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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 [S 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
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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.
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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.



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 WITH
PRICES GROWTH SHARE
SHARE GROWTH SHARE DURING WITH PRICE CHANGE
2007 2003-2007 2003-2007 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 STANDARD DEVIATION OF COUNTRIES AVERAGE
AVERAGE EU (27) ANNUAL GROWTH
1996-2006 1996-2006 1996-2001 2002-2006
INTENSITY, T.O.E. PER € MLN (0.01) 0.008 0.009 0.010
GDP
FOSSIL FUEL PRIMAIRY (0.01) 0.027 0.027 0.030
PRODUCTION
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.



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, FRYSLAN IN THE NETHERLANDS, VASTRA GOTALAND 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 FRYSLAN. 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, VASTRA GOTALAND 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 VASTRA GOTALAND 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



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 VASTRA GOTALAND AND
FRYSLAN, 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 VASTRA
GOTALAND. 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, FRYSLAN 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 FRYSLAN FOR EXAMPLE, HAS THE HIGHEST SOLAR INFLUX IN THE
NETHERLANDS.

THE NATIONAL USE AND PRODUCTION

TABLE 3 REGIONAL ENERGY USE AND RENEWABLE ENERGY PRODUCTION: THE REGIONAL USE AND PRODUCTION DIVIDED BY

RATIO REGION TO COUNTRY NETHERLAN UNITED
DENMARK GERMANY DS SWEDEN KINGDOM
NORDJYLLA | SCHLESWIG- VASTRA
ND HOLSTEIN FRYSLAN GOTALAND ABERDEENSHIRE
MILLION PEOPLE
(REGION/COUNTRY) 11% 2% 4% 31% 0.3%
0. 0.8 0.
GDP TO GNP (€/CAPITA) 89 0.88 0 96 1.02
0. 0.7 0.
ENERGY USE (MWH/CAPITA) 98 1.42 8 44 1.52
RENEWABLE IN ELECTRICITY 0. 0.8 1.
(PERCENT) 67 0.76 8 64 2.55
RENEWABLE PRODUCTION 0. 0.4 0.
(MWH/CAPITA) 83 0.99 0 28 2.08
RENEWABLE PRODUCTION MIX (MWH/CAPITA)
0. 0.1 0.
BIOMASS 65 0.41 9 38 1.70
0.
HYDRO - 0.01 - 10 -
GEOTHERMIC - - - - -
0. 0.8
SOLAR 61 0.20 8 - -
1. 2.2 0.
WIND 66 5.35 0 15 7.95




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 FRYSLAN, 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 CO, 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 CO, EMISSION REDUCTION (A HUGE INCREASE
COMPARED TO THE 2.8 PJ OF RENEWABLE ENERGY USE AND NO CO, EMISSION REDUCTION IN
2006). IT IMPLIES 21% REDUCTION OF THE FOSSIL FUEL USE, EQUIVALENT OF 100 OO0 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 CO,
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 FRYSLAN; ENERGY
SAVING FOR CO, 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), CO, 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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TABLE 4 SUMMARY OF THE RESULTS OF INVESTMENT ENERGY PROGRAM IN FRYSLAN WITHOUT INTEREST AND WITHOUT

SUBSIDIES
SUMMARY TOTAL FOSSIL REDUCTION IN |CO, EMISSION [INVESTMENTS IN € MLN |ANNUAL COSTS
PJ REDUCTION (SAVINGS
BETWEEN
BRACKETS)
TOTAL OF WHICH MLN TONS TOTAL OF WHICH [N MLN EUROS
RENEWABLE RENEWABLE
[HOUSEHOLDS 8,1 4.2 0,475 1.016 478 110 (-10)
ICARS 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)
ISUBTOTAL 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 FRYSLAN 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 €
O.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

15% INTEREST RATE WITH 5% INTEREST RATE WITHOUT

SUBSIDY FOR OUTPUT SUBSIDIES

NET REVENUES

CAPITAL AFTER SAVINGS NET REVENUES
IN MILLION EUROS COSTS = SUBSIDY CAPITAL COSTS | 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

ENERGY USE: T.0.E. PER € MLN | FOSSIL FUEL PRIMARY RENEWABLE PRODUCTION
1995-2006 GNP PRODUCTION TOTAL

1996-20 | 1996-2 | 2002-2 | 1996-2 | 1996- | 2002- | 1996- | 1996- | 2002-

06 001 006 006% 2001 2006 2006 2001 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%




