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A NATIONAL ENERGY STRATEGY 2013-2017

1. Scope and framework

NTVA's strategy for energy issues encompasses the entire energy system in domestic and
international contexts. The strategy has been prepared by a committee appointed by NTVA, and
constitutes the basis for our dialogue with the ministries, research and educational institutes,
industry, research institutes, academies and other partners.

The strategy was passed by the Board on 15 May 2013, and is valid for five years (2013 — 2017).
However, as both domestic and international energy systems are in a constant state of change it
may be necessary to revise the strategy within this five-year period.

After reviewing the international energy situation and Norway's special status,
NTVA considers that the unique opportunities in Norway's natural energy
resources must be further developed. This will involve the following;

1) adequate investment must be made in research areas where Norway has
a distinct advantage and can potentially bring financial and environmental
benefits

2) coordination of energy-related research must be prioritized and the entire
energy system must be the focus of research activities

3) priority must be given to basic research that will provide Norway with a
considerable head start in terms of knowledge and innovation.

2. The Energy Committee — composition and approach

NTVA's Energy Committee was appointed by the Board on 10 December 2010. The following were
appointed to the committee; Roy H. Gabrielsen (Committee Chair prior to June 2012), Sverre Aam
(Committee Chair after June 2012), Kjell H. Bendiksen, Hans H. Faanes, Einar Hope, Erling Rytter,
Knut Am. Anund Killingtveit was subsequently admitted to the committee. Hein Johnson, General-
Secretary of the NTVA, has acted as committee secretary. The committee can openly communicate
with additional associate members in order to provide expertise in the parts of the energy system
that are not covered by the appointed members.

The committee has had five meetings and worked on the preparation of a written strategy document
between the meetings. This work has been coordinated by the Committee Chair.

3. Terms of reference
NTVA has developed its strategy under the following terms of reference;
1) Challenges linked to international energy and climate change will exert a major influence on

the development of society during this century. Future international energy demand is
expected to increase significantly as a result of population growth and improvements in
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living standards in developing countries. At the same time, according to the IPCC,
emissions of greenhouse gases have to be reduced by between 10 and 15 per cent if the
two-degree target is to be achieved. We are thus faced with two opposing challenges. We
must meet international energy demand while at the same time reduce emissions of
greenhouse gases to a fraction of their current levels as we approach the middle of the
century.

2) There are major imbalances regarding access to and the use of energy between countries
and regions at different levels of economic development. Growth in large countries with
rapidly growing economies, such as the BRICS countries (Brazil, Russia, India, China and
South Africa) will increasingly depend on access to energy. The greatest increases in
energy demand are expected to come from such countries, and they will dictate the
conditions for the future international energy supply. On the other hand, future energy
consumption in OECD countries is anticipated to remain stable, or possibly even decline
(IEA WEO 2012)%

3) In the short term, the energy demand from less developed countries is limited. However, if
such countries are to achieve economic growth, adequate living standards and political
stability, secure access to energy at acceptable prices under favourable terms will become a
prerequisite.

4) In future climate-friendly scenarios prepared by the IEA, the IPCC and others, major
emphasis is placed on energy efficiency, and moving away from the exploitation of fossil
fuels towards renewable energy sources, and possibly nuclear power. Emphasis is also
placed on the crucial need to establish carbon management technologies by means of using
fossil fuels for stationary purposes, since such fuels will represent a major share of total
energy consumption. An underlying premise in these scenarios is that it is essential to
reduce the transport sector's reliance on fossil fuels, and that increases in transport demand
must be taken up by sustainable use of biofuels, electricity, and possibly also hydrogen,
provided that a breakthrough is made in relation to hydrogen technology.

5) In the light of recent serious accidents in the energy sector (Gulf of Mexico, Fukushima),
international opinion is increasingly concerned with safety, risk and the negative
environmental impacts associated with major energy plants and installations. At the same
time, issues related to the development of an energy system based on high levels of supply
security and output, low prices, and minimal negative impacts on the environment, are high
on the political agenda in most countries. Research activities and technological
development carried out in the light of these considerations will be given greater emphasis in
the future.

6) The recent introduction of high volume renewable energy generation entails considerable
challenges linked to the management of the power supply system. A demand has been
created for the development of new technical and market-related systems designed to
achieve a balance. The storage of electric energy has also become an important issue. Key
organizations and commentators are arguing in favour of the cost-effectiveness of
international cooperation and the consolidation of power transfer grids with the aim of
addressing challenges linked to achieving the required balance.

! Intergovernmental Panel on Climate Change (IPCC)
2 International Energy Agency: "The 2012 edition of the World Energy Outlook”
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7) New technologies designed to promote the exploitation of shale gas and shale oil have in a
very short time resulted in major changes to the energy system in the USA. The USA has
become less reliant on oil and gas imports, and gas is superseding coal as an energy
source. A surprising consequence of this has been that Europe is experiencing that coal is
superseding gas for electricity generation as a result of declining coal prices. Other parts of
the world are now also beginning to investigate the potential of shale gas. This is an
example of how a technological breakthrough can result in major changes in the energy
system within a short time.

