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It is discussed whether there is a shift from fossil fuels to renewable energy in the 
EU and how to foster such a shift regarding higher cost. From mid 1990s, the use of 
renewable energy has grown in the EU countries without significant impact on the 
consumers’ electricity prices and the renewable energy use has grown. The growth 
of  renewable  energy  production strongly  fluctuates  in time and the countries’ 
performance  diversifies.  The  availability  of  renewable  resources  in  a  country 
largely  determines  the  performance.  No  solution  fits  all.  Five  assessments  of 
periphery regions indicate that the performance also depends on good economy. The 
periphery regions underperform. Assessment of enlarging renewable energy in the 
Frisian region in the Netherlands  shows high social benefits  in case the policy 
reduces investors’ risk in renewable energy, but policymakers must balance various 
priorities.  EU policy to foster inter-regional co-operation in renewable energy is 
advocated.
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1. Introduction 

The  European  Union  (EU)  policy  aims  at  a  shift  from  fossil  fuel  to  renewable 
energy,  which  reduces  greenhouse  gasses  that  cause  climate  change  (Directive 
2001/77/EC). The envisaged types of renewable energy resources are biomass and 
waste,  hydro-,  geothermal-,  solar-,  and  wind  energy.  Elsewhere,  hundreds 
publications can be found through internet about which technologies are available 

and  what are  the  costs  and  effects  can  be  expected  (e.g.  Intelligent  Energy, 
Managenergy). In this paper, we follow the question that is issued by Steger et.al. 
(2005:211-222): how to create the shift. This issue is challenging because renewable 
energy technologies are generally more costly per energy output than the lowest-
cost fossil fuel technologies (EU, 2008) and the EU countries’ subsidies for fossil 
fuels were manifold larger than the ones for renewable energy (EEA, 2004). In the 
mainstream  view  is  commonly  argued  that  the  lowest-cost  technologies  prevail 
under  competition,  which  implies  that  the  renewable  energy  production  would 
stagnate (EU policy, therefore, should price the greenhouse gasses and promote of 
renewable energy).  Nevertheless,  local initiatives are mushrooming such as the 
community  biomass  and  wind  power,  regional  hydro  energy  systems,  solar  and 

1 I am grateful to Nienk Hoepman and Simon Tijsma (province of Friesland) for comments
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geothermic energy for housing, solar energy products and so on. Other arguments 
apparently matter like, independence, flexibility, social cohesion, environment, jobs 
and others. 

The starting point in this paper is that the entry of costly innovations under 
technological rivalry can be explained with regard to the mainstream view. It is 
argued  that  innovations  have  two  effects  on  output.  One  effect  is  the  cost 
reduction as function of production, which is commonly acknowledged. The second 
effect is that innovations can introduce higher grade outputs. The higher grade 
outputs  can  be,  for  example,  changing  of  supplies  to  improve  local  resource 
utilization, tuning to the specific market appreciations, as well as serving the non-
market values such as environmental quality (Helpman, 2006; Krozer 2008). It can 
be argued that the higher grade outputs in the energy system are only incidental. 
The question, therefore, is whether the EU countries have increased renewable 
energy use and production at a reasonable cost and whether the regions that are 
considered relatively poor in a country have performed well. Answers are based on 
the  growth  data  in  the  EU  countries  using  the  Eurostat  statistics  and  the 
performance in five periphery regions in five EU countries. The countries’ energy 
systems and the renewable energy technologies are considered black-box. We don’t 
claim  final  conclusions  but  underpin  hypotheses  for  validation.  The  effect  of 
renewable energy on the consumers’ electricity prices is discussed in section 2, the 
growth and diversification in section 3, the energy performance of the region in 
section 4 and regional benefits in section 5. The paper ends with conclusions. 

2. Renewable energy use 

The main output of renewable energy is electricity that is largely sold to grid. It 
can be expected that the consumers’  electricity prices increase in line with the 
larger use of renewable energy in grid because of its high costs, but it is shown 
that the renewable  energy growth has  low impact  on the prices.  The  share of 
renewable energy in electricity consumption in 2007 and the annual growth of this 
share between 2003 and 2007 are correlated  with respectively  the consumers’ 
electricity prices and the annual price changes.  All prices are excluding taxes. 
Table 1 present the EU 27 countries in the nomenclature order in column 1, the 
share and the annual average growth in columns 2 and 3, and the correlations in 
columns 4 and 5. The correlations are only for the period 2004-2007 because the 
consumers’ electricity prices before 2004 are not consistent for all EU countries. 
It is not an essential limitation because the renewable energy use has mainly grown 
in the latest years. The correlations above 0.9 indicate a direct link between the 
prices and the renewable energy use. 

In 2007, the EU (27) as a whole has had 16% share of renewable energy use 
in the total electricity consumption but there are large differences between the 
countries.  The leading countries in descending order of this share are: Austria, 
Sweden, Latvia, Portugal, Denmark, Finland, Romania, Slovenia, Spain and Slovakia. 

