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1 It is the main purpose of this article to summarize the contributions in this volume. An earlier, German version of this

article has been published in WIFO Monatsberichte 7/1997. The author wishes to thank Kurt Kratena and Maria

Haberfellner for valuable suggestions and comments as well as Wolfgang Pollan for his valuable translation work.

2 See Lekander (1997).
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3 See, for example, the analysis in Haberfellner (1997).

4 A detailed presentation of the effects of the new competitive regime in the British electricity sector on the various actors

(producers, suppliers, consumer, share holders, employees, etc.) is given in MacKerron - Watson (1996).

5 See �Buxton (1992) and Watson - Mitchell (1996).
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6 A detailed analysis is given in Surrey (1996), Green - Newberry (1997) and Helm (1996); DTI (1996) presents an

account of the British energy markets. This presentation is based on Hartley (1997).
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7 See the detailed analysis by Mitchell (1995, 1997).

8 Mitchell (1997) presents a critical analysis of several side-effects of this instrument and points to the changes and

improvements undertaken after every round of bidding.
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9 Current government policy is to increase new renewable capacity towards 1500 MW by the year 2000 through the five

NFFO Orders.

10 See Mitchell (1997).
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11 See Meyer (1997).
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12 See especially Jørgensen (1997) but also the analysis of the development of the Danish wind turbine industry by

Karnoe - Garud (1997) and Meyer (1995).
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13 The difference between the sales of electricity (ATS 89,692 billion) and the purchase from outside sources (ATS

36,426) total ATS 53,266 billion for 1994 (ÖSTAT 1996).
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14 The author is Managing Consultant at OXERA. His address is OXERA, Blue Boar Court, Alfred Street, Oxford OX1

4EH; telephone 01865 251142; fax 01865 251172; email nick hartley@oxera.sprint.com

15 OXERA is one of the main economic consultancies in the UK. It specialises in maters of utility regulation. The OXERA

Press publishes a range of journals, guides and briefing papers, covering utility industries throughout the world. News of

latest developments in energy, water, transport and telecommunications industries is provided by OXERA�s on-line

service UtilityView. News about the energy industries is published in the monthly journal Energy Utilities.

16 For example, Guide to the Economic Regulation of the Electricity Industry, Martin Brough and Seumas Lobban, The

OXERA Press, Oxford, September 1995.
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17For more details please see C Mitchell, 1995, The Renewable NFFO - A Review, Energy Policy, December; C Mitchell,

1996, The UK's Renewable NFFO - Results and Lessons, Economia Delle Fonti Di Energia e Dell'ambiente, Universita

L.Bocconi, Milano, Italy, Vol XXX1X, No.1, April.
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18DNC = the equivalent capacity of base load plant that would produce the same average annual energy output see

The Non Fossil Fuel Obligation - A background note, DoEn, August, 1991.
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19 Friends of the Earth (FoE), 1991, Removing the Wind Brakes, Ref 22.

20 House of Commons Energy Select Committee, 1992, Vol 2, CEC Memorandum and CEC Appendix.
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21House of Commons Energy Select Committee, 1992, Renewable Energy, Vol 2, Memo 43, page 151, Q2.

22C Mitchell (1994) Financing Small Schemes, Conference Proceedings, AT 2000, 13-14 June 1994, Open University,

Milton Keynes.
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23Energy Paper 60 (1992) Renewable Energy Advisory Group: Report to the President of the Board of Trade, Nov,

HMSO, ISBN: 0114142874.
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24For a more detailed discussion, see C Mitchell, 1996, Future Support of Renewable Energy in the UK - Options and

merits, Energy and Environment, winter issue.
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Technology Contracted

Capacity

(MW DNC)

Number of

Projects

Lowest Price

(p/kWh)

Capacity

Wieghted

Average Price

(p/kWh)

Highest Price

(p/kWh)

