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INTRODUCTION

Introduction
The energy industry is in transition from primarily fossil fuel energy
towards primarily renewable, green energy, and from centralised towards
decentralised energy production. Increasing global competition puts
pressure on Danish companies, but global demand for economically
sustainable green solutions does, at the same time, present very
interesting opportunities.
The investment strategy 2018-2020 from Innovation Fund Denmark (IFD)
is based on the assumption that the transition within the energy industry
has the potential for creating radically new solutions, and that important
technological breakthroughs do typically derive from new knowledge and
new skills obtained through competent research and strong public-private
partnerships. Innovation Fund Denmark therefore wants to strengthen
strategic research within the energy field, increase the power of
innovation in Danish energy industry, and contribute to the development
of radically new solutions for new energy systems in the future. The
deployment of sustainable energy solutions, novel smaller and
decentralised systems, and an increased competition within the industry,
put pressure on today’s centralised management of production and
supply chain within the country’s major power plants. Also, a continued
growing export of e.g. wind energy technology is challenged by the fact
that the energy systems in the receiving markets have difficulties in
integrating the growing amount of fluctuating energy production from
wind and sun. Increased flexibility through intelligent energy system
design, energy storage, and integration of electricity, heat, and gas
systems will therefore be pivotal in the realisation of the transition
towards a non-fossil fuel based energy system.
IFD’s investments within the energy field aims to support partnerships
between companies and science institutions through strategic research.
The aim is to increase growth and employment in all parts of Denmark by
strengthening the global market position and competitiveness of Danish
industry. IFD investments thus also need to play a part in building new
skills and new knowledge, in increasing the power of innovation, and –
not least – in generating new solutions, services, and products.
Strong publicly and privately funded research and knowledge based
innovation are prerequisites for retaining and expanding existing Danish
positions of strength as well as building new future Danish positions of
strength within the energy industry.
We see a huge potential in setting up new innovation consortia targeting
the main obstacles and barriers to implementation of new supply-value
chains and business models.
Important technological breakthroughs often derive from research results
and innovations obtained in strong public-private partnerships.
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Denmark is working actively on the adoption of clean energy within the
initiative “Mission Innovation”. Mission Innovation is, among other things,
about strengthening research in clean energy technologies with an aim to
accelerate a more affordable clean energy transition through continued
cost reductions and is based on strong public-private partnerships. IFD will
contribute to this work through investments in projects that comply with
both IFD strategy and the 7 Innovation Challenges identified in “Mission
Innovation”. IFD will play a part in this with investments focusing on
research and development projects within the early stages of innovation,
while strengthening strategic research in the energy field. IFD wants to
strengthen the collaboration between the participating countries in
Mission Innovation, and through coordinated initiatives and knowledge
transfer be instrumental in Denmark gaining full value from its
participation in the Mission Innovation initiative.
IFD’s investment strategy for energy 2018-2020 is based on the law
regulating IFD, the RESEARCH2025-catalogue, the Danish Ministry of
Energy, Utilities and Climate, the International Energy Agency, EU
Integrated Strategic Energy Technology (SET) Plan, the Paris Agreement
2015, and the Mission Innovation initiative.
This strategy and any current state budget form the basis for calls and
investment criteria set up by IFD within the energy field.

Definition
The most important global drivers for development in this field are
security of supply, decoupling economic growth from the climate impact,
as well as the EU 2050 goals and the UN climate goals.
IFD defines the energy field as including production, distribution, and
conversion of solar, wind, thermal, wave, bio, and fossil fuel energy, and
energy resources as e.g. geothermal heat. The resources are converted
into for example electricity, gas, and heating via technologies as e.g.
electrolyzers, fuel cells, thermoelectric cells, heat pumps, gasification,
catalytic reactors, and biomass boilers.
A continued increase in energy efficiency and energy storage are central
areas within the field. Other technologies, as for example the Internet of
Things (IoT)/Big Data/blockchain, industrial electronics, and material
technology, are important disciplines as well.
The field includes solutions and technologies that in a cost-efficient way
integrate energy consumption and production. The necessary flexibility is
expected to be achieved through many different initiatives, and the
integration of electricity, gas, and heating systems, smart energy, energy
conversion and energy storage (electric, mechanic, chemical, and thermal
storage) are assumed to play a crucial part.
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Description
IFD sees the following trends as pivotal in the coming years:

