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1 Executive Summary  
 

The EU Renewable Energy Directive sets the UK an ambitious target of meeting 15% of its 

final energy consumption using renewable energy sources by 2020. In conjunction with a 

large increase in the use of renewable heat and, to a lesser extent, renewable transport fuels, 

renewable electricity is expected to make a major contribution to the achievement of this 

target. Recent changes to the Renewables Obligation (RO) are predicted to deliver large 

amounts of renewable electricity from large-scale technologies, such as onshore and offshore 

wind. However, the banding of support within the RO does not provide sufficient incentives 

to small-scale renewable generators to encourage widespread uptake. For this reason, in the 

Energy Act 2008 the Government took powers to introduce a Feed-in Tariff for renewable 

electricity technologies up to 5MWe in size and gas CHP systems up to 50kWe. Element 

Energy and Pöyry Energy Consulting were contracted by the Department of Energy and 

Climate Change to conduct a detailed review and analysis of the options for designing a Feed-

in Tariff for Great Britain. 

Methodology 

The modelling approach is based on the construction of renewable electricity supply curves 

showing the size of the resource available at a given generating cost, as shown in Figure 1. 

The resource potentials for each technology were estimated using a combination of industry 

consultation, literature review and primary analysis using Geographical Information Systems 

(GIS). The resource potentials were combined with a technology cost and performance 

model, and a representation of investor behaviour based on telephone discussions with 

renewable energy investors. The resulting model is able to project uptake of each renewable 

technology under a wide range of feed-in tariff designs.  

 

Figure 1 Illustrative renewable energy supply curve 
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Following discussions with DECC, the following technologies were considered in the model: 

 Photovoltaics 

 Onshore wind 

 Hydroelectric power 

 Wave power 

 Tidal power 

 Biomass CHP 

 Waste to energy technologies 

 Gas-fired CHP 

Sewage gas and landfill have been deployed on a large scale under the Renewables 

Obligation. For the purposes of the modelling, it is assumed that these two technologies 

continue to receive support under the RO and are not supported under the FIT. In the main 

scenarios investigated, it is assumed that biomass electricity installations that do not make 

use of waste heat are not supported under the Feed-in Tariff. The interactions between the 

FIT and the Renewable Heat Incentive are discussed in the Analysis. 

A representation of large-scale investor behaviour was developed based on telephone 

discussions with renewable energy investors. Investors are assumed to have technology-

specific hurdle rates that they use when assessing the financial case investing in renewable 

technologies1. These hurdle rates vary from 8% for utilities investing in established 

technologies such as large wind turbines, to 14% for commercial developers investing in 

novel technologies such as Advanced Thermal Treatment of waste. To reflect the range of 

hurdle rates observed among investors in the real world, a distribution of hurdle rates was 

assumed, with early adopters requiring only 8% returns for all technologies before investing. 

Small-scale investors, such as householders and commercial building owners, are assumed to 

have a wider range of hurdle rates, which is consistent with the literature on energy 

efficiency purchases. For example, householders have a minimum hurdle rate of 3%, close to 

the social discount rate, and a maximum rate of 20%. 

Assessment of the potential for sub-5MW electricity 

The total technical resource was estimated for each of the technologies considered in the 

model. The technical potential represents the upper bound for the amount of a technology 

that can be deployed if sufficient policy and financial support were provided. The technical 

                                                           
1
 !ƴ ƛƴǾŜǎǘƻǊΩǎ ƘǳǊŘƭŜ ǊŀǘŜ ƛǎ ǘƘŜ ƳƛƴƛƳǳƳ Ŧƛnancial return they would require from a project in order 

to invest in it. 
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potential does not include time-dependent constraints such as the maximum growth rate of 

the industry or a limit on consumer demand in a given year; these constraints are imposed on 

the absolute supply curves to give dynamic supply curves, which show the resource available 

in a given year. 

Barriers are implemented at several points in the model. These dictate the level of 

deployment in a given year, and are caused by both market and social constraints. The 

market constraint is based on the ability of an industry to supply a demand for renewable 

energy technologies. The social barriers represent the social acceptance of renewable 

technologies changing as more are deployed. For example, it is assumed that social 

acceptance of wind-power decreases with increasing deployment as impacts from multiple 

developments begin to accumulate. Finally, an overall market growth constraint is applied to 

each technology, which limits the year on year growth of the industry. This is particularly 

important in the early years of the policy, where industries must grow rapidly from a small 

initial size. 

Baseline 

In order to assess the impacts of the Feed-in tariff scenarios, a baseline was established that 

projected uptake of sub-5MW technologies under Business as Usual. The baseline assumes 

that the banded RO continues to be the primary support measure for all technologies. Figure 

2 shows the uptake from sub-5MW technologies in the baseline. Over 2TWh of electricity is 

generated from new installations in 2020, and the generation is provided exclusively by large-

scale technologies such as on-shore wind, hydro and waste. 
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Figure 2 Electricity generation from sub-5MW technologies in the baseline 

 Policy results 
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The design of the Feed-in Tariff and the support levels paid to different technologies is 

guided by the overall aims for the policy. A scheme designed to meet a specific electricity 

generation target at the lowest cost to consumers and the economy will deliver a technology 

mix that is very different from a scheme designed to drive uptake of domestic ς and 

community-scale installations. To allow easier comparison between scenarios, a total 

electricity generation target for 2020 was set so that the overall technology deployment was 

constant between runs. Following discussions with DECC, two targets were used in the 

modelling, corresponding to 2% and 3.5% of UK electricity. This is equivalent to 8TWh and 

моΦр¢²Ƙ ōŀǎŜŘ ƻƴ 59//Ωǎ ǇǊƻƧŜŎǘƛƻƴ ƻŦ ¦Y ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ƛƴ нлнлΦ Figure 3 shows the 

technology mix for a flat tariff of £155/MWh. This tariff level is the minimum tariff required 

to provide 8TWh of generation in 2020. In other words, it is equal to the generating cost of 

the most expensive technology required to meet the target. This tariff is paid to all 

renewable generators, and includes the market electricity price. It is assumed to stay 

constant throughout the policy to 2020. Although the total deployment in this scenario is 

significantly larger than in the baseline, the majority of generation is still from large-scale 

technologies. Over 2.5TWh of biomass CHP is deployed by 2020, almost all of which is in 

standalone installations rather than those connected to district heating sites, due to the high 

additional cost of installing a district heating system.  
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Figure 3 Electricity generation from sub-5MW renewables - £155/MWh tariff 

An alternative to pursuing a least cost approach in the design of the policy is to aim to 

stimulate across a wide range of technologies and scales. For small-scale consumers who can 

only access small, higher-cost technologies, tariffs significantly higher than £155/MWh are 

required. Table 1 shows the tariff levels for two scenarios that result in more diverse 

ǘŜŎƘƴƻƭƻƎȅ ƳƛȄŜǎΦ Lƴ ǘƘŜ ΨŎƻƳƳǳƴƛǘȅ ōƛŀǎΩ ǎŎŜƴŀǊƛƻΣ ǘŀǊƛŦŦǎ ŀǊŜ ǎŜt specifically to encourage 
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deployment of community- and domestic-scale technologies, such as small and medium wind 

and PV systems. 