2



The  highest  share  growth  is  achieved  in  Hungary,  Estonia,  Belgium  and  the 
Netherlands but these countries lag far behind the EU share. High growth is also 
achieved  in  Germany  whose  share  approximates  the  EU  share.  The  correlation 
between the share and the prices is negative for a few leading countries (Austria, 
Slovenia and Slovakia) and low for a few other leading countries (Sweden, Latvia, 
Portugal, Denmark, Finland Romania and Spain). It is only correlated for Germany 
but below 0.9. In other countries the correlation is low. High correlation between 
the annual share growth and the annual price changes is found for Estonia that 
hardly uses the renewable energy, but also for Spain with lower growth but high 
share  and  even  for  Austria  with  the  high  but  decreasing  share.  A  negative 
correlation is for 11 out of 27 countries. The findings indicate that the high share 
and  the  high  growth  of  renewable  energy  use  have  hardly  an  impact  on  the 
consumers’ electricity prices. 
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Table 1 Share of renewable energy in total electricity consumption, annual 
growth of the renewable consumption and correlation with the consumers 
electricity prices during the years 2003-2007

Empirical data Correlations: ( ) means negative

Share 
2007

Growth share 
2003-2007

Share with 
prices 
during
2003-2007

Growth share 
with price change 
2005-2007

EU 27 
countries 16% 1.7% 7.8% N.A.
 Belgium 4% 7.4%            0.89           (0.96)
 Bulgaria 8% 1.9%            0.63           (0.69)
 Czech Republic 5% 0.2%            0.65            0.33 
 Denmark 29% 3.3%            0.44           (0.43)
 Germany 15% 5.4%            0.67           (0.89)
 Estonia 2% 9.5%            0.99            0.98 
 Ireland 9% 4.7%            0.73            0.24 
 Greece 7% 0.8%            0.58           (0.98)
 Spain 20% 3.2%            0.34            0.91 
 France 13% -0.3%           (0.20)            0.36 
 Italy 14% -0.4%           (0.66)           (0.06)
 Cyprus 0% 0.0% N.A.  N.A. 
 Latvia 36% -0.7%            0.13            0.20 
 Lithuania 5% 3.2%            0.66            0.87 
 Luxembourg 4% 2.4%            0.89           (0.90)
 Hungary 5% 16.4%            0.82            0.43 
 Malta 0% 0.0% N.A.  N.A. 
 Netherlands 8% 6.5%            0.89            0.55 
 Austria 60% -0.9%           (0.90)            0.93 
 Poland 4% 4.9%            0.93            0.48 
 Portugal 30% 3.2%            0.27            0.31 
 Romania 27% -1.2%            0.09           (0.52)
 Slovenia 22% -1.2%           (0.56)            0.61 
 Slovakia 17% -1.3%           (0.33)            0.87 
 Finland 26% 0.8%            0.38           (1.00)
 Sweden 52% 0.9%            0.09           (0.56)
 United Kingdom 5% 4.9%           (0.01)           (0.82)

How to explain the low impact? This low impact cannot be explained by changes in 
the countries’ energy use and in their fossil fuels production. In Appendix 1, the 
average annual growth of energy use and fossil fuel production during 1995-2006 
are shown. The fastest reduction of the energy use has occurred in the transition 
economies of Bulgaria, Estonia, Latvia, Lithuania, Poland, Romania and Slovakia, as 
well  as  in  Ireland  but  only  Latvia  leads  in  the  renewable  energy  use.  Most 
countries have also reduced their fossil fuel production but Denmark with the high 
renewable  energy  share  in  its  electricity  consumption  has  increased  the  fossil 
fuels production, while Latvia with the larger share has decreased the fossil fuels 
production, as well as Ireland with the low share. It can be hypothesized that the 
growth  of  Gross  National  Product  (GNP)  per  capita  enables  to  increase  the 
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renewable energy share but these two are not correlated. Subsidies could reduce 
the  impact  of  renewable  energy  on  the  consumers’  electricity  prices  but  this 
argument is also rather unconvincing because such subsidies in Denmark, Germany, 
Spain and Sweden did not provide high growth of the renewable energy in their 
electricity  consumption.  A  more  convincing  hypothesis  is  that  the  growing 
renewable  energy  use  invokes  a  more  effective  use  of  the  countries’  energy 
resources. This dims the impact of the costly renewable energy use on the prices. 
Such  a  more  effective  use  can  be,  for  example,  optimization  of  resources  mix 
(backward linkages) and tuning to the customers’ demands (forward linkages). The 
innovative renewable technologies could, therefore, diminish imperfections in the 
countries’ energy systems.

3. Renewable energy production

The  hypothesis  that  the  entry  of  innovative  renewable  energy  technologies 
contributes to a more effective use of the countries’ energy resources is discussed. 
The following assumption is made. If the renewable energy technologies are only 
considered on costs the cheapest technology would disseminate in the EU countries. 
The countries’ renewable energy production would steadily grow and one type of 
the renewable energy resource would dominate. However, if the renewable energy 
technologies add value to the countries’ energy system the growth would fluctuate 
depending on temporary needs and the growth would increasingly differ among the 
countries and per type of renewable resource depending on the specific country’s 
energy systems. The growth of renewable energy production in the EU countries is 
assessed for the period 1996-2006 and it is divided into sub-periods 1995-2001 and 
2002-2006 to indicate fluctuations and trends. Standard deviation of the countries’ 
growth  rate  in  renewable  energy  production  is  used  as  the  yardstick  for  the 
convergence, or divergence trend. It means: the larger the differences between the 
countries’  growth rates  the larger standard deviation.  The divergence trend is 
when the differences increase over time that is the standard deviation enlarges in 
the subsequent sub-periods. Basic data is in Appendix 1. 

