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DECC view of future UK generation
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Levelised costs of generation

Capital cost O&M costs Fuel CO2 levy Total

Cost of capital 7.5% 10.0% Fixed Variable  7.5% 10.0%

Nuclear 35.3 46.6 5.6 2.5 5.0 0.0 48.4 59.7 
Coal - advanced (ASC) 18.1 23.0 3.8 1.6 19.3 24.0 66.7 71.7 
Gas - combined cycle 7.3 9.3 1.9 1.6 46.8 9.7 67.3 69.3 
Gas - turbine (single cycle) 19.3 24.2 3.5 3.9 82.9 14.3 123.9 128.8 
Wind - onshore 69.6 85.5 5.9 0.0 0.0 0.0 75.6 91.4 
Wind - offshore 90.0 110.5 21.7 0.0 0.0 0.0 111.7 132.2 
Solar photovoltaic 447.9 536.3 22.8 0.0 0.0 0.0 470.7 559.2 
Solar thermal 261.3 312.9 38.3 0.0 0.0 0.0 299.6 351.2 
Biomass 30.2 38.5 7.0 5.2 31.0 0.0 73.4 81.6 
Reservoir hydro 57.2 74.8 3.7 5.5 0.0 0.0 66.4 84.0 
Pumped storage hydro 65.8 86.1 5.9 5.5 0.0 0.0 77.2 97.5 
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Variability in wind output
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Production profiles for high capital cost, low 
operating cost sources of generation
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Load variations met by cycling CCGTs
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Interconnector loads vs wind output
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Effect of wind capacity on level and type of 
investment in generation

Intermittency of wind requires matching investment 
in backup (mainly gas)
Subsidies or guaranteed prices alter the expected 
returns for non-wind generators

Higher price volatility  higher cost of capital
Fewer hours of operation
Shift between coal and gas at margin

Combined vs single cycle gas plants
Experience with large hydro systems



10

Return on capital earned in periods of peak 
demand
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More wind capacity will skew prices and lower 
the value of wind as a resource
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Capacity & utilisation by fuel for Great Britain
Actual and 2020 scenarios

Scenario

Nuclear Coal Gas Wind Coal Gas Wind
A. 2008-09 baseline
Baseline 7,232 12,292 16,053 624 55% 63% 19%
2020 - Wind = 12 GW 4,982 11,724 18,430 2,298 54% 48% 19%
2020 - Wind = 36 GW 4,982 11,705 13,861 6,895 54% 36% 19%
B. 2009-10 baseline
Baseline 6,609 10,848 18,695 605 48% 69% 14%
2020 - Wind = 12 GW 4,553 10,400 21,412 1,703 48% 56% 14%
2020 - Wind = 36 GW 4,553 10,391 18,021 5,109 48% 47% 14%
C. 2010-11 baseline
Baseline 7,649 11,861 15,455 1,378 53% 50% 24%
2020 - Wind = 12 GW 5,270 11,381 18,008 2,890 53% 47% 24%
2020 - Wind = 36 GW 5,270 11,246 12,428 8,664 52% 33% 24%
D. 2011-12 baseline
Baseline 7,305 15,000 10,339 2,296 67% 33% 31%
2020 - Wind = 12 GW 5,537 14,350 13,141 3,690 66% 35% 31%
2020 - Wind = 36 GW 5,537 13,594 6,860 11,053 63% 18% 31%

Output (average MW) Output as % of availability
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Load duration curves 2011-12
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Load duration curves 2020 
(based on 2011-12)
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Experience and projections

Increase in wind capacity has (and will):
Reduced average load factor for gas by ~20 
percentage points
Increased use of coal relative to gas
Reduced investment in new gas plants
Stimulated investment in aero-derivative gas 
turbines and/or single cycle operation of CCGTs
Reduced market return for biomass & similar 
renewables which rely upon steam cycles
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Specific issues for gas backup

Industrial Emissions Directive
NOx emissions limits – cost ~£100-120 per kW for 
retrofitting (up to 15% of cost of new plant)
Between 8 & 19 GW of CCGT capacity on 
restricted hours from 2016 & retired in 2023
All OCGTs on restricted hours or retired

By 2020 requirement for:
At least 7 GW of new capacity (CCGT/OCGT) + 3-
4 GW of replacement plant
Prospective average load factor < 20%
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Spare gas capacity 2011-12 & 2020
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Implications of the scenarios

