgium. In total, the case 

-

The street grid is considered for 

-
ed, leading to an overall smaller 
heat demand density of the region. 

In Figure 2, the selection of the 

phase, all consumers in the zone 
closest to the producer are connect-
ed. In the second phase, the con-
sumers further away are added. It is 
assumed that the heat from the 
producer, a waste incineration 
plant, is provided at 70 °C. Consid-
ered as capital costs are the heat 
capacity cost, the pump installation 

-
ment costs for the heat production 
unit and the pumps are taken equal 
to €1,000 /kW and €100 /kW, respec-
tively. The pipe cost has two contri-

cost of the roadworks needed and is 
set to €400 /m. A second contribu-
tion scales with the diameter and 
represents the physical costs of the 

2. For the 

operational costs of heat production 
and pumping, the heating and elec-
tricity costs are set to Ct1 /kWh and 
Ct11 /kWh, respectively. The life 
time of the whole project is set to 30 
years and the discount rate is set to 
5%. It is assumed that the second 

years. 

The costs of greenfield de-
sign, optimal extension, and 
enforced extension planning

In the following, three network de-

design is the optimal network if all 
customers are connected right from 
the start. This design will be used 
as a reference result to assess the 
phased investment. The second 
design is the optimal phased in-

-

if the extension was not incorporat-
ed in the initial design of the net-
work. All three designs are given in 
Figure 1. 

the full network is utilised for the 
longest possible time, leading to an 
optimal trade-off between heat 
losses, pressure losses, and invest-
ment costs in all years. All costs 
can therefore be discounted over 

Figure 1. Network topologies of the greenfield, the optimal extension and the enforced extension design. The blue 
pipes are built in phase 1, the yellow ones in phase 2

Greenfield Optimal extension Enforced extension
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VJG NQPIGUV RQUUKDNG VKOG� DWV VJG 
KPKVKCN KPXGUVOGPV KU JKIJGT� 

(QT VJG QRVKOCN GZVGPUKQP� VJGTG 
KU PQY C VTCFG�QHH VQ DG OCFG D[ VJG 
QRVKOKUGT HQT VJG RKRGU DWKNV KP VJG 

NQYGT RTGUUWTG NQUUGU KP VJG UGEQPF 
RJCUG� DWV NCTIGT JGCV NQUUGU CPF 

DG UGGP KP (KIWTG �� C RCTV QH VJG 
DCEMDQPG YJKEJ EQPPGEVU VJG EQP�
UWOGTU QH VJG UGEQPF RJCUG KU CN�
TGCF[ DWKNV KP RJCUG QPG� 6JG VQRQN�
QI[ NQQMU UKOKNCT VQ VJG QPG QH VJG 

VJG PGVYQTM NC[�QWV HGCVWTGU C OCKP 
DCEMDQPG QP VJG NGHV JCPF UKFG� ;GV� 
VJG EQPPGEVKQPU VQ VJG TGOCKPKPI 
EQPUWOGTU CTG PQY OCFG KP RJCUG 
VYQ QPN[� 4GICTFKPI VJG GPHQTEGF 
FGUKIP� KV KU QDXKQWU VJCV VJG PGV�
YQTM HTQO RJCUG � KU PQV FGUKIPGF 
HQT NCVGT GZVGPUKQP� +P EQPVTCUV VQ 
VJG QRVKOCN GZVGPUKQP� VJG RKRGU 

*GPEG� EQPPGEVKPI C NCTIG PWODGT 
QH EQPUWOGTU CV C NCVGT UVCIG NGCFU 

�

OKUGT VJGTGHQTG NQQMU HQT UQNWVKQPU 
VQ UQNXG VJKU KUUWG CPF EJQQUGU DKI 
RKRG FKCOGVGTU KP VJG PGVYQTM QH VJG 
UGEQPF RJCUG� UVGOOKPI HTQO CP 
CKOGF TGFWEVKQP KP RTGUUWTG NQUU� +P 
CFFKVKQP� C RCTCNNGN TQWVG KU GZRNQKV�
GF VQ DG CDNG VQ FGNKXGT VJG JGCV VQ 
VJG EQPUWOGTU� 

)KXGP VJCV VJKU PGVYQTM KU ENGCTN[ 
UWDQRVKOCN� VJG PGZV UVGR YCU VQ 
EQTTGEV HQT VJG KPKVKCN FGUKIP GTTQTU� 
+P VJG EQFG VJKU KU FQPG D[ CNNQYKPI 
VJG RNCEGOGPV QH CFFKVKQPCN RKRGU KP 
RCTCNNGN VQ VJG GZKUVKPI RKRGU HTQO 

IKXGP VJKU QRVKQP� VJG QRVKOKUGT FG�

EKFGU KV KU KPFGGF GEQPQOKECNN[ 
OQTG KPVGTGUVKPI VQ TGKPHQTEG VJG 
DCEMDQPG QH VJG PGVYQTM� $QVJ PGV�

UGGP KP (KIWTG ��
6Q IGV CP KFGC QH VJG EQPUGSWGPE�

GU QH VJGUG FKHHGTGPV FGUKIP UVTCVG�

VJTGG FGUKIPU CTG UWOOCTKUGF KP 
(KIWTG �� 6JG NGXGNK\GF EQUV QH JGCV�

OKPKOCN UCNGU RTKEG QH VJG JGCV VJCV 
YQWNF NGCF VQ C DTGCMGXGP RTQLGEV� 
KU JKIJGT HQT VJG QRVKOCNN[ GZVGPF�

Figure 3. Enforced extension design a) without and b) with allowing for cor-
rections of piping laid out in the first phase. When corrections are allowed, the 
backbone is significantly reinforced (brown pipes), with the second phase 
pipes (yellow) being placed in parallel to the backbone. This helps in overcom-
ing the flow challenges

a) Pipe corrections
 not allowed

b) Pipe corrections
 allowed 

Figure 4. LCOH, initial investment and phase 2 investment of the greenfield, 
the optimal extension and the enforced extension design

0 5 10 15 20 3025

Phase 2 
Investment

[M€]

Initial 
Invetment

[M€]

LCOH
[Ct/kWh]

Enforced extensions
Optimal extensions
Greenfield design

Figure 2. The Eeklo case, with the 
producer at the bottom of the figure. 
Consumers are the white (medium 
heat demand) and orange (high heat 
demand) dots, while the black lines 
represent the streets. Encircled are 
the two investment zones, the zone 
closest to the producer will be con-
nected first   
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design. This is a logical conse-
quence of the phased investment, 
because: Firstly, for the consumers 
connected in the second phase, 
heat is only provided for 25 years. 
This LCOH increase due to the re-
duced time of heat supply is not 
offset by the reduction in discount-

-
duction in operational cost. Sec-
ondly, the tradeoff between the 
phases for the pressure and heat 
losses leads to an additional in-
crease in costs. Nevertheless, the 
main goal of reducing upfront in-
vestment is clearly achieved,  with 
an initial investment cost for the 

-
cantly lower than that of the green-

owner can generate revenue before 
re-investing in the network. The 
total cost of not accounting for the 
extension in the initial design is 
9%, or €2.9 million.

What is the cost if the  
optimal extension cannot be 
implemented?

not followed up by a second in the 
end? There could be many reasons 
for this. The approval for the second 

region may not have been granted, 
investments may have been put on 
hold due to a deterioration in the 
economic climate, or the planned 
expansion of the central heat 
source may have failed. To assess 
the sunk costs of the extension 
planning, the network optimised for 
optimal extension is compared to 

phase. The latter corresponds to the 
-

sion design shown earlier. 
-

rised in Figure 5. There is a cost 
penalty of 4%, or €0.7 million for the 
network extension planning if the 
extension is never implemented. 
These additional costs come main-
ly from the higher investment in 
the pipes. These are larger due to 

additional customers. The opera-
tional costs of both networks are 
very similar, with larger heat losses 
in case of the network designed for 
extension that are partially offset 
by lower pressure losses. Compar-
ing this to the cost of not planning 

of an optimal extension strategy 
are a factor of 4 larger than the sunk 
costs when not implementing this 
planned extension. It is thus cer-
tainly worthwhile to consider ex-

tension plans from the outset when 
designing a network.

Conclusion and outlook

A new method for phased invest-
ment planning is introduced for the 
automated design of district heat-
ing networks. The approach was 
demonstrated on the design of a 
heating network in Eeklo, Belgium. 

-
duction of upfront investments by 
splitting the construction of the 
network into two phases. It is shown 
how an informed optimal exten-
sion, planned from the outset, saves 
9%, or €2.9 million over an unin-

-
gy. This optimal extension strategy 
comes at a sunk cost of 4%, or 
€0.7 million if the planned exten-
sion is not implemented. Hence, the 
cost savings of optimal future ex-
tensions are a factor 4 higher than 
the opportunity cost of planning a 
network extension but never realis-
ing it. This gives investors and pol-

boundaries for heating network 
projects.

In conclusion, the presented ap-
proach lays out the foundations for 
a potentially very impactful tool for 
future phased investment design 
studies of district heating networks. 

-
viating the excessive and uncertain 
upfront investment, which is likely 
one of the main obstacles on the 
path to the wide implementation of 
district heating networks as a 
means of decarbonising the heat 
supply.
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Minewater Utilisation as a Secondary 
Heat Source and Heat Store in  
Smart Local Energy Systems 
Unlocking minewater’s potential: A study delves into integrating minewater and waste-heat for 
smart heating and cooling, aligning with the UK’s net-zero goals. It becomes a key thermal storage 
solution for seasonal demand variations, building on the GreenSCIES project in Barnsley.

thermal storage to support seasonal 
variations in demand. Building up-
on a preceding feasibility study 
within the GreenSCIES project in 
Barnsley, Yorkshire, the research 
explores the integration of heat, 
power, and mobility in a smart local 
energy system, utilising waste heat 
from a glass factory. Using minewa-
ter for heat recovery emerges as a 
sustainable, low-carbon solution for 
both heating and cooling applica-
tions, offering valuable thermal 
storage capabilities to address in-

This study focuses on scrutinis-
ing subsurface variables such as 

space, and interconnectivity direct-

attributes of accessible minewater. 

A numerical simulation explores 
diverse scenarios, assessing the 

-
chemical, and geological parame-
ters. The objective is to tailor de-
signs to different demand scales, 
facilitating the testing of operation-

-
tainable heat or cooling extraction, 
including the judicious use of ther-
mal storage. 

Minewater, possessing distinc-

heat recovery and storage, emerges 
as an optimal medium for captur-
ing and storing substantial thermal 
energy. Previous studies reveal that 
approximately 54% of the primary 
energy utilised in electricity supply 
undergoes annual wastage in the 
UK, with heat energy constituting 

the most readily dissipating form. 
This research assesses the viability 
of recuperating and storing waste 
heat in minewater to address in-
ter-seasonal variations in demands 
in Barnsley, South Yorkshire. His-
torical data is scrutinised, aiding 
interpretation through both 2D and 
3D software packages. Additionally, 
local mining techniques and coal 
mining maps are examined to esti-

-
coming phases.

