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Renewable energy for power and transport
Global energy policy today is dominated by three concerns: 
security of supply, climate change, and energy for development 
and poverty alleviation. This is the starting point for Risø Energy 
Report 5, which addresses trends in renewable energy and gives 
an overview of the global forces that will transform our energy 
systems in the light of security of supply, climate change and 
economic growth. The report discusses the status of, and trends in, 
renewable energy technologies for broader applications in off-grid 
power production (and heat).

Edited by Hans Larsen and Leif Sønderberg Petersen
Risø National Laboratory, November 2006, 72 p., 
ISBN 87–550–3515–9, Risø-R-1557(EN) 

Risø Energy Report 6 

Future options for energy technologies
Fossil fuels provide about 80% of global energy demand, and this 
will continue to be the situation for decades to come. In the Euro-
pean Community we are facing two major energy challenges. The 
first is sustainability, and the second is security of supply, since 
Europe is becoming more dependent on imported fuels. These chal-
lenges are the starting point for the present Risø Energy Report 6.

Edited by Hans Larsen and Leif Sønderberg Petersen
Risø National Laboratory, November 2007, 84 p., 
ISBN 978-87-550-3611-6, Risø-R-1621(EN) 

Risø Energy Report 7

Future low carbon energy systems
The report presents state-of-the-art and development perspec-
tives for energy supply technologies, new energy systems, end-
use energy efficiency improvements and new policy measures. It 
also includes estimates of the CO2 reduction potentials for differ-
ent technologies. The technologies are characterized with regard 
to their ability to contribute either to ensuring a peak in CO2 emis-
sions within 10 – 15 years, or to long-term CO2 reductions. The 
report outlines the current and likely future composition of energy 
systems in Denmark, and examines three groups of countries: i) 
Europe and the other OECD member nations; ii) large and rapidly 
growing developing economies, notably India and China; iii) typi-
cal least developed countries, such as many African nations. The 
report emphasises how future energy developments and systems 
might be composed in these three country groupings, and to what 
extent the different technologies might contribute.

Edited by Hans Larsen and Leif Sønderberg Petersen
Risø DTU, October 2008, 86 p., 
ISBN 978-87-550-3690-1, Risø-R-1651(EN)

Risø Energy Report 1 

New and emerging technologies: options for the future
All over the world, increasing energy consumption, liberalisation of 
energy markets and the need to take action on climate change are 
producing new challenges for the energy sector. At the same time 
there is increasing pressure for research, new technology and in-
dustrial products to be socially acceptable and to generate prosper-
ity. The result is a complex and dynamic set of conditions affecting 
decisions on investment in research and new energy technology.

Edited by Hans Larsen and Leif Sønderberg Petersen
Risø National Laboratory, October 2002, 64 p., 
ISBN 87–550–3082–3, Risø-R-1351(EN) 

Risø Energy Report 2

New and emerging bioenergy technologies
Three growing concerns – sustainability (particularly in the trans-
port sector), security of energy supply and climate change – have 
combined to increase interest in bioenergy. This trend has been 
further encouraged by technological advances in biomass conver-
sion and significant changes in energy markets. We even have a 
new term, “modern bioenergy”, to cover the areas of bioenergy 
technology – traditional as well as emerging – which could expand 
the role of bioenergy.

Edited by Hans Larsen , Jens Kossmann and Leif Sønderberg Petersen
Risø National Laboratory, November 2003, 48 p., 
ISBN 87–550–3262–1, Risø-R-1430(EN) 

Risø Energy Report 3 

Hydrogen and its competitors
Interest in the hydrogen economy has grown rapidly in recent 
years. Countries with long traditions of activity in hydrogen re-
search and development have now been joined by a large number 
of newcomers. The main reason for this surge of interest is that 
the hydrogen economy may be an answer to the two main chal-
lenges facing the world in the years to come: climate change and 
the need for security of energy supplies. Both these challenges 
require the development of new, highly-efficient energy technolo-
gies that are either carbon neutral or low-carbon.

