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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 2020njunction witha

large increase in the use of renewable heat andh kesser extent, reeawable transport fuels,
renewable electricity is expected to make a major contribution to the achievement of this
target. Recent changes to the Renewables Obligation (R@yedéectedto deliver large
amounts of renewable electricity from largeale techologies, such as onshore and offshore
wind. Howeverthe banding of support within th®O does not provide sufficient incentives

to smaltscale renewable generators to encourage widesprgpihke For this reasorin the
Energy Act 200the Governmentook powers to introduce a Feeith Tarifffor renewable
electricity technologies up to 5SMWh size and gas CHP systems up to S0Blément

Energy and Pdyry Energy Consulting were contracted by the Department of Energy and
Climate Change to conduct a detallreview 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 generatisig&s shown ifrigurel.

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 resourgmtentials 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 unér a wide range of feeah tariff designs.

Levelised cost {E£/MWh)

Potentizl (TWh)

Figurel lllustrative renewable energy supply curve
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Following discussions with DECC, the following technologies were considered in the model:
e Photovoltaics
e Onshore wind
e Hydroelectric paver
e Wave power
e Tidal power
e Biomass CHP
e Waste to energy technologies
e Gasfired 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 Féed ariff. The interactios between the

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

A representation of largscale 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
technologie$. These hurdle rates vary from 8% for utilities investing in established
technologies such as large wind turbines, to 14% for commercial developessng 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 teldgies before investing.
Smaliscale 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 bavénimum hurdle rate of 3%, close to
the social discount rate, and a maximum rate of 20%.

Assessment of the potential for subMW electricity

The total technical resource was estimated for each of the technologies considered in the
model. The technical gential represents the upper bound for the amount of a technology
that can be deployed if sufficient policy and financial support were provided. The technical

h Yy Ay@Saidz2NRa KdzNFansial ntura tBey wauld rigduige frofrhayproj¥otiay orderA
to invest in it.
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potential does not include timedependent 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. Thikstate 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 fervanie
energy technologies. The social barsiszpresent the soial acceptance of renewable
technologies changing as more are deployed. For exartfgeassumed thasocial
acceptance of wingbower decreases with increasing deployment as impacts from multiple
developments begin to accumulate. Finally, an overall miagkowth 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 asess the impacts of the Fedédtariff scenarios, a baseline was established that
projected uptake of suBMW technologies under Business as Usual. The baseline assumes
that the banded RO continues to be the primary support measure for all technoléigese

2 shows the uptake from subMW technologies in the baseline. Over 2TWh of electricity is
generated from new installations in 2020, atié generation is provided exclusively by large
scale technologies such as-shore wind hydro and waste.

Total electricity generation by susMW RESE by
technology- Baseline
& 2,500
(]
>
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Figure2 Electricity generation from sutbMW technologies in the baseline

Policy results
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The design of the Fedd Tariff and the support levels paid to different technologies is

guided by the overall aims ftine policy. A scheme designed to meet a specific electricity
generation target at the lowest cost to consumers and the econaiitiydeliver a technology

mix that is very different from a scheme designed to drive uptake of domeaticl
community-scale intallations. To allow easier comparison between scenarios, a total

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

constant between rung-ollowing discussions with DECED targets were useih the

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

Mo®Pp¢2K o0FaASR 2y 59/ / Q&
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technology mix for dlat tariff of £155/MWh.This tariff levels 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 tardétis tariff is paid to all
renewable generators, and includes the markéctricity price. It is assumed to stay
constant throughout the policy to 202@lthough the total deploymenin this scenario is
significantly larger than in the baselirthe majority of generation is still from largeale

technologies. Over 2.5TWh biomass CHP is deployed by 2020, almost all of which is in
standalone installations rather than those connected to district heating,sities to the high
additional cost of installing a district heating system
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Total electricity generation (GWh per year

Total electricity generation by sulsMW RESE by
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Figure3 Electrcity generaton from sub5MW 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. Forsrakdlconsumers who can
only access smlahighercost technologies, tariffs significantly higher than £155/MWh are

required.Tablel shows the tariff levelfor two scenarios that result imore diverse
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deployment of communityand domestiescale technologies, such as small and medium wind
and PV systems.

Tablel Tariff levels for 2% diverse and community runs

2% diverse mix

2% communitybias

Initial tariff ~ Degressiof | Initial tariff ~ Degression (%

Techndogy Size (E/MWh) (% per year) | (E/MWh) 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%
Standalone £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 CHI £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%

Figure4 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

signF A OF y it @
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from PV, the majority of which fsom domesticscale installations. Small wind turbines up to
250kW in size also contribute 0.5TWh in 2020. The costs of increashmptegydiversityis

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 overpagn@imvestors purchasing
systems in the future.
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high, with a cumulativeesource cost (defined as the total money spent on capital equipment
and running costs for renewable energy plang)2020 ohearly£4 billion relative to
Business as Usual, compared to(illion in the leat cost scenario.