The study extends a prior feasi-
bility assessment conducted in 

and economic feasibility of recover-
ing 7 MW of heat from a glass facto-
ry while utilising abandoned mine 
workings for heat storage and re-
trieval. The initial concept envi-
sions mine water facilitating sea-

Figure 1. a) Heat recovery mode and b) heat storage mode

a) b)
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UQPCN VJGTOCN UVQTCIG� UGTXKPI CU C 
DCEMWR CPF EQORNGOGPV VQ VJG RTK�
OCT[ GPGTI[ UQWTEG� KPFWUVTKCN 
YCUVG JGCV� 'ZVTCEVKPI � /9 QH 
YCUVG JGCV PGEGUUKVCVGU C UWDUVCP�
VKCN YCVGT XQNWOG� (NQQFGF CDCP�
FQPGF OKPGU� EQORCTGF VQ WP�
VQWEJGF UWDUWTHCEG HQTOCVKQPU� 
UJQY TGNCVKXGN[ JKIJ RGTOGCDKNKV[� 
QHHGTKPI C RTQOKUKPI RWORKPI TCVG 
QRRQTVWPKV[ KP $CTPUNG[� 6Q QRVK�
OKUG EQUV�GHHGEVKXGPGUU� OKPKOKU�
KPI VJG PWODGT QH YGNNU KU RTGHGTC�
DNG�

(KIWTG � FGRKEVU VJG RTKPEKRNGU QH 
JGCV TGEQXGT[ CPF UVQTCIG� +P VJG 
JGCV TGEQXGT[ RJCUG� OKPGYCVGT CV 
GNGXCVGF VGORGTCVWTGU KU RWORGF 
CPF EKTEWNCVGF VJTQWIJ C JGCV GZ�
EJCPIGT� 5WDUGSWGPVN[� C JGCV RWOR 
GPJCPEGU VJG VGORGTCVWTG VQ HCEKNK�
VCVG FKUVTKDWVKQP VJTQWIJ FKUVTKEV 
JGCVKPI� %QPXGTUGN[� KP UVQTCIG 
OQFG� NQYGT�VGORGTCVWTG YCVGT 
HTQO UJCNNQY UGCOU KU FTCYP CPF 
EKTEWNCVGF VJTQWIJ C JGCV GZEJCPI�
GT VQ CDUQTD YCUVG JGCV� 6JKU CEEW�
OWNCVGF JGCV KU VJGP UVQTGF KP C 
FGGRGT UGCO YKVJ C JKIJGT VGORGT�
CVWTG� TGPFGTKPI KV UWKVCDNG HQT KP�
VGT�UGCUQPCN FGOCPF� 0QVCDN[� EQNF 
YCVGT HWPEVKQPU CU CP KPFWUVTKCN 
EQQNKPI U[UVGO KP VJKU UEGPCTKQ�

6JKU UVWF[ GORNQ[U FKXGTUG FCVC 
UQWTEGU� KPENWFKPI OCRU� JKUVQTKECN 
TGEQTFU� NQIU� CPF RGTVKPGPV TG�
UGCTEJ� OGVKEWNQWUN[ CPCN[UGF VQ 
EQPUVTWEV C UWDUWTHCEG OQFGN CPF 

�
KQWT� 6JG CKO KU VQ HQTGECUV VJG NQPI�
VGTO KORCEV QH XCTKQWU OCPCIG�
OGPV UVTCVGIKGU QP VJG U[UVGO� 6JKU 
KPVGITCVKXG CRRTQCEJ WPFGTUEQTGU 
VJG XCNWG QH EQPUQNKFCVKPI FCVC KPVQ 

JKUVQTKECN XCTKCVKQPU DGVYGGP FKH�
HGTGPV OKPKPI VGEJPKSWGU� -G[ RC�
TCOGVGTU QH VJG RTQRQUGF UEJGOG 
CTG VGUVGF WUKPI VJKU FCVC�FTKXGP 
OQFGN� GZRNQTKPI VJG NKMGNKJQQF QH 
FKHHGTGPV YQTMGF UGCOU OGGVKPI 
VJG NQECN FGOCPF UECNG QH TGEQXGT�
KPI � /9 QH JGCV GPGTI[� 6JG OQFGN� 

ETCHVGF VJTQWIJ KPPQXCVKXG UQHV�
YCTG CRRNKECVKQPU NKMG $)5 )TQWPF�
JQI CPF 5EJNWODGTIGT 2GVTGN�
'ENKRUG ���� YKNN HWTVJGT KPXGUVKICVG 

�
KQWT� KPEQTRQTCVKPI TGUGTXQKT GPIK�
PGGTKPI VGEJPKSWGU� 6JG TGUWNVU YKNN 
WPFGTIQ CPCN[UKU VQ SWCPVKH[ WPEGT�
VCKPV[ TCPIGU� OKVKICVKPI VJG TKUM QH 
EQUVN[ VGUV DQTGJQNGU KP RTQLGEV 
RNCPPKPI� %QTTGNCVKQP QH OQFGN QWV�
EQOGU YKVJ VGORGTCVWTG OGCUWTG�

�
ECPV XCNWG HQT GXCNWCVKPI VJG 
EQOOGTEKCN XKCDKNKV[ QH VJKU CPF 
UKOKNCT RTQLGEVU KP $CTPUNG[ CPF 
DG[QPF�

Functional description of the 
structural model

6JG RTGNKOKPCT[ OQFGN� GZGEWVGF KP 
)TQWPFJQI �&� HCEKNKVCVGF VJG XKU�
WCNKUCVKQP QH DQTGJQNG FCVC CPF VJG 

�
HCEG OQFGN� GPJCPEKPI EQORTGJGP�
UKQP QH VJG IGQNQIKECN UVTWEVWTG DG�
PGCVJ VJG UWTHCEG� 6JKU FCVC UGTXGF 
CU C HQWPFCVKQP HQT VJG EQPUVTWEVKQP 
QH C OQTG KPVTKECVG OQFGN KP 2GVTGN� 
9KVJKP VJKU KPXGUVKICVKQP� GZCOKPC�
VKQPU CPF FKIKVKUCVKQP QH �� JKUVQTK�
ECN DQTGJQNGU YKVJKP VJG FGUKIPCVGF 
CTGC YGTG EQPFWEVGF� 2GVTGN� C EQO�
RWVCVKQPCN UQHVYCTG� GORNQ[U OCVJ�

Figure 2. Brierley Road borehole, well cross section data. Continuous and dis-
crete curves; wireline data vs depth
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ematical algorithms to interpret 
geological and geophysical data, 
generating both static and dynamic 
models for simulating reservoir be-

through pumping. 
Well logs, which include data 

from drilling and well logging oper-
ations such as gamma ray and po-
rosity logs, are crucial for con-
structing a reliable 3D model. 
Various physical measurements 
yield lithological interpretation 
represented as continuous curves 
across the measurement depth. 

natural radioactivity of rocks and 
is commonly used to identify and 
correlate different rock formations 
within a well. Petrel software relies 
on the availability of gamma log 
data. In cases where such data is 
absent, it becomes necessary to 
generate a gamma log using litho-
logical data obtained from coring. 
In this approach, the lithology of 

gamma-ray emission properties of 
lithologies are determined using 
established values for typical lith-

ologies. Typical log patterns from 
wells in similar depositional envi-
ronments are utilised to create a 
“synthesised log” for either gamma 
and porosity logs. A lithology-po-
rosity table is generated for the in-
terpreted facies, linking BH data 
with log values. This table is then 
used to convert lithological data to 
porosity values. Figure 2 provides 
an example illustrating the assim-
ilation of lithological data into 
synthesised well logs for the Brierly 
Road borehole at a depth of 700 m. 

Column 1 exhibits lithological 
variations derived from BGS 
Groundhog model. Column 2 pre-
sents interpreted lithology, wherein 
data from neighbouring wells was 

and integrating thin layers into 
thicker units. Column 3 illustrates 
facies logs generated using synthe-
sised gamma logs, displaying varia-
tions consistent with log patterns 

-
tional environment/facies. Col-

Column 5 displays gamma logs ob-
tained from lithological data at 0.5 m 

similarly derived porosity logs.
In Petrel, after importing the me-

ticulously prepared well-log data, 
the subsequent step involves corre-
lating the logs by establishing ap-
propriate relationships between 
different rock layers. This process 
entails analysing the logs for com-
mon patterns and utilising strati-
graphic facies. Facies, in this con-
text, refer to rock units with 
analogous properties determined 
by the depositional environment 
characterising the formation, en-
compassing lithology, porosity, and 
permeability. For quality assurance, 
the resultant 3D model underwent a 
thorough comparison with regional 
interpretations derived from addi-
tional stratigraphic borehole data 

-
est. Figure 3 illustrates the “Winter Figure 4. Permeability model, from top of the Winter Seam – cold source  

Figure 3. Model from top Winter Seam showing lithology variation (facies) 
model – cold source
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Seam – Low Beamshaw” zone, the 
cold source, within the 3D facies 
model, along with the location of 
correlated well logs. Additionally, 
Figure 4 depicts the permeability 
model for the same zone. Permea-
bility is a measure of how easily 

medium, such as a rock formation.

Heat demand

In the envisioned plan encompass-

Barnsley vicinity, an annual heat 

extra 7 MW of heat is requisite to 
accommodate peak heat demand. 
This supplemental heat can be 
sourced by harnessing stored waste 
heat within disused mines. The 

storage of 7 MW of heat mandates a 
substantial water volume and void 
space. This heightened requirement 
underscores the imperative for 
sources situated in high-transmis-
sivity layers, such as sandstones, 
faults, and abandoned mines.

For the designated heat storage 
reservoir in the proposed initiative 

ness of the seam stands at 2.5 m, 

The documented water level af-

Within this region, the Winter seam 
exhibits an average thickness 

5 illustrates the mineworking pan-
els in the Winter seam from an 
aerial perspective. The thickness of 

these panels, governed by factors 
like geological conditions, equip-

protocols, varies. In the UK, long-
wall mining panels typically range 
from 2 to 5 m, while room and pillar 
panels are generally 1.5 to 3 m 
thick. Considering the diverse min-
ing practices employed since the 

thickness of mineworking panels 
regardless of coal seam thickness 
is challenging. Therefore, the 

ickness is pre-
sumed to be 2.5 m, aligning with 
the coal seam thickness. Unlike 
the Winter seam, the Barnsley 

marily utilising the room and pillar 
technique. The volume of the Win-
ter seam is computed based on 
1.1 m the average local mining. 

Advertisement
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The estimated volume of mine-
working panels in the Winter seam, 
designated as the cold source, is 

3. In con-
trast, the Barnsley seam boasts a 
substantially larger volume, total-
ling 92.5 Mm3. Assuming the sys-
tem operates 70% of the time over 

-
3 of 

water is imperative for storage in 
abandoned mines, assuming the 
extraction of 5 °C of heat during 

-
mations of the requisite mine vol-

various parameters. A comparison 
is drawn between the volumes of 
Winter and Barnsley seams and the 
necessary mine volume under sce-
narios ranging from the worst-case 

-
cal representation illustrates that 
both the Barnsley and Winter 
seams exhibit the capacity to ac-
commodate the necessary water 
volume. 

This research has pioneered an 
innovative methodology for quanti-
fying essential variables within 
various low-carbon SLES scenarios 

of mine water for energy storage not 
only addresses seasonal demand 

sustainable, long-term heat source. 
The initial study scrutinised mine 
water in local coal seams, revealing 

heating needs of homes on a signif-
icant scale in Barnsley.

Eshagh Goudarzi M.Sc.,  
Helen Turnell Ph.D.,  
Catarina Marques Ph.D. FInstR,  
Graeme Maidment Ph.D. CEng MI-
MechE FInstR,  
Dr Maria Astrid Centeno, Ph.D.
School of Engineering,  
London South Bank University,  
London/United Kingdom
goudarze@lsbu.ac.uk
www.lsbu.ac.uk

DHC+ Student Awards

Eshagh Goudarzi won the  
DHC+ Student Awards 2023  
for “Out-of-the-box-thinking”.

Figure 6. Available mine volume vs required mine volume in M.m3 to accom-
modate required amount of water for ∆  = 5 °C 
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Figure 5. Mineworking map in Winter seam a) in 3D and b) from the top
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Choosing AI for Sustainable Heating: 
A Lithuanian Town’s Journey with 
Digital Twin Technology
Lazdijų šiluma, a Lithuanian district heating company, has integrated Digital Twin tech- 
nology into its operations. Currently, the Lazdijai district heating network operates under  
maximal automation, minimising human intervention within the bounds of existing  
technical infra-structure. The EA-SAS Digital Twin has notably reduced heat losses in  
the network and optimised heat production.

