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73
RETD ﬂﬂ.‘ RECOST
1. EXECUTIVE SUMMARY

A host of policies and regulations govern the behavior of the electricity sector and significapagt

the decisions of producers, consumers, investors and asteteholders To efficiently steer norms and
regulations, policy makers need accurate andtoqglate information on the factors that influence the
decision making processes of investorgliectricity generation. However, there are gaps in tleta and
information in the public realmwith regards to the evolving economics of RET (Renewable Energy
Technologies), especially when compared to those ofR&T. The objective of this report isprmvide

data, information and insights tgolicy makers antb other actors in the electricity sectdo help them
assess the impact of polici@sthe business case efectricity generation.

Methodology and Scope- This report is based on the REDST 8tly, sponsored by IERETDin 2012

2013. The study documents, quantifies and analyzes the key factors that influence and determine the
businesscase of new plants and projectsefthing as suchpower generatingunits with commissioning

date between 2009 and 2013.

RECOST focuses on seven countries: Canada, France, Germany, Japan, Norway, Sweden and Spain.
Canada has been assessed throtigh analysisof three provinces: Alberta, Ontariand QuebecThe
technologiesn the scope of the study include: eore windg farms larger tharb MW; off-shore wind

¢ including operating plants, and development projedsjar P\ farms largerthan 1 MW, gasfired

plants ¢ with emphasis on combined cycle generati@md coalired generation¢ focusing on super

critical pulverized coal plantslydrogenerationhas also been analyzedlbeit at a lower level of detail

than the other technologies

RECOST uses a custdmilt simulation model, designed to tethe influence of a nmber offactors in

the business case of RET and 4REET generation inaling, plant design, technologgpecifications,
region/country characteristics, market structure, support policiesl ancentives, etc The model is
supported by a database containimfgtailed ¢ and largely confidentiat information from more than

120 new plats and projects. Bta have been enriched with insights from more than 90 intewgievith
industry actors, and havieeen contrasted and completed with publicly available informatié total of

more than 1200 simulations have been carried out to assess the potential business cases of the
region/technology pas included in the scope of théusly.

The methodology used has distinct advantages: the results can be réfierreoncreteplants, it allows

the evaluation of both the revenue and the cost Sdd the business case of generatidih,makes it
possible to assess the potential sensitivity ofi@stors to changes in policiegnd it provides a
guantitative basis to insights anééacommendations. This guarantees a haods practical approach.
However, the findings displayed in this report are valid avithin the specificscope (region/technology
pairs), and the time span of the study (262012). Extrapolating the results from REST to other
regions, technologies, omarket circumstances may not yield accurate results and may lead to
erroneous conclusions.

"IEAW9 C5Y ¢KS LYdSNyFGA2ylrf 9ySNH& ! 3Sy0eQa LYLX SYSyildAay3
Deployment.

2 The analysis includes large solar PV installatiomy. The results and recommendatiopertaining to this

technobgy are not applicable to smalbmestic and rocfop solar PVplants Thermo solar generation is also

excluded from the scope of the study.
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The Busines€ase 6 Generationg Insights- The analys of the business cases of generation across the
region/technologypairs inclued in the scope of the REOSTtady showsthat, at the present, new on
shore wind, off-shore wind and large solar P¥lants still require policy support to bridge the gap
between generation costs and market prices of electricity. Howeves, dtasite of affairs may change in
the near future. Technology and market dynamics are drivimgrdthe costs of RET generatiand are
increasing the costs of neRET generation. Before long, best in classtoore wind and large solar PV
plants should be lale to provide attractive business cases to investevghout resorting to revenue
incentives, in regions with high proportion of thermal generafion

A number of factors should be taken into account when defining and optimizing policies in the dlectrici
generation sector:

Policies and regulations significantly affect the business cases of RET andRE®ngeneration
projects. Analysis showthat the cumulative impact of support schemes and incentives may reduce the
total costs of development andperation of an RET plant by up &8%, with average costeductions
~59. Priceincentivesq such asFIT, RPS, green certificates, eanay significantlyincrease the unit
revenue (US$/MWh) of wind or solar P\plant.
Up to 40%
additional revenue

through direct
incentives

Up to 25% cost -o _______________
reduction through -8%
indirect incentives Taxes 40%
Taxes
. ——— -25%
Emissiorcost
.............. B[S ———
Fuelcost >
-------------- CAPE
OPEX
CAPEX
OPEX
LCOE Cost reduction minimum Revenue LCOE Cost reduction minimum Revenue
LCOE LCOE

Incentives to conventional generation technologies réduce cost Incentives to REfery visible and discussed in the publi
mostly indirect and difficult to track

I Costcomponents I Cost reductios(up to%) Revenue (market) Revenue incentive

Figurel. Sensitivity analysis Comparisons between incentives to coal and-simore wind (US$/MWh‘§

But a frequently overlooked fact is that subsidies and regulatinagalsobe a significant factor in the
business casef nonrenewable generationDirect and indrect incentives for gafired andcoakired’

8 Regions where new, mature RET will need more time to become competitive include ttlogegh proportion of

hydro generation (Norway, Sweden, and Quebec), and regions with very low fuel prices (gas in Alberta).

* The result of simulating the cumulative impacts of grants of land, support to alleviate the cost of upgrading or
connecting to he grid, and specific tax reductions that have been identifiedéone of the plantén the database.

° Represents an average of the impact of advantageous conditions obtained by the plants in the database of RE
COST.

® Direct incentives aréully visible and are awarded to a generation technology. For instance-iie¢ariffs, green
certificates, or auctions. Indirect incentives are less visile affect the factor costs of generation. For instance,
tax exemptionsn the purchase of land of a plamgtandfathering of emissions, or provisions for local content.

! Examples of incentives to ndRETgenerationinclude grants of land to establish new plants, grandfathering of
emission control requirements, subsidies to fuebal), public assumption adecommissioning costs, and tax
reductions and exemptionsSection3.10 of this report provides details about some of the mechanisms used to
incentivize noARET plantsand their approximate size.
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plantsmay resultin up t010-25% reduction in generatiocosts. As a consequence, and as difficult as it
might be, all incentives should be considered when assessing and comparing the costs of REF and non
RET generatidn

There is no unique cost of RET or RBET generationThe ranges of costs associated any
generationtechnology are relatively large and highly dependent on the regulatory and market contexts.
Best in class plantsthose with high utilization rates, low capital costs, and low rates of finangian
havegeneration costs up to 50% l@wthanthose ofaverage planté. This is especially relevant in the
case of large solar PV, where ladjfferencesin costscan be observedvhen plants butl several years
apart and basedon different technologies are&ompared In addition, policies in different regions
significantly affect generation costs by establishamgampleset of reward mechanismssuch asR&D
grants, assumption by the TS@Of the cost of connecting to the gridtax breaks,reduction of
administrative burdens, etc.

The gneration costs of new RET are gradually decreasi@g-shore wind generation is already
competitive10 in the regions evaluatedby RECOST Intermittency issues aside, the costs of RET
generation aredeclining, andapproaching the costs of thermal generti (gas and coalfired plants),
especially if the hidden subsidies that thermal generation plants may receive are not factored in. The
rate of cost reductionis higherin large solar PV. Technology breakthrougihe emergence of lower

cost suppliers and oversupply of componentare resulting in a sharp reduction tiie costs ofthis
technology

500 i 4

LCOE
US$/MWh I 7 1ants - 2003 - 2000
400 Plants: 2010 and later (projects)
- Breakthrough Plants: drastic cost reduction

300

200 —

Breakthrough
plants
100 ’L -
.
Marketprice
ranges for

0 } } } } } electricity

On-shore Off-shore Solar PV Hydro CCGT Coal
wind wind

Figure2. Evolution of generation costs New plants and projects vs. older plarifs

8A special effort has been made to identify and to separate the impact of policite@osts anccompensation to

generation in order to present tthe reader a clear view of the impact of technolagyolution, marketfactorsand

policy decisions However, in some cases in which p@é act in an indirect way @re hidden it hasnot been

possible tosegregate the effect of policies from that of other factors.

¢KS NIy3ISa 2F dziAfATldazys OFLRAGLIE Ozatas yR RAaO2dzy
region/technology. Specific ranges are provided in the main reporbést in class and average plants in each
region/technology pair evaluated.

Theli SNY ¢ O2YLISGAGADSE -HEER NPTAKSE D2y 4OEZaG2T2WOISYSNI GA2y
YIEN] S LINAROSa 2F St SOGNROAGE Ay GKS NBIA2ykO2dzyiNE 06SAy3
1 Cost displayed show LCOE (Levelized Costs of Electricity) obtained froatisimaulrhe costs of investing in new

grid, or connecting to the grid have been included as part of the capital costs of the plant. The average costs of
transmission of each plant are not included in the ranges shown in the graph. The ranges of LCO&xshumign

the impact of direct incentives and support measures to plant costs. Indirect, hidden or not reported incentives may

be included in some plants. Data from Japan have not been includgdei@nt bias (larger cost and revenue

ranges)
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This stuly does not aimto providing accurate forecas of the potential cost of generation in the
future. But the general belief emerging from industry interviews and expert repisrthat most of the
observed cost reductions in RET generation are structural and stable, and should persistharttend
mid-terms'?.

The cost of generatiorof new nonRET plants (including gaand coafired plants) are increasing,
and might exeed the costs of generatioof new REPlantsin the near future inthe regions in the
scope of thigeport. Several factors contribute to this trend:

1 Lower utilization of thermal plantsThe average utilization of thermal plants in some countries
has deceased in comparison with the utilizatidevelsthey reachedin the past®. The market
situation, and the competence with RET, which in some cases benefits from prioriginfeed
from other incentives, are the main contributors to thasitcome In otherwords, policiesthat
support REPplantshavecontributed to reducehe competitiveness of noRETpIants“.

1 Higher capital costs of some new thermal plantactors that contribute to increase the costs
of capitalof some new plants includemission redution systems, delays in construction and
higher financing rates driven in part by uncertainty about the future market and policy
situationsof some technologies (coal and nuclear).

1 Increasing costs of fudlave been observeih some European countries adelpaﬁ5. However,
fuel cost may significantlywary during the 4070 years of the life of a thermal plant, changing
the relative competitiveness @fas and coalfired generation visa-vis other technologies.

1 Emission compensation schemesay also berelevant But their impact issomewhat reduced
at the present.The simulations conducted in the framework of this study consider emission
costsin the rangeof 0-10 US$/MWh. But in 201the average costs of emissiormssts have
dropped tocirca5 US$/MWh The future compettiveness of thermal generatiois going to be
positively, or negatively influenced by the shape and provisions of fydalieiesfor control of
emissions.

The costs of both new RET and new RBET generation are in general hightttan the market
prices of electricityin the regions in the scope of this st&&yAs a consequence, new generatjgants
require some kind of support to interest investors. In the case of new gRifiLs, the main form of
support consis of visible anddirect policy driven incentives. In the case of ARET plants, support is

12 Comparisonsvere madebetween the results from the database obtained in the framework ofOREIST (hew
plants) and data from publications (old plants). Breakthrough solar PV plantstoefdants with significantost
reductions observed during 2012 and expected it 30

13 Average utilization in 2011 was 22% for CCGT plants in Spain, and 19%-foedgdénts in France: well below
the utilization level of up to 780% registered in the past

|t can be contended thatin general the incentivesgivento a generation technology or plant decrease the
relative competitiveness of any other competing technology or plant. Incentives teRioin plants (for instance to
gas anctoal generation) may hawaso delayed the onset of RET generation

®0One exceptiorto the previous observation is géised generation in regions such as Alberta which benefits from
prices of gas significantly lower than those of France, Germany, Spain and Japan. As a refingtl psts
operatingin this region may display an LCOEL525 US$/MWh lower thanimilar plants operating in regions
where the prices of gas are at the levels definednitgrnational markets.

®Market pricesrefer to the average compensations for the sale of electricitpyegated by these plants; including a
range of prices determined bgpot prices, OTC contracts, pricgselectricity attributes, etcSection2.6.2 of the
main reprt discusses the formation of electricity prices, and secBo®how prices have been assessed in this
study.
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also awarded, albeit in more indirect ways (providing, @@edits, supporting the coal industry,
stimulating investment in gamfrastructure and explorationetc.). Nowadays, new RERd nonRET

plants find it difficult to compete in regions where the market prices of electricity remain low, driven in
part by excess capacity, and also by an installed base that includes depreciated plants, or plants
surpassing their economic lifetimés

1 Onshore wind The LCOESof plants operating at or above relatively high capacity factors
(25%) are approaching the market prices of electricity. For instauree plants in Franosith
costs ranging at ~75¢80 US$/MWHh or in Germanywith costs at~70¢80 US$/MWh are
approachingthe reference prices of electricity in these countries {88 US$/MWh in France
and 6692 US$/MWh in Germaiy.

1 Off-shore wind plants display significantly higher costs than those ofsbare wind plants,
largely due tothe challenges associated to building and operatingsbffre and to the
deployment of new technologiefRanges of costs of eshore wind generation arel55325
US$/MWhin Japan145210 US$/MWHhn France155-375 US$/MWHhn Germanyand 135255
US$/MWhin Norway Sweden.

1 Large solar PV plant€Even the most technologically advanced farstill display generation
costs significantly higher thathe electricity market. Examples inclu@@ntario, with 3166007
US$/MWh and Frané& with 186300 US$/MWh.However,the situation is quickly changing
Somelarge solar P¥lants included in the databasedefined as breakthrough plantsdisplay
LCOEs in the range of 120 US$/MWihese lower costof generationare likely to become
commonplacén the short and midterms

1 At the present most new gadfired and coalfired plants are also likely to display costs of
generation higher than the market prices of electricitysimulationsresult in LCOE ranges of
45120 US$/MWh fogasfired plants and 5020 US$/MWh for coatfired plants, higher than
the reference compensation fageneration (3690 US$/MWh)n the countries in scope of RE
COST

E The business case (BC) of electricity generatiohighly dependent of the prevailing market and
policy conditions. Therefore plants with the same technology and similar operating conditiovas

have different business cases in different regions asalintries Figure3 summarizesthe results of
simulationsof the business cases péw plants across all the technologies in sc,%pe

Y This statement refers only to new plants operating in 2@012 conditions. The gap between costs of RET
generation and the market prices of electricity is significantly higher in countries/regions with generation based on
intrinsically less expensive andrgely depreciated plants. Examples include France (with 78% share of nuclear
generation),Nordic Region (with 50% of hydro and 12% of nuclear generation), and Quebec (with 96% of hydro
generation).

'8 COE: Levelized Cost of Electricity. LCOE ranges ah®the results of simulations with the RIDST Model.

¥ Note that compensation for electricity includes a diverse set of prices paid for electricity: not only the spot price,
but also the prices paid in bilateral contracts (OTC), and the compensatigerivices such as balancing, availability

and others.

% These cost ranges do not reflect the costs of upcoming breakthrough plants observed in other countries in scope.
It was not possible to acquire detailed information of solar PV plants in Ontadopimi@ting the latest cheapest
modules.

! The data on the new solar PV auctions has not been included in this report. They were announced after the
database of plantsvascompiled

2 The table reflects theesults of thebusiness cases of new plants gombjects with comnssioning dates ~ 2010

2013, theelectricity sector situation in 2022012, and the incentive levels prevalent in the cowgdrin the scope of

the RECOSTtady at the end of 2012. Changes in incentives and support policies may sigiyfaffiect the results
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On-shore Off-shore Large Solar
wind wind PV Hydro CCGT Coal
Alberta P
©
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Norway P
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Japan P P P P
P Profitable Profitabilityissues I  Not profitable 2 Uncertain A Impact of policy changes
D Region/Technology pairs - Does not exist or irrelevant Not included in the study

(scope of analysis)

Figure3. Region technology pairs Business case simulatiori%

These Bnulations show that without policy support such a#centivesaffecting revenues or cost,

power purchases by the administration, schemes to aet generation attributes, etcthe business
case of new plantssichallenging.n the current market conditionswestors have difficulties defing

profit making projects based dRET and neRET generation.

Theae are exceptions to thisgeneral rule.Gasfired plants in Albertg where low prices of gas
significantlyreduce the ultimatecosts of generationmay provide positive margins to investors. At the
current low prices of emissions, large coal fired plants in Germany using relatively low qoalealso
have positive business cases. New thermal plants in Japald alsoprovide sufficient revenuesto
realize positive marginsThe rest of the regiattechnology pairs require appropriately defined policy
support to interest investors

Optimization of policiesg Lessons learnedlhe analysis of the behavior ofdhregion/technology pairs
included in the scope of REOST has highlighted a humberfedturesthat contribute to increas the
effectiveness opoliciesgeared todevelogng new RETeneration.

Policies for electricity generation must beomprehensive Policy makers shoul@ssessthe
potential impactof any new policyover the full generation mix of the zone, including RET and-R&T
generation, new and existing plantfie transmission infrastructuteand the electricity markets.

With increasingly high levels of RET generation, policies that do not consider indirect impacts are likely
to cause unintended, and potentially damaging consequences in parts or in the totality of the electricity
sector. Examples of aspects that need to be atersgidby most policiesnclude dimensioning the grid to

of the business case of a plaAt represented as two signs in some region/technology pairs. Business case is
profitability (revenuecost), including costs of connection to the gadd strengthening the gridand excluding
transmission costs. Incentives and support have also been included when tiy loe identified (not hidden).

2 nclude direct incentives and policy support

Isma
Pri Pagel8212



RETDLA ecosT

enable connection of larger scale deployment of non dispatchable RET; defining provisions to prevent
that system relevant plants are é@mmissioned; and ensuring a good balance of dispatchable amd no
dispatchable generation.

E It is necessary tonaintain the incentives that have proven to be effective to develdpETin so far
there is nota level playing field between RET and FRETgeneration Examples of policies that appear
to provideinteresting business cases to investors incluithe FITs for orshore wind in Germany, the
offsets scheme in Alberta, the auctions of-simore wind in Quebec and of eshore wind in France, the
green certificates system for eshore wind and hydro in Naray and Sweden, and the FIT for solar PV
and wind in Japan. To support the deployment of RES of particular relevance to maintain priority
feed-in in the regions where it existsuch asSpain, Franceand Germany.

When incentives do not exist, ovhen are not appropriately defined, the business case of new
generation does not hold. Examples include-sifore wind in Germany, Norwagnd Sweden, where
the current incentive systemare notfully adapted to the specific cost and technical requiremeats
this technology. Another example Spain where the latest moratoriumin incentives to RET has
negatively affectedhe business case of new RET plaatsj where excess supply, amdmpetition with
RET damagthe business case of ndRET generation.

Policiesmust be adaptedto the business case of generatiohis could be accomplishdxy using
different mechanisms:

91 Policiesthat do not raise the interest of investors should be changed,better adjust themto
the technology and market situation where they operate. One example is the auctions for off
shore wind and solar PV in Franeehich have become the main incentive system for these
technologies when thereviously defined-IT schemes did not sufficignentice investors.

91 Policies have tokeep pace with the relatively fast evolutioof costs andperatingconditions
of new RETeither by incorporating provisions that enable their gradual adjustmemtby
being revised over time.

T Examples opoliciesthat incorporate provisions to adjust incentivesclude auctions
of onshore wind in Quebeavhich adjusthe level of payments over several yegitse
German incentive system for wind and solar PV generation, which features a
degression scheme for thelIT payment®ver time;and the FIT for large solar PV in
Japan, that has been recently reduced to better approximate the evolving costs of this
technology.

I Some mlicies could befurther fine-tuned to increase the interest of investars
Examplesinclude the green certificates system of Norway and Sweden and the
provisions associated to the FIT in Germéoyoff-shore wind”. Under consideration
could also be the FIT for eshore and ofshore wind in Japarwhere currently no
difference is made between the two technologies.

1 RET could also be fostered &tyengthening the policies to reduce emissioriBhese measures
should be consistent and rigorous for all pollutérsgslude minimal exceptionsnd reflectthe
true social costs of emissions.

4 Some of the provisions of the FIT system in Germany as defined at the end of 2012 result in tigtshcesses
for most onshore wind and large PV plants. However, the direct marketing scheme appears to provide enough
revenue to investors, thus enabling the continuous addition of new RET plants in this country
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9 Of particular importance is toeduce the length and complexity of thauthorization processes
for new generationg both renewable and nomenewable. Difficult as this may be, given all the
constituencies involved, anyiscessful measure in this aspect is likely to increase the interest
of investors and developers.