Electricity generation in 20202%
scenarios

Waste

Bio

Tidal
= Wave
= Hydro
B Wind (Large)
= Wind (Small)
H PV (Large)
® PV (Small)

Electricity generation in 2020 (TWh
o [ N w BN [62) [«2) ~ [ee] ©
!

2% least cost 2%diverse 2% community

Figure4 Renewable electricity generation in 2020liverse and community scenarios

Figure5 shows the supply curve forsypba 2 NByYy Sgl o0f S St SOGNAROAGE F2NJ (K
scenario. Thevidth 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 showigimes 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 lifet. 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 tReh\wb

waste technologies. There is nearly 6 Témesource 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 turbindsle the levelised cost of domestic PV is still
£450/MWh in 2020, at a 10% ratd return.
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Figure5 Renewable electricity supply curvecommunity bias

Conclu

sions

The results above illustrate the overall costs of meeting a given generation target with
different technology mixes. The analysis also quatifiee effects of a range of other issues
relevant to the design of Fedd Tariffs. The key conclusions are summarised below:

A 2% generation target can be achieved at relatively low cost using-wetjacale
technologies. The cumulativesourcecost by2020 is £10 billion higher than
business as usll Diversifying the technology mix to include domestiale PV and
wind comes at a high cost, with the cumulatiesourcecost in 2020 increasing tcl£
billion.

Banding tariffs by technology can lead tgrsficant reductions in subsidy costs while
maintaining the same overall generatiby reducing overpayments to loeost
generators The importance of banding increases with increasing technology
diversity, since the differences in costs between techniel®tpecomes larger than
differences within technologies (for example large wind turbines at different wind
speed sites).

Increasimg the generation target to 3.5% of the UK electrici@mandsignificantly
increases the cost to the country by 2020, frombfllion to £4 billion for the least
cost scenarios. A 3.5% least cost scenario results in significant uptake e$catall
technologies, with over 3TWh of electricity per year generated from PV and small
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wind. This is because for ambitious targets, lasgale technologies cannot be
deployed quickly enough to meet the target by 2020.

e Fortechnologies whose costs are expected to decrease over time, reducing tariff
levels each year is necessary to avoid overpayments to investors making investments
in the seond half of he 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 thahifestordemand is low for the first few
years of the polichecause the tariffs are not sufficiently generottse industry wi
not make the investments necessary to deliver large amounts of renewable energy at
low cost towards 2020.

e Premium tariffs, where tariff payments are made on top of the market electricity
price, carry a higher risk than a fixed tariff with an equivalertal support level, due
to volatility of electricity price’s This additional risk is likely to be reflected in a
higher cost of capital for projects and higher hurdle ratess feans that overall
support must be higher under a premium tariff to encogeaa given level of uptake.

e Inthe 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 subsialts 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 (asse¢skedacial
discount rate of 3.5%).

e 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 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 tarifframt at the point of purchase
(capitalisation). The risk of thapproach is that thavestorhas less incentive to
continue to operate the system after the majority of the tariff has been paid. In
FRRAGAZ2Y S OFLIAGEFEEAAFGAZ2Y NBljdZANBa GKS SySNBHe@
(estimated), and would require additional verification thaetdevice actually
delivered the electricity that it was predicted generate

®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 cap thdu
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 Qualitsg Design Issues.
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g A Yy SNE Qe upiakeldf inbi&idual technologies is very sensitive to thdftari
level For example, in designing a tariff to deliver a significant quantity of renewable
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technology relative to other, less costly alternatives. A more pansnt method of

setting tariffs is to provide an equal rate of return to @thnologies

Setting tariffs to provide an 8% rate of return for all technologies encourages uptake
of smallscale, higher cost technologies but does not stimulate deployment of-arge
scale systms. 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 taogde

investors have hurdle rates above 8%.

The treatment of electricity from biomass must be considecackefully in the design
of the Feedn Tariff. A tariff structure that fails to provide additional incentives for
plants utilising waste heat is likely to encourage the construction of electoaity
plants. This is an inefficient use of biomass comgaoeCHP plants and €oing in
gigawattscale electricity plants.

Aheat incentiveof £10/MWHhy,, similar to the additional 0.5 ROCs per M\hid to

CHP plants under the RO, is sufficient to encourage use of waste heasiite on
applications. Howevehigher 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 Feadrariff, the Renewable Heat
Incentive, or other policyupport such as loveost finance or grants for the

construction of the heat distribution networks.