Edited by Hans Larsen , Robert Feidenhans’l and 
Leif Sønderberg Petersen
Risø National Laboratory, October 2004, 76 p., 
ISBN 87–550–3350–4,Risø-R-1469(EN) 
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The future energy system: distributed production and use
The coming decades will bring big changes in energy systems 
throughout the world. These systems are expected to change from 
central power plants producing electricity and sometimes heat 
for customers, to a combination of central units and a variety of 
distributed units such as renewable energy systems and fuel cells. 

Edited by Hans Larsen and Leif Sønderberg Petersen
Risø National Laboratory, October 2005, 62 p., 
ISBN 87–550–3474–8, Risø-R-1534(EN) 
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Conclusions and recommendations
Hans Larsen and Leif Sønderberg Petersen, Risø DTU

Within the energy sector energy security and climate change 
are the two overriding priorities. This is especially true for 
industrialized countries and the more rapidly developing 
economies. Many other developing countries, on the other 
hand, still face basic energy development constraints which 
give quite a different meaning to the concept of energy se-
curity.

Renewable energy resources (RES), which at one time oc-
cupied an almost insignificant niche, are gradually expand-
ing their role in global energy supply. Today the largest 
contributor is traditional biomass, followed by large hydro-
power, leaving only a tiny fraction to “new renewables” such 
as photovoltaics, wind power, small-scale hydro, biogas and 
new biomass. But the contribution of new renewable sources 
has expanded rapidly in recent years. This is especially true 
for wind power and photovoltaics, though the latter started 
from an extremely low level.

Today’s energy system is the result of decisions taken over 
more than a century. This long-term development is re-
flected in the structure of the energy system, which in most 
cases was developed according to basic engineering require-
ments: energy is produced to meet the needs of consumers. 
However, a new supply structure based on variable energy 
resources such as wind power will require a much more flex-
ible energy system, also including the flexibility of the en-
ergy consumers.

The power system is currently undergoing fundamental 
structural changes. The causes of this include not only the 
rapidly increasing amount of fluctuating renewable energy 
that is being connected to the system, but also the use of new 
types of production and  end-use technologies.

One such change is a general increase in distributed produc-
tion units that are smaller than traditional thermal power 
plants; in the future this may include low-voltage connec-

tions from microCHP plants in individual households. An-
other is the increasing use of Information and Communica-
tions Technology (ICT). The rapidly increasing capabilities, 
and falling costs, of ICT open the way to two-way commu-
nication with end-users, making this one of the most impor-
tant enabling technologies for the future power system.

The need for energy storage in a future energy system domi-
nated by fluctuating renewable energy depends on many fac-
tors, including the mix of energy sources, the ability to shift 
demand, the links between different energy vectors, and the 
specific use of the energy. Since energy storage always intro-
duces extra costs and energy losses, it will be used only when 
it sufficiently increases the value of energy between produc-
tion and use. Modern transport depends heavily on fossil 
fuels. Ways to reduce emissions from transport are to shift 
to renewable or at least CO2-neutral energy sources, and to 
link the transport sector to the power system. Achieving this 
will require new fuels and traction technologies, and new 
ways to store energy in vehicles.

A future electricity system with a considerable amount of 
fluctuating supply implies quite volatile hourly prices at the 
power exchange. Economists argue that exposing custom-
ers to these varying prices will create flexible demand that 
matches the fluctuations in supply. Persuading customers to 
react to hourly prices would improve market efficiency, re-
duce price volatility, and increase welfare.

Customers show some reluctance to react to hourly pricing, 
partly because their average gain is less than 0.5% of the elec-
tricity bill. Gains vary considerable between years, however, 
and depend crucially on the variation in prices, which in 
turn depends on the amount of fluctuating supply. Increas-
ing the proportion of wind power in the system increases the 
benefits to consumers of acting flexible.