Global megatrends
Electrification
A higher degree of electrification is expected within the energy system,
and in particular within transport and heating. The transport industry, as
well, is in a transitional phase moving towards electric cars, including a
rapid increasing deployment of ICT/data for improved driving safety and
transportation efficiency.
Liquid transport fuels will, however, still be needed in the transport
industry, and thus we expect the production of these energy sources to
be based on novel value chains, e.g. employing electricity for the
production of fuels and chemicals.
For several years industrial electronics has shown to be a still more
important field for developers, manufacturers, and consumers of
renewable energy technologies. In the future, solutions that include a
high level of industrial electronic devices will need to be seen as a more
integral part of the energy system as a whole, and thus be included as
intelligent components and modules in the energy system in its entirety.
The fast development within industrial electronics has historically been of
great importance for an increase in energy efficiency within various
industries and is thus not limited to the energy industry. At the moment
an important and challenging transition is under way towards more cost
effective, more reliable, and still more energy efficient industrial
electronics. Digitalisation allows for a drive towards the “digital twin”
approach where the state of the physical component is followed and
monitored by its digital twin. This enables a shift from the conventional
product distribution business model to a more service based business
model.
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Increased flexibility and balancing the energy system
Globally the spread of renewable energy sources has exceeded most
forecasts, and in some areas current technology and system functionality
do not allow for more fluctuating renewable energy in the system.
Increased flexibility and energy storage will therefore play a still more
important role in the energy system of the future with no fossil fuels and
a larger share of renewable energy. Storage alone is not expected to be
able to deliver the desired flexibility, but there is a global market for cost
effective energy storage solutions. An important contribution to increased
flexibility is the alignment of production and consumption whereby
consumption patterns are better aligned with the production of
renewable energy.
”Energy 4.0”
Integration and development of ICT/Big Data/IoT/blockchain technologies
and energy will allow for the use of a considerably larger share of
renewable electricity, and society already has access to most of the
technologies needed to reach this goal. There is an ongoing transition
towards the smart energy system including both smart design and smart
operation. Smart energy does in many ways differ from existing ways of
organising and implementing energy solutions and does in many ways
require new ways of thinking, reorganisation, and novel solutions. One
element in future smart energy systems will be safe handling of data
regarding the consumers’ energy consumption, and therefore data
storage security in the energy system and personal data security are
pivotal. An increasing number of energy consumers will, besides being
consumers, also produce energy, for example electricity for their own
consumption as well as possibly selling electricity back into the supply net
(prosumers), in which case local energy storage will become relevant. It is
expected that consumers will move towards establishing their own socalled micro-grids, and that new user-centred market designs and
business models will open up in which e.g. aggregators (virtual power
plants) are included as part of future energy systems in such a way as to
support a better exploitation of flexible and distributed energy resources.
Circular economy
Biomass (e.g. straw and wood) and waste as well as waste heat recovery
are widely exploited within the energy industry for the production of heat
and electricity. It is expected that for years to come “residual waste” from
other industries is still to be part of new provider value chains and
contribute to increased resource efficiency and better economy. One
example is biogas which delivers a still growing amount of methane to the
Danish natural gas networks. Including biogas in new wider value chains
may potentially improve the economic prospects for the combined
provider value chain. Another example is wind turbine blade
manufacturing in which the use of recyclable materials constitute an
environmental gain for society. A circular approach will ensure that the
composite materials create value beyond their expected life cycle, as well
as create new jobs in all of the recycling chain.
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WHY DOES INNOVATION FUND DENMARK INVEST?

IFD also sees the following areas as potential opportunities for the energy
industry:
•

Denmark has an operationally fairly safe and well-developed
electricity, gas, and district heating network, and integration
across the systems will thus be possible without excessive
infrastructure investments. The electricity and heat sector will in
the future most probably combine solar, wind, and biomass
energy, and a further integration of district heating networks into
a larger system may help incorporate these energy sources into
the system.

•

There is a large potential in exploiting/recycling energy resources
when upgrading excess heat to energy of higher economic value.
Furthermore heating, and cooling, may via heat pumps and
storage be coupled to district heating networks and thereby
contribute to an increase in the energy system’s total efficiency.

•

In USA, EU, and thus Denmark, the land transport industry
contributes about 25-30 % of the total CO2-emissions, and there
is therefore a demand for solutions that will reduce the
environmental burden from land transport.