Landfill GasLandfill Gas 173.7173.7 7070 2.82.8 3.013.01 3.23.2

Waste FiredWaste Fired

/CHP/CHP

115.3115.3 1010 2.792.79 3.233.23 3.43.4

Waste FiredWaste Fired

Fluidised BedFluidised Bed

126126 66 2.662.66 2.752.75 2.82.8

Small HydroSmall Hydro 13.313.3 3131 3.83.8 4.254.25 4.44.4

Wind EnergyWind Energy

0.768 MW0.768 MW

DNC+DNC+

330.4330.4 4848 3.113.11 3.533.53 3.83.8

Wind EnergyWind Energy

0.7688 MW0.7688 MW

DNC or lessDNC or less

10.410.4 1717 4.094.09 4.574.57 4.954.95

AD of agric.AD of agric.

wasteswastes

6.66.6 66 5.15.1 5.175.17 5.25.2

BiomassBiomass

Gasification/Gasification/

PyrolysisPyrolysis

67.467.4 77 5.495.49 5.515.51 5.795.79

TOTALTOTAL 843.1843.1 195195 - 3.463.46 -
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TechnologyTechnology NFFO1NFFO1 NFFO2NFFO2

(strike)(strike)

NFFO3NFFO3

(average)(average)

NFFO4NFFO4

(average)(average)

WindWind 1010 1111 4.32*4.32*

5.29**5.29**

3.53***3.53***

4.57****4.57****

HydroHydro 7.57.5 6.006.00 4.464.46 4.254.25

Landfill gasLandfill gas 6.46.4 5.75.7 3.763.76 3.013.01

M&IW mass burnM&IW mass burn 6.06.0 6.556.55 3.843.84 --

M&IW fluidised bedM&IW fluidised bed -- -- -- 2.752.75

M&IW with CHPM&IW with CHP -- -- -- 3.233.23

Energy Crops & Agricultural &Energy Crops & Agricultural &

Forestry WasteForestry Waste

- Gasification- Gasification

- Residual- Residual

- AD- AD

--

--

6.06.0

--

5.95.9

--

8.658.65

5.075.07

--

5.515.51

--

5.175.17

Sewage gasSewage gas 6.06.0 5.95.9 -- --

AVERAGEAVERAGE 7.07.0 7.27.2 4.354.35 3.463.46

*1.6 MW DNC and above*1.6 MW DNC and above

** below 1.6 MW DNC** below 1.6 MW DNC

*** 0.768 MW DNC and above*** 0.768 MW DNC and above

**** below 0.768**** below 0.768

M&IW = Municipal and Industrial Waste; AD = Anaerobic DigestionM&IW = Municipal and Industrial Waste; AD = Anaerobic Digestion
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TechnologyTechnology Contracted ProjectsContracted Projects Commissioned ProjectsCommissioned Projects

NumberNumber Capacity (MWCapacity (MW

DNC)DNC)

Capacity (MW DNC)Capacity (MW DNC)

Biomass/ECAFW*Biomass/ECAFW* 2222 196.87196.87 00

HydroHydro 8484 50.4950.49 20.2620.26

Landfill GasLandfill Gas 167167 343.5343.5 119.23119.23

Municipal and IndustrialMunicipal and Industrial WasteWaste

(Mass Burn)(Mass Burn)

3434 553.98553.98 99.3399.33

Municipal and IndustrialMunicipal and Industrial WasteWaste

(Fluidused Bed)(Fluidused Bed)

66 126126 00

Municipal and IndustrialMunicipal and Industrial

Waste with CHPWaste with CHP

1010 115.3115.3 00

OtherOther 88 75.6375.63 57.9857.98

Sewage gasSewage gas 3131 33.8633.86 33.333.3

WindWind 178178 603.06603.06 70.8870.88

TOTALTOTAL 540540 2094.352094.35 400.98400.98
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TechnologyTechnology NFFO1NFFO1 NFFO2NFFO2 NFFO3NFFO3 NFFO4NFFO4

WindWind ** ** ** **

HydroHydro ** ** ** **

Landfill gasLandfill gas ** ** ** **

Sewage gasSewage gas ** ** -- --

M&IWM&IW mass burnmass burn ** ** ** --

M&IW fluidised bedM&IW fluidised bed -- -- -- **

M&IW/CHPM&IW/CHP -- -- -- **

Biomass (steam generation)Biomass (steam generation) ** ** -- --

Biomass (gasification)Biomass (gasification) -- -- ** **

Wet FarmWet Farm Wastes (anaerobicWastes (anaerobic

digestion)digestion)

