
4th International Conference on  

Smart Energy Systems and 4thGeneration District Heating 
13-14 November 2018 in Aalborg, Denmark.   

The Status of 4th Generation District Heating: 

Research and Results. 



After 7 years of work: 

What have we learned..? 

www.4DH.dk 



 



Purpose 

To investigate the future of 

District Heating and Cooling  

 

What is the role of district heating in 

                              future energy systems..? 

How should the technology develop 

                        in order to fulfil such role..? 



Smart Grid (2005) 

No definition. 

 

However it can be understood 

from the context that a smart grid 

is a power network using modern 

computer and communication 

technology to achieve a network 

which can better deal with 

potential failures. 



Smart Grid  -  definitions 
“A smart grid is an electricity grid that uses information and communications 

technology to gather and act on information, such as information about the 

behaviors of suppliers and consumers, in an automated fashion to improve the 

efficiency, reliability, economics, and sustainability of the production and 

distribution of electricity.” (U.S. Department of Energy) 
 

“Smart Grids … concerns an electricity network that can intelligently integrate 

the actions of all users connected to it - generators, consumers and those that 

do both - in order to efficiently deliver sustainable, economic and secure 

electricity supplies.” (SmartGrids European Technology Platform, 2006). 
 

“A Smart Grid is an electricity network that can cost efficiently integrate the 

behaviour and actions of all users connected to it – generators, consumers and 

those that do both – in order to ensure economically efficient, sustainable 

power system with low losses and high levels of quality and security of supply 

and safety.” (European Commission, 2011) 
 

“Smart grids are networks that monitor and manage the transport of electricity 

from all generation sources to meet the varying electricity demands of end 

users” …. “The widespread deployment of smart grids is crucial to achieving a 

more secure and sustainable energy future.”  (International Energy Agency 

2013). 

 



Smart heating and  

cooling grids 

• In the European Commission’s strategy 

[7] for a competitive, sustainable and 

secure “Energy 2020“, the need for “high 

efficiency cogeneration, district heating 

and cooling” is highlighted (page 8). The 

paper launches projects to promote, 

among others, “smart electricity grids” 

along with “smart heating and cooling 

grids” (page 16).  



Smart Energy Systems 

• Smart Electricity Grids are electricity infrastructures that can intelligently 

integrate the actions of all users connected to it - generators, consumers and 

those that do both - in order to efficiently deliver sustainable, economic and 

secure electricity supplies.  
 

• Smart Thermal Grids are a network of pipes connecting the buildings in a 

neighbourhood, town centre or whole city, so that they can be served from 

centralised plants as well as from a number of distributed heating or cooling 

production units including individual contributions from the connected buildings.  
 

• Smart Gas Grids are gas infrastructures that can intelligently integrate the 

actions of all users connected to it - supplies, consumers and those that do both 

- in order to efficiently deliver sustainable, economic and secure gas supplies 

and storage.  

 

Smart Energy System is defined as an approach in which smart 

Electricity, Thermal and Gas Grids are combined and coordinated to 

identify synergies between them in order to achieve an optimal solution 

for each individual sector as well as for the overall energy system.  

 



Smart Energy Systems 

 



Energy Storage 
Pump Hydro Storage 

175 €/kWh  
(Source: Electricity Energy Storage 

Technology Options: A White Paper 

Primer on Applications, Costs, and 

Benefits. Electric Power Research 

Institute, 2010) 

Natural Gas Underground Storage 

0.05 €/kWh  
(Source: Current State Of and Issues 

Concerning Underground Natural Gas 

Storage. Federal Energy Regulatory 

Commission, 2004) 

Oil Tank 

0.02 €/kWh  
(Source: Dahl KH, Oil 

tanking Copenhagen A/S, 

2013: Oil Storage Tank. 