Lazdijai, a quaint town in South-

nearly 4,000 residents. The Lazdijai 

šiluma supplies the heat to the area 
using biomass boilers, operating 
three boiler houses: one in Lazdijai 
town and two in the surrounding 

house features two moving grate 
biomass boilers, each with a 3 MW 
capacity, with a total installed ca-

2022, the Lazdijai town boiler house 

šiluma operates the smallest DH 
network in Lithuania. „Being small-
scale, with correspondingly low 
consumption and energy production, 
operational quality is very important 
for us. Any change in control has a 
substantial and noticeable impact. 
This is why the Digital Twin technol-
ogy, enabling precise and timely 
control, is so advantageous for us,“ 
states Remigijus Aleksandras Vin-

and sustainability are global priori-
ties, Lazdijai town DH network op-

a broader trend. This step forward 

commitment to innovative energy 
-

ma as an example of how local ini-
tiatives can effectively contribute to 
larger environmental goals.

Challenges unveiled: Why 
Lazdijai DH network turned 
to AI

Lazdijai DH network, like other 
third-generation district heating 

challenges. The operation of the DH 
network inevitably depends on nu-
merous variables. Boiler operators 
usually rely on personal experience 
and/or a mode card when setting or 

boiler and network. The instability 
in heat consumption by users, vari-
ating quality of biomass fuel, and 
thus the changing operating modes 
of the boiler, further complicate 

control. Often, achieving the re-
quired heat output is achieved at an 
excessively high fuel temperature. 
This can cause the boiler to over-
heat, necessitating time for cooling. 
In most DH companies, the temper-
ature of a hot water supplied to the 
network is determined based on 
outdoor air temperature, without 
considering consumer behaviour. 
All these factors contribute to the 
growing need for a smart system 
capable of adapting to these cir-

cumstances and predicting heat 
demand.

“After hearing Energy Advice 
present their solution and engaging 
in discussions with Vytautas Siozi-
nys, the CEO of Energy Advice, we 
found ourselves truly inspired. We 

-
cant gains in a range of areas,” 
states Viniarskas. “In my view, 
everyone is compelled to operate 

standards and regulatory demands, 
which means that any advance-
ments we make are largely attribut-
ed to savings achieved through re-
duced fuel consumption. This, in 
turn, unlocks potential for further 
investments and enhancements in 
our processes. Driven by this vision, 
we initiated the development of the 
comprehensive EA-SAS Digital 

Figure 1. Lazdijai municipality, Lithu-
ania; more: lazdijai.lt and lazdijusilu-
ma.lt
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Twin. The system meticulously 

detailed representations of the bio-
mass boilers and economizer, and 
comprehensively extends to the 
district heating network, capturing 
the pipelines and the end-users.”

Decoding the technology: 
understanding the EA-SAS 
Digital Twin system 

A Digital Twin is a mathematical 
copy of a process, realised in digital 
format and using real-time meas-

-
plementing a Digital Twin project 
involves inventorying: collecting 
and digitising data about the exist-
ing system. When developing the 
DH network Digital twin, this infor-

-
eters of the boiler house and net-

boilers, pumping stations, econom-
izers, heat points, pipelines, histori-
cal data on consumer heat con-
sumption. All this is incorporated 
into the creation of the Digital Twin, 

which continuously collects re-
al-time process measurement data 
and performs calculations in the 
cloud. In this way, a precise mathe-
matical copy of the entire heat net-
work is created, and processes are 
optimised through smart manage-

analyse large data volumes in re-
-

vantage. While a person can analyse 
only up to three parameters at a 
time, the Digital Twin and AI models 
handle big data sets. EA-SAS Heat-
ing continuously performs real-time 
mass and energy balance calcula-
tions for the heat network, and EA-
SAS Boiler for the biomass boiler.

For the biomass boiler, the EA-
SAS Boiler Digital Twin calculates 
key biomass quality indicators: cal-

fuel, evaluates the biomass dosing 
-

mizer, heat losses with supplied air 
-

ingly, constantly optimises system 
operation in real-time. Additionally, 
the Digital Twin provides long-term 

-
ciency, smoke recirculation, grate 

acidic dew point, heat transfer coef-
-

rameters, and other indicators tai-

allows for planning maintenance 
operations and investments to the 
infrastructure.

The DH Network Digital Twin 
collects real-time readings from 
heat stations and consumer smart 
meters, performs real-time heat-
mass balance calculations, evalu-
ates heat losses, predicts heat de-
mand for heating and hot water 
supply based on meteorological 
forecasts and consumer consump-

the optimal temperature of the 
thermal water supplied to the net-
work for each hour. EA-SAS Heating, 
besides control, can generate many 

-
ture, pressure at any network loca-

the pipeline, plan heat production 
based on the heat production cost 
and electricity price, seeking the 
optimal balance between thermal 

EA-SAS implementation in 
Lazdijai: enhancing control

-
-

creased. Parameters automatically 
controlled without human inter-
vention are listed in Table 1. All 
listed parameters are calculated in 
real-time by EA-SAS, considering 

fuel burned and the forecasted de-
mand for thermal power. AI-calcu-
lated control commands are sent 
directly to the control system.

Undoubtedly, all parameters are 
closely related, and the created 
model of the boiler house and heat-
ing network is complex and com-

Equipment EA-SAS Automati- 
cally Controlled  
Parameters

Description

9MWJJ�\F^�[FQ[J 9JRUJWFYZWJ��
XJYUTNSY�KTW�YMJ��
YMWJJ�\F^�[FQ[J�@r(B

4UYNRNXJI�YJRUJWFYZWJ�TK�YMJ�MTY�\FYJW�
XZUUQNJI�YT�YMJ�HNY^�MJFY�SJY\TWP�YT�RNSN�
RN_J�MJFY�QTXXJX�NS�YMJ�SJY\TWP�\MNQJ�
RFNSYFNSNSL�YJHMSTQTLNHFQ�WJVZNWJRJSYX�

5WNRFW^�FNW�KFSX 4UYNRNXNSL�YMJ�UJWKTWRFSHJ�TK��
UWNRFW^��XJHTSIFW^��FSI�YJWYNFW^�FNW��

HTRGZXYNTS�

8JHTSIFW^�FNW�KFSX

9JWYNFW^�FNW�KFSX

+QZJ�LFX�IWFKY�KFSX 4UYNRNXNSL�KFS�UJWKTWRFSHJ�KTW�TUYNRFQ�
IWFKY�FSI�HTRGZXYNTS�UWTHJXXJX�FY�YMJ�
HZWWJSY�GTNQJW�TUJWFYNTS�RTIJ�

+QZJ�LFX�WJHNWHZQF�
YNTS�KFSX

4UYNRNXNSL�KFS�UJWKTWRFSHJ�YT��
XYFGNQNXJ�YJRUJWFYZWJX�

+ZJQ�KJJIJWX +JJIJW�UFZXJ�@XB 4UYNRNXNSL�KZJQ�QF^JW�FSI�LWFYJ�XUJJI�

,WFYJ .�LWFYJ�XUJJI�@XB
..�LWFYJ�XUJJI�@XB
...�LWFYJ�XUJJI�@XB

Table 1 EA-SAS Automatically Controlled Parameters
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-
ence of different components on 
the overall boiler house operation.

As Viniarskas noted, companies 
managing heat networks aim for 

quality of their operations. To eval-
uate the savings achieved, trends 

-
-

creasing due to climate warming 
and modernisation of buildings. 

-
door temperature using degree 
days, heat consumption in 2022 

This also signaled the relevance of 
implementing smart control. With 
the optimal automatic remote con-
trol by the Digital Twin, from Janu-

ary to October 2023, the average 
temperature of the hot water sup-
plied to the heating network 

water temperature in the network 
-

namic temperature regulation en-
sured compliance with technologi-
cal requirements and consumer 
needs with lower losses in the net-
work pipelines.

When comparing data across 
various years, merely examining 
the amount of fuel used and the 
heat generated is not enough. It is 
necessary to consider that during 
the analysed periods, the demand 
for heat and ambient air tempera-
ture varied. Also, by lowering the 
temperature of the supplied hot 

needed to transfer the same amount 

does the pattern of heat losses. 
Knowing that the thermal insula-
tion properties of the network es-
sentially remained unchanged 
during the periods under consider-
ation, the impact of smart control 
can be assessed by eliminating 
these differences through a relative 
indicator. The summarised results 
are presented in Table 2.

Calculations showed that if the 
Digital Twin solution had been used, 
thermal energy production due to 
reduced pipeline losses would have 

Figure 2. Average water temperature in the network pipeline 
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-
fect of reduced heat losses in the 
network can also be illustrated by 
the kW/K indicator, taking into ac-
count amount of heat produced or 
consumed and the ambient outdoor 
temperature. Examining the indica-

-
torical heat supply is variable and 

-
mands. By applying EA-SAS smart 
control, the indicator is stabilised.

Boiler water output temperature is 
usually considered when evaluating 
the performance of a boiler. It is one 
of the main parameters that DH 

Digital Twin effectively achieves 
this through optimal remote EA-SAS 

Cloud to PLC control. The technology 
includes Digital Twin and PID loop 
approach. Proactive control of the 
operational set points allows precise 
temperature control. Figure 4 illus-
trates the impact of such control: 
post-implementation, the tempera-
ture is more stable than under man-
ual operation, which indicates re-
duced heat losses.

Benefits are clearly evident

At the present, the Lazdijai DH net-
work is controlled automatically 
and without human intervention to 
the maximum extent allowed by 
technical capabilities. AI Digital 
Twin ensures that the network is 

continuously controlled according 
to the most suitable parameters at 
any given time. The active involve-

Mindaugas Skripkauskas, Head of 
the Lazdijai Boiler House, in the 
developing of the Digital Twin, has 
led to an exceptionally accurate 
mathematical mode. This transi-
tion to automated control in the 
company was smooth and resulted 
in notable savngs.

“Digital Twin technology provides 
us with a comprehensive under-
standing of our system, allowing us 
to evaluate and optimise our opera-
tions effectively. Traceability, in my 
view, is a foundational aspect in our 

layer of detail, thoroughness, and 
accuracy. When these elements are 
applied to achieve desired outcomes, 

for both our company and, conse-
quently, for our consumers. I encour-
age other district heating companies 
to be open to new ideas and AI-based 
innovations; these are the keys to 
enhancing quality,”  summarises 
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Figure 3. Stabilised operation due to the smart control
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CHP Plays a Unique Role in 
Participating in the Power and Heat 
Generation Decarbonisation”
Europe is on the path of decarbonisation. A key technology will be hydrogen-ready gas  
power plants. The German utility EnBW is counting on it. They have signed agreements  
for two combined heat and power (CHP) plants with GE Vernova. EUROHEAT�POWER  
spoke to Brice Raisin, Senior Executive Sales Leader Gas Power of GE Vernova, about  
the order, the technology and the decarbonisation potential. 

EHP: GE Vernova recently got two or-
ders from EnBW for their CHP plants in 
Heilbronn and Altbach/Deizisau, near 
Stuttgart. What do these orders include?

Raisin: This order is for the provi-
sion of gas turbines, steam turbines, 
generators and heat recovery steam 
generators – so the boilers. We will 
lead an international consortium 
for the projects. Our partners are 
Sener and Bonatti, which are an 
engineering and a construction 
company. The three of us are going 
to construct this power plant to-
gether for our customer EnBW. 

EHP: How big is the electrical and 
thermal output of the individual CHP 
plants? When should they go into oper-
ation?

Raisin: The power plants will each 

working on the projects with our 
partner already, and have been for 
more than a year. The announce-
ment kicks off the construction and 
manufacturing activities for the 
main equipment. That will lead to 
generating heat and power in 2027.

EHP: -

emissions does this save?

