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Executive Summary

The government of the Netherlands has committedf tis achieving ambitious renewable
energy targets by 2020, and has put in place atyaof policies intended to help the country
achieve these targetsThe current study, which has been commissionetié@inistry of
Economic Affairs, Innovation, and Agriculture, caders the impacts of potential changes to
existing policies. The policies include variantste current SDE+ approach, as well as
different variants of a Supplier Obligation witmesvable energy certificate trading. The
Supplier Obligation options would require electycuppliers (and under some design
alternatives, gas suppliers) to procure renewaldegy equal to a certain proportion of their
total energy supply, or alternatively, to buy aresponding number of renewable energy
certificates ("RECs”). The obligation could alsdend to other large purchasers of energy
apart from suppliers.

The above options were outlined initially in theergy Reporpublished in 2011, along with
five criteria that the government would use to asskem. Our analysis combines
guantitative modelling of the energy and (proposestiificate markets with qualitative
discussion of selected policy design options anglications for target delivery, social costs,
and impact on consumers. The modelling quantifeeBus standard policy appraisal criteria,
including the amount of renewable energy produtmd] social costs, impacts on energy
consumers (electricity, and possibly also gas amess), and the level of profits, or “rents”,
earned by renewable energy producers. We alsadssresnumber of issues qualitatively,
including potential concerns related to market powed the potential benefits of linking a
tradable certificate system to other countries.

Our analysis is based on the results of energy ehankdelling informed by our own
judgment. We use a power market model that als@sents the decision to build various
forms of renewable energy — whether to producetratéy or other qualifying forms of
energy, such as heat or biomethane (so-calledriggas”)

The various policies that we consider can be desigm different ways. If policy-makers

had perfect information about technology costs aoténtial now and in the future, then it
would be possible for them to design each of tHeies in ways that would allow them to
produce very similar outcomes. However, in thé weald, policy-makers do not have
perfect information — about renewable energy teldugies, or about the investors and
markets that support them. Which policy outcomresrabust, and which are variable, under
conditions of uncertainty is likely to be one oétkey sources of differences between the
policies. To better capture the real-world operabf the policies, we model a range of
different scenarios designed to provide insight imbw they respond under conditions of
uncertainty.

1 Atthe time when the analysis presented hereprggsared, the government's renewable energy taggebeen set at

14 percent of energy use, but the new governmentdwently proposed that this target be increaséé percent.

NERA Economic Consulting iii
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Box 1
Scenarios Considered
Scenario Name Scenario Description
1  Perfect Information - RES costs are known accurately now and in the future.
2 Low RES Cost - RES costs are consistently overestimated.

- Actual costs 20 percent lower than assumed.

3  Reduced Heat Potential - RES costs are known with certainty now and in the future.
- RES supply potential of heat and green gas is overestimated.
- Actual potential 50 percent lower than assumed.

4 Volatile Gas Prices - RES costs are known with certainty now and in the future.
- Increased volatily in the wholesale market gas price.

5  High Wind Costs - RES costs are known with certainty now and in the future.
- Wind costs do not decline over time.

6 Range of WACCs - WACC estimates varied to test sensitivity to policy risk premium.

We start with a “Perfect Information” scenario, winiassumes that policy makers know
precisely the costs of RES technologies now ardarfuture, including perfect information
about cost heterogeneity, which policies can bédesd to match precisely. We then
consider scenarios in which we assume, for exartide costs are consistently overestimated,
or that RES potential is significantly lower thaijected, and model the impact of the
policies — which are no longer precisely desigreenhatch the state of the world.

Like the Perfect Information scenario, many of skasitivity scenarios still represent a
significant simplification of reality. For examplhen we assume low RES costs, we
assume that policy designers consistently overredéi RES costs over the policy lifetime
and never use “correct” values. We do not modehgle “central” or “most likely” scenario.
Instead, we use the results of the different s¢esao inform our overall evaluations of the
policies. The most likely outcome — including pglmakers’ responses to new information
—is likely to lie somewhere in between the residtshe different scenarios that we consider.

NERA Economic Consulting iv



Renewable Energy Supplier Obligation Executive Summary

Box 2
Policies Analysed

Policy Name Policy Description
1 Current SDE+ - SDE+ support scheme as it was under Rutte 1 government.
2 SDE+ & cofiring - As 1, complemented by subsidy required to incentivise biomass cofiring.
3 SDE+ & cofiring, high budget - As 2, with annual budget up to €5.7 billion.
4 "Target-Achieving" SDE+ - As 3, with increased subsidies for offshore wind and dedicated biomass.
5 Uniform RECs - REC-based policy with one REC per MWh for all technologies, target = 260 PJ.
6 Uniform RECs & bonus/malus - REC-based policy with one REC per MWh for all technologies.
- Expensive RES receives additional subsidy, inexpensive RES pays a charge.
7 Banded RECs - Expensive RES receives more RECs per MWh than inexpensive RES.
8 Uniform RECs & banking - As 5, but certificates may be banked and used for compliance in future years.

9 Uniform RECs & banking, 2030 target - As 8, but target increases gradually after 2020, reaching 334 PJ in 2030.
10  Uniform RECs with buyout - As 5, but with buyout prices set at different levels.

11  "Hybrid" Uniform RECs + SDE+ - As 10, but with SDE+-style support for expensive RES.

Main Conclusions

= First, we note that any policy change whose effartsnot easy to understand may result
in delays to investments, because investors will tsaobserve the operation and impacts
of the new policy become before they begin newqmtsj; Repeated changes may also
make investors wary that policies are not stabiid,rasult in further delays.

= The SDE+, in the form and with the annual budggate during the Rutte 1 government,
was unlikely to achieve an overall RES target opércent renewable energy.

= In our Perfect Information scenario (which shoubd Ime confused with a “most likely”
scenario), an expanded SDE+ would have the lowgstcts on consumers — but impacts
are also relatively low for the Bonus/Malus RECipglunder which the REC market is
combined with additional subsidies for expensiveSR&ch-nologies and charges for
inexpensive one$.The Uniform REC policy, in which all RES soureeseive one REC
per MWh (or GJ) of output, has a larger impact onstimers.

= A Uniform REC policy has the lowest resource cestisat is, the incremental cost of the
technologies used to meet the RES target is thedowHowever, because even

2 While the analysis presented here was finalitezinew Dutch government (Rutte 2) proposed a RE@ttaf 16
percent in 2020 and increased the available buddfethave not assessed this new proposal. Referent@s report
to the “Current SDE+" refer to the SDE+ as introdlige2011 by the previous government (Rutte 1), tiaitned to
achieve a RES target of 14 percent.

At the time of our analysis the SDE+ annual buagding was €1.7 billion. To make a meaningful camgon with
REC policies, we assumed an additional €0.4-0.6ohiliillocated under other policies to support biaasfiring,
amounting to a total budget ceiling around €2.lidnil

3 As noted, with perfect information it should bespible to design the Bonus/Malus and Banded REC eslioi closely
match the SDE+.

NERA Economic Consulting \Y;
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inexpensive technologies receive the same suppdheamost expensive, the Uniform
RECs policy leads to high excess profits, or “réniehis amounts to a significant
transfer from energy consumers to RES producers.

= When there is a mismatch between policy designnagsans and reality, the SDE+ does
not always impose the lowest burden on consumersubeaather policies may be better
able to scale back impacts when costs are lowergkpected. On balance, however, the
SDE+ performs reasonably well in limiting consurmepact in most scenarios. The REC
options have more variable impacts on consumetsssicombined with a buyout price.

= REC variants that differentiate the support reagivéncluding a Banded REC system, a
Bonus/Malus system, or some other “hybrid” (sucla asmbination of the SDE+ with a
REC system for lower-cost technologies) — tendrtmipce results that are similar to the
SDE+. The Banded REC system may be more difftouthanage, however, because
there is no longer a one-to-one relationship betvike number of RECs in the system
and the amount of energy actually produced to aefhtiee RES target.

= In general, of the policies with output above onado 260 PJ, the “target-achieving”
SDE+ policy (or a hybrid REC buy-out plus SDE+ pgliwhich has very similar
outcomes) usually results in the lowest impactaiestimers. These are followed by REC
policy variants, with the Uniform REC policy appe&r most expensive. This ranking is
reversed, however, in the “Low Cost” RES scenartoere we assume that policy-makers
over-estimate the cost of RES supply. Under tbénario, the Uniform REC policy (with
or without banking) imposes lower costs on consgrtien the target-achieving SDE+.

= The SDE+ could be made less expensive if it gai®ifyrto technologies not on the
basis of theitotal cost, but on the basis micrementalor resource cost.

= Under a REC system (including one with banking)hére is no increase in the RES
target after 2020, the REC price will be pronedalpng in 2020 and then falling in 2021.
This is because once new investment is no longmtete the REC price is likely to fall
back to the level of the short-run marginal costhef marginal RES capacity. This short-
run cost will not be sufficiently high to compensaapital investments in earlier years,
implying the need for much higher prices beforegharp drop down to the short-run
marginal cost.

= Concentrated ownership of assets that can be adadn biomass could result in the
exercise of short-run market power in a REC maiixt,t is less clear that this will have
long-run detrimental impacts. Exercise of markawer in the long-run would require
limited competition and significant barriers to gracross other technologies as well,
however. If these are features of RES supply@iNbtherlands in the long-run they are
also likely to make it possible to exert market pownder the SDE+.

= Linking of REC markets tends to lower overall cobist may not always result in lower
impacts on consumers.

Additional conclusions are set out in the conclgdthapter of the main report.
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1 Introduction and Overview

1.1 Background

Like most European Member States, the Netherlaadsbmmitted to challenging renewable
energy targets. These will require the Netherldodferive 14 percent of its energy from
renewable sources by 2020. This is likely to ekt on the order of 35 percent or more of
electricity be derived from renewable sources liy ylar, with additional renewable energy
anticipated from “green gas” (amounting to apprcadiefy 8-12 percent of gas supply), as
well as 11 PJ anticipated from renewable heat t@oigres.

Achieving these targets will be costly, makingnifpierative that the policies designed to
support renewables are cost-effective. The |&B&+ policy for promoting renewables has
been designed with various features intended ttagooosts, including annual budget caps,
competition between technologies, and multiple inigadounds, but there is some concern
about whether the policy will be able to achieve délbove targets. The recent pace of uptake
of renewables does not appear to be rapid enougtessd later targets.

The Government’'s 201Energy Reporidentified five key criteria that any alternatiteethe
SDE+ should meet before it would be consideredesétare:

1. Renewable energy supply must reach the targetedstev

2. The policy must be more efficient than the SDE+e it should cost less (for a given
target);

3. Consumers should not be worse off than under themusystem (again, assuming the
same targets are met).

4. It should avoid excessive profits (typically refmirto in the economics literature as
“rents”, or sometimes as “windfall profits”) and rkat power. (This is related to the
preceding point — all else being equal, higherigainplies higher producer surplus, and
therefore lower consumer surplus.)

5. The desirability of moving towards a more harmodiregime across the EU.
In addition, it would be desirable for the poli©yrhinimize complexity.

It is very likely that reliance on biomass co-ireiation (or “co-firing”) will need to increase

in order to meet Government targets, but policypsupfor this renewable energy option has
largely been phased out. Co-firing is not eligitdesupport under the SDE+. Ongoing
agreements between the Government and coal gerssaagointended to spur continued use
of this option, but the details regarding implenagioin of these agreements leave room for
uncertainty. Co-firing is perceived to be among litwer-cost renewable energy sources, but
because it has a positive short-run marginal codtisdispatchable (unlike wind, for

example, which has a very low short run marginat emd is not dispatchable) it has raised
concerns in connection with market power and expes#s.

NERA Economic Consulting 1



Renewable Energy Supplier Obligation Introduction and Overview

1.2 Aims of Current Study

The current study analyses a number of differeribua options for a renewable energy
supplier obligation in the Netherlands, combinethvai tradable renewable energy certificate
policy. The policy would oblige electricity suppts (and under some design alternatives,
gas suppliers) to procure renewable energy equakttrtain proportion of their total energy
supply, or alternatively, to buy a correspondingiber of renewable energy certificates
(“RECs”). The obligation could also extend to atlage purchasers of energy apart from
suppliers.

Our analysis combines quantitative modelling oféhergy and (proposed) certificate
markets with qualitative discussion of selectedgyadlesign options and implications for
target delivery, social costs, and impact on corssmThe modelling quantifies various
standard policy appraisal criteria, including tineoaint of renewable energy produced, total
social costs, impacts on energy consumers (elagtramd possibly also gas consumers), and
the level of profits.

The policies that we consider include:

The policy baseline: SDE+ ;
A version of the SDE+ adding support for co-firing;

A “high budget” version of the SDE+ with co-firiregipport;

P w0 DdPE

A “target-achieving” version of the SDE+ with vam®modifications to the current
policy;

5. A target-achieving supplier obligation with a “puUREC system (where 1 MWh =1
REC);

6. A target-achieving supplier obligation with a “ba&uad REC system (different
technologies receive different number of RECs pgVi; and

7. A target-achieving supplier obligation combinedhseparate “bonus” payments and
“malus” charges to provide support in line with tteests of different technologies; and
finally

8. A supplier obligation that allows the banking oftdecates between years and imposes
more stringent targets beyond 2020 up to the pdlaryzon of 2030;

Under the first three, the policies would not oeittown deliver the targeted renewable
energy output from electricity, heat, and biomethéigreen gas”) technologies. The other
variants of the policies broaden eligibility (andtically, the level of support available) to a
wider range of technologies to bring the natioealewable energy target within reach. Some
of the variants also incorporate additional feagucemitigate excess profits. Opti6érwould

do this via “banding” technologies, so that teclogas would receive a number of RECs in
proportion to their required level of “top-up” supp Option7 would provide additional
support to expensive technologies — and would lsmgra-normal profits to low-cost
technologies — through the implementation of a &mpntary fixed subsidy / tax system
(possibly related to the SDE). OptiBrhas the effect of smoothing the certificate paeer
time, dampening the required support in 2020 it$etfoes this through two mechanisms; on

NERA Economic Consulting 2
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the one hand allowing some of the target to bewtétcertificates that have been saved
from previous years and on the other hand creaiiflifional incentives for renewable
generators in the years beyond 2020.

We also consider the possibility of setting differbuy-out prices for the Supplier Obligation.
A low buy-out price has the effect of reducing theget achievable through a certificate
system, and relies on supplementary support vieesathier mechanism.

NERA Economic Consulting 3



Renewable Energy Supplier Obligation Policy Appraisal — Conceptual Issues

2 Policy Appraisal - Conceptual Issues

2.1 Approach to Policy Modelling
2.1.1 General

Policy modelling often presupposes a world in whiwére is perfect information and where
unexpected future developments do not occur. Usuden assumptions, standard economic
theory suggests that there need not be any signtfdifference between a quota-based
policy and a subsidy-based policy. Each can begded to achieve the same outcome — for
example, by choosing a uniform feed-in tariff (“FI'Bubsidy at the same level as the
expected REC price, or by choosing REC “bandingupaters” that provide support equal to
the support provided by differentiated FITs. Theigalent policies will incentivise the same
investor behaviour and achieve the same overal) sobsidy, price impacts, etc.

Of course, in the real world we cannot assumegbaérnments or investors have perfect
information about the present or the future. Deais are made taking risks and uncertainties
into account. Different policy designs often dspend in different ways to unexpected
developments, so if we wish to model the kindsead kvorld uncertainty that are likely to
confront investors and policy-makers, we need aomageh to modelling that will be able to
capture the way the different policies — in ourecdbe SDE+ and different variants of a REC
system — will respond to unexpected future outcomieen policy designs that are based on
our current imperfect information.

Our primary approach is to start from a base sassfimptions about future costs, prices,
RES potentials, etc., and to develop the poteptiity options with these expectations in
mind. These policy options will be considered urtier“Perfect Information” scenario.
Inevitably, of course, some of these assumptiofiguvn out to be wrong. We model what
happens under the different policy designs wheriutge differs from current expectations.

In particular, we consider how key indicators ofippsuccess — including total resource
costs (i.e. the incremental costs of deliveringgneelative to the world without the policy),
total “excess profits” from support payments orerewes, and distance from the renewable
energy target — deviate from their expected lewglsn the different policies are confronted
by unexpected developments.

There is a wide range of parameters that coulddutrdifferently from current expectations.
For example:

= Fossil fuel prices higher / lower than anticipated

= Biomass prices higher / lower than anticipated

= RES investment costs higher / lower than anticgpate

= RES potentials higher / lower than anticipatedfédént technologies / bands)
=  Wind capacity factors higher / lower than anticgeht

We model a selection of these to illustrate thajpacts on the different policy outcomes,
presenting the results in Chapfeand discussing their implications for policy asseent.

NERA Economic Consulting 4
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In addition to modelling what happens when ourentrassumptions about factors that are
inputs to the policy design turn out to be wrong, also consider an alternative approach to
modelling uncertainty. This approach focuses enuicertainty facing potential investors in
renewable energy technologies, and attempts t@fpaterize” the risks that they face as a
result of different policy designs. If a particutmlicy imposes greater risks on investors, we
may expect that they will demand some “premiumtimeton their investment to compensate
them for these risks. We consider the implicatifmmghe costs of particular policies if
investors demand different levels of return undéeknt policies.

For example, a significant amount of time has kbmroted to comparing price- or subsidy-
based instruments to quantity-based instrumente ddthe frequently-cited advantages of
price-based instruments is that unlike quota-basdidies, they do not expose developers
(and their financial backers) to market price fizka new (often poorly understood) financial
commodity. Subsidy-based regimes, it is oftennetal, therefore are more “bankable” and
consequently offer governments the possibilityadfiaving desired levels of renewables
while paying a lower “risk premium” to investors@ompensate them for the uncertainty
associated with fluctuating certificate prices.

We use our modelling tools to assess how muchrdiifee this could make to the costs of
different policies: However, there is very little consensus about mguantify the
potential differences in risk premium that shoudddtributed to different policies —
particularly the relatively complex designs beigsidered in the Netherlands.

Related to this is the extent to which any polieyisions that a government undertakes will
themselvesndermine investor confidence, leading to delayswestment, or possibly
pushing up the return that investors seek befang #éine willing to invest in projects. This is
something that will also need to be considered wheighing the advantages and
disadvantages of the different policy options thatGovernment is considering.

In the remainder of this chapter we summarise sointiee key features of the SDE+ and
REC policy instruments and related variants, asgssthem against a number of policy
evaluation criteria, including robustness to uraietyy and economic efficiency.

2.2 Current SDE+ Regime: A Price-Based Subsidy Inst  rument

The current SDE+ regime in the Netherlands subssdisnewables by topping up power
market prices to a predetermined level (or “baselld) that varies for each technology,
based on the levelised cost calculated for théinelogy. The SDE+ is therefore a form of a
“contract for difference” (or “CFD”) that aims tekp total revenues above a certain lével.

Although there may be some merit in this lineezsoning, it may abstract too far from the reatitpolicy-making:
for example, by failing to recognise that governtaghemselves will only bear so much risk, and maylify policies
significantly — even retroactively — if unexpectaatcomes materialize.

In Dutch:basisbedrag

The SDE+ system is a “price-based instrumentier& are many other variants of such systems ae@aross
Western Europe, although the SDE+ system is sontawbige complex than most of them. Other examplgsioe-
based subsidy instruments include the system im&ey, which has provided extensive FiTs driving a significant
expansion of wind Solar PV capacity over the pagdrs. A number of observers suggest the subsidys there are,
however, extremely high by most standards. Beciiisa fixed subsidy stream there is usually nasib risk”, in
contrast to the Dutch system. The UK is also glamto introduce a CfD mechanism for subsidisingereables. This
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Renewable energy producers receive a top-up paytméiné base load power price (or for
non-power RES, the relevant conventional counteréd@nergy sourégfor the duration of
the support life (either 12 or 15 years) as follparsd as illustrated in Figugl below:

1. Each subsidised resource has a predetermined ldozde (the black horizontal line
series, labelled “A”), which is fixed in nominaltes for the duration of the subsidy
period (either 12 or 15 years), and is intentberkflect the levelised cost of the resource.

2. Each year over the lifetime of the subsidy, a tpppaymeritis calculated and paid based
on the difference between the realised power pnidex (the blue line labelled “Pyand
the base level (A), subject to a price floor (theen line labelled “€”), as shown in
Figure2.1:

— If the power price index (P) is above the basell@&Eno subsidy is paid, because the
power price on its own provides enough revenueltg Eompensate the renewable
energy source;

— If the power price index is between the “price flofC) and the base level (A) the
asset is paid a subsidy equal to (A) — (P); and

— If the power price falls below the price floor, thgset is paid a subsidy of only (A) —
(C), which prevents the total liabilities of thelipg from exceeding a predetermined
maximum.

Figure2.1 shows a hypothetical stream of per-MWh paym#raswould be provided to a
hypothetical renewables development under the S§en a series of power prices over
time.

will top up revenues when they are below a prigsilar to the SDE+ system, but claw back revenukemthey are
above the price. As in the SDE+ system the contrad subsidy stream is intended to be entirelpisgp from the
power market, such that a significant amount ottiamt basis risk and balancing risk is intention&ft with the
generator.

In the subsequent discussion, we focus on thepovarket, although the discussion applies eqoalhon-power
energy sources markets supported by the SDE+,dimguenewable heat and “green gas” (biomethaméntdogies.

In Dutch:jaarlijkse subsidie
In Dutch:correctiebedrag

10 In Dutch:basiselectriciteitsprijs
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Figure 2.1
Example of SDE+ Subsidy Payments
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Source: NERA analysis

To receive support under the SDE+ system, poteR&3 projects participate in a first-
come-first-serve application process that is de=<igo allow the government to select the
most cost-effective RES projects for support, gittenavailable budget:

1. In advance of each calendar year, the governmé&nagaaximum “budget commitment”
for subsidising eligible RES projects. The gowveemt also defines a “long-term average
electricity price” and uses this to set the pricef that will apply throughout the life of
projects that are granted support in that yeare fidor is set to 2/3 of the “long-term
average price”.

2. Cheaper resources (i.e., ones with relatively lasedevels) have priority access to the
available budget compared to more expensive reesurthis is implemented via an
application process that is divided into 5 diffdrelronological tranches, providing the
lowest cost support during the period of Tranchant] then allowing larger per unit
subsidies during Tranche 2, etc., until the budggekhausted.

3. For each successful applicant, the Government ctsrarportion of the available annual
budget equal to the maximum subsidy which couldgog@ired to support that applicant.
This maximum represents a worst-case cost to the+tSBnd is equal to the difference
between the price floor and the base level, migiipby the expected output.

As a result of this subsidy structure, the per Mi#\renues accruing to a given project may
vary over time. Under “normal”’ conditions (thatwghen the power price received by the
project fallsbetweerthe base level and price floor), total revenuesliding both electricity
revenues and SDE+ support) are equal to the baske(ignoring for the moment any basis
risk, which we discuss below). However, in the éwdrvery low power prices there is a risk
that total revenues will be below the base lex&bnversely, if power prices are high, total
revenues may exceed the base level. This isriiiest in Figure.2.
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Figure 2.2
Example of SDE+ Revenues to power asset
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Source: NERA analysis

In addition to the variation of the average basglpawer price (and the associated power
price index), the total revenue received by rendsvgbnerators may fall short of the base
level for another reason, which we refer to as thask”. The subsidy top-up payment is
calculated with reference to a power market pmckex (the “basis”), usually the average
power price. In practice, however, the averagespeceived by intermittent renewable
resources for their output may differ from the aggr price (“baseload price”). This is of
particular concern for wind generators: wind otitiemds to be highly correlated among
assets over a large area and high aggregate wipdtdends to depress market prices so
plants achieve less than average prices within daglor week. This effect is mitigated to
some extent by the fact that wind output tendsetbilgher in the winter when prices are also
higher. Our modelling, and the experience in otopean and international power markets,
suggests the former effect is likely to grow strengver the next decade as wind penetration
increases, leading to wind generators, on averageyring below-average pricEs.

An example of the contribution to the “budget cortmant” for a wind power asset with a
base level of €120/MWh is shown in Talld. In this example, the total budget committed
is €1.3m/MW installed capacity, assuming an exgeateual 2200 full load hours per year

1 This is consistent with experience from othemarwith high levels of wind penetration, such astesn Denmark,

where our analysis suggests the haircut off the ksl price was typically 5-10% before the easttwaerconnector
was opened in 2009/2010.

In the UK, one proposal under their forthcoming Cacit-for-Difference FIT scheme is to mitigate thereased risk
for wind technologies of not capturing the baselpdde by basing support on different referenceqsi It is
envisaged that a day-ahead based price be usedhf(wind generation forecasts tend to be faidguaate by the day
prior to delivery), whereas a long term baseloadepwould be used as the reference for other dibphte
technologies. The proposal also notes that sugstarm may even provide incentives for dispatchplaats to time
their routine maintenance to coincide with lowerrent baseload prices.

Under the SDE+, a “disbalance factor” is applieth®relevant energy price that is used to deterrtie required
support for wind projects.
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and 12 year asset life. In the example below, axelassumed that the average revenues
from the power market (H) are only 95 percent eflaseload power price, reflecting the
lower-than-average price expected to be receivedibg generators.

The actual total subsidy depends on the amourieofriity generated as well as the power
price. In the illustrative example, the actual gamment expenditure is 34% of the
committed budget, because the power price is sogmifly above the price floor for a
majority of the simulated horizon.

Table 2.1
Example Subsidy Calculations

Allocated Budget Units Amount

[A] Base Lewel €/MWh 120
[B] Expected Long Run Price €/MWh 106
[C]=[B]*2/3 Floor Price (2/3 of above) €/MWh 71
[D]=[A]-[C] "Committed Budget" per MWh €/MWh 49
[LH] Expected Full Load Hours MWh/MW 2,200
[E] Years 12
[FI=[ET*[D]*[LH] Total Max Budget Commitment €IMW 1,300,995

Example Outturn Values

[G]=Max([A]-Max([C],[P]),0) Subsidy Payment €/MWh (Varying)
[LHR] Realised Full Load Hours MWh/MW  (Varying)
[N=Sum([G]*[LHRY]) Realised Budget Consumption €/MW 445,463
[J=Sum([H])/[F] Percent Budget Consumption % 34.2%

2.2.1 Assessment of the SDE+ system
The SDE+ system has a number of attractive charstits:

= Some degree of revenue certainty for investorshe project developer has a moderate
level of certainty about the amount of money thatproject will receive, although there
is still a downside risk associated with low powaces.

= Certainty about maximum expenditure: The future committed budget is known in
advance. However, this maximum commitment is Yikelbe significantly higher than
what is actually spent, and may bear little resamt@ to what is actually paid out,
assuming prices turn out as expected.

= Limiting excess profits: The SDE+ attempts to limit excess profits or “rémstwo
ways: by capping the support that individual tedbgies are eligible for, and by
imposing restrictions on théming of the support levels offered to applicants —rovjgle
incentives for lower-cost investments to bid eéolgnsure that they have the opportunity
to receive the subsidy before the annual buddetlisallocated. Technologies with the
lowest cost are offered lower subsidies per MW thigher cost technologies, in theory
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limiting “excess profits” or “economic rents” aneducing the budget requiremefitThe
policy’s ability to limit rents by encouraging eadpplication for support depends on
whether or not applicants are confident that ify/tdelaying their application, they will
still receive funding.

Economic efficiency:Technologies with lower resource costs are graatedss to
subsidies first (or may choose to apply earliém)an ideal world with perfect

information, this means the least expensive tedyie$ are selected even when projects
are offered different levels of support. This teatpresupposes that costs are represented
accurately, (and similarly, that there is limitegtdrogeneity of cost within each

technology group).

There are, however, also a number of potentiabldesatages to the system.

Unknown take-up: If the pre-determined base levels are wrong anatcaadequately
capture the dispersion of costs for each resoypeethe take-up could be very different
from what is projected. This could mean missirgyd¢buntry’s renewable energy targets
if the policy under-delivered. Also, there is ranamitment to build by developers who
are awarded subsidies. Historically, we understaatisome investors may have viewed
the SDE+ application process as a kind of “optimnfeceive the subsidy stream if
circumstances were favourable, rather than a fooedmitment® There is, therefore,
uncertainty about actual take-up, even after tlagbtuhas been allocated.

Downside risk to investor: The investor is exposed to downside risk in thenettee

power price index goes below the floor. This imged risk is likely to increase to
required expected return on investments requiretthédynvestor (relative to a case where
the downside risk were eliminated).

Unsuitable for technologies with significant fuel osts: For resources which have
significant fuel costs (or any other variable cogt®se underlying prices fluctuate), such
as biomass plants, the system as currently desgpesinot take into account variations
to these costs. In the current setup, there iglonilted support for biomass plants and
none for biomass co-firing. Allowing for suppootthese resources may require that
subsidy “base levels” be indexed to annual biorpaises, which is not part of the current
SDE+ regime. The way this index was set would aisan that the allocative efficiency
of the SDE+ (its ability to select the lowest csthnologies) could be reduckd.

Finally, the above discussion highlights the faetttmany of the potential advantages of the
SDE+ system depend on certain assumptions thabmgypartly hold in the real world. In
particular:

12

13

14

The ability to pay different prices for similantputs (or to charge different customers diffefates) is sometimes
referred to as “price discrimination”.

Producers must receive a licence before theglagible to apply for subsidies. Investment in dhitag the licence can
be seen as a sunk cost that raises the priceinfjtak the “option,” and that may reduce specuéatipplications, but
will not eliminate them

For example, if renewable energy from biomasscasuwere relatively inexpensive at low biomasesgs; but
increasing biomass prices rendered this previdoshycost energy supply much more expensive, it @ad longer be
cost-effective to operate the biomass generatiances. It might be necessary to design a more teagd index
mechanism that put a cap on biomass support itiaelt the cost of alternative RES technologies.
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Cost estimates and excess profit3he ability of the SDE+ to limit the amount ofomss
profits depends on its ability to accurately estarthe costs of the set of projects that are
actually supported by the SDE+ each year. Thexévew difficulties here:

— First, the SDE+ subsidy levels may not be baseacoarate estimates of tagerage
cost of each technology band. In this case, ifgoted costs are lower than actual
costs, the SDE+ will not be successful in stimalgtihe development of that
technology® If the projected costs are higher than actuaisctise SDE+ will lead to
excess profits. In both cases, provided the gawent or its representatives are able
to observe the “true costs” at a future date, th&-5can be corrected.

— The second issue is more difficult to overcomearikes because even if the SDE+
has the “correct” average cost of each technoltiggye is likely to be heterogeneity
of costs across the set of projects of each teoggdhat receive support. This
heterogeneity may be significant. Even if the SOere to offer a level of support
that was exactly at the right level to support‘tin@rginal” development within each
technology group, all investments with lower cosiNg receive “excess profits”. It
is very unlikely that the cost heterogeneity thatates these profits could be
eliminated. Thus the ability of the SDE+ to redsaeh profits is likely to be over-
stated, possibly significantly, if one ignores dosterogeneity.

Price discrimination vs. “gaming” the application process As noted above, the
application process is designed to reduce excedissny subsidising cheaper
technologies before more expensive ones, and pp$silsupporting the cheaper projects
within each technology group (thus addressingptoesextent, cost heterogeneity of
projects). However, we have also noted that agnmbormation about project costs and
the outcomes of successive application processmEsiies available, we might expect
developers to become savvier about the timing @f gpplications, and to maximise the
level of support that they may be able to achiévesre are a number of ways that
applicants could modify their behaviour to incretsesupport they received from the
policy, all of which would increase the cost to somers of meeting the target, or
compromise it all together.

— Firstly, within each year, some technologies, saslonshore wind, have different
base-levels of subsidies which are intended taidigtate within technologies.
However, in the event that the budget is abundantHeaper technologies (which it
will be, given the level required to meet the téygavestors in cheaper onshore wind,
for example, might have an incentive to wait fagher onshore wind tranches than
strictly required, thereby achieving a higher sdipsin certain borderline cases they
may even make inefficient economic decisidins example by fitting smaller blades
onto a large turbine, in order to fit into a lovlead hour category.

— Secondly, in the longer term, if it were perceitiedt the government would be likely
to adjust SDE+ levels and budgets in the eventsbfaatfall of the target, pivotal
players may have an incentive to deliberately detagstments from one year to the
next with the expectation that the government wauttease subsidy levels

15

This may also mean that other, less expensiiegroare not selected as eligible for supportiteato more
expensive renewable technologies being supportetvlould be necessary.
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(essentially holding the government to ransom). digeuss this below in Chaptér
(section8), where we consider market power more generally.

— Finally, given relatively limited commitment cosibapplying for SDE+, some

market participants may speculatively submit agpians with little expectation of
actually utilising the investmenf.These players may effectively see the subsidy
allocation as a “real option” for investment rath®an a firm commitment. The
design of the SDE+ means these allocations migiatiout other potential projects
which would have gone ahead and hence compromiséngéehe target all together.

Influence on cost estimatedf the determination of SDE+ base levels relies on
information from a few existing developers in thetherlands, these developers may
have lower incentives to drive their own costs dplgtause this will ultimately reduce
the SDE+ support that they can expect to receifes might result in higher costs over
the longer term, although the magnitude of suckfatt may not be very great.

2.3 Supplier Obligation: A Quantity-Based Support | nstrument

The proposed Supplier Obligation in the Netherlandsld be a quantity-based “quota” or
“certificate” system. In their simplest form, susystems work as follows:

1.

Renewable energy sources receive one renewablgyecerttificate (or “green certificate”
or “quota”) for every unit of energy they generate;

Suppliers of energy to end-users are requiredrt@sder a target quantity of certificates
per unit of energy they delivEr(where the overall target is set by the governipent

Energy suppliers can buy these certificates fromeweable energy suppliers directly or on
a certificate market; and

Renewable energy generators receive revenue frotREes in addition to revenues
from the power market.

16

17

Commitment costs include the costs of plannindiegons, licensing and the like, but these aralbin comparison
to the costs of constructing the project itself.

Other parties in the energy supply chain may faeeobligation instead of suppliers, but targe¢sraost commonly
imposed on suppliers. We have not been askednsider other forms of obligation.
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Figure 2.3
Power and REC Market

Power Market

Certificate Market

In theory, this means the REC price should increésé¢he level that is required to encourage
investment in (and operation of) sufficient reneleamergy capacity to meet the target.

As suggested by the discussion above, the reveaagesging to a RES producer are the sum
of power market revenues and revenues from cextéfs; as shown in Figuged. As with

the SDE+, the revenues to the generator from tinepmarket may differ from the average
power price. The expectation is that the REC padjests dynamically over time to ensure
that renewable operators (and investors) are rfesleds willing to provide energy to the
market.

Figure 2.4
Example of REC Subsidy Payments
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2.3.1 Assessment of a Supplier Obligation

Certificate-based systems that award one REC pehM&ve a number of advantages:

Uptake is known: The quantity is set in advance, so is far moreagetb be achieved
than under a price-based syst&m.

Economic efficiency:lt is economically “efficient”, minimising sociabsts. In other
words, the cheapest resources are built before exgrensive resources, because any
source with a cost below the expected REC prieelisg to invest and generate,
irrespective of which technology it is. This istitiee same as minimising costs to
consumers, however. The “least social cost” priyperachieved because least cost
investments are moptofitable for investors, but there is no “discriminationg’ there
may be significant transfers from consumers tostwe, who may earn excess profits.

Well understood: Certificate systemare easy to understand and can offer a relatively
straightforward framework for investofSHowever, ease of understanding does not
mean they are free from risk and uncertainty.

Protection against volatile electricity prices:Because a target typically must be
achieved each year, movements in the average aelegédicity price (or in underlying
factors that influence it, such as the gas price)ualikely to change significantly the
financial position of renewables sources, becaus&EC price will automatically adjust
to provide total revenues necessary to achieveatiget. This differs from the effects
under the SDE+, notably when the electricity pfadés below the SDE+ price floor.

However, certificate systems also have variousddisatages that have been highlighted in
many of their real-world implementations:

Volatile and uncertain REC prices: The REC price can be very volatile—increasing
dramatically if supply is unexpectedly low, andifa (in theory to near zero) if supply
approaches or exceeds the target. This exposedbgers and sellers of RECs to
significant price risks. As a consequence, madgpendent developers have found it
difficult to secure bank loans on the basis of fetREC revenues — driving up investment
costs, and creating a system that favours establisbsinesses, and possibly vertically
integrated arrangements.

Risk exposure of sunk costsThe price of RECs always reflects tmarginal cost of
renewable energy which means once an investordresdracted a renewable asset, it is
exposed to subsequent fluctuations in the pricebdtin power and RECs. For example,
commodity price fluctuations tend to feed direcdtiyo power prices, so if gas prices drop,

18
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However, introducing either banking or a buy-prite into the Supplier Obligation scheme may unrlee the
likelihood of the target being achieved. This isadissed in more detail within the results sectfah@report in
sections.2.9 ancb.2.10.

In essence, the certificate price reflects thegmal cost of generating from renewable energy ceaventional
sources of generation, so offers a price signafercost of renewable energy. All renewable ensoyirces can earn
this price, irrespective of how low their own coats.

In the UK, where the renewable support policpn@ving from a certificate based system to a CorgrfactDifferences
FIT system, opponents to the change cited theaseg comfort investors took from a well-understowthanism, as
reflected in the current Renewable obligation regifBee DECCPIlanning our Electric Future: A White Paper for
Secure, Affordable and Low-Carbon Electriciiyly 2011.
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power revenues to renewable generators will dropA$ noted above, such price
fluctuations may be compensated by opposite RE€& pniovements, but if the costs of
other renewable energy inputs also fall, REC prinay not need to rise as much to
incentivisenewcapacity. This has the potential to leave oldsets with stranded costs
that they cannot hope to recover. Similarly RE&Ipcers are also exposed to
technological progress, or other developments witiake new renewable energy
cheaper. For example, if the cost of construatifighore wind turbines fell unexpectedly,
this would be likely to incentivise more new invasint and increase the supply of RECs,
leading to a drop in the REC price, which wouldtheave existing producers (who had
invested expecting higher prices to prevail) unableecover their investments.

Potential for excess profits due to lack of discrinmation: Under a “pure” REC system,
level of support provided per MWh is uniform acrossources, i.e. there is no price
discrimination. Cheap resources tend to be paidifstantly more than their cost, giving
rise to excess profits. Although this means trstesy is “economically efficient” (that is,
cheap resources are most profitable and theretstrmicted first), it also means that
consumers pay more than they would have to for mesyurces if these could be paid
the minimum subsidy required to give them incergtitegenerate. Variants to the “pure”
REC regime modify this design.

Potential for Exercising Market Power: Certain types of new entrant renewable energy
potential in the Netherlands are scarce and rellgtmoncentrated among a few market
participants. Energy suppliers that would have tgstancentives to exercise market
power would own both high marginal cost assetdh sisccoal plants that could co-fire
biomass plants, and low marginal cost assets, asie¥ind turbines. Under some
circumstances, incumbent generators have bothbiiy @nd incentive to withhold
output from the high marginal cost plants and theqgush the REC price above its
competitive level. In normal competitive marketee threat of new entry capacity would
provide a limit to such actions in the long termt tith limited potential new entrant
capacity, there may not be less opportunity to khlee exercise of market power. We
discuss these issues in more detail in Chapter

These perceived disadvantages have led policy-rmasefary the design of “pure” quantity-
based policies, some of which we discuss below.

