
Smart Energy Systems and 
4th Generation District Heating

Professor Henrik Lund

Aalborg Universitet

4 - 6 October 2021 | Virtual Conference



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 Energy Systems
With the purpose of fully decarbonized societies



Smart Energy Systems

www.energyplan.eu/smartenergysystems/

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

• Replicable by other researchers. (Freeware, User-friendly, normal PC, No 
solvers or similar. Data-sharing)

• Credibility. Documentation, many users, 5000+ downloads, used in 200+ 
scientific paper.

• Smart Energy Systems: Sectors (Buildings, Industry, Transportation etc.) 
and relevant grid and storage options (Electricity, District Heating and 
Cooling, Hydrogen, Green gas, solid biomass and synthetic green liquid 
fuels). 

• High time resolution and chronological calculations of storage and grid 
infrastructures. (In all relevant sectors)



Smart Energy Systems: 

Hourly modelling of all smart 

grids to identify synergies!

… and influence of different 

types of energy storage..!



Smart Energy Systems
The key to cost-efficient 100% Renewable Energy

• A sole focus on renewable electricity 
(smart grid) production leads to electricity 
storage and flexible demand solutions!

• Looking at renewable electricity as a part 
smart energy systems including heating, 
industry, gas and transportation opens for 
cheaper and better solutions…

Power-to-Heat
Power-to-Gas

Power-to-Transport



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)



www.journals.aau.dk/index.php/sepm







Existing distribution grids



Heating solutions and
storage and grid infrastructures

Scenario Without Savings
47 TWh/year

With Savings
28 TWh/year

Electric Hating
(Smart Grid..!!?)

13,000 MW Wind (25 GEUR)
24,000 MW hour peak
10 TWh Storage (2,000 GEUR)

8,000 MW wind
15,000 MW hour peak
5 TWh storage (900 GEUR)

Individual
Heat Pumps
(Smart Grid..!)

5,000 MW Wind
17,000 MW hour peak
3.7 TWh storage (750 GEUR )

2,500 MW Wind
12,000 MW hour peak
2 TWh Storage (400 GEUR) 
..or heat storage

20-30 m3/household

District Heating 
Indv. Heat Pumps 
(Smart Energy 
System)

2,600 MW Wind (plus biomass)
hour peak < 8300 MW
Storage…!!??

1,500 MW wind 
(plus recycling etc.)
Hour peak < 7,500 MW
Heat storage < 1 GEUR



Investment costs NOT 
including the storage



Investment costs 
INCLUDING the storage



Conclusions

• The need for grid and storage                                         
infrastructures differ significantly                                          
between different scenarios.

• The cost of grids and storage infrastructures may 
significantly exceed the cost of the renewable energy 
sources themselves.

• An integrated “Smart Energy Systems” approach seems to 
be essential in the design of suitable least cost solutions.

• Savings (in this paper heat savings) have a significant 
influence on the need for grid and storage infrastructures. 



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


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

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


4GDH
1. The ability to supply existing, renovated, and new buildings with 

low-temperature DH for space heating and domestic hot water. 

2. The ability to distribute heat in DH networks with low grid 
losses. 

3. The ability to recycle heat from low-temperature waste sources 
and integrate renewable heat sources, such as solar and 
geothermal heat.

4. The ability to be an integrated part of smart energy systems and 
thereby helping to solve the task of integrating fluctuating 
renewable energy sources and proving energy conservation into 
the smart energy system.

5. The ability to ensure suitable planning, cost and incentive 
structures in relation to the operation as well as to strategic 
investments related to the transformation into future 
sustainable energy systems.

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


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.

-



It is quantified how benefits exceed costs by a safe margin with 
the benefits of systems integration being the most important.



4GDH and 5GDHC

• 4GDH and 5GDHC  .. “….these two are                        
common not only in the overarching aim of 
decarbonization but that they also to some extent share 
the five essential abilities first defined for 4GDH….”

• “…5GDHC can be regarded as a promising technology ….., 
yet a complementary technology that may coexist … with 
other 4GDH technologies…”

• “…. The term “generation” implies a chronological 
succession, and the label 5GDHC does not seem 
compatible with the established labels 1GDH to 4GDH…”



Heat Roadmap Europe

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


Smart Heating Europe 



Smart Energy Europe

www.EnergyPLAN.eu/SmartEnergyEurope

Report Online

Paper Published

http://www.energyplan.eu/SmartEnergyEurope


A Clean 
Planet for all 
A European long-term 
strategic vision 
for a prosperous, modern, 
competitive and climate 
neutral economy 



A Clean Planet for all 
A European long-term strategic vision 
for a prosperous, modern, competitive and climate neutral economy 



Our replication
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Step 2: Implementing district heating

• Converting to district heating 
based on Heat Roadmap Europe

• Implementing CHP, HP and 
boilers based on average and 
peak heat demands

• Increase PP capacity to be 
sufficient
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More information:
https://www.energyplan.eu/book2/

www.EnergyPLAN.eu

www.4DH.dk

www.energyplan.eu/smartenergysystems/

www.henriklund.eu

www.heatroadmap.eu

www.energyplan.eu/SmartEnergyEurope

https://www.energyplan.eu/book2/
http://www.energyplan.eu/
http://www.4dh.dk/
http://www.energyplan.eu/smartenergysystems/
http://www.henriklund.eu/
http://www.heatroadmap.eu/
http://www.energyplan.eu/SmartEnergyEurope