Table 1 Tariff levels for 2% diverse and community runs 

    2% diverse mix 2% community bias 

Technology Size 
Initial tariff 
(£/MWh) 

Degression2 
(% per year) 

Initial tariff 
(£/MWh) 

Degression (% 
per year) 

PV Domestic £400 5% £400 5% 

  4-10kW £380 5% £380 5% 

  10-100kW £250 5% £350 5% 

  100-5000kW £250 5% £300 5% 

  Stand-alone £250 5% £300 5% 

Wind Micro £200 0% £300 0% 

  1-15kW £200 0% £300 0% 

  15-50kW £200 0% £250 0% 

  50-250kW £200 0% £200 0% 

  250-500kW £200 0% £180 0% 

  500-3000kW £160 0% £143 0% 

Hydro 1-10kW £145 0% £145 0% 

  10-50kW £145 0% £145 0% 

  50-500kW £145 0% £140 0% 

  500kW+ £140 0% £140 0% 

Wave All types £250 2% £250 2% 

Tidal All types £250 0% £250 0% 

Biomass Heat turbine £130 0% £130 0% 

  ORC  £130 0% £130 0% 

  Steam turbine CHP £130 0% £130 0% 

  Electricity only £0 0% £0 0% 

Waste Electricity only £100 0% £100 0% 

  AD £100 0% £100 0% 

  Incineration £100 0% £100 0% 

 

Figure 4 shows the electricity generation mix with the tariffs shown above. Although the 

overall generation remains constant at 8TWh, the diversity of the generation mix is 

signiŦƛŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜŘΦ Lƴ ǘƘŜ ΨŎƻƳƳǳƴƛǘȅ-ōƛŀǎΩ ǎŎŜƴŀǊƛƻΣ ƻǾŜǊ мΦр¢²Ƙ ǇŜǊ ȅŜŀǊ ŀǊŜ ƎŜƴŜǊŀǘŜŘ 

from PV, the majority of which is from domestic-scale installations. Small wind turbines up to 

250kW in size also contribute 0.5TWh in 2020. The costs of increasing technology diversity is 

                                                           
2
 The degression rate is the annual reduction in the tariff paid to new installations. The degression rate 

reflects anticipated reductions in technology costs and reduces overpayments to investors purchasing 
systems in the future. 
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high, with a cumulative resource cost (defined as the total money spent on capital equipment 

and running costs for renewable energy plant) by 2020 of nearly £4 billion relative to 

Business as Usual, compared to £1.0 billion in the least cost scenario. 
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Figure 4 Renewable electricity generation in 2020 - diverse and community scenarios 

Figure 5 shows the supply curve for sub-рa² ǊŜƴŜǿŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ŦƻǊ ǘƘŜ н҈ ΨŎƻƳƳǳƴƛǘȅ 

scenario. The width of each bar represents the amount of electricity generated by each 

technology in 2020, while the height shows the levelised cost of energy in 2020 (in £ per 

MWh). Note that for simplicity, only the 2020 technology costs are shown. For technologies 

whose costs decrease over time, some of the resource shown in Figure 5 is deployed earlier 

than 2020 and so has a higher generating cost. All of the generation costs are calculated 

using a 10% cost of capital over the project lifetime. The figure shows that the waste 

technologies have the lowest cost of electricity, since plants earn revenue from heat sales 

and waste gate fees. Anaerobic digestion makes the largest contribution of the sub-5MW 

waste technologies. There is nearly 6TWh of resource available in 2020 for a generating cost 

of less than £150/MWh. There is then a significant gap between the generating costs of 

biomass CHP and small wind turbines while the levelised cost of domestic PV is still 

£450/MWh in 2020, at a 10% rate of return. 
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Figure 5 Renewable electricity supply curve - community bias 

Conclusions 

The results above illustrate the overall costs of meeting a given generation target with 

different technology mixes. The analysis also quantifies the effects of a range of other issues 

relevant to the design of Feed-in Tariffs. The key conclusions are summarised below: 

 A 2% generation target can be achieved at relatively low cost using mega-watt scale 

technologies. The cumulative resource cost by 2020 is £1.0 billion higher than 

business as usual. Diversifying the technology mix to include domestic-scale PV and 

wind comes at a high cost, with the cumulative resource cost in 2020 increasing to £4 

billion.  

 Banding tariffs by technology can lead to significant reductions in subsidy costs while 

maintaining the same overall generation by reducing overpayments to low-cost 

generators. The importance of banding increases with increasing technology 

diversity, since the differences in costs between technologies becomes larger than 

differences within technologies (for example large wind turbines at different wind-

speed sites). 

 Increasing the generation target to 3.5% of the UK electricity demand significantly 

increases the cost to the country by 2020, from £1 billion to £4 billion for the least 

cost scenarios. A 3.5% least cost scenario results in significant uptake of small-scale 

technologies, with over 3TWh of electricity per year generated from PV and small 
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wind. This is because for ambitious targets, large-scale technologies cannot be 

deployed quickly enough to meet the target by 2020. 

 For technologies whose costs are expected to decrease over time, reducing tariff 

levels each year is necessary to avoid overpayments to investors making investments 

in the second half of the next decade. However, matching tariff levels to technology 

costs from the first year of the policy results in significantly higher policy costs than 

setting a flat tariff so that the technology is only deployed when its costs decrease. In 

other words, there is a financial benefit to delaying uptake until technologies are 

cheaper. The risk of this approach is that if investor demand is low for the first few 

years of the policy because the tariffs are not sufficiently generous, the industry will 

not make the investments necessary to deliver large amounts of renewable energy at 

low cost towards 2020. 

 Premium tariffs, where tariff payments are made on top of the market electricity 

price, carry a higher risk than a fixed tariff with an equivalent total support level, due 

to volatility of electricity prices3. This additional risk is likely to be reflected in a 

higher cost of capital for projects and higher hurdle rates. This means that overall 

support must be higher under a premium tariff to encourage a given level of uptake. 

 In the results above, it is assumed that tariffs are paid over the lifetime of the 

technology. Where investors employ high discount rates and place a low financial 

value on revenues received in the distant future, total subsidy costs can be 

significantly reduced by paying tariffs over a shorter period. For example, for an 

investor with a 10% discount rate, a 10 year tariff that provides the same perceived 

value as a 25 year tariff has a 25% lower lifetime subsidy cost (assessed at the social 

discount rate of 3.5%). 

 The benefit of paying tariffs over a shorter period is highly sensitive to the way in 

which investors value long term benefits. For an early adopter with a similar discount 

rate to the social discount rate, there is no benefit to paying tariffs over a shorter 

period. For investors with very high discount rates, such as many domestic 

consumers, costs can be reduced by paying tariffs up-front at the point of purchase 

(capitalisation). The risk of this approach is that the investor has less incentive to 

continue to operate the system after the majority of the tariff has been paid. In 

ŀŘŘƛǘƛƻƴΣ ŎŀǇƛǘŀƭƛǎŀǘƛƻƴ ǊŜǉǳƛǊŜǎ ǘƘŜ ŜƴŜǊƎȅ ƻǳǘǇǳǘ ƻŦ ŜŀŎƘ ǎȅǎǘŜƳ ǘƻ ōŜ ΨŘŜŜƳŜŘΩ 

(estimated), and would require additional verification that the device actually 

delivered the electricity that it was predicted to generate. 
                                                           
3
 In addition to exposing investors to variability in market electricity prices, premium tariff designs also 

require that generators participate in the grid balancing and settlement processes. This can reduce the 
costs to the grid operator of large amounts of intermittent renewable generating capacity, but the 
transaction costs can be high for small generators. A detailed assessment of fixed and premium tariffs 
is provided in the companion report on Qualitative Design Issues. 
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 ¢ŀǊƛŦŦ ŘŜǎƛƎƴǎ ōŀǎŜŘ ƻƴ ǎŜǘǘƛƴƎ ǘŀǊƛŦŦǎ ǘƻ ŦǳƭŦƛƭ ŀ ŎŜǊǘŀƛƴ ǇƻƭƛŎȅ ƻōƧŜŎǘƛǾŜ Ǌƛǎƪ ΨǇƛŎƪƛƴƎ 

ǿƛƴƴŜǊǎΩΣ ōŜŎŀǳǎŜ the uptake of individual technologies is very sensitive to the tariff 

level. For example, in designing a tariff to deliver a significant quantity of renewable 

electricity from small-ǎŎŀƭŜ t±Σ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘ Ƴǳǎǘ ΨŎƘƻƻǎŜΩ ǘƻ ǎǳǇǇƻǊǘ ǘƘƛǎ 

technology relative to other, less costly alternatives. A more transparent method of 

setting tariffs is to provide an equal rate of return to all technologies. 

