
Opportunities and challenges of 
“Energy System Integration” based on 
ongoing R&I projects
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Integrated Energy Systems

Objectives: 

• Combination of various energy sources

• Emission reduction

• Energy efficiency increase

• Security of energy supply

• Integration and interaction of various energy carrier

• Balancing generation and demand

• Forecasting of demand, generation and available 
storage capacity (just in time)

Source: www.robinson –h2020.eu



Elements of 
integrated 
energy systems

Note: This is an example and a 

real system might have even more 

elements or only a subset of those 

in the sketch.

Energy  systems management; IT-systems, Monitoring & Diagnostic; Energy system planning

W
as

te
w

at
er

 G
ri

d

P
o

w
er

 G
ri

d

G
as

 G
ri

d

D
is

tr
. H

ea
ti

n
g 

G
ri

d

D
is

tr
. C

o
o

lin
g 

G
ri

d

Energy Grids

Battery

Energy Storage

Gas

Small 
Scale Heat

Cooling

Large 
Scale Heat

Shore 
power 

End-Users

Heavy 
Transport

Electric 
Vehicles

Industries

Buildings

Waste 
collection

Rail 
Network

Wind

Wave

Biomass

Geo-
thermal

Energy Sources

Waste to 
Energy

Fossil F.

Solar

Waste 
water

Sea-
thermal

Water 
syst.

Recovered 
HT-waste 

heat

Hydro

Energy Conversion

PV

Collector

Ferment.

Power Gen.

CHP

Heat pump

Power Gen.

CHP

Gasificat.

Power to Gas.

El. boiler

Generator



Dimensions of integrated energy systems
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Currently ongoing projects

Research and development areas: 

• Development and adaptation of technologies, tools and 
methods

• Holistic optimisation

• Integration and cooperation across sectors and
businesses (stakeholder involvement)

• Interdisciplinary development of solutions
(technical, societal, environmental)

• Early integration of Life Cycle and Environmental 
Impact Assessment

• Development of cooperation and business models

• Identification of potential challenges resulting from 
existing rules and regulations 

Source: www.robinson –h2020.eu



Currently ongoing projects on EU-level

ROBINSON: EU funded project to develop and demonstrate
an integrated energy system to decarbonize geographical 
islands (one pilot in Norway, two follower islands)

• 18 partners, 10 europ. countries, 8,37 Mio€ (0.64 Mio€)

• Scientific coordination for integrating different local & renewable 
energy sources and storage across energy vectors and development 
of technologies; stakeholder involvement 

• Matching demand and generation, grid stability

TRINEFLEX: EU funded project for “Transformation of energy intensive 

process industries through integration of energy,

process and feedstock flexibility” 

• 29 partners, 10 europ, countries, 19,2 Mio€ 

(0.87 Mio€)

• WP coord.”Integration of energy flexibility

technologies” 

These projects receive funding in the 

European Commission’s H2020 & Horizon 

Europe I&A Research Programme



Currently ongoing projects on EU-level

ELEXIA 
in 

numbers

22 Partners

8 European 
countries

4 years:

Oct 2022 - Sep 
2026

€11 M budget
(EU 

contribution: ̴
€9.55 M )

3 demo sites in 
3 countries 

(NO, DK, PT)

TRL 7–8 
(demonstration
in operational
environment).

ELEXIA: 

Demonstration of a digitized energy system integration across 
sectors enhancing flexibility and resilience towards efficient, 
sustainable, cost-optimised, affordable, secure, and stable 
energy supply.

ELEXIA contributes to establishing concrete pathways to 
achieve independence of fossil fuels by harnessing the latent 
flexibility of the energy system through integration across 
sectors, data-intelligence, and planning, towards 2050 European 
goals.

This project receives funding in the 

European Commission’s Horizon Europe 

I&A Research Programme under Grant 

Agreement Number 101075656.



Currently ongoing projects on EU-level

ELEXIA (continued): 

Objectives are: 

• Development, upgrade and validation of tools for 
planning and managing integrated energy systems 
in different conditions

• Integration and combination of energy systems 
across vectors and sectors towards a cost-optimised 
- in terms of both OPEX and CAPEX – as well as 
flexible and resilient energy system of systems. 

• Demonstration of the use of planning and 
operational tools in a one-stop-shop, modular and 
open, digital platform at TRL7–8 in three pilot sites. 

This project receives funding in the 

European Commission’s Horizon Europe 

I&A Research Programme under Grant 

Agreement Number 101075656.



Currently ongoing projects on EU-level

ELEXIA (continued): Successful integration and the benefits shall be 
demonstrated at three sites.

Dokken 2050 (Bergen)
• Optimise the operation of the integrated 

system from the very beginning of the 
transformation process of Dokken and keep 
streamlining it in the process.

• Close interoperability with the System 
Planning Toolbox (SPT)

• Holistic optimisation of all energy grids and 
related sectors 

• Decentralised energy storage
• Flexibility services
• Sector coupling
• Involvement of citizens

DH transmission system in Copenhagen 
and municipality of Høje – Taastrup
• Overcome the technical complexity and 

deliver a robust decision support mechanism 
for integrated heating, cooling, and power 
networks. Holistic optimisation of the multi-
energy system considering local resources 
and market participation

• Large-scale PTES thermal storage for regional 
and local flexibility services

• Operational optimisation for a shopping mall
• Sector coupling through the water-energy 

nexus
• Citizen involvement

The Port of Sines
• Centrally manage the port energy 

system for various stakeholders
• Optimisation and centralised

management of the port’s electrical 
grid and related sectors

• Flexibility from port loadsSector
coupling and port digitization

• Port operators and citizens’ 
involvement

This project receives funding in the 

European Commission’s Horizon Europe 

I&A Research Programme under Grant 

Agreement Number 101075656.



Opportunities of Energy System Integration

“Technical”: 

• Reduced energy and resource use via 

• energy exchange across vectors and 

• Waste energy recovery and coordinated activities

• Reduced CO2 emissions
e.g. ROBINSON expects: 

• -63% CO2 for industrial heat, 

• -3140 tCO2/year Diesel, 

• -671 tCO2/year heat recovery, reduced waste wood export

• Improved flexibility in operation (integration of fluctuating renewables)

All contributing to reduced environmental impact
Source: https://www.businessgrowthhub.com/green-technologies-and-services/
green-intelligence/resource-library/guide-calculate-your-carbon-footprint



Opportunities of Energy System Integration

“Business”: 

• Reduced costs in terms of 

• CAPEX (e.g. reduced investment into infrastructure resulting from peak shaving, coordinated installation)

• OPEX (e.g. reduced energy costs vis demand scheduling, improved operation)

• New business opportunities

• Utilisation of wasted energy and resources

• Expanding the existing business

• Pull-effect due to initiatives

• Attracting new companies and businesses



Opportunities of Energy System Integration

“Societal”: 

• Bridging gaps in terms of e.g. understanding (i.e. speaking the same language)

• Breaking down ivory towers

• Support “out-of-the-box” thinking

“Political”: 

• Identification for the need to adjust rules and regulations



Challenges of Energy System Integration

Potential challenges based on experience when initiating or executing projects: 

• Sometimes limited/no acceptance by stakeholder/residents makes it difficult to install certain 

technologies

• Competition of companies hindering cooperation, especially when working in similar areas 

• Old & traditional business models & incentives might prevent cooperation across “boundaries”

• Existing rules and regulations might:

• Limit exchange of energy between end-nodes (concessions, use of grids …)

• Negatively impact the business cases (what is in for me)

• Administrative efforts reduce the attractiveness



norceresearch.no @NORCEresearch
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