Raisin: It’s not a very new coal plant, 

emissions. And that’s the whole 
saving, by the way, of any coal-to-
gas shift. For all of them – whether 
it’s on CHP application or just on 
power generation – they will save 
at least 50% with the latest technol-
ogy. And that’s a big part of the 
transition that we need to consider.

EHP: GE Vernova will deliver hydron- 
ready H-class gas turbines for the 
plants. What are the advantages of these 

Raisin: There are two parts to your 
question. There are the advantages, 
and then the hydrogen advantages. 

-

CO2 saving we spoke about. The gas 
turbines are cutting edge technolo-
gy. And they also bring fast start on 
the power side but for the heat 

is the main advantage of this tech-
nology. 

EHP: And what about the other advan-
tage? 

Raisin: The other one is the fact that 
from there we can further decar-
bonise with this technology on the 
combustion side, by burning other 

-

gen. So when these units are in-
stalled, we can burn a mix of gas 
and hydrogen, with hydrogen being 
20% of the overall volume of fuel. 
And we plan to further develop the 
combustion system capabilities up 
to 100% hydrogen by 2030. For this 
plant, they will start with 20%, and 
whenever they have the right vol-
ume of hydrogen ready at site, we 
will be able to convert the combus-
tion system to allow them to burn it. 

EHP: How important are CHP plants for 
the energy transition?

Raisin: I think in CHP there are two 
things that are really critical for 

Brice Raisin, Senior Executive Sales 
Leader Gas Power of GE Vernova  

Source: GE Vernova

“
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overall decarbonisation. One thing 
is that there is actually a way to de-
carbonise it. Because it’s always the 
heat and the power. This is a great 
example: Moving coal to gas, you 
reduce 50% of your emissions at 
least, and that’s a big step forward 
for any heat generation. There are 
huge targets to increase renewables 
in heat generation as part of the 
transition. 

EHP: And the other thing?

Raisin: You need power to make an 
overall business case work for cus-
tomers as well as making invest-
ment possible. For the system to 
work, you need CHP plants to be 
part of it. It’s the case in Germany. 
It’s the case in Poland. We have 
other projects, for example, in Po-
land that are very alike, where it’s 
only with the subsidies coming 
from the power and the subsidy 
coming from heat together, that the 

-
cient and generate less CO2. CHP 
plays a unique role in participating 
in the power and heat generation 
decarbonisation.

EHP: Isn’t it also advantageous that 
you can start the plant very quick, be-

energies? 

Raisin: Yes, this is extremely impor-
tant. The gas plants today are the 

participate in the energy transition 
with a high share of renewables and 
then adjustment of the power gen-
eration on the grid from such plants.  

EHP: What do these orders from EnBW 

order of this kind in Germany? 

Raisin:
Germany in terms of H-class tech-
nology. We see it actually as one of 

Vernova has sold more than a hun-
dred of these power plants, on 

market. And we have more than a 
million operating hours on H-Class 
technology. We have a strong experi-
ence on H-Class, but this order is 
critical because it marks the start of 
the German phase of H-class power 
plant. The rest of the key players in 
the market: RWE, Uniper, Leag. They 
are all looking at this order as, hey, 
what are you doing and how and why 
and what are the technical capabili-
ties? So, this is really critical for us.

EHP: How important and big is the 
German market for you?

Raisin: Our main work is services 

Germany has ambitions of getting 
out of coal by 2030, with large re-
newable investment, and the back-
up power market, that represents 
gas, is 20 to 25 GW in the next years. 
This is as much as all of the sub-Sa-
haran African continent. The only 
other country that will buy more 
gas plants in the same time frame 
is probably Saudi Arabia. This is 
how much of a priority Germany is 
for us and this is how important 

EHP: How important are hydro-
gen-ready CHP plants for Europe? How 
do you assess the market? Are there 
certain countries with high demand?

Raisin: Germany is leading the way 
on that today, clearly. All the other 
European countries looking at in-
vesting in gas plants are asking 
about hydrogen capabilities at the 
same time. In 2022 we signed for a 

turbine. And this goes with the 

roadmap to get to 2030 with 100% if 
necessary. So same story. Italy is 
the same. UK is asking us similarly. 
Poland is asking similarly for capa-
bilities at installation. So Europe 
knows that we need gas plants as a 
deliverable and an economical way 
to generate electricity and to stabi-
lise the grid. In addition, there is a 
way to make it more sustainable by 
either pre-combustion or with car-
bon capture post combustion side. 
The talks in general across Europe 
are more on the hydrogen and car-
bon capture side.

EHP: Thank you for the interview. 

Silke Laufkötter

www.IGXGTPQXC.cQO

Visualisation of Altbach/Deizisau site after fuel switch 
  Source: EnBW Energie Baden-Württemberg/Rakete München
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Analyses of the Effectiveness of 
Cyclones for Cleaning Flue Gases 
after Burning Biofuels
This study investigates the performance of cyclones for a direct biofuel combustion plant with  
Computational Fluid Dynamics methods. The combustion occurs in the combustion chambers,  
and the required outlet temperature is provided by an excess of air. In order to compare the  
obtained data with real experience, the parameters of recirculation gases in fossil fuel boilers were 
selected. The research has been expanded to include the parameters required for combustion 
chambers. It was found that cyclones with optimal designs will operate at 92.51% efficiency.

%[ENQPGU CTG EQOOQPN[ WUGF KP 
XCTKQWU KPFWUVTKGU VQ UGRCTCVG RCTVK�
ENGU HTQO ICU UVTGCOU� %[ENQPG 
UGRCTCVQTU RNC[ C ETWEKCN TQNG KP DKQ�

CU CP GHHGEVKXG VQQN HQT UGRCTCVKPI 
UQNKF RCTVKENGU HTQO VJG ICU UVTGCO 

RNCPVU =�?� EJGOKECN RNCPVU� CPF XCT�
KQWU KPFWUVTKGU YJGTG FWUV QT RCTVKE�
WNCVG OCVVGT PGGFU VQ DG TGOQXGF� 
9KVJ KPETGCUKPI KPVGTGUV KP TGPGYC�
DNG GPGTI[ CPF GPXKTQPOGPVCN UWU�

GOGTIGF CU C RTQOKUKPI VGEJPQNQI[ 
VQ EQPXGTV DKQOCUU KPVQ XCNWCDNG 
HWGNU� 6JG RCRGT GZCOKPGU VJG QRGT�
CVKQP QH E[ENQPGU KP EQODWUVKQP 
EJCODGTU YJGP DKQHWGN KU DWTPGF 

�
EGUU� DWV VJG QRGTCVKPI VGORGTCVWTG 
QH UWEJ C E[ENQPG KU OWEJ JKIJGT� +P 
VJKU ECUG� E[ENQPGU YQTM UKOKNCTN[ VQ 
E[ENQPGU KP C DQKNGT YKVJ EKTEWNCVKPI 

�
�
�

ENQPGU CHVGT C EQODWUVKQP EJCODGT 
YKNN DG FKUEWUUGF�

6JG DKQHWGN EQODWUVKQP RTQEGUU 

VJGUG RCTVKENGU PGGF VQ DG TGOQXGF 

CPF U[UVGO QRGTCVKQP� +P VJKU ECUG� 
E[ENQPG UGRCTCVQTU CTG PGEGUUCT[�

%[ENQPG UGRCTCVQTU� CNUQ MPQYP 
CU E[ENQPG FWUV EQNNGEVQTU� CTG EGP�

VTKHWICN UGRCTCVKQP FGXKEGU FG�
UKIPGF VQ ECRVWTG CPF TGOQXG UQNKF 
RCTVKENGU HTQO C ICU UVTGCO� 6JG[ 
YQTM D[ KORCTVKPI C TQVCVKQPCN OQ�
VKQP VQ VJG ICU OKZVWTG� ECWUKPI VJG 
JGCXKGT RCTVKENGU VQ DG UGRCTCVGF 

QH E[ENQPG UGRCTCVQTU ECP DG CVVTKD�
WVGF VQ UGXGTCN HCEVQTU�
•  &GUKIP� 6JG FGUKIP QH E[ENQPG 

UGRCTCVQTU RNC[U C ETWEKCN TQNG KP 
VJGKT CDKNKV[ VQ ECRVWTG CPF TG�
OQXG UQNKF RCTVKENGU� 6JG UJCRG  
QH VJG E[ENQPG EJCODGT CPF VJG 

�

QH RCTVKENGU HTQO VJG ICU UVTGCO�
• 

TCVG QH VJG ICU VJTQWIJ VJG E[�
ENQPG UGRCTCVQT CNUQ CHHGEVU KVU 

ECP QXGTYJGNO VJG UGRCTCVQT� TG�

KPETGCUGF RCTVKENG GOKUUKQPU�
•  2CTVKENG UK\G CPF KVU FGPUKV[� 6JG 

RCTVKENG UK\G QH VJG DKQOCUU RCTVK�
ENGU VQ DG UGRCTCVGF CNUQ CHHGEVU 
VJG RGTHQTOCPEG QH E[ENQPG UGR�
CTCVQTU� %QCTUG RCTVKENGU CTG OQTG 
NKMGN[ VQ UGVVNG CPF DG TGOQXGF� 
YJKNG UOCNNGT RCTVKENGU OC[ TG�

�
TCVKQP VGEJPKSWGU�

•  1RGTCVKQPCN EQPFKVKQPU� 6JG QRGT�
CVKPI EQPFKVKQPU� UWEJ CU VGORGT�
CVWTG� RTGUUWTG� CPF OQKUVWTG 
EQPVGPV� ECP CHHGEV VJG RGTHQT�

OCPEG QH E[ENQPG UGRCTCVQTU� 
*KIJGT VGORGTCVWTGU CPF RTGU�
UWTGU ECP CEEGNGTCVG VJG UGVVKPI QH 
RCTVKENGU� KORTQXKPI UGRCTCVKQP 

OQKUVWTG ECP JKPFGT VJG UGRCTC�
VKQP RTQEGUU� TGSWKTKPI CFFKVKQPCN 

�
OGPV�

�

CPF UKOWNCVKPI XCTKQWU RJ[UKECN 
RJGPQOGPC� 9JGP KV EQOGU VQ UVWF�

KP E[ENQPG UGRCTCVQTU� %(& TGUGCTEJ 
QHHGTU WPRCTCNNGNGF CFXCPVCIGU =�?�

%(& UKOWNCVKQPU ECP CEEWTCVGN[ 
�

VGTPU CPF RCTVKENG FKURGTUKQP YKVJKP 
C E[ENQPG UGRCTCVQT� $[ GORNQ[KPI 
UQRJKUVKECVGF EQORWVCVKQPCN CNIQ�
TKVJOU CPF PWOGTKECN VGEJPKSWGU� 
%(& UKOWNCVKQPU ECP RTQXKFG C FG�
VCKNGF WPFGTUVCPFKPI QH VJG ICU 
FKUVTKDWVKQP CPF RCTVKENG DGJCXKQT 
YKVJKP VJGUG FGXKEGU�

1PG QH VJG MG[ CFXCPVCIGU QH %(& 
TGUGCTEJ KU VJG CDKNKV[ VQ GZCOKPG 

VJG E[ENQPG UGRCTCVQT� $[ UKOWNCV�
�

JCXKQT QH VJG RCTVKENGU CPF VTCEMKPI 
VJG OQVKQP QH KPFKXKFWCN RCTVKENGU 
DGEQOGU RQUUKDNG� +P CFFKVKQP VQ  

UKOWNCVKQPU ECP CNUQ ECRVWTG QVJGT 
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important aspects of the cyclone 
separator, such as pressure drop or 

identify areas that require optimi-

enhance the performance of the 
separator.

This study aimed to develop the 
-

ciency and aerodynamic resistance 
of cyclones for various designs. 
This work solved the following 
tasks:
•  Selection of methods and models 

that provide the necessary accu-
-

• 
aerodynamic resistance of vari-
ous designs of cyclones.

