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HOW TO PLAN EUROPE’S ENERGY FUTURE
EXECUTIVE SUMMARY
Planning a sustainable energy future is a daunting task
for any government. For regions as diverse and large
as Europe, the challenges can seem overwhelming.
How can policymakers intervene in a market as
complex as the energy sector and reduce the risk
of policy failure? That is the question the European
Commission and Member States face as they seek to
forge a sustainable and cost-effective energy supply
for an entire continent.
A systems approach to energy innovation can help guide decisionmaking by determining the most cost-effective combination of
future technologies. Modelling underpins this approach. Though
such tools do not promise definitive answers, the broad trends
flagged by a comprehensive model of the EU energy system
could help policymakers and private-sector investors ask the
right questions about both existing and emerging technologies.
Researchers, academic policy experts and commission officials
gathered in Brussels on 23 November to explore a systems
approach to energy innovation at a Science|Business symposium
entitled How to Plan Europe’s Energy Future, the third in a series
of academic policy debates on research and innovation in new
energy technologies, supported by BP. The half-day symposium
highlighted a case study of the energy R&D model developed
by the UK’s Energy Technologies Institute (ETI), a public-private
partnership formed in 2007 to accelerate the development
of sustainable energy technologies. The ETI model case study
launched a broader discussion about the benefits and challenges
of taking a systems-based approach to energy innovation in a
country or region.

Both the UK and the US, have built sophisticated models of their
energy sectors and their governments are using these models
to help direct R&D spending and subsidies, set energy policies
and design regulation. Individual countries such as Germany
and Japan are also embracing a systems approach to energy
innovation. Should the European Union do the same? And what
are the challenges inherent in designing a comprehensive model
covering the whole of Europe that could then be used to help
coordinate EU-wide investment in energy R&D and innovation?
This report presents the views and recommendations of experts
gathered at the symposium.

I
A SYSTEMS APPROACH TO ENERGY INNOVATION

New energy technologies can no longer be developed
as stand-alone solutions. Instead, they must fit into
a sustainable energy system. Designing an energy
system for Europe will require a comprehensive
approach to innovation policy and far greater
coordination among different parts of government
in Brussels and across EU capitals. It is a complex
challenge. Tapping the potential of solar energy, for
example, requires advances in storage technology,
electricity distribution grids, semiconductors and
tax policy. The success of Europe’s Strategic Energy
Technologies (SET) Plan depends on getting this policy
coordination right.

creating feedback that improves both the model and the resulting
innovation strategy.
Policymakers and business leaders need to recognise the limits of
models’ capabilities. Models, their assumptions and input data,
need to be regularly challenged and tested. Moreover, models
are limited by their geographic scope and cannot necessarily
account for developments outside their region of coverage. To
get a full picture, policymakers and business leaders need to
consider model results in a global context.
Finally, models and their underlying assumptions need to be
as transparent as possible. This builds public trust and allows
researchers to communicate their findings to a non-expert
audience in a way that reflects both the insights and uncertainties
involved in systems analysis.

Although it would be a huge challenge to build a model that
seeks to capture the extraordinary complexity of the European
energy system, the benefits of doing so will almost certainly justify
the effort and cost involved, according to experts working with
national energy system models.
How does a systems approach work? To cover the breadth of
technology choices and scenarios, experts feed data into a
computerised model that captures all the different components
of the energy sector and how they interact. The model can then
be used to explore different scenarios. What if more Member
States decide to follow Germany’s lead and abandon nuclear
power? What would happen to the cost of energy if Europe
became reliant on biomass from overseas? What if solar panels
became twice as efficient as they are today?
The inherent uncertainty involved in modelling means some of
the detailed conclusions are likely to be wrong. But if the findings
are directionally correct, they can generate more questions,
more data and more answers, which will ultimately advance the
technology and the policy debate. Moreover, R&D investments
made under a systems approach can drive this iterative process,