2.3.2 Supplier Obligation: REC system variations

“Support Discrimination”: Technology differentiatio n through banding or
bonus/malus payments In general, economic theory suggests that thet mo
economically “efficient” approach (in the sensetti& resource cost to society as a
whole would be minimised) to policy design wouldtbeofferonecertificate to every
MWh of output fromany qualifying technology. However, as noted abokgs may

result in very significant “excess profits” beingreed by low cost projects, which would
be willing to invest even at significantly lowergbit levels. Under such circumstances,
consumers would be paying more than necessarpadéaoutput being produced. One
option commonly in use is to “band” the technolegseich that more expensive resources
receive more RECs than cheaper technology. Anabgon, with similar characteristics,
is to introduce bonus/malus payments Howeves,ahtails a trade-off between
efficiency and distributional outcomes, as the ofkanding is that the technology bands
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are set incorrectly. Banding and other formsugdport discrimination also entail greater
administrative effort.

The Renewables Obligation scheme in the UK wasdstablished in 2002 as a
technology-neutral certificate-based scheme. Howelis was changed to a banded
scheme in 2009 (after two years of discussionscandultation). As well as mitigating
excess rents, an additional motivation for this wediversify the range of technologies
offering renewable energy. Such diversification nmagrove the longer term security of
supply across the network.

Price smoothing through banking: The option of setting aside RECs earned in oae ye
for use against a future target can be one wayatiang dramatic fluctuations in
certificate prices. Banking is likely to be helpiin smoothing annual variations in wind
output, for example. Like headroom (see belowgases where targets are met, banking
is a mechanism that keeps supply of certificatésvbdemand. However, banking also
allows for price stabilisation in the opposite amtstance (i.e. when prices are driven up
because of a failure to achieve the target), pexvithere is a pool of previously banked
certificates. This latter circumstance also illasts how banking can serve as a buffer
against the penalty or buy-out price. In genehad,longer certificates may be banked,
the closer will be the links between certificatees for different compliance years, and
in competitive markets, the greater the expectédefcy. However, because banking
has the effect of restricting the number of alloaesin circulation in a given year, it
must be considered carefully if there are concabmut market power. Banking also
needs to be considered carefully in light of thet fhat renewable energy targets apply to
2020, so that underachievement in 2020 that igo&dpup” via recourse to a pool of
banked certificates may not be recognised as aaloiepat the European level.

Price cap through a buy-out One of the risks to consumers is that if the R&Qet is

set out of reach, the REC price will increase ditacally. Often, target-based systems
include a “buy-out” price, i.e. a price at whichdemser energy suppliers can avoid
surrendering certificates. This is closely conadatith the volume of renewables that
will be delivered, and if the target is always otiteach, can be expected to form the
basis for the certificate market clearing pricekiclki may in turn have implications for
the level of windfall profits or “rents”. The buyut level is also connected to incentives
for banking — a higher buy-out price may provideaier incentives to bank certificates
now to guard against the risk of missing a futargeét. The inclusion of a buy-out price
risks that the target RES output will not be acktuf the buy-out price does limit REC
prices, so that energy suppliers elect to noesuler certificates corresponding to their
obligation in 2020, then output will be below thesded level. This puts at risk one of the
key strengths of the REC type policy. However, @ynbe reasonable where government
does not wish to expose consumers to escalating, @ésen by an increasing REC price.
As such, a well designed buy-out price can progoernment with a tool to manage the
trade-off between a firm commitment to achievingrget level of RES output and
mitigating the potential cost impact of a suppbétigation policy that is passed through
to consumer§!

21

One possible option for managing this trade-effleen sacrificing attainment of the target andadsipg too high a
burden on consumers would be to publish ex antgiable buy-out level. This could be set in suehag that the buy-
out price increases in proportion to the distamemfthe target trajectory for renewable energy outp
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Price floors: One of the key risks to renewable generatorsRE& system is that the
REC supply increases more than expected, causi@drEes to fall dramatically, or
even to zero. One option to overcome this isréwige for minimum “headroom”
between actual production and the target, suchttieaarget is deliberately kept out of
reach, such that it must be met through either édwertificates or buy-oufs. The

effect is higher certificate prices, and becausetdinget is re-adjusted, it also means the
renewables output is no longer fixed. Mechanisgna/hich the headroom is periodically
adjusted automatically, depending on the “distandarget”, may be worth considering.
Another way of ensuring that the price does natif@low a certain level is to set a
“floor” price that would guarantee a minimum leweélsupport. Price floors may be
difficult to implement in a market that allows freading of RECs — unless the
government is willing to act as a buyer of lasoreat the floor price.

22

For example, headroom is added to the targetvadnles output target in the UK based ROC scheme.[¥e€C
publication,Calculating the level of the Renewables Obligat@®09.
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2.4 Summary of Efficiency and Risks

The previous section highlights some of the diffieess between the REC and SDE+ systems
with respect to the exposure to risks within thev@oand renewable energy markets. We
can distinguish these between (i) risks to investand (ii) risks to the
government/consumer:

2.4.1 Risks to investors and suppliers

= Commodity price risks: Commaodity price changes affect power (and heatepriwhich
account for part of the revenue received by genesainder a REC scheme. Generators
are also exposed to these fluctuations, but irifardnt way, under the SDE+. They may
actually face greater downside risk under the Sbésause of the electricity floor price.

= Technological progress risk:Under the REC, there is a risk that falling cogteew
entrant renewable capacity could force REC prioet, which could then reduce the
revenues received by projects that were built @vimus years below their expected
levels. Investors under a REC regime may therdfaxe greater incentives to recover
their investments sooner than those under the SPgime.

= Basis risk (“Haircut risk”): Exposure to increasing market volatility, and tis& that
generators can not capture the baseload price.eXjasure for REC and SDE+
generators are similar. In contrast to a fixed $y$tem as observed in for example
Germany, both systems have similar propertieslatiom to the economic efficiency of
dispatchdecisions, i.e. there are incentives to generatnwit is most valuable but this
does leave assets with the risk of taking a hamouhe baseload price. The REC scheme
will dynamically adapt to this.

= Regulatory risk: A banded REC system is likely to be subject to bandeviews that
occur every few years. Such changes to the ldvshding or to the renewable target
may have an impact on the REC price. Under theiSBtere is an equivalent annual
calculation of the necessary base price and tlexiated expected support levels. For
the SDE+, however, this review does not affectiéivel of support that is available to
projects that have already secured their subsidibgs would be different under a REC
system, because re-banding has the potential tmyehthe supply and demand balance
within the entire REC market, and thus affect tngp®rt received by existing renewable
energy capacity, even when the number of RECsveddiy existing capacity is
“grandfathered”.

2.4.2 Risks to the Government and consumers
For the government/consumers, there are also aewaofibisks

» Renewables TargetUnder the pure REC, the target will be met by d&din, subject to
only limited buy-out and banking of certificatesadér the SDE+ , the uptake is uncertain
so the government takes on risk.

= Budget risk: To the extent the SDE+ is financed through the gawent budget, this can
vary, and the government is exposed to budget tisthe SDE+ payments were placed
directly on power consumers instead, they woulchaa “natural hedge”: In the event of
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low power prices, the subsidy payments would ineeepartly neutralising the change
and vice versa.

= Risk on the total price paid for electricity: The REC scheme offers only protection
through the buy-out price.

An important difference between the REC schemetlam@&DE+ support regime is that under
the REC system, generators are exposed to bothaRBE@ower price fluctuations while in
the SDE+, generators are exposed only to variatiotiee power price — and then only when
this price is above the base level or below therfldNhich of the two policy systems results
in more volatiletotal revenue to investors will depend on a varietyitietent factors,
including the volatility of various commodity pris@nd the power price, the level of the
SDE-+ floor price, and the degree of (negative)alation between REC prices and power
prices. Itis not evident that one or the othetheftwo policy approaches has a wider
distribution of possible total investment valueshkether the “up-side”, the “down-side”, or
both.

Another key difference between the two types ofqydk that under an undifferentiated REC
system, there is more certainty about meetingafrget, because the support level
automatically increases (with the REC price) irpmsse to a shortfall. Under the SDE+, in
contrast, development of new capacity (and oparaif@xisting capacity) depends on
subsidy levels that are set based on cost expaasatut that do not adjust automatically in
response to any market development. The SDE+ftrershifts the risk to the government
that targets will not be achieved.

Note that some REC variants do not provide as ncaedinty about the achievement of the
target. If a REC policy includes a buy-out pritteen there is no longer a guarantee that the
target will be met. Additionally, under the band®EC system, it is no longer
straightforward to translate the number of RECgadsanto the desired level of RES output
in MWh or PJ, because there is no longer a onaxtoenrrespondence between RECs and
energy outpuf® Similarly, when banking is allowed, the certaittigt a target will be
achieved in any particular year is reduced.

It has been suggested that REC-based policies @aaytb greater innovation by RES
developers. This argument needs to be undersimbdnfthe context of the global
innovation that is occurring in the field of rendM@energy. Given the size of the
Netherlands, it seems unlikely that national pobey make much difference to global
innovation in this field. Thus the innovation tmaight be influenced by the Netherlands’s
RES policy should be understood as local innovadiah cost reduction. With this in mind,

if policy-makers are committed to minimising reflty differentiating support through
whatever policy mechanism), this may reduce ingestto innovate, because investors may
fear that cost reductions will be met with corrasgiag reductions in the level of support that
is offered. It is possible that a Uniform REC syst because it implicitly signals that high
rents will be tolerated, could therefore provideajer incentives for innovation.

2 Because the bonus / malus policy retains the o correspondence between output and RECs (avidesa

separate “top-up” payment), it also provides mamgainty about the target.
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There is one other significant trade-off from thev&rnment’s perspective, which arises once
we take into account the fact that information alieahnology costs is likely to be

inaccurate or incomplete. Although with perfedbmimation, the SDE+ variants (or a banded
REC or REC + bonus / malus policy) will deliver least-cost technologies required to meet
the target at the lowest subsidy cost, this isomgér true once the policy design is not
perfectly aligned to real-world costs and othehtextogy parameters. This is illustrated in
Figure2.5.

The top chart in the figure shows a RES supply ewvith three RES technologies — one with
low cost, one medium cost, and one high cost. chh@ured areas of the chart indicate the
subsidies paid (or other policy-related revenuesived). The blue reflects support that is
required to cover actual resource costs, and engrepresents profits above this level. The
top panel shows that under the REC policy, excesfgpare relatively high, but the cheapest
technologies are supported, whether or not the (Aovent knows the true costs and potential
of the RES options. The bottom two panels illustthe differences between an SDE+
policy that precisely matches subsidies to ace@inology costs and one that gets the
subsidy levels wrong. In the first case (the pefihel), excess profits are reduced
significantly, while the target is still met at thmvest cost. The right panel illustrates the
impact of having incorrect information about teclogy costs — in this case, the lowest cost
technology is not given enough support to encoumragestment, and either the target is not
met or it is met at a much higher cost.

Figure 2.5
lllustration of Trade-Off between Excess Profits an  d Inefficiency

Expensive technology
not taken up

Cheap technology

very Profitable
Uniform
—————————————————————————————— - Subsidy / REC
Support
Profits
. Costs
Expensive technology Expensive technology
not taken up inefficiently taken up
_________________________________________ Subsidy 1
---- Cheap technology - - = - Cheap technology not = y=========-=------ Subsidy 2
only marginally taken up as not
profitable profitable
-- Subsidy 3
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As discussed above, while large inaccuracies irstixsidy level may be detected relatively
quickly, and the levels may be adjusted within ary& two, inaccuracies that result from the
heterogeneity of projects may simply be impossdibleorrect.

2.5 Applying Different Risk Premia to Policies

As noted above, differences in risk exposure uddéerent policy regimes may lead
investors to apply different investment criteriadls as hurdle rates, or required rates of
return) when selecting investments.

There are obvious differences, for example, betveefexed feed-in tariff (“FIT”) and a
premium FIT, because under the fixed FIT, reneweahkrgy producers are not exposed to
fluctuations in the price of electricity. They dherefore less risky. More subtle differences
may exist between premium FIT policies and cedifcpolicies, and between both of these
and the SDE+. For example, under the SDE+, iftetity prices drop below a certain level,
there is a risk that renewables generators willb@oéble to cover their capital costs; under a
certificate-based policy, similar circumstances raegur, but when power prices rise (or fall)
there may be compensating changes in the ceréfioatrket in the opposite direction that
change the distribution of possible revenue prsfile

One way that the differences in risk have beenessted in market and policy studies is by
assuming that the “hurdle rate” that investorstosgcreen projects is higher under policy
regimes that are perceived to be riskier. Thexusivalent to assuming that the opportunity
cost of capital, often represented as a weightedage cost of capital (WACC), is higher
under such policy regimes. Although there areotariexamples of studies that make such
assumptions there is no consensus about how bffeeedce to the WACC policy
differences are likely to make.

Various policy makers and researchers have coresidesw to quantify the differences in
risk exposure under different policy regimes.

— In general, analysts tend to agree that certifinzekets expose investors to
significant risk, because for an individual projdgbere is uncertainty about the level
of both the power price and the certificate pradéough there is reason to think that
the two prices will be negatively correlated, satttiuctuations in the two may offset
each other to some extent.

= REC price uncertainty can be mitigated to somergxig the imposition of price
caps (or buy-out prices) and floors (for exampia,dynamically adjusting the
target level*

— A premium FIT policy reduces the variability of threnewable revenue stream”
(compared to a REC system) but remains exposelgiaiages in the power price, and
total revenues may be more volatile than underrt#icate scheme, because of the
negative correlation noted above.

— Afixed FIT policy is typically taken to provide eélgreatest level of certainty to
investors. However, it also requires the followoayeat: recent experience suggests

2 In the UK Renewables Obligation this is referres “guaranteed headroom”.

NERA Economic Consulting 21



Renewable Energy Supplier Obligation Policy Appraisal — Conceptual Issues

even FIT regimes are subject to significant riskgavernments may drastically
revise FIT levels, not only for new investmentst &en retroactively for investments
that have already been made.

s Governments have also passed taxes to take baghuey earned by renewable
generators from FITs, which exposes investors bstsuntial risk — particularly if
developments have changed hands since originatroatien.

o This exposure to policy risk is directly relatedhe fact that under FIT regimes,
the government takes upon itself theantityrisk — that is, the risk that the level
of investment in renewable energy projects is eigheater or less than originally
expected. Recent experience has demonstrategabatnments will not always
accept the downside financial risks associated kigher-than-expected
investment.

— Contracts for difference (“CFDs”, of which the SDBffers a certain variant) are
similar to fixed FITs, but details of how the CFPdefined and the payment
calculated can create additional risks for invesstorcluding the basis risk discussed
above, and the risk associated with the price flowter the SDE+.

There is, therefore, some consensus regardinglidve levels of risk that different policy
regimes impose compared to other policy regimetstHaicomparisons are not always clear-
cut. Furthermore, the (qualified) consensus abiwitelative ranking of investor risk
exposure is not easily quantified. So while itresgeasonable to suppose that the WACC
demanded by investors under a fixed FIT regime lmalsomewhat lower than the WACC
demanded by investors under a REC regime, there c®@nsensus about the magnitude of the
difference.

Nevertheless, various analysts have made assuratimut the levels of WACC that are
applicable under different policy regimes. Fewtase are backed up by formal analysis or
guantification of the estimates, but we neverthetegnmarise a selection of typical estimates
below:

= A European Wind Energy Association publicafibassessed the characteristics of
different types of renewable energy support pdidiased in part on surveys of industry
experts. The study distinguished between “gengridities (which are assumed to
involve greater uncertainty because they are |ledlsestablished, providing for less
transparent procedures about policy revision assl mearket information) and
“advanced” policies (which are characterised aadbetter developed, more well
established, and having more transparency and falé®w revisions may be
introduced). The WACC estimates vary substantiaiyh “advanced” fixed FIT policies
having the lowest WACC (at 6.5 percent) and “geriarertificate systems tied with
“generic investment subsidies” at 12 percent —ffardince of 550 basis points.
Interestingly, however, the study judged well-dasig certificate systems (WACC of 8.6
percent) to be less risky than “generic” fixed F€fimes (with a WACC of 9.1 percent).
“Tendering systems” — which could be one way ofcdbsg the SDE+ — fall somewhere

% European Wind Energy Association (2005) Suppohiefhes for Renewable Energy, A Comparative Analyfsis o

Different Payment Mechanisms in the EU, EuropeandMinergy Association.
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in between — with a difference relative to a RE€6tem, under the “advanced” policy
description, on the order of 100 basis poffits.

= A study for the UK governmefitsuggested a 60 basis point difference between
investors’ WACCs under a hybrid certificate regilike the UK Renewables Obligation
and a CfD regime. The study also suggested a raird@-80 basis points, depending on
assumptions about the level of return demandedjbifyeinvestors (which in turn may
vary by technology). The study attributes theed#hce primarily to the higher levels of
debt financing (as opposed to equity financingj thassumes would be afforded because
of the greater revenue certainty provided by th f&gime.

= Two recent studies in the Netherlands also makengstsons about the differences
between different policy regimes:

— One study for Energie Nederl&fidissumed a post-tax nominal WACC of 6-7 percent
across all technologies in modelling the earlieESXgheme in the Netherlands, with
the higher WACC rate applied to offshore wind. Bhady assumes the same
WACCs under the different policies considered.

— Another study, also carried out for Energie Nedetfd assumed nominal WACCs of
6-8 percent per year (again, varying by technolagyhodel the SDE scheme, and
assumed no difference under a certificate-baseehseh The study judged the SDE
to have levels of risk similar to certificate bagedicies because of the downside risk
associated with unexpectedly low power prices utiieiSDE. The study does
suggest lower WACCs for a FIT regime, in the orafet00 basis points.

In summary, the selection of studies surveyed alaggests no real consensus about the
difference in risk premium or WACC that might bertinded under a REC system, relative
to the current SDE+ or some future variation onfike range of estimates suggests that the
WACC under a REC system could be no different fthat under the SDE+, or that it might
as high as 150 basis points higher.

% These estimates were adopted in the Green-Xgiragsumptions on the discount rate for varioupstschemes.
(Presented in Fraunhofer Institute Systems andvisiiem Research report (2008)pnitoring and evaluation of policy
instruments to support renewable electricity in E&rivber Statep

27 CEPA (2011). “Note on impacts of the CfD suppoxthame on costs and availability of capital andxasting
discounts in Power Purchase Agreements.”, subnmitt&@ECC

2 Frontier EconomicsStudy on market design for a renewable quota schitag 2011

2 Energy Research Centre of the Netherla@ast-benefit analysis of alternative support schefoerenewable

electricity in the Netherland#1arch 2011
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3 Modelling Implementation and Assumptions

3.1 Overview of Modelling Methodology

For this assignment we have applied our power niarke renewables model, EESyM. The
model integrates our power market model and ar&dlonodule for the Dutch renewable
energy subsidy regime into one framework, iterabatyveen the two modules as shown in
Figure3.1:

= First, the power market module estimates equilibrpower prices, given existing
capacity, estimated existing renewables output, e@nant costs and commaodity prices.
This module passes power prices and coal plantroppty costs for different power
market situations to the renewables module;

= Then, the renewables module reads the power paitg®pportunity costs, and decides
which renewables to build, subject to the maximummual construction limits and
maximum total capacity constraints set out in secti6. This module explicitly models
each year’'s new renewable capacity as a separdtgei and takes into account the life
of the subsidy and the life of the asset separdiedlyfferent). The module passes the
renewables output back to the power market model;

= The power market module determines a new price, gatan the output from renewables,
taking into account the intermittent output profiiethe renewables.

The iterative procedure is repeated twice, whichhesxe found is adequate to sustain a stable
equilibrium.

Figure 3.1
EESyM Modules
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power, green gas)
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3.2 EESyM Power Market Module

We have used NERA'’s power market model to simutaeDutch power market,
complemented by a separate renewable energy mtudatesure appropriate modelling of the
renewable energy investment decision given quadtgaiions or subsidy payments. EESyM
is a comprehensive production cost model of Eunogdectricity market, which we keep up-
to-date using data drawn from Pla®swervisiondatabase as well as information gathered
through local information sources and our variocsEgnments.
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The EESyM market module simulates the most imposeastern European power markets
for the Netherlands up to 2035.

3.2.1 Power Market model overview

EESyYM is a mathematical programming model whiclve®for the optimal market price of
electricity, the optimal investments, and productny plant types in any given year.

The model simulates optimal despatch by minimisireggnet present value of the capacity
and energy costs of meeting system demand in eadketrover a number of years, taking
account of interconnection constraints betweemthekets. EESyM uses a load duration
curve representation of demand in each marketx@aiaed in the previous section. EESyM
optimizes the dispatch by assigning the leastsalstion for any point of the load duration
curve.

The model can also simultaneously optimise newtcacison and decommissioning of plant
given data about new plant options and the Oper&i®aintenance costs of existing plant
or, as an alternative, on the basis of standardau lives.

A picture of the model flow is shown in Figure 2bklow.

Figure 3.2
Model Flow
Inputs Outputs
« Existing generation * Price forecasts
capacities and technical .
R * Forecasts of plant dispatch
EESyM '
ca?abllmets (e.q. efficiencies, Yy energy sales, fuel & CO2
outage rates) » EESyM minimises costs, generation margins etc
. i i total cost of meetin .
it gl tund investment in generation
capacily, €.g. plant under * Makes a trade-off capacity by technology
consiruetion between running Projections of existing
« Interconnector capacities existing generators, , .
s ol COP and load shedding, and generators’ closure decisions
e.nebr?t%&l:\; ’ : an constructing new  Projections of existing coal
yar||ad_e " kcos S generators generators’ opt-in/opt-out
Inciuding frack access decisions under the IED
charges
. * Modelled flows across
* Fixed Q&M .costs Fhat would interconnectors
be avoided if a unit shuts
* The costs of new investment
in power generation capacity

3.2.2 lllustration of power market modelling

When markets are competitive, the price of eleityrio each hour is determined by the cost
of the marginal generator needed to meet the loddat hour. To determine the price of
electricity in each hour, EESyM uses a linear (rdixgeger) program to find the least-cost
way of using available capacity to meeting elettridemand. It matches generation

NERA Economic Consulting 25



Renewable Energy Supplier Obligation Modelling Implementation and Assumptions

arranged by ‘merit order’ against demand. Theepimceach hour, or type of hour, is given
by the marginal cost in that hour, as explainedwel

As an example, Figur@3 shows three different levels of demangd, @ and I3 together

with a sample merit order curve. The price of gleity in those hours is the variable cost of
the “marginal” generator on the system. The “maatjigenerator is the most expensive type
of generation required to meet demand in a padrdubur, assuming a least-cost (merit
order) pattern of generation. For the three legédemand, B, D, and 3, the corresponding
prices are B P, and B. Note that the first two prices differ very l@tldespite the large
difference in demand, because the marginal gerrdrabmth cases has very similar variable
costs. The line defined as “Peak Load” illustratesample level of maximum demand. The
marginal generator at this level of demand is #aesas at demand; 30 R is the

maximum price that will be achieved under the gigest assumptions.

Figure 3.3
Example Supply-Demand Optimization
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An important variable in the context of the Netheds is the output from intermittent
generation capacity such as wind. Variations todwutput mean that the merit order also
shifts. The least-cost solution takes this intoccant by varying wind availability. This is
calibrated to a historical aggregate wind outpafpehfor the Netherlands.

To achieve a least-cost usage of generation cgpaattall, EESyM finds a global minimum,
subject to the constraints applying across sevenals. It also simultaneously optimises new
entrant capacity required to meet demand at leas$f and co-optimises the most important
surrounding power markets as set out in secti@n

In practice, to reduce the number of calculatioweived, rather than simulating all hours of
the year up to the end of the modelling horizonsample representative hours on a
guarterly basis. We do this in such a way thasample both high and low intermittent
generation situations under both high and low demaiihis procedure is further outlined in
Appendix B.
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3.2.3 Model Inputs
The main types of inputs to the model for each miaake:

= a forecast of peak annual system demand in MW,

= the system load duration curve represented in tefrmsxaumber of load periods each with
a specified load level relative to peak demand,

= required capacity reserve margin or generationrggauargin,

= the discount rate (used to calculate the NPV dfesy<osts)

= fuel and CO2 prices,

= net available capacity (MW) and expected life titogtype of plant,
= plant thermal efficiencies or heat rates, by typplant,

= non-fuel variable costs, by type of plant,

= fixed Operation & Maintenance costs, by type ohpla

= capital costs of new plant, by type of plant,

= emission rates, by type of plant, and

= the annualised costs of new plant.

The model selects new capacity from options presktat it, and despatches new and existing
plant capacity which is on the system in each year.

The model always ensures that demand is met atmamicost in terms of Net Present Value
(NPV), subject to any constraints on dispatch wiaiehspecified (e.g., interconnection
limits). The specification of additional constrar- for example, future limits on fossil-fired
generation — can easily be imposed.

We discuss details of our input assumptions in tehap
3.2.4 Model Outputs
The main outputs produced by the model for eaockctst year are as follows:

= electricity prices (based on the underlying memites and demand profile);
= generation costs;
= construction of new plant in MW, by plant type;

= annual electricity generation in GWh and load fegtby plant type as well as for
selected individual plant;

= annual fuel burn, by fuel type; and

= annual emissions of GO

The figures below provide sample outputs from tloeleh.
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Figure 3.4
Electricity Market: Selected Production Costs, Pric es, ad Spark Spread
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Figure3.4 provides an illustration of the baseload whalkeglectricity price predicted by the
model, which converges to the underlying cost ot pratrant gas-fired CCGT plants in later
years. The next figure, FiguBeb, shows the electricity generating capacityaithst over
time, with new renewable and potential gas investrhgghlighted in green. Finally, Figure
3.6 shows the associated electricity output oveeti (Note that these results do not
correspond to any particular policy scenario thatpresent in later chapters.)
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Figure 3.5
Installed Electrical Capacity and Peak Demand
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Figure 3.6
Electricity Generation and Demand
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We then complement the basic power module outpitksaglditional results from the
renewable energy module, which is discussed iméxe section.

3.3 Renewable Energy Support Module
3.3.1 REC Renewables Model

We have applied EESyM’s standard REC module folyairay the likely construction of
capacity under different variants of a certificatheme (RECs). The REC model works, in a
similar manner to the power model, by minimizing tbtal resource cost of meeting the REC
target. The REC price is determined as the “shaolove” of REC demand, i.e. the marginal
cost of increasing REC demand by one unit. Intstive REC module works as follows:

= Each renewable generation capacity receives ageeiga number of REC'’s per unit of
output;

= The model minimises cost of supplying the requimathber of RECs st. taking into
account the net cost of generation, net of poweketaevenues.

The REC module models representative situationsdoh quarter, which means that
resources with significant marginal costs, suchiasass plants, are only dispatched if the
revenues from the power market plus the value fiteerREC market can cover their dispatch
(i.e. marginal operating) costs.

3.3.2 SDE+ Module

As a baseline for comparison of the different RE@gs, for this project we have tailored
our EESyM’s renewables module to incorporate trexifie characteristics of SDE+ subsidy
regime, to resemble the scheme as close as pos3ibie module works by constructing new
assets assuming investors wish to maximise pradiksng into account the following
properties:

= SDE+ payments are granted as a top up to the aeeasgload power price, according to
the formula set out in sectidh?2.

= The revenues to investors are captured price iponer market plus the realized SDE+
top-up payment

= The committed budget for each vintage is subjeetbadget constraint. The budget is
allocated in a prioritised order where only cheagpurces can participate in the first
rounds, as depicted in FiguBer.
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Figure 3.7
SDE+ Module
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4 Input Assumptions

This section set outs the input assumptions appliedir modelling, including our
assumptions in relation to:

= Demand/supply;
= Interconnections with other regions; and

= Cost and potential of new entrant renewable andetional generation capacity.
4.1 Demand
4.1.1 Demand and sector breakdown

Over the period 2000-2011 Dutch electricity constiamp(including losses) grew at about
1.1 percent per year on average, as Taldleshows.

Table 4.1
Electricity Consumption and Peak Demand (2000-2030)

Actuals Projection Growth Rate

Units 2000 2005 2010 2011 |2015 2020 2025 2030 Historic Projec ted
Gross Consumption TWh 104.6 114.7 117.1 118.1|122.3 130.7 135.3 140.2 1.11% 0.9%
Peak Load GW . . 18.4 18.0 | 18.7 20.0 20.7 214 0.9%

Source: Historic figures: ENTSO-E30; Projection: Tennet, table 2.1

In 2011, hourly demand peaked at 18.05GW accorirgta from ENTSO-E. Peak load
typically occurs in the winter (December, Januarfebruary).

For our modelling of the Dutch power market, weuass power consumption will grow as
forecast by TenneT until 2019 (about 1.2 percentpar), and will thereafter grow more
slowly, at 0.7 percent per year. On average,ithgdies that consumption will grow at an
annual rate of 0.9 percent between now and 2038.a¥8ume peak load will grow in line
with consumption.

Because our modelling outputs include estimatedaotgon consumer energy bills, we also
make use of information about the share of demandumted for by different consumer
types. Tablel.2 shows a breakdown of the final net electricimsumption for the period
2000-201C0°* Over this period, consumption by the residerstial services sectors increased
by 1.3 percent and 1.6 percent on average annirdlystrial consumption, which accounts
for the largest share of demand, dropped signifigam 2009 due to the economic recession,
and has not yet recovered even to its 2000 leAgticulture has also seen significant growth,
but because of its limited weight this contributss to the overall growth. The difference

80 ENTSO-E Country Packages, 2000-2011, ENTSO-E
http://www.entsoe.eu/db-query/country-packages/petidn-consumption-exchange-package/

31 At time of writing, detailed information of thind for 2011-2012 was not yet available.
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between the consumption data in Table and Tabld.2 is mainly due to network losses that
are not included in the final net energy consunmptibTable4.2.

Table 4.2
Final Electricity Consumption by Sector (TWh)

Final Power ) Average
Consumption Units 2000 2005 2006 2007 2008 2009 2010 Growth,
2000-2010
Industrial TWh 40.8 41.6 41.6 42.3 422 36.3 39.1f -0.4%
Transport TWh 1.6 1.6 16 1.6 1.6 17 17 0.6%
Residential TWh 21.8 24.2 24.8 24.3 24.8 24.2 24.7 1.3%
Services TWh 29.3 30.6 324 35.1 32.7 33.7 34.3 1.6%
Agriculture/Forestry TWh 4.2 6.5 5.6 5.2 7.8 8.1 7.1 5.3%
Net Consumption TWh 97.8 1045 106.0 1085 109.1 1040 106.9 0.9%

Source: Eurostat (nrg_105a).
4.1.2 Demand Shape

Figure4.1 shows hourly power demand in the Netherlan@s the course of a year. As
evident in the figure, peak load is higher in thater than in the summer, typically
exceeding 17GW in winter months. Off-peak demianélatively steady at around 9-10GW.
There is significant intra-daily variation in powsemand.

For our modelling, we assume the 2011 shape of dénsarepeated up to the end of the
modelling horizon.

Figure 4.1
Dutch Power Demand Shape 2011 (Chronological)
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As describe ir8.2, rather than modeling every hour, we sampld &ad intermittent
renewables data, using a statistical techniquetwdliows for representation of situations
with high, medium and low wind output. The sampbethts from this analysis, which is
further outlined iMppendix B, are shown in Figude2 below.

Figure 4.2
Sampled Load Points and Wind Output States
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4.2 Existing Generation Capacity

In total, we have assumed that the Netherlandsahadchd 23GW of installed capacity at the
end of 2011, as illustrated in Figute8. The Dutch capacity mix is dominated by gaesefi
capacity. In 2011 the biggest share of generatapacity was gas (15.2GW), followed by
coal (4.2GW), renewables (2.9GW) and a small amofinticlear (0.5GW). Most of the gas
capacity is either CCGT or cogen CCGT, with theasmer being OCGT cogen or steam
gas.

We assume that capacity which is already undertaart®n comes as scheduled, and
assume that some of the existing capacity retiresrding to schedule, or once it reaches its
useful economic life. Details of these changediapg@re set out idppendix C. We allow
the model to endogenously construct new capacitg@sred, according to the new entrant
costs set out i4.5.
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Figure 4.3
Installed Capacity (End of 2011)
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Source: Platts Powervision; Rijs
4.3 Interconnection with Other Regions

The Netherlands is highly interconnected with nbamlring systems, notably the German
and Belgian markets, but also the UK, Norway amdgianned interconnector to Denmark in
2016 as set out in Figude4. We assume these capacities change accoalirapte4.3 and
have de-rated capacity uniformly by average avditgb

The interconnection capacity is likely to reducgauat of Dutch renewables on the Dutch
power market, compared to what they would have betout interconnections. We have
therefore modelled the most important interconnsdim Germany, Belgium and the
Nordpool area (Norway/Denmark). However, theseketarare also undergoing significant
structural changes. Most importantly the recegnificant expansion of wind and solar
capacity in the German market is set to continueo 920, in light of the recent decision to
phase out German nuclear plants following the Fukia incident in Japan.
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Figure 4.4
Interconnections from The Dutch Power Market

Source: Platts Powervision

Table 4.3
Interconnection Capacity from Netherlands (De-rated )

2012 2013 2014 2015 2020 2025 2030

Export Belgium 2465 2649 2832 3016 3934 3934 3934
Germany 2797 2885 2972 3060 3497 3497 3497
UK 874 874 874 874 874 874 874
Norway 612 612 612 612 612 612 612
Denmark 0 0 0 0 612 612 612
Total 6749 7020 7291 7562 9529 9529 9529

Import Belgium 2378 2518 2658 2797 3497 3497 3497

Germany 3541 3628 3715 3803 4240 4240 4240
UK 874 874 874 874 874 874 874
Norway 612 612 612 612 612 612 612
Denmark 0 0 0 0 612 612 612
Total 7404 7632 7859 8086 9835 9835 9835

Source: Tennet, ELIA (data BE) and EU report priorities for 2020 and beyond — A Blueprint for an
integrated European energy network. The quoted capacity is de rated by 13% to take into account
non-availability (7%) and flow overhauls (6%). Note that in the current analysis we have not modelled
flows between the UK and the Netherlands.
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4.3.1 Key Policy Developments in Other Countries

The most significant developments outside the N&thds include the likely increase in
renewable energy supply in interconnected regiand,the potential implications this could
have for flows across the relevant interconnectditse most influential neighbouring
country in this respect is Germany, where the d@tito phase out nuclear power and the
country’s substantial commitment to solar powerliggoa very significant transformation of
the country’s power sector.

We assume that renewable generation capacity im&wer expands to deliver the country’s
2020 targets, with the country reaching its maximnostalled solar PV capacity of 52 GW by
2020 (although actual peak output may not evertréas level).

Table 4.4
German intermittent RES Assumptions for 2020 (GW)
2012 2020
Onshore wind 29 43
Solar Photovoltaics 25 52

Source: EWEA (2011)*, EWI*®, Bundesnetzagentur®

%2 Current installed wind capacity from:

http://www.ewea.org/fileadmin/ewea_documents/doausipublications/statistics/Stats_2011.pdf

33 wind projection: EWI, GWS & Prognos, "Studie Egieszenarien fuer ein Energiekonzept der Bunde=meug",

project number 12/10, 27 August 2010, Tables AlfAterage Scenarios IIA and 11B)
Solar Projection52 GW is the upper limit for solar support. Somarses suggest this target may be reached already
by 2014. http://www.platts.com/RSSFeedDetailedNBBSFeed/ElectricPower/8499167

34 Installed solar capacity increased by 7.5@\2011, on top of 17.3GW installed at end of 2010:
http://www.bundesnetzagentur.de/cin_1911/SharedPoessemitteilungen/EN/2012/120109IncreaseNumbéoRbb
taicSystems.html; http://www.solarwirtschaft.dedéitimin/content_files/BSW_Solar_Fakten_PV_1110.pdf
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4.4 Commodity Price Assumptions

Our price assumptions about delivered fuel cogiased on third-party projections of
international benchmark indices, to which we haddea regional taxes and transportation
costs. Our general approach is to rely on cumaarket prices, including spot and forward
prices, as far into the future as these commoditiyderivative markets are liquid. We then
rely on projections from the International Energyeficy’s most recent World Energy
Outlook (WEO 2011) for prices beyond the forwardveuhorizon. To allow for a relatively
smooth transition between forward prices and th¥ pEojections, we interpolate between
the two sources over 3-6 years.

In summary, our approach is as follows:

= Short run: Current prices (from Bloomberg);

= Medium term: Forward curves (from Bloomberg);

= Long run: Interpolation to long run IEA WEO 2011 projections

A summary of our fuel price assumptions is providedable4.5. Details for each fuel price,

and how we convert them into local prices as applieto the Netherlands are set out in
Appendix A.

Table 4.5
Commodity Price Assumptions for Benchmark Indices
Units 2010 2011 2012 2013 2014 2015 2020 2025 2030
ARA Coal Price $it 91.5 121.8 92.7 95.3 100.0 105.8 129.0 151.7 177.2
Brent QOil Price $/bbl 78.8 109.6 108.4 100.8 97.4 93.9 113.8 182.1 218.7
TTF Gas Price €/MWh 17.42 22.69 24.66 25.78 26.05 27.85 37.24 45.80 55.12
EU ETS Carbon Price €l 14.24 13.14 7.42 7.56 8.02 11.66 29.84 39.58 51.42

Current and forward carbon prices are significab#iow the long-run prices projected by
the IEA.

In the sensitivity analysis in sectiémb we model a scenario that tests the sensititiie
results — and the robustness of different polieiés one of the most important price
assumptions, the gas price. This is done by asge® impact of a more volatile gas price
on the modelling results.
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4.5 New Entrant Capacity
4.5.1 Costs of new conventional generation capacity

Table4.6 shows the assumed construction costs for C€Gal,and OCGT units. The
overnight construction cost and operating lifesoarced from a PB Power study (2011),
converted into Euros using 2011 exchange ratesndliated using a Euro CPI index.

The capacity of the plant, annualised Fixed O&Mjalale O&M and net efficiencies are all
read into the power market model which optimises haild (if required).

The implied levelised costs are included for iltasbn only and show total cost resulting
from an illustrative capacity factor. The levetiseost is endogenous and depends on fuel
price fluctuations and the relative position in therit order of the plant, which is determined
by the model.

Table 4.6
Construction cost of Conventional Generation

2012€ Units CCGT Coal OCGT
Construction Costs

Upfront Construction Cost €kwW 786 1,933 486
Lead time Years 2 3 2
Capital Cost incl. IDC €kwW 846 2,159 521
Capacity MW " 450 7 600 " 310
Financing - - -
Operating Life Years 30 40 30
Real Discount Rate (pre-tax) % 7.5% 7.5% 7.5%
0O&M - - -
Fixed O&M €IkW/YT 32 50 26
Variable O&M €/MWh 0.1 12 -
Efficiency - - -
Efficiency, HHV Net % 53.7% 41.8% 38.0%
Implied Levelised Cost

Expected Capacity Factor % 88.5% 88.5% 25.0%
Lewelised Fixed Cost €/MWh 13.4 28.6 32.1
Approximate Fuel Cost (Current Lewel) €/MWh 45.6 32.6 64.6
Carbon Costs €/MWh 2.6 5.6 3.6
Variable O&M €/MWh 0.1 1.2 -
Total Lewelised Cost €/MWh 61.7 67.9 100.3

Source: CCGT and Coal plant construction costs from PB Power (2011)35, converted into Euros at
2011 FX rate and inflated to current values using historic Euro CPIl. Capital cost for OCGT is
calculated based on the ratio of CCGT to OCGT costs set out in Mott MacDonald (2011) as PB
Power does not contain Gas OCGT. The applied WACC is a NERA generic real estimate.
Levelised costs are included for illustrative purposes using contemporary fuel costs.