•  Evaluation of the degree to which 
the fractional composition of ash 

Description of simulation 
objects

Various designs of single cyclones 
were selected for modeling. There is 

through the cyclone at a tempera-
ture of 354 °C. A consumption of 

parameters were chosen so that 
real experimental data could be 
compared. An analysis was con-
ducted of the case of recirculation 
of combustion products in a fossil 
fuel boiler. Combustion products 
with thermophysical parameters 
corresponding to a gas temperature 

3, dynamic viscosity 

Four different design versions for 
cyclones are examined, with the 

-
-

ameters of the body and inner pipe, 
as well as the orientation of the 
supply tangential channel. A cy-

outer diameter of 1.4 m and an incli-
nation angle of 24° was used in its 

initial version. The second version 

angle of the supply channel to 15° 
and increases the cyclone body and 
inner pipe diameters to 1.7 m and 
1.0 m, respectively. This is the opti-
mised version.

The next two versions are com-
mercial cyclones with selected pa-

with horizontal gas supply duct and 
1.7 m diameter housing is typical 
Condor Eco design. Contrary to the 
second version, this one uses an 
internal pipe with a smaller diame-

cyclone by a battery of four cyclones 

horizontal supply channels. In this 
simulation, four cyclones were in-
cluded in one group.

Modeling method

-
-

cosity models is the most effective 
way to solve engineering problems. 
A time-averaged Navier-Stokes 
equation is solved. The equations 
describe the behavior of the 

-
tions in this method. The Shear 

cases, Ansys recommends this 
model as the default. As a general 

-

in order to take advantage of this 
-
-

ties were taken into account when 
calculating.

A mesh convergence study was 
conducted using several meshes. 
Meshes were created in Ansys 
Meshing software using several 
approaches. All meshes were gen-
erated using the „Automatic“ meth-
od. This method is a combination of 
Delaunay, Sweep, and Advancing 
Front approaches.

Aspect ratio, skewness, and or-
thogonal quality were used to con-
trol mesh quality. In every case, 
mesh convergence was achieved. A 
difference of less than 1% was found 
between results from small meshes 

Figure 1. Four design versions of cyclone

a) b) c) d)
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and big meshes. Each case consist-
ed of at least eight cells across the 
gap, with the maximum size of the 
cell being only 0.01 m. The growth 
rate was set to 1.2 by default. For all 
three-dimensional models, the 
meshes that were used to model the 

20 million elements.

Modeling results

-
sion of the cyclone has the best 

-
namic resistance of 499 Pa (Table 1). 
The combustion chamber should 
therefore be equipped with a cy-
clone of this design. Streamlines for 

much greater aerodynamic drag 
(833 Pa). It is due to a slightly strong-
er twist in the cyclones and a dissi-
pation of the dynamic pressure of 
the jets emanating from the cy-
clones in the upper collection box. 
With an aerodynamic drag close to 

-

-

A cyclone of this design has a resist-
ance of 342 Pa.

-
ticle mean diameter increases from 

-

the mean particle size. Table 2 pro-

data. It has been demonstrated [8] 
that in the case of burning biofuels, 
the maximum particle size may not 

case with a red line. It is shown that 

studied [3;4], the required degree of 
-

There is a direct correlation be-
tween temperature density and 

-
cy of the cyclones also changes. 
Flow rate of the medium in the 
present study was changed in such 

cyclone remained unchanged. Fig-
ure 4 shows the results of the study. 

-

Design 
version

Particle con-
sumption at the 
inlet [g/s]

Consumption 
of entrained 
particles [g/s]

Cyclone 

[%]

Aerodynamic 
resistance of 
a cyclone [Pa]

1 43.4 15.5 64.18 342

2 43.4 3.3 92.51 499

3 43.4 5.5 87.41 497

4 43.4 3.5 92.03 833

Table 1. Cyclones’ efficiency and aerodynamic resistance

Figure 2. Streamlines for cyclone’s 
design variant 2
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Figure 3. The effect of mean particle size on cyclone efficiency
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temperature chosen for research 

than the required 70%.

checked at both rated and reduced 
loads. In this simulation, half the 

the cyclone operation. The calcula-

rate through the cyclone is reduced 

velocity level is reduced by approx-
imately two times. Approximately 
four times the decrease in resist-
ance from 499 to 120 Pa represents 
a quadratic relationship. In compar-
ison with the variant with a rated 

reduced by two times, the calculat-
-

mained practically unchanged.

Conclusion

Optimising the cyclone design in-

92.51%, which is not worse than 

batter
also possible to maintain a competi-

Battery cyclones have higher aero-

It is expected that a decrease in 

temperature would reduce cyclone 

reducing the particle size and in-

the levels required in this study. It 
will be necessary to conduct a study 

for burning a certain biofuel to de-

gases from particulate matter.

virtually unaffected by reducing 
the cyclone load. It occurs because 
the magnitudes of force acting on 

Particle  
consumption at the 
inlet [g/s]

Consumption of  
entrained particles 
[g/s]

Cyclone  

[%]Min Mean Max

0.04 1 3 43.40 10.49 72.05

0.08 2 6 43.35 8.44 75.84

0.2 5 14 43.30 6.91 80.54

0.3 7 20 43.35 5.27 84.03

0.4 10 27 43.14 4.37 87.83

0.5 12 34 43.33 3.80 89.88

0.6 15 43 43.38 2.51 91.22

0.5 21 80 43.53 1.17 94.21

1.3 30 86 43.36 0.71 97.32

2.1 50 143 43.36 0.40 98.36

2.9 70 201 43.38 <0.01 99.07

Table 2. Results of the particle size study

Figure 4. Temperature dependence of cyclone efficiency
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particles from the gases, as well as 
the centrifugal force, are propor-
tional, respectively, to the square of 

rotational speed.
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Feasibility Study Concerning 
Process Heat Supply in a District 
Heating System with Heat Pump
In recent years, the use of industrial waste heat as a heat source for high-temperature 
heat pumps has become increasingly important [1;2]. In order to analyse further  
applications in the district heating sector, this article deals with a parameter study.

+P VJG FKUVTKEV JGCVKPI UGEVQT� VJG 

GZKUVKPI PGVYQTMU CTG ITCFWCNN[ 
NQYGTGF� G�I�� VQ TGFWEG JGCV NQUUGU� 
&KUVTKEV JGCVKPI U[UVGOU ECPPQV 
VJGP UWRRN[ EQPUWOGTU YKVJ JKIJGT 

6JG RQUUKDKNKV[ QH WUKPI VJG UWRRN[ 

QHHGTU RQVGPVKCN HQT JKIJ�VGORGTC�
VWTG JGCV RWORU� &KUVTKEV JGCVKPI 
QRGTCVQTU ECP VJGP VCMG QXGT VJG 
CUUKIPOGPV QH RTQEGUU JGCV UWRRN[ 
QT FGXGNQR PGY EWUVQOGTU�

�
�
�

E[ QH JKIJ�VGORGTCVWTG JGCV RWORU� 

QRVKOCN JGCV RWOR UQNWVKQP HQT VJG 
TGURGEVKXG DQWPFCT[ EQPFKVKQPU�

6Q UQNXG VJKU RTQDNGO� XCTKQWU TG�
HTKIGTCPVU JCXG DGGP KPXGUVKICVGF� 
KPENWFKPI PCVWTCN TGHTKIGTCPVU 

�

�
OGPVU KP VJG RTQEGUU ECP DG 

KPVGTPCN JGCV GZEJCPIGT� VYQ�UVCIG 
EQORTGUUKQP CPF KPVGTEQQNKPI YKVJ 

RWOR KPNGV VGORGTCVWTG QP VJG 
UQWTEG UKFG KU �� VQ ��� o%� 6JG VCTIGV 
VGORGTCVWTG QH VJG JGCV UWRRN[ KU 

�

VGOU YGTG OQFGNGF CPF UKOWNCVGF 
WUKPI VJG 'DUKNQP 2TQHGUUKQPCN RTQ�
ITCO =�?� +P VJG KPXGUVKICVKQPU� VJG 

YCU FGVGTOKPGF CU CP GUUGPVKCN RC�
TCOGVGT� 6JKU KP VWTP CNNQYU CP QRVK�
OCN RTGUGNGEVKQP QH JGCV RWORU� 
6JGUG U[UVGOCVKE KPXGUVKICVKQPU 
UJQY VJG HWPEVKQPCN RTQITGUUKQP QH 
VJG %12� YJKEJ RTQOQVGU C DGVVGT 
WPFGTUVCPFKPI QH VJG RTQDNGO� 6JG 
TGUWNVU RTQXKFG KPHQTOCVKQP HQT VJG 
FKUVTKEV JGCVKPI UGEVQT CPF KPFWUVT[ 
VQ RTQOQVG VJG WUG QH JKIJ VGORGTC�
VWTG JGCV RWORU KP FKUVTKEV JGCVKPI 
CTGCU�

0GY FKUVTKEV CPF NQECN JGCVKPI 
U[UVGOU CTG FGUKIPGF YKVJ VJG NQY�
GUV RQUUKDNG UWRRN[ CPF TGVWTP VGO�

Figure 1. Investigated heat pump circuits; a) basic heat pump model, b) single-stage compression with an internal heat 
exchanger (IHX), c) two-stage compression and intercooling with two-stage expansion of the refrigerant
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peratures. Operators also strive to 
lower temperatures in existing net-
works. These efforts are primarily 
aimed at minimising heat losses. As 
a result, direct supply of process 

is no longer feasible.
This problem can be solved by 

using high-temperature heat 

as a heat source, allowing individu-
al consumers in the network area to 
be supplied with heat at tempera-

basis for an interesting business 
model if low heat production cost 
can be achieved. In that case, dis-
trict heating operators could attract 
new customers and increase sales.

The COP for Heating H

various factors. The choice of re-

circuits, and the heat source tem-
peratures play an important role 

an optimal heat pump solution tai-
-

ditions. To gain a comprehensive 
understanding of the problem, sys-
tematic simulations and analyses 
were conducted using Ebsilon Pro-
fessional [3].

of the researched circuits are intro-
duced and the chosen refrigerants 
are presented. Furthermore, the 
authors explain the boundary con-
ditions of the simulations. The 
simulation results are focus on the 
COP for Heating, Compression ratio 
and Heat production cost, which are 
presented and evaluated before the 
conclusion.

Models and investigations

%iTcWit
Figure 1 shows the three investigat-
ed heat pump circuits. These cir-
cuits were chosen due to their wide 

shows the basic circuit of a heat 

main components: the compressor, 
condenser, expansion valve, and 

-

compression with an internal heat 

basic heat pump model and includes 
an additional internal heat ex-
changer. The internal heat exchang-
er can improve the COP by further 
cooling the refrigerant before it en-
ters the expansion device, thereby 
increasing the suction temperature 
of the refrigerant. In the third circuit 

compression and intercooling with 
two-stage expansion of the refriger-

separation occurs in an intermedi-

All the above-mentioned circuits 
were modeled and then simulated 
using the Ebsilon Professional soft-

meter variations. The code varies 

inlet temperature on the heat 
source side, 9so,in, and the suction 
superheat, 9SH

the simulation. Subsequently, a 

-
ply with the simulation boundary 
conditions. This allows for the de-
termination of results under the 
given boundary conditions.