Photo: David Eyton, Head of Technology, BP
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II
HOW THE UK IS
MODELLING ITS
FUTURE ENERGY
SUPPLY
In 2007, six multinational companies – BP, Caterpillar,
EDF, E.ON, Rolls-Royce and Shell – and the UK
government set up a public-private partnership, the
Energy Technologies Institute (ETI), to accelerate the
development of affordable, clean energy technologies.
The ETI analyses the UK energy sector and makes
targeted investments in engineering and technology
demonstration projects. To determine the most costeffective way to meet future energy demand within
the constraints of the UK’s emissions targets, it built
a model of the UK energy system – the Energy System
Modelling Environment (ESME).
ESME was designed to go much deeper than existing
macroeconomic models by considering in detail everything from
the efficiency of wind turbines in different weather conditions

to when people will want to charge their electric cars to how
fast new power stations can be built. ESME was also designed
to be as comprehensive as possible, taking into account peaks in
demand as well as average demand, and the cost of distribution
as well as generation.
Over the past two years, ESME has played a significant role in
shaping the ETI’s strategy. For example, ETI decided to invest
approximately €30 million in a carbon capture and storage (CCS)
demonstration project, after ESME determined that the UK will
almost certainly need CCS technology to meet its emissions
target in a cost-effective way. ESME underwent an international
review process and is now used by the UK government, including
the Department of Energy and Climate Change and the UK’s
Parliamentary Committee on Climate Change.
But the model is predicated on the notion that the UK’s energy
system will take time to evolve. “Most of the power generation

The ETI’s UK Energy System Model
PC based mathematical
model identifying and
evaluating options for
design of the future UK
Energy system
Fig 1.
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A systems model approach can increase the impact
of new energy technologies

2050 abatement costs
are acceptable, provided
we develop and apply the
appropriate combination
of technologies
Fig. 2

Electricity 2010 = 365TWh, 2050 = 440TWh

plant that we are putting in today will last for 20 years, if not
more, so we have one opportunity to change it before 2050,”
noted ETI Chief Executive David Clarke.
ESME is also helping to identify important gaps in energy
technologies and calculate the approximate cost at which a given
technology such as offshore wind would become a competitive
part of the UK energy system. The ETI can use that information to
direct its investments at technologies that seem likely to achieve
that cost level.
“We didn’t have a good view as to what the future wind technology
trajectory would look like, so we invested €12 million into an
industrial project… down to the level of turbine design,” said
Clarke. That research indicated key solutions to reducing the
cost for offshore wind platforms, and the ETI is now funding a
project to demonstrate a truncated floating wind platform which
can operate in 220 metres of water and in wind speeds of more
than 10 metres per second.

dynamic factors better including the competitive dynamics of
the market, different business models and the distribution of
risk between different organisations at different stages of a
technology’s development.
As well as drawing on the expert knowledge of the ETI’s board
and staff, ESME factors in findings from the institute’s research.
This iterative process improves ESME, which then informs the
next set of investment decisions. In effect, the ETI is trying to
create a virtuous circle where project results feed quickly into
the decision-making process, accelerating follow-on investments
in promising technologies and cutting off funds to technologies
that suddenly appear less promising than expected.
Although ESME is far from perfect, it is providing meaningful “big
signals”, according to David Eyton, a board member of the ETI
and the group head of technology at BP.

The ETI model can also show the impact of removing a key energy
source, such as biomass or nuclear, from the system. In this case,
it predicts which sources would fill the gap most cost-effectively,
thereby signalling what the optimum hedge technologies are.
The model shows that the removal of biomass from the system
would add about £44 billion a year to the U.K.’s energy costs, for
example, within the constraints imposed by the emissions target,
while offshore wind is an important hedge technology for the UK.
The ETI regards ESME as a work in progress and is looking at how
to improve the model. “There is a long list of things I would like
the model to do better,” says Andrew Haslett, director of strategy
development at the ETI. A new version will handle some of the