There is a very large potential for glx®@d CHP available at relatively low cost. A flat
tariff of £155/MWh, equivalent to the market electricity price plhe 2 ROCs per

MWh currently paid to renewable microgenerators, delivers nearly 22TWh of CHP
electricity by 2020. The annual £€€avings from gafired CHP in that year are over 3
million tonnes.However, the majority of this potential is from domessiale 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 gadired CHP has significantly lower subsidy costs than
an initialtariff 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 tariffieesults in overpayments to investors who were willing to
invest with bwer 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.

10
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Disclaimer

2KAETS tl1 eNE 9ySNHE OhEF2NRO [GR o6datl @NB£UV | YR
that the information and opinions given in this work are sound, all parties must rely upon

their own skill and judgement when making use of it. Neither Pdyry nor Element make any
representation or warranty, expressed or implied, as to the accuracy or letemess of the

information contained in this report and assumes no responsibility for the accuracy or

completeness of such information. Neither Pdyry nor Element will assume any liability to

anyone for any loss or damage arising out of the provisiohisfreport.

The report contains projections that are based on assumptions that are subject to
uncertainties and contingencies. Because of the subjective judgements and inherent
uncertainties of projections, and because events frequently do not occurpes®d, there

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
regarded as firm predictions of the future, but rather assitations of what might happen.
Parties are advised to base their actions on an awareness of the range of such projections,
and to note that the range necessarily broadens in the latter years of the projections.

Contact details:
Element Energy

Alex Stewart (Consultant)

Twenty Station Road

Cambridge

CB1 23D

01223 227533
alex.stewart@elemenénergy.co.uk

Ben Madden (Director)

60 Newman Street

London

WL1T 3DA
ben.madden@elemen¢nergy.co.uk
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2 Introduction

TheEU Renewable Energy Directive 2888 an arbitious target that 20% of energy used in
the EU in 2020 should come from renewable sourdéss target applies to all energy uses
including electricity, heat and transpoithe Directive sets out individual targets for each
member state, and the UKustderive 15% of its final energy consumption from renewable
sources The Energy Strategyill set outhow the UKGovernment intends to meet this target
over the next ten years. In the RES consultation published in 2008, the Government indicated
that renewabé 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
Renevables Obligation, it is expected thatcontribution fromsmallerscale technologies will
be required if the overall target is to be met.

The Energy Act 2008 gives the &mment powers to introduc&eedin TarifEfor smalt

scale generators with capaciieinder 5SMW. Feedin Tarifs will apply to a wide range of
technologies, from domestiscale solar photovoltaics and wind systems through to
megawatt scale wind turbines and biomass electricity plants. fedariffs are widely used

to promote renewableslectricity in continental Europe, and have led to widespread
deployment of highexcost technologiesuch as photovoltaiadhat have not been delivered
inlarge numbersizy RSNJ 6 KS | YQ&a wahfieSlhFeédh Bariffrschénfed | G A 2y @
share common featres, 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 generatedelectricity that arendependent 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 R were commissioned in ear®009 to conduct a detailed review

and analysis of Feed Tariff schemes across the EU to inform the design of the-lre&driff
that will be implemented in England, Scotland and Wales in April 2010. The work was split
into two parallel streams. The firstream was an exhaustive qualitative review of Feed
Tariff design paramets, drawing on experience of bgstactice from existing schemes. That
report is plished by Pgry and Element Energglongside this one. The second stream is a
quantitative aralysis of theoptimal design of Feeth Tariffsfor Great Britain. This was based
on the development of a model of the potential for SEMW renewable electricity in Great
Britain, which can be used to investigate technology uptake under different-irekatiff
designs.

The modelling approacllescribed in detail in Sectid@)is based on the construction of
renewable electricity supply curves showing the size of the resource available at a given

15
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generating cost. The resourpetentials for each technology were estimated using a
combination of industry consultation, literature review and primary analysis using
Geografhical Information Systems (GIS). The resource potentials were combined with a
technology cost and performance mel 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 ofiieariff designs.

These range from relatdly simple designs that aim to minimise the costs to the economy
and electricity consumers for a givelectricity geneation target, to more complex

approaches based on encouraging a wide range of technologies and scales or offering equal
rates of returnto all investorsMany design issues discussed in the qualitative report, such as
the effects of premium versus fixed tagfind degression, can be investigated and quantified
using the model.