% Electricity Generation Cost model 2011 update, RBvEr, prepared by Parsons Brickerhoff for DECC
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4.6 Cost and Potential of Renewable Generation Capa  city

For most of the renewable energy technologies densd, including power, heat and green
gas technologies, our cost estimates are basdtbedatest available data estimated by
ECN/KEMA and published for use in calculating bsesls under the 2013 SDEY.

The exceptions to this are for technologies thatnat supported (or no longer supported) by
the SDE+, such as biomass co-firing. For thesent@olgies, we have indicated below the
source of our cost estimates.

In addition, we test the sensitivity of our resutisalternative assumptions about renewable
energy costs, which we discuss below.

Before presenting our base assumptions, it is itapbto note that various data sources,
including those on which we have relied here, saggsatively high levels of technical and
realisable potential for renewable energy in théhRdands, especially for renewable heat,
offshore wind, green gas and dedicated biomassenVidasing projections on these estimates,
however, it is important to treat them with cautioks anywhere, when there is limited
experience with certain technologies, initial egties of potential may ignore various barriers
that ultimately restrict the available supply pdigin Our modelling of RES supply is able to
reflect such barriers by introducing growth constisaand by including risk perceptions in
the level of the WACC. In the modelling resultattive present below, we consider different
sensitivity scenarios where we assume that thenpatés lower than assumed in the studies
from which our data are drawn. This representatidoarriers is a simplification, however,
and may miss certain market risks and market dycsthat influence actual investment
decision making.

46.1 Wind
4.6.1.1 Costs

For onshore wind costs, ECN data suggests constnumbsts to range between 1,350 and
1,950 €/kW (€ 2012) for conventional onshore witelending on the size of the turbines.
Costs are €2,450/kW (€ 2012) for in-lake onshonedwECN data suggests fixed O&M costs
between €15.3 and 25.8/kW/year (2012 €). Variabtsfor these categories, including
O&M and other variable costs, range between 102&né/MWh.

In line with the current SDE+ scheme, we have aersid 4 categories for onshore wind, in
particular, 3 categories of in-land onshore wind arcategory for wind in-lake. Together
with a 15 years lifetime and 8 percent WACC assumnptevelised costs for this technology
range between 85 and 123 €/ MWh. Assumed load hrange from 2,200 to 3,100.

For offshore wind, the current SDE+ 2013 suggesisgne offshore wind category. Hence,
following ECN'’s estimates, we assume constructiost for offshore wind to be 4000 €/kW,
with €150/kW/year fixed O&M costs. With 4,000 lohdurs, a 15 years lifetime and an 8
percent WACC, levelised costs are around 160 €/ MW.

%8 http://www.ecn.nl/units/ps/themes/renewable-ep@mjects/sde/sde-2013/. In selected cases we figyplemented

this with additional [unpublished] information.
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We assume that the costs of wind decline faster tihase of other technologies, in line with
various other analyses.

For example, one estimate of the reduction in tstscof onshore and offshore wind is
illustrated in Figuret.5, which is reproduced from a 2011 ECN repotte Tigure suggests
reductions in offshore wind costs close to 4 peraethe early years falling to around 1
percent in the years approaching 2020. The ratesdoiction are similar for onshore wind.
Hence, according to ECN data, the 3 percent deeggasyear up to 2020, followed by a
lower decrease, of 1 percent, after 2020, seensemahle for both onshore and offshore
wind.

Figure 4.5
Onshore and Offshore Wind Production Cost Trajector ies (ECN, 2011)
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Other sources corroborate these projections ofggsim wind costs over tinié. For

example, Figurd.6 presents a meta-analysis undertaken in 201Bebinternational Energy
Agency (“IEA”) of a collection of different projeicins of the levelised costs of onshore wind
over time®® The IEA suggests that onshore wind levelised carstexpected to decrease by
1-3 percent annually between now and 2030. AlthabhgHEA analysis does not consider the
costs of offshore wind, it does note that becatdfshare wind is a “newer” and less

87 ECN. “Cost-benefit analysis of alternative supaiiemes for renewable electricity in the Netheah(@011).

% |EA Wind Task 26 “The Past and Future Cost of Wiieghnologies”, May 2012, NREL “Recent Developmentthe
Levelised Cost of Energy from US Wind Power Projedtsbruary 2012 and the Crown Report “Offshore Waakt
Reduction Pathways Study “, May 2012.

% Among others, EREC/GPI 2010, Tidball et al. 201(5.UDOE 2008, EIA 2011, Lemming et al. 2009, EWHEA 2,
EPRI 2010, Peter and Lehmann 2008, GWEC/GPI 2010 2E)® and European Commission 2007.
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developed technology, it is reasonable to assuatatthcosts will decline more quickly than
those of offshore wind.

Figure 4.6
Onshore Wind Production Cost Trajectories (IEA, 201 2)
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Finally, Figure4.7 shows the decrease in offshore wind coststower(up to 2020), as
estimated by the UK’s Crown Estate in a study déptal future developments in offshore
wind costs, published in May 2012. The Crown Es&gtimates a decrease ranging from 1.9
percent per year up to 2020 under a “slow progoe$sicenario that assumes only
incremental advances in technology and supply atlevmelopment, to as high as 4.4 percent
on a yearly basis for a “rapid progression” scenarhis assumes progress in both
technology and supply chains, as well as a largeket for offshore wind.
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Figure 4.7
Offshore Wind Production Cost Trajectories (Crown E state, 2012)
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For our modelling, we assume that the capex an® opeffshore and onshore wind falls by
3 percent in real terms annually up to 2020. B3®Qhe levelised cost of onshore wind is
between 67 and 98 €/MWh, and the cost of offshanelvis around 125 €/MWf?

4.6.1.2 Capacity Potential

We have drawn on various data sources, detailehhéd estimate the supply potential of
onshore and offshore wind in the Netherlands. Weyamo supply-side constraints to wind
power capacity:

= First, there is likely to be an overall resourcastaaint, that is, a constraint on actual sites
(both onshore and offshore) where wind parks caingtalled.

= Second, industry supply chain constraints areikelexist. The overall wind potential
depends on the development of the supply chaithata shortage of skilled workers or
infrastructure may significantly reduce supply poi&. Technologies starting from a
very small base may not be able to grow very qyidkl addition, the rate of new build
may also be affected by planning and permittingsuincluding requirements for public
consultation. We represent these constraints plyeyg a limit to the new capacity that
can be added in any given year.

Figure4.8 shows historical annual capacity growth rabegtfe Dutch onshore wind capacity,
as well as the growth in capacity that will redtdim developments that are expected based

40 After 2020 we assume that costs decline annbgllynly 1 percent per year, although this doegypmtally affect the
modelling results up to 2020.
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on the latest SDE and SDE+ results as well as pigrapplications. These expectations are
derived from IEA (2011), NWEA and Bosch & Van R{@011) projections.

Figure 4.8
Annual Capacity Growth Rates — Onshore Wind
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Source: IEA (2011) — Country report for Netherlands, NWEA and Bosch & van Rijn.

As shown in Figurd.8, the annual growth rate for onshore wind cdpaiti relative terms,
was higher in earlier years. The amount of annapacity added has not increased much in
absoluteterms since 2003, and in recent years has beeroxgryThis is in part due to a
“backlog” that has accumulated as a result of preévisubsidy schemes in the country. In
particular, between 1 and 1.3 GW of new onshoralwapacity is expected to come forward
between 2012 and 2016. (Bosch & van Rijn’s es@sare based on surveys of regional
authorities and developers about existing pernptiegtions and the likelihood that the
associated projects will be developed successfully.

Several sources, including ECN and IEA, suggestttieamaximum onshore wind potential /
uptake by 2020 ranges between 4 GW and 6 GW. Wemasthe maximum onshore wind
potential to be 6 GW by 2020.

The same sources indicate a maximum offshore wateinpial / uptake ranging from 5 GW
to 6 GW in total. As previous development of tlisinology has been limited, we assume
the maximum potential by 2020 to be 5.2 GW.

As mentioned above, wind capacity has not increasach in absolute terms in recent years.
While significant potential is available for bothghore and offshore wind by 2020, we
constrain the potential for capacity additionshia hear future and relax this constraint later
to allow for the possibility that the supply chaevelops, particularly for offshore wind.
Specifically, we assume annual onshore wind patkoéin add approximately 400 MW per
year in 2015, with this maximum increasing by 1¥cpat each year. For offshore wind,
after the addition of expected capacity under th& f somewhat over 700 MW in 2015,

we assume that capacity can increase by aroun18%@n 2016 and by up to 50 percent
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more than the previous year in each subsequentlyer@after. Figurd.9 shows historical
installed capacity up to 2011, our assumptions ath@uamount built in 2012-2014, and our
assumptions about subsequent future potential tgpgcto 2020, for onshore and offshore
wind.

Figure 4.9
Annual Installed Capacity and Supply Potential, Win d
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Source: NERA analysis based on IEA (2011) and Bosch & van Rijn data.

Note: Capacity for 2011-2014 is derived from Bosch & van Rijn (2011) projections, as
well as expected capacity estimates as given by projects that were awarded subsidies
under the SDE and SDE+ schemes.*!

Note that the figures presented above from 201%aydnd areota projection of future

wind capacity to be installed in the Netherlandg,rather, an estimate of the maximum
achievable capacity that could theoretically béailhesd each year, given a conducive level of
policy support. Actual uptake will depend on a egyriof other factors, including the policy

in place.

Figure4.10 shows the historical installed capacity amddimulative maximum capacity that
could be installed given these supply constramt®hshore and offshore wind, from 2000 to
2020. As above, the capacity assumed for 2012-f8¥l@nshore, and 2012-2105 for
offshore, is based on the expected constructiaapécity currently in the pipeline.

41 We assume that out of all the onshore wind ptsjémt were awarded subsidies under the SDE aifi-SDbsidy
schemes between 2008 and 2011 and that were patlglin operation, 90 percent would come forwaaod.tRe case
of offshore wind, only 719 MW secured subsidie2@09. We have assumed these projects are combigt2@il 5.
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Figure 4.10
Historical Installed Wind Capacity and Future Capac ity Constraints
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Source: NERA analysis based on IEA (2011), Bosch & van Rijn and Agentschap.nl
data.

4.6.2 Biomass

To estimate the levelised cost of biomass techmeéag the Netherlands we have drawn on
ECN/KEMA cost estimates for the case of dedicaiedbss plants, and on older ECN
estimates for biomass co-firintf,.

4.6.2.1 Retrofit co-firing

Dutch energy companies began co-firing biomass ot in the early 1990s, as a result of a
temporary surplus in demolition wood and sewagédgauMore recently, the focus has
shifted towards using higher amounts of biomasg,pEmmanent co-firing, as a result of
subsidy incentive schemes for co-firing biomassipytiace by the Dutch government. The
amount of co-firing has increased over time, astglavith the capability to co-fire biomass
have increased their use of biomass material porese to government incentives.

Currently, co-firing is occurring at four coal ptarnn the Netherlands, representing 2.25 GW
of capacity. By 2020, additional plants may alsdio®biomass, and some of the existing
plants may expand the share of biomass that thdéiyecbeyond current levels. Existing
plants may be limited for technical reasons inghmunt of biomass that they can co-fire —
for example, fuel handling and storage facilitiesyrbe limited. Tabld.7 shows current and
expected future co-firing maximum potential in tetherlands. We have segmented the
existing capacity into three bands to reflect thiestraints on the ability to co-fire biomass
without substantial additional investment, or oa #fility to co-fire without violating
equipment guarantees.

42 Sources include ECN (2005) and IEA (2005).
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Table 4.7
Maximum Co-Firing Potential by Percentage Band
Band Capacity 2012 2015 2020
Units MW % % %
Low 1685 <20% 20% 20%
Mid 1005 20% - 30% 35% 35%
High 600 >30% 50% 50%

Source: SQ Consult information based on discussions with generators and technology experts.

New co-firing capacity can be introduced by expagdiapacity at plants that already co-fire,
or by investing in equipment at plants that doyeitco-fire to allow them to do so. We also
allow new coal plants to co-fire biomass, althotlyh may be restricted by the terms of
supplier guaranteds.

We have assumed that capital expenditures to coav@mventional coal plant for co-firing
are around €254 /kW in 2012"€.We assume the heat conversion efficiency and the
availability of existing coal-fired power statioage not affected by biomass co-firing. We
also assume fixed O&M costs to be the same astiemacoal plant.

Finally, we assume a lifetime of 10 years for rétrao-firing, and a WACC of 8 percent.
4.6.2.2 Dedicated biomass

Dedicated biomass currently accounts for only allgpn@portion of the Dutch market total
installed capacity. By the end of 2009, only 546 M¥nstalled capacity were available,

accounted for in a significant part by waste incatien plants. Other types of plants, like

landfill gas or sewage / wastewater gas plantseatso available.

Additional dedicated biomass capacity is possiblie future. One recent report has
estimated total supply potential for dedicated @emat around 885 MW by 2020, with
around 260 MW in large-scale dedicated biomassplat least 50 MW installed capacity),
and the remaining 625 MW in small scale dedicaiechbss plants (less than 50 MW
installed capacity}®

For modelling purposes, we have considered twedifft types of dedicated biomass plants,
following the distinction in available supply poteh by 2020 for this technology. In
particular, we have distinguished between smalksglants, of less than 50 MW, and large
scale plants of at least 50 MW installed capacityaddition, we have assumed that the
maximum amount of capacity that can be added ansaabund 50 MW for small scale
plants and 500 MW for larger plants. Whereas vgei@® the smaller scale plants are

43 Supplier guarantees on boilers often preventcmal plants from co-firing within the first two yessof their life. This

would only be waived by generators should the REg#part be sufficiently high to incentivise thentadke the risk of
foregoing insurance cover.
44 ECN (2005)

4 Frontier Economics (2011).
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relatively restricted by suitable sites, we alltwe targe-scale plants to expand much more
quickly, and in principle do not restrict the totalpacity that could be built. We note,
however, that if these plants are cogeneratiolCP) plants, it would be necessary for them
to find heat customers, which is likely to signéitly restrict the amount of capacity that
could be supported. We assume that power-onlicatdl biomass plants do not face such
demand-side constrairs.

Figure4.11 shows the maximum total supply potential #vatimplied by our constraints for
these two technology bands, from 2010 to 2020.

Figure 4.11
Historical Capacity and Maximum Trajectory, Dedicat  ed Biomass
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Source: NERA analysis based on various sources.

Note that, as is the case for wind, these number®tiepresent arojectionof future

installed capacity for dedicated biomass, but astead an estimate of the maximum capacity
that could theoretically be installed each yearlapn@020. Again, actual uptake will depend
on a variety of other factors, include levels oligosupport.

As discussed above, even if the current SDE+ doeprovide support to co-firing at
existing plants, it does provide it to dedicateatbnergy plants. However, the level of
support provided to dedicated biomass is insuffiicie support investment in power-only
plants, so under the current policy, these investemmust operate as combined heat and
power plants (CHP, or cogeneration). Because rablenCHP receives subsidy for both its
heat and its power output, it is possible to patly run a biomass CHP plant with the
subsidies available from the current SDE+, providedistomer for the associated heat can
be found. This poses a significant challenge, hvarneAlthough there is substantial

46 As discussed below, however, the support availédslbiomass plants under the SDE+ is currentiasa level that
appears to be insufficient to incentivise the depsient of power-only plants. Dedicated biomasy betomes
attractive if it is able to get SDE+ support foefig heat output as well as useful power outpus.we discuss below, if
the level of SDE+ support were increased, thisctomhke power-only dedicated biomass profitable ctvivould
expand the potential of biomass to help meet the RES@t.
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conventionally-fired CHP capacity already in plat¢he Netherlands, and potential for
expansion, the estimated potential for renewabl® @Hjuite limited (estimates are for
around 1.5 PJ of heat — or less than 1 PJ of @igtr from plants larger than 10 MWe, and
12 PJ of heat — or around 4 PJ of electricity mfiglants smaller than 10 MW,

Significant expansion of the use of biomass theesppears to require extension of support
to biomass co-firing and/or increasing the leveswibsidy available to allow dedicated
power-only biomass plants to become profitable.

ECN/KEMA data for the SDE+ 2013 suggest construnctiosts of around €1,400 /kwW (2012
€.) for small-scale dedicated biomass plants, €4n€30 /kW (2012 €.) for large-scale plants,
while fixed O&M costs are €80/kW/year for the shaaplants, and €110/kW/year for the
larger ones. While data suggest large-scale diedicaomass plants to be more expensive,
on a per kW basis, than small-scale plants, fon bonstruction and fixed O&M costs, it also
indicates that large-scale plants are almost tagcefficient as small-scale ones, making the
larger plants cheaper on a levelised cost basgattiicular, efficiency for electricity-only
production is 33 percent for large-scale plants, B percent for small scale ones.

Finally, we assume a 12 year lifetime and 8 per?¢ACC for both dedicated biomass
technologies.

4.6.2.3 Biomass Price

Due to limited information available in the market biomass prices, we have adopted a
different approach for projecting these prices tfuarother fuels. We assume that the price
of biomass remains fixed in real terms at the curpeice level for internationally traded

wood pellets. For 2012, we assume a biomass pfi€27.2/MWh consistent with current
prices for wood pellets. Tab{e8 presents some recent market data about bigonass.

Most of the prices quoted are for pellets, bueast one is likely to be less processed forestry
residues.

Table 4.8
Delivered Biomass Price

Source Price

Units €/GJ €/ MWh
Argus 7.8 28.1
CE Delft 7.5 25.2
ECN 7.5 25.2
APX (Wood Pellets) 7.6 27.2
FOEX Pellets 8.2 29.61
FOEX Finland biomass 4.8 17.42

Source: NERA analysis based on information from ECN, CE Delft, Argus Media, APX-ENDEX, and
FOEX Indexes Ltd.

47 Source : ECN (2010) Actualisation Option Docun@®it0. http://www.ecn.nl/nl/units/ps/themas/natidrersergie-en-

klimaatbeleid/optiedocument/
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Notes: APX value is for the Industrial Wood Pellets index, based on an average monthly price for
2012 (quoted on July 27th, 2012) of €128.4/tonne and a calorific value of 17 GJ/tonne. See
http://www.apxendex.com/.

4.6.3 Heat and “Green Gas” (Biomethane)

We have modelled levelised costs for heat and ggasnusing ECN / KEMA cost estimates
for the SDE+ 2013, together with other sourt®és, a way that is similar to our approach to
power generation technologies, except that we donoalel a separate “heat” market.
Instead, we calculate the resource costs of hebhgen gas technologies costs as the
incremental costs relative to conventional gaseating technology costs. (We refer to the
conventional alternative as the “counterfactualWe have considered the appropriate
counterfactual costs to be natural gas costs f@rggas technologies, conventional CHP for
all renewable CHP technologies, and gas boilerthi®rest of the heat technologfés.

Based on these assumptions and ECN'’s cost estimaesalculate the incremental levelised
costs of renewable heat, renewable CHP and greeteglnologies to range from as low as
negative€s.4 /IMWh (—€1.8 /GJ) for heat produced from certziomass boilers (that is, the
renewable technology is more attractive than theseotional counterfactual, even without
any policy support) to as high as €113.4 /MWh (884J) in 2012 €, for technologies such as
solar thermal heat.

We also assume certain restrictions on the totalernof renewable heat and green gas
capacity supported by the SDE+ that could be d@esldy 2020, again, drawing on
previously published estimates of this poterfialhese estimates suggest that only a few
technologies actually have the potential to contelsignificantly to the RES target by 2020.
These include manure co-fermentation green gassplaiomass fermentation, geothermal,
solid biomass boiler and solar thermal heat plartd,biomass CHP plants. Altogether,
these could account for up to 125 PJ of RES sup20. We note that ECN suggests no
additional potential for landfill gas or gas froewsge treatment, although in 2010 these
technologies accounted for on the order of 5 FRES output?

4.7 Summary of Key Data Inputs

Table4.9 shows the supply potential, total productioste@nd resource costs of the range of
RES technologies included in our analysis. Resoctwsés have been calculated as the
difference between the total production costs chdachnology, and the corresponding
“conventional energy” counterfactual. Hence, resewosts may be interpreted as the
additional cost of producing 1 MWh (or 1 GJ) of eqyewith renewable sources, as opposed
to producing it in a conventional way (for exam@eZCGT plant for the power market, or a
conventional gas boiler for the case of heat telduies).

48 Source: ECN, “Herijking DE-beleid 2010-2020", Nowieer 2012.

4 CHP cost estimates are based on estimates provjdEt&l, indexed to gas prices.

50 Source: ECN (2010) Actualisation Option Documedt® ECN/PBL http://www.ecn.nl/nl/units/ps/themasiomaal-
energie-en-klimaatbeleid/optiedocument/

51 Based on CBS statistiosww.cbs.nl/NR/rdonlyres/3047C025-FC03-4457-B7D2-BCOEZIF1/0/2012c89pub.pdf
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Table 4.9
Current Supply Potential and Production Costs in 20 12 of RES Technologies
Technology Supply Total Resource Total Resource
Potential Production Cost Production Cost
Cost Cost
PJ €/GJ €/GJ €/MWh €/MWh

Onshore Wind - Low 20 23.1 5.9 83.0 21.3
Onshore Wind - Mid 22 26.0 8.9 93.8 32.1
Onshore Wind - High 11 26.1 9.0 94.0 32.3
Onshore Wind - In-Lake 1 33.6 16.4 120.9 59.2
Offshore Wind 73 43.8 26.6 157.6 95.9
Existing Biomass Cofire 23 18.7 7.8 67.4 28.0
Biomass Cofire 11 21.9 10.9 78.8 39.4
Dedicated Biomass - Large 112 35.2 18.1 126.8 65.0
Dedicated Biomass - Small 19 50.8 33.7 182.9 121.2
Green Gas Manure Cofermentation 40 28.8 20.0 103.8 72.1
Heat Biomass Fermentation 7 15.7 3.0 56.4 10.8
Green Gas Biomass Gasification 8 22.5 13.7 80.8 49.2
Heat Geothermal 30 9.0 0.9 32,5 3.3
Heat Biomass Boiler Solid 23 10.9 (1.8) 39.1 (6.5)
CHP Biomass Small 12 26.0 21.1 93.5 76.1
CHP Biomass Large 1 22.2 17.4 80.1 62.7
Heat Solar Thermal 2 31.5 23.4 113.6 84.4

Source: NERA analysis based on information from various sources as specified in the previous
sections.

Note: Actual total supply potential for green gas technologies is multiplied by 78.5 percent, as for
every Nm3 of green gas produced in the Netherlands, only 0.785 Nm3 contributes to the
European RES target. In addition, costs for green gas technologies have been divided by
0.785 to reflect this adjustment. (This factor is calculated for each country and reflects the
average conversion efficiency and non-energetic end-use of green gas.)

Figure4.12 shows these resource costs and potential tooftphe RES technologies included
in our analysis, presented as a “supply curvetéoewable energy to meet the Netherlands’s
2020 target. The figure shows the approximateweso(or incremental) costs and maximum
potential in 2020, including existing renewablergyecapacity. Based on this analysis, the
maximum potential is around 430 PJ. For referetieefigure also shows the overall RES
target that would need to be met in 2020 by renéavadat, power, and green gas, in order to
achieve the Netherlands’s overall 2020 target.s Tdriget has been derived based on
numbers suggested by the National Renewable Erarigyn Plan (‘“NREAP”). The NREAP
suggests an overall RE target of around 300 PJ.eMeryout of the total 300 PJ, the
transport sector is expected to deliver around A0eRving a total target of 260 PJ to be
provided by power, heating and cooling and greentgehnologies.

The figure suggests that assuming all of the p@eswurces in each technology category
were incentivised to be developed by 2020, the rxgénsive RES technology needed to hit
the 260 PJ target would be large dedicated bionaassesourcecost (compared to the
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relevant counterfactual source of enéfyypf around €18/GJ (or €65/MWh). However,
because the figure shows only a snapshotioentcosts, and because it assumes that the
maximum assumed available potential from each @olgy can be effectively developed in
time to meet the 2020 deadline, the implied outporh each RES technology should be
treated with considerable caution as a tool forausidnding how the Netherlands might meet
its 2020 target.

Figure 4.12
2020 Incremental RES Supply Curve (2012 Costs)
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Source: NERA analysis based on information from ECN and other sources.

Note: The supply curve cost for power technologies has been calculated relative to the 2012
levelised cost of a new entrant CCGT plant based on an estimated gas price in 2012 of
€25/MWh. The cost for heat, CHP and green gas technologies has been calculated as the
incremental cost over the levelised cost of the corresponding conventional counterfactual
technology, in particular, natural gas for green gas technologies, conventional CHP for
renewable CHP technologies and gas boilers for heat technologies.

Note that Figurel.12 shows current costs for new RES technologiest is, it does not
consider any decrease in levelised costs of the tR&#iologies through time. However, as
discussed in sectioh6, we assume costs for onshore and offshore dgocease by 3
percent each year. This implies that even if tlhesknologies appear relatively expensive

52 The relevant counterfactual is determined inroadel by the market electricity price; however, esve simplified this

in the supply curve presented here by assuminghkatounterfactual cost is equal to an estimatbefong-run
marginal cost of a new entrant gas-fired CCGT, wigdhigher than current market power prices inNle¢herlands.
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compared to other heat and green gas technoldhbisselationship may shift through time,
and onshore and offshore wind may become cheapeaddition, different changes in
counterfactual costs for power, heat and greenagdmologies may lead to additional
shifting between the costs of these technologies.

This is shown in Figurd.13. In particular, when considering 2012 costishore wind
appeared to be one of the most expensive techmeslogmd was much more expensive than
some heat and green gas technologies such as n@nteenentation green gas. By 2020,
however, offshore wind becomes cheaper than trenggas technology, and comes very
close to the resource cost of large dedicated Bermkants.
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Figure 4.13
2020 Incremental RES Supply Curve (2020 Costs)
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Source: NERA analysis based on information from ECN and other sources.

Note: The supply curve cost for power technologies has been calculated relative to the 2020
levelised cost of a new entrant CCGT plant based on an estimated gas price in 2020 of
€33/MWh. The cost for heat, CHP and green gas technologies has been calculated as the
incremental cost over the levelised cost of the corresponding conventional counterfactual
technology, in particular, natural gas for green gas technologies, conventional CHP for
renewable CHP technologies and gas boilers for heat technologies.

4.8 Renewables uptake experience in the Netherlands

As noted above, the large majority of experiendd wWie development of renewable energy
in the Netherlands is with larger scale renewaldetecity projects. There is much less
experience with the development of green gas awable heat projects. To a large extent
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this is due to the fact that policy instrumentshsas the SDE and its predecessor, the MEP,
primarily targeted renewable electricity proje@smce 2008 green gas production has been
supported through the SDE and in the last rourtie@SDE+ renewable heat was added,
resulting in a large amount of renewable heat ptsjbeing offered. Despite this surge in
interest, it seems unlikely that the total potdreéstimated in the data sources upon which we
have relied can and will actually be realised bef020, given the current state of market
development. For example:

= A significant share of the first renewable heafgets that were granted SDE+ funding
have been to expand heat production at existieg sit life-time extension of existing
plants® These projects offer significant potential at tiekely low costs. However, once
these projects are completed, further growth iewable heat would mainly need to be
derived from new project developments.

» Implementation of large-scale renewable heatingepts is furthermore hampered by the
current crisis in the housing and office markearnBIfor building new homes and offices
have been either put on hold or reduced in sizejigng fewer opportunities to develop
a sound business case for renewable heat.

= The potential for deep geothermal heat has be@nast at approximately 30 PJ, with
the largest share of projects in the horticultweter. The 2012 SDE+ applications
included 32 projects for geothermal heat with altestimated annual production of
approximately 10 PJ. This relatively large amouant be explained by the fact that
various parties have reached the stage that tiheyoatlevelop their first project
development in the next years as well as by themahat the tariff set for geothermal
heat was reasonably attractive. Experience towldbedeep geothermal project is,
however, relatively limited: in 2010 total energpguction amounted to 0.3 PJ according
to CBS. Under the current SDE+ 2012 so far 6 geotheprojects (total expected
production approximately 1.6 PJ/year) were gra®P&+ funding. The first smaller
projects are currently being realized; these anedsalone and smaller-scale projects. For
the large-scale projects project developers cugrémtus on well drilling and well testing
(e.g. to tackle the problem of “by-production” of and gas). A real growth in large-scale
geothermal heat development is only expected aftauple of years of testing and
gaining experience.

= The maximum potential for green gas productiorsigr@ated at ~60 PJ in 2020 in the
studies used for this project. Although green gaslgction has been subsidized under the
SDE since 2008, total production in 2010 amountgdst 0.4 PJ (which included only
projects at landfill sites). Over the past 4 supsalnds under the SDE (2008-2011) a
total of 51 projects were awarded funding. Of thesdy 9 projects had actually been
implemented as of 1 July 2012.

= The same reasoning holds for dedicated large-boateass electricity projects. GDF-
Suez and Delta, for instance, have announcedhbgtare exploring the options to turn a
coal-fired plant into a dedicated biomass planedénand Nuon/Vattenfall had
announced plans to develop several larger-scatedss plants. But parties have stated
that further investment certainty is required teuse actual project development and so

53 Agentschap NL, Tabellen stand van zaken SDE+ 2§thfus October 1, 2012. This is 46 percent ofdta renewable
heat production that requested SDE+ support.
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far Eneco’s 49 MW biomass plant in Delfzijl is tbely project that has actually been
realized>*

To reflect this uncertainty about the extent toaskhypothetical renewable energy potential
will actually be available at the costs suggesieziconsider sensitivity scenarios in which
we significantly reduce the RES potential in diffiet technology categories, and assess the
cost and subsidy implications for meeting the R&§éit.

54 In other countries, including the UK, plans tep@ver coal plants as biomass plants, and to dpvesav dedicated
biomass capacity have confronted similar unceratmth from economic conditions and from policycartainty,
including concerns about the relationship betwedssisly levels and the price of biomass fuel, whigky fluctuate.
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5 Modelling Results

In this section, we present our main modelling itssand compare the outcome of both
guota-based policies and subsidy-based policie=rins of the key indicators of policy
success — including total resource costs (i.eintremental costs relative to the world
without the policy), total “excess profits” fromlssidy payments, total subsidy payments and
total renewable output, or distance from the rer@evanergy target.

As discussed above, according to standard ecortheicy, in a world where there is perfect
information there should be no significant diffecerbetween a quota-based policy and a
subsidy based-policy. In particular, the two typépolicies can be designed to achieve the
same outcome. However, neither policy-makers nggsgtors have perfect information and
foresight. Hence, the choice between policies como@s to evaluating the outcomes of
these policies under circumstances of imperfecrmétion and unexpected future
developments.

Our approach is therefore to start from a basaé@tef assumptions about future costs, prices,
RES potentials, etc., and to design the potentibi¢y options (for example, the required
support levels, etc.) with these expectations indniThen, we model the outcomes of the
policies when our assumptions are correct and coartpa policies. Finally, we consider

what happens under the different policy designsnathe future differs from the assumptions
that were used to inform the policy design.

We have considered four policies based on the cu8BE+, and five REC-based policies:

=  Current SDE+ (SDE+): We have modelled expected RES uptake underutierd SDE
support scheme. (See sect®f.1.)

=  SDE+ plus co-firing (SDE+_cl: This policy offers a premium payment of €35 pBh
on top of the cost of a new entrant CCGT plantdf@2for biomass co-firing in addition
to the SDE+. (See secti@n2.2.)

= SDE+ plus co-firing and high budget (SDE+_cf+_hb) as above, but also the total
budget that can be committed to RES technologiels ga@ar is multiplied by 2.7, to
around €5.7 billior> (See sectioB.2.3.)

= “Target-Achieving” SDE+ (SDE+_ta+_lIr): in addition to supporting co-firing and
increasing the yearly budget to €5.7 billion, wer@ase the support levels available to

% Note that it is important to distinguish this aahbudget from the amount of subsidy that is dlstyeid out by the

government in each year. The annual budget repieachypothetical “pot” of money that is committedhe projects
that are built during a given year (each “vintage?t)their lifetime. Only a fraction of this “pofor each vintage will
actually be spent in any given calendar year héworst case, for support that will last 15 yearg-fifteenth of each
vintage pot will be spent each year to supporpttegects in that vintage. In fact, under mostuwinstances, the
amount of money will be significantly less thansthimount, because the worst-case scenario is basedealised
power price that is 33 percent below the expectauep price. Thus the sum of the subsidies pa@doven vintage of
projects over their lifetime is likely to be le$ah the budget or “pot” that is committed, in thedo projects in that
vintage.

The amount of subsidy that is actually paid eath yearis therefore very different from a given vintager’s total
budget. The amount paid out in a given calendar igethe sum of each fraction of the vintage plods is required for
each vintage that operates in that calendar yEais amount may be more or less than the total duaigount for a
given vintage year.
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certain technologies that are necessary to meeatpet, so that they receive enough
support to be profitable. (See sectm@.4.)

= Uniform RECs (REC_uniform): a REC-based policy that offers one certificate p
MWh of renewable energy produced, irrespective BERechnology. (See sectibrR.5.)

= Uniform RECs plus bonus/malus (REC_b/m)All RES technologies receive one
certificate per renewable MWh produced, but expentchnologies receive an
additional subsidy payment, whereas inexpensivant@ogies must pay a charge to
receive their certificates. (See sect®8.6.)

= Banded RECs (REC_bandelt a REC-based approach that offers a differentbarrof
RECs to each RES technology, depending on theitivelcosts. More expensive
technologies receive a greater number of RECsrwpeasate for their higher costs. (See
section5.2.7.)

= Uniform RECs plus banking (REC_banking)} All RES technologies receive one
certificate per renewable MWh produced each yeat,RECs may be banked for
compliance in future years. (See secto?.8.)

= Uniform RECs plus banking, and target post-2020 grath (REC_bank2030) All
RES technologies receive one certificate per reband\Wh produced each year, and
RECs may be banked for compliance in future ydaraddition, in contrast to the other
uniform RECs cases described above, the targetrdiesmain constant at 260 PJ after
2020, but increases (gradually tapering off), reagi334 PJ in 2030. (See secti®2.9.)

As noted above, we consider a range of scenarggried to shed light on the costs and
effectiveness of the policies when there is unaaitaabout RES costs and potential. We
start with a “Perfect Information” scenario, whiassumes that RES costs are known with
certainty now and in the future, so policies cariibely adjusted to ensure that overpayment
does not occur. Next we present the results oéaagio in which costs are consistently
overestimated, leading to overpayment and excesggpfand in some cases
overachievement of the targét) We next consider a scenario in which the RESntiatieof
selected technologies — in this case, heat anch gf@e— are significantly more limited than
had been assumed when the policies are initialgldped, which results in target
underachievement and higher costs. And we conaideenario with similar high level
effects, in which the costs of selected RES tedagiet are higher than expected. These
latter two scenarios provide some indication ofittedficiency associated with differentiated
support (capped support for some technologiesvaamum level, for example) when there
is heterogeneity of technology costs, as discubstmv. They also give a sense of the
ranges of costs of meeting the target if averagésaare higher than expected.

Like the Perfect Information scenario, the Low RE&st scenario represents a significant
simplification of reality, because we assume tlmaadjustments are made to cost
assumptions and associated policy support levets) though they overestimate RES costs.
The Low RES Cost and other scenarios can be thaigis simplified representations of
how the policies perform under different types n€ertainty, but they also provide insight

5 We could also have considered a “High RES Costiate, which would have resulted in missing th@eaunder

some policies, and significantly higher costs teetbe target in others.
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into how costs compare and how RES output is afteahder a range of alternative
assumptions.

Results for all these policy options, under ouretiae set of assumptions, are shown below
in section5.1. In addition to these policy options, we aleasider a REC policy that under-
achieves the target output level. Various diffei@tificate buy-out prices are modelled that,
at certain levels, have the effect of reducing waige energy output below 260 PJ in 2020.
Such a policy would require additional supportrfasre expensive technologies in order to
meet the legislated target. Following the presemaind discussion of the Perfect
Information case results, we therefore discusseladive performance of a hybrid scheme
drawing in part from a REC policy and in part fram SDE+ support scheme.

5.1 Overview of Results

Figure5.1 shows total RES output in 2020, under our ‘@rinformation” assumption, in
each of the nine different policy scenarios outliaove. The figure shows that the current
SDE+ policy provides only enough support to deli/&4 PJ of renewable energy —
considerably less than the 260 PJ target. Addipgat for biomass co-firing increases the
RES output to 190 PJ, still significantly below tiaeget. Under the third SDE+ variant, we
increase the annual available budget to aroundigBidgh, without changing the level of
support that can be provided to individual techg@s. This leaves output still below the
target, at 230 PJ. Under the final SDE+ variam,aléo increase subsidy levels for dedicated
biomass and offshore wind, yielding 267 PJ of REuat.

Under the uniform REC and REC with bonus/malusagedi, precisely 260 PJ of RES output
is delivered in 2020, because this is what thecjEsliare designed to db.In contrast, under
the banded REC policy, output is well above targe281 PJ, for reasons we discuss below.
Finally, under the two REC banking policies, outpubelow the target, at 222 PJ for the
“pure” banking case, and 250 PJ under the bankiagasio that also includes a growing
target after 2020. This reflects the finding thrathese two cases, the 260 PJ target for 2020
is met in part via the use of RECs awarded dutiegpieriod 2015-2019. Adding the higher
target in future years makes it more profitableage banked RECs for even later use,
resulting in higher RES output in 2020.

As the figure below illustrates, the mix of outpeder the different policies does vary,
although in broad terms the output is similar agm®st technology categories. The amount
of green gas and offshore wind varies the mosjelsirdue to the way that the SDE+ favours
technologies with low “total costs”. This alsoedts other technologies.

57 The output is precisely 260 PJ under the assomjttiat there is no buy-out price. If there is g-but price, suppliers

can pay it instead of surrendering certificatesl, antput may not achieve the target level. We@epbuy-out price
options below.
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Figure 5.1
2020 Output under Various Policies, Perfect Informa  tion Scenario
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Figure5.2 and Figur®.3 show total resource costs in 2020 for each ¢§ygeES technology,
and the present value of resource costs for eqehdlyRES technology, calculated until
2030. (Note that the resource costs are not time $& the costs borne by consumers — the
latter are closer to the “subsidy” or “policy suppoost”, discussed below. As discussed in
previous sections, resource costs may be underawtte additional costs required in order
to produce an additional PJ of energy with renew/ablrces, rather than with conventional
energy sources such as CCGT or coal plants, geefiatc.) These figures show the sum of
the resource costs associated with any capacityostgal by the policy being analysed for
capacity built from 2015 (the year that we assumeeriew policy will start to support new
capacity). These figures show that, of the polithesg achieve (or more than achieve) the 260
PJ target, the uniform REC policy has the lowesbuece cost. Note that it is important to
compare the costs of the policies on a lifetimaedhas there are differences associated with
the mix of technologie¥®

%8 To calculate the Net Present Value included énréisults below, we apply a 3.5 percent discousttmafuture costs for

renewable energy capacity that is installed betv&8drb and 2020, over its lifetime.
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Figure 5.2
2020 Resource Costs, Perfect Information Scenario
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An important finding of our analysis is that the Sbtends to support more green gas (and
certain other heat technologies) instead of lesycpower generating technologies, which
results in higher incremental or resource costshferSDE+ than for the REC-based options.
This is most evident when comparing green gasfshofe wind, but also affects onshore
wind. Some of the onshore wind potential has negaesource costs by the end of the
period, and therefore is adopted under all poliedn without support. However, some
higher-cost onshore wind still requires support] has loweincrementali.e. resource)

costs than green gas. However, because greeeajamtogies haviotal costs that are

lower than wind, they are able to access subsehidger. The SDE+ budget is exhausted
before the less expensive wind technologies hawpportunity to apply for support.