4GHTiIGTCPtU
Within this study, seven refrigerants, 

-
ble 1 summarises the main proper-
ties of the refrigerants. Nowadays, 
natural refrigerants are gaining at-
tention due to environmental and 
economic concerns. Therefore, nat-
ural refrigerants are compared to 

7JKWNLJWantX 8ZGXtancJ�
LWoZU

CMJRNcaQ�KoWRZQa T��
��GaW��

rC�

TcWNt��

rC�

pcWNt


GaW�
4)5 ,<5 8,

R600 alkane CH3CH2CH2CH3 -0.5 -152.0 38.0 0 4 A3

R601a alkane (CH3)2CHCH2CH3 27.8 187.2 33.8 0 3 A3

R744 nature  
refrigerant

CO2 -78.5 31.0 73.8 0 1 A1

R1224yd(Z) HCFO CF3CF = CHCl(Z) 14.0 155.5 33.3 0 < 1 A1

R1233zd(E) HCFO CF3CH = CHCl(E) 14.0 166.5 36.2 0 1 A1

R1234ze(Z) HFO CF3CH = CHF(Z) 9.8 150.1 35.3 0 < 1 A2L

R1336mzz(Z) HFO CF3CH = CHCF3(Z) 33.4 171.3 29.0 0 2 A1

Table 1. Categorisation and properties of the investigated refrigerants [1]
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s -
-

this study. The selected refrigerants 

ranging from A1 to A3, thus covering 
a broad range of current and future 
refrigerants. All the refrigerants 
have an Ozone Depletion Potential 

thus complying with applicable 
policy regulations. 

Additionally, all the selected re-
-

cal temperatures above 150 °C, indi-
cating that they can operate with 
subcritical state changes. Only the 
HTHP using R744 operates in the 
supercritical range. In this case, a 
very large temperature difference 
in the gas cooler is required to 
achieve high COP. Therefore, the 
HTHP using R744 is a special case.

$QWPdCT[�cQPditiQPU
In the simulation, except for the 
R744 heat pump operating in the 
supercritical range, the condensing 
pressure Uc and the evaporating 
pressure U� can be calculated using 
the condensing temperature Tc and 
the evaporating temperature T�. The 

compressor discharge tempera-
tures T2�can be determined for the 
respective pressures. Similarly, the 
inlet temperature on the heat 
source side, TXT,iS, was determined in 
the range of 50 to 100 °C. The tem-
perature difference between the 
inlet and outlet on the heat source 
side is 5 K.

The superheating range of the 

[2]. In this study, the lowest possible 
superheat has been selected for re-

superheating is 5 K for the refriger-

compressor suction gas remains in 
a gaseous state. For refrigerants 

set a superheating of 20 K to ensure 
that the compressor does not enter 
the two-phase region of the refrig-
erant during operation.

heat exchanger before entering the 
compressor. Compared to circuits 

of the refrigerant before it enters the 
compressor. If the condensing pres-
sure Uc remains constant, the com-

pressor discharge temperature T2

increases. To ensure that the com-
pressor discharge temperature T2

remains within a reasonable range 
T2

15 K was chosen for refrigerants 

The control of the R744 heat pump 
model is determined based on the 
compressor discharge pressure U2. 
To ensure better comparability, the 
authors of this study choose a dis-
charge pressure U2 below 150 bar 
and a compressor discharge tem-
perature T2 in the same range 
T2

mentioned above.
-

iX is set to 0.7 for 
all simulations. The project Re-
search Platform for Refrigeration 
and Energy Technology Ketec Sub-
project 10 [9] focuses on the storage 
and provision of process heat. 
Therefore, the inlet temperature on 
the heat sink side TXi,iS is set to 
120 °C, and the outlet temperature 
of the heat sink side TXi,TZt is set to 

-
parable COP, the inlet temperature 

Figure 2. Simulation results for the refrigerant R1224yd(Z); a) dependence of the COP on the source temperature and 
the circuits according to Figure 1; b) relative increase of the COP compared to the circuit a)
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of the heat sink side TXi,iS is set to 
-

tion due to the substance proper-

In an early phase of the work, the 
generation of superheated water 
and superheated steam in the con-
denser was investigated. However, 
the simulation results showed that 

the COP is negligibly small. There-
fore, the following discussion is 
based on the case of superheated 
water production.

Results and discussion

%12�HQT�*GCtiPI

HTHP is to be evaluated solely 
based on the COP for Heating H. 

COP achievable with refrigerant 

at different heat source tempera-
tures. According to the COP, circuit 

over the other two variants. Circuit 
-
-
-

average, the relative increase is 13% 

be observed that the improvement 
in COP due to the change in circuits 
has a greater impact at lower heat 
source temperatures. However, as 
the heat source temperature in-
creases, the improvement in COP 
gradually decreases.

example to demonstrate the trend 
of the COP for the different circuits 

and heat source temperatures. 
-

the beginning of the article, the 
simulation results show the same 

-

Figure 3. Dependence of the COP on the source temperature and the refriger-
ants for the circuit a)
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Figure 4. Dependence of the COP on the source temperature and the refriger-
ants for the circuit b)
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sults can be seen in Figure 3 to 
Figure 5.

It should be noted that due to the 
limited boundary conditions, the 
seven refrigerants in this study 
cannot cover all heat source tem-
peratures for all the three circuits. 
These limitations are also visible in 
Figure 3 to Figure 5. For example, in 

process of the high-pressure stage 
enters the two-phase region. There-
fore, these two refrigerants are  
not included in Figure 5. When the 
heat source temperature is 50 °C, 

-

and Figure 4. This is because the 
corresponding evaporating pres-
sure is below 1 bar.

R744 stands out among the seven 
refrigerants, primarily due to its 

As a result, the process operation 
must be in the supercritical range. 
This allows for higher COP at low 
heat source temperatures com-
pared to the other refrigerants. 
However, due to the limited bound-
ary conditions, the COP for R744 
reach a limit of approximately 
three as the heat source tempera-

is also unsuitable due to its lower 
critical temperature. Therefore, no 
simulation results for R744 are 
shown in Figure 5.

Based on Figure 3 and Figure 4, it 
can be observed that R744 achieves 

-
tures between 50 and 90 °C. 

-

highest COP.

%QORTGUUiQP�TCtiQ
Compression is an important pro-
cess in heat pumps, and reducing 
the compression effort is crucial. 
Without going into the actual im-

complement the results shown 
above and provide a better under-
standing of the operating ranges.

relationship between compression 
ratios and heat source temperatures 

condensing temperature remains 
constant. A lower compression ratio 
implies that the compressor can 
perform less work.

Figure 7 shows the pressure dif-
ference between the inlet and out-
let of the compressor. Although 
R744 has the lowest compression 
ratio among all refrigerants, it still 
has the highest-pressure differ-

Figure 5. Dependence of the COP on the source temperature and the refriger-
ants for the circuit c)
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ence. For the other refrigerants, 
-

pression ratio is relatively high. 
However, the pressure difference 
remains below 30 bar.

*GCt�RTQdWctiQP�cQUt
The cost of heat production is a 
good way to assess or estimate 
economic feasibility in the sense of 
marginal cost analysis. At the same 
time, the results of different heat 
pump circuits with different refrig-
erants can be better compared. This 
means that only operating cost are 

into account. In the past years 

that the use of zero-emissions elec-
tricity may have higher purchase 
cost compared to conventionally 
generated electricity [10]. However, 
due to increasing prices for conven-
tional energy supply and decreas-
ing prices for e.g., PV systems, the 
situation may be reversed in the 
present and upcoming years.

investigation of heat production 

-
H H

They indicate the lowest and high-

To calculate the cost of heat pro-
duction, the electricity purchase 
cost was varied from €0.00 /kWh to 
€1.00 /kWh and the heat purchase 

was varied from €0.00 /kWh to 
€1.00 /kWh as well. The red dashed 

cost of heat production, with a price 

difference of €0.10 /kWh between 
each two lines. In this calculation 
method, the COP of the heat pump 
is the only factor considered. There-
fore, the slope of the red dashed 

increases. This behavior can be 

supplier or customer can quickly 
estimate the marginal cost.

Figure 7. Dependence of the pressure difference on the source temperature 
and the refrigerants for the circuit a)
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The pink and blue dashed lines 
represent the cost of heat produc-
tion at €0.10 /kWh for the two COP 

H: 2.05 and H

areas below these lines indicate the 
cost of heat production below  
€0.10 /kWh. The shaded area in-

the case with COP > 2 was consid-

-
ity in response to changes in elec-
tricity and heat purchase cost. The 
heat production cost lines intersect 

-
tion points results in the red dashed 
line in Figure 9.

Conclusion

In total, three heat pump circuits 
and seven refrigerants were ana-

-

yielded the highest COP. However, 

made regarding the refrigerants. 

achieved the highest COP at lower
heat source temperatures 
TXT -

ants showcased their advantages at 
higher heat source temperatures 
TXT

achieved the highest COP, reaching 
a maximum value of 4.44. As a com-
peting technology, direct electric 

-
-

sidered. To remain competitive, a 
higher COP allows for a wider ac-
ceptable range of electricity and 
heat purchase cost. In the present 
example, to achieve a heat produc-
tion cost below €0.10 /kWh with an 

H -
ity purchase cost would have to be 
below approximately €0.45 /kWh 
and the heat purchase cost would 
have to below approximately 
€0.12 /kWh. Therefore, high COP are 
critical to achieving the expected 
low cost of heat production.

All the circuits were modeled, 
simulated, and systematically ana-
lysed using Ebsilon Professional 
software to select suitable heat 
pump solutions. The results provide 
fundamental insights and func-
tional relationships for the district 
heating and industrial sectors. The 
aim is to expand the application 
potential of high-temperature heat 
pumps and replace conventional 
solutions with greenhouse gas 
emissions and high costs. The mar-
ginal cost analysis revealed a cost 

range of heat production below 
€0.10 /kWh. Further efforts are re-
quired to offer process heat afforda-
bly, securely, and in an environ-
mentally friendly manner. In 
subproject 10 of the Ketec research 
project, this is a central focus area. 
Thermal energy storage systems 
are envisaged to compensate for 

-
able heat demand over time. The 
authors see considerable develop-
ment and application potential 
here.
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Latin letters

U pressure (bar)

9 temperature (°C)

,reek letters

H

Indexes and abbre[iations

0 evaporation

c condensation

COP

crit critical

GWP Global Warming Potential

HCFO

HFO

hpr high pressure

HTHP high-temperature heat pump

in inlet

is isentropic

lpr low pressure

ODP Ozone Depletion Potential

out outlet

SG safety group based on SN EN 378-1: 2017 und ASHRAE Standard 34

SH superheating

si heat sink

so heat source
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Short Comparison of District  
Heating Development Potential  
in Germany and France
District heating and cooling systems play a crucial role in the transition to more  
sustainable energy sources. It is therefore important to determine how great the  
district heating development potential is. At HafenCity University a study was  
carried out to draw an exemplary comparison between France and Germany. 

Energy represents a major chal-
lenge in modern society, and in 

-
gy demand is attributed to heating 
and cooling. This highlights the 

-
tainable solutions to meet these 
energy needs, especially in large 

challenges. Indeed, winter and 
summer can pose considerable 
challenges in terms of the supply of 
renewable energy for heating and 
urban cooling. However, amidst 
these energy challenges, promising 
technologies are emerging that 

-
gration of renewable energy sourc-
es. Among these technologies, dis-
trict heating and cooling systems 
stand out as potentially crucial 
solutions.

At HafenCity University, Ham-
burg/Germany, a study was carried 
out during an Erasmus Internship, 
to draw an exemplary comparison 
between France and Germany on 
the district heating development 
potential. Emblematic case studies, 
such as Paris-Berlin and Bor-
deaux-Hamburg, were used to ana-
lyse the development of the net-
works and suggest renewable 
energy sources suitable for future 
networks. Here is an overview of the 
characteristics of each city in 2022:
•  Paris, the French capital, had a 

population of 2,117,702, according 
to the French National Institute 

for Statistics and Economic Stud-
-

is‘s district heating and cooling 
networks was divided between 
two separate entities: CPCU, re-
sponsible for the district heating 
network, and Fraicheur de Paris, 
responsible for the district cool-
ing network. The heating network 
is 521 km long.