In  the  EU,  the  main  resources  for  the  renewable  energy  production are 
biomass and waste (69%), followed by the hydro energy (21%), whilst geothermic, 
solar and wind have small share. All types of the renewable energy production 
grow, except hydropower. The highest production in descending order is achieved in 
Sweden, Latvia, Finland, Estonia, Austria and Portugal (Estonia is a large producer 
but low user). The laggards in descending order are United Kingdom, Netherlands 
and Poland; these are the major fossil fuel producers. 

The growth of the renewable energy production is achieved in all countries, 
except France and Sweden. The growth strongly fluctuates between the countries 
and  in  the  subsequent  sub-periods.  No  country  has  achieved  steady  growth  of 
renewable energy production above 5% during all ten years (needed to achieve 20% 
renewable energy use in the EU by 2020 compared to 2000). The countries’ growth is 
shown in Table 2: the annual average growth of the renewable energy production in 
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the EU in column 1, the standard deviation of the countries’ growth in the period 
1996-2006 in column 2 and the standard deviation of the countries’ growth in the 
sub-periods. These data is given for the energy use per euro GNP and the total 
fossil fuels use to compare with the data on the renewable energy production. 

The energy use decreases by about 1% a year in almost all countries; it is an 
EU trend as the standard deviation is low. The total fossil fuel use also decreases 
by  about  1%  a  year  albeit  the  differences  between  the  countries  are  larger; 
standard deviation is larger compared to the energy use. The countries evolve in 
the same direction; standard deviation in the subsequent sub-periods is almost the 
same. This is very different for the growth of the renewable energy production. The 
annual average growth of the renewable energy production increasingly diverges 
among countries and the standard deviation enlarges in the subsequent period. A 
similar  trend is  with respect to the types of the resources for the renewable 
energy  production.  The  standard  deviation  is  large  and  it  increases  in  the 
subsequent sub-periods. Wind energy production is an exception but there are large 
differences between the countries; the largest standard deviation indicates this.

Table 2 Growth of energy use in the EU27 and standard deviation between the EU countries.
Growth annual 
average EU (27)

Standard deviation of countries average 
annual growth

1996-2006 1996-2006 1996-2001 2002-2006
Intensity, t.o.e. per € mln 
GDP

  (0.01) 0.008 0.009 0.010

Fossil fuel primairy 
production

  (0.01) 0.027 0.027 0.030

Renewable production total    0.02 0.032 0.014 0.026
Biomass&Waste    0.02 0.020 0.025 0.031

Hydro   (0.00) 0.010 0.025 0.038
Geothermal    0.02 0.036 0.048 0.058

Solar    0.05 0.027 0.025 0.035
Wind    0.12 0.075 0.099 0.083

The assessment underpins the hypothesis  that the use of the renewable  energy 
technologies is not solely a cost but also a value added in the countries energy 
system.  It  can  be  a  temporary  cost  but  it  also  provides  benefits.  It  has  policy 
implications. Firstly, the success of the EU policy largely depends on the countries’ 
capabilities to employ renewable energy technologies for a more effective energy 
system. Subsidies can help to develop such capabilities, which invoke the growth of 
the renewable energy production, but the subsidies are apparently insufficient to 
maintain the high growth rates during many years. Secondly, the trend in the EU is 
towards the diversification of the renewable energy production with respect to the 
local  resources,  which  means  that  policymakers  face  a  variety  of  countries’ 
approaches.  There  is  no  renewable  energy  technology  standard  that  fits  all 
situation nor the standard costs and effects in the use of these technologies but 
wide,  possibly  even  widening,  ranges  should  be  expected.  Moreover,  this 
diversification should be fostered in the EU policy because it creates possibilities 
to use the specific countries’ energy resources more effectively. 
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4. Diversification in the regional renewable energy 

One can expect that the renewable energy technologies emerges in the countries’ 
regions that are in peripheries of economic activities because lower costs of labour 
and  land  in  such  regions  facilitate  the  renewable  energy  production  in  such 
regions. The regional statistical data on the renewable energy, however, are not 
available to underpin this expectation. In this paper, we can only use data of the 
project Energizing Regional Economies (ERE), supported by the EU Interreg North 
Sea. The project was purposed to assess the energy use and production in five North 
European  regions  and  develop  a  method  that  can  benchmark  the  regional 
performance in energy systems. 

Five regions have participated: Nordjylland in Denmark, Schleswig-Holstein in 
Germany, Fryslân in the Netherlands, Västra Götaland in Sweden and Aberdeenshire 
in United Kingdom. The regions are comparable on some aspects such as lowlands 
along sea, location in moderate climate and they are considered peripheries of the 
national economic centres, even though Aberdeenshire is a major oil and gas hub in 
United Kingdom. In this paper, we use some date to compare the region’s performance 
with  its  country’s  performance.  It  should  be  noted  that  the  regional  data  is 
collected by consultants, not by the statistical offices, which can cause deficiency 
in the assessment because of different data collection methods. Appendix 2 presents 
the main data with permission of the project leader that is province of Fryslân. The 
results, even though indicative, do not confirm the expectation that the renewable 
energy production emerges in the peripheries.

Table  3  shows  the  ratio  of  the  regional  performance  to  the  country’s 
performance. All data is per capita because the number of inhabitants varies, for 
example,  Västra Götaland covers more than 31% of the Swedish population and 
Aberdeenshire  only  0.3% of  the United  Kingdom population.  In  all  regions,  the 
regional Gross Product (GDP) per capita is lower than the national Gross Product 
(GNP) per capita,  which confirms the periphery position of the regions except for 
Aberdeenshire that has nearly the same income per capita as the United Kingdom. 
Despite similarities in geography, climate and the economic lower performance, the 
differences in regional performance compared to the country’s performance are 
striking. 