Under the REC banking policies, there is a Smod®iEC price trajectory, which results in a
somewhat different mix of technologies being talipr(although to some extent this is also
due to the fact that the 260 PJ target is not qateeved, because some technologies find it
attractive to build in earlier years, under thegplntity of banking and submitting their
certificates for the 2020 target).
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Figure 5.3
Net Present Value of Resource Costs, Perfect Inform  ation Scenario
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Figure5.4 shows the net present value of the total neratgided for each type of RES
technology to 2030. As expected, rents are michimder the SDE+ effectively because
we have assumed this to be the dadais first scenario. That is, we assume inReefect
Information scenario that all RES technologies inexenore or less exactly the support that
they need to “break-evert®. Even so, under the SDE+, rents are not equairm because
some technologies with negative resource costsatih rents that are independent of the

policy.

This highlights an important distinction betweentsg or excess profits, and exceapport
provided through the RES policy. In particulateehnology with negative resource costs
would receive no support under a price-based schieemee making it impossible to talk
about “excess support” under these circumstancaseklter, this technology would still
perceive “economic profits” as a result of its istreent. For cases where the resource costs
are zero or positive over the full lifetime of tteehnology (for example, solid biomass heat),
the excess support is equal to the total amoustilogidies received by this technology. For
cases where resource cost is always negative réste will be an overestimate of the excess
support Similarly, where there is a mix of types witlargiven technology category, some
with positive and some with negative resource ¢dlsestotal rents will be larger than the
excess support offered.

% Note that in this scenario, the “free categomy¥ije categorieof the SDE+ is not really used, because all carsts

known and base prices are set at the correct level.
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Rents are considerably higher under the certifibatged policies, because low-cost
technologies can benefit from the fact that higtmst technologies must be given sufficient
incentives to build. This is mitigated somewhathia Banded REC and Bonus/Malus
policies, but the risk of providing rents remair{és we discuss below, for example, in these
latter two policies, the specific policy design®wim do not attempt to adjust the
differentiated support that is offered to offshaiad over time. As the price of offshore
wind declines, this results in excess support éadéichnology in later years. This is
particularly noticeable for the bonus/malus REGmsacio, where rents for offshore wind are
much higher than rents under the banded RECs.réidsen for the difference is that under
the bonus/malus scenario, offshore wind receivesnas in absolute terms. As costs go
down, the bonus becomes larger relative to resaiosts. However, for the banded RECs
scenario, additional support through multiple REl€pends on the REC price, which is not
fixed, so there is less over-compensation as teeaf;mew offshore wind declines.)

Figure 5.4
Net Present Value of Rents, Perfect Information Sce  nario
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Figure5.5 and Figur®.6, below, show total subsidies paid in 2020 ftetype of RES
technology, and the present value of subsidiesfpaidach type of RES technology,
calculated until 2030, respectively. Under the amif REC policy without banking (or an
increasing target), 2020 subsidies are highesgusecthe REC price hits a peak in this
year®® Thenet present valuef subsidies paid is more similar across diffegaaitcy types

8 This is in part a function of the approach to eibidg, but also is likely to reflect actual marlethaviour, and points to
a potential difficulty in the design of a certiftegpolicy. If the target does not increase bey2020 — and therefore
does not need to incentivise new offshore windiomiass capacity — then the REC price may be expéatied to the
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(whether SDE+ or certificate-based), especially mgsbthose that achieve the target output,
at around €16-18 billion. The REC with banking amdincreasing post-2020 target option
shows the highest subsidies, because of the neattfeasing REC prices over time to meet
the future (2030) RES target.

Figure 5.5
2020 Subsidies Paid, Perfect Information Scenario
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Note: In the first three of the REC-based policy designs shown, because the REC target does not
increase after 2020, and because we have assumed no banking and no buy-out price, the
market price of RECs spikes in 2020, because this is the last year that new renewable
capacity is built. After this year, renewables can earn RECs, but they will generate as long as
they cover their variable costs, which are much lower than their full (i.e. their long-run
marginal) costs. This explains the significant difference between total subsidies paid in 2020
under (especially) the Uniform REC case, and the two banking cases. Banking eliminates the
price spike that the model predicts in 2020, and therefore 2020 support costs are much lower.

level of the incremental variable cost of the maayREC producer. At this level, however, REC pricédbnet be
high enough to pay back the capacity built in 2G20the price must be extremely high in 2020 tty fobver the
capital costs of the capacity installed in thatryda reality, investors would not assume thatghees would spike —
or would be allowed to spike — and this would d¢éhem from investing. This should, in turn, push@Rftices up in
advance of 2020, but would not resolve the “clidfye” issue if there were no post-2020 increashertdrget.
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Figure 5.6
Net Present Value of Subsidies Paid, Perfect Inform  ation Scenario
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The following sections provide greater detail arstdssion of the results for individual
policy options, along with observations about congams across the policies.

5.2 Perfect Information Scenario Results

This section shows our results for these nine pagtions, under our Perfect Information
scenario assumptions.

5.2.1 Current SDE+

Under the SDE+ no support is offered to biomas8ragg technology. Additionally, the
budget and the subsidies for all the included teldygies are offered at the levels proposed
under the SDE+ 2012. The budget level is set ar@lnd billion. This total budget is too
small to achieve the target output level. Additibnaome of the SDE+ base level subsidies
are set at too low a level to provide sufficienport for all technologies.

The following Tables.1 shows the base level subsidy levels as we#ssurce costs for all

of the technologies considered (including co-firimdpich is only actually supported under
subsequent policies):
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Table 5.1
Technology Subsidies and Resource Costs (2012 Price  s)
Original SDE+ Base Resource Resource Resource
Technology Units Level Cost Cost Cost
Original Units  Original Units €/GJ €/MWh

Low cost onshore wind €/MWh 85.0 21.3 5.9 21.3
Mid cost onshore wind €/MWh 96.0 32.1 8.9 32.1
High cost onshore wind €/MWh 96.0 32.3 9.0 32.3
Existing biomass cofire €/MWh n.a. 28.0 7.8 28.0
Biomass cofire €/MWh n.a. 39.4 10.9 39.4
In-lake onshore wind €/MWh 122.9 59.2 16.4 59.2
Offshore wind €/MWh 150.0 95.9 26.6 95.9
Green Gas Biomass Gasification €/Nm3 0.56 0.34 10.7 38.6
Green Gas Manure Cofermentation €/Nm3 0.72 0.50 15.7 56.6
Heat Geothermal €/GJ 9.0 0.9 0.9 3.3
Heat Biomass Boiler Solid €/GJ 10.9 (1.8) (1.8) (6.5)
Heat Biomass Fermentation €/GJ 15.7 2.3 2.3 8.4
Large scale power-only biomass €/GJ 22.2 18.1 18.1 65.0
CHP Biomass Large €/GJ 22.2 17.4 17.4 62.7
Small scale power-only biomass €/GJ 26.0 33.7 33.7 121.2
CHP Biomass Small €/GJ 26.0 21.1 21.1 76.1
Heat Solar Thermal €/GJ 315 23.4 23.4 84.4

Notes:

1. For power market technologies, resource costs have been calculated as the difference between
levelised costs for each RES technology and the expected production cost of new entrant CCGT.
For heat, cogeneration and green gas technologies, resource costs have been calculated as the
difference between levelised costs and the corresponding counterfactual cost, where this
counterfactual has been assumed to be natural gas for green gas technologies, a gas boiler for
renewable heat technologies and gas CHP for renewable cogeneration technologies.

2. The base subsidy level for existing biomass co-firing and new biomass co-firing technology is
modelled to be the same, despite existing plants having a lower resource cost.

3. Large- and small-scale biomass receive an SDE+ subsidy based on their useful energy output,
whether this is electricity or heat. The level appears to be calculated such that capacity is only
profitable if it makes use of heat — that is, if it is CHP. It would also be possible to operate a
dedicated biomass plant in power-only mode. Under the current SDE+, however, such a plant
would still receive the same subsidy, and therefore would not be profitable.

4. For green gas from gasification, we have derived the SDE+ base level shown in the table by
combining our counterfactual gas cost estimates with updated incremental cost estimates
developed by ECN and provided to us by the Ministry.

5. Not every unit of green gas that is produced actually counts towards the renewables target. In the
Netherlands, only 78.5 percent of each unit of green gas output is eligible. The price that is
required to support an additional unit of green gas to count toward the target is therefore higher
than the SDE+ base levels shown in the table, and the resource cost is also higher. When
modelling the resource costs of achieving the target with green gas, we therefore reflect a factor
of 0.785 in the analysis.

As per the SDE+ 2012, the different technologiesganerally willing to apply for support in
order according to their levelised costs, to altbescheapest technologies priority access to
support. In the first Tranche, geothermal heatmaiss fermentation heat and solid biomass
boiler heat technologies are assumed to be witbraccess subsidies. Subsequently, the
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priority is allocated to low cost onshore windgarscale biomass CHP, inexpensive green
gas and large scale dedicated biomass in the sdeandhe; mid and high cost onshore wind,
green gas manure co-fermentation and small scatedsis CHP in the third Tranche; then
on-lake onshore wind and large solar thermal hedirtologies in the fourth Tranche; and
finally offshore wind and small scale dedicatednéss plants in the fifth Tranche.

Table5.2 shows selected detailed modelling resultsiferGurrent SDE+ policy. Several of
the technologies have been grouped together tdifyrtige presentation. Looking down the
table, first the existing generation plants areeted, followed by new uptake.

Table 5.2
SDE+ Results

2020 NPV

Electrical Output  Resource  Subsidy Rents Resource  Subsidy Rents

Technology Capacity Cost Cost
GW PJ €m €m €m €m €m €m

Existing Heat & Green Gas n.a. 26 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Onshore Wind 2.7 21 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Offshore Wind 0.9 10 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Biomass Cofire 0.6 0 0 (0) (38) - 38
New Heat n.a. 55 (71) 34 104 (549) 294 843
New Green Gas n.a. 34 585 602 16 4,871 5,008 137
New Onshore Wind 1.8 16 (38) 3 41 (478) 11 489
New Offshore Wind 0.3 2 18 23 5 284 284 (0)
New Biomass Cofire - 0 0 (0) 0 - (0)
New Dedicated Biomass - - - - - - - -
Total 6.3 165 495 661 166 4,090 5,596 1,507

Note: We do not include the resource or subsidy costs associated with “existing” capacity. We

define “existing” capacity as capacity that is now in place or that is expected to be in place by
2015. (We assume that the policies being modelled here will first begin supporting new
investments in 2015.) Existing capacity, and its output, is assumed to be attributable to other
policies, rather than the policies that we model. We assumed that MEP support is
discontinued by 2015. In policies modelled below, we assume that existing co-firing units can
apply for new subsidy.

The results indicate that the current SDE+ will achieve the desired RES target, falling
short by 95 PJ.

Based on the cost assumptions and bidding ordamgins set out above, renewable heat
technologies account for the largest share of du{pé PJ), followed by new green gas (34
PJ), existing heat and green gas (26 PJ), new omshod (16 PJ) and existing onshore wind
(21 PJ), and new (2 PJ) and existing offshore iftdPJ). There is almost no biomass co-
firing, because the existing plants are assumeedgive no further support under the current
SDE+ once existing support policies expire.

Total installed renewable capacity from power @ant2020 is 6.3 GW. Existing onshore
wind has the largest share, accounting for 2.7 @&isting” refers to capacity in place now
(in 2012) as well as the capacity that is in theepne and expected to be completed before
2015, whose costs therefore are not directly reiefa our analysis. From 2015 we assume
that the policies that we model begin supporting napacity. New onshore wind provides
the second largest capacity at 1.8 GW.
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Under the SDE+, new onshore wind is built as welheaat and green gas technologies. No
power-only dedicated biomass is built, even thotiglas access to subsidies relatively early
in the application process, as it is not profitaddieurrent subsidy levels.

In 2020, total resource costs are €495 million sutasidies paid are €661 million. This
implies excess support of €166 million. As expegctedatess profits are relatively low under
this policy as subsidies are low and directed atctheaper technologies.

The net present value of total resource costdfpblicy (as noted above, calculated until
2030, and using a 3.5 percent discount rate) & iflion. The value of the subsidies is €5.6
billion, implying rents in the order of €1.5 bilho Excess support is significantly lower,
however, because certain renewable heat technelegjey rents even without policy
support (as does onshore wind).

5.2.2 SDE+ plus co-firing

This policy adds to the previous one by providiogort to biomass cofiring with a payment
of €35/MWh of electricity output on top of the elecity price in 2012. In subsequent years,
co-firing is treated as any other SDE+-eligiblent@alogy, with its cost assumed to be at the
level implied by the support required in 2012, actlal SDE+ support determined by the
electricity price. Biomass cofiring is one of tinexpensive technologies, being willing to
apply for subsidies in Tranche 2. We have assuimetitdget to be added to accommodate
biomass co-firing to be €400 million, so the taahilable SDE+ budget is €2.1 billion. The
base price levels for the rest of technologies rertiee same. Tablg.3 presents the results
for the SDE+ plus subsidies for co-firing. We amsuthat existing units, currently supported
under the MEP, can apply for new SDE+ support withiocurring costs of retrofitting, while
new plants can apply but incur a cost of retrafgtco-firing capability.

Table 5.3
Summary Results for SDE+ with Co-Firing
2020 NPV
Electrical Output  Resource  Subsidy Rents Resource  Subsidy Rents
Technology Capacity Cost Cost
GW PJ €m €m €m €m €m €m

Existing Heat & Green Gas n.a. 26 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Onshore Wind 2.7 21 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Offshore Wind 0.9 10 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Biomass Cofire 0.6 12 26 46 20 598 844 246
New Heat n.a. 55 (71) 34 104 (550) 293 843
New Green Gas n.a. 39 671 690 19 5,554 5,710 155
New Onshore Wind 1.7 15 (28) 4 32 (449) 9 458
New Offshore Wind 0.4 3 24 29 5 351 350 (2)
New Biomass Cofire 0.3 8 28 23 (5) 209 160 (49)
New Dedicated Biomass - - - - - - - -
Total 6.5 190 651 825 175 5,713 7,364 1,651

Both installed capacity and output increase shgtelative to the existing SDE+. However,
the new policy still does not achieve the targepatlevel, only reaching 190 PJ. Capacity
levels remain the same for all technologies witheékiception of existing and new biomass
co-firing, which represent approximately 600 MW &t MW, respectively. The increase
in output can be attributed to these technologies.
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Total NPV lifetime resource costs increases to ®ilibn, given an increase in RES output.
Total lifetime subsidies increase to €7.3 billipnoviding lifetime rents of €1.7 billion.
Again, excess support is smaller than rents, beceeisain heat technologies do not receive
any support.

5.2.3 SDE+ plus co-firing and high budget

Under the previous two policies the targeted 260fHRIES output is not reached. Therefore,
this policy looks to model the impact of increasthg total budget on the uptake of the
different technologies. The budget is increased ty percent as compared to the previous
scenario, from €2.1 billion to €5.7 billion and ather parameter assumptions remain as per
the previous policy (so that biomass co-firinggaia supported).

Table 5.4
Summary Results for SDE+ with Co-Firing and High Bu  dget
2020 NPV
Electrical Output  Resource  Subsidy Rents Resource  Subsidy Rents
Technology Capacity Cost Cost
GW PJ €m €m €m €m €m €m

Existing Heat & Green Gas n.a. 26 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Onshore Wind 2.7 21 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Offshore Wind 0.9 10 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Biomass Cofire 0.6 12 26 47 20 680 935 255
New Heat n.a. 68 197 308 110 1,714 2,609 896
New Green Gas n.a. 42 724 744 20 6,085 6,254 169
New Onshore Wind 1.7 16 (11) 15 26 (254) 129 383
New Offshore Wind 1.8 26 408 489 81 3,152 3,784 632
New Biomass Cofire 0.3 8 29 23 (5) 218 171 (47)
New Dedicated Biomass - - - - - - - -
Total 8.1 230 1,373 1,626 253 11,595 13,882 2,287

The higher SDE+ budget drives the output up toR30still short of the required target.

Total RES power generation capacity increaseslt@8V relative to the lower-budget option
presented above, driven by a minor increases inamsliore wind, and especially a
significant increase in offshore wind, up to 1.8 GWie increase in output, however, is due
to a significant increase in new heat and new ggasrntechnologies, whose total output
increases from 94 PJ to 110 PJ, and in offshord wirtput, from 3 to 26 PJ. Note that
dedicated (power-only) biomass still is not bubkcause the subsidy level is not high enough
to make investment profitable.

Total lifetime resource costs (€11.6 billion), sdiss (€13.9 billion) and rents (€2.3 billion)
all increase in proportion to the increase in outpder this high budget scenario. Resource
costs, as before, are driven principally by newegrgas, which has a 2020 resource cost of
€724 million.

5.2.4 *"Target-Achieving” SDE+
Under the previous scenario, in spite of increa#iiegavailable annual budget for each year’s
new capacity to €5.7 billion, the target was stdt quite achieved. Our modelling suggests

that increasing the budget further does not agtwafult in additional investment — instead, it
is necessary to increase the subsidies availalsleléated technologies in order to make them

NERA Economic Consulting 68



Renewable Energy Supplier Obligation Modelling Results

pro(sfitable. For example, dedicated (power-onlygnbass, or offshore wind have no uptake at
all.

If we combine the increase in the annual budg€6t@ billion, with an increased subsidy for
selected technologies — in particular, dedicatedhass and offshore wind — the target can be
achieved. Because the subsidies are assumedsei bea level that is just slightly above the
true costs of all RES technologies, the policy aegbs the target at low social and subsidy
cost.

In order to estimate the yearly budget requirectaxh the target under the target-achieving
SDE+, we have started by calculating the requitda$isly payment for each technology in
each year, given the assumed initial base phbasi¢bedraysupport levels for each
technology and an estimated long-run energy ffi¢er corresponding counterfactual costs,
for heat and green gas technologies). In partictharrequired subsidy payment for each
technology has been calculated as the differentveclea the corresponding base price and
the floor price (assumed to be two-thirds of thegloun baseload market price). Each year
technologies will access subsidies in a “merit ordetermined by their total production
costs. As long as base prices are sufficiently agtover costs, in any particular year all the
technologies will be willing to build as long a%th is budget still available. This allows us
to obtain an estimate of the annual build underlawngl of yearly budget, hence leading to an
estimate of the total renewable output produce2DR0 as a consequence of setting a
particular budget level.

Figure5.7 shows the estimated output achieved in 202@rutfferent annual budget levels,
as compared to the current SDE+ budget level @diastional biomass co-firing support), of
around €2.1 billion. In particular, we have consadebudget levels ranging from 0.5 times
the current budget level, up to as high as 3 tithecurrent budget level. These budget levels
yield 2020 output levels ranging from 131 PJ inltwest budget case, to 280 PJ for the case
where we increase the current SDE+ budget by 3stiffilee figure shows that multiplying

the current budget by a factor of 2.7, i.e., ug%0r billion, will yield the desired target of

260 PJ in 2020.

61 This is partly due to the fact that their basiseis not set high enough. For offshore windywer, its cost does fall,

so that by 2020, developers would find it profieatd apply for subsidies under the free categétgwever, as noted
above, because other technologies — notably graer gre able to apply for support earlier, becthesghave lower
total costs, offshore wind is not able to compéfectévely for the support.

52 As the calculation of the required budget forcteéag the target is required before obtaining mssaind hence,

obtaining a long-run baseload power market priceeperted by the model, we have assumed this mibe equal to
the cost of a new entrant CCGT in each year, indiitle our assumptions for the calculation of the@ygurves in
2012 and 2020.

NERA Economic Consulting 69



Renewable Energy Supplier Obligation Modelling Results

Figure 5.7
2020 RES Output Under Different Budget Levels
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Table5.5 shows the base level subsidy levels for aheftechnologies considered, including
the revised base level subsidy levels for dedichiechass and offshore wind.
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Table 5.5
Revised SDE+ Base Levels (2012 prices)

Original SDE+ Base

Technology Units Level

Low cost onshore wind €/MWh 85.3
Mid cost onshore wind €/MWh 96.3
High cost onshore wind €/MWh 96.3
Existing biomass cofire €/MWh 96.6
Biomass cofire €/MWh 96.6
In-lake onshore wind €/MWh 123.3
Offshore wind €/MWh 160.1
Green Gas Biomass Gasification €/Nm3 0.56
Green Gas Manure Cofermentation €/Nm3 0.72
Heat Geothermal €/GJ 9.0
Heat Biomass Boiler Solid €/GJ 10.9
Heat Biomass Fermentation €/GJ 15.7
Large scale power-only biomass €/GJ 35.9
CHP Biomass Large €/GJ 22.2
Small scale power-only biomass €/GJ 51.5
CHP Biomass Small €/GJ 26.0
Heat Solar Thermal €/GJ 31.5

Note: The shaded areas indicate technologies for which the subsidies have been increased in order
to ensure that investments in these technologies at least “break-even”. The base level for
offshore wind declines over time with the cost of the technology.

Table5.6 shows summary results under this SDE+ varidhe RES output results are
similar to the scenario where only budget was iasee, but not subsidy levels. The
additional support for dedicated biomass and ofisindnd leads to an increase in output,
and the target actually being achieved. A totd@d@®f PJ is produced in 2020. Installed RES
capacity in the power sector reaches slightly niloa@ 9 GW by the end of 2020.

As compared to the scenario where only the budgstimcreased, the mix changes slightly.
Under the high-budget scenario, the mix includedtigdeat, green gas and onshore and
(existing) offshore wind. Because much of the hieat is taken up appears to have a negative
resource cost compared to its conventional couwattrél, this uptake remains mostly
unchanged: its profitability is not affected by tineilable budget or the quarter in which it is
allowed to access subsidies. The same appliegtmgas uptake: as this technology is
willing to access subsidies in an earlier Trand¢tantdedicated biomass, the increased
incentives for dedicated biomass do not affeatijit;ike or total output. However,
technologies such as offshore wind and part obtighore wind are only willing to access
subsidies starting in the fifth and fourth Tranchéjle dedicated biomass would access
subsidies in the fourth Tranche. Output from newhame wind is partially displaced,
decreasing from 17 PJ to 16 PJ. Starting in 20ffShare wind moves to Tranche 4 and
competes directly with dedicated biomass. This&rplwhy we now see 9 PJ of new
offshore wind contributing to 2020 output.
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Total lifetime resource costs increase significantider this scenario from €8.1 billion to
€14.5 billion relative to the scenario where orfilg ainnual budget was increased — as a result
of RES output increasing by 61 PJ from significantiore expensive technologies. The

higher costs are largely due to the increase ipudwnd the high uptake from (quite)
expensive dedicated biomass. In spite of thedrightake, lifetime rents actually fall

slightly, relative to the “High Budget” case.

Table 5.6
Summary Results for Target-Achieving SDE+
2020 NPV
Electrical Output  Resource  Subsidy Rents Resource  Subsidy Rents
Technology Capacity Cost Cost
GW PJ €m €m €m €m €m €m

Existing Heat & Green Gas n.a. 26 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Onshore Wind 2.7 21 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Offshore Wind 0.9 10 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Biomass Cofire 0.6 12 26 46 20 683 941 258
New Heat n.a. 68 197 308 110 1,717 2,613 896
New Green Gas n.a. 42 724 744 20 6,087 6,256 169
New Onshore Wind 1.7 16 (25) 7 32 (403) 29 432
New Offshore Wind 1.0 9 93 107 14 1,063 1,044 (19)
New Biomass Cofire 0.3 8 29 23 (5) 216 171 (45)
New Dedicated Biomass 2.0 54 692 700 9 5,143 5,221 78
Total 9.2 267 1,736 1,936 199 14,507 16,275 1,768

5.2.5 Uniform RECs

This section presents results for the first ofrtiedelled certificate-based policies. Under this
option, RES technologies are offered one renewattegy certificate (REC) for each MWh
(or GJ) of renewable energy produced. The only gtkme to this rule is for green gas. Only
78.5 percent of the total physical green gas outpatbe used to qualify as RES output to
meet the 2020 EU target, so a factor is applieattmunt for this reduced ability of green gas
to contribute to the targét.

Table5.7 shows summary results under this uniform REgD@co. Because the supplier
obligation requires that the target be met, totapot under this scenario is exactly 260 PJ.
However, the output mix is different from the wa target is achieved under the SDE
“target-achieving” scenario presented in the presisection.

5 We model this by reducing the potential and propoally increasing the resource cost, as expthaove. This

means that the reported output in the tables ptedésindeed the eligible output used to meeRES target, however
it is lower than the amount of green gas that mégitally physically be produced.
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Table 5.7
Summary Results for Uniform RECs
2020 NPV
Electrical Output  Resource  Subsidy Rents Resource  Subsidy Rents
Technology Capacity Cost Cost
GW PJ €m €m €m €m €m €m

Existing Heat & Green Gas n.a. 26 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Onshore Wind 2.7 21 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Offshore Wind 0.9 10 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Biomass Cofire 0.6 17 37 513 476 235 1,818 1,583
New Heat n.a. 54 (57) 1,631 1,688 (465) 5,406 5,872
New Green Gas n.a. 3 36 95 59 288 285 (3)
New Onshore Wind 3.0 27 2 819 817 (308) 2,730 3,038
New Offshore Wind 2.5 37 475 1,101 626 2,941 2,863 (78)
New Biomass Cofire 0.3 8 29 256 226 212 731 519
New Dedicated Biomass 2.0 56 724 1,689 965 4,758 4,906 148
Total 12.1 260 1,246 6,103 4,857 7,661 18,740 11,079

One striking difference between the simple RECqycdind the others discussed above is that
there is only minimal output from green gas unterREC policy. Apart from a small
potential of cheap green gas, the technology génésas fairly highresourcecosts (again,
also taking into account the adjustment relate@rnget eligibility described above), although
its total cost tends to be quite low. Hence, unles necessary in order to reach the target
(i.e. unless the maximum potential from all lespaemsive technologies, in terms of resource
costs, is not enough), it will not be taken up uralguota-based policy scenario, which
allows the lowest-cost technologies to be takenWpder the SDE+, green gas is willing to
access subsidies in Tranche 3, before offshore feinexample, which in later years has
lower lifetime resource costs. Green gas is guaority because ittotal costis lower, even
though based on standard economic cost benefysigait is theresource (incremental) cost
that should be relevant to the selection of teabgies®

Under the uniform REC scenario both dedicated bgmaad offshore wind are taken up to a
greater extent than under the previous “targeteahg” SDE policy, although neither
reaches its maximum potential. This is becauséibdechnologies switch position in the
RES supply curve, with the levelised cost of nefglodre wind capacity assumed to drop
below the levelised cost of biomass in later ye&fader the REC system, investors are
assumed to observe that offshore wind investmesterbe attractive relative to the other
technologies (on a lifetime basis), and thereftaet $0 build them when the costs have
declined sufficiently. Under the SDE+, policy-mekeand analysts need to observe the
decline and adjust the phasing of applications G@rkidies) accordingly to ensure that the
least expensive technologies are given priorityr overe expensive ones. Even under perfect
adjustment of the phasing of applications (and isligss), it still may be that some (slightly)
more expensive technologies, (for example, dedichi@mass in years just preceding 2020),
apply for and receive support in advance of otlesis expensive technologies that apply in
the same Tranche.

54 We have accounted for the fact that technologtesse total production costs are lower than whas#&imed and

reflected in their base pricbdsisbedrayymay choose to access lower SDE+ subsidies b#feréranche in which
their assumed base price is available. Howevemusecoffshore wind'total cost remains higher than the total cost of
co-fermentation green gas (even though its resaoseis lower) it does not apply for SDE+ supp@tore green gas.
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As expected, resource costs are lower under thisypelative to the “target-achieving” SDE
policy, because of the automatic preference fotdtwest incremental cost technologies.
(The slightly lower output under the Uniform REQ60 PJ compared to the target-achieving
SDE+'s 267 PJ — also contributes slightly to théedence in resource costs.)

While this policy is optimal from a resource costr of view, the least-cost technologies
end up receiving very large levels of excess mwalie to high levels of support and the
absence of differentiation. Note, for examplef thaignificant amount of heat uptake is
given by technologies that have negative resourstscThese technologies would be willing
to build even without policy support, but theylstdceive the full benefit of the REC value
for their output.

The total subsidy cost is higher than under theg&gachieving SDE” scenario modelled
above, rising to €18.7 hillion.

As noted previously in sectidnl, we observe a REC price spike in the target g22020.

A very high certificate price is required in thadl year in order to remunerate the capacity
that is added in 2020, because after 2020 there farther requirement forewinvestment,
and the REC price falls. If the design of the ppkould be adjusted to smooth the REC
price trajectory while maintaining the same NP\sopport (to incentivize the same
investment), much lower subsidies would be paidio@020. We consider a policy design
that does attempt to smooth the REC price trajgatosections.2.9, below.

5.2.6 Uniform RECs plus Bonus/Malus

This section presents results for the uniform RRAs bonus/malus policy. Under this

policy, RES technologies receive one REC for eadlhivbf renewable energy produced, in a
similar way to the uniform RECs scenario. Howewearthe results presented above suggest,
although a pure uniform REC policy is “efficienti the sense that it minimises resource
costs, it also leads to substantial overpaymemtepensive technologies, which will result

in higher end-user energy prices. As set outémptteceding discussion, the bonus/malus
approach modifies the basic REC policy by providaingupplemental payment to more
expensive technologies, to make them viable anel tabtontribute to meeting the RES target,
by simultaneouslghargingthe lowest cost technology for the right to receéhair RECs.

This has the effect of reducing the excess pradithe lowest cost technologies. The
bonus/malus adjustments for each technology asepted as adjustments to variable cost
adjustment in Tabl.8
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Table 5.8
Bonus/Malus values
Technology Variable Cost Adjustment
Bonus Malus
€/GJ
Low cost onshore wind (2.0)
Solid biomass boiler heat (2.0)
Geothermal heat (1.2)

Mid cost onshore wind -
High cost onshore wind -

Biomass cofire 0.1
Biomass fermentation heat 1.0
In-lake onshore wind 7.5
Biomass gasification green gas 11.6
Large biomass (CHP) 15.4
Offshore wind 17.7
Manure cofermentation green gas 18.0
Small biomass (CHP) 19.1
Large solar thermal heat 21.4

We have calculated the bonus/malus for each teoggdly comparing the resource costs of
each technology with reference to their respeaounterfactual. We choose a “reference
RES” technology as the one that will receive on€Riad no bonus or malus — here set as
mid-cost onshore wind. The bonus or malus for edlobr technologies is then calculated as
the difference between the resource cost of theaosd offshore wind and that RES
technology?®

Table5.9 presents summary results under the bonus/R&@spolicy. Again, as expected
the 260 PJ target is met exactly. However, comptrdide uniform RECs scenario, the
output mix shifts away from new dedicated biomasgards new offshore wind and new heat.
The reason for this is that, while under the umfd®EC scenario, the resource cost
minimising option was being chosen, providing ausimalus leads to heat and dedicated
biomass technologies to have the same “perceivest, so both become profitable at the
same certificate price. This explains why, whilédbe more of the (cheaper) dedicated
biomass was being taken up, under the bonus/meduaso more heat technology relative to
dedicated biomass is willing to build. Additionallyutput shifts from dedicated biomass to
offshore wind because we assume that the bonusirf@lall technologies is fixed over time.
Offshore wind costs decrease relative to dedichimhass costs, hence providing an

% Note that the particular choice of this “referehtechnology does not matter, as choosing on@ather technology

will result in the same relative differences betaweach of the RES incremental levelised costs, laa@®EC value will
make up the difference. For ease of administratfdhere is a desire to balance the amount ofibgraid out with the
malus payments coming in, then there would be d teeset the reference technology somewhere imiddle of the
supply curve. ltis likely that some “true up” wdwe required that would either charge energy begp(if bonuses
exceeded malus payments) or refund them (if thersevwere true) in some way proportionate to tioéal energy
supply or RES commitments.
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advantage to offshore wind through the bonus reckiVhis illustrates one of the potential
difficulties with the bonus/malus approach — argkied with any approach that seeks to
differentiate the support level assigned to diffétechnologies. Ideally, the bonus/malus
would need to be re-calculated each year, takitiyancount the expected REC price, to
determine the appropriate level of support for gachnology. In practice, getting such
adjustments right may be challenging — perhaps motban adjusting the SDE.

Table5.9 shows that the policy, as a result of discratimg between cheap/expensive
technologies through the bonus/malus, achievesrloat@ excess profits relative to the
uniform RECs case. Most of the rents under thisage are driven by new offshore wind —
again, because the bonus for the technology idl fidespite the fact that the costs are
expected to fall. Total lifetime rents decreasefrE11.1 billion to €5.6 billion.

Moreover, subsidies paid are lower than in thearmfRECs case. On the one hand they
increase due to the excessive uptake in techn@dlgée do not actually minimise total
resource costs. However, the side payment systenficantly reduces subsidies for new
heat, despite these technologies’ higher uptaliectang the fact that much of it has negative
resource costs and would build anyway. The sidengay only to truly expensive heat
technologies acts to correct for this. Additionalybsidies are much lower for dedicated
biomass due to much lower output as compared ttiferm REC case. Lifetime subsidies
decrease from €18.7 billion to €16.4 billion.

Table 5.9
Summary Results for Uniform RECs plus a Bonus/Malus
2020 NPV
Electrical Output  Resource  Subsidy Rents Resource  Subsidy Rents
Technology Capacity Cost Cost
GW PJ €m €m €m €m €m €m

Existing Heat & Green Gas n.a. 26 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Onshore Wind 2.7 21 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Offshore Wind 0.9 10 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Biomass Cofire 0.6 17 35 97 61 244 348 104
New Heat n.a. 68 211 590 379 1,840 2,758 918
New Green Gas n.a. 8 101 217 115 916 1,708 792
New Onshore Wind 2.5 23 (25) 113 138 (491) 72 563
New Offshore Wind 4.2 61 811 1,422 611 5,537 8,925 3,388
New Biomass Cofire 0.2 6 22 37 15 148 103 (45)
New Dedicated Biomass 0.7 20 335 377 42 2,543 2,451 (92)
Total 11.9 260 1,490 2,851 1,361 10,736 16,364 5,628

As noted above, some of the differences in the indeesults under the bonus/malus case
arise because we have not attempted to modifydhador malus payments in each year so
that they continually match the requirements ohgachnology in that year. This means that
the bonus/malus policy diverges from the SDE+ cabeéch in theory it ought to be possible
to make it identical to. In practice, the flucingtREC price and changing reference
“counterfactual” or index prices will make it diffilt to set the bonus and malus accurately in
advance. The differences we observe in the modelésults are likely to exaggerate the
real-world differences between an annually adjusSie&+ policy and an annually-adjusted
REC plus Bonus/Malus policy, but we believe thexegan indication of actual differences
between the policies.
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5.2.7 Banded RECs

An alternative approach to mitigate the issues entaved under a uniform REC policy is to
discriminate between technologies by awarding ckfié quantities of certificates per MWh.
As per the bonus/malus approach the technologeesaegorised by their relative resource
cost, those with a higher resource cost receivingeroertificates per unit of output. Table
5.10 shows the REC allowances awarded to eachdkxhntype for reference:

Table 5.10
REC Allowances
Technology REC Eligibility
REC/MWh

Solid biomass boiler heat (0.2)
Low cost onshore wind 0.0
Geothermal heat 0.1
Mid cost onshore wind 0.2
High cost onshore wind 0.2
Biomass cofire 0.2
Biomass fermentation heat 0.3
In-lake onshore wind 0.8
Biomass gasification green gas 1.2
Large biomass (CHP) 1.5
Manure cofermentation green gas 1.7
Offshore wind 1.7
Small biomass (CHP) 1.8
Large solar thermal heat 2.0

In implementing this type of policy it is importatat accurately estimate the resource costs of
the different technologies. Errors in this procegkinefficiently allocate certificates. It is

also important to identify how many certificates aflocated to each technology band. If
they are not properly distributed then it may m#antarget output is not reached; sacrificing
one of the key advantages of a quota-based paaly t

Table5.11 presents the results obtained for the band@#dl policy. Note that, as with the
bonus/malus policy, we have not attempted to mokahges in the banding levels over time.
Because the resource costs of each technology ehlalagive to each other, it is likely that
policy-makers will adjust the banding levels to iavover-compensating individual
technologies, as it becomes clear that over-congpemsis occurring. Thus these results are
likely to overstate the excess support offered.édwer, another consequence of keeping the
banding support fixed is that offshore wind becomese attractive than onshore wind.
Although both wind technologies become cheaperiise offshore wind is more expensive,
its cost reduction is greater in absolute termise ihcremental support that it receives
(indeed, the excess support) therefore becomesr|angabsolute terms, than the support
provided to onshore wind. Some offshore wind tfegeedisplaces the more expenses
onshore wind under this policy relative to thelte Uniform REC case.
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Table 5.11
Summary Results for Banded RECs
2020 NPV
Electrical Output  Resource  Subsidy Rents Resource  Subsidy Rents
Technology Capacity Cost Cost
GW PJ €m €m €m €m €m €m

Existing Heat & Green Gas n.a. 26 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Onshore Wind 2.7 21 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Offshore Wind 0.9 10 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Biomass Cofire 0.6 17 35 63 28 119 308 189
New Heat n.a. 60 34 218 184 408 1,265 857
New Green Gas n.a. 8 99 311 212 870 1,652 781
New Onshore Wind 1.6 15 (12) 39 52 (334) 161 495
New Offshore Wind 4.2 61 888 1,948 1,060 6,672 9,137 2,465
New Biomass Cofire 0.1 4 14 15 1 54 53 (1)
New Dedicated Biomass 2.1 59 847 1,220 373 5,978 5,653 (325)
Total 12.3 281 1,905 3,815 1,910 13,768 18,228 4,460

In this case total output is higher than the talgel for 2020, unlike the alternative REC
policies covered above. This is because once #rerdifferences in the number of RECs
allocated to each technology, it is much more diffi to ensure that the total output is equal
to the desired level by setting a target for REEss difficult to know, in advance, how
many RECs will be produced, given the banding patams. The technology mix changes
somewhat relative to that under the uniform RE ca3nshore wind output is reduced,
whilst there are small increases in heat, greeragdsiedicated biomass. However, the most
significant change is the large uptake of offsheied to 61 PJ, making it the largest
contributor to 2020 output. This is because thehaffe wind cost falls over time, making it
relatively more attractive given its banding (whiga do not adjust over time, although this
represents a significant simplification of the midstly implementation of a banded REC
policy). The REC target in this case leads to totaput of 281 PJ, 21 PJ higher than the
required target.

The net present value of lifetime resource cogshaher than under the uniform REC
scenario at €13.8 billion. This is to be expectgden that the banding mechanism allows
more expensive technologies to become competitiare tvould be the case under a “pure”
cost minimising system. The total lifetime suppexeived is lower than under the uniform
REC policy, despite high subsidies to offshore wand the overachievement of the target.
This is due to the reduction in support for newtlagm onshore wind. As a result of the
differentiation of support, rents are substantitilyer.

5.2.8 Uniform REC plus banking

As noted above, under the Uniform REC policy optioa policy support provided in the
year 2020 is very high, because we model a lange ppike in 2020. The spike is driven by
the requirement to meet the target and the neezianerate any (high capex) new capacity
(such as offshore wind) that is built in 2020 bef®EC prices fall back to the short-run
incremental cost of RES technologies.