-- -- -- **

M&IW = Municipal and Industrial WasteM&IW = Municipal and Industrial Waste

M&IW/CHP = Municipal and Industrial Waste with Combined Heat and PowerM&IW/CHP = Municipal and Industrial Waste with Combined Heat and Power
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TechnologyTechnology NumberNumber Capacity (MW DNC)Capacity (MW DNC)

Landfill GasLandfill Gas 177177 358358

Waste Fired Combined Heat and PowerWaste Fired Combined Heat and Power 8989 19821982

Waste by fluidised bed combustionWaste by fluidised bed combustion 195195 38013801

Wind PowerWind Power 227227 14611461

Hydro powerHydro power 7979 4040

Agriculural waste by anaerobic digestionAgriculural waste by anaerobic digestion 3434 4848

Energy crops by gasification/pyrolysisEnergy crops by gasification/pyrolysis 8989 707707

TOTAL 890 8397

GIVEN CONTRACTS 195 843.1

*�����. *���4	�����4����B���

W��� *	�����M� C������ ��
���������M� T

1990-1 1,175 1,175 0 0

1991-2 1,324 1,311 13 1

1992-3 1,348 1,322 26 2

1993-4 1,234 1,166 68 5.5

1994-5 1,205 1,109 96 8

1995-6 1105 1010 95 8.6



- 54 -

*�����# 5������	�C449!����	�;��������!"".

TechnologyTechnology

BandBand

ProjectsProjects

ContractedContracted

ProjectsProjects

GeneratingGenerating

ProjectsProjects

TerminatedTerminated

Projects Yet toProjects Yet to

CommissionCommission

CompletionCompletion

Rates (%)Rates (%)

No MW No MW No MW No MW No MW

WindWind 99 12.2112.21 77 11.6611.66 22 0.550.55 - - 7878 9696

HydroHydro 2626 11.8511.85 2121 9.759.75 55 1.851.85 - - 8181 8282

Landfill GasLandfill Gas 2525 35.535.5 2020 28.8528.85 55 3.823.82 - - 8080 8181

WasteWaste

CombustionCombustion

44 40.6340.63 44 39.6339.63 - - - - 100100 9898

OtherOther

CombustionCombustion

44 45.4845.48 44 45.4845.48 - - - - 100100 100100

Sewage GasSewage Gas 77 6.456.45 77 6.456.45 - - - - 100100 100100

TOTALTOTAL 7575 152.1152.1 6363 141.8141.8 1212 6.226.22 - - 8484 9393

*�����E 5������	�C4492��	
����������	�;��������!"".

TechnologyTechnology

BandBand

ProjectsProjects

ContractedContracted

ProjectsProjects

GeneratingGenerating

ProjectsProjects

TerminatedTerminated

Projects Yet toProjects Yet to

CommissionCommission

CompletionCompletion

Rates (%)Rates (%)

No MW No MW No MW No MW No MW

WindWind 4949 84.4384.43 2626 52.7752.77 2222 30.3130.31 11 0.210.21 5353 6363

HydroHydro 1212 10.8610.86 88 10.2510.25 - - 44 0.610.61 6767 9494

Landfill GasLandfill Gas 2828 48.4548.45 2626 45.9145.91 22 2.062.06 - - 9393 9595

WasteWaste

CombustionCombustion

1010 271.5271.5 22 31.5031.50 88 239.9239.9 - - 2020 1212

OtherOther

CombustionCombustion

44 30.1530.15 11 12.512.5 11 9.459.45 22 8.28.2 2525 4242

Sewage GasSewage Gas 1919 26.8626.86 1919 26.8626.86 - - - - 100100 100100

TOTALTOTAL 122122 472.2472.2 8282 179.8179.8 3333 281.8281.8 77 9.029.02 6767 3838
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TechnologyTechnology

BandBand

ProjectsProjects

ContractedContracted

ProjectsProjects

GeneratingGenerating

ProjectsProjects

TerminatedTerminated

Projects Yet toProjects Yet to

CommissionCommission

CompletionCompletion

Rates (%)Rates (%)