16
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3 Methodology

3.1 Overview of model methodology

This section desibes themodelling approach employdo investigate the effect of different
Feedin Tariff designs on the uptake of sBMW renewable electricity. The overall approach
builds on previous Element Energy analysis of the potential for medaate wind andPV in
the commercial buildings secforand is based on the construction of renewable energy
supply curves, which show the cost of electrigitd potential resourcéor each technology
(seeFigure6). This is similar to the appach employed by GreeX, which modelled uptake
of renewable electricity technologiesider Feedn Tariffs and tradable green certificate
schemes in the EU

Levelised cost (£/MWh)

Potential (TWh)

Figure6 lllustrative renewable energy supply curve

The overall modeltaucture is shown irFigure7. Absolute supply curves are derivied each
technology by combining cost daéad a model of investor behaviowith the assessment of

the technical potentiabescribed in SectioB.3. The absolute supply cursshow the

maximum quantity of renewable technology that can be deployed at a given generation cost;
they do not include any demand or supyigle constraints. These market and social barriers
are then applied to thebsolute 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 iagctrd
the following attributes:

* Element Energy (2008): The Growth Potential forsid@ Renewable Electricity in the Nolomestic
Sector.

® GreenX (2004); Deriving optimal promotion strategies for increasing the share of renewable
electricity in a dynamic Europeatectricity market.

17



V a = Design of Feed-in Tariffs for Great Britain
elementenergy © POYRY Final Repor

e Technology typ-e.g.PV or wind
e Technology scalee.g.building mounted, small and large wind
e Site type- e.g.wind-speed, heat load, insolation level

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

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

Once the dynamic supply curves have been establisheelyenue model is used to calculate

the total income per megawatbour for each technology. The revenue mountelludes the

market value of electricity and heats avell as payments made froReedin Tariffs. Ifthe

total revenue exceeds the generating costs for a gieehnology and investors, the

potential of that technology in that year is deployed. The madpbrts 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.

Fealbacks 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 thatteageployed in each yeatepends

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 valllgis is imfemented in Germany, where tariffs

I NB WRS3INBaaSRQ o6& Fy FTRRAGAZ2YIFE wm> 20SN) GKS

exceeded a prelefined value.
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Figure7 Overview of model structure
3.1.1 Technologies considered
Followng discussions with DECC, the following technologies were considered in the model:
e Photovoltaics
e Onshore wind
e Hydroelectric power
e Wave power
o Tidal power
e Biomass CHP
e Waste to energy technologies
e Gasfired CHRup to50kW,)

In line with the capacity limit fothe Feedin Tariff described in the Energy Act 2008, only
sub-5MW, projects considered. Some of the technologies considered, such as incineration,
are traditionally sized higher tha8MW, due to economies of scale. Where this was the case,
only sub5MW pants were included in the model, and the total resource was restricted to
sites suitable for smaller plants (see Secfod).
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3.2 Investor behaviour

The uptake of renewable electricity technologies under a supportive-ife€diff depends

on whether or not the rate of return of the project exceeds the hurdle rate of potential
investors. The hurdle rate of largeale investors is based on their Weighted Average Cost of
Capital (WACC), which is itself dependent on the risk agedaoivith 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 largeale investors are based on telephone discussions with a
number of investors conducted by P& in early 2009. Detailed results of these discussions
are included in the report by Elemeahnd P&ry on qualitative designssies that

accompanies this reporfable 2 summarises the hurdle rates by gstor and technology

from the discussions. In general utility companies have lower hurdle rates than developers
do for similar projects, and rates for wel high risktechnologies are two to four percentage
points higher for novel, higher risk technologi&ge values iffable2 show the maximum

hurdle rates for each technology. To represent the range of hurdle rates observes in t
whole population, a distribution of hurdle rates was implemented. La&agde investors are
assumed to have a minimum hurdle rate of 8%, regardless of technology, and the maximum
values shown belowl he figures below are postix 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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Smallerscale 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 transaosts)
whichvary 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 returnin their lifetimes. To represent this range of consumer behaviour, a
distribution of hurdle rates was implemented in the mod&l.the domesticscale, 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% respéctivMee

range of hurdle rates is significantly higher than for lasgale investors described above.

For both large and smadicale consumersurdle rates are distributed linearly through the
population, as shown iRigure8. Inthe figure, P1 and P2 represent the levelised technology
costs when assessed at the minimum and maxinmumdle rates. If the total revenue

through the feedin tariff is lower than P1, no uptake occurs. If the revenue is half way
between P1 and P2, 50%tbE 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 ttesevalues doesot increase technology uptake, but increases producer profits and
the total subsidy spend.

% of available
resource taken
up (after
barriers are
applied

v

P1 - lower P2 — upper
bound bound

Figure8 Distribution of investor behaviour in the model
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3.3 Assessment of resource potentials

The total technical resource was estimatied 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 includéime-dependent constraints such as the maximum growth rate of

the industry or a limit onvestordemand 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 gien year.