Allowing banking of RECs serves to smooth the sgidmewhat, although as we will see

below, simply allowing banking is not enough toymet a significant reduction in REC
prices after 2020.
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In anticipation of a high certificate price in 2QZRES producers are incentivised to generate
certificates in advance, hold on to them and tledease them into the market or use for
compliance when the price rises. This arbitragevéen compliance years increases the price
prior to 2020 and reduces it in 2020

The resulting REC price is presented in FigbtEO (in red), which is significantly smoother
than the price observed under the Uniform REC pgaliith constant post 2020 output target
and no banking (shown in blue). Instead of obsegrairsteep peak in the certificate price
above €120/MWh in 2020, we observe a much shallgnee trajectory, rising from around
€50/MWh in 2016 to close to €60/MWh in 2020, andrdasing afterwards, below
€30/MWh in 2030. The decrease in certificate prefesrtly after 2020 is reasonable, as
future demand for certificates decreases when aghiog the end of the period.

Figure 5.8
Comparison of REC Price Trajectories in Uniform and Banking Cases
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The results obtained for this policy option aresgrdged in Tabl®.13. First, looking at output,
we observe that only 222 PJ is produced in 2026.rémaining 38 PJ of the target are made
up via certificates that have been banked in pussiears. (Additional capacity still needs to
be added after 2021 to reach the then constanP2@arget, and this explains why the REC
price continues to rise for a year after 2020.m@ared to the Uniform REC policy, there is
no output from new offshore wind or green gas, sgaificant part of the target is met
through certificates banked in previous years fadher technologies such as dedicated
biomass. Moreover, once this capacity is builtomtinues to generate in future years,
apparently eliminating the need for offshore windrteet the targéf

As expected, the direct support received by REBn@ogies in the year 2020 is significantly
lower than in the Uniform REC case, due to RECepsimoothing. The subsidy level drops
by more than 60 percent, from €6.1 billion to €&il8on.

&6 Recall that we assume that dedicated biomass chuibevithout any limit to total capacity.
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Table 5.12
Summary Results for Uniform RECs plus Banking
2020 NPV
Electrical Output  Resource  Subsidy Rents Resource  Subsidy Rents
Technology Capacity Cost Cost
GW PJ €m €m €m €m €m €m
Existing Heat & Green Gas n.a. 26 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Onshore Wind 2.7 21 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Offshore Wind 0.9 10 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Biomass Cofire 0.6 17 36 237 201 273 1,948 1,675
New Heat n.a. 54 (35) 754 790 (291) 5,618 5,909
New Green Gas n.a. - - - - - - -
New Onshore Wind 3.0 27 3 379 376 (187) 2,805 2,992
New Offshore Wind - - - - - - - -
New Biomass Cofire 0.3 8 29 118 89 212 734 523
New Dedicated Biomass 2.1 58 739 808 68 4,980 4,886 (94)
Total 9.6 222 771 2,296 1,524 4,986 15,991 11,005

Total lifetime resource costs (€5.0 billion), swss paid (€16.0 billion) and rents (€11.0
billion) are also lower than in the Uniform REC eadHowever, because the output target is
not actually achieved in 2020, it may not be appete to compare the two.

5.2.9 Uniform REC plus banking, and target post-202 0 growth

In addition to the simple banking option preserabdve, we also model a banking policy
that increases the RES target in the years aft&0,20 an attempt to come closer to the 260
PJ 2020 target.

In the previous policy analyses, we assumed tleataigeted 260 PJ remained as a target in
subsequent years up until the policy horizon inR@3y increasing this target following 2020,
incentives to invest in new RES technologies bey20ZD are improved, and more output is

achieved in 2020.

In Figure5.9 the blue line shows the target as modelleth®iprevious REC policies,

remaining unchanged after 2020. Here, the incret@sgdt levels are introduced, as shown
by the red line, rising to around 330 PJ by 2030.
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Figure 5.9
RES Output Target beyond 2020
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As mentioned in the previous scenario, allowingilkiag” of certificates between years
provides an additional means to smooth the RE@mver time. In anticipation of a high
certificate price in 2020, RES producers will beantivised to generate certificates in
advance, hold on to them and then release thenthiatmarket or use for compliance when
the price rises.

The resulting REC price is presented in FightEO (in red), which is, again, significantly
smoother than the price observed under the UniRE® policy with constant post 2020
output target and no banking (in blue). Insteadlasferving a steep peak in the certificate
price up to €123/MWh in 2020, we model a much shedir price trajectory, similar to the
one shown for the previous scenario. However, utldsiscenario, the price trajectory
continues to increase throughout the next decé&legfrom around €50/MWh in 2016 to
€77/MWh in 2030.
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Figure 5.10
Comparison of REC Price Trajectories in Uniform and 2030 Banking Policies
140
REC Price 120 N
(€/Mwh)
100 /\

o [\

0 /) \ _— —
40 ’/—,\

N 7/ ‘\/\

2015 2020 2025 2030

Constant post 2020 target, no banking
= |ncreasing post 2020 target, banking

The results obtained for this policy option aresgrdged in Tabl®.13. First, looking at output,
we observe that only 250 PJ is produced in 2026.rémaining 10 PJ of the target are made
up via certificates that have been banked in pressigars. Compared to the Uniform REC
policy, output from new offshore wind is reduced’tBJ, in part displaced by new green gas
and dedicated biomass. In the banking scenat@cibmes profitable to build more
dedicated biomass earlier, because its output edoabked for use in later years when it is
even more valuable. This reduces the need fohoiféswind capacity and output in 2020.

As intended by this policy, the direct support reed in the year 2020 is significantly lower
than in the Uniform REC case, due to the price ghing. The subsidy level drops by more
than half in that year, from €6.1 billion to €2.ibn. The increased post-2020 target means
that RES generators require less support in 202f3use they can expect increased
certificate revenues in the following years. On adphis, banking means that slightly less
output is required in 2020 because it is compeddateby surplus supply in previous years.
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Table 5.13
Summary Results for Uniform RECs plus Banking and 2 030 RES Target
2020 NPV
Electrical Output  Resource  Subsidy Rents Resource  Subsidy Rents
Technology Capacity Cost Cost
GW PJ €m €m €m €m €m €m

Existing Heat & Green Gas n.a. 26 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Onshore Wind 2.7 21 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Offshore Wind 0.9 10 n.a. n.a. n.a. n.a. n.a. n.a.
Existing Biomass Cofire 0.6 17 37 245 208 279 2,701 2,422
New Heat n.a. 54 (50) 778 828 (380) 7,595 7,974
New Green Gas n.a. 8 92 113 21 741 963 223
New Onshore Wind 3.0 27 8 391 383 (109) 3,939 4,048
New Offshore Wind 0.5 7 91 104 12 553 815 262
New Biomass Cofire 0.3 8 29 122 93 213 887 674
New Dedicated Biomass 2.5 70 908 1,007 99 6,431 8,591 2,160
Total 10.6 250 1,115 2,759 1,644 7,727 25,491 17,763

Total lifetime resource costs (€7.7 billion), swiss paid (€25.5 billion) and rents (€17.8
billion) are all higher than in the Uniform REC eatowever. The increase is due to the
rising RES targets in later years, which imposedasingly costly renewables on consumers
in later years. In order to incentivise RES outgudve 260 PJ in the ten years following
2020, the REC price increases (as shown in Figu@) meaning greater lifetime support is
provided to RES generators built up to 2020. Rargsncreased because the high REC price
leads to more profits awarded to infra-marginahfda

5.2.10 Uniform REC with Buy-out price

As we have discussed above, the main limitatioa whiform quota-based policy such as the
Uniform RECs case is that it implies a high levielatal support paid, due to the necessity of
equally compensating all the technologies, inclgdire more expensive ones. That is, even
the cheapest technology will receive a level ofpgupequal to the cost of the most expensive
technology needed to meet the target. In addibathé nine policies that are presented above,
here we consider the impact of includingwy-outprice within the Supplier Obligation
scheme. In order to achieve the RES target outipigtis likely to require topping-up with
complementary support for more expensive technefgi

The buy-out price allows obligated suppliers to pagharge, rather than buying certificates
that they need for compliance. This has the effécapping the REC market price at the
level of the buy-out. It therefore limits the totaist burden of the policy that is ultimately
passed through to consumers. However, the disaatyauatf introducing a buy-out price is
that it places the achievement of the target RESubat risk. If suppliers elect to pay the
buy-out price instead of purchasing certificatesfrRES generators (or the market place)
then output will be below the required level, irdihg only the less expensive technologies.
Under such a policy design, the REC system wouédirie be complemented by additional
measures (such as a revised SDE+).
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In the following charts we present a comparisomsgdifferent buy-out pric&s We analyse
the impact of setting the buy-out price in 202¢hatfollowing levels and compare against
the Uniform REC policy option with no buy-out: €88Nh, €46/MWh, €58/MWh,
€87/MWh and €115/MWh. Aside from the introductidradouy-out price, the other policy
parameters are assumed to be the same as undi&rifben REC case.

Figure5.11 shows the different output levels across énge of buy-out prices considered
with the Uniform REC comparison included on thentipand side of the chart. The lower
buy-out prices reduce output below the target lagebnly the cheapest technologies are
incentivised to build. Under the €35 scenario ndickted biomass, green gas or new
offshore wind contributes to the output. Raising lbiuy-out price then provides sufficient
incentive for dedicated biomass at €46, increasitej output to 215 PJ. At €58 the only
difference is slightly more dedicated biomass amdrg limited introduction of inexpensive
green gas.

Figure 5.11
REC_Buy-Out Output (2020)
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Raising the buy-out price further to €87 provideffisient incentive for very slightly more
green gas and, crucially, new offshore wind to boogput®® This allows the target of 260 PJ

57 As noted in the Supplier Obligation policy dissiam in sectior2.3.2 of this report, a variable buy-out price cbalso

be specified ex ante that increases the furtheN#tberlands falls below its RES target trajectdiye design of this
variable cap could be used to reflect the governim@neference regarding the trade-off between imgehe target
and limiting the cost exposure passed through tswmers.

% The REC price trajectory under this scenario caprak at €120 in 2020, but can rise nearly as inig@19and 2020.
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in 2020 to be reached. Modelling the buy-out pat€87, €115 or removing it altogether
results in the same level of output and the miteohnologies contributing to §t.

5.2.11 Combining a ‘below target’ REC policy with S DE+ support

The lower the REC buy-out price, the lower the glibs paid out. This tool is therefore
useful in protecting consumers against escalatstsc However, RES output is also
insufficient to meet the target in 2020. Hence, enexpensive technologies such as offshore
wind and dedicated biomass would still be needexthieve the desired 260 PJ. One option
would be for these technologies to be separatgdgated through a subsidy-based scheme,
thus avoiding the provision of rents to the legsemsive technologies. Moreover, providing a
certain level of output under a REC-based systentdisome of the disadvantages of a
subsidy-based scheme targeting all technologiesngrthem the risk that costs are not
estimated correctly.

To illustrate this with an example we take the pptase where the buy-out price is set to
€46/MWh. This yields an output of 215 PJ in 202@der this policy there is no uptake in
2020 from new green gas, nor from new onshore whugport for these technologies could
therefore be introduced to complement the Unifod&CRwvith Buy-Out approach. Under the
Target Achieving SDE policy, for example, new grgas and new onshore wind contribute
42 PJ and 9 PJ respectively. Total lifetime sulsidire paid out to these technologies of the
order of €2.6 billion for heat and €0.03 billiorr fmnshore wind.

This approximation of a policy hybrid would theredaesult in an output in 2020 of 266 PJ,
just above the target and akin to the “target achgg SDE policy. The net present value of
subsidies would be €2.6 billion from the complenaentSDE type support on top of
approximately €13.9 billion in support providedthy REC with Buy-Out policy. This

would give a total lifetime subsidy for the hybpdlicy of approximately €16.5 billion. This
is fractionally more expensive than the under #ngdt-achieving SDE (€16.3 billion) and the
Uniform REC plus Bonus/Malus (€16.4 billion) pobsi However, it is below the subsidies
paid out under the standalone Uniform REC (€18libb) and Banded REC (€18.2 billion)
options.

The main differences would be in the implicatioostechnologies with costs below the buy-
out level (which might receive higher rents under hybrid policy than under the SDE+ —
again, assuming the SDE+ successfully discrimindsesupport offerings). Moreover, if the
buy-out price were seibovecertain technology-specific basis price caps épaly under the
SDE+, then the hybrid approach would improve ovefficiency by permitting more
expensivanstancesof a particular technology (that are still inexpee, relative to other
technologies) to receive support that they wouldb@oeligible for under the SDE+. In other
respects, the hybrid policy is likely to be vermdar to the SDE+. Technologies whose
costs exceeded the buyout would either be eligdrléghe SDE+ (in which case we can
assume that they would be treated exactly as thegrtly are under the SDE+), or they
would not be eligible to receive SDE+ support at flevel (in which case they probably

% |nvestors and developers are still willing tolduhe same quantity of RES capacity because the RIEEE ip able to

rise sufficiently high that, over all years, revesicompensate the initial capital outlay for aliéstments.
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would be limited in their current eligibility to aess SDE+ support above a corresponding
basis price — so that again, their treatment wbelthrgely the same as under the SDE+).

Lastly, it is worth noting that the hybrid systerowid introduce additional complexity that
could deter investors, at least until familiarititwthe new system increased. In particular,
investors would need to understand how the intemnacf REC prices with SDE+ support
would work in practice, and would be more likelyd®lay investment while they observed
and gained confidence in the new system. In glacdhis is no different from the kind of
hesitation that would be observed as a result psagnificant change in policy, but because
this form of hybrid policy has not been used elsesghit may result in more reluctance to
proceed until investors were convinced that thejeustood the likely dynamics of the
interactions.

5.3 “Low RES Cost” Sensitivity Results

We now turn to various “sensitivity analyses” tha¢ designed to explore how the different
policies fare when expected policy design inpuishsas costs, potential, and the like, do not
actually turn out as expected. The “Low Cost” sianty analysis considers the possibility
that all costs for RES technologies are actuallp@@ent lower than the Perfect Information
scenario from 2012 onwards. This allows us to ihgate the impact that incorrect cost
information would have on the results. All othefippdesign parameters remain fixed — thus
the SDE+ baseline support levels are the same dblidgts are the same, and banding and
bonus/malus settings are the same as in the Pérfeatation scenario policies.

We use this scenario, and the next one, to pramglght into the impacts of errors in
estimating the average costs of technologies. Mteuwse these sensitivity scenarios to help
understand the implications of a failure to accdanteterogeneity within a technology
group. Of necessity, the modelled results re@aiplifications of how we might expect such
uncertainty to play out in the real world — in pautar, we do not attempt to modify the
policies dynamically, and we do not explicitly amet to model the cost heterogeneity.
Nonetheless, as we discuss, the results provigduhdlustrations of expected impacts that
shed light on how policies would work when exposethe uncertainties that exist in the real
world.

In each of the following analyses the results ftbe Perfect Information scenario are
presented in the left hand panel and the Senyitiggults are presented in the right hand
panel for ease of comparison.

Figure5.12 compares the Perfect Information scenario REpBut in 2020 with the Low
Cost sensitivity analysis for 2020 output.

NERA Economic Consulting 86



Renewable Energy Supplier Obligation Modelling Results

Figure 5.12
Low RES Cost Scenario — Output (2020)
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For the price-based RES policies (variants of th&-§), we expect higher output as a result
of this amendment. Lower costs may allow both im@give and expensive technologies to
access subsidies in earlier Tranches than expaateéy the free category. Given that there
has been no change in budget, lower per-unit sylsglirements imply that greater output
should be achievable under the Perfect Informagaamario, at least for the technologies

whose total supply potential was not already redehngler the Perfect Information scenario.

This is indeed the case for the target-achieving8Bcenario, for example. Total output
under this scenario is now 310 PJ, as opposecktprévious 267 PJ under the Perfect
Information scenario. While technologies such axpensive heat and green gas were
already built up to their maximum potential unde Perfect Information scenario, these
consume a lower proportion of the budget, allowisrgmore dedicated biomass and offshore
wind to be build.

Under the Uniform RECs policy, output remains umgjead, but offshore wind and dedicated
biomass displace the 3.1 PJ of output from gresnrgthe Perfect Information scenario. This
is because green gas is less expensive (in tertosabproduction cost) than onshore wind
and dedicated biomass, so when costs are reduc2@ fgrcent, this has a greater impact on
the resource costs of the latter two technolodiesa result, the relative ordering of the
resource costs for the three technologies (whietalieady very close in 2020) shifts. For the
Banded REC policy output increases as a resuleofdwer costs, principally due to
increased dedicated biomass output. The same hajfgreihe Bonus/Malus policy, output
rises to above the required 2020 target, even ththeye is also a reduction in heat, as green
gas more than compensates for this lost outpuhdrast place, output is also slightly higher
under the banking RECs case, with an increasecphatiy in offshore wind. This is due to
the fact that the even higher decrease in costsigirtime for this technology makes it
attractive for offshore wind to build later in tineess compared to the Perfect Information
scenario, preferring to bank less certificates.
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Figure 5.13
Low RES Cost Scenario — Net Resource Cost (NPV)
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Figure5.13 shows that — as expected — the low cost seatysiesults in lower total lifetime
resource costs across all policies, apart fronBtheus/Malus REC case. The counter-
intuitive result for the Bonus/Malus example is &&se green gas displaces some heat even
though it has a higher resource cost. Moreover2thpercent reduction in costs for all
technologies, combined with constant levels forlibrus/malus (i.e. we assume that these
are not adjusted to reflected the unexpected ramuict costs) lead to a switch between
technologies on their “perceived” merit order. Tmeans that more expensive technologies,
such as offshore wind, experience a higher declieasesolute terms as a result of the 20
percent decrease in costs, as compared to a chigapésolute terms) technology such as
onshore wind. In spite of this, the bonus/malusgirged in absolute terms as well, remains
the same — and is now too high — for something esipe such as offshore wind. This creates
anadvantagdor more expensive technologies as compared tapereones, leading to the
first ones being willing to build for a lower REQige. This explains the switch in the output
mix from cheap to (more) expensive technologieachdhe increase in resource costs under
this scenario.

As noted above, the results shown here assuméhtiratis no recognition of the banding
levels, SDE+ limits, or side-payments being sepprapriately, given the lower-than-
expected costs. ltis likely that such adjustmermsld take place, although they may not
occur immediately — perhaps after 1-2 years of -eudasidisation. This implies that perhaps
one-third of the increased rents (relative to tegdet Information scenario) that are
suggested here might be observed in practice.

NERA Economic Consulting 88



Renewable Energy Supplier Obligation Modelling Results

Figure 5.14
Low RES Cost Scenario — Rents (NPV)
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As would be expected, when costs are reduced Ipe@&ent, rents are higher in most policy
scenarios. The increase is proportionately gre&dese price-based support schemes:
although the per-unit support under the SDE+ deslimecause technologies apply in the
“free category”, they still have costs that arelvelow the level of support for which they
apply in the relevant Tranch&5.Even so, rents under the target-achieving SDEeie

lower than under the Uniform REC regime — but wetdr than under the banded REC case.

Uniform RECs (both with a constant post-2020 tgrgstwith an increasing post-2020 target
and banking) provide the only example where rergseduced under the low cost scenario.
In these two cases, the overall cost reductionsacatl technologies has the effect of reducing
the cost differentials between technologies. InBaaded REC case we see that offshore
wind rents are reduced, offset to some extent byeased rents for heat, co-firing, and
onshore wind. Finally, under the Bonus/Malus REGcgaents are significantly higher

under the Low Cost sensitivity. The majority ofdkeents are provided to offshore wind
because the side payments are not adjusted totréfereduced costs. Dedicated biomass
also earns significant rents.

In general, rents increase for the differentiatgap®rt policies — whether certificate-based or
subsidy-base dgnless we assume that the parameters are adjustextiuce the overpayment.

Under the SDE+, for example, it is likely that bas@port levels would be revised

downward within a year or two, as better informatabout technology costs / performance
became available, and perhaps as development pietégster than anticipated. However,
the potential negative effects of not adjustinglihee levels immediately are likely to be
mitigated under the SDE+ by the fact that develepasuld apply in earlier Tranches for

their subsidy, under the “free category”. (Thifeefis already modelled in the results above,
and explains, in part, the lower rents under th&$&Ppolicies.)

" Note also that the reduction in costs reducesltienside risk that developers face under the S(bE¢ause of the

floor price).
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Similar adjustments would be likely to occur unttex differentiated REC policies —

although with these policies, there is the addedpimation of what happens to the REC
market. Regulatory review and intervention islijki® be more difficult when certificates
earned by previous vintage developments affecsulpport received by new investments.

Figure 5.15
Low RES Cost Scenario — Subsidies Paid (NPV)
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Figure5.15 suggests that the lower RES costs have aegiiegiact on support paid under

the REC policies than under the SDE+, although sugglls in nearly all cases. Under the
SDE+ support costs are somewhat lower because temimaologies access lower subsidies

in earlier tranches, reducing the total draw onSBE+ budget. Because the REC price is set
at the resource cost of the most expensive tecgpokguired to meet the target, which is
now 20 percent “cheaper”, the REC price will be mlawer, because 20 percent of the total
cost is a much larger share of tesourcecost of each technology. The decrease in sulssidie
is smaller under the SDE+ because even though destease by the same amount, subsidies
only decrease by the difference between the preraigted technology base-price and the
next-lower “free category” price. As a result, sites go down by only between 5-10
percent.

5.4 "Reduced Heat Potential” Sensitivity Results

In the Reduced Heat Potential (“RHP”) sensitivitg availability of all heat and green gas
potential is reduced by 50 percent as comparedet@erfect Information policy scenarios
presented in sectidn2 above. All other policy design parameters renfiaied.

This sensitivity allows us to test the implicatiamfseduced RES potential directly. It also
provides some insight into what might happen unideISDE+ if there were significant cost
heterogeneity which meant that some proportiorhis case, half) of the potential renewable
heat or green gas projects were prevented fromsauesubsidies above a certain level, due
to a cap on subsidy levels.
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Figure 5.16
Reduced Heat Potential — Output (2020)
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As we would expect, reducing the available RES miatefrom heat technologies tends to
reduce the amount of output from renewable enetfyg)se being equal. Only under the
REC policies does output reach the targeted lévéhe Uniform REC case, both offshore
wind and dedicated biomass output increase, to easgie for the reduction in heat and
green gas potential. Under the target-achieving-§@he loss of heat potential leads to an
increase in dedicated biomass and offshore wingtt-there is insufficient budget left to
support the required additional output to meet#énget. If the SDE+ were to be adjusted to
meet the target, we calculate that it would regairencrease in the annual budget of around
15 percent, or €0.8 billion, to €6.3 billion.

The removal of the heat potential is also signifidar costs, because under the Perfect
Information scenario, most of the heat output wasiped by heat technologies with
negative resource costs. This potential is subathrreduced under this sensitivity.
Because heat provides a relatively inexpensiveceooir renewable energy supply, its
removal increases the cost of achieving the target.

Figure 5.17
Reduced Heat Potential — Net Resource Costs (NPV)
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Because much of the renewable heat and biometlwastjal that is assumed to be available
under the Perfect Information scenario is assumddve “negative” cost, eliminating its
uptake does not always reduce plositiveresource costs of the policy by the corresponding
amount. Under the Uniform, Banded and Bonus/MRIEE policies, cutting the assumed
renewable heat potential leads to higher resowstscbecause more expensive offshore
wind and dedicated biomass are required to medatget.

Figure 5.18
Reduced Heat Potential — Subsidies Paid (NPV)
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Figure5.18 shows how the total discounted lifetime valtithe policy support changes

under the reduced heat potential scenario. Tladapport costs are lower under the
reduced heat scenario across the SDE+ varianteodaeer output. However, the difference
is mitigated in part because heat potential didrec¢ive much subsidy, as it was assumed to
have negative resource costs. A difference irsthisidies paid by technology can be seen
for the target-achieving SDE+ scenario, where previ(inexpensive) heat uptake has been
replaced by more expensive dedicated biomass assvelightly more offshore wind. Of
course, under these policy variants, the target inger achieved. Subsidies to green gas
(and to a less extent, for heat) drop under alSB&+ type scenarios, because there is less of
it. Under the Uniform, Banded and Bonus/Malus RifGcies lifetime subsidies increase, as
the policy automatically adjusts to ensure thattéinget is met by pushing the REC price
higher to incentivise greater levels of investmeat]ier, in more expensive technologies,
such as dedicated biomass.

Finally, Figure5.19 shows the total lifetime rents paid underdifierent policies. The rents
remain similarly low under the SDE+ variants whiea heat potential is restricted — this is
because we assume that SDE+ is precisely calibrateffier the correct subsidy, and no
more, to each technology. Under the REC scendghedimited heat potential actually
decreases rents, even if it provides some addltrenss to both offshore wind and dedicated
biomass technologies. This is because heat outgsitwving the greater part of the rents,
given that most of this output was for technologig$ negative resource costs, which would
have been willing to build anyway.
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Figure 5.19
Reduced Heat Potential — Rents (NPV)
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5.5 “Volatile Gas Price” Sensitivity Results

This sensitivity analysis considers the impacteféased volatility in the wholesale market
gas price whilst holding all other assumptions éduaaFigure5.20 the gas price for the
Perfect Information scenario is shown along with significantly more volatile gas price
(red series) under consideration here.

Figure 5.20
Gas Price Scenarios
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The risk, under the volatile gas price scenarithas when the gas price falls, this also brings
electricity prices down with it. Under the SDEhistmay cross the threshold price floor
level, below which RES technologies no longer nee@idditional support. Under the REC
policies, in contrast, the REC price is expecteds® in response to reductions in the power
price, to ensure that RES technologies remain atdé. In fact, we observe just this
relationship in our modelling. However, even witle dramatically fluctuating gas prices
above, the lowest annual baseload electricity pyidg rarely approaches the SDE+ price
floor. The downside risk to SDE+ investors onlge®s a significant threat if the gas price
falls well below current levels — as it did, we @oih 2007 and 2009. We have not been able
to test more potential gas price trajectories withie scope of this work.

As for the previous sensitivities, in each of thikdwing analyses the results from the Perfect
Information case are presented in the left hanelpamd the Volatile Gas Price sensitivity
results are presented in the right hand paneldse ®f comparison. All policy design
parameters remain fixed — thus the SDE+ suppoeiseare the same, budget limits are the
same, and banding and bonus/malus settings asaihe as in the Perfect Information
policies.

Figure5.21 shows RES output in 2020 for the nine polmnsirios under the Volatile Gas
Price sensitivity, relative to output for thesersm@os under the Perfect Information
assumptions. Output increases very slightly forSbé&+ type scenarios with no change to
the mix of technologies. Under the Uniform and B&Malus RECs scenarios, total output is,
by construction, the same as under the Perfectrivddtion scenario, as these are target-based
policies. The output mix varies across all of tHe(Rscenarios, where green gas displaces
output from some expensive power market technosoglieh as offshore wind (in the

Uniform REC policy) and dedicated biomass. Thigasgly a function of the way that the

heat and power markets are modelled, becausedreased investment risk that comes as a
result of the fluctuating gas price is captured enmwmpletely in the electricity market
modelling than in our modelling of heat technol@gie

Figure 5.21
Volatile Gas Price — Output (2020)
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Figure5.22 compares lifetime resource costs under thie&dnformation case and the
Volatile Gas Price sensitivity for the nine consetepolicy scenario$: Specifically with
respect to the REC policies, the contribution afidated biomass to the lifetime resource
cost is reduced due to lower output. This is relatethe fact that investors cannot be certain
of enjoying the benefits of high prices (or of aling the risks associated with low prices).

Figure 5.22
Volatile Gas Price — Net Resource Cost (NPV)
Perfect Information Scenario Volatile Gas Price S ensitivity
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Figure5.23 compares rents under the Perfect Informatienario and Volatile Gas Price
sensitivity. The negative resource costs for hedtgreen gas result in significantly higher
rents under all policies. Under the SDE+ scenasi@e®bserve an increase in lifetime rents —
although this does not reflect excess support tteapolicy, but rather the fact that the
technologies would be built anyway. Under the RBlcges, substantial rents are received
by green gas and especially heat technologies.ig iscause they receive support even
though they have negative resource costs.

™ Under the volatile gas price sensitivity heat green gas resource costs appear significantlyrlesien compared to
the Perfect Information case across all of theediffit policy options. One reason for this is thatoalculate the
resource cost for heat and green gas technologlegive to the cost of gas at the time of investmen
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Figure 5.23
Volatile Gas Price — Rents (NPV)
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Figure5.24 compares lifetime subsidies paid under th&Peinformation scenario and the
Volatile Gas Price sensitivity. Across the SDE+iqiek, subsidies are higher under the
Perfect Information scenario than the volatile gase simulation. This is because the
resource cost is higher and the policy adjusthity tninimising any excess support. This is
driven almost entirely by green gas. ConverselytHie REC based policies, the green gas
subsidies are higher under the volatile gas peosisivity as a result of higher uptake.
Overall total lifetime subsidies are higher for Rg@licies under the volatile gas price
scenario when compared to the Perfect Informatioparticular, technologies require a
higher “premium”, or REC price, in order to be wil to build towards the target, hence
increasing total subsidies paid.

Figure 5.24
Volatile Gas Price — Subsidies Paid (NPV)
Perfect Information Scenario Volatile Gas Price S ensitivity
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Overall, these results suggest that the precigectomy of a volatile gas price will have a
significant influence on resource costs. With @grabove trend in the years leading up to
2020 and then below thereafter until approachir@p2@esource costs for heat and green gas
technologies are highly negative. This drives Jdgh rents, particularly under the REC type

NERA Economic Consulting 96



Renewable Energy Supplier Obligation Modelling Results

policy schemes. Output, on the other hand, is ordyginally impacted by the volatility
modelled.

5.6 *“High Wind Costs” Sensitivity Results

The final sensitivity scenario that we model isigitHWind Costs (“HWC”) sensitivity. We
assume that instead of falling at the rates owutla@ove in sectiod.6.1.1, the total
production costs of wind technologies are mainthicenstant through time. All other policy
design parameters remain fixed.

Figure5.25 shows RES output in 2020 for the nine polmnsirios under the High Wind
Costs sensitivity, relative to output for thesersaeos under the Perfect Information case.
Output decreases for all the SDE+ type scenaritdsma change to the mix of technologies.
The reason for this decrease is that the highed warsts make the previous budget
insufficient to achieve the target RES uptake. THnget-achieving SDE+ now achieves
output slightly below the target at 255 PJ. The&CRiased policies all achieve the target,
with the exception of the uniform RECs plus banksegnario

The output mix changes across all policies, wifls leontribution from offshore wind in all
policies, and most also witnessing reductions ishone wind. Dedicated biomass and green
gas displace the lost wind output.

Figure 5.25
High Wind Costs — Output (2020)
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Figure5.26 compares lifetime resource costs under thie&dnformation scenario and the
High Wind Costs sensitivity for the nine modellealipies. Resource costs are very slightly
higher under the SDE+ (with the reduced outputchateove). Resource costs rise more
under the REC-based policies, which still meet26@ PJ target.
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Figure 5.26
High Wind Costs — Net Resource Cost (NPV)
Perfect Information Scenario High Wind Cost Sens itivity
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Figure5.27 compares rents under the Perfect Informatenario and High Wind Costs
sensitivity. As both production costs and subsifiiesvind technologies remain constant and
set just above the level required for these teduies to break even (without having to
adjust the subsidies through time to account ferdixcrease in wind costs), rents are now
slightly lower for the SDE+ type scenarios as corapdo the Perfect Information case. The
same applies to the banded and bonus/malus RE@arsxs In particular, lifetime rents for
both onshore and offshore wind disappear in thénMifind Costs sensitivity, as compared to
the Perfect Information case, where these renpgogally for offshore wind, were significant.
(Recall that we did not revise the banding or bémasus levels over time, so that when we
eliminate the change in wind costs, the originaéle do not yield rents to nearly the same
degree. The actual differences in outcome undeetiwo alternative sensitivities therefore
are likely to be less than what is implied hereth@spolicies would almost certainly be
adjusted in the real world.)

Despite the reductions in rents for some polidiests increase under the two uniform REC
scenarios (with constant and growing post-2020etgotus banking). The reason for this is
simply given by the fact that the marginal techggloequired for reaching the target is now
more expensive, hence leading to higher rentsliftihe@other technologies.
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Figure 5.27
High Wind Costs — Rents (NPV)
Perfect Information Scenario High Wind Cost Sens itivity
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Finally, Figure5.28 compares lifetime subsidies paid under théePeinformation scenario,
and High Wind Costs sensitivity. For the RECs sci&s, having a more expensive marginal
technology necessitates paying higher subsidia#i technologies required to meet the target,
even if these technologies would have been willeguilt at the previously lower REC price.

Figure 5.28
High Wind Costs — Subsidies Paid (NPV)
Perfect Information Scenario High Wind Cost Sens  itivity
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5.7 WACC Sensitivity Results

This sensitivity analysis considers the impactpdlging different levels of WACC to the
new entrant RES technologies under the uniform R&@sario, whilst holding all other
assumptions equal. As discussed in se@idna quota-based policy such as the uniform
RECs scenario offers both advantages and disadyemia terms of risk exposure that may
result in a different premium being demanded begtors, compared to the SDE+.

For our standard modelling we assume a WACC ofr8gue. For the sensitivity analyses
presented here, we have modelled the uniform RE&sasio (for both the Perfect
Information scenario and Low RES Cost scenaria)@i8VACC levels as low as 100 basis
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points below the standard level, and as high as28% points above it — that is, we have
tested the impacts on our results at WACCs ranfgorg 7-10 percent.

Figure5.29 shows lifetime net resource costs under tine@dnformation scenario (left
panel) and Low RES Cost sensitivity (right pant),the uniform RECs scenario. The figure
shows the results when we assume our standard W&@iCated in the Figures by the
dotted vertical line), as well as the impacts ohgslternative WACC assumptions. These
costs are shown alongside the cost that we estinfiatéhe corresponding Target-Achieving
SDE+.

For both the Perfect Information scenario and tbe RES Cost sensitivity, lifetime net
resource costs increase as the assumed WACC Iausdaise. However, even when we
assume that investors faced with a REC demand ab asia 200 basis point premium,
overall resource costs under the Uniform REC paleyain significantly lower than the
costs under the Target-Achieving SDE+.

Figure 5.29
Net Resource Costs (NPV)
Perfect Information Scenario Low RES Cost Sensiti  vity
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Note: The dotted line indicates lifetime net resource costs under both the Uniform RECs and
Target-Achieving SDE+ policies under the standard 8 percent WACC assumption. For the
Perfect Information case, resource costs correspond to the values presented in sections 5.2.4
and 5.2.5, in Table 5.6 and Table 5.7, respectively. As expected, lifetime resource costs are
lower for WACC levels below the standard 8 percent assumption, and higher for higher than 8
percent WACC levels.

For the Perfect Information scenario, if we asstma¢ the trend suggested by the results
presented above hold for higher WACC levels, thayais suggests that a WACC as high as
15 percent would be needed in order for resoursesdo become higher under the REC
scenario than under the SDE+ scen&fidhe WACC required to even out the resource costs
between the two policies is even higher under the RES Cost sensitivity, at 17 percent.

2 Note that we have not modelled any WACC level belopercent, or above 10 percent. Values for WACCléeve

outside this range have been by extrapolatingehelts shown.
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Figure5.30 shows lifetimsubsidiegaid under the Perfect Information scenario (efiel)

and Low RES Cost sensitivity (right panel) over slaene range of WACC levels. Again, the
figure compares our modelling results for the umifdREC policy to the results for the
Target-Achieving SDE+. As discussed above, inRbdect Information scenario, the
subsidy costs under the Uniform REC regime aredrigfan under the SDE+, despite lower
resource costs, because of the profits earnedvirgdst producers. Under the Low RES
Cost sensitivity, the Uniform REC policy actuallypears to have lower subsidy costs as well
as lower resource costs.

Under the Perfect Information scenario, decreagiegVACC applied in the Uniform REC
case by 100 basis points (1 percentage point) $timg support costs of the policy very close
to the costs of the Target-Achieving SDE+. (Weéneste that the WACC would need to fall
to around 6.5 percent for the support costs ofhiborm REC to drop below the costs of the
SDE+.) Under the Low RES Cost sensitivity, evarréasing the WACC to 10 percent is not
sufficient to increase lifetime support costs @& thniform REC policy above the costs of the
Target-Achieving SDE+. Again, extrapolating fronetirend (we have not modelled
WACCs any higher) suggests that a WACC as highRds dercent under the REC system
would be needed for the certificate policy to havagher support cost than the SDE+ policy.

Figure 5.30
Subsidies Paid (NPV)
Perfect Information Scenario Low RES Cost Sensiti  vity
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Note: The dotted line indicates lifetime subsidies paid under the uniform RECs and target-achieving
SDE+ scenario under the standard 8 percent WACC assumption. For the Perfect Information
case, resource costs correspond to the values presented in sections 5.2.4 and 5.2.5, in Table
5.6 and Table 5.7, respectively. As expected, lifetime subsidies paid are lower for WACC
levels below the standard 8 percent assumption, and higher for higher than 8 percent WACC
levels.
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6 Consumer Impacts

6.1 Policy Impacts on Energy End-Users

This section provides a high-level indication ofondight pay the cost in 2020 of the various
renewable energy support policies presented abokie.results focus on the Perfect
Information sensitivity scenario. Under the othegnarios we would expect the impacts in
2020 to be proportional to the support costs in0202hus under the Low RES Cost scenario,
the impacts of the Uniform REC policy would actydie lower than the impacts of the
target-achieving SDE+.

At the request of the Ministry of Economic Affaiigriculture, and Innovation we consider
four approaches to recovering the annual suppstsad the policy from different end-user
groups, spreading the costs across either:

1. all electricity and gas consumers,
2. only electricity consumers,
3. only non-industrial electricity and gas consumers,

4. only non-industrial electricity consumers.
(This would be done under the supplier obligatiptians, for example, by obliging only gas
suppliers, or both gas and electricity supplievsneet the RES quotas, and by calculating the

affected suppliers’ quotas based either on théat gales, or on their sales to non-industrial
consumers only.)

Table6.1 presents the relevant energy consumption irdbam, for the year 2010.

Table 6.1
Electricity and Gas Consumption by End-User Group (  2010)
Industrial Non-industrial Total
Fuel PJ
Electricity 141 244 385
Gas 240 697 937
Total 380 941 1,322

Source: Data for total final power and gas consumption and the split of industry use relative to other
sectors is taken from Eurostat.

The different options, and their associated pmagpacts, are presented in Tabl@:
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Table 6.2
Impacts of Policy on End-User Energy Prices (2020)

Electricity Electricity & Gas
Allusers  All non- Allusers  All non-

Total Subsidy industrial industrial

Policy in 2020 users users

€m €cent/KWh

Current SDE+ 661 0.6 1.0 0.2 0.3
SDE+ plus co-firing 825 0.8 1.2 0.2 0.3
SDE+ plus co-firing and high budget 1,626 1.5 24 0.4 0.6
Target-Achieving SDE+, Low Rents 1,936 1.8 2.9 0.5 0.7
Uniform RECs 6,103 5.7 9.0 1.7 2.3
Banded RECs 3,815 3.6 5.6 1.0 1.5
Uniform RECs plus Bonus/Malus 2,851 2.7 4.2 0.8 1.1
Uniform REC, Banking 2,296 2.1 3.4 0.6 0.9
Uniform REC, Post 2020 growth, Banking 2,759 2.6 4.1 0.8 1.1

Source: NERA analysis drawing on Eurostat consumption data.”