2013) 

Thermal Storage 

1-4 €/kWh  
(Source: Danish Technology 

Catalogue, 2012) 



Thermal Storage  6200 m3 Thermal Storage 

2500 €/MWh  
(Skagen: 6200 m3  

for 5.4 mio. DKK) 

 0.16 m3 Thermal Storage 

300.000 €/MWh  
(Private house: 160 liter  

for 15000 DKK) 

 200,000 m3 Thermal Storage 

500 €/MWh  
(Vojens: 200,000 m3  

for 30 mio. DKK) 
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Thermal storage: Price and Size 

 4 m3 Thermal Storage 

40,000 €/MWh  
(Private outdoor: 4000 m3  

for 50,000 DKK) 





Eksisterende distributionsnet 



Energy System Analysis Model 

CHP

Boiler

Electro-

lyser

Heat

pump and 

electric 

boiler

PP

RES 

electricity

Fuel

RES heat

Hydro water
Hydro 

storage

Hydro 

power plant

H2 storage

Electricity 

storage

system

Import/

Export 

fixed and 

variable
Electricity

demand

Cooling 

device

Cooling

demand

Transport 

demand

Process

heat 

demand

Industry

Cars

Heat 

storage

Heat 

demand

www.EnergyPLAN.eu 



 

Smart Energy Systems:  
 

Hourly modelling of all smart 

grids to identify synergies! 

… and influence of different 

types of energy storage..! 



IDA Energiplan 2030 



Publication 

Smart Energy Europe 

 

www.EnergyPLAN.eu/SmartEnergyEurope 

 Report Online 

 Paper Published 

 

http://www.energyplan.eu/smartenergysystems/
http://www.energyplan.eu/smartenergysystems/




4th Generation District Heating 

4th Generation District Heating (4GDH) system is 

defined as a coherent technological and institutional 

concept, which by means of smart thermal grids 

assists the appropriate development of sustainable 

energy systems. 4GDH systems provide the heat 

supply of low-energy buildings with low grid losses in 

a way in which the use of low-temperature heat 

sources is integrated with the operation of smart 

energy systems. The concept involves the 

development of an institutional and organisational 

framework to facilitate suitable cost and motivation 

structures.  



Figure 1: Illustration of the concept of 4th Generation District Heating  
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Three pillars 

WP1: Supply  

Low temperature District heating 

 

WP2: Production  

Renewable Systems Integration 

 

WP3: Organisation  

Planning and Implementation 



http://www.sciencedirect.com/science/journal/03605442


 

http://www.sciencedirect.com/science/journal/03605442


Impact on science 

http://www.sciencedirect.com/science/journal/03605442


The 4DH conferences 



Partners 



Outreach 

Stockholm 

Belgium 

Slovakia 

4DH Forum 

in Japan 



Heat Roadmap Europe 

http://www.ecofys.com/en/


District Heating on the 

first page of the 

Commission’s Vision for 

Heating and Cooling 



EU Strategy on  

Heating and Cooling 

“District heating can integrate 

renewable electricity (through heat 

pumps)…… 

 

…It can offer flexibility to the energy 

system by cheaply storing thermal 

energy, for instance in hot water tanks 

or underground.”  

“Linking heating and cooling with electricity networks will 

reduce the cost of the energy system – to the benefit of 

consumers.”  



Smart Heating Europe  



 
Quantifies the costs and benefits of 4GDH 

in future sustainable energy systems. 

- Costs involve an upgrade of heating systems 

and of the operation of the distribution grids. 

- Benefits are lower grid losses, a better utilization 

of low-temperature heat sources and improved 

efficiency in the production compared to previous 

district heating systems.  



Smart Energy Systems 

 

http://www.sciencedirect.com/science/journal/03605442


WP1 Supply:  
Low temperature District heating 

 

Grids and components:  

- low-temperature district heating systems 

based on renewable energy.  

- new knowledge of the hardware and 

software technologies of the new 

generation of district heating systems 

- existing energy renovated buildings and 

new low-energy buildings. 

http://www.sciencedirect.com/science/journal/03605442


WP 2 Production:  
Renewable Systems Integration 

Production and system integration:  

- the development of energy systems analysis 

tools, methodologies and theories 

- scenario building of future sustainable energy 

systems.  

- The aim is to identify the role of district heating 

systems and technologies in various countries 

http://www.sciencedirect.com/science/journal/03605442


WP3 Organisation:  
Planning and Implementation 

Planning and implementation:  

- further development of the planning and 

management systems  

- spatial analysis and geographical 

information systems (GIS) as a tool for 

planners and decision-makers.  

- organisation and design of specific public 

regulation measures including ownership, 

tariffs, reforms etc. 

http://www.sciencedirect.com/science/journal/03605442


 

It is quantified how benefits exceed costs by 

a safe margin with the benefits of systems 

integration being the most important. 



Thank you..!      
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