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Preface 

 

Risø International Energy Conference 2011, 10-12 May 2011 

Energy systems and technologies for the coming century 
The world faces a major challenge as global CO2 emissions must be reduced dramatically, in the long 
term even below zero, in order to limit climate change. At the same time, however, it is necessary to 
provide energy services to accommodate economic growth and, in particular, to meet the growing needs 
of the developing countries and to ensure secure energy supplies. 

Furthermore, the energy sector has to cope with the current financial crisis which is having a significant 
impact on almost all countries. 

Therefore, significant changes to the global energy systems are necessary, which calls for long-term 
planning. There is a pressing need to enhance the ongoing development of new and sustainable energy 
technologies which can provide a key role for renewable energy resources and lead to the phase-out of 
fossil fuels in the long term. 

New, intelligent energy systems are necessary in order to accommodate fluctuating sustainable energy 
resources to a much greater extent than is currently the case. In such an intelligent energy system, a 
close link between end-use and supply must be established to create links between low-energy housing, 
industry and the transport sector. 

It will be necessary to utilise all sustainable energy technologies to meet future global energy needs. No 
single technology will be able to solve the task. The combination of energy technologies will vary from 
one region to another, depending on local conditions. 

Fossil energy resources will, to a large extent, continue to be used in the coming decade, and for this 
reason it is important that more efficient and climate-friendly fossil energy applications are developed until 
renewables can assume a leading role in global energy supplies. 

Risø International Energy Conference 2011 highlighted and discussed these topics with the aim of 
identifying solutions which can fulfil the urgent global need to change energy technologies in a 
sustainable direction and create the new intelligent energy systems that can accommodate substantial 
amounts of fluctuating, sustainable energy. 

The conference was sponsored by: 
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Global Wind Atlas, making it efficient to create, and suitable for the needs of the policy 
makers and energy planners. This is only now becoming a possibility due to 
developments in global reanalysis datasets and microscale modelling tools.  

2 Methodologies 
 

The method to create the high resolution global wind atlas is made up of a chain of 
processes in which global reanalysis datasets are the input and high resolution wind 
climate statistics, suitable for analysis and mapping, are the output.  

Global reanalysis datasets with a spatial resolution of around 50 km are now available 
covering a time span of decades. These datasets are at a much higher resolution than 
previously available, and thus give new possibility for their exploitation for wind 
resource assessment. A number of reanalysis dataset will be used to investigate the range 
of wind climates that a set provides. The reanalysis datasets are not wholly independent 
as the same observational data network is available for assimilation; however the manner 
in which assimilation is performed is different, as are the models underlying the 
reanalysis. For example, there will be differences in the physical parameterizations 
modelling sub-grid scale processes and surface processes, as well as the description of 
the surfaces.  

 

 
Figure 1: Cape Verde numerical wind atlas (NWA) in FROGFOOT. Each orange dot 
represents a data point with details sectorwise generalized wind climates statistics. 
FROGFOOT allows wind resources at high resolution to be calculated in WAsP using 
the coarser grid of generalized wind climate data points. Only part of Cape Verde is 
show here 

 

Surface winds given by the reanalysis datasets cannot themselves be used directly to 
estimate global wind resources because the spatial resolution is still too coarse. Spatial 
variance of wind climates at scales smaller than that resolved in the reanalysis data will 
contribute significantly to the wind resource. The small scale spatial variance can be 
modelled by WAsP. Running WAsP requires that the reanalysis surface winds are 
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treated in such a way to make them generalized winds. Differences in surfaces winds 
given by three reanalysis datasets can in part be explained by differences in the surface 
roughness lengths used in each reanalysis model. The objective of generalizing the 
surface winds is to remove the influences of model dependent surface description. 
Generalized wind climate statistics give the wind conditions for a standard set of heights 
above the surface and surface roughness lengths. Global generalized wind climate grids 
will be created, containing sectorwise (directional) frequency distribution and sectorwise 
(directional) wind speed distributions. 

WAsP will be run with the generalized wind climate statistics generated from the 
reanalysis datasets. A new functionality within the WAsP system, called FROGFOOT, 
allows resource calculation over a large, high resolution grid to be performed, see Figure 
1. Each resource calculation uses generalized wind climate statistics from the nearest 
reanalysis grid points. For WAsP to calculate the local flow at high resolution, high 
resolution data of terrain elevation and surface roughness length are also needed. 