Improving the quality and accuracy of the information used by policy makésscritical to ensure
optimal adaptation of policiesDatabases that mix data from different regions, or that include a
significant proportion of older plants do ngirovide an accurate picture of theosts of different
generation technologies today. Using current, region specific data is essentialatdmize the
effectiveness ofegional, national, and sup#aational policies.

m Introduce incentives that are clearly visibleOptimizing policies and attaining the support of the
public and of key stakeholdeinvestors, supply chain, consumers, and taxpayegquires that the
provisions and implications of each incentive are clearly visibteeasing the depth and the quality of
the informationavailableis likely to contribute to a better understanding of the impact of policies and
may result in higherlvels of public support to wetlrafted policies.

A number ofmechanismscan contribute to increase the overall transparency of existing and future
support measures:

91 Giving priority to incentives that are easier to trackncentives such asgreen certificates,
and offsetsprovide support thatto a certain extentbenefits from the features of a market
based approach, sudsvisibility, selfadjustment and alignment of demand and suppiTs,
power auctions, and other incentives, whose qmansation levels are defined by policy
makers, also provide a significant amount of information about their objectives, the size of
funds provided, and the conditions that recipients must fulfill to receive them. In contrast,
compensationschemes based otex provisions or on direct grants tepecific plants are
somewhatopaque.Assessing the size of the funds provided, as well as the actpalct of
these incentives is a challenge, even for experts.

1 Clearlyassessing, and communidag the impact of all hcentives An example of this feature
is the inclusion in the power bill of an analysis of the impact of RET incentives in the final price
of electricity. But it would be recommendable to also report the cumulative cost of support
policies for all generatin technologies, including RET and fRIBET.

1 Improving over time the quality of information available to the public Policies and
provisionsshould besupported by clear, accurate, and consistent information and background
analysis that enables stakeholders and the public to understand them.

Defining optimal policies for the electricity sector is not straightforward. Balancing the needs and
objectives of the many actors that operate in a complex sector requires carefubeoaton, based on
up-to-date and accurate information. REOST aims to contribute to the efforts of policy makers,
providing insights that can be built in the definition of norms and policies.
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DECISION MAKING PRXSSES FOR POVEHNERATION INVESTMEN

Defining successful policies to increase the penetration of RET requires a deep understanding of the factors that
influence the decisiorto invest ingeneration projecs. In principle, investors approach investments in energy
generaton in the same manner as they approach any other investmé&hey assess theeturns that will be

obtainedin comparison withthe required investment. These returns have to be commensurate with the level of

risk of the project.The conbination2 ¥ NA &a1a FyR NBGdz2Nya 4 az2 RSFpBBRY i &2 B K

But dfferent types of investors seek different types of retarranddifferent levers affect the business caseaof
generation project in a very diverse way. General assesssret not particularly useful to define well adapted
support policies. It is necessary to descend to the details. This section evaluates the most relevant factors in the
decision making process of investors and discusses how they may be affected byndiffevers, including
technology advances, the market situati@nd support policies and incentives tool ¢ the RECOST mode] has

been used to simulate and assess the impact of these different factdws.focus, conventionsand reference

values usd by the RECGST model have been summarizedthe blue boxes at the end of each ssiction, to

allow a better understanding of thhypotheses made, and the inputs used

2.1 Actors and sources of capital power generation

Figured provides an example of the different types of actors in the value chain of electricity generation. The term
dinvestok is used in most studiesto refer K S | OG0 2 NE Y I ilNtheSa®leoaly Hokveverythisdepart
takes a more extensive vieiR S & ONJR 0 A y 3 arly @rivaieyod@bildici gamidipantin the supply chain of a
generation project that uses funds bbtain quantitative or qualitative returds ®

ACTOR DESCRIPTION

Equipment 1 Engineering companies.

manufacturers 1 Suppliers of equipment and services (turbines, solar panels, blade logistics). X
1 Plant developers and construction companies.

Generation 1 Private and public producers of electricity, including a wide array of entities. For inst:

companies T Large, consolidated utilities with dozens of generation units, and mattonal focus. | X

7 Small producers with a few generation units and specializeméntechnology.

Transmissionand | T TSOs or Transmission System Operators are public or private companies that own &

distribution operate the transmission infrastructure that transports electricity from the production
site, to the consumer through natial, regional and local networks (the grids).

1 DOS or distribution companies that maintain the eleatietwork andor are billing
agents in the areas where they operate

Wholesale/traders| 1 Companies that trade buy and sell electricity. Participanthérelectricity markets.

Retailers 1 Secure the supply of electricity to their customers.

Regulators 1 Include policy makers, government advisors, legal supervisors and other entities tha
define and enforce the rules governing the electricity sector@ivan location

Market operator | Institutions that own and/or operate the markets and exchanges where electricity, ar

electricity related products (e.g. futures, green certificates, other) are traded.
Capital providers | T Include private and publimstitutions that provide the capital required to design, build,
operate and decommission a power plant

Figure4. Examplef investors and otherlctors in the value chain of electricity generation

% source: Canada centre for Energyww.centreforenergy.com/AboutEnergy/Electricity/Distribution/Overview.asp?page=8
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Figure5 shows arexample of key actors in the value chain of the power supply in Germany.

I Sources of Debt/Capital s
Regulators I I MarkeOperatar EEX Consumers
Supply Chaig Transmission
Plant Production Whole Sale & Retailers
Construction Distribution
C Many very C RWE Power C E.ONEnergy TradingC TSO: C E.ON M Industry
diverse C E.ON C RWE Supply & Trading b AmprioGmbH C RWE Deutschland
C Vattenfall C EnBWrading GmbH b EnBWransportnetzeC EnBW ® Privat Household
C EnBWAG C Vattenfall AG C Vattenfall c Tade. Sen
C Lichtblick C Municipalities b TenneTSO GmbH ¢ yellostrom A;TCISE;C[:’ rade, Service
C Greenpeace G Municipal Utility b Eé(r)rll—ibe'_rrzTransmlssmrc NaturstromG H Transport
Energy Cooperation C 6.
C Naturstrom C Whole Sellers G 266 Distribution System - _; 14 pistributors
C Elektrizitatswerke C Power Plant Operator perators
Schonau C Utility Company
c e C Banks and Industrial
Enterprises
Competitive

Policy makers Other actors

environment

Figure5. Germanyg Examples of aors in the value chain of electricity generation

Some invests are public and other privatehut both typesof investors takea portfolio approach to the
evaluation of investments, basitigeir decisions on a combination of qualive and quantitativefactors:

1 Private investoramayinclude in their decisiona number offactorsbeyond the business case of a project
For instance, tilities assess the impact of each nghant in their existirg generation basigportfolio
effect); the possibility of storing intermittent generatioof a variable planin other (dispatchable) plants;
how to offset the taxes assessed to one project with the tax allowances generated by another project;
how a project may increastheir experience with anew technology, etc. Whenever possible, private
investorsattempt to quantify these additional factors, even when some of them mayoba large extent
qualitative.

1 Public investoranay include in their decisionparametersnot necessarily focused on &ist analysis of
return and risks. Examples of high priority factors for public investors inclmiring the security of
supply of energy, fostering the national development of new technologies, creating jobs, controlling
emissions, lowering electrigitprices to inhabitants of the country, etc.

The main focus of this report is the quantitative aspects of an investment. However, other factors have also been
taken into consideration to provide a balanced view of tkhecision making processesof different types of
investors
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2.2 Key elements in investment evaluation

The design, construction, operatipand decommissioning @ power plantare governed by a number of contracts
establishedbetween differentparties. Figure6 shows an example of the contracting structure of a wind power
project.

Equity Holder Lender

Equity Senior Debt

__________________________________________________________________________

Operation

Sale of Power and
Green Attributes

—

—
$

Construction Contract Power Sales Contract

_____________________________________________________________

$ Services to operate plant

O&M Contract

Figure6. Exampleg Structure of an operational wind power proje%ﬁt

The returns and risks of each of these transactions will be influencedlésggenumber of factors. These factors

are not the same for the various actors, participants and influencers of the project, who have different points of
view, requirements, needand approaches to evaluating power generation projects. However, most investors, if
not all, consider five elements in their decision making processes:

9 Cost of the projectTechnical, market, financial and other considerations affect the cost of a gemerati
project. Investors carefully consider the current gpotential future costs associated tonanvestment.
Sectiors 2.5 and 5 extensively describéhe sources of costs of different generation technologies, as well
as the processes used by investors to evaluate these costs, amihimizethem to the extent possible.

1 Revenue of the projectinvestors also devotsignificant effort to forecast, and influence in some cases,
the revenues associated to a project. It is cemient to separate the discussion of costs from that of
revenues because the mechanismsed by investors to calculattem are quite different, and because
the confidence levels of the calculations of costs and revenues may be ssiynidiir too Section2.6
describes some of the most important sources of revenfia generation plant, and how they have been
incorporated irio the RECOST model.

1 Sources ofihancing:Different sources of financing may be used in electricity generation. This study puts
particular emphasis in the typical sources of financing used in the countries and technologies in the scope.
Sources of financing include (1) loans from finahanstitutions, (2) capital from private and public

% Source: Rvate financing of renewable energya guide for policy makeisUNEP (2009), Prysraaalysis
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sources, and (3) other direct or indirect ways to raise captath agguarantees, bridge loans, grants, etc.
Different sources of financing are describediection2.3.

1 Project risk:Investors, financial institutions, and other participants in a generation project have different
expectations with respect to risk and reward. These expectations influence thiityiand economics of
the projectunder consideration. Some projects may be financed only by investotseiect relatively
low returns coupled witHow risks (for instanceinsurance companies financing solar PV projects). Other
projects require the participation of investors with appetite for large risks and returns (R&D projects
related to new technologigsSection2.4 provides additionatletails on the sources of rigi investments
in generationand their potential quantitative impact in the business case givanplant.

1 Incentives and policiesPolicies andegulations are also factored in the decision making process of actors
and investorslin fact in some casethey are the primaryfactors considered toevaluate an investment
proposal.Which is the tariff levélis one of the first questions asked by inees whenevaluatingtheir
potential participation in RET projectsPolicies influence each element of the business case of a
generationplant, providing policy makers with a large array of tools to influence dbeision making
processes of investorPolcies and regulations (country specific) are extensively descitb8dction6.

2.3 Sources of financing

Different types of investors use different sources of capital and financing instruments to acquire capital. The graph
below shows examples of typical mechanisms used in different stages of thgdié®f a generation technology.

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
R&D Demonstration Deployment Diffusion Commercial
Maturity
\ Valley of death  / High perceived risks,
GAPS Lack of project developmedt - 7
capacities and capit Debtequity gap /
rAngeI investorls Lafrge pr_OJECtS
: p 1 financing
| Venture capltgl . B
FINANCING 1 » package
B Insurance '._
Loan facilities

< Incubators >< PPequityfund>

PP VC funds

Creditlines

Guarantees

< Public Finance Mechanism> | Commercial Financing MechaniS|I'1s

Figure7. Exampleg; private and public mechanisms to mobilize investments in electricity generation

Some of the most relevant sources of funds include:

" Source UNER; Public finance mechanisms to mobilize investment in climate change mitig&rgama analysis
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ﬁ‘:‘ RECOST

1 Financing institutionghat provide loans to investof%

I Commercial banksfinance companies andrgjects tirough a variety of instrumentsThese
instruments include corporate lending, project finance, mezzanine finance, and project refinancing.

i Public banks and fundprovide loans to projects and companies, using public funds.

1 Commercial equity invesirs consist of a variety of companies that take stakes in different types of
projects with different associated risks:

T Venture capital (VCs) funds and angel investoasse capital from a variety of sources. VCs usually
have a higher risk appetite thasther investors. They are a good source of capital for riskier projects
or technologies, but demand very high rates of return to compensate for the higher risks they take
(25300% IRR).

T Private equity fundsraise capital from different sources, and havenadium level of appetite for
risk. They require lower IREhan venture capital funds (250% IRR).

i Pension fundgend to invest in projects with lower levels of risk, and which generate steady cash
streams to cover for the obligations they assume with preasion fund holders (320% IRR).

i Insurance companieare highly regulated. They are required by law to invest their capital in projects
and companies withrelatively lowlevels of riskAs a consequenceh¢y may acceptelatively low
levels of returs (3-7% IRR).

T Other funds:investment funds, infrastructure funds, etc.

91 Public sources of capitalapital may also be directly obtained from public sources in the form of grants
or other mechanisms. Examples of public sources of finance include:

T Project development grants:loans without interest or repayment until projects are financially
viable.In some cases,am-viable projects may not be required to retutihe fundsthey receive(non
refundable grants)

T Loan softening programsire grants to help commercial banks and other providers of capital that
allow them tolend their own capital to enelisers in letter terms (lower rates) than the prevailing in
the market (commercial rates)

T Inducement prizes and other grantsapital provided tostimulate technology development.
i Others.

Projects based on proven and mature or maturing technologies that opérateveloped countries tencbtuse as
main sources of financinthe mechanisms included in the box with a dotted bordefFigure7. The financing
packages are provided by a combination of commercial lending institutammmercial investors with different
appetite for risk public institutions, etc.

2.4 Assessment of risks

The perceivedlevel of risk of ageneration plant or project is a critical factor in the decision making process of
investors and policy makers. A large number of interrelated factors influence and deteriskn@he table below
describes the typical risks that are included in the assessment of the business case of electricity generation.
Technical and project risks are extensivddgcribedn other RETD repozfg.

% SourcePrivate financing of renewable energw guide for policy makeisUNEP (2009Prysma analysis

» urce:Risk Quantification and Risk Management in Renewable Energy ProjectsZ0/Hilable ahttp://iea-retd.org/wp-
content/uploads/2011/11/RISKEARETER011-6.pdf (as of 05/2013)
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ReTo/ A

RECOST
RISK TYPE DESCRIPTION EXAMPLESCOMMENTS
Country Country risk Includes characteristics tifie country All the countries included in the analysis
in which the planbperates such as have low levels of country risk, but the
stability, capital flows, strength of the | impact ofthe financial crisis in Spain results
legal system, etc. in a higher perception of country risk to
some investors.

Political For a given country, different political | For instance, France and Japan currently ¢
regimes may pose different levels of | in a process to revise their energy policies
riskq especially if changes in now. Governments of different sign may be
government may result in different more or less prone to stimulate a given
policies. generation technology

Policy and Clarity Extent to whictdifferent aspects that | All the countries in scope have clear policie
regulatory may influence the case of generation | But in some developing countries with less
are regulated in a clear and experience in electricity legislation amdth
unambiguous way. fewer preceents it may not be clear how a
norm has to be interpreted.

Number of Regulations and rules that can add Excessive and lengthy permission process

regulations additional compliance burden to with many requirements and many
investors. institutions involvedincrease the chances

that a project will not even be started (solal
PV and ofshore wind).

Stability Stable or predictable regulations reduq Excessive and frequent changes to
the level of risk of investors because | applicable policies or retroactive policies
they can adapto them. significantly increase the uncertainty

associated to the future returns of an
existing or projected plant, thus resulting in
a higher risk to investors. (Spain)

Envionmental Policy impact of environmental and All the countries in scope of this study have

and social social factors that may affect the national environmental and social policies.
generation project. In addition local and regional governments

define speific provisions that affect the
business case of a generation project. For
instance, local content requirements to
maximize job creation in a province affect
the returns ofthe local generation plants
(Quebec, RFPs in EU countries, etc.)

Financial Economic Inflation and others The countries in scope do not have high
inflation levels, but given the global nature
of the supply chain, uncertainty over
inflation in China may increase the risk of ¢
solar PV project in Europe.

Financial Prevailingnterest rates, asset liquidity,| Financing rates in givencountryor region.
etc.

Currency Occurs wherthe components of costs | The modeis able to compute the impact of

and revenues are in different
currencies. Fluctuations in currency
values may affect the outcome of the
project.

currency fluctuations. But most of the
examples provided do not consider them. |
is implicitly assumed that currency
variations are hedged in an appropriate
way™

%0 Currency assessments are conducted in any generation project. The electricity generated by the plant is sold in logal currenc

and the lender or investor may have to be compensatedriother currency. Evaluating currency riskdetailis outside the
scope of this report.

prilsma

Page26212



ReTo/ A

RECOST
RISK TYPE DESCRIPTION EXAMPLESCOMMENTS
Security Assurances provide lenders and This is not a significant issue for the
capital provilersthat they may take countries included in the study. Their legal
possession of the assets if there is a | frameworks provide high levels of assurant
default and continue operating the to investors. Howeverfpreign investors in a
plant. region may assess higher risk to a project
than local participants to account for the
difficulties of operating in legal framework
different from their own.
Technical and| Technology Risks associated to the technolaggsed
project risk in the project, its level of maturity,
operating history, data availability, etc,
Construction Risks involved in the construction of th
plant, performance of contractors and | Technical and project risknclude a large
supply chain, timing of build, etc. number of factors. Thisectionevaluates
Operation Staffing and costs requirements, the sources ofechnical and project risks, as

existence of suppliers to provide
supportfor operation, prevailing
contracts and rates during operation.

Decommissioning

Applicableregulations,, existing supply
chain and experience in the
decommissioning of plants.

well as the impact of regulations dn
policies of these types of risks.

Market risk

Global

Trends in economy influence demand
of electricity, andherefore the sales
volumes of the generation project.

The financiatrisis is contributing to a
reduction ofpower demand in many of the
regions in the scope of this study. This
increases the risk of current and future
generation projectand makes more
uncertain the forecastevenues.

Future prices

Provisions by specialist and existing
markets as of the prices of factors cos
(steel, PV modules, coal, gas), electrig
prices, emission prices, etc.

The potential variations and the levef
uncertainty associated to factor costs resul
in higher apitaland operating costsf a
project They also affect the levels and
uncertainty of revenues from electricity anc
of revenues from other sources.

Figure8. Typicalrisks included in the assessment of the business case of electricity generation

2.5

Cost of electricity generatior Evaluation and comparisons

Investors assespotentially relevant cost drivey and carefully evaluate them to quantify costs, identify when
these costs will beecognizedand forecast when cash outlays will be necessary

The confidence levels of these assessmemty be very differentin some cases, investors precisely know the size
and timing of some cost$-orinstance when purchasing a peer plant already built, the onéime costs associated

to the acquisition ardo a high extentdetermined. However, even in tuskey acquisitions, some costs are not
accurately knowneither because thewill take place in the future, or because of otherasons. Investors build
cost models that reflect the actual behavior of the costs of a generation prajiticta higher ora lower degreeof
accuracy, and make decisions basedioe combination of @I f dz@ncerttainty].

Keyelementsthat have been used tdefine the evolution models used in this study include:
1 Use of LCOE as a relevant, although not the ondtool, to compare costs of generation
1 Simplification othe analysiof the impactof exchange rates

1 Applicationof a lifecycle approach tcategorize and compute the componentsamistof generation
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Levelized Cost of Electricity(LCOE)LCOE corresponds to the cost of a generation project assuming the certainty
of production costs and the stability of electricity prices. The formula usechlculate and levelize the cost of

energy is the following:
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Figure9. LCOE formufa

LCOHnayhavesome drawbacks wheithis used toevaluak the business case of generation:
9 Itincludes too many variables. Timay makat difficult to trace cause and effect.
91 Itisjust a partial figure; it does not reflect todsts,but a ratio.
1 Many investors do not consider the levelized cost of electricity as an essential parameter to make
decisions. They use equivalent indicatasthe same parameter with different names: unit cost, cost per
MWh, etc.

However, LCOE al$as significant advanteg:
1 It allows comparisons of costerossplantswith different technologies, sizes antharacteristicsUsing
LCOE makes it possible to compare the capital costs of a 2 MW solar PV plant with the capital costs of a
600MW coaHired plant (at least quantitatively).

1 Itis used by many policy reports in the electricity sector.

LCOHhas been extensively used in thisport. But to provide a more accurate picture of the decision making
processes of investorst has beencompkemented by other parameteralso frequently usedin assessments of
power generatiorprojects (P&L,IRR, NP\margins.etc.).

Currency exchange assessment and impaetost investors in power generatiomperate in more than one
currency and need to consider exchange rates as a key factor that significantly influences the costs and the
revenues of a plant or project. The lewld potential evolutiorof exchange rates mdye a determinant factor in
whether the business case will be positive or negatildsually investors use models which include scenarios of
currency evolution, and in some cases hedging analysis.