•

E-mobility sees a rapid development towards increasing the
production of battery solutions. In 2017 we saw more or less all
major car manufacturers publicly announce strategies for large
investments in battery production capacity. There may therefore
be a huge potential in becoming part of the future provider value
chain within battery production, services, and monitoring.

•

In Denmark CO2-emissions from existing buildings constitute
more than 30 %, which entails a large potential if reducing energy
consumption in both commercial and private buildings; this
includes using buildings for e.g. thermal energy storage in the
smart energy system of the future. Buildings are envisaged to
become part of those systems as active energy producers or
otherwise change their energy consumption pattern and thus
contribute to novel ways of increasing flexibility in the energy
system.

Why does Innovation Fund Denmark invest?
A robust, stable, and economically accessible energy supply is pivotal for
economic growth and better welfare. There is a need for solutions that
sustain independence from energy import, deliver a stable energy supply
for consumers, and decouple economic growth from increased climate
impact.
Strong research and knowledge based innovation are a prerequisite for
retaining and developing Danish positions of strength. By investing in
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radically new solutions, IFD wants to safeguard Denmark’s position in the
future global market for sustainable energy solutions.
Integration across electricity, gas, and heating systems is already on its
way, and there is a large demand for new solutions, niche products, and
new business ideas.
There is a need for radically new solutions. Therefore there is a potential
gain in stimulating excellent research, supplying Danish companies with
new skills and new knowledge, as well as in radical innovation in the
search for solutions with a large global market potential.
The energy industry may create growth and employment in rural areas
where the renewable energy and biomass is at hand. There are large
possible gains in integrating the agricultural and environmental sectors
with the energy industry. For example, using biogas from pig production,
the primary production of biomass, and the exploitation of side streams
and waste from the food processing industry. The energy field thus has
particularly promising opportunities for creating growth and employment
in all parts of Denmark.
Energy is an important sector within Danish industry. In 2016 it employed
more than 50,000 people across the country, and export constituted 11.2
billion euros. The energy industry may well become increasingly
important for Danish industry as IEA estimates the energy technology
market to be worth 13,500 billion USD between now and 2030.
Danish solutions, technologies, and services are in global demand. IFD
therefore sees an opportunity for growth and employment by helping to
strengthen already established companies’ market position, while also
supporting research in new solutions and new business ideas with the
potential for becoming future Danish positions of strength.

Vision and goals
The aim of Innovation Fund Denmark is to contribute to an economically
attractive transformation of the energy sector and support an efficient
transition towards clean energy. IFD investments should enable efficient
exploitation of energy resources with a view to create an environmentally
sustainable energy system that will have minimal impact on the climate
and the surrounding environment.
Over the years, Danish companies have built several strong market
positions. IFD aims at strengthening these market positions, sustaining
momentum, and contributing to growth and employment in the Danish
energy industry.
Furthermore, IFD wants to contribute to strengthening strategic research
within the energy field, increasing the innovation power in both small and
large businesses, and the development of radically new solutions that
may be part of the integrated energy systems of the future.
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IFD wants to contribute to a wider access to economically accessible
renewable energy for the benefit of the consumer. This could for example
be by focusing on the consumer as well as on new business models that
are part of the integrated energy system.
The goal is to contribute to the best possible interaction across sectors,
involve all relevant parties, and thereby reduce or, even better,
completely remove barriers for introducing and exploiting innovation into
the system.

Fields of investments
Important technological breakthroughs often derive from new knowledge
and new skills obtained through strong public-private partnerships.
Innovation Fund Denmark therefore focuses on strengthening strategic
research within the energy field.
System flexibility
There is a global demand for solutions that in a cost efficient way may
increase flexibility in the electricity system, an area where intelligent
storage integration plays an important role. A wide range of research
initiatives are looking into technologies that transform electric energy into
other forms of energy (e.g. heat or chemicals) that may be storaged or
used in e.g. chemical industry. Storage may be thermal as in high or low
temperature storage, chemical – hydrogen, methane or methanol, or
based on battery use. Many of these technologies support an efficient and
smart energy system as well as integration across systems.
Digital transition
Digital transition will gradually become more important in shaping the
energy system of the future. There is a need for developing digital energy
solutions that support the development of a more flexible, integrated,
and market based energy system in which consumers play a novel and
more central role, and where intelligence is increasingly build into the
systems single components. Research and development within the
application of Big Data, blockchain, and IoT will in combination with
methods for establishing stochastic dynamic models and methods for the
use of these technologies in optimisation and monitoring, play an
important role for transforming the energy sector. Also, safe handling of
data will become increasingly important for the energy sector’s
development towards the intelligent energy system.
Transport and e-mobility
This area includes development of new transport solutions, e.g.
electrification of the transport of persons and other transport (freight and
rail), including sharing economy and driverless cars. Displacement of oilbased fuels is foreseen to significantly influence the continued
development of the energy sector. This will partly be through further
electrification, an increased need for flexibility in the electricity system,
and, with this, an increased interaction between transport and energy
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systems as well as use of new environment friendly fuels. Within the
transport sector, both on land and at sea, there is a great need for better
energy efficiency, including development and optimisation of new forms
of transport (new ships etc.) and engines, electrification, and new
monitoring systems.
IFD generally invests in projects that in a short og long term perspective
lead to implementation of new technologies and processes or combine
known technologies and processes in a new and value adding way. The
projects should generate economic and societal value for Danish
companies or for public stakeholders at state, regional, or municipality
level.
Radical innovation
Innovation Fund Denmark invests in new energy technologies, solutions,
and services with a large global market potential:
•
•
•
•
•