Firstly, the regional energy use per capita varies from half lower of the 
country’s energy use in  Västra Götaland  to one and a half time higher than the 
national  energy  use  in  Aberdeenshire.  This  difference  reflects  the  industrial 
economy of Aberdeenshire compared to the other rural regions. 

Secondly, the regional renewable energy use varies from two-third of the 
country’s consumption in Schleswig-Holstein up to two and a half times higher use 
in  Aberdeenshire.  The  latter  is  mainly  connected  with  regional  production  of 
electricity and heat from waste processing.  The regions that have low GDP per 
capita  use  less  renewable  energy  in  electricity  consumption;  the  correlation 
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between the GDP per capita and the percentage renewable energy in the electricity 
consumption is nearly 0.9. 

Thirdly,  the renewable energy production per capita in the regions is far 
below the country’s production per capita except in Aberdeenshire that is twice as 
high  as  the  country’s  production  (correlation  between  GDP  per  capita  and  the 
renewable energy production is above 0.6).  For example in  Västra Götaland and 
Fryslân, the  renewable  energy  production  per  capita  is  50%  of  the  country’s 
production per capita.

The  regional  renewable  energy  resources  compared  to  the  country’s 
resources  suggest  high  opportunities  in  wind  energy.  The  regional  wind  energy 
production per  capita  is  far  above  the country’s  production,  except  for  Västra 
Götaland.  The availability  of land can explain the high wind energy production. 
However, the regional renewable energy production from all other resources is 
per capita far below the country’s production except for Aberdeenshire due to its 
waste  processing.  It  is  remarkable  that  Nordjylland,  Fryslân and  Schleswig-
Holstein,  which  are  traditionally  typical  agricultural  regions  use  less  biomass 
energy resource compared to the country’s use. Production of hydro energy is low 
in all regions, which can be due to the lowland geography.  The regions do not 
produce geothermic energy. The regions produce less solar energy compared to the 
country  even though  Fryslân  for  example, has  the  highest  solar  influx  in  the 
Netherlands. 

Table 3 Regional energy use and renewable energy production: the regional use and production divided by 
the national use and production
ratio region to country

Denmark Germany
Netherlan
ds Sweden

United 
Kingdom

Nordjylla
nd

Schleswig-
Holstein Fryslân

Västra 
Götaland Aberdeenshire

million people 
(region/country) 11% 2% 4% 31% 0.3%

GDP to GNP (€/capita)
             0.

89              0.88 
             0.8

0 
             0.

96              1.02 

Energy use (MWh/capita)
             0.

98              1.42 
             0.7

8 
             0.

44              1.52 
Renewable in electricity 
(percent)

             0.
67              0.76 

             0.8
8 

             1.
64              2.55 

Renewable production 
(MWh/capita)

             0.
83              0.99 

             0.4
0 

             0.
28              2.08 

Renewable production mix (MWh/capita)

Biomass
             0.

65              0.41 
             0.1

9 
             0.

38              1.70 

Hydro
                

-                0.01                 - 
             0.

10                 -   

Geothermic
                

-                   -                   - 
                

-                   -   

Solar
             0.

61              0.20 
             0.8

8 
                

-                   -   

Wind
             1.

66              5.35 
             2.2

0 
             0.

15              7.95 
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The assessment of the regional renewable energy use and production compared to 
the countries’ ones suggest that the low cost of labour and land in the periphery 
rarely matter for the renewable energy production. On the contrary,  it can be 
hypothesized  that  the  high  GDP  per  capita  provides  more  opportunities  for  the 
renewable energy use and production. This can be due to concentration of know-
how and business capabilities  in the countries’  economic centres,  which enables 
more effective utilization of the renewable resources. An effective utilization of 
the renewable resources,  in turn,  benefits  the countries’  energy system.  In the 
periphery  regions,  a  major  investment  boost  in  the  renewable  energy  use  and 
production would be needed to create the know-how and business capacities that 
can  catch  up  with  the  economic  centres.  This  hypothesis  should  receive  more 
attention because tuning of the regional energy resources with the regional know-
how and business capacity could be a important way to invoke and maintain high 
growth of renewable energy production and use. 

5. Frisian investment programme

The issue is whether the investment boost in the renewable energy use production 
provides benefits to the periphery regions. A positive answer is based on the Frisian 
investment program. The program is framed by the Energy Agreement signed in 2006 
by the Dutch Government and the provinces of Fryslân, Groningen, Drenthe and the 
northern part of the province of North-Holland. The Energy Agreement envisages 
50 PJ of renewable energy production and 5 million tons of CO2 emission reduction 
in 2011. The Frisian targets based on the number of inhabitants are: 13.5 PJ of 
renewable energy and 1.2 million tons of CO2 emission reduction (a huge increase 
compared to the 2.8 PJ of renewable energy use and no CO2 emission reduction in 
2006). It implies 21% reduction of the fossil fuel use, equivalent of 100 000 zero-
energy houses that is about one third of all houses in the region. Possible actions 
are  based  on  workshops  with  businesses,  experts  and  authorities  (about  70 
organizations). The actions are summarized in Scheme 1. The following is estimated 
for every action:  present energy use,  reduction of fossil  fuel use and the CO2 

emission reduction, investment costs, capital costs at 4% interest rate, operational 
costs and savings due to less energy use. This interest rate is used the national 
environmental plans to assess the impact of the environmental measures of economy 
(assumed long-term interest rate). The results are summarized in Table 4.