¥SourcelEANEA. Projected costs of generating electrigi8010 Edition
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RECOST @proach to modeling exchange rate$his report does not include extensive assessimeifthe impact ofexchange
rates. Such analyses are outside the scope of this study, and may be better covered by a report on internationairfiisias
analysis However,a number of analyses of the impact of exchange rate variati@ve been performed revealing that the
impact of variations in exchange rates ogesst and revenueis well within the rate of error associated with the model (low
than 5%).

In order to allow comparisons between countries, local currencies have been converted to US dollars using the cor
ratesdepicted in the following table.

91 €F NOK SEK ¥ CA$ us $
1.30 5.68 6.65 81.21 0.99 1

Figure10. RECOST modej US Dollarsper currency unit”

Lifecycleapproach to cost calculationThis report follows a lifgycle approacho identify and evaluate theosts of
a generation projectas depicted in the diagram shovimFigurell. Thispresentstwo main advantages.

1 It enables a better understanding of the mechanisms that influence costs, assodashdrivers with
resulting costs as they materializarihg the lifetime of the plant

1 It approximateshow investors think abou& project, even when in some cases they do it implicitly, not
explicitly.
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Figurell. Life-cycle approach to calculate costs of a generation proféct

2 Source: Board of Governors of the Federal Reserve Systararage Fourth Quarter 2012 (October to December).

Fl{Pke | & A ¥darkeCPledst Rote ihyt thiblkgBout this report the same exchange rate has been used to enable
comparisons between variables quoted in different currencies. This allows the reader to easily transform US$ into other
currencies, but introduces an error due Yariations over time of exchange rates..
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2.5.1 R&D costs

Most investors do not includB&D in thecosts of a specific plant for a number of reasons:

1 When dealing with mature technologiesuch aswind, solar PV, and thermal geration, the originaR&D
costsmay have been incurred many years prior to the cost assessmemiay not be possible tarace the
impact of ancient R&D expenditures to costs of present projects.

1 The impact of expenditures and investments in R&By beembedded in the costs of the components
and systemsf a plant andmay not bespecifically identifiedTherefore, including costs of innovation,
researchanddevelopment in the operating costs of a given plant mesult inmisleading results.

This doesnot mean that investors disregard the impact of R&D costs and grants. Very likely the technologies
included in the study would not be in operation if they had not counted with R&Dvith other development
grants at some point in the past. An examplej®rating offshore wind plants in Japan and Norway/Swe?ﬂen
They have received development grants that hamatded them to be commissioned and to operabelay.

RECOST pproach to modeling R&D cost3he model allows to add the impact of B&osts or grants to a given generatic
project, if they are known. BWR&D costs are considered by thimdyand by the supporting calculation model only when th
may result ina grant orin other type of direct support awarded to a specific generaftemt or project.

2.5.2 Capital costs

Capital costsare fixed, onegime expenses incurred in the purchase laind, buildings construction and
equipmens used in the produdbn of electricity. Put simplythey include all the costsecessaryo bring a plant to
operation. Also included in th definition of capital costs are the expenditures associated to repowering. The
recognition of capital costs in financial and tax returns (depreciation) may be spread out over many years.

105.2 254.1 260.6 62.6 925 82.7

260.6
o . 156% 1890 254.1
d 7.2%

49.8% 69.0

105.2

220.1 925
25.1 185.1] 82.7
62.6
11.8 77.2 41.2
50.8
Onshore WinOffshore Win  Solar Pv Hydro CCGT Coal Onshore Win Offshore Win ~ Solar P\ Hydro CCGT Coal
mCanital Cost: Rest of Cost: H Capital Cost Rest of Cost

Figure12. LCOE breakdown per technologyCapital costs vs. rest of costs (%, US$/MWtExample Germany

s SourcePrysma analysis

“The[ Af f ANHzy R hTFaK2NB 2AYyR CENY 6{6SRSys NBOSAOGSR +y Ayo@dSal
policy and planning in SwederElsevier.

Japan, through its Minises MOE and METI is developing some demonstration projects (1) Chosi, Chibkyukyta, Fukuoka

(2012), (2) Goto islands, Nagasaki (2013) and (3) Fukushima-Z@033 Source: Brief overview of Japanese offshore wind

projects and initiativeg Ministry of the Environment Government of Japan.

% Country specific discount ratequity 60% and debt 40%echnical average case
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Servicingcagtal costsis one of the most important factordetermining the economic competitiveness of a power
plant because of the comparatively large size of capital costa-vis other costsFigurel?2 displaysan example

that shows the proportion that capital costs represent over total costs of gener"ﬁtid’he most capital intensive
technology is solar PV, due to high costs per MW, and relatively low generation efficiency. When costs are
annualized or leglized, the true impact of solar PV capital costs is made evident.

Given the significant impact that capital costs have in any generation project, it is essential that policy makers
attain a very detailed understanding of fiheomponents and behavior. lorder to better assess capital costisey
have beergroupedin three typesof costs:

1 Base plant costs or EPC costs (Enginegirmcurement and Constructiosts).
f hgySNna Oz2aidao
9 Interest during construction (capitalized interest).

The sum of base plant or EP a (1 & bcosss dsyc8lddidedinight costsin many of the reports that evaluate
costsof power generation.

EPC Costimclude the costs of materials and labor necessary to design, plan, and build a generation plant. The
proportion of labor and materialsignificantlyaries by technology, as indicatedrigurel3.

7.5
225 20.6 21.4 20.0 20.0

40.0 40.0 40.0 40.0
40.0 775

Coal CCGT OCGT Wind Geotherma Biomass

Basic metal Imported materie B Cemen B Labor

Figurel3. Capital costg; Weighting of factor costs by technology (%)Examplé7

In spite of the globalizatiorf the supply chain of plant constructipmegional characteristicand applicable
policies in a country or region may significantly influence EPC costs. Examples of factors that influence EPC costs in
the regions considered by this study include:

1 Cost of labor Different countries have different averagmit labor costsFigurel4 depicts a comparison
of labor costs in the countries in the scopgtherdrivers also affect the ultimate cost of labimicluded in
the capital costs of a generation planFor instance, interviews have highlighted thanionization in
Quebecresults in more numerous, and expensive crews on construction sites for the same type of wind
generator than in Alberta and Ontarithus increasing theapital costs of RET plants

1 Building codesBuilding codes also affect the processes, materials and construction standards of a plant.
For instance, oe of the factors thatnfluencethe capital costs of Japanese plants is the stringent building
codes that apply in this country.

% Figures obtained from simulations with the-BDST model
%" Source: Review of inputs to cost modeling of MEM¢ Queensland Competition Authority
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Canada France Germany Norway Sweden Spain Japan

Hourly Compensation
Costs in manufacturing 35.67 40.55 43.76 57.33 43.81 26.6 31.99
(2010f%in US$

Unit Labor Costs

ratio (2008)° 0.475 0.720 0.710 0.319 0.604 0.668 0.493

Figurel4. Exampleg; Laborcosts by geography

Investors factor theselementsin their calculations of EPC costs. They also assess thassskiated tchaving
different cost components quoted in different exclgmrates;and in many occasions hedge agai@sthange rate
variations in order to stabilize the value ofator costthat may be significant

Owner costsinclude the capital costs necessary to build and commission a power plant, other than those
associated to purchases of equipment and procurement of outside services. This separation of capital costs into
ol asS LI Iyd Ozdsisinaylbe fghtBurbityaf Nd i is also helpful, because it allows t@onsider
separatdy costs mostly driven by local conditions, regulations, and administrasituations (mostly ®y S NI &
costs), from costs that depend on international markets and supply chains B costskigure15 shows
examples othe mainO2 YLRR ySy i a 2F 26y SNna 0O02ada

Cost of purchasing theahd where the plant is locatedn Isome occasions it als
includes enough land for plant extensions and for the components of the

Land costs necessary to connect the plant with the transmission network (substatic
transformers etc.).

Connection costs lfaz2 OFfftSR GINRR AYFNI A0 NHZOGdzNBE Ay

Pre-production costs Training, equipment cheelp, etc.

Project management Fixed costs associated to the management of the project.

Additional fees levied orthe project.In the countries considered in the study the:
costs are not largeButdelays in the applicatioand authorizatiorprocesgsmay have
a significant impact on the projec

License application and
regulatory fees

Inventory costs (fuel Minimal amount of fuel andther consumables necessary to maintain the plant
storage, consumables) | operating conditions.

Figure15. Components of owner costsExamples

Engineering companies, developers and staiction companies gather first hand information about thiee and
potential evolution of these costs during the project and construction phasesl build the resulting costs
46 2 (G2 Develobdgs and plant owners do not usually providethe public, or to regulators detailed
breakdowns oftheir owner costs.To provide approximations to the size and behavior of these costs for each
region/technology pair in the scope, REOST has used different methodologies.

# SourceBureau of Labor Statistics. U.S. Department of Labor.

% Unit labor cos{ULC) measure the average cost of labor per unit of output and are calculated as the ratio of total labor cost to
real output. UCLs show how much output an economy receives relative to wages, or labor cost per unit of output. UCLs can be
calculated as theatio of labor compensation to real GDP. It is also the equivalent of the ratio between labor compensation per
labor input (per hour or per employee) worked and labor productiifa extracted on 04 Oct 2012 from OECD Statistics
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Connection costgonsist of the costs associated to connecting the plant, and reinforcing the ginteggrate the

new plantin the existing networkConnedbn costs, which may be very variable, depend on a large number of
factors includinghe characteristics of the pht and thetransmission gridthe generation technology, thpolicies

and regulations that define the requirements to authorize connection, and the responsibilities of the plant
developer and the TS@he way in which the TSO assesses the charges to coamew plant to the grid called
Ffaz2 aFANRG O2yy &0 diffekent i thd gbuntiies MsSesIeBHWIRBE. Lonnection costs may
be*:

1 Shallow:the investor pays only for the cost of the line necessary to connect to the nearest point of the
grid, and for the equipment requiret support the connecting line. The TSO pays for the costs necessary
to reinforce the grid. In countries and regions wihallow connection costs, the costs of upgrading the
system are in some way socialized to all the producers. The expenditures of the TSO are usually recovered
as transmission costs assessed to all the generators in the system. (See 6elflifor a discussion of
transmission costs)

1 Deep:in addition to paying shallow costs, investors in a generation plant also have to pay the costs
required to stengthen the existing grid. These investment costs may be significant if the plant is located
far away, subject to a high level of generation variability, or if the generation and load of the plant are
very high.

Examples of countries with shallow conniect costs include Germany, Norway and Spain. Countries and regions

with deep connection costs include Sweden and Ontario. Other countries and regions have systems that include a
mix of shallow and deep connection features. For instance, France has avsbaloection cost scheme, but the

investor has to pay for the connection costs, not to the nearest point in the grid to the plant, but to the nearest
point where the adapted voltage level is available, and where the connection is technically possitpeithizry

be far away in some cases. In Japan the EPCOs are responsible for the transmission grids in the zones where they
operate; therefore, they assume the costs of connecting new capacity to the; gnidhis case, the TSO and the
operator is the sama. Alberta has a shallow connection system, but producers are required to provide a refundable
security deposit based on the deep charges of connection.

Only the costs that are assessed to the investors in the plant are included in the simulationssfBheesssamed by

the TSO are not included in the business cases calculated@ORE. As depicted kigurel9 and Figure20, RE

COST considers connection costs as components of capital costs. The actual size of these costs has been evaluated
through a combination of interviews (real cost paid to ceona plant in the database to the grid), and
publications (average proportion that connection costs represent in total capital costs for each technology

Pre-production costscan be estimated as oamonth fixed operating costs (operating and maintenarakor,
administrative and support labor, and maintenance materials). In some dh&s® costs are as high as two years
of fixed operating costdecause staff may be hiregell beforecommissioning the plant.

Inventory cost Different companies treat these costs in different ways. Either as an initial owner cost, or as an
annualized cost that is included in variable operating and maintenance (O&M) costs. Typical, approximate values
for gas and coaffired plants aredisplayedn Figurel6.

“ ENTSEE Overview of ransmission tariffs in Europe: Synthesis 2012, www.futurepolicy.org (accessed on May 2012)
Innovative Electricity Markets to Incorporate Variable ProductjgXiberta Province Report IERETD (2008), Ontario Province
Report IEARETD (2008), Prysma anaysi
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Type of unit Nominal capacity factor Fuel and consumable inventory days at 100% capacity
Base load 85% 60 days
Intermediate 30-50% 15 days
Peak 10% 5 days

Figure16. Exampleg Estimates ofconsumable inventor;(approximationsj11

Interest during construction (IDGonsists othe interest generated byloansprovidedduring the constructiorof
the plant, beforethe plant begins to generate revenue. Examples of the most important l@féBCnclude:

1 Timing of purchases arstheduleof payment.

1 Effective interest rate

1 Delayin commissioning the plant.
IDCare costs that are not covered by revenuasrh the sale ofelectricity and electricity attributes. Therefore,
investors try to minimize theno the extent possibleA consistentomplaintof developers and utilities is the very
negative impact that delays due to exogenous factors cause to thejegso Delays not only affed¢he costs of a

plant, but its actual viabilif. The uncertainty caused lofelays may force a delaper to abandon a projeceven if
on paper the business case appears as positive.

140%-+
135%-
130%-
125%-
120%-
115%-
110%-

105%- /_~

100%

0 1 2 3 4 5
=& Wind Offshor: ~#—Wind Onshor: =#—Solar PV =&—Hydro =@—CCGT =@ Coal Nuclear
WindOnshore | Wind Offshore| SolaPV Hydro CCGT Coal Nuclear
S_tandard Construction > 4 1 1 > 4 5
time(years)

Figurel7. Exampleg Sensitivity of capital costs to variations in constructitime

Figure17 shows a snulation of the sensitivity of capital costs to delaiysplant commissioning for different
technologies.Figure18 showsthe impact, in the sizes of capital outlaysf variationsin construction times for
CCGT at different interest rates.

“ISource Interviews RECOST database of plants and projects.
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361.0

Overnight Capital Cos

365.5

5%r

388.9

5%r

370.0

RECOST

418.8

Installed Capital Cost 2 yednsstalled Capital Cost 4 yedrsstalled Capital Cost 2 yedrstalled Capital Cost 4 years
10%r

10%r

Figure1l8. CCGT Delays in construction (million US§)Plant size 400 MW

RECOST pproach to modeling capital cost&he main challengassociated to evaluatingapital costs using a database of re

plants and projects has been tiefine a consistent baselindotalcapitalcosts and breakdownsf capital costsvere obtained
from different actors, including investors, fund managers, utilities, developers, aridemtng companies. Each of these actc
had a different view of how tallocateand report their costs. This resulted in different values for the same cost item, al
different ways to name the same cost factdhe next tables summarize the level oftaiereached inthe data collectios

process
On-shore Wind| Off-shore Wind Solar PV Hydro CCGT Coal
EPC 1 Turbine Turbine Modules Reservoir Civil Engineering
. . Civil . . .
EPC 2 Foundation Foundation . . Tunnel Mechanical Engineering
Engineering
EPC 3 E Iectnc_ _Electrlc_ Mec_hanlqal Powerhouse Electrical engineering
installation installation Engineering
EPC 4 Indirect cost&’ | Indirect costs EIec_trlcaI_ Indirect costs Indirect costs
Engineering
On-shore Wind| Off-shore Wind Solar PV Hydro CCGT Coal
Owner's 1 Land cost IR E] Land cost VTGl @er Land cost
cost cost
, Prefinancial Grid infra Prefinancial ) .
Owner's 2 Prefinancial cost
cost structure cost
Owner's 3 Citd |nfr33 Spare parts Sl Gridinfrastructures
structure structure
Owner's 4 Spare parts Project mgmt AT, B2 Spare parts
pare p ) 9ML1 " and other pare p
Owner's 5 Project mgmt. Project management and others

Figure19. Components of EPC and owner costs per technd'fogy

Figure20 shows a quantitativeexample of thebreakdown of capital costs for different pies included in the

databases.

“2|ndirect costsnclude engineering, distributable labor and materials, craft labor overtime and incentives, scaffoldingrabsts
start up and commissioning costs.
“3 Grid infrastructure: cost of conngéion to the grid and upgradinduring the comstruction of the plant if borne by the investor.
4 SourcePrysma analysis

1
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2,039 5,099 4,684 2,134 902 1,952

Onshore wind Offshore wind Solar PV Hydro CCGT Coal

BEPC1MNEPC2  EPC3 EPC4 OWNER'S COSTEOWNER'S COSTEOWNER'S COSTHOWNER'S COST" OWNER'S COST CONTINGENCY CC

A No specific breakdown for hydropower owneroé6s costs. Al owner ¢
A Germany Example: CCGT 400 MW, Coal 400 MW, Hydropower 150 MW, Nuclear 1.300 MW, Offshore wind 150 MW, CBtioRAA8Hd\E0 N

Figure20. Breakdownof capital costs per technologflS$/kW) ¢ Comparisoﬁ5

2.5.3 Contingency costs

Contingency costs include all the unplanned cdbktt arise duringthe construction and operating phases of a
plant. Investors usually calculate them as a percentage of total capital costacitepercentages useddepend
on many factorsand maysignificantly varyExamples of average percentages would be: 5% in sMaréjects,
10% in orshore wind farms an@CGT lants, and up to 512% in the case afoaHired plants46.

In some casedhe uncertainty assotated to contingency costsan be mitigated through a turnkey construction
contract, where all the costs are fieed from the beginning and mosif the overruns are assumed by the
construction company.

RECOST @proach to modeling contingency cost¥ery few accurate data for real plantere obtainedin the data collection
process. First, because actongere reluctant to recognize they have had overruns in specific plants. Second, be
calculating the exact additional cost due to the overrand how to allocate it to the generation costs of the plant is qu
difficult. In some cases overruns are recognized as write downs for the developer and not as costs associated to a g
project. They do affect the business case of the company, but@rgncluded in the business case of a plant.

Contingency costs may be added by the user of the modeling tool dieecty input

2.5.4 Operation and maintenance (O&M) costs

O&M costs are costariseduring the operatingphaseof the plant. Operating cost&ccrue not only when the plant
is generating electricity, but also when it is ready to start operation at some point in the fituneestors and
operators usually distiguish two main types dD&M costs:

®bhb2 ALISOAFAO ONBI1R2sy FT2N KERNRBLR 6SNI 26y S NWSourdd:Andefvidgws, ! f f
plants surveys and PRYSMA anal¥siample for GermanfCCGT 400 MV¢pal 400 MW, hydropower 150 MW, eshorewind

150 MW,on-shore wind 50 MW and solar PV 10 MW.

““Nuclear plants, not included in the scope of ®BSTtend to incu many cost overrunsgContingency costs of 100% have been
documented in some of themThe nuclear plants being built now are expected to incur even further cost overruns due to
design changes after the Fukushima Daiichi nuclear incident.

“"Even plants that have been mothballed generate operating ¢céstsnstance, security, rent, etc.
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1 Fixed O&M costaisually include the fixed maintenance of the plant (power train or turbine maintenance
agreement, facilities maintenance, etc.), pthe costs associated to thmaintenance and operation staff,
including administrative staff.

RECOST

1 Variable O&M costsThe defiition of these costds much wider, and depending on the source, different
items may be included. Strictly speakimgriable generation costs would include any cost incubngdhe
fact that the plant is running and generating electricity: fuel costsurance costs, emission rights,
variable maintenance, etc. However, many investment models and simulations consider fuel, insurance
and enissions costs as separate items. THaisilitates the evaluation of their impact on the costs of
generation.

Operators keep detailed records of the O&M costssociated toeach generatin unit within a plant. However,
investment decisions are usually based on averages calculated bofpofusing actual results from operationey
top-down (using averages or benchmarkas the number of plants in operation increggbe detail and accuracy
of data, and theunderstandingof the driversof O&M costsare increasing. However, data in the public realm still
show significant varlaility and degree of uncertaintgiue to a nunber of reasons:

1 The information on operation and maintenance costs is considered as especially sensitive by
manufacturers and developers. These stakeholders dodisxtlose accurate and detailed maintenance
costsin the public realm.