Available e
FeSOUNCe |;===—==== == m e :
1| met !
i Absolute Dynamic i
| | REsupply Market supplycurves !
I, curves | andsocial =
1
I barriers !
1
Investor || | - | i
Bamiers |4 - - ' Uptake—
] \ " inYearN
Development of supply curves
Fuel brice
model |

Figure9 Steps used in the development of dynamic supply curves

The factors constraining the absolute resource potentials are technelpggific. For

example, the potential for buildingttached photovoltaics is consiraed by the amount of
available roof space in the commercial and domestic sectonshore wind power is
constrained by the availability of high wispeed sites, as well as by the strength of the local
electricity grid and the proximity of buildingsortechnologies using a finite feextock, such

as biomass or waste, the availability of the festdck often constrains the overall
deployment. For example, anaerobic digestion has a specific requirement for biological
61 aGS8S> | yR WwWO2 Y LlSalingkth@ls stich askadvanted héthaRtreatnhdat 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. Fihre purposes of this study, it is assumed that the availability of
biomass is not a constraint on the potential for sbildW systems.
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The 5MW capacity cap under the UK Faedariff makes the estimation of resource

potentials for several technologies clealging. For example, wave and tidal technologies are
likely to be deployed in clusters with total capacities exceeding sMM£ to prohibitive

costs of grid connection and maintenance for sites far from the shore. Therefore, our
assessment of the stBMW marine resource excludes sites in deep water that are far from
the coast, and only neashore sites appropriate for smaller projects are includdue
methodologies used to estimate the resource potentials for each technology are described in
detail in Apendix B.

Table3 summarises théechnicalpotentials for sussMW renewable electricity in the UKa

terms of absolute potential, PV has the highest potential of the renewable technologies with
over 60TWh per year. The potentfal biomass electricity is over 40TWh a year, even when
constrained by heat demands. The potential for-§e=d 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 hnology 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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Table3 Summary of resource potentials for seBMW electricity in the UK.

Technology | Type Technical potential (TWh/year)
PV Domestic 22.3
Medium/large building attached 29.6
Standalone 8.5
Wind Micro 3.8
1.515kW 1.1
15-50kW 1.4
50-250kW 15
250-500kW 1.6
500-3000kW 8.4
Hydro 1-100kW 0.5
100-1000kW 3.0
1000+ kW 1.3
Wave Sub5MW 0.4
Tidal Sub5MW 0.2
Biomass District heating new build 15
District heating retrofit 17.0
Standalone commercial 6.0
Low temperature industrial 18.8
Waste Advanced Thermal Treatment 0.7
Anaerobic Digestion 3.3
Incinemtion 0.5
Gas CHP Domestic 1kwW 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 technologiesHowever, thee 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 sucislagren

wind and waste, where therean be strong public opposition die 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 numbewiofl farms. In addition, developers

are likely to exploit sites with smaller anticipated planning issues first, so new deployment
2PSNJI GAYS 200dzZNBE Ay Y2NB YR Y2NB WRAFTFAOdZ 6 Q a&aa
cumulative deployments, however, socéceptance is likely to increase at first as the public
familiarity increases and misconceptions are overcoRigurel0 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 suffidighigh that it is less
restrictive than supply side barriers.
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FigurelO Social acceptance barriers employed in the mode81¢ bS5 represent different levels of social
barriers.

3.4.2 Market barriers

Penetration of new technologigends to follow an $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 bawareness 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 masarket demand to justify largecale investments

in capacity. As technologies are taken up by early adopters, awareness and hence demand
among massnarket consumers increases. This in turn drives increased capacity in the supply
chain. In conventional diffusion theory, it is assumed that the maximumafadeployment

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 feptimal sites, for example those with low

wind speeds.

To achieve an-Shaped deployment curve, a function relating the annual rate of deployment
to the proportion of absolute potential realised was used, as showigarell. Less

redrictive 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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Figurell Market constraints implemented in the modebM1 ¢ 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 tegknol
subtypes. For exaiple, iffeed-in tariffs were to causaidespread deployment of largecale

PV but no uptake at the domestic, the proportion of absolute potential achieved will be
different for the two subtypes 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 technsjoggific growth constraint

is applied across each technology which sets a limit on the incneaseual deployment
NEfFdA@S G2 tFad &SHNRa alrftsSao

The maximum growth rates assumed for each technology are sholabile4. Technologies

with low current deployment in the UK have higher growth rates than laggde and

estalished 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 Feeith Tariff, the growth rate of the PV industry has averagé# 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 spggyscapacity 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, iassumed that each technology may undergo a-one
time increase in annual sales, as showiable4. For example, if a Fead Tariff introduced

in 2010 for PV stimulates sufficient demand, the industry may install up to 50MV¢ iiir$h

year of the policy, despite this being more than 70% higher than current deployment of less
than L0MW per year. Once the annual sales exceed 50MW, the industry then grows at the
maximum growth rate showrit should be noted that these oreme 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%.

Table4 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
Feedin TarifE were consistent with growth rates observed in other countidesl industries.