7

The Energy Technology Roadmap
HOW TO PLAN EUROPE’S ENERGY FUTURE

THE US: USING MULTIPLE MODELS
Rather than relying on a single model, US policymakers use a suite
of models with different methodologies to help them understand
the potential impact of different government interventions. “Even
if you align the input assumptions, the methodologies of the
models differ, so they still give you different results,” said Douglas
Jay Arent, executive director of the Joint Institute for Strategic
Energy Analysis at the National Renewable Energy Laboratory
(NREL) and member of the US Government Review Panel for the
International Panel on Climate Change. We know that
the results should not be considered “predictions”
given the many complexities, he said, but what is
important is whether they are directionally correct.
American policymakers gain “a lot of very valuable
insights… particularly about how energy systems will
evolve,” Arent said. The use of multiple models is designed to
double-check results and ensure that US government officials
are not dependent on a single source of analysis. “The people
at a layer down from the senior level – those who understand
the models – are deeply sceptical,” Arent said. “That’s because in
the past you have had enthusiastic modellers going in and saying
this is the answer you must adopt. Now we say, ‘Here is some
directional information and you have to take it into account.’”
The “flagship model” for how the US electricity system will
evolve over the next decade incorporates more than one million

variables and several hundred thousand constraints, according
to Arent. That could be a harbinger of the potential complexity
of an EU-wide model. “The US model exemplifies the challenges
of translating the ETI model to a European level,” he told the
symposium.
The National Renewable Energy Laboratory, the managing agent
for The Joint Institute for Strategic Energy Analysis, has also
created a semantic, wiki-based website where experts,
modellers, policymakers and other stakeholders from
across the world can share data, assumptions and
other relevant information on such R&D models.
All data on the site is marked as validated, quasivalidated or invalidated, by its source. To enable
greater transparency, Arent said the Department of
Energy intends to publish on its website all the assumptions
and costs it uses in policy modelling.
Now, the Joint Institute is looking to broaden the scope of the
existing models so that the energy system isn’t just considered
in isolation. Modellers are increasingly exploring the interplay
between energy, water, food and climate, according to Arent.
“Creating fresh drinking water in the future, depending on
the sources, will be incredibly energy intensive and could be a
negative feedback,” he added.

GERMANY: SPENDING MORE ON SYSTEMS ANALYSIS
Having taken the decision to withdraw from nuclear power
following the Fukushima disaster in Japan, Germany is building
up its modelling capacity, as part of a broader push to move
to alternative sources of energy. “In Germany, we are going to
invest more in these kinds of systems and capabilities to support
policymakers,” said Andreas Loschel, head of the Department of
Environmental and Resource Economics, Environmental
Management, Centre for European Economic Research
(ZEW), Mannheim, and professor of economics,
University of Heidelberg.
Funds raised by carbon dioxide emissions permits have
boosted Germany’s energy research budget by 66 per
cent to €1 billion for the 2012-2014 period. Some of the funding
has been allocated to research into systems analysis to improve
Germany’s understanding of the dynamics of the energy sector.
“We are carrying out a cross-model comparison,” Loschel said.
“The assumptions embedded in the model are really crucial.”

Germany benefits from an exceptionally high level of public
support for so-called green energy, and consumer behaviour is
likely to play an important role in shaping the country’s future
power supply. To better understand the role played by consumers,
the Helmholtz Association, one of the country’s leading scientific
research bodies, is exploring how socio-economic factors and
issues around public acceptance will impact the future
development of the energy system.
Loschel observed that it can be very hard to model the
relative impact of R&D versus actual implementation or
adoption of new technologies. “It is very important, but
very difficult, to identify the drivers,” he said. Modellers
also face the challenge of how to deal with unpredictable scientific
breakthroughs. “How to deal with unknown technologies will
also be very critical in this whole discussion,” Loschel said. “If we
stick to known technologies, we have the risk of lock-in effects.”