TABLE 2 RENEWABLE PRODUCTION

IN ENERGY CONSUMPTION AND RENEWABLE ENERGY

MIX
YEAR 2006 TOTAL RENEWABLE RESOURCE IN TOTAL RENEWABLE

ENERGY 2006

BIOMASS | HYDR | GEOTHERM | SOLA | WIND

0 AL R

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% A41% 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 | 1996-2 | 2002-2 | 1995-2 | 1996-2 | 2002-2 | 1995-2 | 1996-2 | 2002-2
006 001 006 006 001 006 006 001 006

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%




TABLE 3 CONTINUED

GEOTHERMAL GROWTH SOLAR GROWTH WIND GROWTH

1995-2 | 1996-2 | 2002-2 | 1995-2 [ 1996-2 | 2002-2 | 1995-2 | 1996-2 | 2002-2

006 001 006 006 001 006 006 001 006
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 FRYSLAN. THERE ARE DIFFERENCES FOR VASTRA GOTALAND AND
ABERDEENSHIRE IN THE ERE PROJECT. T THAT ARE SMALLER AREAS THAN RESPECTIVELY
VASTSVERIGE 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 | DUITSLAND NEDERLA | ZWEDEN UK
EN ND
NUTS REGION BY NAME NORDJYLLA | SCHLESWIG- FRIESLAN | VASTSVERI | EASTERN
ND HOLSTEIN D (NL) GE SCOTLAND
NUTS REGION BY CODE DKO DEFO NL SE2 UKM2
5 12 3
NAME IN RESEARCH NORDJYLLA | SCHLESWIG- FRYSLAN VASTRA ABERDEENSHI
ND HOLSTEIN GOTALAND | RE
COUNT | POPULATION MLN CAPITA 5.4 82.4 16.3 9.0 60.4
RY
REGIO 0.58 1.52 0.64 2.83 0.21
N
REGION TO COUNTRY 11% 2% 4% 31% 0.3%
COUNT | GNP, GDP, €/CAP. 40,2 28,161 33, 34,6 32,10
RY 29 055 44 6
REGIO 35,7 24,685 26, 33,3 32,88
N 77 514 48 3
REGION TO COUNTRY 0. 0.88 0. 0. 1.0
89 80 96 2
COUNT | FINAL ENERGY CONSUMPTION, MWH/ 335 315 36.2 427 29.0
RY CAP
REGIO 3 44. 28.4 1 44.
N 2.7 7 8.8 1
REGION TO COUNTRY 0. 1.42 0. 0. 1.5
98 78 44 2
COUNT | RENEWABLE ENERGY IN ELECTRICITY 26% 12% 8% 48% 5%
RY PRODUCTION %
REGIO 17% 9% 7% 79% 12%
N
REGION TO COUNTRY 0. 0.76 0. 1. 2.5
67 88 64 5
RENEWABLE ENERGY PRODUCTION DENEMARK DUITSLAND | NEDERLA ZWEDEN UK
EN ND
COUNT | RENEWABLE ENERGY PRODUCTION 6.3 3.0 1.7 19.0 0.8
RY MWH/CAP
REGIO 5.2 2.9 0.7 5.2 1.6
N
REGION TO COUNTRY 0. 0.99 0. 0. 2.0
83 40 28 8
COUNT | BIOMASS PRODUCTION MWH/CAPITA 5. 2.28 1. 12. 0.6
RY 16 51 10 3
REGIO 3.35 0.94 0.29 4.55 1.06
N
REGION TO COUNTRY 0. 0.41 0. 0. 1.7
65 19 38 0
COUNT | HYDRO MWH/CAPITA 0. 0.24 0. 6. 0.6
RY 00 01 82 3




REGIO 0] 0.003 0 0.67 0]

N

REGION TO COUNTRY - 0.01 0. -

- 10

COUNT | SOLAR MWH/CAPITA 0. 0.07 0. 0. 0.0

RY 02 02 01 1

REGIO 0.013 0.013 0.014 0 0]

N

REGION TO COUNTRY 0. 0.20 0. -
61 88 -

COUNT | WIND MWH/CAPITA 1. 0.37 0. 0. 0.0

RY 12 17 11 7

REGIO 1.87 1.99 0.37 0.02 0.56

N

REGION TO COUNTRY 1. 5.35 2. 0. 7.9
66 20 15 5

19