Figurel2 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 dafeom 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 FeedTariff. Since its introduction in 2002, the PV

industry has grown rapidly, with over 1GW of modules installed in 2008. Although tffe tari
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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 generoug gapigort.

For the purposes of the calibration, the German data were {#hifted so that the policy
Wa i I NI S Rigurei2¢hows jtheit thé@model can closely replicate both historic UK
uptake and deployment under a Germatyle feedin tariff.

There were no data available on the historic deployment ofSMiV systems under

European Feeth Tariffs for wind power, since the UK is unique in imposing a 5SMW eligibility
limit. In this case, historic UK uptake data from the ROGR€pn sub5MW 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.

Model calibration- historic PV uptake
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Figurel2 Calbration of model against historic uptake PV

6 https://www.renewablesandchp.ofgem.gov.uk/
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3.6 Fuel prices
CcdzS ¢ LINA OS& dzaSR Ay (KS Y2RSft NS oFaSR 2y 59//Q

projections for the price of electricity and gas for domestic, commercial and industrial
consumers fom 2008 to 2025. The projections aplit into four scenarios from a low energy
demandcaséo aWa A IY A FA Ol y (i séedakid,iihére @higey idciedsk sulystardially
towards the end of the decade. The tables below show the projected elecipitdys for

each of the four scenarios. All figures are in 2008R OSa ® ¢ KS OSy i NI ¢

Ay@SaidyYSy iz Y2 R adedihadl med& NihsyinkeSsistatéd-otherwise.

The figures below include a €@ice and are the prices that consumeay for electricity. In

the absence of additional support under the Fdadariff, the prices also represent the value
received by renewable energy generators. Electricity that is generated and usstdds

valued at the retail price, while exportedeetricity 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 laogde
technologies are assumed topoet their entire output at the wholesale price.

For the purposes of calculating resource costs in the-besgefit analysis, modified
electricity prices were used that did not include carbon prices or taxes.

Table5 Electricity prcesq Low Energy Demand

Year Domestidp/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

Table6 Electricitypricesc Timely investment, moderate demand

Year Retail (p/kwWh) | 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

Table7 Electricity prices;| A 3K RSYF yRX

LINE RdzZOSNEQ YI NJ S

LJ2 6 SNJ

Year

| Retail (p/kWh) | Commercial (p/kWh) | Industrial (p/kWh) | Wholesale (p/kwWh) |
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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 15.3 9.83

Table8 Electricity prices; 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 Feeith Tariff scenario, the primary model outputs are electricity generation,
installed capacity and G®avings for each year of the policy. These outputs are split by
technology, sizesite type (for examlp, different wind speed bandgnd 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 dethcost benefit analysisf
each Feedn Tariffusing 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 assumpsi@nd methodologies. This causes difficulties
when the cost and benefitof different policies are compared across studies. For this
reason, the CBA methodology is described belbable9 shows the summary cost benefit
analysioutputs as they are presented in the Results section, and each output is described
below.

Table9 Example of summary CBA outputs

Parameter Unit Value
Additional electricity generation in 2015 | TWh 1.2
Additional electricity genettion 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 2020 £m 1,523
Annual CO2 savings in 2020 MtCO2 2.4

3.7.1 Additional electricity and heat generation

Throughout the CBA, @unterfactualscenario is deducted so that all values are additional to
the baseline The counterfactual scenario is assumed to lEBusiness as Usual case as set
out in the Results sectigrand assumes that the Renewables Obligation continues to be the
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main source of support for renewable electricity technologiBisis means that additional
electricity generation in 2015 is less theéne 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 cds are defined as the costs to the country of puing a particular policy relative
to a counterfactual scenario. The costs include capital spent on equipmertpamndting

costs and in this case include savings from electricity generated by renewahlediegies.
Resource costs explicitly exclude transfers, or payments made from one part of society to
another, and so exclude taxes, subsidies angpZiCes.

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 ra¢es$n domestic

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

This is becauste observed high hurdle rates capture a range of hiddendid a8 af S 02 a i aQ
that do not accrue to the country as a wholherefore he discount rates used in the CBA

reflect only the actual cost of capital.