Increase in wind capacity requires complementary 
investment in gas plant

Wind reduces load factors & return on gas
Capacity payments to induce investment in gas
OCGTs preferred over CCGTs as low use backup

Reduction in CO2 much lower than predicted
Lower thermal efficiency of GTs, cycling, etc

Increased volatility of prices higher cost of capital 
in both generation & supply

Large (40-60%) increase in retail electricity costs
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Wind generation in the electricity market

Economic life of wind farms is max 15 years
ROC subsidies last too long (20+ years) and are very 
generous for re-powered wind farms
Price guarantees (FiT/CFDs) should be limited to 10-15 years

Need for a capacity mechanism
Auctions for future “secure” capacity
Lessons from hydro systems – Brazil, Chile, etc

What should be done about the absurd generosity of 
subsidies for onshore wind?
Why are many consented sites not developed?
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Designing an efficient market

Premium for “firm” energy supplies
Energy only vs capacity payments
Put burden of intermittency on generators
Who should bear the cost of curtailment?

Locational charges for transmission
Current system encourages gaming transmission 
bottlenecks and reliance on extreme locations

Efficient compensation for storage
Lessons from gas & pumped storage



Case Study:
The Electricity Market in Ireland
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Wind power in Ireland - context

Target of 40% generation from renewables
Implies 4800-5300 MW of wind capacity in 2020
Dispatchable capacity 8650 MW, most gas
Average demand 4700 MW, peak 7300 MW, base 
load 2600 MW

Based on historic wind performance
Peak wind output 4200-4900 MW
High probability of curtailment on windy days
Reduced load factors, hence more capacity 
required to meet 40% target
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Wind power in Ireland – issues 1

Who pays for cost of curtailment?
Operation of REFIT price guarantees
Impact on the cost of capital

What kind of backup?
Retirement of or restrictions on coal/peat/HFO –
these are baseload not cycling units
About 2800 MW of new OCGTs required – but not 
economic at market prices
Cost covered by capacity payments from SEM 
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Wind power in Ireland – issues 2

Vintage effects on performance
Decline in load factor for wind from historic value 
of 31% to (??) 25% or lower
Increase of 1200 MW in capacity to meet target
Early retirement of wind capacity increases 
investment cost by ~€350-400 mln per year

Impact on customers
For GB equivalent to 40-60% increase in retail 
electricity costs
Impact on wholesale customers is an increase of 
100-130% 



The performance of wind farms
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Background

Wind power is a capital intensive technology
Projections of load factors are critical for any 
assessment of costs and future investment

Difficulty of interpreting raw data
Systematic variations in wind conditions
Variations across sites & operational regimes
Changes in composition of turbine types, ages, etc

Lack of published evidence on performance of 
wind farms over time and by location



Error components specification



Period fixed effects vs wind speeds



Statistical methods

Standard panel fixed effects estimation used 
with robust standard errors

Consistent estimates of coefficients under quite 
weak assumptions
Standard errors consistent if errors are 
heteroskedastic or serially correlated
Cross-check using bootstrap standard errors
No assumptions required about the distribution of 
the errors
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Analysis of UK onshore wind farms

Analysis of ROC monthly output for 2002-12
Strong incentive to report reliable data

Standard panel fixed effects models allowing for age, 
period (wind availability), location

Multiplicative (log-linear) specification for load factor
Unit fixed effects capture site & location effects
Total of 296 separate reporting units analysed with total 
installed capacity of 4200 MW 

Extensive testing to identify additional factors which 
influence performance
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United Kingdom onshore : quadratic vs age 
effects in additive model
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United Kingdom onshore : quadratic vs age 
effects in multiplicative model
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UK – age-performance percentiles 
(Multiplicative model with equal weights)
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United Kingdom onshore : equal vs capacity 
weights in multiplicative model
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UK wind farms – age distribution
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UK wind farms – capacity & turbine size
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UK – multiplicative model by turbine size



UK – trend in additive period effects



UK – trend in multiplicative period effects
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UK – wind & time trends
Additive model Multiplicative model

Full Wind & Time Full Wind & Time
Age -1.159*** -1.719*** -0.0666*** -0.0861***

(0.257) (0.339) (0.015) (0.018)
Age * medium 0.513** 0.659*** 0.0412*** 0.0422***

(0.227) (0.238) (0.015) (0.015)
Age * large 1.288*** 1.515*** 0.0689*** 0.0735***