•  Berlin, the German capital, had a 
population of 3,755,251 in 2022, 
according to data from Statista. 
Berlin‘s heating network is char-
acterised by its diversity, with 
large networks and smaller ones. 
The main heating networks are 
managed by major players such 
as Vattenfall Wärme Berlin AG 

cooling in Berlin was split be-
tween two sites: Potsdamer Platz, 
managed by Vattenfall, and Ad-
lershof, managed by BTB.

•  Bordeaux Seaport-Métropole, lo-
cated in south-west France, has a 

to INSEE. Its district heating net-
work comprises some sixteen 
separate networks with a total 
length of no more than 100 km, 
plus four cooling networks.

•  The city of Hamburg Seaport-Me-
tropolis in Germany has a popu-

district heating network is man-

aged by Hamburger Energiewerke 

while other networks, such as 
Urbana Energiedienste GmH and 
Vattenfall Energy Solution GmbH, 
also play an important role. This 
study focused on the Hamburger 
Energiewerke network in Ham-
burg, with a special mention for 
the unique district cooling net-
work located in City Nord.
This background will enable to 

examine in more detail the oppor-
tunities and challenges associated 
with setting up district heating 
networks in these dynamic and di-
verse cities.

Methodology

The main objective was to create a 
map covering the whole region and 
highlighting the areas with the 
greatest potential for developing 
heating networks. The accuracy 

tify neighbourhoods with high 
potential, in order to facilitate the 
geographical targeting of future in-
depth feasibility studies. The sim-

on that given in the 2020 guide to 
identifying heating and cooling 
network projects drawn up by 
Amorce . The data was found in 

-
jets de réseaux de chaleur et de froid, 
2020.
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open data and was manipulated 
using Arcgis Pro software.

First of all, several data points on 
the different cities had to be resem-
bled, such as :
•  Mapping the existing heating and 

cooling network, with the produc-
tion sites located there;

•  Drawing up a preliminary route 
for the heating network using 
existing road sections; 

•  Determine the annual consump-
tion of the various buildings in 
the town under study. However, if 
these data have not been found in 
the open data databases of the 
cities studied, an approximation 
with the equations 1 and 2 have 
been made.

EH,1 AB · EH,avg Eq. 1

Where:
EH,1

buildings in terms of heat [kWh],
AB

2], 
EH,avg average consumption of 
heat or cooling per m2 in the coun-
try studied [kWh/m2]. In the case of 

kWh/m2 for residential 
heating consumption according to 
EDF.

Or
EH,2 AP · Ncity · EH,avg  Eq. 2

Where:
EH,2 energy consumption of build-
ings in terms of heat [kWh]
AP surface area of the business 
park [m2],
Ncity verage number of storeys in 
the city [-],

EH,avg average consumption of 
heat or cooling per m2 in the coun-
try studied [kWh/m2]. In the case of 

2 for resi-
dential heating consumption ac-
cording to EDF. 

According to “le panorama du parc 
immobilier français” published by 
Caisse des Dépôts, it has been as-
sumed that the average number of 

In the case of Berlin, according to 
the “Urban Structural density 2019” 
published by the Environmental 
Atlas Berlin, the average number of 

-
cording to the article “Key data on 
energy consumption and heat in 
Germany” published by OFATE, the 
heating consumption of dwellings 

Figure 1. Flow-Chart of the study
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2

The thermal density, a crucial in-
dicator for assessing the viability of 
the project measured in [kWh/m], 
was calculated according to equa-
tion 3.

)tM *tTt�1tTt Eq. 3

Where
)tM

*tTt

of the area [kWh],
1tTt

each area [m].

By cross-referencing the consump-
tion data with the linear distances 
required for the network to be estab-
lished, it is possible to calculate the 
energy density for each zone drawn, 
covering the whole of the city under 
study. By juxtaposing this mapping 
of energy densities with the layout 
of existing networks, a representa-
tion of areas with high development 
potential emerges: areas with a 
high thermal density and proximity 
to an existing network are those 
with the greatest growth potential, 
while areas with a low thermal 
density and/or not close to an exist-
ing network do not have high poten-

The results of the study

4GUWNtU� HQT� tJG� cCRitCNU� 2CTiU� CPd�
$GTNiP
The current heating network covers 
all 20 arrondissements in Paris, but 
the rate of connection varies consid-
erably. The 1st, 2nd, 4th, 7th, 13th and 
15th arrondissements have a high 
connection rate, with more than 30% 
of their areas connected. On the other 

-
rondissements have a low connection 
rate, with less than 10% connected. 
Although the location of the physical 
network varies in these boroughs, it is 

-

tion of the network are emerging as 
major development axes. 

Figure 2 shows the existing net-
work and the thermal densities in 
the different districts of Paris. It can 
be seen that four locations close to 
the existing network should be 
connected: in the 5th arrondisse-

-

-
-

-

-

Figure 2. Mapping of the heating network and thermal density in Paris – 
opendata.paris.fr and data.gouv.fr with Arcgis pro2)

Figure 3. Mapping of the heating network and thermal density in Berlin –  
Vattenfall, Fernheizwerk Neukölln, BTB and Geoportal.de with  Arcgis pro3)
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-

and in the 20th arrondissement 
-

-
-

tractive places to set up a network 
-

ments.
In Berlin, extensive district heat-

ing networks cover large areas of 

the city centre, including the 
S-Bahn ring area with over 50% 
coverage. These networks also ex-
tend to the eastern part of Steg-
litz-Zehlendorf, through Lichten-
berg to Marzahn-Hellersdorf, as 
well as to Neukölln and the western 
part of Treptow-Köpenick, including 
Adlershof. 

Figure 3 illustrates the layout of 
the existing network and the ther-
mal densities distributed across the 
various districts of Berlin. It is par-
ticularly noteworthy that, according 
to the map in Figure 3, at least six 
localities located close to the cur-
rent network should be connected. 

These locations correspond to post-

-

-
-

therefore have a high potential for 
network connection.

4GUWNtU�iP�5GCRQTt�/GtTQRQNGU�
$QTdGCWZ�CPd�*CODWTI
In its current form, the heating net-
work extends to virtually every 
district in Bordeaux, except three: 
Caudéran, La Castagne and La Fer-
rade. Figure 4 shows the existing 
network and the heating densities 
in the various districts of Bordeaux. 
There are three areas close to the 
existing network that should be 

-

-
-

Figure 4. Mapping of the cooling network and thermal density in Bordeaux – 
Opendata.bordeaux-metropole.fr with Arcgis pro4)

-
ban heat network CPCU: data.gouv.fr, 

-
ble at: https://www.data.gouv.fr/fr/data-
sets/cartographie-du-reseau-paris-
ien-de-chaleur-urbaine-cpcu-1/, 

https://opendata.paris.fr/explore/data-
set/conseils-quartiers/information/?-

-

opendata.paris.fr/explore/dataset/vol-
umesbatisparis/information/, Road 

https://opendata.paris.fr/explore/data-
-
-

jawg.streets, Neighborhood: opendata.
paris, 

-
oportal.de, WFS, Published on May 15, 
2020, available at: https://www.geopor-

-
en.odis-berlin.de/de/dataset/gebaeude/, 
Road section: Daten.odis-berlin.de, 

available at: https://daten.odis-berlin.

Neighborhood: Daten.odis-berlin.de, 
Berlin postal code areas: Daten.

-
tober 1, 2019, available at: https://daten.
odis-berlin.de/de/dataset/plz/

-
ping: opendata.bordeaux-metropole.fr, 

available at: https://opendata.bor-
deaux-metropole.fr/explore/dataset/

streets, Building volume: opendata.bor-
-

https://opendata.bordeaux-metropole.
-

opendata.bordeaux-metropole.fr, modi-
-

able at: https://opendata.bordeaux- 
-

Neighborhood: opendata.bordeaux- 

opendata.bordeaux-metropole.fr/ex-
-
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Bordeaux maritime and Saint Au-
gustin Tauzin Alphonse Dupeux al-
ready have heating networks: Ginko, 

Saint Augustin Tauzin Alphonse 
Dupeux and Centre hospitalier uni-

time. However, these networks do 
not cover all of these districts. It 
would therefore be worthwhile ex-
tending the networks to meet the 
heating needs of local residents.

In the north, south and west of 
Hamburg, the network does not 
seem to cover these localities. Fig-
ure 5 shows the existing network 
and the heating densities in the 
various districts of Hamburg. There 
are two areas close to the existing 
network that should be connected: 

Critical analysis and outlook

During this study, some data could 

mat, such as the location of thermal 
energy production facilities in Ber-
lin, Paris and Bordeaux, or the 
mapping of the district cooling 
networks in Berlin, Hamburg and 
Bordeaux, or the consumption of 
heating and air conditioning. This 
lack of data was compensated for by 
bibliographical research into the 

various players involved in the 
district heating and cooling net-
works in each city, so that the study 
could continue. In addition, some of 
the data sets were published some 
time ago and have not been updated 
since, which reduces the accuracy 
and reliability of the study. On the 
other hand, this study tends to be as 
close to reality as possible. The lack 
of data on heating and cooling con-
sumption by zone has been com-
pensated for by formulas that allow 
the network deployment study to 
continue. These formulas are in-
tended to be as close to reality as 
possible. However, it would be inter-
esting to get closer to the organisa-

studies.

of areas with potential, it is vital to 
consider the diversity of buildings 

comes crucial to distinguish, for 
example, between older buildings 
and more recent constructions, 
with particular emphasis on build-

example, the old buildings nestling 
in the Marais district: the question 
is whether these buildings are suit-
able for air-conditioning systems.

In addition, the average heating 
and cooling consumption per 
square meter for each city was used. 
However, it should be noted that 
heating and cooling consumption in 

Bordeaux. Consequently, it would be 

heating consumption in Paris, Bor-
deaux and Berlin in order to improve 
the accuracy of future analysis.

Finally, an essential phase of this 
process involves identifying land 
that could be used for future renew-
able energy production facilities. 
The aim is to meet the region‘s en-
ergy needs, taking into account the 

Figure 5. Mapping of the heating network and thermal density in Hamburg – 
Transparenzportal Hamburg with Arcgis pro5)

burg energy production facilities: 

https://suche.transparenz.hamburg.de/
dataset/waermekataster-energieerzeu-
gungsanlagen-hamburg7, Thermal ca-
dastre of the region with Hamburg heat 
network: Transparenzportal Hamburg, 

available at: https://suche.transparenz.
hamburg.de/dataset/waermeka-
taster-gebiet-mit-waermenetz-ham-
burg7, Heat demand: Transparenzportal 

2023, available at: https://suche.trans-
parenz.hamburg.de/dataset/waerme-
kataster-waermebedarf-hamburg9, 
Road section: Transparenzportal Ham-
burg, WFS, published on July 10, 2023, 
available at: https://suche.transparenz.
hamburg.de/dataset/landesgrundbe-
sitzverzeichnis-hamburg24, Hypothet-
ical heat network: Metaver, Geojson, 

at: https://metaver.de/trefferanzeige?c-

D72E73FB-97A0-45DD-BE51-DE9C4E-
B5C4C2
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Shrouds for Flexible Polymer  
Pipe Systems in Heating Networks: 
the Requirements and Solutions
In recent years, flexible polymer pipe systems have become an integral part of district heating  
networks. The reduction in network temperatures in conjunction with the integration of renewable 
energy sources is acting as a long-term catalyst for this trend. However, the use of pre-insulated 
PE-Xa pipe systems can only be successful in the long term if the shroud system, often the weak-
est link in the chain, also consistently meets design and construction requirements in practice.

The low carbon heating transition 
must be implemented in existing 
buildings, otherwise these ambi-
tious targets can never be achieved. 
The development and expansion of 
district heating networks therefore 

the number of stakeholders in-
volved at every stage – from project 
development and technical plan-
ning, to pipework specialists and 
installers to local authorities, and 
energy supply companies, and last 
but not least main contractors.