 Setting tariffs to provide an 8% rate of return for all technologies encourages uptake 

of small-scale, higher cost technologies but does not stimulate deployment of large-

scale systems. This is because there is a significant proportion of domestic investors 

who are willing to accept returns of 8% or less, but the majority of large-scale 

investors have hurdle rates above 8%.  

 The treatment of electricity from biomass must be considered carefully in the design 

of the Feed-in Tariff. A tariff structure that fails to provide additional incentives for 

plants utilising waste heat is likely to encourage the construction of electricity-only 

plants. This is an inefficient use of biomass compared to CHP plants and co-firing in 

gigawatt-scale electricity plants.  

 A heat incentive of £10/MWhth, similar to the additional 0.5 ROCs per MWhe paid to 

CHP plants under the RO, is sufficient to encourage use of waste heat in on-site 

applications. However, higher support is required to encourage deployment of plants 

connected to district heating networks due to the high additional costs involved. This 

higher support could be provided through the Feed-in Tariff, the Renewable Heat 

Incentive, or other policy support such as low-cost finance or grants for the 

construction of the heat distribution networks. 

 There is a very large potential for gas-fired CHP available at relatively low cost. A flat 

tariff of £155/MWh, equivalent to the market electricity price plus the 2 ROCs per 

MWh currently paid to renewable microgenerators, delivers nearly 22TWh of CHP 

electricity by 2020. The annual CO2 savings from gas-fired CHP in that year are over 3 

million tonnes. However, the majority of this potential is from domestic-scale devices 

which are not currently available in commercial quantities. As a result there is some 

uncertainty over the long term costs of these technologies. 

 A flat tariff of £155/MWh for gas-fired CHP has significantly lower subsidy costs than 

an initial tariff of £240/MWh degressed at 5% per year. This is because uptake is 

initially constrained by the ability of the industry to ramp up production capacity. 

Paying higher initial tariffs results in overpayments to investors who were willing to 

invest with lower support levels, while failing to deliver any additional deployment. 

This supports holding tariffs at the same level for the first few years of the policy, 

before introducing degression to match any further cost reductions. 
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information contained in this report and assumes no responsibility for the accuracy or 
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The report contains projections that are based on assumptions that are subject to 
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can be no assurance that the projections contained herein will be realised and actual results 
may be different from projected results.  Hence the projections supplied are not to be 
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and to note that the range necessarily broadens in the latter years of the projections. 
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2 Introduction  
 

The EU Renewable Energy Directive 2008 sets an ambitious target that 20% of energy used in 

the EU in 2020 should come from renewable sources. This target applies to all energy uses 

including electricity, heat and transport. The Directive sets out individual targets for each 

member state, and the UK must derive 15% of its final energy consumption from renewable 

sources. The Energy Strategy will set out how the UK Government intends to meet this target 

over the next ten years. In the RES consultation published in 2008, the Government indicated 

that renewable electricity would make a major contribution to the overall target, with 30-

35% of electricity being renewable in 2020. While the majority of this increase will be from 

large-scale technologies such as onshore and offshore wind delivered through the 

Renewables Obligation, it is expected that a contribution from smaller-scale technologies will 

be required if the overall target is to be met. 

The Energy Act 2008 gives the Government powers to introduce Feed-in Tariffs for small-

scale generators with capacities under 5MWe. Feed-in Tariffs will apply to a wide range of 

technologies, from domestic-scale solar photovoltaics and wind systems through to 

megawatt scale wind turbines and biomass electricity plants. Feed-in Tariffs are widely used 

to promote renewable electricity in continental Europe, and have led to widespread 

deployment of higher-cost technologies such as photovoltaics that have not been delivered 

in large numbers ǳƴŘŜǊ ǘƘŜ ¦YΩǎ wŜƴŜǿŀōƭŜ hōƭƛƎŀǘƛƻƴΦ While all Feed-in Tariff schemes 

share common features, such as guaranteed payments for eligible generators and 

guaranteed grid access, the detailed design and implementation of the policies differ 

markedly between member states. For example, in some schemes generators receive fixed 

tariffs for generated electricity that are independent of the market electricity price, while in 

other schemes generators are required to participate in the electricity market in the same 

way that large fossil fuel plants do.  

Element Energy and Pöyry were commissioned in early 2009 to conduct a detailed review 

and analysis of Feed-in Tariff schemes across the EU to inform the design of the Feed-in Tariff 

that will be implemented in England, Scotland and Wales in April 2010. The work was split 

into two parallel streams. The first stream was an exhaustive qualitative review of Feed-in 

Tariff design parameters, drawing on experience of best-practice from existing schemes. That 

report is published by Pöyry and Element Energy alongside this one. The second stream is a 

quantitative analysis of the optimal design of Feed-in Tariffs for Great Britain. This was based 

on the development of a model of the potential for sub-5MW renewable electricity in Great 

Britain, which can be used to investigate technology uptake under different Feed-in Tariff 

designs.  

The modelling approach, described in detail in Section 3, is based on the construction of 

renewable electricity supply curves showing the size of the resource available at a given 
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generating cost. The resource potentials for each technology were estimated using a 

combination of industry consultation, literature review and primary analysis using 

Geographical Information Systems (GIS). The resource potentials were combined with a 

technology cost and performance model and a representation of investor behaviour based 

on telephone discussions with renewable energy investors. The resulting model is able to 

project uptake of each renewable technology under a wide range of feed-in tariff designs. 

These range from relatively simple designs that aim to minimise the costs to the economy 

and electricity consumers for a given electricity generation target, to more complex 

approaches based on encouraging a wide range of technologies and scales or offering equal 

rates of return to all investors. Many design issues discussed in the qualitative report, such as 

the effects of premium versus fixed tariffs and degression, can be investigated and quantified 

using the model.  



Design of Feed-in Tariffs for Great Britain 
Final Report 

 

17 
 

  

3 Methodology  
 

3.1 Overview of model methodology  
 

This section describes the modelling approach employed to investigate the effect of different 

Feed-in Tariff designs on the uptake of sub-5MW renewable electricity. The overall approach 

builds on previous Element Energy analysis of the potential for medium-scale wind and PV in 

the commercial buildings sector4, and is based on the construction of renewable energy 

supply curves, which show the cost of electricity and potential resource for each technology 

(see Figure 6). This is similar to the approach employed by Green-X, which modelled uptake 

of renewable electricity technologies under Feed-in Tariffs and tradable green certificate 

schemes in the EU5. 

 

Figure 6 Illustrative renewable energy supply curve 

The overall model structure is shown in Figure 7. Absolute supply curves are derived for each 

technology by combining cost data and a model of investor behaviour with the assessment of 

the technical potential described in Section 3.3. The absolute supply curves show the 

maximum quantity of renewable technology that can be deployed at a given generation cost; 

they do not include any demand or supply-side constraints. These market and social barriers 

are then applied to the absolute supply curve to yield dynamic supply curves, which show the 

maximum deployment for each technology in a given year. 

The renewable electricity technologies on the supply curve are disaggregated according to 

the following attributes: 

                                                           
4
 Element Energy (2008): The Growth Potential for On-site Renewable Electricity in the Non-domestic 

Sector. 
5
 Green-X (2004) ς Deriving optimal promotion strategies for increasing the share of renewable 

electricity in a dynamic European electricity market. 
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 Technology type - e.g. PV or wind 

 Technology scale - e.g. building mounted, small and large wind 

 Site type - e.g. wind-speed, heat load, insolation level 

 Investor - e.g. householder or utility. The investor type affects the cost of capital and 

hence the overall project costs. 

 Year - this influences the technology costs and the maximum deployment in that 

year. 

Once the dynamic supply curves have been established, a revenue model is used to calculate 

the total income per megawatt-hour for each technology. The revenue model includes the 

market value of electricity and heat, as well as payments made from Feed-in Tariffs. If the 

total revenue exceeds the generating costs for a given technology and investors, the 

potential of that technology in that year is deployed. The model reports uptake in terms of 

numbers of installations, electricity generation and installed capacity for each technology and 

year. It also reports net costs and benefits to the country in line with Government guidelines 

on appraising low carbon policies. 