Notes: 1. The 2020 cost impact under the Uniform REC policy (and, to a lesser extent, the Banded
and Bonus/Malus REC policies) is significantly affected by a price spike in the REC market
in that year, which we discuss in section 5.2.5. The three policies have been shaded in the
table to highlight this difference.

2. Under the first three policies, subsidies are lower because the target output is not met.

The results show that the price impacts of theidigsswill be substantially higher if applied
only to electricity users rather than across btghtacity and gas users. The subsidy burden
on just electricity users would represent a sigaiiit increase in the total consumer cost per
unit of energy. Spreading the cost increase tagasumption as well significantly reduces
the impact per kWh consumed, because total gasiogison is more than twice that of
electricity consumption. It is important to noté course, that the retail price of gas is also
much lower than the price of electricity per kWh,a approach that spreads the costs
equally in Eurocents per unit of final energy cangtion would represent a much larger
relativeimpact on the retail gas price than it would oneleztricity price.

As noted above, the much higher apparent impa@820 due to the uniform REC policy is
a direct consequence of the price spike in the Ria€ket that we have already discussed. If
measures are taken to design the policy in a watystinoothes the price (for example,
following the banking policy), the impacts in 202@ significantly reduced — although they
are still higher, in 2020, than the impacts of #i2E+.

Under the Target-Achieving SDE+, the per kWh enérysice impacts range between 0.5
€cents, if shared across all users, and 2.9 €dgéstgred among only non-industrial

™ This data is based on 2010 figures. Any shifotal consumption, the power to gas ratio or settmix by 2020 will
therefore impact these results. However, they sasve useful reference for how the subsidy coshintig applied in
2020. Note that under the Current SDE+, costsgiteegjually between household and industrial constis. For ease
of policy comparison, we have not applied this sl to the SDE+ costs shown above.
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electricity users? The large differences between the costs acrofesetit end-user groups
emphasises the importance of the policy decisighigwregard.

The Ministry of Economic Affairs, Innovation and Agulture has also asked us to report the
“total cost” of the RES technologies — as distiingtn the more standard incremental or
resource costs that would typically be used fot-besefit assessment — that would be
supported by each of the policies, to allow theragsess the contribution of energy
expenditure on RES to consumers’ overall consumpti® comparison of the total costs in
2020 is shown below in Figu1l. The pattern of total costs largely paralteésunderlying
subsidy costs presented in Figbté, above.

Figure 6.1
Total Cost of RES to Consumers (Energy Expenditure + Support Costs), 2020
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Note: As above, the 2020 cost impact under the Uniform REC policy (and, to a lesser extent, the
Banded and Bonus/Malus REC policies) is significantly affected by a price spike in the REC
market in that year.

" Industrial electricity use accounts for 37 petagfrtotal consumption, whereas industrial use ant®for a smaller

share (29 percent) of electricity plus gas use pait because industrial users also may use atheaper fuels.
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7 Linking to Other REC Markets

7.1 Motivation for linkage

The EU Renewables Directive of 2009 mandates thatetcent of Dutch final use energy
must be derived from renewable energy sources. Menwvéehe Directive does not require all
renewable energy to be sourced domestically —adsiéallows countries to meet their
targets either via domestic production or througkdpction in other countries that also have
a target under the Directive, but that are abkectieve a surplus of renewable energy
relative to their targef. The target also can be achieved via a combinafitine two options.

In theory the attractiveness of linking countrytéeate schemes derives from the ability to
more cost effectively achieve renewable energyuufrgets across the wider region. This
depends upon the relative price of certificateth@unlinked regions and upon a trade-off
between consumer welfare and that of RES generd&torexample, if the price of
certificates were cheaper in Sweden than the Netias, linking REC systems in the two
countries could enable Dutch suppliers to meet thtgigations at a lower cost, provided
there was sufficient additional RES supply potdnticsweden. Reducing the costs of
meeting the RES target in the Netherlands wouleXpected to reduce the costs borne by
final energy customers, thus benefitting Dutch comsrs. Dutch RES producers, however,
would lose out, due to the international competiti@ceiving less revenue for each
certificate awarded.

From the perspective of the linked country (Swedethis example) such a link is likely to
increase the price of RECs relative to what it wideg without a link. This will mean that
RES producers in Sweden would receive more reveaubeir certificates. As a
consequence, Swedish consumers would have to peg/foratheir final energy consumption.
Overall there will be a net flow of funds from thigh REC price area to the low price area
and a net flow of certificates in the opposite clii@n.”

The intention of this section is to provide somekKggiound to potential schemes with which
the Netherlands may wish to link. The focus islom $wedish certificate system, which was
recently joined by Norway at the beginning of 200\& focus on the Scandinavian system
for two reasons. First, the system has a relatiltye and well-established certificate market
where the two countries, Norway and Sweden, hapessged their openness to further
expansion. Second, whilst not direct neighbouss ctbuntries lie in reasonable proximity and,
to a certain extent, have interconnected physioalgp markets. Such physical
interconnection is not a prerequisite for the Ingkof certificate markets, but it may facilitate
such linking.

S This extends beyond EU Member States to EFTA tims) such as Norway, that are also bound todgheesnent. The

joining of schemes between Member States is pathithder Article 11 of the EU Renewable Directivepossible
third option might be to meet the target by redgarerall consumption and hence the absolute ¢aritoin required
of RES technologies. This, however, shifts the faowsgards implementing energy efficiency savings @naeyond the
scope of this analysis.

8 |n addition to benefiting RES producers througghki revenues in the low REC price area, there mayieer

positive impact there through greater employmepbojnities as well as improved energy self-sufficiy derived
from the investments in long term renewable capacit
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7.2 Background on schemes outside of Netherlands

The following sections present information on three8ish, Norwegian and Belgian

certificate schemes As noted above, the Swedistnsetwas recently joined by Norway, and
both countries have relatively abundant supplieepnéwable energy (a circumstance that has
been taken into account within the EU Renewablesdiive, which obliges the two countries
to achieve a high share of renewables, relatitheéd\etherlands). The Belgian supplier
obligation scheme is significantly smaller and fresmted in its coordination across the
country’s three official regions.

7.2.1 Sweden overview

Total Renewable Energy production in Sweden in 2089 187 TWh (673 PJ). Sweden has
the largest proportion of renewable energy in r@tato final energy use in the EU thanks
largely to an abundance of hydropower soufé&onsequently the country’s share of the EU
2020 Renewable Energy targets is particularly higider the EU Renewable Energy
Directive Sweden has engaged in a binding agreetaeaurce 49 percent of total final
energy use from renewable sources by 2020. Onfttpsathe government has chosen to
raise this to (at least) 50 percéhthe following Figure7.1 shows progress towards this goal
with the share or renewable energy production étdtal energy production between 1990
and 2009. Having reached a 47 percent share in, Z8den appears well-placed to achieve
its 2020 objective.

Figure 7.1
Share of renewable energy in Sweden 1990-2009
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Source: Reproduced from Energy in Sweden 2011 (data from Swedish Energy Agency and Eurostat).

" Swedish Energy PublicatioBnergy in Sweden 2011.

8 This is a self-imposed objective and thereforly tme 49 percent target is binding at the EU level
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7.2.1.1 The Swedish REC scheme

One of the main policy measures designed to supjooniestic renewable energy production
is the ‘electricity certificate system’ which wdivte on 1 May 2003. As the name suggests,
the policy focuses exclusively on renewable eleityriproduction. Alternative policies are in
place to increase the share of renewable energydeuhe power sector. The scheme obliges
electricity suppliers as well as certain large Btdal customers to source a proportion of

the final consumption they supply from renewablerses, or via tradable green certificates.
The proportional requirements translate into a heaabjective to increase the production of
electricity from renewable energy sources by 25 TWlthe year 2020 relative to 2002
levels. The scheme is intended to run until att|2@85.

It is important to note that not all renewable #ieity generation in Sweden qualifies for
certificates. This will be elaborated below, bugesdtially the scheme does not reward older
plants that were already operating competitivelgriio the launch of the electricity
certificate system in 2003. In 2010, only 18 TWlelectricity production qualified to
receive support under the Swedish electricity fieatie systeni® Figure7.2 shows the
evolution of renewable- and peat-sourced elecyrimioduction that qualifies to receive
certificates from 2004 to 2010. Biofuels are cotesitly the principal recipient of certificates.
They made up 62 percent of the total share in 2010.

It is expected that the contribution of wind powselt increase over the coming years. The
Swedish Energy Agency’s 2012 review of the cewificsystem noted that the government
intends to expand wind output from 6.1 TWh in 2@plto 30 TWh by 2020. This is
envisaged to be delivered by both onshore wind $g20 TWh) as well as offshore wind
farms (10 TWhy*

® |n addition to electricity supply companies, theta obligation applies also to a few of the nadsttricity-intensive

companies and to electricity users who have usetdraity that they have themselves produced, ingabor purchased
on the Nordic power exchange.

8 Total renewably sourced electricity generatio2®9 was 81 TWh (IEA statistics:

http://www.iea.org/stats/index.asp)

The Swedish certificate system recognises Peaf\{@Bproduction in 2010) as a renewable source efgn
However, this does not match the EU Renewable Ereiggtive definition and so must be discounted mvhe
specifically considering the 2020 targets. Datanfi®wedish Energy PublicatioBnergy in Sweden 2011.

81 Swedish Energy PublicatioBnergy in Sweden 2012.
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Figure 7.2
Total Renewable and Peat production qualifying for certificates, 2004 - 2010
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Source: Swedish National Grid and Swedish Energy Agency (Energy in Sweden 2011)

Certificates are awarded and allocated to geneyataienewable energy in direct proportion
to their output. Each MWh of output is awarded oesificate. This is therefore a
‘technology-neutral’ or Uniform REC system becaiisies not distinguish between
differenttypesof generation, only those that are classed aibkignd those that are not. As
we have discussed in this report, this approachaoaser rents or excess profits to
generation technologies that are already competdnthat simply are much less costly than
the marginal renewable source. To counteract 8vigden narrowed the group of plants that
are eligible to receive certificates, and limited period over which existing plants can
receive them: installations that had been commmgsigrior to the introduction of the system
(May 2003) are only able to receive certificatesunfil the end of 20152

Certificates can be ‘banked’ between years, anatiseno limit on banking. This means that
once a certificate has been awarded, under cuukas it can be used to comply with a quota
in any year up until 2035, when the existing schésreeheduled to erfd.

At its introduction, the scheme included a fixeg4owt price at which obligated suppliers
could pay for any certificate deficits they heldwver, this was removed from 2005
because the target was not being met. The capepésced with an ex-post penalty for non-
compliance with the required obligation. Currertis penalty is set at 150 percent of the
average certificate price over the compliance year.

8 11.5 TWh of RES production in 2011 was from plammmissioned prior to 2003, which will no longer &warded

RECs from the beginning of 2013. In certain instarmatificates could be awarded up until 2014 afps had
previously received a public investment grant Faiit construction after 15 February 1998.

8  As noted above, such banking provisions meanithaiuld be possible for the country to miss i82@ targets if a

large pool of banked certificates were used instéadlying on renewable energy produced in 2020.d®émpliance
with the EU target, it is not clear whether EU lauld permit the use of certificates banked fromvus years.
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7.2.1.2 Certificate market trends

In order to understand the impact for the Nethei$aof linking with the Swedish scheme, it
is important to understand some of its key pararaekéere, we present a brief overview of
the evolution of the certificate price, market ldjty and the certificate surplus.

Figure7.3 shows the monthly average spot market cettifipace between 2007 and 2012 in
both Swedish Krona (SEK) and Euros (EUR). This tisegrice published by the SKM
exchange, which is currently the largest exchang&wedish RECs and the only one to
publish price information. Whilst many transacti@me made outside of the exchange, such
over-the-counter or bilateral trade prices willeoftrefer to published exchange prices, so the
data provide a reasonable representation of thieitemo of the market price. The Swedish
Energy Agency attributes the price rise in the firalf of 2008 to expectations of lower
renewable capacity causing pressure on the supjplgrmits. The economic crisis from late
2008 then revised down projections of total enetgynand and therefore the amount of
certificates required to meet a proportional qudtas was coupled with unexpectedly high
renewable electricity production in the autumn @08, increasing the availability of
certificates® There has been a slight increase in the spot giice January 2012, when
Norway joined into the scheme. However, this appéabe neither triggered by the news of
confirmation that Norway would join the scheme @12, nor was there a pronounced effect

on the date of their accession. Therefore, it tschear what, if any, impact this event had on
the certificate price.

Figure 7.3
Spot market certificate price 2007 - 2012 (monthly ~ averages)
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Note: Between January 2007 - August 2012, the value of one Euro fluctuated between 8.27 and 11.20
SEK.

8 swedish Energy Agency publicatiofhe Electricity Certificate System 2011
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Liquidity in the market for certificates has impealover time. The bulk of trading still
occurs in March, when clear spikes in traded volameeobserved, coinciding with the
compliance deadline to match certificates to thetgu In March 2005 approximately 5
million certificates were traded. This rose to arbapeak in 2011 of over 20 million
certificatess® Norway's accession to the scheme is expecteddsthiguidity still further,
allowing the certificate market to perform more@éntly.

In 2011 there was a surplus of certificates ofdfter of 8.8 million units (each unit
represents one MWh of renewable electricity outfflibhis was an addition of 3.3 million in
2011 on a previously accumulated surplus of 5m.Sthiplus is expected to increase slightly
further through 2012 due to an expansion in RESWuUA ‘Checkpoint’ review is scheduled
approximately every four years with the next one da later than 2015. One of its functions
will be to review the total surplus of certificatesld. A surplus is useful to the extent that it
facilitates liquidity and can smooth price fluctioats. Additionally, as discussed in the
following section on market power, if the surplasiot concentrated amongst a few RES
generators, it can serve to mitigate the explaitatif market power. However, where the
guota projection is out of line with actual elecitly use (i.e. the forecast used to set the
annual quotas does not match actual consumpticegdaustment of the future quota is likely
to be made at the checkpoint review.

7.2.1.3 Summary of Swedish system

The Swedish government, via the Swedish Energy éygdras cited its openness to an
expansion of the REC system to other countfi&iven that Sweden is well-positioned to
satisfy its 2020 renewable energy target, they lshioel able to export surplus certificates to
countries where renewable energy generation costisigher.

From the beginning of 2013, all plafftshat were commissioned prior to 2003 will no longe
be eligible to receive certificates. This will sifycantly reduce the supply of RECs produced
in Sweden and require over half of the existingpatito be replaced through new investment.
However, this rule has been in place since theemphtation of the scheme. Given that
banking is possible, the market price should tleeeeélready have accommodated the
expected impact of the eligibility change, and rhalp to explain the reserve of certificates
that has been accumulated to date. It is expelbttdmind capacity expansion in the coming
years will provide the largest new contributiortiie RES target.

Current REC prices in Sweden are less than theires@osts of RES supply in the
Netherlands used in this report. Assuming REC pringhe Scandinavian system remain at
this level, linking supplier obligation schemes ntlagrefore allow the Netherlands to meet
its renewable energy targets at a lower cost tingieiua purely domestic market. However,
this will mean that there are lower incentivestfuer Netherlands to expand the renewable
share within the domestic generation mix.

8  Data fromThe Electricity Certificate System 2011

8  Data fromThe Electricity Certificate System 2012

8 One example is referenced in Platts Renewablegiieeport, ‘Sweden-Norway trading scheme could bisosstors

interest’, issue 214, October 4, 2010.

8  Wwith certain minor exceptions as noted in theesof description.
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7.2.2 Norwegian overview

In 2011 total electricity consumption in Norway wi&2 TWh, the second largest
consumption level, behind Sweden, of the Nordiontoes. High levels of consumption
relative to the rest of Europe are driven by adgvgpportion of electric heating, cold winters
and a sizeable share of energy intensive industtlya region. However, Norway is well
placed to deliver renewably sourced power, duéstoatural geographical features. Over 95
percent of installed electricity generation capaisthydro power based.

Although not part of the EU, EFAmembers, such as Norway, are encompassed by the
objectives of the EU Renewable Directive. The Nag\ar target for 2020 is a 67.5 percent
share of renewable energy sourced consumption.répresents an increase of
approximately 9.5 percent compared to 2005 le¥elis is the highest share of the 2020
targets of any participating country, reflecting edready large share of electricity renewable
generation in Norway.

7.2.2.1 Joining the Swedish scheme

Prior to 2012 Norway did not have a specific matk@ted mechanism to support and
incentivize investment in renewable energy capatitprder to assist them in achieving their
targets for renewable electricity, the Norwegiad &wedish governments agreed to operate
a linked REC market from 1 January 2812 he high level operating structure and features
of the Swedish policy, as described above, renmapldace and have been adopted by Norway.
By 2020 the linked scheme intends to expand renlevatergy production by 26.4 TWh
relative to 2012, splitting this burden equallyvbeen the two countries.

Norway has imposed slightly different rules to Sexedegarding which generation plants are
eligible to receive certificates. However, for tadbat satisfy the requirement the same
technology-neutral principle of one certificate &mch 1MWh produced applies. The
following plants are entitled to renewable certfies®

= Power plants based on renewable energy sourceswithstruction start date after 7
September 2009.

= EXisting power plants expanding their productioragmermanent basis, with a
construction start date after 7 September 2009.

= Hydroelectric power stations with installed capacip to 1 MW that had a construction
start date after 1 January 2004.

8 The European Free Trade Association compriségechtenstein, Iceland, Norway and Switzerland @rlihked to the

European Union.

% Ministry of Petroleum and Energy press rele@seget of 67.5 percent for Norway's renewable enatugre by 2020

21 July 2011.

%1 The binding agreement between the two countdea £ommon certificates market was signed on 2@ 2011.

92 Norwegian Water Resource and Energy Directondieley Energycertificates, 24.02.2012. The reference case r th

measurement of the expansion of renewable eneagiuption is the beginning of 2012.

% Extract from NVE website is caveated that in s@ases only part of the plant production may bgitslk to receive

certificates.
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These eligibility restrictions therefore exclude thast majority of Norway’s existing hydro
electricity generation and focus on promoting inmesnt in additional capacity.

The Norwegian and Dutch energy markets are alreagart, integrated. On 12 January
2011 the Norwegian and Dutch power markets weresiphly connected. As noted in
sectiord.3 above, the interconnection capacity betweeN#tberlands and Norway is 612
MW in both directions. Following this, in a widelap of European integration, on 14 March
2012 intra-day trading was launched on the NorN®algn exchange. This may facilitate the
transition to linking of certificate schemes if statered desirable.

7.2.3 Belgium overview

The Belgian political landscape is characterised bgderalist approach, each of the three
official regions largely determining their own poji This holds true for energy regulation.
Whilst there is a national department responsiidiigh level policy and delivering the
2020 targets, the specific means by which thegetaiare achieved is largely left to the
regions of Walloon, Flanders and Brussels Capatahdnage.

Belgium has an EU 2020 target to produce 13 pefaiotal energy consumption from
renewable resources, compared to a current shamgyo#.6 percent in 200Y.Currently, the
vast majority of renewable energy in Belgium isqarced from biomass and waste. In 2009
this made up 91 percent of total renewable enprggiuction. Wind power represented 5
percent and solar power 1.5 percént.

Total electricity production in Belgium in 2009 w@$ TWh. Just under 5 TWh of this was
produced from renewable sourc84\ green certificate system has been in place IgiBe
since 2002 with a guaranteed minimum price to ptemenewable electricity production.

The trade of certificates is subject to federaildiagion, but the quota obligations, minimum
price and fines are defined within the regionseffect, this therefore means that three
separate schemes are in operation as the regutatesydiffer by region. The only element
managed at the federal level is the support fahaffe wind (which is not located within the
land area of any of the regions). Certificatesadi@cated by the state and can be surrendered
against the obligation in any of the three markets.

Since implementation of the schemes, and across dtiecertificates are only provided for
new installations. Support is provided for 10 yeagart from for PV and off-shore wind
which receives support for 20 years from the itesian date®’

9 Eurostat news release. The contribution of rebévenergy up to 12.4% of energy consumption inBbe27 in 2010.

18 June 2012

%  Eurostat data

% |EA Electricity Statistics, http://www.iea.org/sséindex.asp
9 RE-Shaping project (Fraunhofer ISI, Energy EcomsnBroup), Renewable Energy Policy Country Profd.1

version.
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7.3 Assessing the merits of linking for the Netherl ands

It is an advantage that there is already a dedradegration within the European electricity
market. The physical interconnections between GeymBeNeLux and Nordic markets
facilitate a more homogeneous price between thematmarkets.

Provided REC market conditions and rules are simaitaoss the ‘linked’ regions, economic
theory suggests that efficiency gains can be eshlisom a larger market, akin to the gains
from trade through specialisation. Widening the ketifor renewable energy support should
allow greater access for a larger population toctieapest technologies from within the
linked system. However, overall welfare gains wilme at a cost to certain sectors. A linked
system is also likely to increase dependency betweantries.

As mentioned earlier, the linked Scandinavian systeéends to increase renewably sourced
electricity capacity by 26.4 TWh (95 PJ) betweeti2@nd 2020. Given that a further 12
TWh of Swedish RES generation is due to be phageoh@013, this will also need to be
replaced, stretching the target somewhat. In coisga under the Uniform REC policy
scenario modelling for the Netherlands within ttl@port, RES output from the power sector
must increase from approximately 50 PJ in 20157®RJ in 202%. This therefore implies a
more demanding target for the Netherlands thaninvitite Scandinavian system.

In theory, without a linked system, the region outry with the least stringent target will
have a lower REC price, assuming equal risks astsdor building and operating plants.
Upon linking the systems there will then be a flofanvestment from the more stringent
country to where lower uptake is required. Linksiguld therefore stimulate further
investment in RES technologies in the Scandinasystem that can then export RECs to the
Netherlands.

The Dutch domestic RES output requirement coulcedaced, provided there is spare
capacity to expand renewable electricity produchegiond the Scandinavian target at a
lower cost than in the Netherlands. The plannedesion of almost 25 TWh of wind in
Sweden by 2020 indicates that this may be feaditdeever, significant investment will still
be required within the Netherlands. For examplelitoinate the need for offshore wind in
the Netherlands in delivering the Dutch 2020 outptget, the Scandinavian target would
have to be increased by a further 40 percent tooper 130 PJ.

Any increase in renewable electricity output witRicandinavian would also need to be
matched to corresponding electricity demand. Thigely to require greater
interconnections between Scandinavia and the f&atirope. However, awaiting investment
in interconnection capacity could further delaydaaiment in generation capacity. For
example, Norway announced in 2012 that it planodalild two 1.4 GW interconnections,

%  This just takes figures from the power sectogstdbution to total RES output for ease of comparisGiven that the

Scandinavian system just subsidises renewableielactt is likely that, in linking, the Netherlals would also only be
able to incorporate electricity output within ththeme, rewarding other energy technologies thraudifferent policy
approach.
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one to Germany and another to the UK. These arexpscted to be completed until 2018
and 2020 respectivef.

In the following paragraphs certain opportunitiad &ssues are highlighted to qualitatively
inform a discussion on the merits of linkage to ttegherlands.

7.4 Opportunities for the Netherlands

Linking to an existing system can significantly ued the ‘design and build’ costs of
implementing a stand-alone domestic certificateesw This might be referred to as a
form of transaction cost. Administrative tools asllvas a developed marketplace for
exchanging certificates already exist in Swedend faow Norway) that could be
transferred and adopted at relatively low cost.

Efficiency ‘gains from trade’ are another key argannto favour linkage. Renewable
energy projects will be chosen from across thegkihéirea, rather than just from within
individual countries. This increased competitionwdd therefore have a downward effect
on the (average) support price of renewable engeggration required to meet the EU
targets in 2020. As this price is eventually pagkealugh to consumers, the linked
system therefore has the potential to lower thesgorer impact.

The price of certificates exchanged within the Negian and Swedish scheme indicates
that there is at least some available RES potentihle Scandinavian countries that can
compete in the electricity market with a lower sdigghan would be required in the
Netherlands to stimulate sufficient investment teetrthe 2020 target. As shown in
Figure7.3 the spot market price of certificates in Sweldas ranged from a high of just
over €40/MWh in Summer 2008 to a low of approxirha€i5/MWh in early 2012.

A larger market that spans multiple countrieskslif to promote a more liquid market
for certificates. This can drive efficiency gainsgroviding greater confidence to
investors and obligated suppliers that they wilbbée to buy and sell certificates in line
with their evolving strategies and risk-managenpasitions. Greater liquidity should
also reduce price fluctuations that may otherweselsserved where insufficient players
are in the market to adequately match buyers dfetsef certificates. A further
argument in support of liquidity is that it can teetenable small producers to regularly
participate in the market. This may be particulagypropriate for them if they have
greater need to maintain a cash flow to sustaim gneduction costs by regularly selling
certificates that they have been awarded.

7.5 Potential concerns for the Netherlands

If investors are aware of the potential for linkiwgh another scheme at a future date,
this will affect their investment decisions. Thespibility of linking will influence
expectations of REC prices, given the expansiaoofpetition across a wider market
place. If investors in Dutch generation capacityeve that the REC price would fall in a

99

Reuters, US editioMordic power bills to jump on new export linkg.10.2012.
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linked market, relative to a domestic market, thisild reduce domestic investméfit.
Reduced domestic investment would not necessagily poroblem if a linking

arrangement and timeframe were agreed ex-anterandquled as planned. However,
where there is uncertainty, and should the linkgmoahead, this may mean that domestic
RES investors would be left unprepared to achibeentitional RES target.

Linking to another scheme requires agreement onullese that govern the scheme and
the key parameters that define it. Should the N&thds look to join an existing scheme
then they will likely be pressured to adopt itsstixig features, unless sufficient incentive
can be provided for the scheme to be adaptedptissible to link schemes with slightly
different design parameters. However, anything @n@nted in one scheme will have a
knock-on effect across the whole of the linked elystWhere countries or regions
disagree on the key parameters, it may be difficuéichieve agreement to link. There are
various features that the Dutch government mussiden here.

— The Swedish and Norwegian system currently doesiavg a buy-out price.
Therefore, the REC price will vary as required éfivier the required amount of
output. This, however, exposes consumers to theofikigh energy prices driven by
the REC support. Adopting a buy-out price in onie @f the linked countries (e.g.
the Netherlands) would be possible, but would ereaallenges and could raise
concerns in the other countries. Where the priedd) it would place an upper limit
on the REC support and risk the attainment of tawggut in the Netherlands, as well
as collectively across the linked regidfts.Convincing the other countries that it is in
their interest to accept the Netherlands withinrtbeheme, even with a buy-out price,
may hinder negotiations.

— Joining the Swedish and Norwegian scheme wouldiretjat the Netherlands also
permits unlimited banking of certificates betweemni@pds up until 2035. It is not
feasible that, within a linked scheme, some cediés are bankable and others not.
Otherwise, certificates would not be homogenousvemald take on different values
depending upon whether they were eligible to berstied in subsequent years or not.
As discussed above, banking can help smooth the (REEE over time, by allowing
certificate holders to save them when the prigeereeived to be low and sell them to
the market (or surrender them) when the price isgreed to be high. It is unclear
whether banked certificates might be used to comwly the 2020 target.

— The Netherlands intends to use one scheme to peoatldRES generation. This is in
contrast to Sweden and Norway, whose supplier atatigs only apply to the power
market. It may be possible to persuade the Scavidim@ountries to accept
certificates from other technologies, provided REES target is set at an appropriate
level. An alternative would be to use a linked REBeme to support power and then

100

101

This is true whether the linking of the Nethedals REC system is (expected to be) from its inceptiois (expected
to be) delayed until sometime after inception. l#sy as RES investors are aware that the targetwmaghieved
more cheaply at some point in the future by foresgppliers, they will have more limited incentitescommit capital.

However, if the buy-out price were set below ‘thielinked” Scandinavian price, then it would be egfed to “bind”,
and could threaten the attainment of targetshdfttuy-out price were sabovethe price that would be realised in
Norway and Sweden in the absence of a link to teth&tlands, then the link would have limited effectthe
achievement of targets or in the Scandinavian cmmt
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develop a separate incentive scheme to provideosufgy non-power energy sources.
This could be done via an SDE type approach.

— Finally, the Swedish and Norwegian scheme is teldgymeutral. It therefore selects
the cheapest technologies from the pool of optibasare able to deliver the required
output. The banding or bonus/malus approaches vibatéfore not be consistent
with the Scandinavian market. Maintaining them ldamply awarding technology-
specific cost advantages to one country over anottech is unlikely to be
acceptable to countries not adopting technolodgemdintiation. As discussed in the
previous section on market power, whilst linking ¢eave the effect of mitigating
market power, opportunities for high rents arellike persist under this uniform
REC type scheme.

= Should a linked system mean that the Netherlandset importer of certificates from
other countries to satisfy its obligation, therelddoe longer term detrimental effects to
the development of renewable energy expertise exNétherlands. It would also expose
The Netherlands to additional risks if the coustfi}mm which the Netherlands imports
certificates decided to break from the schemeibgaVhe Netherlands with insufficient
ability to meet target obligations on its own i tbhort term. However, this is less likely
to be a specific threat with regard to the 2020w, given the relatively short timeframe.

In summary, there are various potential advanttgggshe Netherlands may be able to derive
from linking with other existing certificate bassdpport schemes. The most notable of
which are the opportunity to meet the EU target lwer overall cost and to mitigate market
power by opening up the market and improving ligyidh the transaction of certificates.
However, linking is likely to entail various consgsns with regards to the design of the
support scheme and the technologies that are iedlutialso may increase dependency on
the other linked countries. Giving credible longatesignals with regards to Government
intentions about plans to link to other schemekasefore important in reducing investor
uncertainty.
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8 Issues Related to Market Power

This section sets out potential market power isseleged to the introduction of a supplier
obligation in the Netherlands. Market power is mik&ly to be a potential issue under a
certificate-based scheme, so the discussion foarsasREC system. However, a brief
consideration of means to exploit market power uiateSDE type mechanism is also
provided at the end of the section.

In the context of renewable certificate marketstkaapower might be exercised by market
participants withholding certificates from the meirko inflate the price above a competitive
price, either by banking them (if banking is allaeor by withholding generation from
renewable energy sources in order to reduce s@mulythus inflate the certificate prices.

Withholding renewable capacity would potentiallwadhree implications that should be of
concern to policymakers — one related to econoffficiency, the other to the distribution of
impacts, and the third concerning the achievemetiteooverall RES target:

1. First, the exercise of market power may resulh@fficient outcome may not be
“‘economically efficient”, i.e. some green resouro@sy not be dispatched, and green
generation may fall short of the target, or subttd by more expensive resources; and

2. Second, it may mean that consumers pay too mualréan certificates, in that a
reallocation of resources takes place from the wmes to private companies, which may
be seen as unsatisfactory.

3. Third, if generation is withheld in 2020, it couttean that the RES target is not achieved.

In the discussion of market power, we will distimfubetween (i) the short run, where
installed capacity is fixed, and (ii) the long ruvhere new capacity can be built (but possibly
subject to some remaining physical constraints).

In the short run, REC prices will be governed by équilibrium between supply (existing
capacity, wind output), and demand (REC requireineBécause of the completely inelastic
nature of certificate demand — represented byikee fannual target — under certain
conditions there may be significant incentivesdd®ES generator to withhold capacity or
certificates from the market, in order to incretseprice. Although in some cases such
behaviour may be harmful to consumers, in otheessas may actually represent an efficient
way to ensure adequate investment incentives ifotigerun.

The short run supply curve for REC certificatesasy steep because many renewable energy
technologies have negative variable costs of prioguRECs, whilst some have very high
variable costs. For some renewable energy techiesmearly all of the life-time costs are
sunk at the time of investment. For example, alviumbine, once built, would probably be
willing to generate at zero oegativeREC prices, because of its very low variable casts

the revenue it can earn from electricity saleshenpgower marke't’?

192" 1n practice, of course, the REC price would noable to go negative unless generators were forwedrtender their
REC certificates, or power revenues were tied tethmenission of REC certificates.
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In the long run, however, the significant fixed tsosf renewable electricity and heat
generation must be considered. Investors will amhest if they expect to recoup the fixed
costs associated with construction of assets. &Jenorder for average long run REC prices
to be sufficiently high to incentivise investmeritse short term REC price has to be
significantly above short run marginal costs of trgenerators in the market

It is therefore likely that either allowing for artain degree of market power in the short run,
or embedding a shortfall of REC supply in the matka example, by keeping interim
targets somewhat in excess of output) will be nesrgsin order to provide adequate
investment incentives. In the long run, if entfynew capacity is possible such entry should
mitigate market power. However, if the scope fewrentry is limited or is controlled by
incumbent operators, this “threat of new entry” rb@yweakened. It is therefore important to
consider the potential to exercise market powdoith the short run and the long run to
understand its possible impact in the Netherlands.

Throughout this section we will use the term “masagicost” of REC certificates to refer to

the incremental cost of supplying certificates of revenues in other energy markets
(electricity, heat, or gas}* Themarginal costdoes not account for any fixed costs
associated with the construction of the asset, lware treated by asset owners as sunk in the
short term.

In the discussion below, we provide illustrativguies using stylised cost estimates for
different RES technologies. We show one blocK'Byomass,” which represents biomass
co-firing and any dedicated biomass, and one bilockOther RES,” representing cheaper
heat and green gas technologies as well as winel séhct these technologies to represent
key features of RES supply potential in the Netadk, but the illustrations below represent
a significant simplification of the actual currertd potential future situation with respect to
RES supply. For example, there is likely to bestderable dispersion within the category
“biomass.” Importantly, biomass co-firing plantayrhave higher incremental marginal
costs than dedicated biomass due to the opportoostyof coal generatiofi®

8.1 Market Equilibrium in the Short Run

In this section, we analyse the short run equiitriof the REC market. By “short run”, we
mean that capacity is fixed (so entry/exit decisibave already been made and have been
acted upon) and fixed costs are sunk.

193 Bjomass co-firing units do not share this feanfreigh capital cost and low fixed cost. Instetiy tend to have low
fixed costs (which, again, may already be sunk)f@gh marginal costs. In the absence of a buypadat, co-firing
may, due to its high marginal cost, set the stesrhtREC price.

104 \We define the minimum value of this quantity asozwhen the RES source is cheaper than the coactigaf

electricity, heat, or gas energy source.

105 To the extent biomass co-firing plants have aibapf changing the biomass/coal mix in their pJam increase of the

biomass proportion effectively displaces generafiom coal. For every extra unit of biomass getiena the plant
loses profits it would have made on coal. At timégn coal generation would otherwise be generatirgmarginal
incremental cost of co-firing biomass is therefsignificantly higher than the cost of running aidated biomass plant
with similar efficiency.
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8.1.1 The Competitive Outcome

In the short run, the RES Supply curve in the Nedimels is expected to be steep: Wind
capacity has a very low marginal cost, so will lisuglways be dispatched, even on a power-
market only basis. The marginal cost of wind geten is therefore close to zero (or even
negative — that is, it is profitable to run evenheut policy support). However, other
resources, such as biomass have a significantolarcast component, and hence also high
marginal costs. Biomag®-firing plants have an even higher marginal cost tharceest
biomass, because (assuming these plants wouldxasiedne burning coal instead of
biomas$”® the cost of co-firing includes apportunity cosequal to the lost profit from
generating power from inexpensive coal.

A short-run perfectly competitive equilibrium itustrated in Figur®.1. In the figure, REC
demand intersects the supply curve at biomass hvdats the REC price.

Figure 8.1
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REC Price
(Incremental
RES Cost)

REC

Demand
Buyout === =—=—==-=—"===— === === — ===~ == = — === ==
Biomass
P* ____________________________________________________________________

Many renewable resources
receiving power market revenues,
e.g. wind have negative
incremental marginal costs in the
short run

High MC Resources, e.g. Biomass
set the price

REC
Supply

Wind and Other Low Marginal Cost I variable Cost
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Figure8.2 shows the gross margin earned by each restyreen this equilibrium (shown in
green). Note that the figure does not includedigests, because these am@kand do not
figure in short-run decision making. As illustrate the figure, resources with low marginal

106 As suggested in the preceding footnote, the isadiéferent if plants that are set up for co-fiiactually are unable to

burn coal in the portion of the unit fitted for éidng. In this case, there will be no opportunityst of generating from
coal in the biomass portion of the plant, and thet<will be similar to the costs of a dedicateshiass plant.
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costs earn a significant amount of profit on thegma(which we would expect to be required
to offset the capital costs that they have incua®a result of their investment). These
resources will nearly always generate, regardléfsedREC price. However, the resource
which sets the price, i.dedicatedbiomass, earns no profit on the margin in the cstitipe
outcome. Note that the figure is a very stylisetsia of the RES supply curve. In practice,
there is significant distribution of costs withimetgroup due to different fuel sources and
efficiency levels.

This stylised short run outcome is an incomplepeagentation of the market, however,
because it ignores long-run incentives. In paldicwe note that the most expensive units on
the margin would earn no, or very little margingdaherefore would have little prospect of
recouping any sunk/fixed cost associated with tirestruction of their asset. For example, if
dedicated biomass units could only ever expecatdeive their variable costs (net of power
revenues), investors would not choose to inveitem in the first place, because they could
never expect to recover their initial capital oytf4

More realistically, one of the following is liketp occur: either (i) the market price of RECs
will rise above the short run marginal cost as $eppseek, at some points in time, to
exercise (short-run) market power or (ii) therd Wwé a shortfall of supply, such that the REC
price will rise to a buyout price.

197 Some coal plants invest in biomass co-firingdtrer reasons than the REC price, such as compliaitite
environmental rules, or to reduce £émissions.
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Figure 8.2
Short Run Gross Margins in a Competitive Outcome

REC Price
(Incremental
RES Cost)
REC
Demand
Buyout == === ===== == === == - === —=|=- == ———— ===
Biomass
P* _______________________________________________________________________

High MC Resources earn zero
or little margin

Low MC resources receive
large margin

REC
Supply

Normal Margin

Wind and Other Low Marginal Cost
Renewables

8.1.2 Concentration of ownership or coordination be tween “Marginal Plants”

If the plants on the margin are controlled by a tgverators, and/or the operators of these
plants are able to coordinate the withholding gfazaty, explicitly or tacitly, they may have
the ability to raise the REC price, either by witlding supply or by simply offering
certificates to the REC market above their margoost.

Figure8.3 illustrates the incentives. If a given plathe marginal, or REC price-setting,
technology it has an incentive to offer REC cegdifes into the market at a price higher than
its marginal cost, because it will still be disged, even if it raises the prit®. On the
dispatched capacity, it earns a gross margin dquhk red square (illustrated as “monopoly
margin”). This higher margin also benefits otr@xér-cost renewable energy producers (as
shown in Figure3.3). The potential to exercise market power mcexbated by the fact that
REC demand is perfectly inelastic — that is, it<inet depend on the REC price at all,
because the target is fixed, regardless of the prisubject to the buyout. This means that in
principle, biomass plants can increase prices updaost of biomass co-firing and still sell
all of their units on the market.

108 " |n this illustrative example they do not lose @nyput by increasing the price but we note thaeality, some of the
output by an individual player may be displacedther units.
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Figure 8.3
Biomass Plants Exercise Market Power: Short Run Mar  gins
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In order for this to be profitable for the operatoe would, however, have to avoid raising the
price of certificates so much that he were pricetiod the market entirel}° The larger the
concentration of ownership, the easier coordinatdihbe (whether explicit or tacit). Table
8.1 shows a rough estimate of the distributionwah@rship of coal capacity in The
Netherlands by 2020, and hence represents apprtetintae potential ownership of the
biomass co-firing capacit}!’ As evident in the table, the data suggests thaERBPg$sent)
controls nearly half the coal capacity, and thatttiree largest players control 86 percent of
capacity, giving rise to a very concentrated mafiepotential biomass co-firing. In
addition to the effects on the REC market, thigl@f concentration is also likely to give
incumbent operators significant advantages in o fof buying power for biomass (which
may be used in waste-based electricity- or heaéigeimg technologies).