•
•

•

Cost efficient energy storage, services, and system integration.
Energy efficient exploitation of both renewable and fossil energy
resources.
Flexible consumption and storage in buildings, private as well as
public, and in industry.
Solutions that support integral energy systems of the future.
New services, market design, and business models for the
development of future infrastructures, including development
and implementation of knowledge on consumer behaviour for
new services and business models.
Energy technologies that contribute to a reduced climate impact
through e.g. use of climate gasses as CO2 in chemical processes.
Solutions that increase the level of integration with renewable
energy. This could for example be conversion of electric energy to
chemicals and fuels.
Solutions that exploit waste or excess heat for the production of
chemicals, fuel, or electricity.

Including biogas in large new provider value chains may eventually
improve the economic potential for the provider value chain as a whole.
Radical new solutions within e.g. energy storage and energy conversion
will often be based on a need for new material solutions. It may be
valuable to be part of the future provider value chain as a component
supplier within transport solutions:
•

•

Components for Li-ion batteries:
There is a demand among manufacturers for cheap, efficient
electrode materials based on climate friendly and available
materials and commodities.
Components for battery systems:
There is a growing demand for battery monitoring software and
hardware.
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•

Components for alternative propellants:
There is a growing demand for fuel cells within the transport
sector.

To become part of the future provider value chain it is important to have
a thorough knowledge of specific industries and an understanding of the
relevant provider value chain.
Incremental innovation
Innovation Fund Denmark also invests in incremental improvement of
already existing solutions:
•
•
•
•

Reduction in investment and operational costs within production,
distribution, and exploitation of energy.
Technologies, solutions, and services that support the intelligent
energy system.
Efficient and climate friendly energy technologies.
Solutions that increase life time for the existing infrastructure.

Innovation through interdisciplinary collaborations
A smart energy system integrating various technologies and
infrastructures requires focused research and development initiatives
across disciplines and sectors.
•

Several energy technologies as for example solar cells, fuel cells,
and energy storage technologies, involve different material
technologies. Material research in combination with e.g.
electrolysis, catalysis, and advanced characterisation methods are
important research and development building blocks within
future energy technologies. One example is “Solar Fuels” (Mission
Innovation Challenge #5 “Converting Sunlight”) that considers
conversion of for example photons to electrons to e.g. chemical
energy.

•

A smart energy system integrating several technologies and
infrastructures requires focused research and development
across more areas of research. Consumer behaviour and market
design will, among other things, play a still larger role in the
transition towards intelligent energy systems which will make it
increasingly relevant to involve disciplines from the social
sciences and humanities. Innovation consortia that address and
focus on the main barriers for implementing new provider value
chains and business models have great potential.

•

The transport sector is facing a transition similar to the one facing
the energy sector, that is a transition towards increased
exploitation of renewable energy sources. IFD therefore invests in
cross disciplinary projects to promote solutions to the challenges
facing the transport sector. This includes investments in
technologies and solutions that will make it economically feasible
to transform bioresources as well as electricity into transport
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fuels that can be exploited directly in the existing fuel
infrastructure.
•

ICT solutions and digitalisation, including Big Data, blockchain and
IoT, are important disciplines in shaping the intelligent energy
system.

•

Conversion of bioresources (bioenergy) to fuels, electricity, and
heating.