1 Some data ohew plants and projectare theoretical becausthey have not had the opportunity to incur
into significant O&M costs

1 In some cases, maintenance is or will be provided by a third party supplier through anl éeaubat
does not detail cost components

Figure21 displays examplesf fixed and variable levelized O&M costs from the simulation modeMdifferent
utilization levels

Cost/ Technology ONWind OFRWind Solar PV Hydro CCGT Coal
(sizeand (50-100MW (150 MW (8 MW (50 MW (400 MW (400 MW

utilization) 35%) 45% 25% 45% 75% 60%9
Fixed O&M 45-7.2 10.2¢21.9 | 17.6¢51.7 1.9¢17.0 1.6¢5.8 4.0¢8.3
Variable O&M 7.6¢22.7 17.4¢29.0 (an:") 1.4¢15.0 25¢34 1.8¢3.8

Figure21: Examples; Operating and maintenance costs (US$/MWhAverages®

Approach to modeling O&M costsSpecific O&1 data for some of the plants included in the database was obtained in
data collection process. The modeling tool computes O&M costs as a function of the technology, region, and capacity
the plant under consideratioriThe large ranges in O&kbsts are due to how they are recognized by different investors,
to differences in the O&M contracts establishieg them

2.5.5 Fuel costs

Fuel costs are variable operating cosfscoalired and gasfired plants. Fuel costeepresent a signiant partof
the costs of genmtion of some of the technologies in the scope of the study. In particular, the costs of gas is one

8 Hydro data comes from publications. The rest of the data are restiimalyses from data gathered in the framework of the
RECOST Study.
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of the primary, if not the most important factor that determines the business case of -fjeed plants.Therefore
investors devote ansiderable time and effort to assessiffgel costs, and to gauge how their variationsay
influence thefuture cost of generation of a planfThe next figureslisplaysimulations of levelized costs showing
the proportion thatthe cost of fuel repesentsin gasfired and coafired plants.

55.1 77.8 93.1 89.0 86.9 127.5

127.5

22.3%
51.8% % 24.8% 25.3% 3

28.4

45.0%

75.2%

Canada Canada France Germany Spain Japan Canada Canada France Germany Spain Japan
Alberta Ontario Alberta Ontario
=Fuel Cost Rest of Cost = Fuel Cosl Rest of Cost

Figure22. Gasfired ¢ Impact of fuel cost over LCOE (%, US$/Mh)

67.3 71.9 66.6 75.0 97.0
97.0
0,
65.3% 68.4% 67.9% B C2EeC 110 75.0
67.3 . 66.6
60.7
43.9 49.2 ey Sl
S 31.6% 32.1% 29.2% S
22.7 21.4 219
Canada France Germany Spain Japan Canada France Germany Spain Japan
Alberta Alberta
HFuel Cost Rest of Cost B Fuel Cost Rest of Cost

Figure23. Coaffired ¢ Impact of fuel cost over LCOE (%, US$/MWh)

Theevolution of fuelpricesover the life of a generation plant will depend on the interplay of supply and demand
in a given region/country, and of the specific contractual provisions established between providebaigas
Figure24 shows he price history of gas during the last five years in the New York Mercantil Exchange (NYMEX).

“9Technical avege case. Discount rate 5%
* Technical average case. Discount rate 5%
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Figure24. Natural gas contracts settlements price history (&/BIMBtu)>*

Forecasting fuel costs in the short term, is relatively straightfowBratafrom the Futures Mrketscan be used to
assesdglifferent growth scenarios. Forecasting fuel prices for the long term is much more diffiqute25 shows
an estimate of gas prices used by aofficial agency to define thie long termdevelopment plant for RET 2012
2030. The potential variain of gas prices is in the range of +258&6. Projections from other sources show
similaty wide variations in their forecasts.
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*> Source: New York Mercantile Exchange (NYMEMYural Gas Contract Settlement Price History
*230urce: IDAE (Instituto para la Diversificacion y Ahorro de Energia (SpE&iR)011-2020
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RECOSTapproach to modeling fuel costsAn extensive humber of simulations has been conducted to gauge the impa
fuel prices over the costs of generation of each relevant region/techngdegyin the scope of the studigeeSection5). The
following table shows theanges ofpricesthat have been used to determine initial fuel costs.

Fuel Cost Canada France Germany Spain Japan IEA Europ%3
Gas (US$/MMBth)4 3.9¢8.9 9.6¢12.8 9.6¢15.0 10.1¢10.6 12.8;14.7 10.3¢11.7
o 13c3.1 2.266.6 2.24.4 2.24.3 3.504.9 3.24
(US$/MMBLtuy”® o T T T o '

Figure26. Fuelcosts (US$/MMBtu)

2.5.6 Insurance costs

Plants have to insure against a number of potential incidentdaly In addition insurance reduces the gks
associated to technical dedcks or to other sources of uncertainty and variation in the operatiora pfant.

Theprices paidor insurancedepend on many factors. One of the most important is the pericepof risk of each
technology.In the last few years, insurance costs for all types of generation plants have significargbsed But
other factors are also contributingp raise the costs of insuranceuch as the need to insurggainst business
contingenciespr to cover for the costs incurred by a project thatstoppedor delaye(?e.

RECOST @proach to modeling insurance cost¥he model adds insurance cosisa ratio of capital costThe initial data usec
are average insurance cosibtained frominterviews and deskop research (indicative only)

I The data available represent a small fraction of the installed power in each country.

1 Insurance priceslepend on many factors unrelated to the characteristics of the project, as spelled out by
specific bilateral contractsetween the contracting parties

QUL SUEIL Solar PV Hydro CCGT Coal
wind wind
o 'gi”&?;cgost) 0.72% 0.71% 0.6% 0.6% 0.76% 0.69%

Figure27. Insurance costg Examples ofiverageinsurancecostsin the RECOST databasé

2.5.7 Cost of enissionrights

Emission rights a&s Ay Ff dzSy OS Asy@Bently, Miidiber & Solick schethgbattempt to make
polluters pay for the emissions thgyroduce and to compensate clean sources of energy for the emissions they

*% SourceProjected Costs of Generating Electricity. IEA

“Source/  YI RIFY LYRdZAGNRAFE t NAROSa® a{ ( Miniaty ¢f Er@érgy (Ontaxio), Rihistry & y S NH &
Energy (Alberta) and Ministére des ressources naturelleg ¢ faune (Quebedjrance, Germany, Spain and Nordic:

YAYAYdzYY @22NIR [bD SadGAYFIGSR b28SYOoSNI wnmu tFyRSR LINAOSao®
LINA OSad a9dzNRaAGlIGd Hamméd WI LI Yy aiyd Fedevarenady tequlatéra G A Y G SR b
O2YYA&aA2YEé0t alf ERYHIYA @I wSOASE 2F 22NIR 9ySNB@E

®Source/ Y REY 51 G FNRBY AYyGSNIASsad CNIyOSsE DSNNIyes {LIFAyYy |-
{GFraAaaaAaAOrt wS @A Smum2data frogh Milerikews Yy SNH& £ © al EA

*® No renewable energy approvals for offshore have been issued and no offshore projects will proceed at #yiplicagions

for offshore wind projects in the Fe&uTariff program will no longer be accepted and current applications will be suspended
Ontario Ministry of the Environment. February 11th, 2011

" Source UK Electricity Generation Costs Updatdatt MacDonald

-
2

prifsma
Page40212



avoid For instance, thethird phase (2012020) of the EU ET8efines a capandtrade scheme handling
allowances From2013 there will be only one single cap (number of allowanéas)he entire EU which will be
allocated eitherfor free (an allowance) othrough auctions Powerproducerswho enter full auctioningwill be
able to pass theostassociated to emissions to their customenrsdustrial installationswill be shifted gradually
into full auctioning by 2027.

The costs of emissiemdepend on the quantity of emissions produced amal the prices associated to these
emissions. The amount of emissiossa function of thetype and quantity of the€fuel used.A number of factors
influence this ratio:

Generation technology:Coal, and gas based technologies generate different amount of emissions by unit of
generated power. The next figure shows average emissions of coal and natural gas in then@&@[DD evolution
over time
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Figure28. OECD average emission raiegvolutiorr’

Fuel daracteristics The provenance and composition of the coal used in a plant may have a significant impact on
the type and quantity of emissions produced per unit of generapever. Thetable below shows some
differences in amounts of G@quivalent emissions depending on the type of fuel used

e’:ﬁ;”gﬁi'ﬂiﬁ rckc\%\/h 2005 2006 2007 2008 2009 2010 Rj‘snf des
Canada 446 436 449 489 460 499 436¢ 499
France 264 314 318 322 463 520 264¢ 520
Germany 309 208 299 315 311 346 298¢ 346
Norway 302 301 341 312 302 343 301c 343
Sweden 218 219 215 216 209 209 209¢ 219
Spain 319 356 339 349 353 358 319¢ 358
Japan 441 443 445 442 438 430 430c 445

Figure29. Natural gasc CQ emission rates per countrfrom electricity and heat generation (gram/kwHJ

*8 The number of allowances will be defined in such a way that there will be a linear 1.74 reduction in the number of allowances
each year compared to the annual average of the 2P082 allocations, adjusted to take account of e.g. the wider scope as
from 2013 (Directive 2009/29/EC)

5 SourceCQ emissions from fuel combustion Highlights (2@ditior). IEA. Includes the corrections issued in 2013.

®Source: CQemissions from fuel combustion Highlights (20&dition). IEA.Includes the corrections issued #013. CQ
emissions from coal and peat consumed for electricity generation, in both electoisijyand combined heatral power (CHP)

plants, dividedby output of electricity generated from coal. Both main activity producers and autoproducers have been
included in the calculation.
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emi;?:f:i (;3 wh 2005 2006 2007 2008 2009 2010 Ranges used
Canada 898 921 851 812 928 923 812¢ 928
France 966 1,003 1,012 1,036 1,048 949 949¢ 1,048
Germany 867 904 907 896 906 889 867¢ 907
Spain 886 901 943 901 926 937 886¢ 943
Japan 011 917 916 906 909 902 902¢ 917

Figure30. Coallpeat ¢ CQ emission rates per countrfrom electricityand heat generation (gram/kWhj'

Characteristics of the plantincluding plant sizework rate, efficiency, emission control mechanisms used,(e.g.
Carbon Capture and Storage&CCS technologies used to store waste gCHc.

Emission pricesForecastinghe price of C@equivalent emissiongay be difficult, given the scarce definition of
scenarios and global emission reductionsgts, as well as the challenges that,@@rkets have experienced in
the last years.The next graph shows an example of,@@ce forecastsused by a statagency in Spajrdepicting
the highlevels of uncertainty associated with the future prices of emissiand the large chance of errogdoday
(2013), prices of emmissions are a#3S$/t.
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Figure31. Example of forecast price of GO /¢)*

Figure 32 displays the results of cost simulations (LCOE), showing the proportion that emission codtls w
represent for an averagerige of emissions 0f0 US$/t cei¥for gas and codired generation However, at the
present, excess allowances have significantly reduced the prices of emissions for most European plants to figures
below 4 US$/t CO Thiscontributes toreducethe costs of generationf coalfired plants, making their business

cases more attractive.

®1 Source: CQemissions from fuel combustion Highlights (2@dition).Includes the corrections issued in 203} emissions

from coal and peat consumed for electricity generation, in both electrimity and combined heatral power (CHP) plants,
dividedby output of electricity generated from coal. Both main activity producers and autoproducers have been included in the
calculation.

%2 Source: Spain 2012015 Renewable Energy Plan (PER)AEUsing 2010 as a baseline.

% The model has been run with a range of potential emission prices to determine the impact of this cost factor in the decisions
of investors. However, significant uncertainty exist as of the potential prices that emissions may reach in the mediumg and lo
terms.
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Figure32. Exampleg Impact of emission cost for gas and coal over LCOE (%, US$/M\@Bymany

RECOST pproach to modelingemissionscosts The simulations conducted hawesed data from the Climate Economies
Chairas referencepricesin the EU region. 12-8 n ® 1, €% 6B1.hUS$HCE) in 2020°* and 310 US$HCRtoday.

To reflect the uncertainty associated with the future costs of emissiong, K-4 Tidtalyses have been conductethishas
enableal to gauge the impact of variations in emission prices overpibiential business cases of gamnd coaffired plants.

2.5.8 Transmission costs

Transmission costs consadtthe fee the producer has to pay to transmit thkectricity produce85. Thesize of this
costdepends ora large number of factors: (e amount of electricity fed into the grid2) the characteristics of
the plant under considetion, and its operating regimesuch as load, utilization, and locaticand (3) regulatory
elements The treatment of these expensasid the proportion that is allocated to the producer considerably vary
in the different countriedncluded in the studyFor example, in Quebec, Hydro Quelas considered balancing
and transmission costs to calculate the prices paid tsloore windplants.

Accurately forecasting transmission costs for the life of a prd@@60 years) is not fesble. Aoproximations must
be conducted. Some investors perform bottarp analyse of the transmission cosfmotentially assessed ttheir

generation projects (large utilitiesusing different factorsMany calculate average transmission costsd add
them to the generation costs of their prajts.

RECOST pproach to modeling transmission cost$he analysis tools used in this study approximate transmission gsist3
averages obtained from publications and from the data associated to the database of plants and projects. This
evaluating transmission costs is useful to provide general insights about the region/technology pairs included in thieusc
isnot valid to assess the specific transmission costs associated to a given plant.

If the business case of a specific plant needs to be assessed, transmission costs must be calculated with a separdte
directly added to the simulated cost of eactapt or project as an additional cost.

Canada France Germany Norway Sweden Spain Japan
TransmissiorCost 5-17 4-14 3-16 4-17 3-10 10-14 10-20

Figure33. Exampleg Assessment of transmission costs (US$/M\/\LhRange§6

% Simulations of EU ETS conductéith the ZEPHYRlex model, developed by the Climate Economics Chair

% n this report,transmission costdo not include the ongime costs associated to connecting a new plant to the existing grid,

and reinforcing lhe grid to assume the load of the new plant. These costs, that may be considerable in some projects located far
away from the built grid, or for large plants (cdi@méd, for instance), or for some efhore developments, have been
considered under the cler Owner Costsin Sectior?.5.2, following the lifecycle philosophy utilized to evaluate plant costs

® Source:9 dZNR LISY G hOSNIBASS 2F GNIyavYAaairzgeéedl NRY F-Québeotall S8oRNR LIS
tenders. Japan: estimated value through interviews
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Other grid costsare alsoworth discussingeven if they do not affect the business casd a plant RET with
variable or mtermittent generation patternssuch as wind and solar PV, may generate a number of additional costs
to the electric systerff, examplesnclude

1 The day to day cost of balancing scheduled and unscheduled variations in the output of the plant.

1 Investments in additional installed capacity to cover peak demand when the intermittent sources cannot
do it.

1 Investments in reinforcements of transmission and consyétems in the grid, which afgorne by the
TSO.

A number of studies have begun to quantify the costs incurred by the system due to variability or intermittency.
But figures in theoublic realm arestill few and display large variations

Investors do not factoin the costs associated to transmitting electricitytheir calculationsunless tley have to

pay for them. But thee costs may bevery relevant to policy makers that have to decide howntentivize variable
RETor large noRRET generation plant§Vhile the proportion of variable generation is small, highly dispatchable
technologiessuch as gafired plants may balance the load of the system. However, when the generation mix of a
country includes high proportions of intermittent generation, it is necessary to incur additional costs to ensure
balancing. Accurately computing these costs and defining who has to pay for them aissuegfor policy
makers

2.5.9 Decommissioning costs

Decommissioningonsist ofdismantlinga plant at the end of its lifeycle. Dismantling involves operational and
administrative tasks. Some of them are legally required by local rules and regulations. Decommissioning a plant
based on a technology otherdhn nuclear poses similar problems to those faced by other industrial enterprises. It

is necessary to return the land & specified conditiomemoval or cleaning adnvironmentally daraging materials

must be ensuredand materialsand components have tbe scrapped or reused.

The main challenge in the evaluation of decommissioning costs ikthje number of factors that influence them
(location, local regulations, existing supply chain, etc.). Investors use very different approaches to evaluate these
costs. In some casgthey have direct experience ithe decommissioning of glant. h other casesthey request a

quote from specializet companies.

Figure34 shows the ranges of impact of decommissionim@ECD countriesods for the technologies in scope.

(Us$/MWh On-shore wind | Off-shore wind Solar PV Hydro CCGT Coal

Decommissioning

Costs 0.161.15 0.291.32 0.044.67 0.030.67 0.020.18 0.01-0.18

Figure34. Example of impact of decommissioning costs (US$/M{h)

o7 SourceProjected costs of generating electricgy2010 edition IEA
® projected costs afeneration of electricity (2010 Editiog) EA, NEA.
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RECOST pproach to modelingdecommissioning costsdDecomissioning costs are calculatied each of the technologies ir

the scope of the report. Excluded from the calculations are:

1 Repowering (replacing less efficient turbines with more efficient ones) in the case of wind farms.

RECOST

1 Blade replacement and recycling. An event that happens during the operating life of a windafadrthat at this

point does not have an easy solution because recycling blades is rather difficult and costly.

T Second hand market for gas turbinest provides the ssibility to add a residual (negative) cost at the end of

economic life of a plant, thus modifying total levelized costs.

2.5.10 Financing costsg Interest rates

Finance rates for generation projeaiependon a host of factorsinvestors devote significant time and effort to

ensure they attain the most advantageotsnditions for their projectyseeSection2.4).

Approach to modelindinancingcosts The rate ranges used to model the business case of generation are summarized

table below.These values should not be taken as evidence of averages of rates in the countries under consideration,
ranges usd in the simulations.

Discount Rate iﬁ)near(tj: gi?:gg gir;iii France| Germany | Norway | Sweden| Spain | Japan
. Equity 15% 8% 8% 10% 10% 11% 11% 12% 8%
Onshore wind
Debt 3% 3% 3% 3% 3% 5% 5% 6% 3%
. Equity 12% 12% 13% 13% 11%
Off-shore wind
Debt 6% 6% 6% 6% 5%
Equity 10% 10% 10% 12% 8%
Solar PV
Debt 3% 3% 3% 6% 3%
Equity 8% 8% 10% 11% 6%
Hydro
Debt 3% 3% 3% 5% 3%
ceET Equity 10% 11% 13% 13% 15% 6%
Debt 3% 3% 4% 4% 8% 3%
Coal Equity 11% 13% 13% 15% 6%
oa
Debt 3% 4% 4% 8% 3%

Figure35. Examples of ranges of discount rate per technology and country (%)

Two mechanisms were used &pproximateranges of financing rates for each of the region/technology pairs included in

study:

1 Data collection.Data from some plants and projects included details about the specific scheme used to finance
and the financing ratessed (very few).

1 Discussionsand workshopswith experts and investors, who provided their views about the financing rates
schemes which might be applicable in each region/technology pair.

Examples of factors that influence the financing rates in each pair region /technology include:

91 Different perception of risk between renewable and n@mewable technologies. In some cases the first rece
incentives, and the latter are primarily subjeotmarket prices.

1  The risk perception of renewable technologies varies depending on the type of support: PPAs have lower discot

than FITs, which have lower discount rates than other types of support like green certificates or offsets.

1 Convational technologies like CCGT aondal show higher discount rates in the current situation than those expecte
the past, due to actual lower capacity factors that reduce the attractiveness of the business case for investors.

1 Off-shore wind shows higher finaimg ratesthan onshore wind due to the risks associated with this technology.
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1 Differences between Canadian regions are due to the different compensation systems for renewable techuskdjies
each region in the scope of analysis

RECOST

1 The current economisituation in Spain, and the uncertainty associated with the futlestricity policies in this country
increasedinancingratesof all generationtechnologies.

1 Norway and Sweden show slightly higher financing rates than France or Germany due toyctisienc

The recent measures taken by the government to support-nanlear energies after the Fukushima accidemtribute to
decreasdinancing rates in Japgor RET generation.

2.5.11 Cost sensitivityto different factors

Costs of generatiorare very sensitive to the variations of a large number of factors. Investors consider
potential variations of facts costsand assestheir impact ongenerationcosts This enables therto gauge the
reliability oftheir calculations and toassesghe risk ofthe project. A project wheréactor costsare likely tohave

large variations will result in large potential variation of final costs, adding risk to investors.