THE EU: EXPANDING MODELLING CAPACITY
With European Union and Member State funds in short supply,
the European Commission is increasingly seeking to harness
systems analysis to help it get a bigger bang for the billions of
euros it plans to invest in its Strategic Energy Technology (SET)
plan. Under the plan, which is designed to coordinate an EU-wide
shift to a low carbon economy, the European Commission has
charged the Institute of Prospective Technological Studies in Seville
to expand its modelling capacity, according to Heinz
Ossenbrink, head of the renewable energies unit at
the European Commission’s Joint Research Centre.
One of the main uses of this additional modelling
capacity will be to help the EU establish key
performance indicators and targets to measure the
progress of the SET plan in accelerating the development and
deployment of cost-effective low carbon technologies, said
Glyn Evans, head of unit, horizontal aspects, DG Research and
Innovation at the European Commission. Greater use of models
will also help the Commission determine research priorities.

“Another way to use this modelling approach is to use it to…
identify research topics in the framework programme that really
meet industry’s needs,” Evans said.
Expanding the EU’s modelling capacity will also create greater
transparency around its energy road maps and policy. “The
importance of modelling is to create a debate,” Evans noted.
“But to have a debate you need transparency on the
assumptions and the way the models work.” In the
past, the European Commission has been criticised
for not making enough analytical information public.
But Evans said the lack of transparency in some areas
is due to the Commission’s use of third-party models
and data, which are protected by proprietary rights.
“We get criticised for publishing road maps and not telling people
what the underlying assumptions are,” he added. “It is very
important to… develop our own in-house modelling capacity and
then we will have control over what we release.”

JAPAN: IN SEARCH OF A NEW ENERGY STRATEGY
Professor John Beddington, chief scientific adviser to the UK
Government, travelled to Tokyo this summer in the wake of the
Fukushima nuclear power plant disaster to offer the ESME model
to the Japanese government as a national energy planning tool.
His visit was part of a review of Japan’s energy strategy following
the 11 March earthquake and subsequent tsunami,
which damaged the Fukushima plant and resulted
in radiation leaks and power outages in parts of the
country.

The pressing question facing Japanese policy makers is how
the country can best fill the supply gap that will be left by a
withdrawal, or partial withdrawal, from nuclear power. To help
find the answer, the Japanese government has set up the Energy
and Environment Council, which is using a systems approach to
analyse the optimum mix of technologies to underpin
Japan’s future energy supply. It is taking a multifaceted
approach, considering short-term, medium-term and
long-term scenarios, Harayama added.

In 2010, Japan had already begun exploring a systems
approach to help it develop a more comprehensive
energy strategy, incorporating so-called smart grids and
smart communities, according to Yuko Harayama, deputy director,
Directorate for Science, Technology and Industry, OECD, and
professor of science and technology Policy at Graduate School of
Engineering of Tohoku University. Since the disaster, the Japanese
government has signalled that the country will become less reliant
on nuclear power and is looking for alternative sources of energy.

Harayama also noted that systems analysis based on
concrete data is going to be even more important
with emotions running high following the Fukushima
disaster, which has polarised opinion in Japan about nuclear
power. “We are looking for national consensus on energy policy…
We are facing a confrontation between pro-nuclear and antinuclear, and the challenge is how to resolve this debate,” she
said. “It should be an evidence-based discussion…not just driven
by sentiment… we need models and data.”

III

THE BENEFITS OF A SYSTEMS APPROACH

1. An objective view
The EU cannot afford to fully develop every possible energy
technology: policymakers and business leaders have to be
selective. A model can help them go beyond the subjective
views of technology advocates or pressure groups and make an
informed and objective decision. “We have spent a number of
years in the ETI getting to the point where we can have an honest
conversation. Some options seemed politically attractive but at
the end of the day they do not stand up well to scrutiny,” said
David Eyton, board member of the ETI.