199 1n this illustrative example, although there @& much effect on “allocative efficiency” — i.e. igh units are generating

— there is a cost increase to the consumer betia@$REC price is higher. In general, if there i clispersion among
generators, there is a risk of loss of “economiiciehcy” as soon as generators bid above margiost..

10 The estimate is based on the ownership of cupients, adjusted to reflect committed new entny egtirements.
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Table 8.1
Estimated 2020 Ownership of Coal Plants in The Neth  erlands, %

Coal Ownership

Holding Company (%)

RWE AG (Essent) 47%
GDF SUEZ (Ectrabel) 22%
E.ON AG 17%
Vattenfall AB (Nuon) 10%
DELTA NV 4%
ENECO 0%
Total 100%

Source: Platts Powervision, reflecting committed new entry and expected retirement by 2020.
8.1.3 Concentration of ownership between marginala  nd infra-marginal plants

There may be even greater incentives for a renenaidrgy producer to exercise market
power if the price-setting capacity is controllgdafirm that also owns low-cost, or “infra-
marginal” plants — in this case, existing wind aapa as shown in Figurg.4. In this

example, by reducing output of the biomass plamtREC price increases, which is to the
benefit of wind generators, including the one owhgdhe same company. Note that this
may be a profitable strategy for the company et/@nequires cutting the output from the
biomass plant away entirely, because the forgorrgingon the biomass plant are very small
compared to the significant impact on revenuebeontind farm.

Figure 8.4
Market Power and Incentives to Withhold Supply
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Table8.2 contains an estimate of the current markeeshafrrenewable generation capacity
together with the coal ownership share. This ssiggdat, although no single player is likely
to be characterised as dominant in the renewaiglles RWE does have some cross
ownership which could eventually affect incentieshe biomass co-firing market. We
understand that Essent is indeed planning furtheaesions into renewables, although of
course this is to be expected given the existehoenewables targets and the firm’s position
within The Netherlands.

Table 8.2
Estimated Current Renewable Electricity Cross-Owner  ship
Coal Ownership Current Wind Market Share
Holding Company (%) (%)
RWE AG (Essent) 47% 9%
GDF SUEZ (Ectrabel) 22% 1%
E.ON AG 17% 0%
Vattenfall AB (Nuon) 10% 19%
DELTA NV 4% 3%
ENECO 0% 20%
Other 0% 47%
Total 100% 47%
Source: NERA and SQ estimates based on data form Platts Powervision and data on company

websites.
8.1.4 Summary — short run market power

In this section we have shown how market playensadect REC prices in the short run. In
particular, owners of marginal plants may be ablaffect the market price by withholding
REC supply and thereby increase the price. Evitrisimakes the REC supply from this
company less competitive, and the owner may havedoce output from some plants, the
additional revenue may often exceed the forgonétpran marginal plants. These incentives
are much stronger if the company also owns infragmal units, such as wind.

However, as noted above, allowing for some degfreeanket power also provides the
necessary incentives for investment, as we disdussmore detail in the next section.

8.2 Long Run Equilibrium and the Threat of New Entr vy
8.2.1 Relationship of long-run and short-run equili bria

In the long term, the average price is constralmethe cost of new entry. This is only true,
if the threat of new entry is real. In this sectiare assess factors which may reduce the scope
for exercising market power.

If REC prices are consistently above the long ramgimal cost (“LRMC”) of potential new
entrants, new entrants will find it profitable toter the market.

An example of long run equilibrium is shown in Fig8.5. The long term average REC
price is equal to the LRMC of the marginal resoues® this will be at least as high as the
short runmarginal cost of renewables that determines tbé siin REC price.
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= The relative costs of technologies when compared futl cost basis (that is, the long run
costs, including investment costs) is differentriravhen their short-run costs are
compared. Some assets have very large fixed andtsmall variable costs, others vice
versa.

= Over their lifetime, all investments must expectaoover their fixed costs.

If REC prices did not rise high enough to covemhbdriable and fixed costs, then targets
would not be achieved, and this would create tr@imstances necessary for gert-run
marginal producer to exercise market power. Tisiin would push prices up either to the
level necessary to incentivise new investmentpdahé buy-out price, whichever is lower.

8.2.2 Threat of new entry

Although the average REC price is likely to be abthe short run marginal price, it should,
in principle be constrained by tlaeerage cost of new entfthe “long run marginal cost”, or
“LRMC”). However, entry can of course only take placbef¢ isscopefor new entry, and
if potential entrants have an interest in consingchew capacity.

The electricity and heat markets in the Netherlardscharacterised by a number of physical
constraints on new capacity, such as limits oratheunt of additional onshore wind capacity
(or of re-powering existing onshore sites) andadlé locations for renewable heat.

Furthermore, The Netherlands is expecting a langeuat of fossil-fuelled capacity to come
online in the period 2012-2015, which means theierisk of significant oversupply in the
power market. For incumbent operators that alréee significant amounts of installed
conventional capacity, the incentives for invesimng dampened because new renewables
will put downward pressure on the average powaemeceived by these generators

Finally, there is significant concentration of owstap of fossil fuel power plants, notably for
the coal plants that have potential for biomas§irang. In an extreme case, where
incumbent suppliers controlled all of the potentiav-cost new renewable capacity, this
would allow them to force up the REC price by detdiely constructing less capacity than
socially optimal. However it is likely that it wiirequire a significant element of collusion
to prevent all potential new entrants from invegiim new capacity.

In a more likely scenario, incumbent operators $yrhave reduced incentives to pursue new
investments, due to the effect of entry on infrargmaal revenues.

These circumstances mean there are likely to be siomtations to the threat of new entry.
However, it is important to note that most of thsseles are not much different in a REC
system than they would be in the current SDE sysééteast in the long term. For example,
because of the fixed 2020 target to which the gawent is committed, projects that are
essential to meeting the target may withhold netra@h capacity, to try to force up the
SDE+ base level allowance.

Figure 6.8 shows the “long run equilibrium” withmentry. In this chart, wind and other
low cost technologies still have negative (incretabrvariable costs, but this is
counterbalanced by significant fixed costs suchttiey have considerable “long run
marginal costs”. For example, the long run margioat of offshore wind is above the long
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run marginal cost of biomass. The ordering of laemand other low cost technologies in the
long run is kept the same for illustrative purpasesin practice some of the other low
marginal cost renewables, such as more expenssteonwind sites is higher than for
biomass.

In an outcome with free new entry, as shown infignere, on average, the REC price will be
equal to either (i) the long run marginal costhe most expensive resource required to meet
the target (in the figure, biomass) or (ii) the tn@spensive resource below the buy-out
price. In this figure, the REC demand is not rbetause the buy-out price is set quite low,
i.e. lower than the long run marginal cost of offishwind.

Figure 8.5
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8.3 Market Power and Industry Structure
8.3.1 Position of energy supply companies (REC buye  rs)

Energy supply companies represent the ultimatececafrREC demand. Under a supplier
obligation they would be required to surrender rdade number of certificates per unit of
energy they supply. In a perfectly competitiverggesupply market the cost of acquiring
these certificates would be passed on to consufwéiscosts ultimately shared between
consumers and suppliers), because suppliers wouhy of affecting the REC price or end-
user price of energy.
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However, if suppliers are able to affect the exterwhich REC acquisition costs are passed
on to end-users, they may have incentives to trgdoce the REC price. Although energy
suppliers cannot threaten not to buy certificatesy cantheoretically threaten with the buy-
out, which is credible only if the REC price is s#oto the buy-out price: By opting for more
buy-outs, the supply of certificates would effeetywincrease. With a close supply/demand
balance, that could drive down the REC prices saggificantly. REC buyers may be able to
use this threat to negotiate cheaper RECs from &éf@rators. However, when generators
have the option of banking certificates for futyears, the scope and incentives for
exercising market power for REC buyers seems mdstigretical.

8.3.2 Position of REC generators (REC sellers)

REC sellers (generators) have an interest in artgeas high a REC price as possible. Ina
perfectly competitive market, any attempt to ofREfCs to the market at above marginal cost
to try to push up the price, would be foiled by gumtitive bids. However, with sufficient
concentration of generators, and a very steep Rip@lg curve, there may be only few
competitors able and willing to enter even at ghitgh price increases. As discussed earlier
in this chapter, generators could reduce outpum fnearginal resources (which earn little
profit anyway), and thereby push up the REC prateeved by more inframarginal units. In
a thin market this behaviour could potentially affREC prices significantly.

8.3.3 Position of “REC neutral” parties

A significant share of the Dutch power market isamamted for by integrated companies
(including Essent, Nuon, and Eneco) that produesgnfor a “wholesale” market while also
simultaneously buying wholesale energy to act aplgers to end-users. Some of these
companies may end up in a “REC neutral” positioeaning they do not have to purchase
RECs from the market to comply with legislationcéese they themselves produce all RECs
for their own use. If these firms were to forceRIBC prices they would be imposing higher
costs on themselves. If they were unable to initeethe wider REC market, then they would
have no incentive to engage in what would esséntial an internal accounting exercise: if
they tried to pass these prices on to their fingt@mers, they would potentially risk losing
customers to other suppliers who were willing tergpe under different internal accounting
principles to avoid passing through higher pricesdnsumers. However, if they could affect
the wider market REC price then they would stiv&@ncentives to do so, at least if the
energy supply business passes through a signifocation of the REC price to consumers
(as is indeed very likely). For instance, if tmeryy generation business of these companies
were to try to push up the REC price:

= The generation business would likely earn more mdfrem its sister supply business);
and

= The supply business would likely be able to pasREC price increase on to the
consumer. Even if the retail energy supply maikeerfectly competitive, a REC price
that has been pushed up through the exercise detaowerin the REC markewill be
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the same for all other energy supply companies, winald also pass through the REC
price increasé

The effect of the “REC neutrality” may exacerbateljjems with RES seller market power,
because of the risk of a shallow and illiquid RE@rket, making it easier to affect the market
price. In other trading systems with few obligapedties, it is not uncommon to find
relatively limited trading, particularly when bankiis allowed and there is uncertainty about
the stringency of future requirements (or aboutrfeprices):**

In addition, if there is significant concentratiohopportunity to develop new RES potential
or limited ability to access RECs from other sogr@nd if this concentration of access to
RECs resides within integrated companies, thencthudd create additional concerns about
market power in the electricity retail market, asllvas the REC markét® In an extreme
case, if vertically integrated companies were thiy ones able to develop RES capacity, or
were otherwise able to restrict supply to RECsoime way, then they could use their control
over RECs to restrict the ability of retail enexpmpetitors to operate, because they would
be unable to procure RECs. A less extreme cas&wsouply be that integrated suppliers
with some market power were able to raise costiseio retail supply competitors by
withholding RECs from the market.

8.4 Mitigating Market Power

The extent to which market power is a serious coneethe Netherlands depends on how
well the mitigating factors are designed.

A successful implementation of a supplier obligatioay require a carefully designed buyout
price and limitations to the duration of bankinglofver buyout price can reduce the
potential for exercising market power. Howevecrdates a distortion in the market that, if
set too low, may disincentivise sufficient investim renewable energy generation. This
can therefore jeopardise achieving the target, kvgi@antity-based systems are often best
able to deliver. Thus using a buy-out mechanism saa&rifice one of the important
advantages of switching to a supplier-obligatioprapch. High levels of banking can also
lead to similar outcomes.

8.4.1 Banking

In a competitive market, banking would mean thatREtC price would no longer be set by
the marginal resource in the individual year, laibher the marginal “energy” constraint over

111 Note that even companies with “low cost REC geimtatapability” have no incentive to supply cheaglectricity to

end-users because they face the same (inflatedytopiity cost of RECs, i.e. the market REC price.

The UK Renewables Obligation has seen limitedizomtal” trading between peers, with much more plence for
“vertical” trading and long-term contracts thatdgtate the RES producer with the supplier. Othdgatibn regimes
that have provisions for trading, but where theeeaalimited number of obligated parties — sucthasUK’s successive
energy efficiency obligations (the EEC and the CERT}he US CAFE standards for vehicle fuel econorhiave also
witnessed limited trading between competitors.

112

113 |n effect, in a hypothetical extreme case, byitiing a REC regime in a context where (hypothdiz@nly a few

firms were endowed with the ability to generate REDs| then requiring RECs as a new “input” that ddite
suppliers must purchase, the government would bmihg consumers by putting previously viable coriipet out of
business.
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the horizon of the certificate scheme (with sonsedunting). This gives rise to a much
smoother, and more certain REC price path, as skeclabove in sectios3.2 ancb.2.9.

The ability to bank certificates affects market gow important ways:

* In any given year, it offers the opportunity fomgeanies that already hold banked
certificates to compete as alternative sourcesigply, which can help ease supply
shortages. This effectively means there is cortipetbetweerperiods. This is shown in
Figure8.6;

= Banking also means that market participants caprintiple, withhold output from the
market to squeeze the price up in an individuat,y@dhout discarding of the certificates
entirely. This means that in the initial yearssérg RES sources would be able to
deliberately withhold certificate supply to creatsupply squeeze, forcing the REC price
up to the buy-out price level.

This potential market power could be mitigated byhibiting existing low marginal cost
resources from receiving RECs (this has been tpheaph in the Swedish REC system, for
example), but this would not be possible for ergsito-firing capacity, which otherwise
would not have an incentive to operate.

In summary, where reserves of certificates havi bpj the supply of RECs in any given
year is no longer constrained by the generatioari@l of installed assets, but augmented by
the reserve pool. A surplus of “banked” certificate therefore a useful protection against
market power, where the surplus is held by a sefitchumber of market participants.
However, where the surplus is concentrated amanfgst/, and these same holders of
reserves also have a dominant position in renewaidegy generation (i.e. controlling both
current supply and banked supply) market power beagxercised at least in the short term.
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Figure 8.6
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Note that there may be limited scope for banketfates to be applied to European 2020
RES targets, which would limit (but not eliminatieg flexibility that it would provide in the
Dutch market.

8.4.2 Banding

Segmenting technologies according to their relats®urce costs is another means to
mitigate the effect of market power. As discusdeova, however, this comes at the cost of
economic efficiency because expensive technolagegsbe supported over cheaper ones. If
low cost RES technologies are awarded proportigrieler RECs per unit of output than
their more expensive alternatives then the infragmnal rents derived by cheaper generation,
such as onshore wind and heat, will be reduced.

Under a Banded REC scheme, the short term REC igrive longer necessarily determined
by the marginal cost of the most expensive techgytequired to meet the REC demand (or
targetoutput). Instead it will depend upon the way testbgies are grouped and the number
of RECs allocated to each band relative to thergmal cost. Banding is designed to flatten
the effective long-run marginal cost curve, whitlowsld reduce the ability to exercise market
power in the long run. However, in the short fo@nding may not necessarily flatten the
supply curve, and therefore its effects on thetghid exercise short-run market power are
uncertain.
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However, the extent to which banding is successfuatitigating market power depends upon
the ability of regulators to accurately identifyst®and thereby segment technologies. If cost
estimates are incorrect, then banding may favoaicetechnologies at the expense of others.
Additionally, as long as there remains heteroggraitosts within a particular band, infra-
marginal rents will still be present. Increasing thumber of bands can reduce this, but is
likely to lead to further administrative complexand depends upon an even greater
precision of cost estimates.

8.4.3 Link to other countries: Flatter supply curve

By linking the market to other regions, the maiikdarger and the scope for exercising
market power is reduced. The residual demand darflatter and individual market players
are much less likely to be able to affect the miapkiee.

This finding is conditional upon:

» Linkage actually giving rise to a flatter residdaimand, i.e. the linked market has plants
which are marginal.

= That cross-ownership of assets is not too extrefoe.example, if biomass in
Netherlands tends to set the REC price and there esanmon ownership of cheap wind
plants in Sweden and the Dutch biomass plantsttieenperator may have even stronger
incentives to shade down generation from biomaas e would have had without the

linkage.
Figure 8.7
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The same effect would also be accomplished by vindethe scope of renewable energy
sources that are eligible to receive RECs. Thex@aumber of renewable energy
technologies that would contribute towards the He#mds’s RES target that are not
currently supported by the SDE+, such as efficheat pumps and solar thermal hot water
heating. It may be worth considering expandingsiteof eligible RES technologies to be as
large as possible.

8.5 Market Power under SDE

Having considered the potential for market powetarra REC system and certain means by
which this can be mitigated, we turn briefly to kaat the SDE+. There is considerably less
scope for exploiting market power given the abseari@tradable certificate system.
However, under some of the conditions discusseteti@at are conducive to the exercise of
market power under a supplier obligation, therecaréain parallel market power
considerations that would apply under the SDE+. difeuss two of these here: Market
power might be exerted if asset owners have thayata influence technology cost estimates
or by strategically withdrawing supply.

8.5.1 Influencing cost estimates

The per unit subsidy level for each technology tnedordering of access to support is
determined by its absolute and relative resoursg cespectively. If cost estimates are
derived by information provided to the regulatorebgmall number of potential developers
from then there may be the potential for opportimidevelopers to inflate their cost
estimates and receive higher subsidies. This wiogld particular concern if such companies
owned a range of technologies and could therefaasepve the relative ordering of access at
the same time.

Additionally, if there are few participants in tRES supply market there may be a
disincentive to drive cost-reducing efficiency irapements. This is more likely to hold in
the short term, where new entrant supply is comgich and asset managers are aware that
any reduction in cost would just lead to a corresidag cut in subsidy support.

In a similar sense to the Banded REC case discus®mek, the accuracy of cost information
is therefore essential to ensure the effectiveoeise scheme. However, given that there is
now a large and growing market for developing resi@e energy technologies, it is perhaps
unreasonable to assume that domestic dominant triaeiesrs are able to influence cost
estimates. Regulators should be able to obtaiableliand comparable cost estimates for both
the construction and operation of different tecbgads derived from international
experiences. Only a small portion of the costdikety to be specific to the Dutch market,
such as the price of land.

8.5.2 Strategically withdrawing supply

Alternatively, under an SDE type scheme, dominaautket participants in the supply of
renewable energy may choose to withdraw part of tugply or delay investment in new
capacity in one year in anticipation of an increblsedget and subsidy levels in future years.
This might be a particular strategy for operatdrsarginal co-firing plants where the
subsidy is initially set in such a way that it cuelly attractive to burn coal or biomass (with
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subsidy received on top of wholesale market pricedhe absence of excess supply of RES,
operators can choose to burn coal instead of bisnpasmpting a below target RES output.
Should RES support and budget then be set highltaeifollowing year in order to make up
for the deficit, operators can apply for biomagspgut and derive additional margin
corresponding to the increase in subsidy.

In theory, this kind of exercise of market powentayhholding capacity should only work in
the short run, because the resulting excess demanld stimulate new entrants. But if there
are barriers to entry — particularly if such baiean be increased by incumbents — then such
market power could persist for longer. For exampiwer the SDE+, dominant suppliers
could exploit the application process by applyiagdupport and, even if granted, not
generating the corresponding output. This wouldvdrout alternative suppliers and potential
new entrants, allowing the strategic withdrawas@bply to become a tool for longer term as
well as short term profits.

The extent to which market power is a real threatem an SDE scheme largely depends,
therefore, on the concentration of operators ofgnait assets that might be put to alternative
use such as co-firing plants and the concentratigrotential investors in new capacity. In
order to mitigate such threat, rules may be desigo@nsure that RES generation closely
matches the applications for support. Additionadlyy barriers to entry, such as the control
of land suitable for the development of generatisgets, should be reduced.
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9

Conclusions

9.1 Main Conclusions

First, we note that any policy change whose effamsnot easy to understand may result
in delays to investments, because investors will twaobserve the operation and impacts
of the new policy become before they begin newequtsj Repeated changes may also
make investors wary that policies are not stabid,rasult in further delays.

The SDE+, in the form and with the annual budggtlate during the Rutte 1
government, is unlikely to achieve an overall RE§¢et of 14 percent renewable
energy™**

In our Perfect Information scenario, an expande#&-&@ould have the lowest impacts on
consumers — but impacts are also relatively lowtierBonus/Malus REC policy, under
which the REC market is combined with additionddsdies for expensive RES tech-
nologies and charges for inexpensive dif@s.The Uniform REC policy, in which all RES
sources receive one REC per MWh (or GJ) of outgag,a larger impact on consumers.

A Uniform REC policy has the lowest resource cestisat is, the incremental cost of the
technologies used to meet the RES target is thedowHowever, because even
inexpensive technologies receive the same suppdheamost expensive, the Uniform
RECs policy leads to high excess profits, or “réniehis amounts to a significant
transfer from energy consumers to RES producers.

When there is a mismatch between policy designnagBaons and reality, the SDE+ does
not always impose the lowest burden on consumersubeaather policies may be better
able to scale back impacts when costs are lowergkpected. On balance, however, the
SDE+ performs reasonably well in limiting consunmepact in most scenarios. The REC
options have more variable impacts on consumetsssicombined with a buyout price.

REC variants that differentiate the support reagivéncluding a Banded REC system, a
Bonus/Malus system, or some other “hybrid” (suclka asmbination of the SDE+ with a
REC system for lower-cost technologies) — tendrtmipce results that are similar to the
SDE+. The Banded REC system may be more difftouthanage, however, because
there is no longer a one-to-one relationship betvike number of RECs in the system
and the amount of energy actually produced to aefhtiee RES target.

In general, of the policies with output above ona&do 260 PJ, the “target-achieving”
SDE+ policy (or a hybrid REC buy-out plus SDE+ pwgliwhich has very similar
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While the analysis presented here was finaliteglnew Dutch government (Rutte 2) proposed a RE@ttaf 16
percent in 2020 and increased the available buddyethave not assessed this new proposal. Referent@s report
to the “Current SDE+" refer to the SDE+ as introdlige2011 by the previous government (Rutte 1), tiaitned to
achieve a RES target of 14 percent.

At the time of our analysis the SDE+ annual buagéing was €1.7 billion. To make a meaningful camgon with
REC policies, we assumed an additional €0.4-0.6ohiliillocated under other policies to support biatasfiring,
amounting to a total budget ceiling around €2.lidnil

As noted, with perfect information it should bespible to design the Bonus/Malus and Banded RECig®lic closely
match the SDE+.
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outcomes) usually results in the lowest impactaiestimers. These are followed by REC
policy variants, with the Uniform REC policy appe&r most expensive. This ranking is
reversed, however, in the “Low Cost” RES scenartoere we assume that policy-makers
over-estimate the cost of RES supply. Under tténario, the Uniform REC policy (with
or without banking) imposes significantly lower toen consumers than the target-
achieving SDE+.

The SDE+ could be made less expensive if it gaweifyrto technologies not on the
basis of theitotal cost, but on the basis micrementalor resource cost.

Under a REC system (including one with banking)hdre is no increase in the RES
target after 2020, the REC price will be pronedalpng in 2020 and then falling in 2021.
This is because once new investment is no longedtete the REC price is likely to fall
back to the level of the short-run marginal costhef marginal RES capacity. This short-
run cost will not be sufficiently high to compensaapital investments in earlier years,
implying the need for much higher prices beforegharp drop down to the short-run
marginal cost.

Concentrated ownership of assets that can be adad biomass could result in the
exercise of short-run market power in a REC maiixt,t is less clear that this will have
long-run detrimental impacts. Exercise of markawer in the long-run would require
limited competition and significant barriers to graicross other technologies as well,
however. If these are features of RES supply@iNbtherlands in the long-run they are
also likely to make it possible to exert market pownder the SDE+.

Linking of REC markets tends to lower overall cobist may not always result in lower
impacts on consumers.

Additional conclusions are summarised below.

9.2 High Level Conclusions

To achieve the 14 percent target, which we estirtealbe approximately 260 PJ of
renewable energy from electricity, heat, and (flytadjusted) green gas output, the
SDE+ will need to have its budget more than doukded the support that is available
per unit output to certain technologies — notalffglemre wind and dedicated biomass
(operating in power-only mode) — is likely to haweebe increased. In addition to
increasing the budget for the SDE+, it will be eefective to ensure that support for
biomass co-firing continues in some form — whetepart of the SDE+ or some other

policy.

— Using the SDE+ to support co-firing (as well astpport significant volumes of
dedicated biomass capacity) is likely to requindate changes to accommodate the
fact that biomass fuel has a variable cost, sodfyaacity installed in one year may
require a “base pricebésisbedraythat varies year by year.
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In our Perfect Information scenario, an expande&-&@ould have the lowest impacts
on consumers — but impacts are also relativelyfowthe Bonus/Malus REC policy?®
The Uniform REC policy has a larger impact on conets.

When there is a mismatch between policy designnagBans and reality, the SDE+ does

not always impose the lowest burden on consumecsuse other policies may be better

able to scale back impacts when costs are lowergkpected. On balance, however, the
SDE+ performs reasonably well in limiting consurmepact in most scenarios.

A Uniform REC policy (in which every RES technologgceives one REC per MWh
output) has low resource costs, but very high reewilting in transfers from consumers
to producers.

If the SDE+ were modified so that cost Tranchesevasfined byesource(i.e.
incremental) cost, rather th&wtal cost, it would result in more cost-effective teclugy
uptake and lower consumer impacts.

The SDE+ may not achieve the RES target (and may @v under-shoot) if information
about costs and potential are not accurate. HowB¥EC variants that seek to protect
consumers (and energy suppliers) from high cosaatgthrough the use of a buy-out
price also run the risk of missing the RES target.

Any change to the existing system is likely to fesudelays as project developers and
investors seek to understand the implications of nges and policies. The more
unfamiliar the new policy, the greater the likeblaly in new capacity.

Policies that effectively eliminate rents (as ti#ES or the differentiated REC regimes
are intended to do) may, for a given fixed budgegble the budgeted support amount to
achieve a higher RES output target than a UnifoEaCRolicy.

A REC system of some kind could provide benefitsnfed to other countries outside the
Netherlands that were willing to offer their RESpates below those in the Netherlands
— but the future development of hypothetical pamelggan REC prices is unknown.
Although introducing a “hybrid” system that incllRECs for inexpensive technologies
and the SDE+ for more expensive ones (and as ‘anset’ against low REC prices)
incorporates some of the attractive features df poticies, significant policy changes of
any kind may make potential investors nervous,deldy investment.

9.3 Consumer Impacts

Supporting renewable energy to meet the 2020 tavijahcrease customer bills. Under
the “Perfect Information” scenario, for policies etieg the target, we estimate that the
impact on consumers ranges between 0.5 and 1.7séldéfhn in 2020, when the costs are
distributed amongst all energy users (includingistdy) in proportion to their energy
consumption.
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As noted, with perfect information it should baspible to design the Bonus/Malus and Banded REC eslioiclosely
match the SDE+.
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— Under the Perfect Information scenario, the taeggtieving SDE+ (as modelled)
results in the lowest impact on prices of the pesichat achieve the target, at 0.4
€cent/kWh.

— A Uniform REC policy with banking (but with a longeerm RES target in place to
ensure that the 2020 target is more likely to b& mesults in a relatively high impact
of 0.8 €cent/kWh. Without banking and a long-teamget, REC prices are much
more volatile, with 2020 REC prices potentially rhdagher than 2019 or 2021.
Other REC variants, such as the banded REC regirmeystem with “Bonus/Malus”
side payments, result in lower consumer price irntgpdm@an the corresponding
Uniform REC desigrt?’

As described above, in addition to our “Perfecbinfation” policy scenarios, we also
consider a range of other scenarios to shed ngitedn how the different policies are
likely to operate in the real world, where assummiabout costs and resources may
differ unexpectedly from what was assumed wherptiieies were designed.

— The consumer impacts under other scenarios aréasijinut in certain notable cases
they differ in important ways. For example, untter Low RES Cost scenario, the
consumer impacts of the Uniform REC caselaneer than the impacts under the
SDE+!®

The impact on consumer energy prices rises to leetWwe/ and 2.3 Eurocents/kWh in
2020 if industrial users are exempt from contribgtio the scheme, again focusing on
policies that achieve the target. If only non-indas$electricity consumers bore the
burden the costs would range from around 3 Eursdemnh in 2020 for the target-
achieving SDE+ to around 4 Eurocents/kWh in 202@eunrthe Uniform REC policy with
banking and a longer-term target.

Impacts on consumers can also be measured by tipeasent value of support paid to
renewable energy sources. We estimate that thermbthis support required to
achieve the 260 PJ target, on a lifetime net ptessduoe basis, is between €16-19 billion
for the SDE+ and a Uniform REC, as well as RECqgyoliariants. Under a Uniform REC
system with bankingnda higher 2030 target (to ensure that the 202@tasgespected
despite the opportunity to bank) the value of #uired support for capacity installed up
to 2020 would be more than €25 billion.

— As the REC price is subject to fluctuations, iteiss easy to forecast the consumer
impact of the policy with a degree of certainty.vitwer, because REC prices tend to
be negatively correlated with electricity pricesass the different REC policy
scenarios, a supplier obligation could serve tommoverall fluctuations in the
energy costs faced by consumers. The negativelaborebetween electricity prices
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In theory it should be possible, with Perfecbhmfiation, to design either of the REC variants tocinéthe results of the
SDE+, or to have even lower impacts (because @ficgiencies in the SDE+ design discussed below).

This is due to a combination of factors, inclglthe SDE+'s focus on “total cost” (the inefficigndiscussed below)
and the assumption under the Low RES Cost scenatmthadjustment is made to support levels. Utidsr
scenario, therefore, the expanded SDE+ over-achignae260 PJ RES target. However, even if the Siglget is
reduced so that the policy only just achieves 8@ RJ target, it still requires higher subsidiesjar the Low RES Cost
scenario, than the Uniform REC case.
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and the REC price would be weakened by an ex-antebt price. Therefore, a buy-
out price would lessen the extent to which the RiECe serves to smooth the energy
costs passed on the consumer.

— Across the Perfect Information policy scenariossidered the impact on consumers

of reaching the RES target is estimated to rangedsn 0.5 and 1.7 Eurocents/kWh
in 2020 when distributed amongst all users in prio to their energy consumption.

— This rises to between 0.7 and 2.3 Eurocents/kWa0#20 if industrial users are
exempt from contributing to the scheme. If only fiedustrialelectricity consumers
bore the burden the cost ranges from around 3 Eatstk\Wh in 2020 for the SDE+
to around 4 Eurocents/kWh in 2020 under the Unif&E&C policy with banking.

9.4 Comparison of Target-Achieving SDE+ to REC Poli  cies

On a net present value basis, the Supplier Obtigatith uniform RECs has low
resourcecosts, but high “rents” (or excess support paysjentesulting in total subsidies
that are similar to what occurs under the SDE+unRerfect Information scenario.

— Standard economic theory suggests that a supfligyation should be able to
achieve a given target in an “economically effitiamay — that is, at the lowest
resource cost. This is borne out in the resulisjtbmplies significant transfers from
consumers to RES producers.

In theory, the SDE+ could reproduce the low resewasts of the Uniform REC case,
while also achieving low rents.

— However, as currently implemented, the design efSBE+ gives priority to
technologies based on th&tal cost, not their resource cost, and this resulgs in
technology mix that is different from what is acled under a Uniform REC case
(with more heat and green gas, and less elecliyicity

— Based on standard economic cost-benefit analygsspieans the SDE+ does not
result in the technologies being taken up that sepbe lowest additional cost on the
overall economy.

— To be able to reproduce the efficient RES technptoik, the SDE+ would need to
be modified so that the ordering of applications Wased not on estimattatal
production cost but on estimategkourcecosts.

The (theoretical) ability of the SDE+ to reprodtiee efficient technology mix (if access
to support is based oaasourcecost)also depends, to some extent, on the accuracgof th
cost estimates upon which the SDE+ is designegbaitticular, the SDE+ must not cap
the per-unit support offered to each technology latvel that is below the level of the
“marginal”’ capacity installed in each technologyecgory.

— Where cost heterogeneity is limited (or easily obsé), this requirement for the
SDE-+ is easier to achieve than when there is sotistaost heterogeneity that cannot
be observed by policy-makers or regulators.

The ability of the SDE+ to limit rents relativettoe cost-minimising technology mix of
the Uniform REC policy also depends on the asswmgtiat applicants for SDE+
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funding are not able to “game” the application gsxby delaying their application and
thereby securing support significantly in excesthefr actual costs. The SDE+ would
still have lower rents than a Uniform REC policechuse of the caps on support for
specific technologies (reflected in thasisbedray but it may not be able to limit rents
any further than this.

— The larger the overall budget, the more confidateeelopers of inexpensive
technologies can have that they will be awardegasrtpnder the SDE+. This will
give them more confidence that they can apply d@psrt in higher Tranches, up to
the maximum base pricedsisbedrapdefined for their technology. When this
occurs, the SDE+ becomes very much like a fixeddydtem for lower-cost
technologies.

— Again, the greater the cost heterogeneity, thetgrehis risk. In addition,
circumstances in which there is a concern thattbheuld be market power exercised
under a REC regime (for example, when renewablesldgers have a good idea
about the costs of others and their own relatists;@nd when they know that
competitors will not be able to undercut them)sneilar to those under which SDE+
applicants might seek to secure higher supportddweapplying later in the process
to attempt to secure greater subsidies.

= |f the SDE+ is not based on accurate estimatessibctwo outcomes are possible: when
costs are overestimated there are likely to bessxpeofits; when costs are
underestimatedhe SDE+ risks missing its target. Moreover,duse the costs of
projects varywithin technology groups, certain projects that are negpensive than the
maximum support level for a particular technologgup (but that are still relatively
inexpensive relative to other technologies) mapte¥ented under the SDE+ from
receiving the support they need. Because suclkgsoare still less expensive than
projects in other technology groups, the resouostscof the policy will be higher than
under a Uniform REC. These disadvantages of the+S&be shared by the Banded REC
policy and the REC with Bonus/Malus payments. Uraleof these policies, these
disadvantages are the price for seeking to linmtsr®y offering different levels of
support to different technologies.

— Rents under the SDE+ when RES costs are overestinogt20 percent are
approximately three-quarters the level under thédom REC case (around €6 billion
on a lifetime basis, compared to €8 billion in REC case), assuming no learning or
adjustments to correct the over-subsidizatiorSDE+ applicants delayed their
applications to later tranches, however, this wquudh the subsidies higher. Against
this, it seems likely that the overestimate of s@gbuld in practice be noticed within
one or two years, rather than persisting for tfeedf the policy. Taking both of these
adjustments for “realism” into account, the acheaits expected in the real world
would probably be significantly lower, but wouldlldbe substantial (perhaps to €3-4
billion).

= There is no way of knowing for certain to what extestimates of the costs of different
RES technologies used in setting differentiatedcgdupport levels (whether under the
SDE+, or a banded REC or bonus/malus regime) aczurate. Nevertheless, we have
presented estimates of the implications of differarder- and over-estimates on the
overall costs and effectiveness of the differenicgalesigns.
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— It seems likely that inaccuracy of cost estimatesiaability to represent cost
heterogeneity results in excess support beingg@asd under the SDE+. Using our
modelling results as a guide, it seems plausildedRcess support could amount to
€1-2 billion over the lifetime of the supported Rg&ential. This is still significantly
less than the excess support under a REC systemwolild bring the two policy
types closer together in terms of total cost.

— The use of inaccurate cost estimates (whether BeaafLcost heterogeneity or
because the average is wrong) to determinenit@munmsupport available to
individual technologies under the SDE+ will alsorease theesource costsf the
SDEH+, relative to the least cost way of achievimgtirget. Again, this could
increase the subsidies required under the SDE-nheorder of 10-15 percent, or
around €2 billion on a lifetime basis.

— If the SDE+ in fact were to cost €2 billion moreedio higher-cost technology choices,
and on top of this to over-subsidise investmentarbgdditional €2 billion relative to
what we have modelled in our Perfect Informatioanscio, the total cost of the
SDE+ could rise to approximately €20 billion, whiwuld exceed the support costs
under the Uniform REC policy. The costs of the RE&hding or Bonus/Malus REC
system would be increased in similar ways.

— Some of the above differences due to imperfectrimédion depend on the nature of
the inaccurate information. Under the scenariwhitch we assume wind costs are
higher than anticipated, the costs to consumetiseotniform REC case increase
more than they increase under the SDE+.

— Revising the SDE+ to allow applications for supporbrder ofresourcecost rather
thantotal cost could reduce support costs under the SDE®dre than €3 billion,
however (because green gas and heat technologigd mo longer receive what
amounts to priority access) which would probabktaee the SDE+ to its position as
the policy with the lowest impact on consumers.

9.5 REC Market Variants

As noted above, REC policies that differentiateléwel of support offered to RES
technologies coulth theoryachieve the cost-minimising RES mix expected from a
Uniform instrument. Our modelling results confithat it is possible to achieve a similar
technology mix and reduce rents significantly urithertwo REC variants, at least under
the Perfect Information scenario. However, fonthte do this, costs and resource
availability would need to be well-understoaahd policy-makers would need to be able
to adjust the policies precisely as costs and atineamstances change over time. In the
real world these assumptions may be inappropriébe sensitivity scenarios also
highlight the fact that such differentiation impss&lditional complexity and risk on the
policy, however, because of the need to revisdetieds of support as circumstances
change.

Our results suggest that in principle, the SDE+sdmeomewhat better job than the
differentiated REC approachesaftomaticallyadjusting to reduce overpayment through
its phased application process. However, this n@épen the assumption that developers
do not delay their SDE+ applications in an efforsécure higher support prices.
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We have not tried to model deliberate adjustmenspport levels to correct or
update cost information, although it seems likbetthese would take place under
differentiated REC systems in the same way that terently occur under the SDE+.
This process is likely to reduce the levels of pagment relative to what our
modelling results suggest. Assuming that a sigaiift over- or under-estimate of cost
was corrected after 1-2 years, no more than omé-tifithe rents that we estimate in
our “Low RES Cost” scenario might be observed &cpice.

A REC market may experience significant price vibtgt and this may deter investors,
driving up costs.

Certain supplier obligation design features cap b@imitigate the volatility of the
REC price. In particular, our modelling illustratéhat allowing banking smoothes
the REC price substantially. However, achieving 260 PJ target in 2020 while also
allowing banking appears to entail higher lifetiotests (and lifetime support
requirements) than if no banking is permitted.

= We do not model the quantitative implications dfedient time limits for
banking. If banking of certificates to be surrerstkin 2020 was only permitted
for a limited number of years (e.g. for only ondwo consecutive years) this
could reduce the ability of banking to smooth RE{Cgs.

Moreover, the REC price will be less prone to Veigh peaks if the RES target
continues to increase after 2020. Otherwise, tiseagisk that once new investment
is no longer needed, the REC price will fall bagkhe level of the short-run marginal
cost of the marginal RES capacity — which will betsufficiently high to compensate
capital investments in earlier years, implying tieed for a price spike before the
subsequent fall to the short-run marginal cost.

We consider an illustrative 2030 target of arou@ BJ, which supports a REC price
sufficient to sustain investment, but does not sparticularly ambitious relative to
the current 2020 target.

9.6 Hybrid Supplier Obligation / SDE+ System

There is no “optimal” buy-out level for a REC symsteas this depends on how far policy-
makers are willing to stray from the overall RE&j#.

We can, however, assess a hybrid policy that relies REC market, capped by a buy-

out price, for less expensive technologies anSIE+ for technologies that are more
expensive.

— A hybrid approach that overlaid a Supplier Obligatwith buy-out on the existing

SDE+ would introduce significant complexity, anccartainty, to the existing policy.