Figure36 shows examples of the sensitivity of costs of different technologies to different cost factbuwes longer

the horizontal bars, the higher the impact that the variatwithe cost drivehas onthe costsof generation

Onshore wind

85% 90% 95% 100% 105% 110% 115%

85%

Oftshorewind

90% 95% 100% 105% 110% 115%

Capital Cost
Fixed O&M
Insurance
Fuel Cost

Emission Cost

Variable O&M

Decommission

Lifetime

Capacity Factor

Figure36. Exampleg Sensitivity analysig, On-shore wind and Ofshore wind®

Hydro

85% 90% 95% 100% 105% 110% 115% 85%

Solar PV

90% 95% 100% 105% 110% 115%

Capital Cost
Fixed O&M
Insurance
Fuel Cost

Emission Cost

Variable O&M

Decommission

Lifetime

Capacity Factor

Figure37. Exampleg Sensitivity analysig Hydroand solar PV°

%9 | LCOE with a 12% variation of each parameter from the average €asehgre wind: 50 MW, 5% discount rate (DR), 30%

capacity factor and 20 years lifetime; @ffore wind: 150 MW, 5% DR, 40% capdeityor and 20 years lifetime]
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CCGT Coal

85% 90% 95% 100% 105% 110% 115% 85% 90% 95% 100% 105% 110% 115%

Capital Cost
Fixed O&M

Insurance

Fuel Cost
Emission Cost
Variable O&M
Decommission

Lifetime

- Capaciy Factor ]

Figure38. Exampleg Sensitivity analysi§ CCGT and codl

2.6 Assessment of generation revenue

Revenues fronthe electricity generateddepend on three components (1) the quantity of electricity produced, (2)
the price of electricityand (3) additional sources of renue.

YQU 00 QDaQd 0O Qg

YQU YQU Q&R&Q@ @i
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DaQhg 0QQNO NEHHAOVQL QVHQ DI

Figure39. Revenue from electricity and other sales

Investors use a variety of tools to assess futoegenues.Utilities and companies specialized in funding the
electricity sectoyuse dynamic revenue models, whicbnsider darge number of variables, includimgmpetitive
situations; macroeconomic vadbles (electricity demand, and trenddype of contract¢ spot/ by contract
markets;imports and exports in addition to energy from local plamt. Smaller, less specializéuvestors may
use educated approximations to forecasjrevenueswith more or less level of detail

2.6.1 Electricity produced

The amount of electricity produced kg plant is afunction of its size capacityfactor (or utilization),and the
expected life of the plant. Investors make hypotheses about the average valuesages of variation of these
parameters to compute the output of the plant. Utilities use large, complex models that calculate potential plant
utilization as an output of market demand and supply, the evolving characteristics of the generation environment
(other plants, policies, evolving costs, etc.), andny other factors.Other investorscompute the impact ofa

°| COE with a 12% variation of each parameter from the average [¢hg#ro: 50 MW, 5% DR, 45% capacity factor and 30
years lifetime; Solar PV: 8 MW, 5% DR, 25% capacity factor and 20 years lifetime]

" LCOE with a 12% variati of each parameter from the average cageCGT: 400 MW, 5% discount rate, 75% capacity factor
and 30 years lifetime; Coal: 400 MW, 5% DR, 60% capacity factor and 40 years lifetime]
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handful of key factors, for instancthe expectedife of the project, averageapacity factor average losses, efc.
and assess the level ofki associated to the proposed investment through less sophisticated models.

Capacity factor(or utilization) is theratio between theactual power generated and thenaximumpower that the
plant could generateThis indicator measurdbe percentage of installed capacity that is utiliZédrhe potential
capacity factor o plant over its lifetimas a critical input in the calculation @ financial results. Once the capital
outlays of the plant have been madit is imperative to ensir a utilization ratethat maximizesthe returnsto
investors. The impact of capacity facton average or levelized cost ofeetricity (LCOHES very significant, as
shown by the sensitivity analysdspicted inFigure40 and Figure41.

LCOE(USHIWhH
400
350
300
250
200
150
100
50
0
5% 10% 15% 20% 25% 30% 35% 40%
Capacity factol
DR 3% ==DR 5% DR 10%

Figure40. Exampleg LCOE sensitivity taapacity factors and discount rategGermany / Onrshare Wind)73

LCOE(USHIWH
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120 \
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10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Capacity facto
—DR 4% —DR 5% DR 13%

Figure4l. Exampleg LCOE sensitivity to capacity factaaad discount rates (France /CCGﬁA)

Figure42 displays examples aftandad or technical operating factorger technology They represent averages
from data obtained in industry interviewand from publicationsThey are reference valugsot the values at
whichany specifiplant will operate.

2 SourceMonitoring Performance of Electric Utilities. The WdBlaink, 2009
"®Based on simulations of 50 MW plant, wittnstructiontime equal to2 yearsand 20 years of economic life
" Based on simulations of a 400 MW plant, witimstruction timeequal to2 yearsand 30 yearsof economic life
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RECOST
On-shore wind Off-shore wind | Solar PV Hydro CCGT Coal
Capacity factor 30% 40% 20% 45% 75% 60%
Lifetime (years) 20 20 20 30 30 40

Figure42. Design capacity factors and lifetimes by technology

The actual capacity factors at which a plaperatesmay be very different from the values depictedrigure42,
due toa number of reasons

1 Thesituation of the economyof the region/country where the plant operates which directly affects
electricity demand.Power consumption has large impact inthe average capacityfactors of the
generation plantgarticipating in the markebf a givenregion; in particular if they enter last in the merit
order curve.

1 Weather patterns Weather influencesapacityfactorsin a rumber of ways: Unseasonal cold ahdat
increaseconsumption of electricity. This in turn increases thieeragecapacity factors of the plants
operating in a region (the impact may be local, national, or internatioriady. conditions redce the
output of hydro plants (lower capacity fac&). The Nordic countries arf@uebecare particularly affected
by thisfactor, due to the importance of hydro in their generation mix. Wind farms can operalg under
certain condtions. htense or very low wid speeds reduce the utilization.

1 Changes irthe portfolio mix of a region The phasing out of nuclear plants in Germany is resulting in large
changes in the average capacfgctors of plants based orother generationtechnologies Something
similar has happened in Japan in 20IBe reduction iroutput of a given technology has to be covered by
output increasef other technologieso match demand.

1 Pace in the meritorder-curve: Some plants that were expected to operate as base lo#or instance
CCGT and coaglare being used now as peak cappcThey enter later than RET in the market merit
order-curve.As a consequencegsie CCGT plants that were designed for average capacity factors of 75%
are operating aB0% or less.

Figure43 shows average plant capacity factors by region/country in different reference years, calculated as the
ratio betweenthe actual electricity generated in the region by a given technology, divided by the potential
electricity that could have been generated by the total installed capacity in the region.

Country- Alberta Ontario Quebec France . Germany | Norway @ Sweden Spain Japan
Technology (2010) (2010) (2010) (2011) (2011) (2011) (2011) (2011) @ (201)
Wind- on-shore . 30% 24% 33% 20% 18% 2% 24% 23% 23%

Wind - off-shore ** 20%0*** ** 30%*** 25%***
Solar PV 16% 9% 8% 20% ~0%
Hydro 24% 44% 53% 23% 55%* 46% 47% 19% 22%
CCGT 64% 27% 36% 37% 52% 24% 23% 56%
Coal 64% 19% 60% 43% 56%
Nuclear 78% 60% 76% 99% 71% 85% 24%

|:| Does not exist in the country or irrelevant
* Hydro in Germany includes biomass
** |n 2011 offshore wind plants were still undeiability analysis or in draft form
*** Capacities are estimationg There is no breakdown between @more and ofishore wind generation

Figure43. Proxies for capacity factors of technologies in each coutg011”

®The proxies ar@pproximations to the average capacity in a region. A given plant may have higher or lower rates of capacity
than those stated in this table
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RECOSTapproach to modeling plant capacityThe impact ofplant capacity factors has been evatad in each of the
region/technology pairs in the scope. Design ratesd@gicted inFigure42), and proxies for capacitiactors (as shown in
Figure43) havebeen used as referees only, not ashe actualvalues of the capacitfactor of a given plant in the database

Extensive sensitivity analyses have been conducted to quantify and display the impact of this parameter in the busin
of eachregion/technology paias discussed iSectionb.

2.6.2 Electricity generation price

Accurately assessing the prices that will be paid for the etattrgenerated during the lifane of a pant is
impracticable. There are too manynables that will influenceprices overan extended period of timelnvestors
and otheractors use ranges girices to simulate the potentidiuture revenues of a generation project. Price
ranges are obtainetfom different sources:

1 Internal informationg based on historical prices and forecast.

1 Publicly available information, gathered from different sources such as expert reports.

9 Prices quoted in the electricity markets relevant for each generation pr¢gegt the price of the pool).
1 Others.

Figure44 shows examples of prices idifferent electricity markets. The prices of interest for this study are th
prices paid to the power producers, not the retail pricdlectricity.

FRANCE . ! GERMANY —+—Retail residential
~+Retail residential - without taxes/levies-
140 Source: Eurostat
. . -=Retail residential incl.
120 "'_Reta" ‘_:Dmmemal — Taxes/levies- Source:
industrial 200 e BNetzA (Regulator)
«-Retail industrial without
B
100 A Wholesale taxes/levies- Source:
— / — 180 Eurostat
r= - X
E ‘_4"‘*0-"“—:_"}*— -~Power exchange s /’//,/\/‘, —Retail industrial incl.
s __ = average —— taxes/levies- Source:
9 § \/\/ BNetzA (Regulator)
&0 = Power exchange peak 100 ST ~~Retail commercial indl.

« taxes/levies- Source:
40 PR 5 BNetzA (Regulator)
Power exchange
average- Source:

20 g =k BNetzA (Regulator)
Power exchange peak-
0= 0 Source: BNetzA
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 (Regulator)

Figure44. Evolution of Frenclf and Germar’ electricity prices (2002011)

The power exchange prices constitute a good initial reference to compute the business case of an electricity
generation project. Every investor is well aware of théce levels and their trendin their target markets.
However, the actual prices receivethy be quite different from the published pricespower exchanges due to a
number of reasons

1 There is no power exchangerhis is the case dpuebe¢ where most of the electricity consumedis
purchased from Hydr@QuebedDistribution.

"® Source:Data fromEdFEN, displayed inlectricity prices scenarios until 2020 in selected EU countrie¥LJr NA (& ¢t N2 2SO
Jan. 2012

7 bid
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1 Therelevance of thepower exchange ismall. For example, the spot prices of electricity in Japan are not
a fair proxy 6ér the prices paid to producers because the spot market is very srhalbther examfe is
Ontario,that hasa power exchange, butvherethe prices of gengtion are determinedhrough contracts
between producers andhe Ontario Power Authoritywhich ensures a priceto the producersthat is
usuallyhigher than theprice of thespot market

1 Electricity may be purchased directly from suppliers throudilateral contractswhose provisions are
not made public. The EU, directive 2003/54/EC allows European users to freely choose their power
supplier (producers, electricity service companies, and othérs)apan,lie compensation for electricity
production may be in the form of transfer pricewithin EPCOs, or through OTC contracts between
producers and consumers.

The ranges of jices used in this study for 20Rte shown inFigure45. Theboundaries othe ranges ofrices are
constituted by:

1 Thespot prices of electricityin the countries that have a power exchange. Both average spot prices and
maximum spot prices have been considered

1 Avaluedenominatedgenerationor wholesaleprice. As shown irFigure46, tis price has been calculated
by stripping down from the retail prices of electricity of each courng amounts associated to
transmission, distribution, s and other charges, taxes, efthis mechanism allowsomputing an
approximation of the maximumcompensation that could be awarded to a generic pjartd ses upa
(usuallyhigher) boundary to simulate the business case of a generation projgue. results from these
calculations may vary depending on the source, and of the year used as references.

1524
[103.8
83.7 80.3
76.2 732 .
) 53 '
64.7
535
454 (423
2z 2
Alberta Ontario Quebéc France Germany Norway Sweden Spain Japan
B Generation price: houset ® Generation price: indus 4 Average spot market price Z [ Prices used for calculation of business ca

Figure45. Reference prices (US$/MWh) per segment and couqt@Oll78

8 SourceBase for prices 201 Alberta, Ontario, Québec: HQComparison of electricity prices 2011, France, Germany, Spain,
Norway, Sweden, Japan: Key World Energy Statistics 2012. IEA

Breakdown generation price for households: Albertapotpower: FACTS, OntagdNational Energy Board & HydroOne,
Québecg HQ, France MEEDDM, GermaryWorld Energy Council, NorwgyRegieringen, SwedenVattenfall, Spaiig

UNESA, JapayPrysma anabis according to average

Breakdown generation price for industy:} & SRRA2&1 I HBNB I G SR LINR OS RI § I fro Euidstaty R dz& i NJA
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164.0 1244 68.2 187.1 352.0 170.7 248.2 295.3 260.9
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41%
29% — '
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58%
43%
26%

Alberta Ontario Québec* France Germany Norway Sweden Spain Japan**

B Generatior ™ Transmission, Distribution & Se  Feesand other charc ~ Taxesincl. VA = Other

Figure46. Breakdown ofhousehold retail prices (%,US$/MWh) per courftty

RECOST pproach to modeling electricity pricesA large number of simulations hagen conductedo identify the impact of
potential prices of generation over the business case of each region/technology pair.

It is important to understand that the prices usédthe simulationsare only references. They permit simulating a variety
scenarios, and have proverseful to provide insights the business cases of the region/technology pairs in the scope of
study. But they do notonstitute an analysis of the effective prices thajigengeneration projecmay attain.

Unless otherwise stated, it has beassumed that market prices will grow with inflation. Or in other words, in most of
simulations conducted market prices are constant in 2012 US$

2.7 Additional sources of revenue and costs

Investorsalso indude in their business casegher sources of costs and revenuds. particular, policies and
regulationstrigger incentives and measures of support (positive or negatieehe generation of renewabland
non-renewable electricity.

Investorsconductcomprehensive and detailed alyakes of each global, national, or local incentive that may be
applicable to a generation plant, and actively lobby to ensure their projects are eligible to receive incentives
But dentifying policies in the energy sector, and quantifying its impaatat a trivial task, due to a number of
factors:

1 Thelargenumber of elementsthat can be considered as policiesd that result in incentives or support
to electricity generation.

" SourceBase for prices 201 Alberta, Ontario, Québec: HQComparison of electricity prices 2011, FckanGermany, Spain,
Norway, Sweden, Japan: Key World Energy Statistics 2012. IEA

*Québec: prices set by HQ, no precise breakdown avaitageneration cost, transmission & distribution, GST and QST
**Japan: prices are fixed by EPCOs with monopoly panvireir service districts, no precise breakdown available

Breakdown generation price for households: Albertapotpower: FACTS, Ontagdational Energy Board & HydroOne,
Québecg HQ, France MEEDDM, GermaryWorld Energy Council, NorwagyRegieringen, SwedenVattenfall, Spaig
UNESA, JapaPrysma analysis according to average
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1 Thediverse means by which policy makers determine and allocateentives and support to the actors
in the electricity sectorand togenerationprojects.

1 The fact that in some cases theeentives are hiddenor reach the recipients througimdirectways.

Figured7 shows a norcomprehensive summary of incentives to renewable generation in the countries in scope.
Sectionb discussesome of the most relevarihcentives in each dhe regions in the scope.

Regulatory policies Fiscal incentives Public financing
E o £ A ;
E .2l € |8 _ g 5 s 8 ¢ § £
£ _2% gg-% @ T80 o E Bg B é‘ég Qghm 658’
8s5c| 8250 | B[ 3253 | £ 8% | 3iscz | sfes | s:s
PE58| wE8xe | | S35¢ | E5a5 CHG>3 f€85 | 283
Canada P P P P P P P
France P Pl P P P P P
Germany P P P P P
Norway Pl P P P P
Sweden P |P| P P P P
Spain P P P P P?
Japan P P |[P| P P
P Current Policies P Applicable to existing plants, temporarily suspended orreduced fornew ones

Figure47. Types of policies for renewable energies in the countries in scope (non comprehegﬂsive)

% SourceREN21 Renewable 2012 Global Status Report, modified and complemented with Prysma analysis
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3. THE BUSINESS CASE OF GENERASUIDMWARY

This section presents a summary of the insights obtained from analyzing the business cases of each relevant
region/technology pair inclued in the scope of REOST. &ailed resultsand insightsare presentedn Section5,
(in Part 2 of this repojt

3.1 Resultsfrom cost analysis

Costs of generation are evolving due to an array of technical, meaakelt policy factors. fesefactors affect not
only to new RET plants (wind and solar P¥yt also to established, mature technologiebhe simulations
conducted in the framework ahe RECOSTStudyshow that the costs of generation of new plants are different
from the costs of generation of plants that enteredavption more than &% years ago (older plants).

Capital costsThe evolution of capital costf plantsis one of thekeyfactors behind tle evolutionof generation
costs.Figure48 presentsa comparison between the ranges of capital costs of the new plants and projects included
in the RECOST database (20@913), and ranges of capital costs of older plants obtained from publications and
from proprietary databases (2012008).A number of isights emerge:

1 The capital costassociated toany technologypresent very wide rangesAs discussed iSection2.5.2 a
large number of factors affect and determimapital costs Therefore, depending on the technical and
operational circumstances (for instance, the location of the plant), the resuttpital costs nyabe very
different. @mparing the capital costs of different technologies has to be done with the uticerst if
possibleidentifying the specifidechnical, operating and financiaharacteristicsof the plantsthat are
being compared

|
7,000 —
Plants ~ 2002009

6,000 - Plants: 2010 and later (projects) |
5,000
4,000
3,000 +— I
2,000 +—
1,000 I

0

Onshore Oftshore Solar PV CCGT Coal
wind wind

Figure48. Evolution of capital costg New plants and projects vs. older plan(gS$/kWJ*

81 Ranges exclude Japan to eliminate the impact of speciftdact®rs that do not affect other regions.
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1 The unit capital costs (US$/KW) of newer RERts (wind and large solar PVappear to be lower than
the capital costs of older REpTants operating in similar circumstané&sThe main factor behind this
trend istechnology improvements.

1 The @pita costs ofgasfired plantshave not changed as much as those of other technologies.

1 The capital costs of best in claszatired plants appear to be decreasing. The main driver behind this
trend would be scale. Howeverthere is significant variatioin the capital costs from one plant to
another. Some new codired plants may have higher capital costs than older plants of similar size,
operating in similar conditions.

LCOE of generatiorBut capital costs are onlg part of the picture To fully gauge the behavior of different
generation technoloigs, it is necessary to alsmonsiderother factors for example other costs (perating andend

of life costs);operating conditions (quality ofhput factors, plant location)the market situation (affecting the
capacity factor ofeach plan}; and applicablesupport policies and incentive§igure49 displays the results of
simulationsthat usethe RECOST databas@and compares them with ranges of generation cast®lder plants
found ina number of publicly available reporgsd publicationsNoticeable differences have been found between
both.

500 } }

LCOE
US$/MWh I 7tants - 2008 - 2000

Plants: 2010 and later (projects)

400
- Breakthrough Plants: drastic cost reduction

300

200

Breakthrough
plants
100 l v = —]
l
Marketprice

ranges for
electricity

On-shore Off-shore Solar PV Hydro CCGT Coal
wind wind

Figure49. Evolution of generation costs New plants and projects vs. older plar?f’s

Onshore wind. (LCOE = 7%0 US$/MWh) Plants that benefit fronfavorable technical and operational factars
that is, large plants with scale economies, operating at high capacity factors, and finandedbwitto medium
rates of interest ¢ may start displaying cost ranges that approach the costs of generation oftitvadl

technologies such as gamaland hydro Different factors contribute to thisutcome

1 Reduction ofturbine pricesin the last two years, driven by the emergence of suppliers in developing
countries, and by price wars between turbine manufacturers.

1 Additional reductions in O&M costsdriven by increased operational efficiencies, and by the usevadr cost
suppliers.

8 Results obtained from simulations with the-RBST model.
8 Ranges exclude Japan to eliminate the impact of specific cost factors that do not affect other regions.
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1 The onshore wind sector ibecoming mature For the last 120 years, actors in the sector have leveraged
learning and experience to reduce costs. Further cost reductions may be perfectly possible, but they may not
be as significant as those seen in thst years. The learning curve is flattening.