8) As an energy-producing nation Norway has a unique position both in terms of the types and
volumes of energy it produces. As part of its energy mix, Norway produces an unusually
high share of its energy from renewable sources (approx. 61% in 2010). This is due in large
part to its extensive exploitation of hydropower. Norway is also a major net exporter of
energy derived from its major reserves of petroleum resources. Norwegian energy exports
offer considerable added value to the international energy market because they come from a
stable financial and political regime that guarantees reliable supplies.

9) Norway has specific responsibility, potential and self interest in energy-related research and
technology development. This responsibility and potential is increasingly now being
recognized by the Norwegian authorities concerned with renewable energy and the energy
system. There was a considerable increase in the levels of Norwegian research into energy-
related issues (exclusive of petroleum) during the period from 2008 to 2010, but this growth
has stagnated during the last three years.

In the light of this, it is NTVA's opinion that there is a need for the following;

e Restructuring of the international energy system towards more
sustainable and neutral emission energy sources, technologies and
systems. This will involve;

o further development of existing, mature technologies

o further development of existing but immature technologies

o innovation and development of radical new (currently non-
existent) technologies

o Widespread implementation of energy efficiency measures throughout
society, including the development of new transport and urban
development projects ("smart cities").

e More sustainable use of conventional and non-conventional fossil
energy sources throughout the value chain and particularly in new
methods for improved and enhanced oil recovery (IOR/EOR)®, more
efficient combustion engines, and CO, management

e Enhancing Norwegian industry's competitiveness in a future low-carbon
society.

3 ) Improved Oil Recovery (IOR) and Enhanced Oil Recovery (EOR)



4. Norway's opportunities and responsibilities

Norway's energy resources fall into two categories — those which are based on proven and
profitable technologies such as hydropower and oil and gas, and those which require further
development before they can become profitable in market terms, such as wave and wind power,
osmosis, sea currents, solar energy and geothermal power. Regarding Norway's proven energy
sources, it goes without saying that these are due to natural conditions such as geology, geography
and topography (its mountainous terrain, water distribution and the geology of the continental shelf).
However, Norway is in a unique position as it is able to contribute to the development of alternative
and/or renewable sources of energy. This is partly linked to natural phenomena such as the
country’s elongated coastline, marine currents and such like, and also its access to specific natural
resources such as silica and thorium.

Norway also has specific conditions which can contribute to technology development as a result of
its expertise in energy-related technologies. It also has the financial resources to fund basic energy
research and the development of existing energy technologies.

NTVA's opinion is that the unique opportunities provided by Norway's natural energy resources
must be further developed. This will involve the following;

1) adequate investment must be made in research areas where Norway has a distinct
advantage and can potentially bring financial and environmental benefits

2) coordination of energy-related research must be prioritized and the entire energy system
must be the focus of research activities

3) priority must be given to basic research that will provide Norway with a considerable head
start in terms of knowledge and innovation.

NTVA has asked a number of experts to provide brief descriptions of the potential of the various
forms of energy available in Norway. These are assessed in relation to the need for research and
technology development in these areas (see Section 6). This was to create awareness of current
developments in the energy sector and identify specific research challenges.

The following gives the committee’s opinions regarding the various issues.

Renewable energy technologies. This is a key strategic area of research in an international
perspective. Norway should have a research base that will stimulate Norwegian industry to position
itself both as a supplier and subcontractor in the international market. Historically, Norway is in a
special position in hydropower. Its experience from the offshore oil and gas sector provides it with
research advantages in energy production using marine-based technologies. Norway also has
strong traditions in materials production. This can be beneficial in the development of new materials
which will be central in the development of new energy technologies.

CCS*. The capture, transport and storage of carbon from stationary CO, sources of emissions will
be crucial if we are to meet our emissions-related challenges. If the international community
succeeds in reducing CO, emissions we can use considerable volumes of petroleum resources in
the energy sector as part of an environmentally friendly future scenario. Norway has special interest
in ensuring that the implementation of CCS technologies is successful on an international basis, and
thus maximize the value of Norway's remaining petroleum resources. Consequently, Norway should
invest more to promote CCS by developing technologies for the storage and/or exploitation of CO,
for purposes such as increased oil recovery, as well as developing methods for CO, capture from
onshore industry. International cooperation is an important part of such a strategy.

Energy efficiency. Energy efficiency in all industrial sectors will make a major contribution towards
the reduction of greenhouse gas emissions. Norway ought to follow this up, especially in building

4) Carbon Capture and Storage



construction and in industry. The development of "smart" energy consumption technologies (Smart
Cities, Smart Grids, etc.) fall into this category of initiatives. Furthermore, much development is
expected in the international products market, such as the development of more efficient engines
and lighting systems.