(0.252) (0.269) (0.016) (0.016)
Age^2 0.00542 0.00417 0.00033 0.000307

(0.007) (0.008) (0.001) (0.001)
Age^2 * medium -0.0321 -0.0385* -0.00250** -0.00251**

(0.023) (0.021) (0.001) (0.001)
Age^2 * large -0.125*** -0.126*** -0.00502** -0.00512**

(0.035) (0.038) (0.002) (0.002)
Wind 5.191*** 0.204***

(0.075) (0.003)
Month 0.113*** 0.00529***

(0.026) (0.001)
Constant 29.70*** -24.27*** 3.413*** 1.140***

(1.320) (1.552) (0.065) (0.067)

R-squared 0.658 0.579 0.560 0.460
Number of groups 291 291 291 291
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1



41

Normalised load factor in year 1 by 
commissioning date - distribution
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Normalised load factor in year 1 by 
commissioning date – median values

Year commissioned Median value of normalised load factor (%)

England Northern 
Ireland Scotland Wales All 

2000 18.9 38.6 21.5

2001 24.0 24.6 24.6 24.3

2002 27.4 23.4 26.0 26.0

2003 21.8 29.2 26.5 26.6

2004 17.2 20.7 17.5 18.4

2005 22.5 22.9 22.0 22.0 22.2

2006 20.6 22.6 21.7 20.8 21.1

2007 18.4 22.3 23.8 16.8 19.7

2008 16.3 21.2 18.5 21.6 17.4

2009 19.5 19.9 20.1 16.7 19.7

2010 19.4 16.3 18.7 16.3 18.7

2011 15.5 20.3 16.4 12.3 16.5



43

Performance degradation and the economic life 
of wind farms
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Projected performance in 2020 – UK onshore 
wind farms
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Implications for energy policy 1

Economic life of wind farms is no more than 15 years
Many onshore wind farms re-powered after 10-12 years
After 10 years the residual value of turbines is low, but there 
is an option value for site redevelopment
Costs of meeting renewable targets much higher than 
current forecasts suggest due to

Higher capacity required due to lower average load factors
Shorter operating lives implies higher replacement costs

Implications for financing investments
Not attractive to many infrastructure investors
Higher cost of capital due to uncertainty about length of 
investment return and residual values
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Implications for energy policy 2

Impact of load factors on levelised costs
Increase from £86 to £183 per MWh for onshore wind and 
from £128 to £218 per MWh for R3 offshore wind

Market prices and/or subsidies required to fund 
renewable energy targets

DECC/CCC analysis based upon erroneous assumptions
Allowance of £8-10 per MWh for price differential
Total subsidy required in range £115-145 per MWh without 
any allowance for integration costs
Extra cost of offshore wind not as large as often thought
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Levelised costs : assumed vs actual 
performance
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Conclusions

Improving the design and location of turbines
More detailed analysis of existing data
Longer term monitoring of installations
Implications for maintenance regimes

Lessons for lease contracts
Who should take performance risk?

Financing investment in wind energy
Structuring subsidies
Impact on financing new projects
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“Green” Jobs
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Green jobs – the issues in the UK

The UK has a target to generate 30% of electricity 
from renewable sources by 2020
Investment in wind power is *very* expensive
Arguments:

Short term – jobs created in manufacture & installation
Long term – Porter hypothesis – infant industry argument
Development of new technologies & expertise

Basic macroeconomics – energy & environmental 
policies have, at most, a transitory impact on 
employment – contrast with labour market policies
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Direct & indirect employment

An investment of £120 billion rather than £13 billion 
will necessarily increase demand for labour

With GDP constant this financed by diverting investment 
from other sectors - £107 billion  10% business investment 
outside the electricity sector to 2020
Major supply bottlenecks – substantial cost inflation likely

Renewable energy creates less employment income 
per £ million of investment than gas or nuclear
Electricity investment is marginally more labour-
intensive than other business investment but 
substantial less labour-intensive than construction 
and investment in other types of infrastructure
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Employment income per £ 000 of capital 
spending on electricity generation