Scheme 1 Summarized actions in the energy saving and renewable energy program in Fryslân; energy 
saving for CO2 emission reduction (italics), investments in millions of euro (between brackets).

Households: Insulation (447), Heat pump plus storage (98), Solar boilers (56), Micro co-generator (63), PV 
(157), Economy light (17), CO2 neutral dwelling (168)

Transport:  Cars 50 bio-fuel  & gas stations (15), Hybrid cars (81),  Gas for gasoline (244), SNG (244), CBG 
(244), Bio-diesel (49), EU CO2 standard (98)

Industries: wind energy on industrial parks on land (70), Closed greenhouses (68), Other (11)

Biofuels: incineration for electricity and heat (150), three technologies for bio-fuels (331), Other 
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(5)

Table 4 Summary of the results of investment energy program in Fryslân without interest and without 
subsidies

Summary Total fossil reduction in 
PJ

CO2 emission 
reduction 

Investments in € mln Annual costs 
(savings 
between 
brackets) 

Total  of which 
renewable

Mln tons Total  of which 
renewable

in mln euros

Households 8,1 4,2 0,475 1.016 478 110  (-10) 

Cars mobility 16,3 9,1 0,941 974 244 136 (110)

Industries 3,8 3,8 0,223 70 70  28   (20)

Horticulture 0,2 0,2 0,017 68 68  10    (-8) 

Subtotal 28,4 17,3 1,656 2128 860  275 (112)

Bio-waste to biofuels  481 481     46    (-3)

Total 2609 1341 321 (108)

Import biofuels (*) -9,0 -9,0 -0,502 Import from Groningen and Drenthe

* excess of bio-fuel consumption of bio-fuel in Fryslân compared to regional production

The expected result of the investments is 19.5 PJ of fossil fuel reduction, of which 
8.4  PJ  due  to  renewable  energy.  The  program  enables  to  catch  up  with  the 
Netherlands climate and energy policy targets. About one quarter of all waste can 
be utilized.

There are high costs.  The total expected investments are estimated to be € 2.6 
billion, of which € 1.3 billion in renewable energy. The total investments of energy 
users are expected to be € 2.1 billion, of which € 1.34 billion in renewable energy. 
It  means  an  investment  of  €  662  per  inhabitant  per  year.  The  total  expected 
investments of producers in the biomass and waste processing are estimated to be 
about  €  0.5  billion.  Based  on  4%  interest  on  capital,  without  subsidies  and 
excluding lower energy costs due to lower fossil fuel use, the annual costs are 
expected to be about € 0.3 billion.  There are also socio-economic benefits.  The 
estimates of the benefits including lower energy costs due to lower fossil fuel use 
are based on the energy prices at the end of 2006. The net revenues approximate € 
0.1 billion a year due to the savings, mainly in households. About 27,000 jobs can be 
created during the five years of the program. It means on average about 5,500 jobs 
a year, thus giving substantial job opportunities to about 30,000 unemployed people 
in the region in 2006. Based on indicative qualitative strength assessment, one finds 
about € 0.8 billion sales opportunities for the Frisian businesses.  The estimates 
show that the program is attractive. 
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The challenge is as how to reach the assumed 5% interest on capital because 
this interest is below the commercial one. Consequently the program cannot emerge 
spontaneously  through the market.  Policymakers  must  find  a way to invoke the 
investments. One possibility is to subsidize the delivery of renewable energy and 
energy savings  technologies.  The second possibility  is  to  reduce investors’  risk, 
which can be done through state investments at the interest that is similar to the 
interest for investments in infrastructure. The effect of these options on annual 
benefits differs. The effect is compared in the following manner. It is assumed that 
all actions are taken in the region. In the case of the subsidies, we have calculated 
with 15% interest on capital. Then, the subsidies are estimated that are needed to 
achieve the break-even point between the annual costs and the savings due to 
lower energy use (it means that the calculations are based on the assumption of 
perfect allocation of the costs and revenues between the sectors). The subsidy is 
added to the annual costs up to the break-even point. The alternative is the policy 
that enables 5% interest rate, which is not unusual for state loans, securities and 
even in mortgage. Table 5 shows the results of this comparison.

Table 5 Simulation of economic instruments in policymaking: subsidy for output and lower 
interest on capital

In million euros

15% interest rate with 
subsidy for output

5% interest rate without 
subsidies

capital 
costs

net revenues 
after savings 
= subsidy capital costs

net revenues 
after savings

Households 179 -117 102 -40

Cars mobility 194 13 126 81

Industries 14 -3 9 14

Horticulture 14 -15 9 -10

subtotal in use 400 -122 246 44

Biofuel processing 77 -56 39 -18

Total 477 -178 285 26

In case of the commercial interest on capital about € 178 million in subsidies would 
be needed, particularly in housing (insulation and low-fossil use in households) and 
production of bio-fuels from waste. In case of the low interest on capital, the net 
revenues approximate € 26 million without the subsidies. The advantage of the low 
interest on the capital compared to the subsidies for output adds to the total of € 
205 million. This outcome is due to high investments in energy saving and renewable 
energy use. The simulation suggests that the policy making based on subsidies is more 
expensive  than policy  making  based  on the low interest  on capital.  The latter, 
however, is difficult to enforce on the country’s scale without distorting of the 
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financial  system.  This  could be  done on local  and regional levels  through the 
communal and regional energy enterprises, or price guarantees.