When selecting materials for 
heating networks, opinions still tend 
to differ. It is clear that the expan-
sion of district heating for large 

transport and main pipelines re-
quires the use of steel pipes and in-
volves the highly specialised knowl-
edge of welding specialists, as well 
as increased installation capacities 
in the network. However, at a more 
local level, the use of polymer pipe 
systems is often technically feasible 

installation is much easier and 
quicker, while the use of pre-insulat-

cases and ultimately more econom-
ical. These solutions have become 
widespread in recent years, espe-
cially in new-build projects, as 
demonstrated by a large number of 
successfully implemented projects.

Pipes prioritised over shroud 
systems

When planning polymer networks, 
the focus has previously been al-
most exclusively on the pipes. The 
hydraulic design and a reduction in 
heat losses, e.g. through increased 
insulation, are usually the focus 
which is of course important. Nev-
ertheless, the overall system is only 
as good as its supposed weakest 
link – the shroud system for the 
insulation of joints and branches. 
As network operators, energy sup-
ply companies rightly impose strict 
requirements on security of supply. 
The shrouds must also meet these 

T-branch with Clip-Flex shroud system
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requirements. In this context, in-
stallation, i.e. handling on the con-
struction sites, is the real litmus 
test. It is important that the shrouds 
are durable and fully tailored to the 
various application situations.

Among differing competing tech-
nologies, the clip system consisting 
of two half shells has become wide-
ly accepted and used over the past 
decade. The joint between the upper 
and lower parts of the shroud is 
bonded using a special plastic ad-
hesive. The necessary pressure is 
continuously applied by clamps or 
clips, similar to the fastening on a 
ski boot. A special seal on the pipe 
inlets ensures that water cannot get 
in and stops the interior from be-

Special requirements for 
polymer pipe systems

-
ble pipe systems partly arises from 
the use of coils. Pipeline sections of 

various lengths can be quickly in-
stalled without any additional con-
nections between the branches, 
saving both time and materials. 
However, this means that angle 
deviations often occur when in-
stalling the pipe in the shroud body. 
These have resulted in special re-
quirements for the shroud seal for 
polymer pipes which do not apply 
for steel pipes as angle deviations 
do not occur. According to 

the steel pipe sector, the shroud seal 

of 3 m and 0.3 bar. For shrouds in 
the polymer segment, this means 

this prerequisite as a special test 

the stresses that occur in practice. 
Another aspect to consider in the 

installation of polymer pipes is that 
permanent compression joints are 

e.g. the Rehau compression sleeve 
system. This technology does not 

require an additional sealing ele-
ment, is extremely robust, can be 
inspected visually and has proven 
to be effective in many different 
areas of use for 35 years. A modular 

unusual size combinations. In this 
instance, the shroud would require 
additional space for installation. 

New Clip-Flex system  
solution

Based on extensive experience and 
the special requirements outlined 
above, Rehau has further developed 
its existing clip shroud technology. 
The result is an innovative, us-
er-friendly solution that combines a 
wide range of special features. The 
crucial structural element is a ball 
joint between the two halves of the 
shroud and the joint which allows 
an angle deviation into the shroud 
itself. The seal is created by multi-
ple lip seals made of extremely du-
rable TPE. Sealing rings are inte-

Figure 1. Pipeline with branch a) before and b) after the shrouds are sealed
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grated into the joint, which can also 
offset any angle deviation, i.e. a total 
of 22.5° per joint or up to 45° over the 
entire component in the pipeline, 
under loads with external water 

shrouds are also now compatible 
with an outer piper diameter of up 

previously. This means that all Re-
hau pipe systems can be accommo-
dated, including carrier pipes with a 

The space for making joints is 
now 20% larger. This means that 

any combination of sizes can be 
safely accommodated with a mod-

using the compression sleeve tool. 
Individual additional size reduc-
tions can also be integrated within 
the shroud itself if required. 

This modular structure of the half 
shells and joints results in a 30% 
smaller pack size. In combination 
with the use of high-quality recy-
cled material in the shroud injection 
moulding process, the carbon foot-
print in production and transport is 

Outlook

District heating design will pave the 
way for the increased use of poly-
mer pipe systems in the years 
ahead. In addition to individual 
networks, the focus will increasing-
ly be on their application in hybrid 
and secondary networks. It is more 
important than ever to think in 
terms of overall systems and con-
sider this aspect when selecting 
materials. The polymer carrier pipe 
is primarily designed to be durable 
at temperatures of up to 90 °C to 
ensure that existing buildings that 
have not yet been renovated can be 
supplied from the start. Another 
aspect is the longitudinal water 
tightness of the pipes as a prerequi-

-
work operation. And, last but not 
least, the jointing technique be-

should be of particular importance 
for key decision-makers for system 

as Rehau are investing in ongoing 
product development and capacity 
expansion in order to make a signif-
icant impact to the decarbonisation 
of heat supply using polymer heat-
ing networks.

5tGHCP�-iTUcJ�$'PI.���
$'PI.��
Technical Manager,  
District Heating/Geo-
thermal Energy, Rehau 
Industries SE & Co. KG, 
Erlangen/Germany

1NCH�-TWUG�$'PI.��
Project Manager District 
Heating, Rehau Indus-
tries SE & Co. KG,  
Erlangen/Germany
QNCH.kTWUG"TGJCW.cQO�
www.TGJCW.Wk�diU�
tTictJGCtiPIFigure 3. Clip-Flex L-shrouds with deviation during pipe installation 

160/250 mm pipe joint

Figure 2. Clip-Flex with clear angle
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New Danish Measures for  
Reducing Legionella in Domestic 
Hot Water Installations
Through an interdisciplinary project collaboration with among others Danish Techno-
logical Institute and Statens Serum Institut, a major study about Legionella in domestic 
hot water installations was carried out. Besides, three solutions aiming at reducing the 
occurrence of the deadly bacteria Legionella in installations and taps were developed 
and demonstrated. 

Despite the generally good quality of 
Danish drinking water, Denmark 
has – compared to other European 
countries – a relatively high fre-
quency of incidences of Legion-
naires’ disease caused by the bacte-
rium Legionella. Moreover, the 
number of incidences has been in-
creasing for some years. It is gener-
ally recognised that the use of tem-
peratures that are too low in the 
domestic hot water can contribute to 
this. The low temperature allows the 
growth of Legionella bacteria, and 
the bacteria may spread to humans 
in the form of small water particles 

Approximately two third of the 
Danish homes – and the associated 
domestic hot water – are heated 
with district heating. As for the rest 
of the households, heat pumps are 
gaining ground to a considerable 

-
ciency and the possibilities of using 
alternative energy, it is important for 
both energy systems that the water 
temperatures are as low as possible. 

-
ture-related dilemma around ensur-
ing legionella-proof domestic water 
installations in relation to the desire 
to save energy and reduce the cli-
mate footprint. 

Through an interdisciplinary 

-
opment and Demonstration Pro-

installations and supply” has been 
implemented and completed. The 
project includes partly the imple-
mentation of a major study on pre-
vious investigations and require-
ments for Legionella in domestic 
hot water, partly the development 
and demonstration of three solu-
tions for the domestic hot water in-
stallations with a view to reducing 
Legionella and the incidences of 
Legionnaires’ disease. 

The project partners were Danish 
Technological Institute, Statens 

-
pices of the Danish Ministry of 

producers Metro-Therm A/S and 
Danish Clean Water, Fredericia 
Fjernvarme representing Danish 
district heating companies, the 
large Danish housing company 

-
land representing Danish hospitals. 

The study was based on a major 
literature search and covered Dan-
ish and international literature/
sources, and it was followed up by 
contacts/Teams meetings with se-
lected knowledge and research 
centers. The study included an ex-

-
eters affecting the spread, growth 
and reduction of Legionella, as well 
as authority requirements, stand-

ards and guidelines. Among other 
things, the study showed that due to 

-
ments for protection against Le-
gionella are often underestimated, 
just as the Danish temperature re-
quirements are low compared to 
other countries. Furthermore, it 
was found that even lower temper-
atures are sometimes used in prac-
tice in the installations. 

The study also leads to the follow-
ing conclusions:
•  It is generally agreed that Le-

gionella pneumophila develops at 
temperatures higher than 20-
25 °C and lower than 45-50 °C. On 

formation, there is a considerable 
uncertainty when it comes to the 
temperatures required for reduc-
tion of Legionella – and for how 
long time the temperatures must 
be present. 

•  In Denmark and abroad, Legionel-
la prevention is primarily han-
dled by using an appropriate 
temperature for the domestic hot 
water. However, this is very chal-

-
mate footprint and running costs 
as the necessary water tempera-
ture to avoid Legionella must be 
50 °C or higher, while the comfort 
requirement is only 45 °C. 

•  The temperature is the most im-

the development and reduction of 
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Legionella in the installations, 
but several other parameters 

conditions, water quality, pres-
sure, affected materials and 

study showed that the knowledge 

growth and reduction of Legionel-
la is often relatively poorly found-
ed or unclearly documented, e.g. it 

-

a role together. 
•  Nationally and internationally, 

there is a relatively limited regu-
latory encouragement to search 
for alternatives to temperature 
protection against Legionella. 

•  The new EU drinking water direc-
tive has increased the focus on 
Legionella and on the risk assess-
ment of water installations. 
The conclusion of the study was 

-
lenges between protection against 
Legionella in domestic hot water 

-
cy and low climate footprints it is 
very important to focus on all po-
tential opportunities for improve-
ments, just as it is important that 
new knowledge and insight into the 
problems is ensured.

The three developed and demon-
strated initiatives in the project to 

reduce the presence of Legionella in 
domestic hot water installations 
include: 
•  A risk pilot assessment tool for 

Legionella in domestic hot water 
-

a recognised method through 

parameters on Legionella in do-
mestic hot water installations 
with a view to making it usable in 
practice. The tool may contribute 

both existing and new drinking 
water installations. 

•  An electric booster unit ensures 
temperature monitoring and opti-
mal control of the domestic water 
installation based on knowledge 
of Legionella growth and reduc-

will be able to support future ad-
aptation and development of 
products for the increased tem-
perature challenge for protection 
against Legionella. 

•  A new setup for biocide dosing 

environmentally friendly and al-
lows legionella protection at a 
lower water temperature, i.e. cor-
responding to the comfort needs. 
The project showed that it is pos-
sible to reduce high legionella 

germ counts to a tolerable level 
and to be able to maintain it. 
Hence, the solution will be able to 
provide clear advantages in terms 
of reducing energy and climate 
footprints and is proposed to be 
included formally in the Danish 
authority requirements, provided 

-

the whole installation are met. 
The project is documented through 

a number of professional reports in 
Danish as well as through an English 

found under https://www.teknolo-

%20-%20Final%20report%202023 

www.dti.dk

Danish Clean Water Solution
Danish Clean Water (DCW) developed a generator, which disinfects do-

eco-friendly, temperatures. The generator is connected to the hot water 
supply and dispenses a mild disinfectant that is very effective at killing 
Legionella and other disease-causing bacteria. The active ingredient in 
the disinfectant is the biocide hypochlorous acid (HOCl), which comes 
from water, salt and electricity. It is the same substance that the immune 

is called Neuthox. It complies with ECHA regulations and has been ap-
proved for use in drinking water. Neuthox is dosed in very small amounts 

www.dcw.dk

Contact

Installation principles and techni-
cal solutions: Senior Consultant 
and Project Manager Kaj Bryder, 
Danish Technological Institute, 
Tel. +45 7220 1220,  
kbr@teknologisk.dk.
Disease, epidemiology and risk: 
Head of Department Søren  
Uldum, Statens Serum Institut,  
Tel. +45 3268 3194, su@ssi.dk.

The generator from Danish Clean 
Water disinfects drinking water effi-
ciently, killing dangerous bacteria 
such as Legionella
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