Feedbacks are implemented at several stages in the model. The market and social barriers 

used to build the dynamic supply curves for each year depend on the cumulative uptake of 

each technology. For example, the amount of PV that can be deployed in each year depends 

on the sales in the last year since the industry has a finite growth rate. In addition, tariff 

levels paid to generators under the FIT can be linked to uptake, so that tariffs are reduced if 

uptake in the last year exceeded a set value. This is implemented in Germany, where tariffs 

ŀǊŜ ΨŘŜƎǊŜǎǎŜŘΩ ōȅ ŀƴ ŀŘŘƛǘƛƻƴŀƭ м҈ ƻǾŜǊ ǘƘŜ ǎǘŀƴŘŀǊŘ ǊŜŘǳŎǘƛƻƴ ƭŀǎǘ ȅŜŀǊΩǎ ƛƴǎǘŀƭƭŜŘ ŎŀǇŀŎƛǘȅ 

exceeded a pre-defined value. 
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Figure 7 Overview of model structure 

3.1.1 Technologies considered  

 

Following discussions with DECC, the following technologies were considered in the model: 

 Photovoltaics 

 Onshore wind 

 Hydroelectric power 

 Wave power 

 Tidal power 

 Biomass CHP 

 Waste to energy technologies 

 Gas-fired CHP (up to 50kWe) 

In line with the capacity limit for the Feed-in Tariff described in the Energy Act 2008, only 

sub-5MWe projects considered. Some of the technologies considered, such as incineration, 

are traditionally sized higher than 5MWe due to economies of scale. Where this was the case, 

only sub-5MW plants were included in the model, and the total resource was restricted to 

sites suitable for smaller plants (see Section 3.3). 
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3.2 Investor behaviour  
 

The uptake of renewable electricity technologies under a supportive Feed-in Tariff depends 

on whether or not the rate of return of the project exceeds the hurdle rate of potential 

investors. The hurdle rate of large-scale investors is based on their Weighted Average Cost of 

Capital (WACC), which is itself dependent on the risk associated with the project. This means 

that projects employing novel technologies, such as marine power or advanced thermal 

treatment of waste, will have higher hurdle rates than those using established technologies, 

to reflect the risk of technology failure. 

The hurdle rates assumed for large-scale investors are based on telephone discussions with a 

number of investors conducted by Pöyry in early 2009. Detailed results of these discussions 

are included in the report by Element and Pöyry on qualitative design issues that 

accompanies this report. Table 2 summarises the hurdle rates by investor and technology 

from the discussions. In general utility companies have lower hurdle rates than developers 

do for similar projects, and rates for novel high risk technologies are two to four percentage 

points higher for novel, higher risk technologies. The values in Table 2 show the maximum 

hurdle rates for each technology. To represent the range of hurdle rates observed in the 

whole population, a distribution of hurdle rates was implemented. Large-scale investors are 

assumed to have a minimum hurdle rate of 8%, regardless of technology, and the maximum 

values shown below. The figures below are post-tax nominal hurdle rates. 

Table 2 Hurdle rates for large scale investors 

  Utility/ESCO Developer 

  Large scale Medium scale Large scale 

Solar PV 8% 12% 10% 

Onshore Wind  8% 12% 10% 

Hydro 8%  10% 

Biomass 10% 12% 12% 

Wave 12%  14% 

Tidal 12%  14% 

Waste AD 8% 10% 10% 

Gasification 12%  14% 

Incineration 8%  10% 
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Smaller-scale investors such as householders and commercial building do not use a single 

hurdle rate when assessing investment decisions. Instead, the effective hurdle rate of a 

project includes a number of intangible factors such as hassle costs and transaction costs, 

which vary significantly between investors. For example, literature on uptake of energy 

efficiency measures suggests that many domestic consumers have very high hurdle rates, 

expecting returns of 20% per year, while early adopters invest in technologies which do not 

provide positive returns in their lifetimes. To represent this range of consumer behaviour, a 

distribution of hurdle rates was implemented in the model. At the domestic scale, the 

minimum hurdle rate was assumed to be 3%, close to the social discount rate of 3.5%, and 

the maximum was 20%. Commercial building owners are assumed to have a narrower 

distribution, with minimum and maximum hurdle rates of 6% and 15% respectively. The 

range of hurdle rates is significantly higher than for large-scale investors described above. 

For both large and small-scale consumers, hurdle rates are distributed linearly through the 

population, as shown in Figure 8. In the figure, P1 and P2 represent the levelised technology 

costs when assessed at the minimum and maximum hurdle rates. If the total revenue 

through the feed-in tariff is lower than P1, no uptake occurs. If the revenue is half way 

between P1 and P2, 50% of the potential in the dynamic supply curve is deployed. If 

revenues are higher than the levelised cost when assessed at the maximum hurdle rate, 

100% of the maximum annual potential is deployed. This implies that increasing revenues 

beyond these values does not increase technology uptake, but increases producer profits and 

the total subsidy spend. 

 

 

Figure 8 Distribution of investor behaviour in the model 
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3.3 Assessment of resource potentials  
 

The total technical resource was estimated for each of the technologies considered in the 

model. The technical potential represents the upper bound for the amount of a technology 

that can be deployed if sufficient policy and financial support were provided. The technical 

potential does not include time-dependent constraints such as the maximum growth rate of 

the industry or a limit on investor demand in a given year; these constraints are imposed on 

the absolute supply curves to give dynamic supply curves, which show the resource available 

in a given year. 

Development  of supply curves

 

Figure 9 Steps used in the development of dynamic supply curves 

The factors constraining the absolute resource potentials are technology-specific. For 

example, the potential for building-attached photovoltaics is constrained by the amount of 

available roof space in the commercial and domestic sectors. On-shore wind power is 

constrained by the availability of high wind-speed sites, as well as by the strength of the local 

electricity grid and the proximity of buildings. For technologies using a finite feed-stock, such 

as biomass or waste, the availability of the feed-stock often constrains the overall 

deployment. For example, anaerobic digestion has a specific requirement for biological 

ǿŀǎǘŜΣ ŀƴŘ ΨŎƻƳǇŜǘŜǎΩ ǿƛǘƘ ƻǘƘŜǊ ŘƛǎǇƻsal methods such as advanced thermal treatment and 

composting for that resource. It should be noted that although the supply of domestically 

grown biomass is limited due to land availability, the UK can import large quantities of 

biomass from overseas. For the purposes of this study, it is assumed that the availability of 

biomass is not a constraint on the potential for sub-5MW systems. 
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The 5MW capacity cap under the UK Feed-in Tariff makes the estimation of resource 

potentials for several technologies challenging. For example, wave and tidal technologies are 

likely to be deployed in clusters with total capacities exceeding 5MWe, due to prohibitive 

costs of grid connection and maintenance for sites far from the shore. Therefore, our 

assessment of the sub-5MW marine resource excludes sites in deep water that are far from 

the coast, and only near-shore sites appropriate for smaller projects are included. The 

methodologies used to estimate the resource potentials for each technology are described in 

detail in Appendix B.  

Table 3 summarises the technical potentials for sub-5MW renewable electricity in the UK. In 

terms of absolute potential, PV has the highest potential of the renewable technologies with 

over 60TWh per year. The potential for biomass electricity is over 40TWh a year, even when 

constrained by heat demands. The potential for gas-fired CHP is extremely large, equivalent 

to over 25% of UK electricity demand. The majority of this is in the domestic sector, and 

assumes that a technology such as fuel cell CHP is commercialised that allows high run hours 

in sites with relatively low heat demands, such as new homes. 
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Table 3 Summary of resource potentials for sub-5MW electricity in the UK. 