Risø Energy Report 8  can be downloaded from risoe.dtu.dk
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Recommendations

The global economy has in recent years faced a number of 
changes and challenges.

Globalization and free market economics have dominated 
the last decade, but the current financial crisis is rapidly 
changing the political landscape.

In the energy sector, energy security and climate change 
mitigation are the two overriding priorities. This is espe-
cially true for industrialized countries and the more rapidly 
developing economies; whereas many developing countries 
still face basic energy development constraints that give 
quite a different meaning to the concept of energy security.

We have several options in addressing climate change and 
energy security issues, but all of them will require strong 
global and national policy action focusing on low-carbon 
energy sources and gradual changes in the way the overall 
energy systems are designed:

•	 More	flexible	and	intelligent	energy	system	infrastructures	
are required to facilitate substantially higher amounts of 
renewable energy compared to today’s energy systems. 
Flexible and intelligent infrastructures are a prerequisite 
to achieving the necessary CO2 reductions and secure en-
ergy supplies in every region of the world.

During the transition to the flexible and intelligent energy 
systems of the future, short-term policy actions need to be 
combined with longer-term research on new energy supply 
technologies, end-use technologies, and the broader system 
interaction aspects.

Prerequisites to the development of flexible and intelligent 
energy system infrastructures are the ability to:

•	 effectively	accommodate	large	amounts	of	varying	renew-
able energy;

•	 integrate	the	transport	sector	through	the	use	of	plug-in	
hybrids and electric vehicles;

•	 maximise	the	gains	from	a	transition	to	intelligent,	low-
energy buildings; and

•	 introduce	 advanced	 energy	 storage	 facilities	 in	 the	 sys-
tem.

It is important that flexible and intelligent energy systems 
are economically efficient and can be build up at affordable 
cost.

 
 
To allow high proportions of fluctuating  renewable power 
production in the future energy system it is necessary to 
have:

•	 Long-term	targets	for	renewable	energy	deployment	and	
stable energy policies are needed in order to reduce un-
certainty for investors. A mix of distributed energy re-
sources is needed to allow system balancing and provide 
flexibility in the electricity system. Electric vehicles, elec-
tric heating, heat pumps and small-scale distributed gen-
eration, such as fuel-cell-based microCHP, are promising 
options.

For the electrical power system, the following Issues should 
also be addressed in the planning of the intelligent power 
grid:

•	 energy	shifting	–	the	movement	in	time	of	bulk	electricity	
through pumped hydro and compressed air storage;

•	 “smart”	electricity	meters	 in	houses,	businesses	and	 fac-
tories, providing two-way communication between sup-
pliers and users, and allowing power-using devices to be 
turned on and off automatically depending on the supply 
situation;

•	 communication	standards	to	ensure	that	the	devices	con-
nected to the intelligent power system are compatible, and 
the ability of the system to provide both scalability (large 
numbers of units) and flexibility (new types of units);

•	 optimal	use	of	large	cooling	and	heating	systems,	whose	
demand may be quite time-flexible;

•	 large-scale	use	of	electric	vehicles	is	highly	advantageous	
from the point of view of the power system as well as the 
transport system.

The integration of a larger share of fluctuating wind power is 
expected to increase the volatility of power prices; demand 
response facilitates integration by counteracting fluctuations 
in supply.

Finally, there is a strong need to pursue long-term research 
and demonstration projects on new energy supply technolo-
gies, end-use technologies, and overall systems design. Exist-
ing research programmes in these areas should be redefined 
and coordinated so that they provide the best contribution 
to the goal of a future intelligent energy system.
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Figure 1
Highly flexible and intelligent energy system infrastructures are required  to facilitate substantially higher amounts of renewable energy 
than today’s energy systems and thereby lead to the necessary CO² reductions as well as ensuring the future security of energy supply in all 
regions of the world. 
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