1 Optimal locations are becoming more difficult to findThis contliutesto increasng the LCOE afew on-
shore windplants in some countries such as France and Gerffiany

The averagecosts of onshore wind generation are still higher than the market price®f electricity in the
countriesand regions in the scope of thesudy. However, the costs of some platiat benefit fromtechnical and
operating conditions which position them in the low rangeggehetion costs (low capital costs, high capacity
factors, and lowdiscount ratesmay be approaching market prices in somegions In the short term, some on
shore wind plants could attain positive business cases without ingémk:entive§5.

I Onshore windcould be competitive in the short or mediuterm in thermal countries/regions (Ontario
France, Germany, and Japan), where prices are defined by coal, Z@GTclear generatian

1 Onshore wind is likely to find it difficuio compete without incentives in regions with very low gas prices,
such as Alberta, where electricity prices are defined by low costs of gas; or in regions Quehas Norway,
and Swedenwhere krge proportion of lowcost hydrogeneration contribute to reducéhe market prices of
electricity®.

Off-shore wind (LCOE = 1285 US$/MWh).The unit costs of offhore wind generation are higher than those of
on-shore wind due to an array of technical and financial facttssues associated to new developmentse
challenges obperating offshore; anduncertainty about thduture behaviorand operating conditionsf off-shore
projects contribute to increasthe costsof this technology

In other publications, the ranges géneration costs ofiew offshore wird plants appear to bemallerthan those
obtained by the REEOST studyThis wauld be consistent with reports from actors in thedectricity sector that
claim © be attaining significant costeductions from technical improvements, as well as from incrdase
experience with this technology. Still, the largestrangesobtained inthis studyreflect high levels of uncertaiy
about final project costsMore data from operating plants are necessary to calculdie costs of offshore
generation wih the same level of accuradiyat has beerreached in the analysesf other, older technologie8§.

At the presentthe costs associated to this teablogy are still much higher thahe reference prices of electricity
in the countries in the scope olis study. Off-shore wind plants are viablenly when specific incentivefr this
technologyexist.

LargeSolar PMgroundmounted) (LCOE = 16800 US$/MWh).The results obtained from the analyses of new
solar PV plants and projects are consistent with some aspects of the traditional view of the technology. The costs
of solar PV generation are still higher than the costs of other generation technologies $tdpe of this study.

Alsqg even when operating in very good conditions, most of the plantthe database display costsuch higher

than the reference prices of generation in all the regions evaluated.

8 This statement is not valid if plants in attractive locations are repowered. But the analysis of repowering has been
determined as outside of the scope of this report: Repowered plants have not been included in@@3Eatabase.

% An example ighe A5 2012 auction celebrated in Brazil in December 2012, whkithup a price of 112 reals/MWh (42
US$/MWh), although with some special conditions.

8 Strictly speaking the prices of electricity in Norway and Sweden are determined by the high proportiancoistonydro in

the Nordic market (see sectidh?).

8 with the available data it is not possible to assert that the costs e$ludfe wind generation ardecreasing over timeThe
database of plants des not have enough granularity to allow time analybeg;ause the number of projects in the countries in

the scope is still relatively small.
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However, the costs dhe newestplants included irthe databaseare significantlylower than the costs of older
plantsalso included in the databas&echnical advances and increased experience with the technology contribute

to this trend Some of the companies interviewed claim to be able to attain maoetel costs of generation than

those of the average solar PV pldt0-20 MW, 15-20%capacity factor an@-12%discount rate) and to be ready

to reach grid parity in the near future. COE = 13B40 US$/MWHY. These plants with much lower costshich

NS RSY2YAYylI GSR KNERdzaK2dzii ,toKeSogrizé theR positiod at thedchtihy 4dgefoNP dz3 K
the technologytoday, may become commonplace in the nexéi3/ears.

For the time being, solar PV plants still need policy support to opgnatitably, but the breakthrough plantsay
be able b operate with very small or nievenue incentives in the near future.

CCGT (LCOE =#® US$/MWh)Thecosts of generation of new gdised plants appear to be slightly higher than
those of old plantsThis appears to be due to twactors:

1 New gas plants in many regions in the scope of the study are operating at very low capacity (Baetage
~20-40 %) This furtherincreases their costs of generatiofhe exception is plants operating in regions with
low cost of fuel, such as Albefta

1 New plants have slightly higher capital costs thader plants Thiswould be consistent withindustry
analyse. Experts assert that capital costs are likely to drop in the near future due to aatmductive to
eliminatethe inefficiencies that caused the incred$e

Coal (LCOE =820 US$/MWh).As it is the case with gas generation, the costs of new coal pégpsar to be
slightly higher than those of older plants.

1 New coal plants in many regions in the scope of the study operate at relatively low capacity(éaet@ge
30-50 %). Thifurther increases the costs of generation.

I The capital costs of new coalapks in the REEOST databasappear to be slightlyhigher than those of
comparable older planfs.

Additional considerationsChanges isomekey cost factors may significantly affect the costs of generation of any
technology:

1 The mosimportant is therate of interestusedto finance the plants. Everything being equal, different rates of
interest may significantly affect the final costsgaheration

1 Other factors such asnsurance, emission costs, decommissioning cos&i,. have lowermportance inthe
business casef most plants But they also add to the final cost tally of the projelet.plants with thin business
cases, theseasts may represent the deciding factoetween going aheadr abandoning a project.

1 Additional costs drivers, such adegration with the network may significantly influence the business case of
some projects (ofshore wind, for instancgé). The main issue is nonly how much cost will be allocated to a

®The sample of data for these breakthrough solar PV plants yssveall. However, the implications of these much lower costs
levels could be very significant for the future of this technology.

8 SourceiEAC World Energy Outlook (WEQ) 20Ministry of Energy (Alberta)

% Source:Future fossil fuel electricitgeneration in Europe: Options and consequencelRC Reference Reports, 2009; UK
electricity generation costs update (June 2010), Mott MacDonald, Investment and operation costg f@ggmeration portfolio,
VGB Survey 2011. Coal fired power plant consizncosts, Synapse (2008)

% |bid. For coafired generation his result has to be put in context. The number of new plants included in the analysis is
relatively reduced, and data from older plants are scarce and not very detailed. The capital cosfsefariscal pulverized
coal plants obtained in the scope of this study may not fully represent consolidated trends of this technology.

92 SourceProjected costs of generating electricity (2080EA, NEA
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given plant, but whether the plant may be connected or not to thie,gand when. The uncertainty generated
by this situation mayeduce the appetite of investors to commit to a given project

1 Taxedtake away a significant portion of the income generated by each plant. Adding corporate, regional, local
taxes, plus geneton specific taxes may result in a plant that provides positive income to investors, but that
does not supplyhe desired return levels

1 Exchange ratesnay influencethe outcome and the success sbme investments that include expenditures
and revenues inlifferent currencies

Cost of generation vs. prices of electricitfhe main consequence of these trends is thiatsome countes, the
costs ofon-shore windare approaching themarketprices of electricity. Some of the beiskclass plant¥ analyzed
appear to display costs that are in the higher ranges of the reference prfoelectricity of some of the regions
considered. It might bexpected that in the short termgomeon-shore windplantsmight display positive business
cases without he need of incentives in regions where the prevalent prices for electricity generation are high
enough.

The costs of other new RESch as solar PV and affiorewind, are higher than the reference prices of electricity

in the practical totality of theeagions in the scope of the study. They require incentives to compete against other
forms of generation. However, the trends identifieg this studyand by other publications suggest that some
point in the future these two technologiesouldbe at paity with the prevalent prices of electricity generatiam
theseregions*.

The relative competitiveness of new RET, and the likelihoodviitad and solar PV plantan forego incentives in
the future is very dependent on thgrevalentprices of electricityPrices that in turn dependn the supply mix of
each of the regions/countries analyzed by-®&BST.

1 New RETould be competitive in the shornedium term in thermal countries (France, Germany, Sweden,
Spain), where pces are defind by coal, CCGiliuclear generation.

1 However in the short ternmew RET will still find it difficult competing in regions with very low gas prices, such
as Alberta, where electricity prices are defined by low costs of gas.

1 New RET plantg even the bat-in-class orshore wind farmsg are likely to be uncompetitive in hydro
regionstountries such as Norwagpwederand Quebecin the long term. Approaching the very low prices of
generation associated with large proportions of hydro generation is goingetuire significant cost
reductions not likelyin the very short term (3 years)

In addition one key factor to determine whether new RET plants fb@yble tooperate without incentivesn the
future will be the extent of support and incentives thathetr forms of generation are awardeds discussed in
Section 3.10 nonRET plantamay also receive incentives that affect their generati@osts Reducing and
ultimately discontinuing incentives to RET generation should be done only in a framework inthiéhiokentives
to alltypes of generation are considergboth RET and neRET

9 Depending on the country/region: onshore wind farms with3 capacity factor, size 400 MW and discount rate-8%
% Database includes data with very low capital apbteakthrough plants
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3.2 Canada; Alberta ——
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Figure50. Albertac Ranges of unit costs and revenues (US$/MWh)

Alberta / On-shore wind:{ A Ydzf F A2y & 27F | f 6 S NI |-shaie Wil ¢cosfsinigheNtaa te (G Ay
average cost of gafired plantsin the region and roughly at the same @t lower levels than those of coéited
plants.

Bestin-class omshore wind plants (Size 7500 MW, apacity factor 3685% and discount rate-8%), which benefit

from low interest rates, advantageous turbine prices, and high capacity factors, may reach costs of generation
lower than the costs of some thermplants (coal~ 70 US$/MWH. However, these plas are not representative

of all the on-shore windplantsin Alberta,as average plants (Size-230 MW, capacity factor 25830% and discount

rate 6:10%) still display higher costs than those of thermal plafitese average plants stikedpolicy supportto
operateprofitably.

It may be advisable to frequently evaluate the evolutioroofshorewind costs in order to identify how the cost
gap between orshore wind and othegenerationtechnologies evolves in the futuri@ the province

Alberta / CCGTThebusiness case of new CCGT is very positithe province New gadired plantsappear to
haveslightly higher capital costhan older plants but thisis amplycompensated byhe very low cos$ of gasn
Alberta.

Alberta / Goal: New coaffired plants pesent advantageoudusiness cases to investorsthey can operate
consistently at high capacity factors (88%). Plantsvith capacity factordower than 45% may find it difficult to
result in profitable operationsunless theysecure higher prices than thmarket average tlough balancing
revenues, OTC contracts other).

% Result of 180 simulations by countrtechnology pair usinRECOST model (based on the data obtained in the interviews).
Incentives are included.
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RECOST
On-shore Off-shore

CANADAALBERTA Wind Wind Solar PV Hydro CCGT Coal
# Plants in thedatabase 5 NO NO Approx 2* 3*
Size ranges (MV@? 50-80 200-800 250-600
Business case P P P
*Note: Includes data from publicatns. Sed-igure180

P Profitable Profitabilityissues I  Not profitable 2 Uncertain A Impact of policy changes

[[] Region/Technology pairs ey 56 not exist or irrelevant

. Not included in the study
(scope of analysis)

Figure51. Albertac Business casgBC)summary of results

3.3 Canadac Ontario

Given the average costs of generation of new RET (wind, large soliar tR®))it would be difficult for investors to
define attractive business cases at the current market prices of electricity in Ontario, ThereéweRETG
including new hydra; are supported with incentives that enable developers and investors to cover costs and to
reap a measuref profitability. The incentive schemia Ontario appeas to be adjusted to benefit best in class
plants. Simulations show thahvestors in solar PV, eshore wind and new hydro should be able to define
attractive business cases in Orita if theysignificantly adjust their costs.

- Costanges
Revenue ranges -

Positivd_evelizedGAP

NegativeevelizedsAP i

777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777

-400 -

Figure52. Ontario¢ Ranges of unit costs and revenues (US$/MWh)

% Represent sizeanges that can be used in teenmulationmodel, not the size®f the plants in the database

9 Result of 180 simulations by countrtechnology pair using REOST model (based on the data obtained in the interviews).
Incentives are included.
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Ontario / Onshore wind: Bestin-class omshore wind plants benefiting from low interest rates-{%),
advantageous turbine prices, and high capacity factors3&®) would generate enough profitability to interest
investors even with the recent reductiomin thelevelof incentives in this provincés.

RECOST

Ontario / Large solar PVThe policy changes introded by the government of Ontario in 2012 appear to be
putting significant pressure on investors in solar Rithe currentcompensation levels for solar PV electricity,
only plants with LCOE 800-350 US$/MWhmay define profitable business cases @ntario

Ontario / Hydra The current incentives for hydro generation are sufficient émeyate positive business cases for
new smal and mediumscale hydro plantsBut the profitability of new hydro projects is by no means ensured.
Investors must condet careful assessmesibefore committing to a given project.

Ontario / CCGTNew gasfired plants with contracts with the Ontario Power Authority (OPA) of aboutl32
US$/MWH® would beprofitable. Buta gasfired plant operaing without an OPA contradiat market prices), wadd
find it difficult to obtainpositive business case

CANADAONTARIO On-shore Wind OU;/sirrl‘gre Solar PV Hydro CCGT Coal
# Plants in the database >10 NO 1* 2% 2* NO
Size ranges (MW§° 5-200 1-80 10-100 200-800

Businescase

P

Pl

P

P

*Note: Includes data fronpublications.SeeFigurel80

z

P Profitable Not profitable Z Uncertain

Region/Technology pairs . .
| | ) Does not exist or irrelevant
(scope of analysis) -

Profitability issues I A Impact of policy changes

Not included in the study

Figure53. Ontario¢ Business casgBC)summary of results

3.4 Canada; Quebec

g

Quebecis one of the regions withthe highest proportion of hydro generatiom the world Legacy hydro
generationis the main factor behind theery low prices of electricity in the province. The reference prices of
electricity used in the simulations were 27.9 US$/MWh, corresponding to the prices paid by-Giyebec
Distribution to HydreQuebecProduction®. Asa consequence, new RE€ed policy support. Quebec supports

new generation technologies thugh RFPs (requestfor proposgl that enable suppliers to attain higher
generation price than it would be possible ithey werea St f Ay3 GKS St SOGNRKOA (Bée LINE R
Section6.4).

% Source: Ontario’s Fead Tariff Prograng Ontario Power Authority. Original FIT-ehore wind Price 13.8CA$ c/kWH), New
FIT Price 11.5 (CA$ c/kWH)

% Source: Ontario Power Authority. Cost Disclosyé&eneration Supply
100 Represent size ranges that can be used in the simulation model, not the sizes of the plants in the database

19 Electricity prices are definedby An &F (1 KS w&dgeh S RS f Q;
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RECOST

US$MWh
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Figure54. Quebea; Ranges of unit costs and revenues (US$/MW)

Quebec /Onshore wind The business cas# each plant will dependn the specific agreement established by
the producer with HydradQuebe¢ agreement that is not publiiHowever, with the data existing in the public
realm, it is possible to assert thite current incentive™ system in Quebeappeassto provide reasonable rates of
returns to investors inon-shore wind. Section 6.4 discussesn more detail the simulations that have been
conducted to gauge the results of the business casethiwRFPghat have beercalled byHydro-Quebecin the
last years

Quebec / Hydro Investors in small hydro need to receipelicy support to operate profitably. Simulations show
that investors require ateast 7080 US$/MWh to turn a profitThese compensation levels appear to be in the
vicinity of the prices paid by Hydro Quebecstoall hydrosuppliers®.

On-shore

Off-shore

CANADAQUEBEC Wind Wind Solar PV Hydro CCGT Coal
# Plants in the database 5 NO NO 1* NO NO
Size ranges (MW{® 100-140 10-100

Business case

P

P

*Note: Includes data from publicationSeg-igure180

P Profitable

Profitability issues

r

Not profitable

Z Uncertain

Region/Technology pairs . )
| | . I Does not exist orirrelevant
(scope of analysis)

Not included in the study

A Impact of policy changes

Figure55. Quebecg Business casg8C)summary of results

102

Incentives are included.
103

104

105

prilsma

Result of 1820 simulations by countrtechnology pair using REOST model (based on the data obtained in the interviews).

Prices paid by Hydro Quebec in tHeRR for orshore wind generation carried out by the utility are approximate
Prices paid in the RFP for small hydro are not avail&idéa from interviews.
Represent sizeanges that can be used in teemulationmodel, not the size®f the plants in he database
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3.5 France l l

Traditionally, the power generation mix in France has been based on a combination of thermal, hydnackeaad
plants.This has resulted in reisely lowelectricity pricesAt the prevailing market compensation levels, new RET
(on-shore and offshore wind, and solar PV) require policy based incentivetefme positive business casekhe
incentivesdefined byFrenchpolicy makers to support the renewable technologies ie gtope of this study
appear to provide reasonable rates of return to plants in the mediow ranges ofjenerationcost.

US$/MWh
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Figure56. Franceg Ranges of unit costs and revenues (US$/MVW?)

France / Orshore wind The current FIT for eehore wind in France appears to provide enough margirig to
plantsin a range otechnical and operatig conditionswhich position them in the low ranges génerationcost,
(50-100 MW, 30-35%capacity factor and-8%discount rae).

France / Offshore wind: Thereis significant uncertainty about the levels of costs thatsifbre wind gneration
will attain in Franceonce the plants are in operatiorHowever,the simulations conductedising the REEOST
databaseand publicly available datshow thatthe current incentive system would bedequate to develop off
shore wind. Tie RFPsecently launchedappear to provide participants with enough praefiility to investin off-
shore wind but the compensation levelgegablished would notresult in windfall profits (Ranges of priceso
producershave been assumetd be inthe range of 20260 US$/MWF1°7).

France / Large solar PVikewise the recent RFPs for solar PV in France appear to hese adjustedo provide
enoughmargins to investors to ensure thegdarticipation in the scheme, whilsimultaneouslyavoiding windfall
profits (117-240 US$SMWh'®). The scheme, as it is defined at the presesttiould enable the addition of solar PV

1% Result of 1520 simulations by countrtechnology pair using REOST model (based on the data obtained in the interviews).

Incentives are included.

7 There is no official information about the compensations that will be paid to winners of the recestha# wind RPFs in
France. The prices used by-RBST, have been obtained from expert interviews, and industry publications

1% 50urce: Interviews and ¥ma analysis
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plants with good levels of gersion costs 119232 US$/MWh). This would favor the introduction of
breakthrough technologies in solar PV generation.

RECOST

France / CCGT and Colew nonRETplants(gasand coaffired) face a challenging situatioihese pants need to
reachrelatively high capacity factors (above 60% for coal plar#ed 75% for CCGT) to attain positive business
cases. Reaching thesdilization levelds not straightforward in thenarket and policyconditions prevailing in the
power sector in France todajs a consequenceyost investments in new gas and cdiatd plants in France are
likely to face profitability issues.

On-shore

Off-shore

FRANCE Wind Wind Solar PV Hydro CCGT Coal
# Plants in the database 3 1* 3 Approx 2 3
Size ranges (MW) 10-100 100600 1-50 200600 250600

Business case

P

P

*Note: Includes data from publicationSed-igurel80

P Profitable ﬁ Uncertain

Region/Technology pairs . .
| | ) Does not exist or irrelevant
(scope of analysis) -

Profitability issues I  Not profitable A Impact of policy changes

Not included in the study

Figure57. Franceg Business casg8C)summary of results
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Figure58. Germanyg Ranges of unit costs and revenues (US$/M\?\?P1311

109 Represent size ranges that can be used in the simulation model, not the sizes of the plants in the database

This is an example with data considered for 2012. Any applicable degressions for FIT (indent&végercalculated in the
RECOSMmodel.

110
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Traditionally Germany has shown strong supportRBET This has enabled significant development of wind and
solar PV generatiorf in this country Recently the German administration has updated the schemes and levels of
support to RET in order to better agt the incentives provided to the evolving cases of generaf@neach
technology As discussed in Sectiérb, the compensation levels that RET plants may atti@ipend on a number

of factors such as technology, plant location, date of commissioning, time in operation, type of scheme used (FIT or
market premium, etc.). The actual business case of a new plant is going to depend not d@slyechnical and
operating characteristics, but also on the actions of the plant managansl intheir ability to proactively manage

the stream of revenues durgnthe lifetime of the plant. Thiesults ina wide range of potential business cases for
similar plants.