Emissions from the transport sector. As a result of our high level of domestic renewable energy
production, Norway is already in a position to use electric cars (including plug-in hybrids) in densely
populated urban centres. Facilities for the charging of electric cars should thus be made more
widely available. Norway also has a tradition as a world leader in the development of
environmentally friendly ships. This is a field in which Norway ought to make major investments in
order to maintain its strong international position. The extensive exploitation of biofuels as part of
the energy mix is central in the IEA's analysis of the Nordic countries (Nordic Energy Technology
Perspectives). An analysis should be carried out to find out the optimal level of exploitation from the
Norwegian and Nordic biofuel resources. This should be based on an overall perspective
addressing sustainable energy systems and business development in the relevant sectors. Norway
should also be actively engaged in hydrogen technology research in order to monitor the use of
hydrogen in the transport sector.

Challenges facing the northern European energy system. The phasing-in of large volumes of
renewable energy into the northern European power supply system has presented major
challenges. These have been described in Section 3. The challenges related to current imbalances
can be met with contributions from a variety of sources. These include:

¢ increased flexibility in traditional supply technologies such as coal-fired and nuclear power
stations

increased installation of gas-fired power stations

reinforced grid connectivity across national boundaries

introducing more flexibility and "smart " systems into the end-user market

developing new market mechanisms in the power supply system

exploit hydropower's specific properties such as rapid response production regulation and
energy storage

develop new energy storage technologies

collaborate in projects in thermal energy supply systems

In this scenario, Norway's strengths lie in hydropower technologies, the development of cable
technology for large-scale power transfer, market development in the power supply sector and total
energy system modelling. Norway ought to invest in research here in order to contribute towards
addressing challenges at a European level. Opportunities will also arise in connection with some of
the above areas, and Norway ought to monitor these in order to be in a position to develop new
products.

The safe and environmentally friendly exploitation of petroleum resources. Based on domestic
market demand, Norway has developed an impressive international supply industry for the offshore
petroleum industry. Norway should develop the supply sector within the constraints of the strict
requirements for safety and environmentally friendly petroleum production. This will require more
publicly funded R&D than is the case today.

International strategic positioning of the Norwegian research community. It is vital for success
in terms of research and the country's industry that Norway has research groups that are attractive
partners for international research organizations. A robust positioning of the Norwegian research
community in the EU's research programmes is an important part of this strategy. Cooperation with
research groups in the USA, Japan, China and other countries, must also be part of the strategy to
guarantee high quality Norwegian research. Funding for modern laboratories is an important part of
this positioning strategy. When it comes to promoting innovation, Norway has a strong tradition for



close collaboration in technological research between state institutions, industry and research
groups to promote innovation. This cooperative tradition must be developed further in consortia
across national boundaries. Initiatives to promote the recruitment of researchers from the
international community should be encouraged.

5. Conclusions and recommendations

In addition to its efforts in basic research which may result in innovative technological
breakthroughs, Norway must invest in the following:

e Hydropower, offshore wind power, and other types of renewable energy production in which
Norwegian industry has the ability to succeed as a competitive major supplier or
subcontractor in the international market

e Energy efficiency combined with "smart" energy systems adapted to the Norwegian climate
and installed in new and existing buildings

e Cable technology for large-scale power supply transfer

e The capture, transport, storage and use of CO, which can be the basis of long-term value
creation based on Norway's petroleum resources

e Energy-intensive, materials production industries in which Norway has strong traditions

¢ Safe and environmentally friendly utilization of Norway's petroleum resources

e System analyses which provide a comprehensive understanding of the technical, market-
related, environmental and socio-economic aspects of the energy system

The entire Norwegian energy-related research infrastructure requires a boost which should include
petroleum-related research. An overall comprehensive investment in energy-related research is
needed that is administered by the Research Council of Norway. This should involve close
partnerships with industry with international ambitions working with energy technology and the use
of energy resources. It is important to ensure that the best Norwegian research centres can position
themselves strategically in the international market and become key partners in successful
international research consortia, especially in the EU. This will require close cooperation between
the research community, Norwegian industry and Norwegian state authorities, with a 10 to 20 year
perspective.

This must ensure that the research optimizes the following:

Development of a sustainable Norwegian energy system.

Sustainable utilization of Norway's energy resources to generate substantial value creation.
Development of optimal collaborative energy sector cooperation in Scandinavia and Europe.
Consolidation of the positions held by Norwegian industry and research in relation to
essential international restructuring of the energy system.

Our review of the international energy situation and Norway's particular status means that the
unique opportunities inherent in Norway's natural energy resources must be further developed. This
will involve the following;

e adequate investment must be made in research areas where Norway has a distinct
advantage and can potentially bring financial and environmental benefits

e coordination of energy-related research must be prioritized and the entire energy system
must be the focus of research activities

e priority must be given to basic research that will provide Norway with a considerable head
start in terms of knowledge and innovation.
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