 

3 Example of importance of resolutions 
 

 
Figure 2: Wind power density calculated at 50m for a 50 x 50 km area at four different 
resolutions. Top-left 10 km, top-right 5 km, bottom-left 2.5 km mesoscale modelling, 
and bottom-right microscale modelling at 100 m. The colour scale used in each map is 
the same.  

 

Figure 2 shows the effect of modelling a wind power density at 50 m for a 50 x 50 km 
area at four different resolutions, namely 10, 5, 2.5 km and 100 m. As the resolution 
increases features in the terrain become better resolved. Resolved hills and ridges give 
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On the effectiveness of standards vs taxes for 
reducing CO2 emissions in passenger car 
transport Europe 

Amela AJANOVIC, Reinhard HAAS 

Energy Economics Group, Vienna University of Technology, Austria 

E-mail: ajanovic@eeg.tuwien.ac.at 

Abstract 
The current problems arising from motorized individual transport lead to an urgent need 
for implementing efficient policy measures. To get a reliable appraisal of the effects of 
different types of policies it is very important to know the impact of different parameters 
like prices and fuel intensities. Of special relevance in this context is how consumer 
behaviour and the rebound affect especially technical measures like standards for fuel 
intensity. 

The core objective of this paper is to analyse the impact of taxes and fuel intensity 
standards on overall energy demand for car passenger transport in fifteen EU countries. 

The method of approach is based on econometric analysis of EU-15 countries over the 
period 1980 to 2007. We analyses energy consumption (e.g. litre of gasoline and diesel) 
as well as service demand (vehicle km driven). The effects of irreversible efficiency 
improvements are considered by means of using fuel intensities explicitly in the 
econometric analyses. 

The major results of this investigation are: The service price elasticity is about -0.3 for 
the aggregate of the investigated countries. The effect of energy efficiency improvements 
is about 0.7. This is a very nice result indicating that: (i) price increases e.g. due to taxes 
(of 1%) lead to energy demand reductions of 0.3% in the sort run; (ii) pure efficiency 
increases (of 1%), e.g. by standards trigger savings of 0.7% (either due to standards or 
due to lasting price increases).  

The major conclusion for energy policy makers is that the most effective set of measure 
is to introduce a combined system of taxes  (to reduce CO2 emissions due to less driving) 
and technical standards (to reduce CO2 emissions due to lower fuel intensities). 

1 Introduction 
The current problems arising from motorized individual transport lead to an urgent need 
for implementing efficient policy measures. To get a reliable appraisal of the effects of 
different types of policies it is very important to know the impact of different parameters 
like prices and fuel intensities. Of special relevance in this context is how consumer 
behaviour and the rebound affect especially technical measures like standards for fuel 
intensity. 

One of the most heavily discussed policy issues for passenger car transport is what is 
more effective and more acceptable by people especially car drivers: taxes or standards. 

The EU currently puts all stacks on standards, see Section 2. 

In this paper we analyse the impact of taxes and fuel intensity standards on overall 
energy demand for car passenger transport in EU-15 and how a tax vs standard works. 
We pay special attention to the interactions between price and efficiency changes and 
investigate the crucial role of service price elasticity. 
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reducing new car emissions to 120 g CO2/km by 2012, as defined in the strategy, is not 
likely to be achieved. 

Despite a low probability of achieving the 2012 target, the strategy, and the measures it 
includes, has played an important role in reducing CO2 emissions from light-duty 
vehicles. 

Evolution of CO2 emissions from new passenger cars by association are shown in Figure 
2 as well as the voluntary commitments undertaken by the European (ACEA), Japanese 
(JAMA) and Korean (KAMA) car manufacturer associations related to average new car 
emission targets of 140 g CO2/km by 2008/2009 (EU, 2010). 

The reduction of average CO2 emissions from new cars can be achieved by means of 
improvements in vehicle motor technology (e.g. air-conditioning systems, pressure 
monitoring systems…) as well as with the increased use of biofuels. The binding targets 
for Member States is to achieve a 10% share of renewable energy in the transport sector 
by 2020 (Directive 2009/28/EC18). 