Germany / m-shore wind, large solar P\During 2011 and the first 9 months of 2012, the FIT levels awarded to
on-shore wind and large solar PV were sufficient to ensemeugh levels oprofitability to investors in these
technologies 50-100 MW on-shore wind plants, with averageapacity factor 30%,and 510%discount rate

and 1050 MW solar PV plants, wittapacity factor 2€B0%, and discount rate-#l0%appeared to receive enough
compensation with the FIScheme.

The EEG revision in 2012resulted inchangesof the FIT levels payable to new generation plarfg@snulations
show that the new FIT redus¢he profitability of new onshore windplants but still provides enough margins to
generate interest in this technology. However, the newlyablshed FITor large solar P¥hakes it difficult for
investorsto define advantageous business cadémanagersopt for FIT paymenfé“, only new bestin-class plants
with low capital costs, high capacigctors, and able to gradually reduce O&M castsr the life of the plantmay
be able to generate sufficient profits.

However,manageranay also opt for the marketing premium scheme. Simulat&msw thatinvestors inon-shore
wind and solar Pvhay define relativelyadvantageous business cases fomnglants, if they devote the time and
effort necessary to optimize the returns of their projec8ection6.6 discusses the potential implicationd using
the FIT, or the market premium scheme

Germany / df-shore wind Off-shore windfarms whichoperate at high utilization leveland which benefit from
accelerated learningnd technical improvementsesulting in low capital costshould be able to present positive
business cases to ins®rs in However, uncertainty about costs and timing of connection appear to be damaging
the busines cases of some existing plants.

Germany / hydro:Coss of large hydro plants in Germany areline with the market prices of electricityn this
country. Large hydrglants (>30 MW), with capacity factoegjual or larger than 40%wvould provide reasonale
returns at spot and wholesale market priceSor small hydro plantsthe business casis positive but very
sensitive to the size and capacity factor of the plant

Germany / gas and coalThe picture for investors ithese plantsis mixed. Low capacity factors damage the
business caseof gas and coal generatioBut simulations show that some best in class plants(>400MW,
capacity factor >75%and financilg rates <9%); and some coal plantdO0OMW, capacity factor >6Q%nd
financingrates<8% whichreceive revenueslightlyabove thecurrentspot price of electricitymayyield sufficient
profitability to interest investorsn these technologiedn particular, oal plants may have a window of opportunity
at the presenttriggered by relatively lowprices of coal in Germany, arxy the very low prevailing prices that
emissions have reached (3 US$@) today versus 1012 US$/tC@of 3 years ago)The main issue is whether these

1 Result of 1820 simulations by countrtechnology pair using REOST model (based on the data obtained in the interviews).

Incentives are included.
12 Also biomass had a significant development, but is out of the scope of this study
3Revenuestenewable FIT as of 2012 including natural degressiorkRI6H electricity market prices.

M4 This may be a transitory situation, because previous rates provided enough revenues for the development of solar PV and in
the future, current rates mayédenough if the cost trends continue as expected.
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RECOST

currentadvantageous conditions wibntinueduring the average lifetime of a cefiled plant (40 years). Investors
appear to be interested in the potential profitability of coal in Germany, but may hesitate to commit large amounts
of capital in the development of additional installed coal capaditylight of the uncertainty associated to key
factors of coal generation costs

The outlook of generation in Germany may significantly changedés of electricity increase in tHature. For
example, 206 increase in average prices of generation waquid average plants of antechnology in the black

(seeSection6.6).

On-shore

Off-shore

GERMANY Wind Wind Solar PV Hydro CCGT Coal
# Plants inthe database 3 1* 3 (pub) 3 >10
Size ranges (MW}° 10-100 100-600 2-50 10-100 200-1,000 | 450-2,500

Business case

Pl

PAT

P

*Note: Includes dta from publicationg. SeBigurel80

P Profitable Profitability issues I  Not profitable Z Uncertain

[[] Region/Technology pairs g noes not exist o irrelevant
(scope of analysis)

Figure59. Germanyg Business casg8C)summary of results

A Impact of policy changes

Not included in the study

3.7 Norway ¢ Sweden ]
H

Thejoint support scheme in Norway and Sweden consists of green certificates that provide additional revenues to

eligible RET plantSome aspects othe schemeare still being evaluated and discusse&specially in Norway which
did not introdu@ green certificatesintil 2012

1 Itisnot clear yet whether using market prices of attributes enough to incentivizéhe development of
new wind plants, given the low prices that alternative sources of renewable energy have in Norway and
Sweden (hydro or biomass). Howevignnay be contended that if the scheme is well defined, increasing
demand of certificates will increase their pricéo high enoughlevels to cover the cost of new
developments.

1 Some Norwegian sources claim that gteheme may be more advantageous inifiafor Swedenbecause
it has been using it longewhile Norwegian producers have to catch up.

91 Differential characteristican the markes and the environmerg of both countries may benefit one or the
other. For instance, it has been claimed that higher taxes in Norway than in Sweden (for example,
property taxes) may favor the installation of plants in Sweden. But it could also be argued that better
quality of wird resources in some regions in Norway could provide an advantage to wind farms in this
country because they wouldperate athigher capacity factorsComparative analyseof the Norwegian
and Swedish wingblants included in this study do not appetar showstatistically significant differences
in costs of generatignand resulting business caséseeFigurel49in Sectiorb.7).

Norway and Sweden / Oishore wind: The simulations conducted in the scope of&BST show thatew on-
shore wind may present attractive busirgesases to investors in both countri&s provided they deploy plants

1s Represent size ranges that can be used in the simulation model, not the sizes of the plants in the database

The price of certificates is set up by the market and should be the same for both countries. Official sources display values
slightly different: 2128 US$/MWh (120-160.2 NOK/MWHh) in Norway and 20 US$/MWh (158-498.3 SEK/MWh) in

116
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that operate in average to best in class cdstgels(50-100 MW, 3640%capacity factorand 58%discount rate).
Green certificatesat the price levels they have reached in the last ntlos of 2012 are able to bridge the gap
between the costs of generation of new orshore wind plants, and the average compensation of electricity in
Norway and in Sweden.

US$/MWh Norway US$/MWh Sweden

300 1 F e ‘
250 §--neemeemeenee T S S 3
200 b D200 :
150 - A — T B T ———_—————————"- i
o A — Bl R B R :
o ML : = IR E R a— ‘
0 : | : 0 l : :

Wind onsho 3 Wind offshore 3 Hydro 3 Wind onsho 3 Wind offsh 3 Hydro (1)
S0 EE— " T 1
<100 - R e o - ommm oo i 100 == b L }
“150 1 -----mmmmmmmn e et = LTt STY 3 VU —— E !
200 e e _200,,,,,,,,,,,,,,,,,,,,L,,,,,,,,,,,,,,,,,,‘ ,,,,,,,,,,,,,,,,, :

- Costanges - Positive_evelizedGAP (1) Datafrom publications

Revenue ranges - NegativkevelizedGAP

Figure60. Norway and Swedeq Ranges of unit costs angvenues (US$/MWH)"’

Norway and Sweden / Offhore wind: Green certificatesat the average price levels reached2012,are not
enoughto compensate investors in eshore windprojectsin Norway or SwederlUnless additiongbolicy support
is forthcoming or unlessthe price of certificates significantly incread&sit is unlikely that investors will be
interested in this technologin the short and medium terms (up to 5 years from today).

Norway / Small hydro:Simulations show that investors could obtain profitable business casesdvenagesmall
hydro in Norway(5-10MW, 2550% apacity factor and 510%discount rate).However, each hydro project is
different. Plants with high capital costs or poor operatibnharacteristics arenlikely to beprofitable. Toensure
adequatelevels of profitabilityinvestors must carefully asssthe specific charactestics of each potential project,
and must ensure thathe plantsare financially optimizeduring ther lifetimes.

Sweden in 2012. Thensilations shown in thisection use the same reference price for certificates for consistency (24
US$/MWh). This price can be modified in the model

"7 Result of 1820 simulations by countrtechnology pair using REOST model (based on the data obtainethainterviews).
Incentives are included.

18 Simulations show that to bridge the gap between the costs okbffe wind generation, and the averag®mpensation
levels for electricity in Norway and Sweden, tgce of green certificates should kepproximatelythree times higher than
today. Or conversely, it would be necessary to cemgate each KWh produced by aff-shore wind plants with 3 green
certificates, instead of with one.
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RECOST

The truth is thathere has been insufficient time as yéb fully gauge the actual impact of the joistheme Most
studies carried out befordt was in placgassertthat it may eventually be successftil But the jury is still out.

On-shore Off-shore
Wind Wind Solar PV Hydro CCGT Coal
- Plants in the database 5 1* NO 2* NO NO
©
2 | Size ranges (MW}’ 10-100 150600 10-100
)
< Business case P r P
- Plants in the database 3 1* NO Approx NO NO
(o)
S | Size ranges (MW" 10-100 150600
=
o Business case P r
*Note: Includes data fronpublications. Se€igurel80
P Profitable Profitabilityissues I  Not profitable 2 Uncertain A Impact of policy changes

[[] Region/Technology pairs w56 ot exist o irrelevant

. Not included in the study
(scope of analysis)

Figure61l. Norway and Sweden Business casg8C)summary of results

I
3.8 Spain
|
In January 2012, the Spanish government imposed a temporary suspension of additonalmic support
approvals for new generation capacity under the Special Ré@ﬁmﬂdl the plants thatwere commissionedefore
January31*, 2012 will still receive a FIBut under the current provisions,ew projects commissionedfter
January2012 will not be eligible to receive incentives. In addition, the RD 14/2010 established opetatiag
limits for solar PV installatiod®’. This means that in the futuresolar PVplants benefiting from a FIT will be
compensated through the FIT scheme only until the number of generation hours reaches a reference value. Once
the time limit is reached, the plant will not receive the tardihd will have to operate athe market prices of
electricity.

Throughout 2012 additional provisions have been added to the incentive system for power generatiorinin Spa
For examplethe Spanish government has recently (2012) introduced a set of fiscal modifications: new income tax
(7%) for all technalgies opeating within the energy sectog fuel tax ¢entimo verdgfor coal and gafred plants;

an additional tax to hydropower facilities (2.222%) and new taxes for the generation and storage of nuclear
wastes(SeeSection6.8).

As a consequence of policy changes and the current market situatierhusiness casef new plantsacross alll
generation technologieappear to be rather negativévlost newRETplants do not present positive business cases
because their costs are still higher than the reference prices of electricity in Spain, and they afwibt¢ &
receive the tariff Non-RETplants (gasand coaffired) are suffering from hv capacity factorswhichsignificantly
damage their business cases.

"9 5ourceGoldsteing A Green Certificate Market in Norway (2010)

Represent size ranges that can be used in the simulation modethe sizes of the plants in ¢hdatabase. Data from one
plant, @mplemented with publications

21 1pid.
122 5ee definition of speciaind ordinaryregimesin section6.8.
Depending on the climate zone and the technology

120
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Figure62. Spain¢c Ranges of unit costs and revenues (US$/MVWD

Spain / Onshore wind. Average to besin-class orshore windplants (25100 MW,25-35%capacity factor and-
12% discount rate) which were commissioned before 2012ppear to present attragte business cases to
investorsin Spain.But, without an incentive schemehe business case for eshore wind is very thinand only
profitable for phantsthat consistently attaircompensation levelabove average spot market pricé2011). Only
plants operating on islangsr in very specific locations (off the gridday provide enough margins to investors to
be considered as attractive business proposition

Spain / Large solar PWhe situation of solar PV is similar to that ofgitore wind. Average to best in class plants
(10-25 MW, 1525% capacity factor and-B2 discount rate) eligible to receive the prevailing Hi€fore 2012
appear to provide sufficient profitability to investors; even though the caps to generation times have reduced the
profits margins of most operating plants. Howevagw solar P\plants commissionedafter January 2012re
unlikely to present positive business cas@seir costs are higher than the reference prices of electricity in Spain.
The business case néw solar P\plantsoperatingin the gridwould benegative.

Spain / Gasand coalffired: New gasand coaffired plants need to operate at capacity factmtat least50%to
breakeven But not manypotential newplantswould be able to attain theserelatively highutilization level$®.
Although there may be exceptions: plandesigned to provide balancing capacity, or to fulfill specific roles in the
grid may theoretically presenpositive business caseButinvestors appear to be waryinterviews carried out in
the framework of REEOST have not identified any real case ofiribermal (gasand coaffired) plant being
developed in 2012.

In these conditiondt is unlikely that many investors will seriously commit to large additiorgeagration capacity
in Spain in the short term.

124 Result of 1820 simulations by countrtechnology pair using REOST model (based on the data obtained in the interviews).

Incentives ag included.
125 Average utilization of these technologies in 2011 was 22% fefirgalsplants and 43% for coéited plants
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Off-shore

SPAIN On-shore Wind Wind Solar PV Hydro CCGT Coal
Plants in the database 4 NO 3 Approx 3 3
Size ranges (MW{® 10-100 2-15 300850 | 250600

Business case P A r P A r r

*Note: Includes data from publicationSeeFigure180

z

P Profitable Profitability issues I Not profitable Z Uncertain A Impact of policy changes

D Reglon/TechnoIogy'palrs - Does not exist or irrelevant Not included in the study
(scope of analysis)

Figure63. Spainc Business casg8C)summary of results

3.9 Japan .

Figure64 displaysthe results of the simulations of the business cases of new generatemts andprojects in
JapanTherelativelyhigh incentive levelawarded toRETreflect the strong interest bthe Japanese policy makers
in the development of alternativeosirces of generation

US$SMWh
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Figure64. Japang Ranges of unit costs and revenues (US$/MVW)

Industry interviews and simulationgeld higher costs of generation for afle technologies in the scope of the
analysiézs. Interviews have confirmed that the high costs observed respond to the special characteristics of the
Japanese electric sectarjth grid fragmentation and poor interconnections between regions, high landscasid

high construction costdue to stringent earthquakeelated regulations and to other factors Independent

126 Represent size ranges that can be used in the simulation model, not the sizes of the plants in the database

Result of 1820 simulations by countrtechnology pair using REOST model (based on the data obtained in the interviews).
Incentives are included.

128 The ranges of costs calculated are consistent with the ranges provided by Japanese electricity sector.

127
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investors may have also to cope witlsome difficulties when attempting to connecto the networks of the
EPCO?’.

RECOST

Japan / Onshore wind: With the current incentive system, even @hore wind plants that operate in average
conditions(15-30 MW, 25-30%capacity factorand 8-12%discount rate) with higher average costs of generation
than similar plantsn Europeor Canadamay be able toealize attracive returns in Japan. But they needensure
connectonto the grid. This issue may lintite efficiency of the system.

Japan / Offshore wind:Large plant4200-600 MW) with high capacity factors (385%) and low rates of finance
(5-11%)mayreturn reasonablgrofits to investors.However sincethe tariff level is the same for erand offshore
wind, it may be much more rewarding to invest in an-gimore project than in an ofhore project, as higher
returns at lower costs can bexpected.Ensuringconnection to the grid appears to become a key factor for
investors in this technologyo.

Japan / Large solar PWVith the exiting tariffs, large solar RMants canresult in attractive business cases at
average operating condition®-10 MW, 1520%capacity factorand 5-8%discount rate) As a consequence, even
investors who do not incorporate the latest technology breakthroughs in their developnmesgsbe able to attain
relatively high margins

On-shore Off-shore
JAPAN Wind Wind Solar PV Hydro CCGT Coal
Plants in the database 3* 1* 1* 1* 2* 3*
Size ranges (MW)° 10-100 100600 1-10 10-100 300-1,500 | 300-1,000

Business case P P P P

*Note: Includes data from publicationSeeFigure180

z

P Profitable Not profitable Z Uncertain

Region/Technology pairs . .
. Does not exist or irrelevant
D (scope of analysis) -

Profitability issues T A Impact of policy changes

Not included in the study

Figure65. Japang Business casg8C)summary of results

Japan / Gadired: Simulationgesult intight business casdtow levels of profitabilityfor new CCGT in Japan. Only
plants operating at the spot market price would be profitatBeit the spot marketin Japarnis very small, andoes
not provide a good price reference for the average CCGT .plarg@stors mayeceivelower compensation levels
for the electricity generated In the short term,they will likely be cautious, and hesitate to commit to significant
deployment ofgasplants.

Japan / Coafired: Thebusiness case of cefited generationis positive for averagplants (1,0002,000 MW,55-
65%capacity factor and 5-8%discount rate).However, it has to be considered thahese resultshingeon plants
attaining relatively high capacity factors. A return to high levels of nuclear generiatidmpanthat reduced the
average capacity factors of @ogeneration,could damage the future business case pidints based on this
technology

129 The impact of changes in exchange rate may also contribute to higher costs of some plants. But simulations show that the

variable exchange rates contribute to costs increases much lower than those of other factors.
130 Represent size ranges that can be usethe simulation model, not the sizes of the plants in the database
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3.10 General lessons learneg Support to ron-renewable generation

The analysis of the business cases of different generation technologies allows an appr@ssegsment of the
impact of regulation and policies in the business cases of RET argEibplantdncentives to RET generation are
relatively easy to identify: they tend to basible;in some cases they depend on marketsed schemesand in
general ae allocated specific budgetslowever evaluating support measures tmal and gasgenerationmore
challenging Many of the provisions that affect nenenewable technologies are either purposefully hidden from
view, or quite difficult to trackeven for eperts:

1 Support measures (ancentives to traditional generation have been provided fotamg period of time.
It is very difficult to pinpoint cause and effectranslating funds used in the pasttincurrent costs of
generation. Br instance the coal industry has been receiving incentive based support for the best part of
a century now Should those incentives be allocated to current costs? How?

9 Data are not very visible or are not publidn some casesupport measuresto thermal plantsare
provided offbudget by governments and administrations. Examples include tax alleviation policies in the
U.S. and in some European counttfés

1 Support measures to neRETact indirectly over the business caseof generation 32 Therefore, it is
difficult to quantify thdr specific impact on the costs and revenues of a given plant or project. For
instance, in 2006 the German coal mining industry received direct financial assistance amounting to
eMITnn YAfEA2yd ¢KA& FA 3 dzNdG thehsdl® 6f doRISAR a vanely ofnuses, Y A f
including electricity generatioti’. The U.S. Energy Infoation Administration estimatethat government
incentivesto the coal industry amounted to US$3.17 billion in 2847t is difficult to accurately evaluate
how those incentives translate into lower pricesfagl for generation

1 In some casesmeasuresdo not consist of handouts, but gireferential or singular treatment For
instance some coal plants in Germany, Swedamd Spain have allowances that reduce their costs of
emissiors; or have been exempted from schemes targeting emission redustidns eliminates up to 10
12% of the potential cost of a coal plant.

However the background is slowlghangingGovernments ad private parties concerted efforre increasing the
visibility of sipport measuresin addition a growing number of stakeholders are taking measuresawtrol and
manage the host of policies that affect and incentivize conventional electricity géorera

9 There isan increased scrutinyfrom the public and from public and private institutions thdésire to
unveil incentives to mining, oil, gas andclear facilities Examples include the recent assessment of the
nuclear generation base in Francethg Court des Compteand the U.S. Congress efforts to put a figure
on the amounts ofincentivesthat have been devoted to different productive sectors, including energy
and electricity.

1 There appears to bhigher levels oftommitment to reduce at leaspart of the supportto non-RET in
many cases on environmental grounds. EU directives are forcing some countries to revise their current

131 A 2011 report by the OECD concluded that between 2005 and 2010 the 14 leading OECD economies spent up to $75 billion

every year subsidizing fossil fuel production and consumption.

32 The extent in which these incentives to factor cost may have influence the costs of generation is uncertain, but it is very
likely they have contributed to enhance the business case of coal generation.

133 Sourceunweltbundesamt; Environmentally harmfuludsidies in Germany (2010 English edition, 2008 German edition)
¥SourceEIAAC KS 62NR dzaSR Ay GKS NBLRNI Aa dadoaiRASaséds y20 LREA
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polices supporting the fossil fuel sector. For instance, enacting directives that require reductions of
incentivesto the coal industry by 2018.

The impact of these measures of supptwtnon-RETgenerationis difficult to visualize, anctalculate.Figure66
shows an example of how incentives and policies midteicathe costs of a coal plangnd compares them with
the visible incentives provided to an averagesirore wind plantThe combinecffect of gandfathering the plant
to previous emission polies {t does not have to pay themysing subsidizedoal (or coal with incentivesgnd
addingbeneficialtax provisions (3% to incomesignificantinfluence the resultingosts of generation. His impact
may be significant, buvould behidden from plain view™.