Technology Type Technical potential (TWh/year) 

PV Domestic 22.3 

  Medium/large building attached 29.6 

  Stand-alone 8.5 

Wind  Micro 3.8 

  1.5-15kW 1.1 

  15-50kW 1.4 

  50-250kW 1.5 

  250-500kW 1.6 

  500-3000kW 8.4 

Hydro 1-100kW 0.5 

  100-1000kW 3.0 

  1000+ kW 1.3 

Wave Sub-5MW 0.4 

Tidal Sub-5MW 0.2 

Biomass District heating - new build 1.5 

  District heating - retrofit 17.0 

  Stand-alone commercial 6.0 

  Low temperature industrial 18.8 

Waste Advanced Thermal Treatment 0.7 

  Anaerobic Digestion 3.3 

  Incineration 0.5 

Gas CHP Domestic 1kW 88.7 

  1-50kW 23.8 

  Total renewable 131.2 

  Total including gas CHP 243.7 
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3.4 Barriers to uptake  
 

As shown above, the technical potential is extremely large for the majority of renewable 

energy technologies. However, there are numerous barriers that restrict the amount of 

renewable energy that can be deployed in a given year. There are three barriers within the 

model that are used to generate dynamic supply curves for each year from the static 

resource potentials. 

 

3.4.1 Social acceptance 

 

For many renewable energy technologies, social acceptance is a key factor determining the 

maximum deployment. This is especially true for large scale technologies such as on-shore 

wind and waste, where there can be strong public opposition due to concerns over visual 

impact, noise, traffic movements or air quality. The social acceptance of these technologies 

tends to decrease with increasing deployment, for example as concerns grow with the 

cumulative impact on the landscape of a large number of wind farms. In addition, developers 

are likely to exploit sites with smaller anticipated planning issues first, so new deployment 

ƻǾŜǊ ǘƛƳŜ ƻŎŎǳǊǎ ƛƴ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ΨŘƛŦŦƛŎǳƭǘΩ ǎƛǘŜǎΦ CƻǊ ƴƻǾŜƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ǿƛǘƘ ƭƻǿ 

cumulative deployments, however, social acceptance is likely to increase at first as the public 

familiarity increases and misconceptions are overcome. Figure 10 shows the social 

acceptance barriers implemented in the model. The percentage of the remaining potential 

that can be deployed in a given is assumed to decrease exponentially with the percentage of 

absolute potential achieved. To reflect the increasing social acceptance of novel technologies 

with low deployments, the starting point of the function is set sufficiently high that it is less 

restrictive than supply side barriers. 
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Figure 10 Social acceptance barriers employed in the model. bS1 ς bS5 represent different levels of social 
barriers. 

3.4.2 Market barriers  

 

Penetration of new technologies tends to follow an S-shaped curve when market share is 

plotted against time. This is due to changes in demand and supply at different levels of 

deployment. For a novel technology entering the market place, investor demand is likely to 

be low due to lack of awareness and technological uncertainty, as well as high costs due to 

immature supply chains and manufacturing processes. In turn, the capacity of the supply 

chain is low since there is insufficient mass-market demand to justify large-scale investments 

in capacity. As technologies are taken up by early adopters, awareness and hence demand 

among mass-market consumers increases. This in turn drives increased capacity in the supply 

chain. In conventional diffusion theory, it is assumed that the maximum rate of deployment 

occurs at a market share of 50%. After this point, consumer demand decreases as the pool of 

remaining investors shrinks. For renewable electricity technologies, this reduction in demand 

also reflects the increased project costs of less-optimal sites, for example those with low 

wind speeds. 

To achieve an S-shaped deployment curve, a function relating the annual rate of deployment 

to the proportion of absolute potential realised was used, as shown in Figure 11. Less 

restrictive barriers allow the cumulative deployment to grow faster and for the market to 

saturate earlier than for a highly restrictive barrier. The exact shape of the curve is set for 

each technology during the calibration of the model. 
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Figure 11 Market constraints implemented in the model. bM1 ς bM5 represent different levels of market 
constraints. 

 

3.4.3 Growth rate constraints  

 

The social and market barriers above are applied independently to each of the technology 

sub-types. For example, if feed-in tariffs were to cause widespread deployment of large-scale 

PV but no uptake at the domestic, the proportion of absolute potential achieved will be 

different for the two sub-types and hence the percentage of the remaining potential that can 

be deployed in the following year will be different. However, given that the overall supply 

chains are very similar for the PV industry as a whole, a technology-specific growth constraint 

is applied across each technology which sets a limit on the increase in annual deployment 

ǊŜƭŀǘƛǾŜ ǘƻ ƭŀǎǘ ȅŜŀǊΩǎ ǎŀƭŜǎΦ 

The maximum growth rates assumed for each technology are shown in Table 4. Technologies 

with low current deployment in the UK have higher growth rates than large-scale and 

established technologies. The growth rates are set to reflect experience from other countries 

which have seen significant deployment of renewable energy technologies. For example, 

under the German Feed-in Tariff, the growth rate of the PV industry has averaged 70% per 

year for the last five years. However, this growth has been highly variable, with a decrease in 

total sales in one year and a 300% growth rate in another. For technologies with very low 

current sales in the UK, such as PV, it is likely that spare supply capacity in other countries 
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both in manufacturing and installation could be used to meet rapidly growing UK demand. 

This means that in the short term, annual UK sales may be able to grow significantly quicker 

than 70% per year. For this reason, it is assumed that each technology may undergo a one-

time increase in annual sales, as shown in Table 4. For example, if a Feed-in Tariff introduced 

in 2010 for PV stimulates sufficient demand, the industry may install up to 50MW in the first 

year of the policy, despite this being more than 70% higher than current deployment of less 

than 10MW per year. Once the annual sales exceed 50MW, the industry then grows at the 

maximum growth rate shown. It should be noted that these one-time increases are 

conservative estimates. During the growth of the PV industry in Germany, much larger year 

on year increases in sales occurred in individual years. However, the average annual growth 

rate over the last five years has been close to 70%. 

Table 4 Maximum technology growth rates 

Technology Maximum annual growth rate One time increase permitted 

PV 70% 50MW 

Wind 50% 50MW 

Hydro 70% 10MW 

Wave 70% 10MW 

Tidal 70% 10MW 

Biomass 50% 10MW 

Waste 30% 10MW 

 

3.5 Model Calibration  
 

Once the technology cost and performance data had been combined with the absolute and 

dynamic resource potentials, the model was calibrated to ensure that it reflected experience 

of other countries which have successfully deployed renewable energy technologies. 

Calibration was achieved by setting the market and social barriers for each technology so 

that they matched historic UK uptake in the baseline, and levels of uptake under generous 

Feed-in Tariffs were consistent with growth rates observed in other countries and industries. 

 

Figure 12 shows the results of the calibration process for PV. Two data series have been used 

for the calibration. The first is historic uptake that occurred in the UK since the start of the 

decade, based on data from the IEA. Annual PV installations remained very low, at between 3 

and 5MW. Since many of these installations were supported with capital grants under the 

Major PV Demonstration Programme and Low Carbon Buildings Programme, historic capital 

subsidies were included in the model. The second data series used in the calibration is PV 

deployment in Germany under the Feed-in Tariff. Since its introduction in 2002, the PV 

industry has grown rapidly, with over 1GW of modules installed in 2008. Although the tariff 
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structures are slightly different from the ones modelled for the UK, and soft loans were 

widely available to consumers when the policy began, the German deployment data still 

provides a useful indication of how PV may grow in the UK under generous policy support. 

For the purposes of the calibration, the German data were time-shifted so that the policy 

ΨǎǘŀǊǘŜŘΩ ƛƴ нлмлΦ Figure 12 shows that the model can closely replicate both historic UK 

uptake and deployment under a German-style feed-in tariff.  