Conclusions 

The EU policy aims at the shift from fossil fuel to renewable energy but it faces 
higher  cost  of  the  renewable  technologies  than  the  low-cost  fossil  fuel 
technologies.  No  doubt  that  high  pricing  of  greenhouse  gasses  and  lower-cost 
renewable technologies through subsidies are needed. This paper adds a perspective. 
The starting point is that innovations can provide higher grade outputs, in the case 
of renewable energy improvements in use of energy resources. The question is posed 
whether  developments  in  the  renewable  energy  use  and  production  in  Europe 
indicate creation of the higher grade outputs that enable to overcome the costs 
and how to foster better utilization of the energy resources. A positive answer to 
this question, though indicative, is based on the EU statistics and performance in a 
few regions. 

The use of renewable energy in electricity  consumptions  increases but it 
does  not  lead  to  the  higher  electricity  prices  for  consumers.  The  countries’ 
renewable  energy  production  also  grows  albeit  the  growth  rate  strongly 
fluctuates in time and between the EU countries. Moreover, the production grows 
steadily much faster in some countries, which are not necessarily the countries 
with the pronounced policy in favor of the renewable energy. It is rather local 
availability  of  the  renewable  energy  resources  that  matters.  The  growth  of 
renewable  energy  production  increasingly  diversifies  between  countries.  Some 
countries,  apparently,  have created the capacity  to tune the renewable  energy 
technologies  to  their  energy  system,  which  enables  a  more  steady  production 
growth.  Such  tuning  improves  utilization  of  the  countries’  energy  resources, 
thereby dimming the impact of the costly renewable technologies on electricity 
prices, or even reducing the prices. For the EU policy it implies that its success 
largely  depends  on  the  countries’  capabilities  to  employ  the  renewable  energy 
technologies effectively in their specific energy system. Subsidies help to create 
the capabilities that invoke the growth, but they are insufficient to maintain the 
high  growth.  For  the  policymakers  it  implies  that  increasing  variety  of  sound 
approaches can be found, whilst the standards for renewable energy technologies, 
costs and effects rather obscure the effective uses that are tune to the energy 
resource. The EU actions, therefore, should foster the diversification because it 
creates  opportunities  for  the  more  effective  use  of  the  renewable  energy 
resources at lower costs and even a net benefit in many cases in comparison with 
the fossil fuels (as long as there is equal level playing field in terms of subsidies, 
infrastructure and so on).  

The diversification in renewable energy production and use also emerges on 
the  regional  level,  which  is  assessed  for  five  economic  periphery  regions  in 
Denmark, Germany, Netherlands, Sweden and United Kingdom. The periphery regions, 
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however, underutilize the renewable energy resources compared to the economic 
centers. The progress in renewable energy use and production is apparently not 
primarily due to the low costs of labor and land, which can be found the periphery, 
but rather due to the high regional know-how and business capability. It is a major 
challenge in the periphery regions to boost these capabilities. The major competitive 
factor  in  a  periphery  region  is  low interest  on  capital  for  the  investments  in 
renewable  energy.  On  the  regional  level,  the  low-interest  on  capital  can  be 
created through the regional state and communities’ enterprises and guarantees. On 
the  EU  level,  in  addition  to  the  emission  pricing  and  trading  instruments,  the 
regional  initiatives  can be  fostered through inter-regional  co-operation on the 
know-how and business capacity building in renewable energy production and use.
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Appendix 1 Statistical data on energy use, fossil fuels and renewable production in EU 27 
countries

Table 1. Average annual growth of energy use per GNP, fossil fuel production and renewable energy 
production in the EU

1995-2006
Energy use:  t.o.e. per € mln 
GNP

Fossil fuel primary 
production

Renewable production 
total

1996-20
06 

1996-2
001

2002-2
006

1996-2
006%

1996-
2001

2002-
2006

1996-
2006

1996-
2001

2002-
2006

EU (27 countries) -1% -1% -1% -1% 0% -1% 2% 1% 2%
Belgium 0% 0% -1% 1% 1% 0% 3% 1% 5%
Bulgaria -2% -1% -2% 0% 0% 0% 5% 5% 5%
Czech Republic -1% -1% -1% 0% 0% 0% 5% 1% 10%
Denmark -1% -1% 0% 3% 4% 1% 3% 3% 3%
Germany 0% 0% 0% -1% -1% -1% 5% 3% 6%
Estonia -3% -3% -3% 0% -1% 1% 1% 1% 1%
Ireland -2% -2% -2% -5% -7% -2% 4% 3% 5%
Greece -1% -1% -1% 0% 0% 0% 1% 0% 3%
Spain 0% 0% 0% -1% 0% -1% 2% 3% 1%
France 0% 0% -1% 0% 0% 0% 0% 0% -1%
Italy 0% 0% 0% -1% -2% -1% 2% 1% 3%
Cyprus 0% 0% -1% 0% 0% 0% 1% 0% 1%
Latvia -2% -2% -3% -13% -11% -15% 1% 1% 2%
Lithuania -3% -2% -3% -1% 0% -3% 2% 2% 2%
Luxembourg -1% -2% 0% 0% 0% 0% 2% 0% 4%
Hungary -1% -2% -1% -1% -2% -1% 3% -2% 8%
Malta -1% -3% 1% 0% 0% 0% 0% 0% 0%
Netherlands -1% -1% 0% 0% -1% 0% 3% 4% 2%
Austria 0% 0% 0% 0% 0% -1% 1% 1% 0%
Poland -2% -3% -1% -1% -2% 0% 1% 0% 2%
Portugal 0% 0% 0% 0% 0% 0% 1% 1% 1%
Romania -2% -2% -2% -1% -1% -1% 2% 1% 3%
Slovenia -1% -1% -1% 0% 0% 1% 1% 3% 0%
Slovakia -2% -1% -3% 1% 2% 0% 2% 3% 1%
Finland -1% -1% 0% 1% 0% 2% 1% 1% 1%
Sweden -1% -1% -1% 0% 0% -1% 0% 1% 0%
United Kingdom -1% -1% -1% -1% 0% -3% 3% 2% 4%
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Table 2 Renewable production in energy consumption and renewable energy 
mix
Year 2006 total Renewable resource in total renewable 