Investment criteria
IFD invests in excellent strategic research and innovative solutions that
have clearly defined goals and satisfy an uncovered market need. The
innovative solutions should have a considerable market potential. It is not
a requirement that the individual project leads to a commercial product;
the project should, however, create value by taking the solution one welldefined step further towards exploitation and implementation.
In the assessment of strategic research projects there is an emphasis on
the level and quality of research as well as technological novelty,
originality, and technical-scientific competences. For projects closer to
commercialisation, emphasis is on implementation of the developed
solution, market knowledge, and the ability to adjust accordingly to a
sector in transition.

It is important to assign the project correctly to its position in the provider
chain, to have a clearly defined customer, and to accurately describe the
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solution’s value proposition. The project is expected to be described in
relation to existing solutions and solutions under development, this from
both a national and international perspective. It will be an advantage if
the project potential can be described through:
• Levelised Cost of Energy (LCoE) or the investment’s payback time
and life cycle.
• Energy balance / Energy density / Storage capacity.
• Energy conversion efficiency.
• Price per kWh, litre, or other units.
• Stakeholders’ openness and willingness to adapt within the
provider value chain, including consumers, manufacturers, and
suppliers.
IFD also invests in projects that aim at becoming subcontractors in
materials, components, or services in niche areas with large market
potential. For this kind of projects emphasis is on a convincing and welldescribed and concise plan for implementation. Furthermore, it is
important that customers, consumers, and other key stakeholders
participate in the project or are otherwise involved in the project
activities.
Emphasis is given to the project being realistic in its consideration of the
high level of solution reliability and robustness required by the sector. In
this regard it may be an advantage if the first industrial implementations
are made in Denmark, in order to pursue any export potential once the
solution is sufficiently mature.
Projects linked to the international Mission Innovation initiative are
assessed on the same basis as other projects, that is according to IFD’s
general criteria.
IFD applies both Technology Readiness Levels (TRL) and Societal Readiness
Levels (SRL) to describe the project’s level of maturity with regard to
technology and society, respectively. The prevalence of a specific
technology is not necessarily limited by the technological development,
but rather by society’s perception of the technology and the potential for
and willingness to adopt. It is therefore important to describe how society
relates to the technology, and from a societal perspective describe both
maturity (SRL) and barriers. Furthermore, IFD will always consider
whether the right national and international partners are part of the
project, whether the right scientific and technological competences are
present, including the necessary management skills and organisational
best practices for the project to be successful. IFD calls for international
collaboration in projects where the best competences are not available in
Denmark, or the aim is to address an essentially global market.
It is essential that the solutions find applied implementation, and IFD
therefore only invests in projects with a well-defined customer/user for
the project’s results.
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Furthermore, IFD will as a rule only invest in projects that cover an
expressed need from the user’s perspective and include a realistic plan for
implementation. Projects that focus exclusively on achieving new
knowledge and will thus end once our investment stops, will not be
considered for an investment.
Innovation Fund Denmark invests in knowledge based, innovative energy
projects that have clearly defined goals, that satisfy an uncovered market
need, and have a large market potential or obvious social economic gain.
Emphasis is given to the project being realistic in its consideration of the
high level of solution reliability and robustness required by the sector.

IFD – purpose and strategy
Important technological breakthroughs do typically derive from new
knowledge and new skills obtained through competent research and
strong public-private partnerships. Denmark should therefore do
everything possible to exploit its strengths and potential by creating a
culture of collaboration across scientific disciplines and sectors – between
knowledge institutions and companies – private as well as public.
IFD’s purpose is to translate knowledge into value creating solutions for
the benefit of Danish society.
IFD thus works to strengthen innovation in Denmark by investing in
ambitious research and innovation projects that will also stimulate private
investment in research and development.
IFD defines innovation as the process that by translating new ideas into
practice creates value from knowledge and contributes to the solution of
societal challenges. This could be by improving already existing
technological solutions – incremental innovation, or by developing new
technological solutions – radical innovation.
Innovation Fund Denmark’s main assessment criteria
•
•
•

Quality of research and innovation
Value creation
Efficiency and implementation

IFD does not require neither a stake in the project nor repayment but
focuses on the project’s potential to create results both before the
investment, during the project, and once the investment stops. IFD
therefore follow the projects closely to ensure that they will benefit
Denmark and Danish society. IFD is all of Denmark’s Innovation Fund and
we invest only in the best ideas and projects, no matter their origin.
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