There were no data available on the historic deployment of sub-5MW systems under 

European Feed-in Tariffs for wind power, since the UK is unique in imposing a 5MW eligibility 

limit. In this case, historic UK uptake data from the ROC Register6 on sub-5MW generators 

were used in the calibration. For technologies with no historic deployment such as wave and 

tidal power, the barriers were set equal to other technologies for which data were available. 
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Figure 12 Calibration of model against historic uptake ς PV 

                                                           
6
 https://www.renewablesandchp.ofgem.gov.uk/ 
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3.6 Fuel prices  
 

CǳŜƭ ǇǊƛŎŜǎ ǳǎŜŘ ƛƴ ǘƘŜ ƳƻŘŜƭ ŀǊŜ ōŀǎŜŘ ƻƴ 59//Ωǎ Ŧƻǎǎƛƭ ŦǳŜƭ ǇǊƛŎŜ ǎŎŜƴŀǊƛƻǎΦ ¢ƘŜǎŜ Ŏƻƴǘŀƛƴ 

projections for the price of electricity and gas for domestic, commercial and industrial 

consumers from 2008 to 2025. The projections are split into four scenarios from a low energy 

demand case to a ΨǎƛƎƴƛŦƛŎŀƴǘ ǎǳǇǇƭȅ ŎƻƴǎǘǊŀƛƴǘǎΩ scenario, where prices increase substantially 

towards the end of the decade. The tables below show the projected electricity prices for 

each of the four scenarios. All figures are in 2008 ǇǊƛŎŜǎΦ ¢ƘŜ ŎŜƴǘǊŀƭ ǇǊƻƧŜŎǘƛƻƴ όΨ¢ƛƳŜƭȅ 

ƛƴǾŜǎǘƳŜƴǘΣ ƳƻŘŜǊŀǘŜ ŘŜƳŀƴŘΩύ ǿŀǎ used in all model runs unless stated otherwise. 

The figures below include a CO2 price and are the prices that consumers pay for electricity. In 

the absence of additional support under the Feed-in tariff, the prices also represent the value 

received by renewable energy generators. Electricity that is generated and used on-site is 

valued at the retail price, while exported electricity is valued at the wholesale price. Small 

renewable energy systems that are linked to nearby buildings, for example PV and small wind 

turbines, are assumed to export 50% of their output to the grid, while large-scale 

technologies are assumed to export their entire output at the wholesale price. 

For the purposes of calculating resource costs in the cost-benefit analysis, modified 

electricity prices were used that did not include carbon prices or taxes. 

Table 5 Electricity prices ς Low Energy Demand 

Year Domestic(p/kWh) Commercial (p/kWh) Industrial (p/kWh) Wholesale (p/kWh) 

2008 14.93 9.97 11.46 7.38 

2010 12.48 7.64 9.12 4.78 

2015 11.94 7.74 9.22 4.43 

2020 12.85 8.59 10.08 4.56 

 

Table 6 Electricity prices ς Timely investment, moderate demand 

Year Retail (p/kWh) Commercial (p/kWh) Industrial (p/kWh) Wholesale (p/kWh) 

2008 14.93 9.97 11.46 7.42 

2010 15.06 10.09 11.58 5.92 

2015 14.60 10.27 11.75 5.85 

2020 15.87 11.47 12.96 6.25 

 

Table 7 Electricity prices ς IƛƎƘ ŘŜƳŀƴŘΣ ǇǊƻŘǳŎŜǊǎΩ ƳŀǊƪŜǘ ǇƻǿŜǊ 

Year Retail (p/kWh) Commercial (p/kWh) Industrial (p/kWh) Wholesale (p/kWh) 
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2008 14.93 9.97 11.46 7.38 

2010 15.81 10.81 12.30 7.94 

2015 16.34 11.92 13.41 8.59 

2020 18.42 13.90 15.39 9.83 

 

Table 8 Electricity prices ς High demand, significant supply constraints 

Year Retail (p/kWh) Commercial (p/kWh) Industrial (p/kWh) Wholesale (p/kWh) 

2008 14.93 9.97 11.46 7.38 

2010 17.85 12.75 14.24 9.87 

2015 19.11 14.56 16.05 11.22 

2020 20.61 15.99 17.48 11.91 
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3.7 Model outputs  
 

For each Feed-in Tariff scenario, the primary model outputs are electricity generation, 

installed capacity and CO2 savings for each year of the policy. These outputs are split by 

technology, size, site type (for example, different wind speed bands) and investor type. For 

clarity, only partially disaggregated results are shown in the summary graphs and tables in 

the Results section. 

In addition to the primary outputs, the model also provides a detailed cost benefit analysis of 

each Feed-in Tariff using a methodology agreed with the DECC. Numerous studies that have 

conducted cost benefit analyses of low carbon policies for all technologies and scales have 

done so using a wide range of input assumptions and methodologies. This causes difficulties 

when the costs and benefits of different policies are compared across studies. For this 

reason, the CBA methodology is described below. Table 9 shows the summary cost benefit 

analysis outputs as they are presented in the Results section, and each output is described 

below. 

Table 9 Example of summary CBA outputs 

 

Parameter Unit Value 

Additional electricity generation in 2015 TWh 1.2 

Additional electricity generation in 2020 TWh 5.7 

Renewable heat generation in 2020 TWh 9.1 

Annual resource cost in 2020 £m 199 

Cumulative resource cost to 2020 £m 1,037 

Annual resource cost in 2020 £/MWh 35 

Annual cost to consumers in 2020 £m 331 

Cumulative cost to consumers to 2020 £m 1,523 

Annual CO2 savings in 2020 MtCO2 2.4 

 

3.7.1 Additional electricity and heat generation  

 

Throughout the CBA, a counterfactual scenario is deducted so that all values are additional to 

the baseline. The counterfactual scenario is assumed to be the Business as Usual case as set 

out in the Results section, and assumes that the Renewables Obligation continues to be the 
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main source of support for renewable electricity technologies. This means that additional 

electricity generation in 2015 is less than the total generated in a given scenario. For 

example, although the additional electricity generation in 2020 in the table above is 5.7TWh, 

the total generated in the scenario is 8TWh since 2.3TWh is generated in the baseline. 

 

3.7.2 Resource costs 

 

Resource costs are defined as the costs to the country of pursuing a particular policy relative 

to a counterfactual scenario. The costs include capital spent on equipment and operating 

costs, and in this case include savings from electricity generated by renewable technologies. 

Resource costs explicitly exclude transfers, or payments made from one part of society to 

another, and so exclude taxes, subsidies and CO2 prices.  

In order to calculate resource costs, capital costs are annualised over the equipment lifetime. 

Capital costs are annualised using an interest rate of 10% for all consumers, which represents 

a standard cost of capital that might be applied to renewable energy projects. The cost of 

capital does not attempt to capture the large range of discount rates seen in domestic 

consumers, which are represented in the uptake model using a distribution of hurdle rates. 

This is because the observed high hurdle rates capture a range of hidden and ΨƘŀǎǎƭŜ ŎƻǎǘǎΩ 

that do not accrue to the country as a whole. Therefore the discount rates used in the CBA 

reflect only the actual cost of capital.  

The electricity produced each year by renewable technologies is valued at electricity prices 

provided by DECC, which exclude the carbon price. Costs occurring in the future are 

discounted back to present values using the Green Book social discount rate of 3.5% per 

year.  

The annual resource cost per MWh in 2020 is defined as the additional resource cost in that 

year relative to the baseline divided by the additional electricity generation in that year. This 

figure is also discounted back to 2008 prices. 

3.7.3 Costs to consumers 

 

Since the tariffs paid to renewable energy generators under the Feed-in Tariff are funded by 

electricity consumers, the cost to consumers records the total value of tariffs paid each year 

under the policy. Since money paid to generators under a fixed tariff includes the value of the 

electricity itself, the wholesale price is deducted from the total tariff paid when calculating 

the cost to consumers. For example, a fixed tariff of £200/MWh represents an additional cost 

to consumers of £150/MWh if the electricity itself is valued at £50/MWh. Like the resource 

costs, all future costs are discounted to present values prices at 3.5% per year. 
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3.7.4 Annual CO2 savings 

 

To avoid double counting CO2 savings from renewable heat production in this study and 

parallel work on the Renewable Heat Incentive, unless stated otherwise the CO2 savings 

reported here related only to the renewable electricity generation. The CO2 displacement for 

renewable electricity is based on 59//Ωǎ ǇǊƻƧŜŎǘƛƻƴ ŦƻǊ ǘƘŜ ƳŀǊƎƛƴŀƭ ƭƻƴƎ ǘŜǊƳ ŜƳƛǎǎƛƻƴǎ 

factor, assumed to be constant throughout the model timeframe at 0.43t/MWh. Biomass is 

assumed to have a net CO2 intensity of zero. 
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4 Baseline 
 

With the exception of landfill and sewage gas, historic investment in sub-5MW renewable 

electricity technologies has been low. However, due to changing fossil fuel prices and 

technologies, it is likely that there will be an increase in installed capacity between now and 

2020 under current policies. The Business as Usual scenario is a projection of likely 

deployment under the current policy regime, without any support from a Feed-in Tariff. In 

many of the model outputs, this baseline is then deducted from the installations occurring in 

a given Feed-in Tariff scenario, to give the additional deployment under the FIT. 