energy 2006
biomass hydr

o
geotherm
al

sola
r

wind

EU (27 
countries) 11% 69% 21% 4% 1% 6%
Belgium 3% 95% 2% 0% 0% 2%
Bulgaria 12% 66% 31% 3% 0% 0%
Czech Republic 8% 90% 10% 0% 0% 0%
Denmark 19% 81% 0% 0% 0% 18%
Germany 9% 76% 8% 1% 2% 12%
Estonia 22% 99% 0% 0% 0% 1%
Ireland 3% 52% 15% 0% 0% 33%
Greece 8% 56% 29% 1% 6% 8%
Spain 10% 55% 23% 0% 1% 21%
France 11% 70% 28% 1% 0% 1%
Italy 9% 31% 26% 41% 0% 2%
Cyprus 3% 14% 0% 86% 0%
Latvia 44% 87% 13% 0% 0% 0%
Lithuania 17% 95% 4% 0% 0% 0%
Luxembourg 2% 80% 11% 0% 3% 6%
Hungary 7% 92% 1% 7% 0% 0%
Malta N.A.
Netherlands 5% 89% 0% 0% 1% 10%
Austria 26% 53% 43% 0% 1% 2%
Poland 8% 96% 3% 0% 0% 0%
Portugal 23% 70% 22% 2% 1% 6%
Romania 20% 67% 33% 0% 0% 0%
Slovenia 16% 60% 40% 0% 0% 0%
Slovakia 8% 57% 43% 1% 0% 0%
Finland 32% 88% 11% 0% 0% 0%
Sweden 45% 64% 36% 0% 0% 1%
United 
Kingdom 3% 80% 10% 0% 1% 9%
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Table 3 Annual average growth of the renewable energy production total and by resource
Renewable energy growth Biomass & Waste growth Hydro growth
1996-2
006

1996-2
001

2002-2
006

1995-2
006

1996-2
001

2002-2
006

1995-2
006

1996-2
001

2002-2
006

EU 27 
countries 2% 1% 2% 2% 1% 3% 0% 1% -2%
Belgium 3% 1% 5% 3% 1% 5% 0% 2% -2%
Bulgaria 5% 5% 5% 5% 7% 3% 3% 0% 8%
Czech 
Republic 5% 1% 10% 6% 1% 12% 1% 0% 2%
Denmark 3% 3% 3% 2% 2% 2% -2% -3% 0%
Germany 5% 3% 6% 5% 4% 7% 0% 0% -1%
Estonia 1% 1% 1% 1% 1% 1% 0% 0% 0%
Ireland 4% 3% 5% 3% 4% 3% 0% -1% 2%
Greece 1% 0% 3% 0% 1% 0% 2% -4% 9%
Spain 2% 3% 1% 1% 1% 2% 0% 4% -4%
France 0% 0% -1% 0% 0% 0% -1% 0% -3%
Italy 2% 1% 3% 5% 3% 7% 0% 2% -2%
Cyprus 1% 0% 1% -2% -1% -3% 0% 0% 0%
Latvia 1% 1% 2% 1% 1% 2% 0% 0% 0%
Lithuania 2% 2% 2% 2% 2% 2% 0% -1% 2%
Luxembourg 2% 0% 4% 2% 1% 3% 1% -9% 13%
Hungary 3% -2% 8% 3% -2% 10% 1% 1% 0%
Malta
Netherlands 3% 4% 2% 3% 3% 2% 0% 2% -1%
Austria 1% 1% 0% 1% 2% 1% 0% 1% -1%
Poland 1% 0% 2% 1% 0% 2% 0% 2% -1%
Portugal 1% 1% 1% 1% 0% 1% 1% 4% -2%
Romania 2% 1% 3% 3% 3% 4% 0% -1% 2%
Slovenia 1% 3% 0% 2% 4% 0% 0% 1% 0%
Slovakia 2% 3% 1% 7% 11% 3% 0% 0% -1%
Finland 1% 1% 1% 2% 2% 2% 0% 0% -1%
Sweden 0% 1% 0% 1% 0% 2% 0% 1% -2%
United 
Kingdom 3% 2% 4% 3% 2% 4% 0% -1% 1%
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Table 3  continued
Geothermal growth Solar growth Wind growth
1995-2
006