2. Greater understanding of inter-dependencies
Rather than considering technologies in isolation, policymakers can
use models to explore the optimum combination of technologies
to handle a wide variety of scenarios. For example, what is the
best fallback option when wind farms fail to produce the expected

output? Or which technology is the best complement to solar
power, which may be highly-productive in the summer, but less
so in winter?
Analysis of the detailed workings of energy systems can produce
quite unexpected conclusions about which technologies work
well together, experts told the conference. “Our core model
recommends you make lots of hydrogen and store it, because that
is easily the cheapest way of storing energy,” says the ETI’s Haslett.

3. Support for strategic policy and target-setting
A model can help policymakers set stretch targets that are
achievable. For example, ESME shows that the marginal cost of
cutting greenhouse gas emissions in the UK is relatively low up
until the country achieves a reduction of about 50% over 1990
levels, assuming improved technology performance by 2050.
ESME suggests the marginal cost will rise sharply between a 50 per

Photo: Andrew Haslett, Director of Strategy Development, Energy Technologies Institute, UK
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cent cut and the 80 per cent target. “A way to use this modelling
approach is to use it to set key performance indicators and targets,”
said Evans, from DG Research and Innovation. “Priority-setting
and performance indicators are something we can really take
from this exercise… that is certainly scalable.”

4. A basis for informed debate and discussion
Although even the best-constructed models will be fallible, their
output provides a solid foundation for an evidence-based political
debate. “The model will be wrong by the time you get to 2050,”
said the ETI’s Clarke. “The reality is when you come to implement
what will happen, something will go wrong… The value is in
[industry, scientists] and the politicians arguing about why does
it look the way it looks… Then you get into a debate about what
have you assumed about data, what have you assumed about
learning curves... It helps you pinpoint issues.”

5. Identify hedge technologies
While there is growing scientific consensus about key energy
technologies, such as CCS and biomass, no one can guarantee that
these technologies will deliver on their promise. A model can help
policymakers draw up a plan B. “In the UK, offshore wind turns
out to be the hedging option, the marginal swing technology,”
said the ETI’s Haslett. “So if anything else goes slower, you get a
lot more offshore wind… We arrive at a conclusion that you have
to invest in driving down the cost of offshore wind technology
because it is critical to risk management in the UK energy system.”
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IV

NEXT STEPS: SIX LESSONS FOR BUILDING A
SYSTEMS APPROACH TO ENERGY INNOVATION

Since most governments are just beginning to deploy a systems approach to guide energy R&D investments,
it remains premature to offer concrete conclusions about the practice. But symposium participants working
with such models produced the following key insights and recommendations.
1. The greater the scope, the harder it is: Develop 2. Geographic limitations: Keep a global perspective
open models
The energy sector is extraordinarily complex and cannot be
considered in isolation. Decisions taken in the sector will also
have knock-on impacts on the availability of land, water and
food. These factors need to be considered to build models for
an EU-wide energy system. Policymakers also need to build an
EU-wide consensus about the range of uncertainty associated
with the assumptions underlying our models.
“People are very uneasy about models if they don’t have access
to the assumptions,” said Andreas Loschel, head, Department
Environmental and Resource Economics, Environmental
Management, Centre for European Economic Research (ZEW),
Mannheim, and professor of Economics, University of Heidelberg.
“As a policymaker, I would be trying to put money into developing
much more open models than we have today.”
Photo: Tooraj Jamasb, SIRE Chair in Energy, Department of Economics,
Heriot-Watt University, Edinburgh