The electricity produced each year by renewable technologiesliged atelectricity prices
provided by DEG@hich exclude the carbon pric€osts occurring in the future are
discounted back tgresent valuesising 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 gatien 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 feédriff arefunded by
electricity consumers, the cost to consumers records the total valuerisfs 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 examplejaetl tariff of £200/MWh representsreadditionalcost

to consumers of £150/MWh if the electricity itself is valued at £50/MWh. Like the resource
costs, all future costs are discountedgresent valuegrices at 3.5% per year.
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3.7.4 Annual CO; savings

To avoiddouble counting C&savings from renewable heat production in this study and

parallel work on theRenewable Heat Incentiyanless stated otherwisthe CQ savings

reported here related only to the renewable electricity generation. Thed¥placement for

renewable electricity ibasedor6 9/ / Qa4 LINRP2SOGA2Y F2NJ G4KS YI NBAYL
factor,assumed to be constant throughout the model timeframe at 0.43t/M\Biomass is

assumed to have a net Gitensity of zero.
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4 Baseline

With the exception ofandfill and sewage gasistoric investment in suBMW renewable
electricity technologiesas been lowHoweverdue to changing fossil fuel prices and
technologiesit is likely that there will ben increase in installed capacitgtween now and
2020 wnder current policies. The Business as Usual scenario is a projection of likely
deployment under the currenpolicyregime, without any support from a Feed Tariff.In
many of the model outputs, this baseline is then deducted from the installations iaegun
a given Feedh Tariff scenario, to give thedditionaldeployment 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 aenignge of renewable
technologies. The support payablémsnded by technology, so thabpt-demonstration and
emerging technologies receive higher support.

The baseline includes the following support for renewable generators under the banded
Renewables Qlgation.Note thatfor simplicity in this modekupport 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 or20pbst

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.

Tale 10RO support received under Business as Usual

Technology ROCs per MWh
Microgeneration (all systems under 50kWe
PV

Wave and tidal power

Anaerobic digestion

Advanced thermal treatment

Biomass CHP

Wind

Hydro

Biomass (electricity only)

RPN DNINIDNINN
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Tablel1 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

Figurel3shows the total neveub-5MW generation in 2020 under Business as Usual. Note
that this excludes projects commissioned before 200dtal generation in 2020 is 2TWh,

with uptake dominated by large scale tewlogies such as eshore wind hydro powerand

waste The baseline results suggest that the offering 2 ROCs per MWh to anaerobic
digestion when combined with revenues from gdtes, 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.Y\Th of generation in 2020. Although the levelised
costs per MWh are similar to anabic 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 accradtion wasa 2MW, Energos plant on the Isle of Wight. However, this is
demonstration scale facilifya planned commercial scale plant in Derbyshire is sized at
8MW..” Thissuggests that the future role of stBMW advanced thermal treatment plants

may belimited.

" http://www.energ.co.uk/?0BH=69&ID=21
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Total electricity generation by susMW RESE by
technology- Baseline
g 2,500
2
5 Waste
2 2,000 .
_g Bio
o Tidal
= 1,500
S u Wave
&
2 1,000 = Hydro
S . ® Wind (Large)
£ 500 = Wind (Small)
S m PV (Large
s o | . : . mPV (Small)
S 2010 2015 2020

Figurel3 Electricity generation by stBMW RESE in 2020 under Business as Usual

Tabk 12 shows the size distribution of uptake under the baseline. Although the majority of
installed capacitys from largescale projects, there is significant uptake of small hydro
instalations. This suggests thatROCs 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 50KVptake 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, Wi#h systems being installed in 20134a2020.
Given the assumption that consumers make purchasing decisions based on rates qgf 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 miéral inthe 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 masmarket behaviour.
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Tabk 12 Number of installations in 2020 by technology sizBusiness as Usual
Annual GWh
Cumulative | Cumulative | electricity Annual CO2
installations | MW in generation in | savings in 2020
Technology | Size in 2020 2020 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 ebshefit analysis outputs below.
Resllts for CHP are shown separately in Sechidh
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5 Results and analysis

Designing a Feei Tariff to drive uptake of renewable electricity technologies is an
inherently complex task. The sizes of the technologies to be sitedivary from 1kW
domestic systems tBMW industrial plants, and the technologies themselves range from
being costeffective under existing policies to having generating costs over five times the
retail electricity price. In addition, costs of many teclogies are expected to decrease over
time as supply chains maturand support levels must reflect these changes if significant
overpayments to investorare to be avoided.

A thorough review ofjualitative Feeedn Tariff design issues has been conductgé&lement

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

experience gained in other European countries that have successfully implementethFeed

Tariffs. Some design issues, such as the process for reviewingetagiff, Icannot be

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

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

payment periodsvhose effects on uptake, diversitgnd costs can be directly quantified. In

0KS F2tf2pAy3 aSOlAz2ys (KSasS AaadzSa NS Ayg@gSada3
renewablegeneration desired by a given date. By holding overall uptake constant, the effects

of policy design omptake d different technologies, as well as policy costs, can be

investigatedandd SSy Y2NB Of SINIe&d ¢KS ISYSNI A2y Wil NBSG
2% and 3.5% of UK electricity demand in 2020. This demand is prociaCo be

386TWhin 202Q 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 papicsoachedo
determine the tariff levels for each scenario. In the simplest caseapipeoachis to meet

the generationtarget while minimising the policy costs as measured by resource cost or the
cost to consumers. More complex scenarios aim to encouttageleployment of several
technologies, such as community domestiescale PV or wind, which will result in higher
O02aita 0OKEY2 AWKS FHWILINPE IOK @

5.1.1 Flat tariffs

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

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 @osg the supply curve (see

Figurel4). 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 sintegs.

otherwisestaBRX It GFNATFTFE I NBE WFAESR GFINAFFaAQE &2 f
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 premiariifs

can be found in Sectioh4. For a 2% target, the tariff level required is £155/MWh.