Construction
Boilers, 

turbines, 
etc

Mechanical & 
electrical

Solar 
equipme

nt
Other Total

A. Direct capital spending
Nuclear 32 110 11 0 57 210
Coal 32 121 26 0 19 198
Gas 42 110 19 0 32 202
Wind - onshore 28 131 22 0 19 200
Wind - offshore 42 110 26 0 19 197
Solar - photovoltaic 23 0 41 33 32 129
Solar - thermal 9 31 19 39 32 130
Biomass 32 121 26 0 19 198
Hydro 102 31 19 0 44 196
B. Direct & indirect capital spending
Nuclear 73 165 17 0 95 350
Coal 73 181 40 0 32 325
Gas 93 165 29 0 53 340
Wind - onshore 62 196 34 0 32 325
Wind - offshore 93 165 40 0 32 330
Solar - photovoltaic 52 0 63 49 53 217
Solar - thermal 21 47 29 57 53 206
Biomass 73 181 40 0 32 325
Hydro 228 47 29 0 74 378
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Technology & the Porter hypothesis 1

Claim: green technology will form the basis for future 
comparative advantage in manufacturing
Facts: 

Employment in producing turbines, etc < 5,000 or ~20% of 
employment in conventional generation equipment
In the US, employment < 20,000
Most employment for building wind farms is in construction 
+ conventional electrical & mechanical equipment
No country, other than China, has seen sustained growth 
since 2005 in employment linked to manufacturing of 
renewable generation capital equipment.
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Technology & the Porter hypothesis 2

Claim: infant industry argument – R&D + learning by 
doing will reduce capital costs in future
Facts: 

Real cost of new installed capacity for both wind & solar PV 
stopped falling in early/mid 2000s
Without a fundamental technical change, future capital costs 
of renewables will be determined by location (less 
favourable), construction and electrical/mechanical items

No reasonable prospect of large cost reductions
The original Porter hypothesis for environmental equipment 
has been repeatedly shown to be wrong
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Energy prices & economy-wide effects

Renewable energy targets will increase wholesale 
electricity prices by 100-150% in the UK
Since the UK is an open economy with high capital 
mobility, higher energy costs will primarily fall on 
wages and/or employment in producing traded goods
Sectors identified account for 40% of employment in 
production of traded goods
Impact will vary from reductions in wage income to 
complete closure of plants
Effects are much bigger than any employment in 
producing capital equipment for renewable energy
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Sectors potentially affected by increase in 
energy costs

Reduction in employee 
compensation due to:

Employee compensation in £ mln

150% increase in 
electricity cost

100% increase in 
energy cost

Total 2008 "At risk"

Metallurgy 48.4% 73.3% 2,415 1,169
Plastic products 12.3% 15.6% 4,871 599
Agriculture 12.9% 50.4% 4,178 539
Metal forging, pressing, etc 10.0% 11.8% 4,280 428
Inorganic & organic chemicals 43.8% 125.0% 877 384
Structural metal products 14.1% 14.5% 2,457 346
Articles of concrete, stone etc 17.7% 29.0% 1,747 309
Paper and paperboard products 14.7% 20.9% 2,058 303
Pulp, paper and paperboard 41.3% 59.7% 650 268
Mining & quarrying 15.4% 23.9% 1,504 232
Shipbuilding and repair 17.9% 17.0% 1,292 231
Building materials 44.0% 90.9% 504 222
Industrial gases and dyes 32.7% 49.1% 637 208
Special purpose machinery 10.3% 11.5% 1,977 204
Glass and glass products 22.9% 41.9% 840 192
Alcoholic beverages 10.2% 23.1% 1,546 158
Other chemical products 11.9% 32.1% 1,201 143
Fertilisers, plastics & pesticides 15.2% 55.0% 905 138
Rubber products 14.1% 18.1% 849 120
Dairy products 12.4% 25.4% 822 102
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Macroeconomic effects

Diversion of business investment
Reduction in output ~2% of potential output in 2020
Equivalent to 40% of target reduction in public expenditure 
announced in 2010
Will fall almost entirely on employee compensation

Monetary policy – if inflation target is maintained, 
core inflation must be reduced by 0.7-0.8% per year

Sacrifice ratio generally considered to be > 2
Hence, economic activity must be reduced by > 1.5%

Overall, macroeconomic cost is reduction of at least 
2-3% in GDP for 10 years – cost equivalent to 15-
20% of current GDP
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Conclusion

The impact of renewable energy on employment is 
entirely a function of its cost
Allowing for the diversion of business investment the 
net impact will be negligible or, maybe, negative
Renewable technologies are not an infant industry

No evidence for significant impacts on future growth
Too much competition for sustained comparative advantage

The economy-wide impacts of higher energy prices 
are potentially large
So too are the consequences for macroeconomic 
policies