4.1.1 Baseline assumptions  

 

In April 2009, the primary support mechanism for renewable electricity, the Renewables 

Obligation, was modified to encourage deployment of a wide range of renewable 

technologies. The support payable is banded by technology, so that post-demonstration and 

emerging technologies receive higher support. 

The baseline includes the following support for renewable generators under the banded 

Renewables Obligation. Note that for simplicity in this model, support from the Low Carbon 

Buildings Programme is assumed to end at the end of 2009 so that ROCs are the only support 

mechanism available between 2010 and 2020. Previous analysis by Element Energy suggests 

that likely supplier contributions to small PV and wind systems under CERT or a post-2011 

Supplier Obligation are too low to substantially improve the economics of these systems, and 

so these policies have not been explicitly modelled in the baseline. 

Table 10 RO support received under Business as Usual 

Technology ROCs per MWh 

Microgeneration (all systems under 50kWe) 2 

PV 2 

Wave and tidal power 2 

Anaerobic digestion 2 

Advanced thermal treatment 2 

Biomass CHP 2 

Wind 1 

Hydro  1 

Biomass (electricity only) 1 
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Table 11 Electricity prices in the Business as Usual scenario (2008 prices) 

Year Retail (p/kWh) Commercial (p/kWh) Industrial (p/kWh) Wholesale (p/kWh) 

2008 14.93 9.97 11.46 7.42 

2010 15.06 10.09 11.58 5.92 

2015 14.60 10.27 11.75 5.85 

2020 15.87 11.47 12.96 6.25 

 

4.1.2 Baseline results  

 

Figure 13 shows the total new sub-5MW generation in 2020 under Business as Usual. Note 

that this excludes projects commissioned before 2010. Total generation in 2020 is 2TWh, 

with uptake dominated by large scale technologies such as on-shore wind, hydro power and 

waste.  The baseline results suggest that the offering 2 ROCs per MWh to anaerobic 

digestion, when combined with revenues from gate fees, is sufficient to drive significant 

uptake. Over 80 1MW anaerobic digestion plants are installed by 2020. Uptake of advanced 

thermal treatment plants is lower, with 0.1TWh of generation in 2020. Although the levelised 

costs per MWh are similar to anaerobic digestion, the absolute potential is lower due to 

competition for waste feedstocks from other technologies, such as incineration with CHP, or 

larger thermal treatment plants. For example, the first advanced thermal treatment plant to 

gain ROC accreditation was a 2MWe Energos plant on the Isle of Wight. However, this is a 

demonstration scale facility; a planned commercial scale plant in Derbyshire is sized at 

8MWe.
7 This suggests that the future role of sub-5MW advanced thermal treatment plants 

may be limited. 

                                                           
7
 http://www.energ.co.uk/?OBH=69&ID=21  

http://www.energ.co.uk/?OBH=69&ID=21
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Figure 13 Electricity generation by sub-5MW RES-E in 2020 under Business as Usual 

Table 12 shows the size distribution of uptake under the baseline. Although the majority of 

installed capacity is from large-scale projects, there is significant uptake of small hydro 

installations. This suggests that 2 ROCs per MWh is sufficient to stimulate uptake of sub-

50kW hydro power. There are also over 4,000 small wind installations, defined as those with 

peak capacities of between 1.5kW and 50kW. Uptake of the other emerging or post-

demonstration technologies is negligible, with no deployment of wave or tidal power in the 

baseline. PV uptake is also extremely low, with 125 systems being installed in 2019 and 2020. 

Given the assumption that consumers make purchasing decisions based on rates of return, 

the model is unable to accurately represent uptake by consumers who are willing to accept 

negative rates of return, which is the case with PV and micro-wind in the baseline.  Such early 

adopters are likely to be few in number compared to the absolute potential for these 

technologies, and so the distribution of hurdle rates in the model is designed to provide a 

good representation of mass-market behaviour.  



Design of Feed-in Tariffs for Great Britain 
Final Report 

 

38 
 

  

 

Table 12 Number of installations in 2020 by technology size - Business as Usual 

Technology Size 

Cumulative 
installations 
in 2020 

Cumulative 
MW in 
2020 

Annual GWh 
electricity 
generation in 
2020 

Annual CO2 
savings in 2020 
(MtCO2) 

PV Domestic 125 0 0 0.0 

  Small 0 0 0 0.0 

  Large 0 0 0 0.0 

  
Stand-
alone 0 0 0 0.0 

Wind Micro 0 0 0 0.0 

  Small 4,340 34 57 0.0 

  Medium 9 4 8 0.0 

  Large 274 549 1,158 0.5 

Hydro Small 365 5 13 0.0 

  Large 30 90 236 0.1 

Wave All 0 0 0 0.0 

Tidal All 0 0 0 0.0 

Biomass CHP 0 0 0 0.0 

  
Electricity 
only 0 0 0 0.0 

Waste ATT 3 17 121 0.1 

  AD 88 88 619 0.3 

  
Incinerati
on 1 4 25 0.0 

Gas CHP Stirling 0 0 0 0.0 

  Fuel cell 146,835 147 730 0.3 

  10kW gas 855 9 51 0.0 

  50kW gas 931 47 279 0.1 

Total 
renewable   5,237 791 2,237 1.0 

Total inc. 
CHP   153,858 993 3,298 1.4 

 

Since CHP is strictly a low carbon rather than fully renewable technology, its uptake is not 

included in the renewable electricity generation and cost-benefit analysis outputs below. 

Results for CHP are shown separately in Section 5.8. 
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5 Results and analysis  
 

Designing a Feed-in Tariff to drive uptake of renewable electricity technologies is an 

inherently complex task. The sizes of the technologies to be stimulated vary from 1kW 

domestic systems to 5MW industrial plants, and the technologies themselves range from 

being cost-effective under existing policies to having generating costs over five times the 

retail electricity price. In addition, costs of many technologies are expected to decrease over 

time as supply chains mature, and support levels must reflect these changes if significant 

overpayments to investors are to be avoided.  