In all feedin tariff scenarios described below, it is assumed that biomass CHP receives
support under the RHI for each MWh of renewaheat delivered. The value of the RHI is
assumedn the modelto remain constant through time atif¥ MWhy, 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
£25MWh NEB t I (i A @eStricity2 y If ¥ QWhislis & giilab 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, se Sectiorb.7.
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Levelised cost {(£/MWhH)

Flat tariff level

required Producer
/ surplus

f////ffff

Target Potential (TWh)

Figurel4 Setting a flat tariff to achieve a generation target using lowestst technologies

Figurel5shows the electricity generation in 2020 with a fiited tariff of EE5MWh. The
target is met exclusivelyy large-scale technologies, with large witdrbines providing
3TWh in 2020. The combination of the FIT and RHI is sufficient to drive uptake of over
700MW of biomass CHRelivering 2.5TWh of renewée electricity in 2020The majority of
this capacity is in standalone installatidivded to large individual heat demandsther than
systems connected to district heating netwoyrkghich are significantly more expensive
Uptake of higher cost technayies remains negligible in this scenario, sinces8Wh is
well below the levelised costs of marine systems and PV.

Total electricity generation (GWh per year

Total electricity generation by sulsMW RESE by
technology- 2% least cost

9,000
8,000 Waste
7,000 m Bio
6,000 m Tidal
5,000 = Wave
4,000 m Hydro
3,000 ® Wind (Large)
2,000 B Wind (Small)
1,000 . m PV (Large

0 T T 1 WPV (Small)

2010 2015 2020

Figurel5 Electricity generation in 2020£155/MWh flat tariff
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Tablel3 shows a sumny of the costbenefit analysis outputs for the flat tariff. All outputs
in the CBA are relative to the baseline, so #aglitionalelectricity generation in 2020 is
5.7TWh, since 2TWh were generated under Business as Usual. The cuendatiurce cost
in 2020 is £Dbillion. The cumulative cost to consumers in 2020 i% Billion, implying that
some investors are receiving higher reventiean those thatwould be required to make the
investment attractive.

Tablel3 Summary CBA outts - £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 cogd 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 istca flat tariff design will result in
overpayments to the lowestost generators. As the generation target increases and higher
cost technologies on the supply curve are required to meet that target, the overpayments
increase significantlylhe shaded &a inFigurel4 shows the producer surplus for legost
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 investrere
solution to overcome thigssue, and the one employed in almost all EU FHaekhriff

schemes, is to banidhe tariff by technology.Tariffs can beet so that each technology
receives support equal to its levelised costs per MWh, with more costly teafieslo
receiving higher supportor technologies with a wide range of costs, such as large wind
turbines at different winespeeds, a single tariff is siefr the purposes of the moddhat
provides sufficient returns for the majority of sites.

Figurel6illustrates a bandedreedin 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 thebandedtariff relative to a flat tariff dévering the same overall generation
target.
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Figurel6 lllustration of a stepped tariff design

The potential for reducing rents through technology banding is relatively limited in the 2%
scenarioWaste technologies are availatdea 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 odeeicause

the rents causedydifferences in costs between technologies are small compared with cost
differenceswithin a technologydue to scale or resourcd@hese differences are particularly
largefor wind turbines atdifferent wind-speeds, where levelised costs in 2010 vary from
between £70/MWh at 8m/s to £150/MWh at 5.5 m/8here is also significant variation in
levelised costs between different turbine sizes at the same wgpeed. To match tariff levels

to the levelised costs for each turbine and wisigeed band would requira large number of
bands, adding significant administrative complexity to the pofdptions for reducing rents

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

tariff levels decrease as electricity output risesisTtheans that a wind turbine in a low wind
speed site receives a greater proportionitsftariff payments at a higher level, increasing the
average revenue per MWh generated. In Germany, the energy outputs of large turbines are
compared against a refereadurbine, 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 engas that turbines are preferentially deployed at theost costeffective

sites.

5.1.3 Least cost scenarios

If the banded tariff described in Sectiéril.2were modified to include varying tariffs for

different wind-speeds, it wouldbe close to the lowest cost solution foreting the 2%

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

St SOGNNOAGE O2yadzYSNERZ Al dzaS¥F¥dA G2 RSTAYS GKS
minimise one ost without the other.
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