Up to 40%
additional revenue
through direct
incentives

Up to 25% cost .
i -8%
reduction through
indirect incentives Taxes 40%
-25%
—>
CAPE
OPEX
LCOE Cost reduction minimum Revenue LCOE Cost reduction minimum Revenue
LCOE LCOE

Incentives to conventional generation technologies réduce cost Incentives to REJery visible and discussed in the public r
mostly indirect and difficult to track

I Costcomponents I Impact of incentives in costs (upPth Revenue (market) Impact of incentives in revenus to%)

Figure66. Sensitivity analysis¢ Comparisons between incentives to coal and-simore wind (US$/MWh])36

135 Eor incentive definitions, see Sectidn

16 Source: PRYSMA analysis. Analyses indaidefrom several countries.
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4, LESSONEARNEDR SUMMARY

The regims and countries ithe scope of REEOST have enacted policies and regulations that directly or indirectly
affect the interess of investors in RET and né&tETgeneration as well as theiappetite to assign funds to a
specific projectPolicies are often cited as one of theain factors behind the success of RET development. But
non-RET plants are alsmnsiderablyaffected by regional and national policies. As a result, there is significant
interest by policy makers to evaluate best practices in policy definitonl to assessthe potential results of
alternative policies.

The analysis of different incentives and support measures in the 7 countries/regions in the scope of th{sestudy
Section5), and the insights attained from interviews and discussions with actors in the electricity system can be
consolidated in a number gfenerallessondearnedto optimize the process of policy making

\ 4

\ 4

DefineObjectives Design for Value Measure Results > Revise/Amend > Communicate

[]

Figure67. Stages for policy optimization

1. Define objectives explicitlyThe wording of policieg including laws, decrees, provisions, and other types of
policy decisiong should explicitly include the objectivéisey pursue not only to justify the policy, but also to
provide a framework to evaluate thitgs degree of succes# the future Exampls of explicit definition of
policies include theéNorwegian and Swedish common goal for their green certificate schemevelop 5.4
TWh of new renewable energy technologies by 202dother example i©ntaricQ Bbng termenergy plan.

The development of CCGT seeks to attain measurable objecti@gario will be coafree by 2014 ¢
hydl NA2Qa GFNBSG F2NJ, Sdhy B biceriedy isSH0,300EV by 20B8Y(exauding R
hydroelectricy @®

1 Objectives should include different types of factor§hey could be quantitative (30% of renewable
energy by 2020, reduction ofurrent emissions by 20%, etcQr qualitative (improvement of the
technology level of the region A, enhance the capabilities in industrial sector B, preserve jobs in region C,
ensure the security of supply, lower costs gdneration, etc.)For instance, e German government
publishedin the EEG revision from 2012 new targefs80% ofrenewable by 2050 in its energygix. The
Spanish Renewable Energy Plan (22Q20) established the objective of reaching 20% of renewable
energy in its energynix (in terms of primary energy)

1 Objectivesshould also be easy to understand and to measufeor instance if proposing to reduce
emissions by a percentage, the basis used should also be explicit (emissions in year 20XX, total amount of
emissions, types of emissions). KPIs need to be set at reddigels and measured regularly to guarantee
the success of the objectives.

1 The objectives of policies affecting neRET should also be explicitAs shown in the examples above,
many policiesaddressingthe development of RET include at least some reflections on the impact the
measures are expected to have on a given set of factors. However, policies that suppoenearable or
traditional technologies do not explicitipr even implicitly define ther objectives.In particular, fiscal
measures tend to avoid explaining the specific value sought, for which stakeholders, and~avhy.
example the Spanish government has recently (2012) introduced a set of fiscal modifications: new
income tax (7%) for aléchnologies operating within thenergysector;a fuel tax ¢entimo verdgfor coal
and gadired plants an additional tax to hydropower facilities (2.222%) and new taxes for the
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generation andstorage of nuclear wastesBut it has not specifically ted how thosemeasure will
eventually benefit consumers and tax payens.contrast,Norway and Swedehave introduced a tax
reduction for onshore windéto enhance the developmenf this technology @

2. Designpolicies for value and resultslaking intoconsideration a number of factors to define electricity related
policies may contribute to improve their effectiveness:

1 Keep applying the incentives that have proven to be effectiteedevelop agenerationtechnology,and
which provide reasonable business cases to investors, in so far there is no level playing field between RET
and nonrRETExamples of policies that appear to provide interesting business cases to investors include
the FITs for onshore wind in Germanythe offsets scheme in Albertdhe auctions of orshore wind in
Quebecand of offshore wind in Francethe green certificate system for eshore windand hydro in
Norway and Swedergnd the FIT for solar PV and wind in Japan. To support the deploymBiToit is of
particular relevance to maintain priority fedd in the regions where it existsuch asSpain, France and
Germany.

1 Make policies comprehensiveWhen defining a poligyit is necessary to evaluateot only its direct
impact, but also its rarfications and indirect impact oveother stakeholders and market niches
Contemplating the full supply chain and competitive environmenthefelectridty sector is not easy to
do, kut it may contribute to the definition of better balanced polici€rinstance, investors in coal and
gasplantsin France, Germangnd Spainclaim that their business casare being damaged by the large
development of renewable generation triggered by priority faacand other incentives to new RETis
not clear that wlicies for RET development have specifically assessed their ultimate impber forms
of generation, even when these forms of dispatchable generation may be required to ensure the
deployment of RET, variable generation.

1 Make policies visibleMany policies, especially those that affect Aa@mewable, or traditional generation
technologies (coal, gas, or hydro) do not consist on visible funds being passed to suppliers, but on indirect
provisions such as preferential treatmetmgcentivesto fador costs, loopholes or exceptions provided to
certain plants or sectors, et(see Section3.10). Gradually substituting indirect measures of support by
direct in@ntivesincluded inbudget, and with explicit capsnay contribute to provide the public with
additional tools to evaluate the results pblicies Example®f slight finetuning of policies could include:

T Substitute taxincentivesto coal plantseverywhee by direct grants that can be measured and
assessed by the tax payers, and by eleityriconsumers.

i Provice information about the total fundsised tofund PPAs iQuebec. Thisnight contribute to
abetter evaluation and assessment of their impact be Quebecois electricity sector.

1 Make policies marketand operationdriven. In the last two centuries, market defined rules have shpwn
in general more resilience than decisions made by a central authority. This is not an absolute rule.
Applying strict markerules to generation from new RET would have resulted vierg smallpenetration
of RET everywherandto higher levels of emissionslowever, sincenarkettype structures facilitatehe
alignment of different requirements in complex environmerasldirg the invisible hand to thdefinition
of policies may contribute to strengthen thertxamplesof market driven policiesnclude the green
certificates in Norway /SwederExamplesof operationally driven policiesre the Chabot scheméd’
(Denmarkand Germanyfor FIT that benefit technologies based on the highest quality of resources

BTKS 6/ KFrozid aStikKz2Ré RSFAySa | CcL¢ o6FaSR 2y |+ aflaivoffthed | 6 A f A
project divided by the present value of the total installed cost. The Chabot method defines a system of tariffs that easgincr

or decrease the returns obtained by producers according to elements such as the quality of the wind in oneasdther.

Projects in sites with better wind quality have an advantage over those located in places with lower wind quality.
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Mixed policieg; policies based on markand operational provisions may simultaneously incentivize the
development of a technology, and maintain a degree of catitipa. For example Germany has
introduced several requirement®r wind generationto obtain longer initial FIT payments by connecting
those payments to plant location, commissioning date, operation period and reference yield to calculate
tariffs after time. In addition, Germany has defined a marketing premium scheme that includes market
pricing elements in the revenues attained by eligible plants.

1 Establish limits or caps for the policietn particular, define limits for the total amounts of (public) funds
that are going to be devoted to a specific poli@everalof the policies examingin this stud/ contain
time-related clauses: pvisions are vad only for 10, 15, or 20 yearBJTin Germanyare paid for 20 years
plus the starting year of operatioriNorwegian and Swedistjreen certificateswill support renewable
technologies for 15 years or until 2035, whichever ends;fet. However,time based policies may not
be enough to prevenfunds reaching excss/e values not intended byolicy makers. For instance, the
past generous incentives awarded in Spain to RET have resulted in larger than expadiefiindsbeing
paid to investors in RET Adding a cap upfront could have reduceldetneed to defineretroactive
measures toein-in public expenditures tied to incentivés development of renewable technologies.

1 Have the consumer pay for the policinh some caseslectricity policies ae partially funded by the state;
that is, by the taxpayer. This dilutes their visibility and egathem more difficult to tracky the publicIn
contrast, when the consumer sees the impact of a policy in his power bil, Ihetter able to evaluatats
convenienceand value Examples bpayments visible to consumers include (i¢en incentives where
the electricity consumer pays a mauk due to the scheme(2)the German electricity billwherethe
costsof renewable energy developmeiatre displayed by a surcharge or special tax #ZE&hlag)which
is directly passed onto consumers

1 Reduce the exceptions in the policieBrovisions that limit the applicability of the policies to a narrow set
of situations (sectors, plants, types of providers, etc.) should be limited. Exceptiorsase the
complexity ofpolicies make it moredifficult to tracktheir true impact;tend to stay forevergven after
they are necessary; and may produgeintended resultssuch as technologies with large anms of
emissions (coal) beirgupportedat the expense of other, less polluting alternatives (gas).

3. Measure the results of policiedt would behighly recommendabl¢hat, as a matter of coursgyolicy makers
conduct and publish explicit analyses of the results of policies, at bediste substitutinga policyby another,
and after cancelling a policyror instancestate or national plans for RET developmémtseveral of the
regions in scop@clude some assessmextf the results obtained by the previous version of the plamergy
devebpment plans for 203@nention the extent of progress made in the implementation of 2020 targets, and
the reasons for the deviationebserved However, this best practice is not alwafgdlowed. It would be
necessary to reinforce some mechanisms to enab&dccurate measure of the impact of RET development
policiesin particular,and of policies applicable to the electricity sectorgeneral.Exampleof measures that
would contribute to the accurate assessment and publication of the resufislafiesinclude:

1 Make compulsory the sharing of informatioto the parties benefited by a given policy, especially if large
funds are involvedor if the funds are provided by taxpayers. At the present there is a large imbalance in
the quality and amount of information that some parti@ho benefit from policies have (e.g. large
utilities, plant developers, etc.), and the accuracy of the infoioratmanaged by policy makers.
Establishing provisions that encousagwners of plants that receiviecentives to share real data would
contribute to finetune the details ofuture policies

1 Provide adequate resourcegools and capabilitiesYo policy m&ers to evaluate resultsand optimize
policies Usually the funds available to the public institutions that craft policies are much more reduced
than the fundsavailableto the public and private enterprises that benefit from them. As a consequence,
recipients of incentives are much better equipped to evalutite ultimate impact of policies and tobby
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for policies thatbenefit them. It would be recommendable that a fraction of all the funds devoted to
supporting and incentiving the electricity sectomas explicitly allocated to institutions with the specific
charter of revising the policiethat have determined these funddhis wouldensure that the manpower
and analytical tools available to policy makers are sufficient to optimize polloigmrticdar, providing
policy makers witrupdated tools and knowledgeomparable to those available wtilities, developers,
andinvestorsmight contribute to the definition of better balanced policies

4. Revise and amend policie®olicies should include provisions that enable their amendmend that adjust
them when circumstances change. This flexibility has to be balanced with the need to provide stakeholders
and investors with stable measures and guidance.

1 Make policiesadaptable: Typical policies commit to actions during relatively large spans of time. This
provides assurances to investors and reduces their risk levels. However, iiméhepanin which the
policy applies(10-20 years) the circumstances othe recipierts and of their environment may
significantly change. Adding clauses that adapt the value of the incentive to evolving levels of costs,
technology developments, inflation, factor costs, etc. still prosgisignificantassurance to investors, and
reduces the risk of obsolete policieExamples of adaptable policies include INJ y OS Q& NBYdzy S
model for renewableenergy, which includes a partiatijustment of FIT payments by inflatio@d0% of the
FIT is not adjusted (2)the GermanEEGwhichestablishes a degression of FIT paymeatepresent the
technological and operational advancement in this technol@gy%annualfor on-shore wind starting in
2013.

1 Make policies stableRetroactive or tentative policies should be avoided whenevesgible. Examplesf
retroactive policiesncludethosethat unexpectedlyreducethe compensatiorof existing plans; policies
that do not include clear quantitative meaes of the incentives providegbrovisionsthat makeexisting
policiesvoid (reducingexcessively the budgetllocated to the implementation of a policy). For example,
the Spanish Government has recently suspended the incentives forreeewable energyprojects In
addition, the market premium option has been cancelezhd the time of operationeligible for FIT
remuneration has been limitefbr existing plantsThis lack of policy stability sgynificantlyincreasing the
challenges of investors in RET in Spain.

5. Communicate and share informatiariThe extent and depth of informabn provided by policy makers in the
countries analyzedis verydifferent. Somepoliciesare very opaque, andonsist ofdecisionsthat do not
explaintheir rationale or the expected results. Other policiésclude a variety of information channels for
different types of stakeholders: the public, suppliers, consumers of electricity, etc. Communication is an
important factor to optimize policiesand to obtain support for them. Examples of different communication
practices and vehicles include:

1 Defineinformation channelsto ensurecommunication with different types of stakeholdeend to tailor
the information provided to specific audieneelhe GermanBundesnetzagentyrentity responsible for
grid development publishes on its website on a monthly basis the management premium payable to
renewable energy plants under the market premium sche8taitnet in Norwayand Svenska Kraftnét in
Sweden display contract prices for green certificates on a daily basis.

1 Ensue consultation with the sector.Defining channels to incorporate the views of stakeholders may
contribute to optimal policies. Different points of view may enrich firecesses of policyevision and
amendment Defining a variety of channels to accessnignis and data is critical to ensure that the
resulting policy is noipartisan ands balanced. Fostering the interactions between public institutions and
private companies is of particular importance to ensure that policies are not defined in an ivay. tow
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5. GENERATIONRECHNOLOGIEEACTORS ANIDSTS

It is criticalfor policy makersto have accurate, upo-date understanding of the costs of generation of each
technology, and howhey are evolvingThissection provides a summary of the characteristics of the technologies
included in the scope of REOST® and of the trends that are contributing to change the costs of generaticar
time. The results shown are based on the data contained in the database thatdembuilt for this study>°.

1 Only utility scale generation plants are includéatger than 2 MW)

On-shore
1 In some cases whertthe construction ofnew renewable plants rebeen almost stopped in the
wind last two years (Spairspome20082009 projectdhave been included in the analysis.
I The analysis focuses on plants and projects from 5 countries (France, Germany, N&wedgn
Off-shore and Japan).
wind 9 Data from operating plants and development projects have been complememithddata from

publications and with information from projects in other countries (g.gK).

1 Only groundmount, larger than 1 MWplants are consideredExcluded fromthe analysisare

roof-top, domestic and sma#icale plants.

Large slar PV 1 Only solar photovoltaic ptas are included. Thermsolar plants are not in the scopaf the

study.

1 A small number of hydro plants have also been analyzed (On@tiebe¢c Germany, Norway
Hydro and Japan in order to present a benchmark of costs in regions where hydro generatior
capital importance.

9 Especial effort has been made to obtain data from newfgad plants, with a special focus o
the new designs that ophize operatiorand costswith low capacity factors.

CCGT 1 Plants of different configurations (different number of turbines) are included. This
contribute to increase the ranges of cost results, but the impact is much less important that
of other factos such as gas prices, and capafettors

Coal 1 Only new designs based on supercritical, pulverized coal are incindied analysis

Figure68. Focus of analysis Technologies included in the database of plants and projects

5.1 Onshore windc¢ Cost of generation

Today more than 5800 wind turbines are installed in the world, accounting for approximately 237 GW of power
capacity®’. Figure69 displays the electricity produced, and the proportion of generation capacity thashore
and offshore wind generation represented in 2011 in the regiand countriesn the scope of thistudy.

138 Hydro is not analyzed in detail, having been used as a referenceTdrdyefore, the accuracy of the data and associated

analy®s for hydro generation is lower than that of other technologies.

189 Although the bulk of the assessment considers just new plants and projects, this requirement has been relaxed in some
cases in order to confirm some of the insights attained. Data frorargithnts from PRYSMA databases and publications have
also been used.

140 Source WWEA- World Wind Energy Report 2011
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Alberta Ontario Quebec France Germany Norway Sweden Spain Japan

31% | 2.0% 1.0% 2.2% 79% | 10% |  42% | 147% | 04%

’ France, Germany, Spain, Norway, Sweden and Dapafiom year ZOM Alberta, Ontario and Quebbata from year 2010

Figure69. On & oftshore wind generation (TWh) per country and percentage of total generation

Capital costs of oshore wind plants result from the buidp of the costs of a number of components. As
discussed irBection2.5.2 there is no standard method to group and report the key componehtsapital costs
Eachof the participantsin RECOST provided distinctive cost breakdown. Theaw data were standardized to
make the simulation model manageabénd to enable comparisons of data obtained from different actors, @hd
plants operating undediverse situationsFigure70 shows examples of capital cost breakdownsmid turbine
costs obtained from publicatio¥, as well as the standard breakdown of capitastsoof wind plants used in this
study.

Share of total Share of total
EXAMPLE?® STANDARDE'
cost % cost %
i 0,
Turbine (ex works) 6884 % lg[ﬂggﬂon ‘1‘;02
Grid connection 2-10% . ) o
Foundation 1-9% Electric installation 9%
Land rent 1-5% Indirect 7% EPC COST = 69%
0,
Electric installation 1-9% Land cost 2%
Consultancy 1-3% Prefinancial costs 7%
Financial costs 1-5% Grid infrastructures 11%
0,
Road construction 1-5% Spa_re parts 4% _
Project Mgmt. and other] 4% OWNER COST = 2t
Contingencies 5% CONT. 5%
0,
TOTAL CAPITAL COS] 100% TOTAL CAPITAL COST] 100% 100%

Figure70. Breakdown of capital costs of eshore wind

The osts of wind generation depenan a large number ofactors Effective policies must take into account their
impact and evolution:

1. Technical or technologgostsconsist of the costs ofdach of the components of the wind plant. As shown in
Figure70, the most important cost item is the wind turbinehich represents between 484% of the totatapital
costs of an orshore wind plant. Over timethe effectivenessof turbines has increasedand ther prices have

“IsourceData extracted fronthe summary inFigure98. Data representn-shore and offshore generation.

SourcelEA Wind Task 26
SourceThe Economics of Wind Energy, EWEA Report 2009
SourcePrysma analysis
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decreased, as depictedh Figure71. This has translated inta gradual reduction ofhe costs ofon-shore wind

generation.

Accurately gauging the size and speed of this reduction is critical for policy makers, who mustirtkirteve
schemes high enough to interest investors, and low enough to prevent windfall profits.

35%

AVERAGE PLANT FACTOR
19842011 (%)

Efficiency and
hub height

30% o

25% 7

Only efficiency

20% T T T T T T
1980 1985 1950 1995 2000 2005 2010

40

ONSHORE WIND TURBINE PRICES20984

(millions EUR/MW)

Denmark and
20 Germany
10 -
.""h.
>
1984 1990 2000 2004 2011
05 T |
100 1,000 10,000 100,000 1,000,001

Figure71. Wind generation- Impact of heightin turbine efficiency and evolution of turbine pricé"é

2. Market forces.Figure72 displaysthe results of a recent study by Berkley Labs, based on data from Mestas
the United States markefThe graph shows the evolutiaf turbine prices from 1997 to 2011. Also represented is

the range of turbine prices of new plants obtained from intervigwshe framework of REEOST950 -1050

US$/MW).

1050

950

I
Prysma
analysis
2012

Figure72. Evolution of prices of turbines (2010 constdns$j*®

Brisk demand of new wind plants from 2002 to 208&onsidered one of the most important factors behind the

increase of up to 50% in the worldwide prices of turbines. Manufacturers were able to set up higher price points
in a seller marketThe onset of the financial crisiand the associatededuction in demand havé&riggeredthe

opposite effect.In 20112012, manufacturershave been willingo heavily discount their products because of

operating and financial reasons (to eliminate backlogs), or due to strategic reasons (to step over a competitor or to

win marketshare).

145 Source GAMESA Public reprt: 2011-a[ | S
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