A thorough review of qualitative Feed-in Tariff design issues has been conducted by Element 

Energy and Pöyry as part of this project. This review draws on a wide range of policy 

experience gained in other European countries that have successfully implemented Feed-in 

Tariffs. Some design issues, such as the process for reviewing tariff levels, cannot be 

investigated using a quantitative model, and so are covered exclusively in the qualitative 

report. However, there is a wide range of issues, such as tariff banding, degression and tariff 

payment periods whose effects on uptake, diversity, and costs can be directly quantified. In 

ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜŎǘƛƻƴΣ ǘƘŜǎŜ ƛǎǎǳŜǎ ŀǊŜ ƛƴǾŜǎǘƛƎŀǘŜŘ ōȅ ǎŜǘǘƛƴƎ ŀ ΨǘŀǊƎŜǘΩ ŦƻǊ ǘƘŜ ŀƳƻǳƴǘ ƻŦ 

renewable generation desired by a given date. By holding overall uptake constant, the effects 

of policy design on uptake of different technologies, as well as policy costs, can be 

investigated and ǎŜŜƴ ƳƻǊŜ ŎƭŜŀǊƭȅΦ ¢ƘŜ ƎŜƴŜǊŀǘƛƻƴ ΨǘŀǊƎŜǘǎΩ ǳǎŜŘ ƛƴ ǘƘŜ Ƴŀƛƴ ǎŎŜƴŀǊƛƻǎ ŀǊŜ 

2% and 3.5% of UK electricity demand in 2020. This demand is projected by DECC to be 

386TWh in 2020, so the targets correspond to approximately 8TWh and 13.5TWh 

respectively. 
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5.1 2% target  
 

For a given target, there is a potentially infinite number of technology combinations that will 

deliver the electricity generation required. We have used a number of policy approaches to 

determine the tariff levels for each scenario. In the simplest case, the approach is to meet 

the generation target while minimising the policy costs as measured by resource cost or the 

cost to consumers. More complex scenarios aim to encourage the deployment of several 

technologies, such as community- or domestic-scale PV or wind, which will result in higher 

Ŏƻǎǘǎ ǘƘŀƴ ǘƘŜ ΨƭŜŀǎǘ-ŎƻǎǘΩ ŀǇǇǊƻŀŎƘΦ 

5.1.1 Flat tariffs  

 

The simplest tariff structure of all is one in which a single tariff is paid to all generators, 

regardless of technology, size or year of deployment. The value of the single tariff is equal to 

the levelised costs of the most expensive technology required to meet the target. In other 

words, technologies are deployed in ascending order of cost along the supply curve (see 

Figure 14). Due to the distribution of hurdle rates assumed in the model, each technology has 

a range of levelised costs and the supply curve is not as discrete as the one shown. Unless 

otherwise statŜŘΣ ŀƭƭ ǘŀǊƛŦŦǎ ŀǊŜ ΨŦƛȄŜŘ ǘŀǊƛŦŦǎΩΣ ǎƻ ƭŜǾŜƭǎ ǊŜŦŜǊ ǘƻ ǘƘŜ ǘƻǘŀƭ ǊŜǾŜƴǳŜ ǊŜŎŜƛǾŜŘ ōȅ 

the generator (i.e. there are no additional revenues from sale of electricity to the 

conventional electricity market). A comparison of policies based on flat and premium tariffs 

can be found in Section 5.4. For a 2% target, the tariff level required is £155/MWh. 

In all feed-in tariff scenarios described below, it is assumed that biomass CHP receives 

support under the RHI for each MWh of renewable heat delivered. The value of the RHI is 

assumed in the model to remain constant through time at £10/MWhth for a CHP technology 

with a heat to power ratio of 2.5 to 1, this support is equivalent to an extra electricity tariff of 

£25/MWhe ǊŜƭŀǘƛǾŜ ǘƻ ŀƴ Ψelectricity-ƻƴƭȅΩ ǇƭŀƴǘΦ This is a similar value to the extra 0.5ROCs 

payable under the banded Renewables Obligation for biomass plants that operate in CHP 

mode. For a fuller discussion on biomass electricity and the interaction between the FIT and 

RHI, see Section 5.7. 
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Figure 14  Setting a flat tariff to achieve a generation target using lowest-cost technologies 

Figure 15 shows the electricity generation in 2020 with a flat, fixed tariff of £155/MWh. The 

target is met exclusively by large-scale technologies, with large wind-turbines providing 

3TWh in 2020. The combination of the FIT and RHI is sufficient to drive uptake of over 

700MW of biomass CHP, delivering 2.5TWh of renewable electricity in 2020. The majority of 

this capacity is in standalone installations linked to large individual heat demands rather than 

systems connected to district heating networks, which are significantly more expensive. 

Uptake of higher cost technologies remains negligible in this scenario, since £155/MWh is 

well below the levelised costs of marine systems and PV. 
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Figure 15 Electricity generation in 2020 - £155/MWh flat tariff  
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Table 13 shows a summary of the cost-benefit analysis outputs for the flat tariff. All outputs 

in the CBA are relative to the baseline, so the additional electricity generation in 2020 is 

5.7TWh, since 2TWh were generated under Business as Usual. The cumulative resource cost 

in 2020 is £1 billion. The cumulative cost to consumers in 2020 is £1.5 billion, implying that 

some investors are receiving higher revenues than those that would be required to make the 

investment attractive. 

Table 13 Summary CBA outputs - £155/MWh flat tariff  

Parameter Unit Value 

Additional electricity generation in 2015 TWh 1.2 

Additional electricity generation in 2020 TWh 5.7 

Renewable heat generation in 2020 TWh 9.1 

Annual resource cost in 2020 £m 199 

Cumulative resource cost to 2020 £m 1,037 

Annual resource cost in 2020 £/MWh 35 

Annual cost to consumers in 2020 £m 331 

Cumulative cost to consumers to 2020 £m 1,523 

Annual CO2 savings in 2020 MtCO2 2.4 

 

5.1.2 Tariff banding  

 

Wherever technologies show significant differences in cost, a flat tariff design will result in 

overpayments to the lowest-cost generators. As the generation target increases and higher 

cost technologies on the supply curve are required to meet that target, the overpayments 

increase significantly. The shaded area in Figure 14 shows the producer surplus for low-cost 

generators. Producer surplus is defined as the difference between what an investor is paid 

and the minimum amount he would have to be paid and still make the investment. One 

solution to overcome this issue, and the one employed in almost all EU Feed-in Tariff 

schemes, is to band the tariff by technology.  Tariffs can be set so that each technology 

receives support equal to its levelised costs per MWh, with more costly technologies 

receiving higher support. For technologies with a wide range of costs, such as large wind 

turbines at different wind-speeds, a single tariff is set for the purposes of the model that 

provides sufficient returns for the majority of sites.  

Figure 16 illustrates a banded Feed-in Tariff design, where tariff levels are set equal to the 

levelised costs for each technology. The shaded area represents the reduction in producer 

surplus of the banded tariff relative to a flat tariff delivering the same overall generation 

target. 
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Figure 16 Illustration of a stepped tariff design 

The potential for reducing rents through technology banding is relatively limited in the 2% 

scenario. Waste technologies are available at a lower cost than £155/MWh, and reducing the 

tariff paid to these projects reduces the cumulative cost to consumers in 2020 by £50 million 

without affecting overall electricity generation. The limited effect of banding occurs because 

the rents caused by differences in costs between technologies are small compared with cost 

differences within a technology due to scale or resource. These differences are particularly 

large for wind turbines at different wind-speeds, where levelised costs in 2010 vary from 

between £70/MWh at 8m/s to £150/MWh at 5.5 m/s. There is also significant variation in 

levelised costs between different turbine sizes at the same wind-speed. To match tariff levels 

to the levelised costs for each turbine and wind-speed band would require a large number of 

bands, adding significant administrative complexity to the policy. Options for reducing rents 

for low-cost generators without multiple tariff bands include volume-based tariffs, where 

tariff levels decrease as electricity output rises. This means that a wind turbine in a low wind-

speed site receives a greater proportion of its tariff payments at a higher level, increasing the 

average revenue per MWh generated. In Germany, the energy outputs of large turbines are 

compared against a reference turbine, and machines with lower outputs receive higher 

payments. The higher payments are set so that although they provide good returns on 

investment for a wide range of sites, the highest returns are always available at high wind-

speed sites. This ensures that turbines are preferentially deployed at the most cost-effective 

sites. 

5.1.3 Least cost scenarios 

 

If the banded tariff described in Section 5.1.2 were modified to include varying tariffs for 

different wind-speeds, it would be close to the lowest cost solution for meeting the 2% 

target.  Since the cost of a policy can be measured by resource cost or the costs passed on to 

ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳŜǊǎΣ ƛǘ ǳǎŜŦǳƭ ǘƻ ŘŜŦƛƴŜ ǘƘŜ ǘŜǊƳ ΨƭŜŀǎǘ ŎƻǎǘΩΣ ǎƛƴŎŜ ŀ ƎƛǾŜƴ ŘŜǎƛƎƴ Ŏŀƴ 

minimise one cost without the other. 