No MW No MW No MW No MW No MW

WindWind 5555 165.6165.6 33 6.456.45 - - 5252 159.2159.2 5.55.5 44

HydroHydro 1515 14.4814.48 22 0.260.26 - - 1313 14.2214.22 1313 22

Landfill GasLandfill Gas 4242 82.0782.07 243243 44.4744.47 - - 1818 37.5037.50 5757 5454

WasteWaste

CombustionCombustion

2020 241.9241.9 11 28.2028.20 - - 1919 213.7213.7 55 1212

Energy CropsEnergy Crops 99 122.9122.9 - - - - 99 122.9122.9 00 00

TOTALTOTAL 141141 626.9626.9 3030 79.4879.48 - - 111111 547.4547.4 2121 1313
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Company strategy,
structure and
competition

uncertainties

  Factormarkets
  Knowledge

Related and supporting
industries, suppliers

government policy

Customers and
demand conditions
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(1) 1974-79

Entrepreneurs and

grassroots

15-30 kW (re)birth 38

(2) 1980-83

Early industrialisation

55-65 kW establishment 5

(3) 1984-85

Forced industrialisation

75-99 kW expansion and heated

activity

4

(4) 1986-88

Crisis and

dropping exports

130-160 kW technological

stabilization, but

economic crisis

3

(5) 1989-92

Stable growth in home

market and exports

200-500 kW economic and

technological

stabilisation

2

(6) 1993-96

Fast growing exports

200-750 kW economic and techno-

logical development

2
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-0
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T

1979-1983 240 20 8 19 15

1984 380 110 30 7 30

1985 385 220 54 23 58

1986 223 180 81 32 83

1987 147 55 37 33 49

1988 48 20 40 82 79

1989 84 70 80 66 90

1990 119 81 61 81 81

1991 170 93 50 70 68

1992 293 121 40 45 49

1993 449 181 40 29 44

1994 690 316 41 52 50
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(1) 1960-78

Concentration based on prefab pipes

restructuring of industry; new distric heating

(from 1970)

(2) 1979-85

Heating planning and energy saving

steady growth and exports

(3) since 1986

Decentralized cogeneration systems

technological renewal; imports of components

growing; largs scale systems dominates exports
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(A) Type of technology

- turbine size

- advance level

big

high

small

high

small

high/medium

small

low

big

medium/low

(B) R&D expenditures

$m 1974-1992
396 130 n.a. 29 31

(C) Market share of US

home market (1980-

92)
0 0 40% 45% 0

(D) World market share

i 1993 0 0 25% 53% 0

(E) Number of

companies

i 1985

i 1992

i 1995

2

0

0

0

0

0

11

1

4

5

5

6

1

0

0
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Model/

year

Generator

size (kW)

Blade

length (m)

Blade

weight

(kg/m2

rotor area)

Tower

weight per

24m

(kg/m2

rotor area)

Efficiency Price

(c/kWh)

Number of

private

houses

supplied

1979-85 55 7.5 1.8 32 0.35-0.40 10-12 30

1984-87 90 9.0 2.33 26 0.38-0.42 9.6 57

1986- 140-180 11.0 1.9 18 0.42-0.46 7.5 81-110

1991- 450-500 17.0 1.51 9,4 0.44-0.48 5.3-5.4 250

1992- 500 19.5 0.92 9,1 0.48 5-5.3 275

1994 600-750 20-21 
��� 
��� 
��� 4.7-5 300

1996 1000 
��� 
��� 
��� 
��� 
��� 
���
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test of
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ledge

energy

policy

1978-82

home market established

by volume and technology

local

creativity

is

suppor-

ted

enables

experi-

ments,

start of

industry

supports

creative

efforts

local

industry,

esp.

blades

exchange

of know-
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support

for new

techno-

logy,

sites

1983-86

export-boom in US, growth

in home market on govmt.

support for wind parks

reference

for

exports

supports

expan-

sion

not so

important

more

speciali-

zed

industries

tests and

certifi-

cates

grants for

wind

parks

1987-90

export decline,

home market sustains

volume and innovation incl.

100 MW for the utilities

demon-
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capabi-

lities

saves
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focus on

econo-
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