Ignoring issues of uncertainty and lack of inforioat it would be expected to yield
results very similar to the SDE+.

Taking into account the uncertainty that motivatessensitivity analysis discussed
above, we would expect differences to include sohat\greater excess support paid
to low-cost technologies, but this would be coumatanced by somewhat more
efficient choices of low-cost projects.
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— Under a hybrid policy, concern would remain abobiether or not the target will be
met, because there is no certainty about whetleeSDE+ support will be sufficient
to attract enough investment.

— Inefficiency would also remain, if certain techngiles assumed to be “less
expensive” were prohibited from applying for suppéntal SDE+ support — so that a
relatively expensive onshore wind site could noeree supplementary support from
the SDE+, even though it would have been lessyctsth a dedicated biomass power
plant.

— If all technologies were eligible to apply for SDE#pport, then it is not clear why
any of them would forego the SDE+ in favour of REEC market.

Potential future benefits of introducing a REC-lahsgstem could include linking with
other countries’ REC systems, but it is unlikelgittthis would have much impact on the
achievement of the 2020 target, because the pliiky would take time to develop.
Linking could also impose various constraints amftbxibility to design the policy in a
way best suited to the Netherlands. (It is noaGleor example, that a buy-out price
would be accepted, in which case it would be nesgds limit eligibility only to
technologies expected to be inexpensive, and tinedREC target lower than the overall
260 PJ RES target for heat + power.)

9.7 Linking to other REC Markets and Issues Related  to Market Power

Linking REC systems would lower the overall reseutosts of meeting the combined
RES targets of the participating countries, but Moot necessarily benefibnsumersn
the Netherlands. For example, if other countrigh ven higher RES costs than the
Netherlands linked to pan-European tradable ceatdis market, REC costs could rise
under linking, rather than fall.

Linking may also place certain restrictions onflbgibility of policy-makers to tailor
their REC market to local conditions.

A REC system could provide some scope for the éseeaf market power, although as in
some power markets, this could be a natural meshafor ensuring that prices based on
short run marginal cost rise to levels high enotagimcentivise investment.

— Opportunities to exert market power could be miggahrough the use of a buyout
price or linking to other REC markets, and by expag eligibility for RECs.
Banding and banking could either reduce or exatelibaentives to exert market
power.

— Some of the conditions that would lead to incerstitceexercise market power may
also affect the operation of the SDE+: for examipldnere is limited opportunity to
enter the RES / REC supply market, then producérsmarket power may choose
not to produce (or to delay entry) in an effortriorease the size of the available
SDE+ budget or the level of support available.

Concerns about market power in a REC system mag dra small number of (potential)
RES producers are able to control the supply of RECGhe market, increasing prices and
earning monopoly or oligopoly profits as a result.
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— Itis necessary to consider both short-run and-lamgexercise of market power.
Exercise of market power in the short run may kss & a concern as long as the RES
supply market is relatively open to new entrantsfact, exercise of market power in
the short run may be one mechanism by which priseshigh enough to incentivise
new entry in the long run.

— The Netherlands does have relatively concentratewship of coal-fired power
plants. In the short run, operators of these plardy be able to influence the price of
RECs through biomass co-firing in the short rurec&8use these generators also own
RES assets with very low short run marginal casish as wind farms, they may
have greater incentives to withhold co-firing outpfudrive up REC prices.

— Itis not clear, however, that such behaviour wdeddl to undue profits in the long
term. A large proportion of the wind capacity ne tNetherlands, for example, is held
by smaller operators without links to the majoregmors. This suggests that the
barriers to entry in the RES supply market mayhase been very great in the past.
If this continues to be the case, then the exedfisbort run market power is likely to
stimulate investment by a variety of new entrawtsich would be expected
ultimately to bring the REC price back down to catijve levels. Of course, if
entry becomes more difficult in the future (for exale, because it requires the
development of dedicated biomass at existing dtes,sor because offshore wind
requires greater access to capital and engineerpertise that is less widely
available) then the market power could persist enghe long term.

If there is the potential for market power to bereised, and this market power is held by
vertically integrated producers, then the exerofsmarket power by these vertically
integrated companies could harm their competitotbé retail supply business by
denying them access to a necessary “input” (whpdby to the introduction of the REC
market, was not required for the business).

A buy-out price and linking to other REC markesweell as expanding the eligibility to
earn RECs to a wider set of technologies, woul@ helnitigate market power. Banking
and banding would have uncertain impacts on therpial to exercise market power.

It is important to note that many of the circumsesthat would make it possible to
exercise market power within a REC market would &gilitate the exercise of market
power to try to influence the operation and desifithe SDE+. That is, a REC system is
not the only one that could be susceptible to #egaese of market power.

9.8 Other Findings

Volatile gas prices do pose a risk to investorseunide SDE+ because of the floor price
that limits available support, although this wobkilve a negative impact on investors
only if gas prices were to fall significantly beldheir current level. It is not clear how
much this risk increases the premium demanded\®stors, and the additional cost may
be small. On the other hand, neither is it clelaetiver the floor price is really necessary
to protect the government from the risk that iteral SDE+ budget will be breached —
particularly as time goes by, and the budget hasineady been used up.

Although the electricity price may in individualams drop below the price floor, it is less
likely to drop for a sustained period of time besmother sources of generation capacity
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than gas would be likely to retire or be mothballeslinteracting the price

drop. However, the significant drop in power psiadserved in 2009 highlighted the
potential risk of cash flow difficulties faced bgrmewable generators of drops in
individual years.

= A REC market could be applied to all RES technasgalthough care would need to be
taken once the market was opened to technologibsdifferent energy products. Green
gas would need to be accounted for in a way thet itato account its reduced
contribution, per PJ of gas output, to the RESetargnd there may be a need to consider
how smaller, more decentralised end-users (susima#i-scale residential heating
systems) would participate in any REC market.

= Accommodating co-firing in the SDE+ would necegsit@arevision to the existing policy
to ensure that the level of support available reegiconsistent with variable biomass
prices. It may be challenging to design a poliat bffers sufficient levels of support to
ensure operation under a range of prices while@eeenting over-payment, given the
multiple contractual arrangements available forsisé biomass fuels (from spot
purchasing to long-term contracts).
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Appendix A. Commodity Price Assumptions

Our price assumptions about delivered fuel cogiased on third party projections of
international benchmark indices, to which we haddea regional taxes and transportation
costs. Our general approach is to rely on cumaarket prices, including spot and forward
prices, as far into the future as these commoditiyderivative markets are liquid. We then
rely on projections from the International Energyeficy’s most recent World Energy
Outlook (WEO 2011) for prices beyond the forwardveuhorizon. To allow for a relatively
smooth transition between forward prices and th¥ pEojections, we interpolate between
the two sources over 3-6 years.

In summary, our approach is as follows:

= Short run: Current prices (from Bloomberg);
= Medium term: Forward curves (from Bloomberg);

= Long run: Interpolation to long run IEA WEO 2011 projections

A summary of our fuel price assumptions is providedable4.5. Details for each fuel price
are set out in the following sections.

Table A.1
Commodity Price Assumptions for Benchmark Indices
Units 2010 2011 2012 2013 2014 2015 2020 2025 2030
ARA Coal Price $/t 91.5 121.8 92.7 95.3 100.0 105.8 129.0 151.7 177.2
Brent Oil Price $/bbl 78.8 109.6 108.4 100.8 97.4 93.9 113.8 182.1 218.7
TTF Gas Price €/MWh 17.42 22.69 24.66 25.78 26.05 27.85 37.24 45.80 55.12
EU ETS Carbon Price €t 14.24 13.14 7.42 7.56 8.02 11.66 29.84 39.58 51.42
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A.1l. Coal Price
The delivered coal price consists of three comptmen

= International Reference Price: Amsterdam/Rotterdam/Antwerp (ARA) price (6000
kcal/kg)

= Coal transportation cost: We have assumed a small transportation cost amgun
about €6/t for coal in total. This is split betwmé#nternational” and “National”
transportation cost. This estimate is our standasdimption based on industry
experience.

= Taxes:We have applied the current coal tax of €13.72%gh which we have
maintained constant in real terms thereafter.

Figure Al
ARA Coal Price ($/t)
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= NERA ARA Coal Forecast ARA historics and forwards |IEA Long Term Coal Forecast (ARA cv)

Source: Short term: Historical data from Bloomberg (ARA). Medium term: Forward curves up to
December 2016. Long Run: World Energy Outlook 2011 “Current Policies” scenario. Inflated using
implied US CPI from index-linked bonds as traded on information date. IEA projects real coal price of
115.9%/t by 2030, corresponding to a nominal price of just inside 180%/t. by 2030

119 Deloitte, Energy taxes 2012, http://www.deloitten/assets/Dcom-
Global/Local%20Assets/Documents/Tax/Alerts/dttl_oussFlash_EnergyEdition_number_1_ 2012.pdf

120 |EA quotes prices using a calorific value of 638@l/kg. Throughout this work we show coal pricsing ARA
notation. IEA prices are converted to ARA 6000lkacn
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Table A.2
Delivered Coal Price

Coal Units 2010 2011 2012 2013 2014 2015 2020 2025 2030
Reference Wholesale Price (ARA) $/t 91.5 121.8 92.7 95.3 100.0 105.8 129.0 151.7 177.2
International Transport $it 3.3 3.3 3.4 3.5 3.5 3.6 4.1 4.6 5.3
National Wholesale Coal Price $/t 94.8 125.2 96.1 98.7 103.5 109.4 133.1 156.4 182.5
National Wholesale Coal Price €/t 71.5 89.9 76.0 80.0 83.3 87.6 105.3 123.8 144.5
Regional Transport €/t 3.2 3.3 3.4 3.4 3.5 3.5 3.8 4.2 4.6
Coal Tax €t 13.4 135 13.7 13.9 14.1 14.3 15.5 17.0 18.7
Delivered Price to Power Plant €/t 88.1 106.7 93.1 97.3 100.8 105.4 124.6 144.9 167.7
A.2. Gas Price

Due to the close proximity to the TTF gas hub weoig gas transportation costs. Similarly,
we assume no taxes specific to gas. Hence, wenasthe delivered gas price is identical to
the TTF hub price. We add seasonal “shape” tg#seprice based on the observed spread
between summer and winter prices in the currentdod curve.

Figure A.2
TTF Gas Price Projection (€/MWHh(t))
Historical Data Forward Curve Interpolation |IEA Long Term Path
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Source: Short term: Historical data from Bloomberg (TTF). Medium term: Forward curves up to
December 2014. Long Run: World Energy Outlook 2011 “Current Policies” scenario. IEA projects a
European gas price of $12.6/mmbtu by 2030 in real 2010 prices corresponding to a nominal price of
$20.3/mmbtu in nominal terms (€16/mmbtu, or €55/MWh). Inflated using implied US CPI expectations
and the forward FX rate at the information date of 0.8€/$. IEA forecast is provided in USD but is
depicted here in EUR, using actual and forward FX rates which changes from 0.7 €/$ in 2010 to
0.8€/$ in 2012. The forward curve is shaped according to a historic gas price shape, scaled by the
summer/winter spread observed in the forward curve in 2012/2013.
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Table A.3
Delivered Gas Price
Gas Units 2010 2011 2012 2013 2014 2015 2020 2025 2030
Wholesale Price (TTF) €/MWh 17.42 22.69 24.66 25.78 26.05 27.85 37.24 45.80 55.12
Delivered Price to Power Plant €/MWh 17.42 22.69 24.66 25.78 26.05 27.85 37.24 45.80 55.12

A.3. Price of Oil-Linked Fuels such as HFO and Gaso il
We have assumed that HFO and Gas-oil prices rd¢fiee¢ components:

= Reference commodity price.For gasoil and HFO we have identified represeargat
series on which we have based historical inforrmatiBecause of limited availability of
forward curves for these fuels we use their histnielationship with the Brent oil price
to project future price¥*

= Transportation costs: For HFO and Gasoil we have used generic assumpi@ased on
confidential industry sources.

= Taxes:we have applied the government rates from 2012, an HFO tax in 2012 of
€34.47/tonne in 201%? and the tax on gas oil to €258.86/tonne. Boghcanstant in
real terms thereafter.

Figure A.3
Oil Price Projection ($/t)

Historical Data Forward Curve Interpolation |EA Long Term Path
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——— NERA Brent Projection

Brent historics and forwards IEA Long Term Projection

Source: Short term: Historical data from Bloomberg. Medium term: Forward curves up to December
2018. Long Run: World Energy Outlook 2011, “Current Policies” scenario inflated using implied US
CPl inflation. Projection of oil price of $135/bbl by 2030 corresponding to a nominal price of roughly
$225/bbl in nominal terms.

121 As the figure makes clear, there is currentligaificant divergence between the long-run IEA pation and the

forward curve.

122 http:/lwww.deloitte.com/assets/Dcom-

Global/Local%20Assets/Documents/Tax/Alerts/dttl_©usiFlash_EnergyEdition_number_1_2012.pdf
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Commodity Price Assumptions

Table A.4
Delivered HFO and Gasoil Price
Qil Units 2010 2011 2012 2013 2014 2015 2020 2025 2030
Brent Oil Price Projection $/bbl 78.8 109.6 108.4 100.8 97.4 93.9 113.8 182.1 218.7
Gasoil
Historic Gasoil $it 678.3 939.3
Gasoil Regression with Oil 937.9 904.4 875.3 845.1 1015.5 1598.3 1910.4
Gasoil Projection €/t 511.7 674.8 741.8 732.8 704.6 676.7 803.7 1265.0 1512.0
Tax €/000 litres 207.2 207.2 258.9 261.2 265.0 268.7 291.8 320.3 351.6
Tax €/t 243.2 243.2 303.8 306.6 311.0 315.4 3425 376.0 412.7
Transportation €/t 34.0 34.8 35.6 36.2 36.7 37.2 40.4 44.4 48.7
Delivered Price to Power Plant €/t 788.9 952.7 1081.2 1075.6 1052.3 1029.3 1186.6 1685.3 1973.4
HFO
Historic HFO $it 465.6 647.2
HFO Projection $it 626.8 548.8 529.0 508.5 624.2 1019.8 1231.6
HFO €/t 351.2 464.7 494.6 444.6 425.9 407.2 494.0 807.2 974.8
Taxes €/t 32.5 32.5 34.5 34.8 35.3 35.8 38.9 42.7 46.8
Transportation €/t 3.4 3.5 3.6 3.6 3.7 3.7 4.0 4.4 4.9
Delivered Price to Power Plant €/t 387.1 500.7 532.6 483.1 464.9 446.7 536.9 854.3 1026.5
A.4. Carbon Price
Figure A.4
Carbon Price Projection (€/t)
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Source: Short term: Historical data from Bloomberg. Medium term: Forward curves for 2013 and
2014. Long Run: World Energy Outlook 2011, “Current Policies” scenario. Projection of emissions
price of $40/t by 2030 in real terms, corresponding to roughly $65/t in nominal terms, (€52/t nominal),
when inflated using implied US CPI inflation and converted to € at the current forward exchange rate.
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Appendix B. Intermittency and Load Duration Curves

B.1. Intermittent Output Shape and Relationship bet  ween Power
Consumption and Renewables Output

Most of the potential renewable energy resourcedable to the Netherlands, notably wind
power, are intermittent. In contrast to converdiageneration capacity, the output from wind
capacity depends on factors such as wind speedrthatutside operator control.

Netherlands is also connected to Germany, whichange amounts of both solar PV
capacity (which depends on solar irradiation antches also intermittent) and wind capacity,
both of which are expected to grow in the future.

Fluctuations in solar and wind output in the Neldnsils and surrounding countries already
affect the Dutch power market. In hours whereghe a lot of wind output (or solar output
in Germany), prices tend to be pushed down, apeiimds with no renewables output, prices
tend to be higher. This phenomenon is illustragtematically in Figur8.1: for a given

level of demand represented by the red curve,ddéian of a substantial amount of
renewable power capacity leads to a reductioneretictricity price from P to P*.

Figure B.1
The Effect of Intermittent Generation Capacity on M arket Prices
P1 Demand
p OCGT\ OCGT Merit Order
Old Gas Old Gas
New CCGT New CCGT
Coal Coal
P \
Renewables (RES) v >
Q

In many regions where wind accounts for a substhsitiare of generating capacity and
production’?® the impact of wind on power markets has giventise negative correlation
between output and price. A negative correlatietwieen output of an individual generator
and prices means wind generators typically sellgraat a price that is lower than the
baseload price, on average. This in turn affédetsstibsidy required for wind generators to
break even. For example, before Western Denmaskoonnected to Eastern Denmark, the
average price weighted by hourly wind output wasaupO percent lower than the baseload

122 For example, Denmark, Spain, and Germany.
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price for the regior’** We model this price “haircut” endogenously bywaling for wind
market impact.

Intermittent capacity also affects the profitalyilif other generators in the power market.
With increased levels of renewable generation aapteere may be substantially less
“residual demand”, i.e. the demand which needstmbt by non-renewable capacity. This
typically means there is less need for baseloadaigpand greater need for peaking units
when intermittent generation is low. This effectore pronounced as wind and solar
penetration increases and is likely to have a nadteifect on the profitability of existing
plants — typically making plants that are able perate in peaking mode more profitable
(although this may depend on the nature of othistiag capacity).

To take into account the intermittent generatiod s impact on the power market in the
modelling, we have utilised historical wind andasajeneration patterns and estimated their
relationship to Dutch power demand.

FigureB.2 shows a representative shape for aggregatbane-siind generatiotf> There
are frequent spikes with no discernible patterioaigh there appears to be a slight tendency
for higher output during the winter months.

Figure B.2
Onshore Wind Shape (Based on Capacity Factor of 21. 5 percent)
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124 Estimate based on data from Energinet.dk foptreod 2009-2011

125 We normalised the output/load to 1 (or 100%) byjdihg with the maximum observation in the samybar. The wind
shape shown is from Germany as we did not have tthetsiled shapes for Netherlands at the timeeo&ttalysis. In
the final results we have utilised a Dutch windpmha
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FigureB.3 shows our assumed shape for solar PV. (Inlafesterms the expected growth of
solar generation capacity in the Netherlands etiradly small, but, high levels of capacity
are expected in Germany, and developments in mthtaes will influence the Dutch power
market.) The solar output share shows a cleabsahend of higher solar PV generation
during summer months. There is, naturally, alserg strong diurnal pattern (that is,
generation is high during the day and negligiblgrduthe evening/night). The figure below
shows the actual realised output in 2011, and thereeflects daily variation in weather,
while also capturing seasonal variation. This gtes a more realistic representation of the
stochastic nature of solar output than assumingdealised, “smoothed” daily and seasonal
shape. We implement the solar shape in our modedis an availability factor that co-varies
with Dutch demand and wind output according todmistcorrelations, discussed below (see
TableB.1).

Figure B.3
Solar PV Shape 2011 (Chronological) with capacity f  actor of 15 percent
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Because wind and solar power are intermittens, iinportant to understand how often the
resources are available, and how the availabibtyes with demand, as this determines the
prices the resources can achieve. The correlagbmeen our reference solar and wind
output and Dutch power demand in 2011 is showreildB.1. This shows that demand is
correlated with solar output, but appears esséntiacorrelated with wind output. There
does also appear to be a slight negative corraeléttween solar and wind output, suggesting
that there may be some benefits of diversificaiorong resources. Such diversification
benefits are automatically captured in our modgltimrough the variation of availability by
demand band.
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Table B.1
Historical Correlations between Dutch Power Demand and
RES Output (Shape)

Demand Wind Solar
Demand 100% 5% 7%
Wind 100% -16%
Solar 100%

Source: NERA analysis on data from ENTSO-E and 50 Hertz
B.2. Sampled Load Duration Curves

This section presents technical details conceraurgnodelling of wind output and demand.
Our approach is designed to capture actual pattdwand intermittency and their
correlations with other variables and factors. &é® have developed it to ensure that the
decision to invest in wind takes into account theseelations and their implications for
power prices.

The power market model that we are using is budtiad a load duration curve
representation of electricity demand. A load doraturve model works by ordering
demand periods (typically hours) by the level andad, and then grouping periods with
similar demand or load into representative “banddie model then dispatches generation
capacity against these levels of demand. Whemnlegileg the cost of generating electricity,
the cost to supply demand within a given load handeighted by the number of load hours
in each band.

In its simplest form, a load curve model might siylgample “peak” (for example top 20
percent hours), “off peak” (for example bottom 20qent load hours) and “shoulder”
demand (everything else) over an entire year. vamnables that co-vary with demand can be
represented within this framework as well. Forregke, given that solar output is generally
higher during the day time than at night, it wob&la reasonable assumption to assume
higher solar availability in the “peak” band thadff-peak” band. This can simply be
estimated using average historic shapes.

There are very large computational benefits ofgisimoad duration curve model because it
vastly simplifies the computational complexity bétproblem: Instead of calculating costs
8760 hours, the computer might only need to catelBgand weight them accordingly).
However, there are also disadvantages. In paaticuériations in variables that are not
correlated with demand are not easily represengag.for example, it is not necessarily the
case that wind output is higher during the day tthanring the night. Nor do gas prices follow
intra-daily demand variations. Instead, gas prafésn exhibit significant seasonal variation,
which means they tend to be on average lower isdinemer than in the winter where
demand for gas is high, with the price differenteflecting the cost of storing gas. Because
the load duration curve framework abstracts froeséhchronological and seasonal features,
we need to make additional adjustments to ensatdhby are appropriately represented in
the model.
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We have identified two important drivers of pricgeghe Dutch power market which do not
necessarily co-vary with demand, and which theeefequire some additional structure to be
imposed on the model. These are:

= Seasonal variations in fuel prices over the yead; a
= Variations in wind speeds over the day/year

For the purpose of this analysis, we have applisdnapling methodology for selecting bands,
which takes these drivers into account. In paldicwe sample a total of 100 bands per year,
which we select to ensure a good representatidiffefent situations. In the case of wind
output, for example, it is important for us to regpent situations where there is high (or low,
or moderate, etc.) load and low wind output, ad aghigh (or low, etc.) load and high wind
output. Solar is less important for the Dutch neddo we include variations to the extent it
covaries with demand and wind output, but do netthe solar output for choosing bands.
(Also, because solar co-varies with demand, diffelevels of output are already reflected in
the sampling approach).

FigureB.4 shows the original load duration curve, whiomtains 8760 hours.

Figure B.4
Original Load Duration Curve
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Source: ENTSO-E, Country Package 2011

The objective of the sampling of bands is to enamraccurate representation of the co-
variation of demand with other variables. In pardar, we want to ensure that tresidual
demand to be met by dispatchable generation cgdeestan accurate shape that reflects the
seasonality of wind and solar output, and thatréhevant load hours are matched to fuel
prices that accurately reflect seasonality. Weeshseslected bands to represent this curve as
follows:
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The bands are selected such that 25 bands arehrgearter of the year, to make it possible
to capture seasonal variations in fuel prices aadenal solar and wind output.

Of the 25 bands in each quarter, we further sutlditands to represent different levels of
wind output — labelled “low”, “medium”, and “highsutput’*® We select nine bands to
represent periods when the wind load factor iswe&l® percent of peak capacity, eight bands
to represent load factors between 20 percent amqei@@nt and the remaining eight bands to
represent load factors above 70 percent. Thdawelghare of time represented by these three
wind output levels in each quarter is determinedhgywind output shape (discussed above

in sectionB.1).

Within each (quarterly) wind output level (congigtiof eight or nine bands) we assign one
band to the peak demand (the top 1 or 2 percedmbufs) and one band to the demand trough
(the bottom 1-5 percent, depending on band). €heaming six or seven bands are
distributed such that the shape of the demand darvaptured as best as possible.

FigureB.5 shows the sampled bands together with theifitzgsn.

Figure B.5
Selected Bands in Load Duration Curve
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For example, in the sample year, there were 1304sha Quarter 1 withow wind
conditions(wind output <20 percent). In this subset of 1804rs, we sampled 9
representative demand bands, which are indicatdteifigure with an unfilled diamond.
The top demand band within this group is seleata@present 1 percent of the 1304 hours,

126 A common approach for incorporating intermittegriewables in a load duration curve framework isetboff output
from renewables before it feeds into the power miankodel. However, this approach does not allavitfe
endogenous modelling of new capacity because thigilsation in MWh/h for renewables is fixed exogesty before
the modelling.
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i.e. 13 hours. In these 13 hours, load was 95gp¢@f annual peak load on average, the
wind load factor 8 percent and solar output 3 p&rce

When calculating average generation costs, we weigfiput in each band according to the
band’s frequency. Hence, in the above exampled)ltfstrated band would carry a weight of
only 13 hours of the 8760 hours in a year. Otlards have many more hours. In fact, we
have deliberately designed the band selection thattbands representing frequently
recurring shoulder demand conditions represent maomg hours per band than extreme
conditions.

As discussed above, as the level of wind capacdseases, the number of residual load
hours to be served by dispatchable capacity fatld,because of the low level of correlation
between wind output and demand, the residual loaatidn curve becomes steeper. In
FigureB.6 we show how the residual load duration curveldde affected by increasing
levels of onshore wind capacity. (Recall that weume that additional wind capacity will
have the same output shape as in the referencg ydaa figure also shows how our load
sampling methodology would compare to the hypotlaétiesidual load duration curves
under the different wind capacity levels (3GW, 6@Wd 12GW respectively). The
methodology captures the aggregate residual deané well for most combinations of
demand and renewable output. In particular, itwas the fact that that residual “demand”
may become negative when installed RES capacighe=sal2GW.

Figure B.6
Actual and Simplified Residual Demand with Increase  d RES penetration
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Appendix C. Installed Capacity, Efficiencies and
CHP/Must Run Constraints

In total, the Netherlands had around 23GW of itetiatapacity at the end of 2011, as
illustrated in FigureC.1. The Dutch capacity mix is dominated by gasdficapacity. In
2011 the biggest share of generation capacity wag1b.2GW), followed by coal (4.2GW),
renewables (2.9GW) and a small amount of nucle&Q®/). Most of the gas capacity is
either CCGT or cogen CCGT, with the remainder bé@GT cogen or steam gas.

Figure C.1
Installed Capacity (End of 2011)
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Source: Platts Powervision; Rijs

C.1. Planned Developments of Conventional Generatio n Capacity to
2014

A large number of new thermal units are either cassianed, or are under construction and
are due to be commissioned in the period 2012-2814h our modelling, we assume these
come online according to the schedule set out bi€l@.1. The table also shows some
capacity that is expected to be retired over the fesv years.

There are additional plants at different staggdafining but for which construction is not
yet underway. Rather than impose the construdidhese plants in advance, we allow the
model to decide how much capacity will be cons&dah the future.

127 These developments are already underway, witreample, the 870 MW Enecogen plant having beemuissioned
in late 2011.
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Table C.1
Non-Renewable Committed Capacity Changes 2012-2014 (MW)

Plant Type 2012 2013 2014
Clauscentrale B Steam gas - 640

Clauscentrale C CCGT gas 1,280

Eemshaven Magnum CCGT gas 1,312

Enecogen CCGT gas 870

Hemweg 9 CCGT gas 435

Moerdijk 1 CCGT cogen gas - 358

Moerdijk 2 CCGT gas 430

Delfzijl | Other - Renewables 50

Hemweg 7 Steam gas - 511

Maasvakte 4 Steam coal 800

MaasMakte 3 Steam cogen coal 1,070

Diemen 34 CCGT cogen gas 435
Eemshaven RWE Steam coal 1,600
Total 3,329 1,409 2,035

Source: Platts Powervision, cross-checked and corrected with data from industry sources.
C.1.1. Planned retirements of existing capacity bey  ond 2014

To make projections for the Dutch power market Inelyp014 we need to forecast the
evolution of existing capacity on the system. \Aletthe following approach:

= We assume units can retire no later than a maxinetinement date, which for coal
plants we assume to be maximum 60 y&€ar40 years for existing nuclear plants, and 30
years for CCGTs. These lifetimes are assumptiarth® useful life that each plant type
can technically achieve, which we have derived feorange of industry data. They do
not necessarily correspond to the duration of paldr generators’ licences;

= |n addition, our wholesale market model endogenoseslects retirement dates for units
that do not earn sufficient margins in the energykat to cover their ongoing fixed
operating costs. Hence, some units will retirdieathan the assumed maximum
lifetimes set out above; and

= We assume that hydro and existing wind plantsneithain online indefinitely?°

= Some units have announced retirement dates beyairlsl However, we assume that
these announcements do not necessarily reflectcimmitments and do therefore not
make explicit assumptions about these retiremeRegher, we allow the model to
endogenously select which plants to retire baseth@profitability of the plants in the
market. We will be able to vary this assumptidie—example, to force the retirement of
additional plants — in sensitivity analysis.

128 1n the model, existing plants are retired endogsty before then if it is economically benefidaldo so. We assume

the fixed O&M includes any necessary improvementks@o keep them online

129 Although parts of the technical installationstatse sites are likely to change as they reachriieof their economic

lives we assume that plants in these locationsireregardless of the subsidy scheme and economicoement. In
practice, this assumption is unlikely to affectulesof the mode much.
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= |n the case of coal plants, we assume that plamady comply with the new Industrial
Emissions Directive, (2010/75/EU, hereafter “IEDSYch that there is no further
requirement to fit plants with any additional enoss abatement equipment to comply
with the IED. Note, however, that this assumptian be changed based on additional
information, and the model can be adapted to emidsgé¢he decision whether to invest in
abatement equipment and continue operation orubdsiwn instead.

We have obtained a detailed breakdown of planthersystem from Platts Powervision
which we have checked against data from SQ Coasadltalso confirmed from other public
sources. Our assumptions about units’ thermatieficies (i.e. heat rates) are based on
information collected from operators.

C.2. Evolution of Supply/Demand Balance before Mode lling

TableC.2 shows the changes to capacity up to the p@080 as a result of the above
assumptions. The table includes the changes shbawe in Tabl€.1. The aggregate
capacity is shown in Figur@.2.

Rather than specifying exogenously which wind @are due to come online, we model
these endogenously. Hence, only projects duerteeanline during 2012 are included in
the table. Any other projects under advanced dgveént are not included in the table.

Table C.2
Exogenous Changes to Capacity 2012-2030 (New Build  + Retirements)
Initial Change

2011 2012 2013 2014 2015 2016-2020 2021-2025 2026-2030

Gas CCGT cogen gas 5,169 -358 0 435 -244 -1,048 -975 -1,658
Gas CCGT gas 5,896 4,370 0 0 -579 -1,374 0 -1,775
Renewables Hydro 49 0 0 0 0 0 0 0
Nuclear Nuclear 480 0 0 0 0 0 0 0
Gas OCGT cogen gas 1,245 0 0 0 -87 -38 -257 -147
Other OCGT diesel 26 0 0 0 -26 0 0 0
Gas OCGT gas 309 0 0 0 -141 0 12 -149
Other Other 74 0 0 0 0 0 0 -1
Renewables Other - Renewables 376 0 50 0 0 0 0 0
Coal Steam coal 2,675 0 800 1,600 0 0 -602 -1,443
Coal Steam cogen coal 1,569 0 1,100 0 0 -645 0 0
Gas Steam cogen gas 7 0 0 0 0 0 0 0
Gas Steam gas 2,616 -640 -511 0 -467 -640 0 -358
Other Steam HFO 13 0 0 0 -13 0 0 0
Renewables Onshore Wind 2,226 399 328 160 0 0 0 0
Renewables Onshore Wind MEP Retirement -50 -50 -50 -50 -250 0 0
Renewables Offshore Wind 228 0 0 0 719 0 0 0
Total 22,956 3,721 1,717 2,145 -887 -3,995 -1,846 5,631

Source: NERA analysis on data from Platts Powervision
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Figure C.2
Exogenously Imposed Capacity Changes
Historics Exogenously Imposed Capacity Changes
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C.3. Efficiencies and CHP Constraints

FigureC.3 shows the distribution of gross efficienciesdas and coal plants of currently
installed capacity. We have applied this distitnuf efficiencies to the capacity
information in Powervision as set out in Takles.

Figure C.3

Distribution of Gross Efficiencies of Gas and Coal Plants
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Table C.3
Assumed Plant Efficiencies
Gross Net
Capacity (MW) Efficiency  Efficiency
(%) (%)
Coal
Coal 2675 38.8% 33.9%
Cogen Coal 1569 44.1% 38.6%
Total/Average 4244 40.8% 35.6%
Gas
OCGT 1245 35% 31%
OCGT Cogen 309 41% 36%
Other Gas 2616 44% 39%
Other Gas Cogen 7 46% 41%
CCGT Cogen 5169 53% 47%
CCGT 5896 58% 52%
Total/Average 15240 52% 46%

Source: NERA analysis based on an analysis of individual plants undertaken by SQ consult.

TableC.4 shows an estimate of “must-run” constraintgtierdifferent categories. The must
run constraints reflect the requirement for pldatgenerate heat for industrial purposes
during the course of the year, and for heatingrdptiie winter->° The “must-run” constraint
means these plants are forced to run, rather thisg ldispatched as conventional capacity,
which pushes them up the merit order and affee st of the generators meeting demand.
The must run constraints are based on an analyssab requirements in summer and winter
by individual plants undertaken by SQ Consult. odelling purposes, we have assumed
that must run units switch off at a power pricelotyezero.

Table C.4
Assumed Must Run Constraints
Winter Summer . Summer
Capacity (MW)  MustRun  Must Run V\QE;eEMMVl\J/? Must Run
() (&) (MW)
Cogen Coal 1569 42% 0% 657 0
OCGT Cogen 309 75% 75% 231 231
Other Gas Cogen 7 100% 80% 7 6
CCGT Cogen 5169 40% 31% 2,060 1,596
Total 5484 42% 26% 2,955 1,832

Source: NERA analysis based on an analysis of individual plants undertaken by SQ consult.

130 \We understand that some of the CHP plants withdelavery contracts are occasionally just rundildr mode. We
do not take this into account explicitly.

NERA Economic Consulting 161



Renewable Energy Supplier Obligation

References

Argus,Biomass Marketdssue 11-45, 9 November 2011.

Bosch & van RijnActualisatie Projectenboek Windenergie: Stand \aern 2011 Prepared
for NWEA, June 2011.

BundesnetzagentuPress Release: Increase in the number of photdediestems9 January
2012.

Bundesverband Solarwirtschaft e.V. (BSW-Sol&tgatistische Zahlen der deutschen
Solarstrombranche (Photovoltajkpctober 2011.

CBS,Hernieuwbare energie in Nederland 20&ugust 2012.

CEPA.Note on impacts of the CfD support package on asisavailability of capital and
of existing discounts in Power Purchase Agreemétrepared for DECC, June 2011.

DECC, Calculating the level of the Renewables Obligat@®09.

DECC, Planning our Electric Futur&:White Paper for Secure, Affordable and Low-Carbon
Electricity, July 2011.

Delft, Goed gebruik van biomassapril 2010.
Deloitte Energy EditionEnergy taxes 2012/olume 8, No.1, 6 January 2012.

ECN (J.C. Jansen et afjpst-benefit analysis of alternative support schefoerenewable
electricity in the Netherland®arch 2011.

ECN (H.J. de Vries et al.lnzet van biomassa in centrales voor de opwekkamg v
elektriciteit November 2005.

ECN (S.M. Lensink et al.Herijking DE-beleid 2010-2020November 2012.

ECN, Actualisation Option Document 2018010. Available at:
http://www.ecn.nl/nl/units/ps/themas/nationaal-gneren-
klimaatbeleid/optiedocument/

Elia, Belgian Grid Data Available at:
http://www.elia.be/en/grid-data

ENTSO-E.Country Packages 2000-201Available at:
https://www.entsoe.eu/resources/data-portal/cotpaickages/

European Commissioinergy Infrastructure priorities for 2020 and beyler A Blueprint
for an integrated European energy netwddovember 2010.

European CommissioiU Directive 2009/28/EC of the European Parliamand of the
Council 23 April 2009.

NERA Economic Consulting 162



Renewable Energy Supplier Obligation

European CommissioiU Directive 2010/75/EU of the European Parliamant of the
Council 24 November 2010.

EWEA, Wind in Power: 2011 European Statisti€®bruary 2012.

EWEA, Support Schemes for Renewable Energy, A Compavatiakysis of Different
Payment Mechanisms in the EMay 2005.

EWI, GWS & PrognosEnergieszenarien fuer ein Energiekonzept der Buerdesung
Project No. 12/10, August 2010.

EurostatNews Release: The contribution of renewable enepgy 12.4% of energy
consumption in the EU 27 in 20108 June 2012.

Eurostat datadData code: nrg_105aAvailable at:
http://appsso.eurostat.ec.europa.eu/nui/show.dadelainrg_105a&lang=en

Fraunhofer Institute Systems and Innovation Rebe@agwitz et al.)Monitoring and
evaluation of policy instruments to support reneleaectricity in EU Member
States September 2006.

Frontier EconomicsStudy on market design for a renewable quota schitag 2011.
IEA, World Energy Outlook 201 November 2011.

IEA Bioenergy Task 40Country Report for the Netherlandiuly 2005.

IEA Bioenergy Task 40Country Report for the Netherland3ecember 2011.

IEA statistics: Available at:
http://www.iea.org/stats/index.asp

IEA Wind Task 26The Past and Future Cost of Wind Technoladiésy 2012.
Mott MacDonald UK Electricity Generation Costs Updatéune 2011.

Ministry of Petroleum and Energlress Release: Target of 67.5 percent for Norway'’s
renewable energy share by 2020 July 2011.

Netherlands Ministry of Economic Affairs, Agricuteiand Innovatioriznergy Report 2011
June 2011.

Netherlands Ministry of Economic Affairs, Agricufrand InnovationTabellen stand van
zaken SDE+ 201Xtatus 1 October 2012.

Norwegian Water Resource and Energy Directoftess ReleasdEnergy certificates24
February 2012.

NREL, Recent Developments in the Levelised Cost of ErieagyUS Wind Power Projects
February 2012.

NERA Economic Consulting 163



Renewable Energy Supplier Obligation

OANDA, Currency ConverterAvailable at:
http://www.oanda.com/currency/converter/

Parsons Brickerhoflectricity Generation Cost model 2011 upd&egpared for DECC,
August 2011.

Platts,Germany may reach 52 GW solar by 2014, ending didssiministey 11 July 2012.

Platts,Powervision Available at:
http://www.platts.com/Products/powervision

Platts Renewable Energy Rep@twyeden-Norway trading scheme could boost investors
interest issue 214, 4 October 2010.

RE-Shaping project (Fraunhofer I1SI, Energy Econaen@coup) Renewable Energy Policy
Country Profiles 2011 version, November 2011.

Reuters, US editiojordic power bills to jump on new export linksd October 2012.

SKM, Certificate Prices. Available at:
http://www.skm.se/priceinfo/

Swedish Energy Agenc¥nergy in Sweden 201Eebruary 2012.

Swedish Energy Agencyhe Electricity Certificate System 20Tlecember 2011.
Swedish Energy Agency, Elcertifikatsystemet 201&00er 2012.

The Crown Estaté)ffshore Wind Cost Reduction Pathways Sty 2012.

TenneT Interconnection DataAvailable at:
http://www.tennet.org/

Tennet TSO B.V.Rapport Monitoring Leveringszekerheid 2011-20ATe 2012.

NERA Economic Consulting 164



NERA

ECONOMIC CONSULTING

NERA Economic Consulting
15 Stratford Place

London W1C 1BE

United Kingdom

Tel: +44 20 7659 8500
Fax: +44 20 7659 8501
Www.nera.com

NERA UK Limited, registered in England and Wales, No 3974527
Registered Office: 15 Stratford Place, London W1C 1BE