1996-2
001

2002-2
006

1995-2
006

1996-2
001

2002-2
006

1995-2
006

1996-2
001

2002-2
006

EU (27 
countries) 2% 0% 4% 5% 4% 6% 12% 14% 10%
Belgium 3% 10% -6% 4% 0% 10% 14% 8% 20%
Bulgaria 0% 0% 0% 0% 0% 0% 0% 0% 0%
Czech 
Republic 0% 0% 0% 2% 0% 4% 5% 0% 12%
Denmark 7% 3% 12% 3% 3% 2% 7% 9% 3%
Germany 12% 19% 3% 10% 9% 10% 11% 13% 9%
Estonia 0% 0% 0% 0% 0% 0% 8% 0% 17%
Ireland 0% 0% 0% 0% 0% 0% 19% 24% 14%
Greece 5% -3% 15% 1% 1% 1% 15% 22% 7%
Spain 4% 7% 0% 5% 3% 7% 18% 24% 10%
France 0% -1% 2% 3% 2% 4% 21% 17% 25%
Italy 2% 0% 4% 6% 4% 9% 22% 33% 8%
Cyprus 0% 0% 0% 1% 1% 2% 0% 0% 0%
Latvia 0% 0% 0% 0% 0% 0% 5% 0% 12%
Lithuania -6% 0% -13% 0% 0% 0% 0% 0% 0%
Luxembourg 0% 0% 0% 0% 0% 0% 6% 5% 8%
Hungary 0% 0% 0% 3% 0% 6% 0% 0% 0%
Malta
Netherlands 0% 0% 0% 7% 7% 6% 9% 7% 10%
Austria 10% 11% 8% 4% 4% 4% 17% 15% 20%
Poland 6% 0% 13% 0% 0% 0% 12% 0% 27%
Portugal 3% 4% 3% 2% 2% 2% 22% 22% 21%
Romania 3% -3% 11% 0% 0% 0% 0% 0% 0%
Slovenia 0% 0% 0% 0% 0% 0% 0% 0% 0%
Slovakia -2% 0% -4% 0% 0% 0% 0% 0% 0%
Finland 0% 0% 0% 0% 0% 0% 10% 13% 7%
Sweden 0% 0% 0% 1% 1% 0% 9% 11% 6%
United 
Kingdom 0% 0% 0% 7% 6% 9% 9% 6% 13%
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Appendix 2 Economic and energy data on five regions in North Europe

The Table shows basic data on five regions in North Europe. The definitions of the 
regions  in  the  Eurostat  database  and  in  the  ERE  research  match  Nordjylland, 
Schleswig-Holstein and  Fryslân.  There are differences for Västra Götaland and 
Aberdeenshire  in  the  ERE  project.  T  that  are  smaller  areas  than  respectively 
Västsverige and Eastern Scotland in Eurostat data. In these cases it is assumed that 
the GNP per capita are equal.

Economic data and energy consumption Denemark
en

Duitsland Nederla
nd

Zweden UK

NUTS region by name Nordjylla
nd

Schleswig-
Holstein

Frieslan
d (NL)

Västsveri
ge

Eastern 
Scotland

NUTS region by code          DK0
5

         DEF0          NL
12

         SE2
3

         UKM2

Name in research Nordjylla
nd

Schleswig-
Holstein

Fryslân Västra 
Götaland

Aberdeenshi
re

Count
ry

population mln capita 5.4 82.4 16.3 9.0 60.4

Regio
n

0.58 1.52 0.64 2.83 0.21

Region to country 11% 2% 4% 31% 0.3%
Count
ry

GNP, GDP, €/cap.          40,2
29 

         28,161          33,
055 

         34,6
44 

         32,10
6 

Regio
n

         35,7
77 

         24,685          26,
514 

         33,3
48 

         32,88
3 

Region to country              0.
89 

             0.88             0.
80 

             0.
96 

             1.0
2 

Count
ry

Final energy consumption, MWh/
cap

33.5 31.5 36.2 42.7 29.0

Regio
n

          3
2.7 

          44.
7 

        28.4           1
8.8 

          44.
1 

Region to country              0.
98 

             1.42             0.
78 

             0.
44 

             1.5
2 

Count
ry

Renewable energy in electricity 
production %

26% 12% 8% 48% 5%

Regio
n

17% 9% 7% 79% 12%

Region to country              0.
67 

             0.76             0.
88 

             1.
64 

             2.5
5 

Renewable energy production Denemark
en

Duitsland Nederla
nd

Zweden UK

Count
ry

Renewable energy production 
MWh/cap

6.3 3.0 1.7 19.0 0.8

Regio
n

5.2 2.9 0.7 5.2 1.6

Region to country              0.
83 

             0.99             0.
40 

             0.
28 

             2.0
8 

Count
ry

Biomass production MWh/capita              5.
16 

             2.28             1.
51 

           12.
10 

             0.6
3 

Regio
n

3.35 0.94 0.29 4.55 1.06

Region to country              0.
65 

             0.41             0.
19 

             0.
38 

             1.7
0 

Count
ry

Hydro MWh/capita              0.
00 

             0.24             0.
01 

             6.
82 

             0.6
3 
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Regio
n

0 0.003 0 0.67 0

Region to country                 -              0.01   
-   

             0.
10 

                - 

Count
ry

Solar MWh/capita              0.
02 

             0.07             0.
02 

             0.
01 

             0.0
1 

Regio
n

0.013 0.013 0.014 0 0

Region to country              0.
61 

             0.20             0.
88 

                
-   

                - 

Count
ry

Wind MWH/capita              1.
12 

             0.37             0.
17 

             0.
11 

             0.0
7 

Regio
n

1.87 1.99 0.37 0.02 0.56

Region to country              1.
66 

             5.35             2.
20 

             0.
15 

             7.9
5 
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