Ideally, policymakers would be able to access a model of the
global energy system that shows how decisions taken in Europe
will impact greenhouse gas emissions elsewhere and vice versa.
But in practice, it would be difficult to construct a robust model
that can cope with the enormous number of variables worldwide.
For that reason, models shouldn’t be the only driver of R&D.
“The choice of putting money into a particular technology and
implementing a technology is very different,” said Ton van Dril,
group manager, projections, evaluations and industry at the Energy
Research Centre of the Netherlands. “We sell solar technology to
the Chinese, for example. I think there should be an optimisation of
energy R&D within the EU with a global perspective, regardless of
which country is applying which technology for whatever reason.”
“The interesting question for Europe is, if you are choosing to play
a game in which the average cost of carbon is, say, £50 a tonne
to achieve your objectives, and other people aren’t [using that
price], how do you deal with the carbon leakage?” asked BP’s
Eyton. “There is no point in achieving a low-carbon solution in
the UK if the carbon footprint elsewhere is higher than before.”
“All the models we are discussing here are national models with
closed systems,” said Reinhilde Veugelers, chair, ‘I4G-Innovation for
Growth’ Economists Expert Group to Commissioner GeogheganQuinn, and professor of managerial economics, strategy and
innovation, Katholieke Universiteit Leuven. “Clearly opening up
these models is important in order to discuss leakages.”

3. Even the best models produce wrong conclusions:
Aim to continually improve the model
The performance of models depends in large part on the
underlying assumptions and the reliability of the data they are
fed, both of which could be insufficient, wrong or incomplete. It
is difficult, for example to foresee how lifestyles and behavioural
patterns might change between now and 2050. Will they become
more or less energy intensive?
“The ESME model uses defined end-service requirements,” noted
BP’s Eyton. “It cannot easily get at a scenario in which technology
choices cause people not to travel for example… Certain human
behavioural interdependencies are difficult to model.”
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4. Different models will produce different conclusions: that... modelling gives you only a point to make based on certain
Use multiple models to question and refine data input assumptions. If you take a policy decision based on the outcome
of the model, the future may still develop differently.”
and assumptions
Experts at the symposium concurred that energy models are apt
to produce different results, based on their assumptions and data.
Whereas the UK’s ESME model predicts that photovoltaic (PV)
power will be too expensive and intermittent to form a significant
part of the country’s energy system in 2050, modelling in the
Netherlands has come to a very different conclusion.
“We did an exercise in the Netherlands and we came up with a
lot of PV,” said van Dril, from the Energy Research Centre of the
Netherlands. Such differences can help researchers drill down and
identify the key assumptions or data contributing to a model’s
conclusions. This is an essential element of the feedback loop
which can guide better policy decisions.

5. Misleading for non-experts: Make sure a model’s
results are communicated together with key
assumptions
The inherent uncertainties involved in modelling the development
of a complex system over several decades mean the results can
be surprising and misleading if taken out of the context of the
original assumptions. Great care and expertise is required in
communicating uncertainty.

6. Models can’t assess unknown technologies: Stay
alert for breakthroughs not captured by today’s
models
Between now and 2050, completely unforeseen energy supply
chains may yet emerge. By definition, these cannot be modelled
today and there is a danger that rigid adherence to a model’s
output will mean these unknown technologies are disadvantaged
in some way. “There is the huge role of cross-fertilisation in R&D,”
said the JRC’s Ossenbrink. “The unthinkable will still happen and
it might come from outside the energy research and demand.”
“What we are missing is the need for versatility,” agreed Ioan
Manuel Ciumasu, assistant professor in urban sustainable
development and eco-innovation, and “Econoving” international
chair in eco-innovation, University of Versailles Saint-Quentin-enYvelines, UniverSud Paris.
Targeting investments in key energy technologies at an early stage
already poses a problem. “By choosing one mix of technologies,
you are not choosing another,” said economist and policy advisor
Veugelers. “Any choice we make in terms of targeting makes it
much more difficult for undeveloped technologies.

“In my experience with politicians, they think the modeller has
the looking glass into the future,” said Ossenbrink, at the Joint
Research Centre of the European Commission. “But it is not like
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Further reading:
Energy Technologies Institute: www.eti.co.uk/press/literature_archive
American Academy: www.amacad.org/projects/alternativeNEW.aspx
America’s Climate Choices: www.americasclimatechoices.org

Copies of the individual reports from this series of Science|Business symposia on
energy research and innovation policy are available at: www.sciencebusiness.net
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