Figure 3. Evolution of CO2 emissions from new passenger cars by association (adjusted 
for changes in the test cycle procedure) 

Since the achievement of the EU objective of 120 g CO2/km in 2012 is not possible, new 
objective implemented by Regulation (EC) No443/2009 is to achieve 130g CO2/km in 
the period 2012-2015. 

A second target of 95 g CO2/km announced in the Strategy as a target for further 
consideration is included for 2020. The modalities of reaching this target are to be 
defined by 2013. 

Beside standards, fuel tax is a widely used policy instrument. However, the primary 
reason for fuel tax is to increase governmental income and not to reduce CO2 emissions. 

Fossil fuel prices were rather volatile and continuously increasing in the last decades. 
They may have a significant impact on travel demand and fuel intensity. The range of 
fuel prices vary wide across analyzed countries mostly due to the different taxes. 

Actually, the largest part of fuel price in most of the countries is excise tax.  

The share of total tax (VAT and excise taxes) on gasoline is very different across the 
EU-countries ranging from 40% to 60% of the total gasoline price, see Figure 4. 
Currently, the highest tax on gasoline is in the Netherlands, Germany and Sweden. The 
lowest tax on gasoline is in Cyprus. 
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Figure 8. Historic development of total energy consumption in comparison to the impact 

of fuel intensity and the fuel price for EU-15, base 1980 

5 Scenarios for EU-15 
The core question of interest is, of course, what can be learned from the past for future 
energy policies. We discuss this aspect in four scenarios using the following 
assumptions: 

In Business as usual scenario (BAU) it is assumed that fuel price is increasing 2.5% per 
year, and GDP 2.5%. We have also assumed reduction of fuel intensity of 2.6% per year. 

In Tax-Scenario we have assumed additionally to the assumptions in the BAU-Scenario 
an increase of fuel tax of 2.3% per year. 

In Standard-Scenario we have assumed additionally to the assumptions in the BAU-
Scenario that fuel intensity has to be reduced also due to the standards for additional 
1.2% per year. 

The Policy Scenario (Tax & Standard Scenario) is a combination of increasing fuel taxis 
and improving fuel efficiency due to the standards. 
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Figure 9. Scenarios for the future development of vkm driven for a BAU-Scenario vs  

Tax-,  Standard- and Policy- Scenario up to 2030 
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Figure 9 depict scenarios for the future development of vkm driven for above described 
scenario up to 2030. It can be seen that due to the standards vkm driven are higher than 
in BAU-Scenario. As shown with the increasing fuel tax, travel activity could be 
significantly reduced. However, the lower increase in vkm driven could be reached, as 
shown in Policy Scenario.  

The future development of energy consumption in four scenarios described above with 
and without rebound up to 2030 is shown in Figure 10.  

Due to the efficiency improvements increases in energy consumption are not as steep as 
for service, see Figure 10. The pure Standard-Scenario shows lower energy consumption 
than BAU-Scenario (on contrary to the effect in Figure 9) and the Policy Scenario leads 
to lowest energy consumption. 
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Figure 10. Scenarios for the future development of energy consumption driven for 

scenarios up to 2030 

Figure 11depicts the development of CO2 emissions for the BAU and Policy Scenario. 
We can see that over-all saving effect is about 14% compared to BAU up to 2030. Note 
that in this figure also fuel switching effects are included, e.g. to biofuels4. 

BAU: CO2 emissions

0
50

100
150
200
250
300
350
400
450
500

2000 2005 2010 2015 2020 2025 2030

M
il

l.
 t

 C
O

2_
e

q
u

Gasoline Diesel CNG/LPG Bioethanol
Biodiesel Biogas Electricity Hydrogen  

Policy scenario: CO2 emissions

0
50

100
150
200
250
300
350
400
450
500

2000 2005 2010 2015 2020 2025 2030

M
ill

.t
o

n
s 

C
O

2

Gasoline Diesel CNG/LPG Bioethanol
Biodiesel Biogas Electricity Hydrogen  

Figure 11a. CO2 emissions in BAU-Scenario  Figure 11b. CO2 emissions in Policy-Scenario  

                                                        

4 This analyis was conduted in the EU-funded project ALTER-MOTIVE. For further details see 
Ajanovic et al. (2011) and website: www.alter-motive.org 
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