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Europaudvalget har i brev af 26. februar 2008 stillet mig folgende spergsmaél 7,
som jeg hermed skal besvare.

Spergsmal:

"Ministeren bedes — som lovet pi madet i Europaudvalget den 22. februar
2008 — {remsende en liste over potentialet 1 andre medlemslande for s vidt
angfir vedvarende energi."

Svar:

Kommissionen fremlagde i august 2006 et studie af VE-potentialerne i de for-
skellige medlemslande. Dette studie, "Economic analysis of reaching a 20%
share of renewable energy sources in 2020”, har siden vaeret en del af grundla-
get for byrdefordelingen i VE-direktivet.

Jeg har til Europaudvalgets orientering vedlagt Anneks 1 fra dette studie. Pa
side 15-17 findes tabellerne nummereret 6, 7 og 8 med angivelse af de opgjorte
potentialer for VE i de forskellige medlemslande.
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A, 1,General methodology of the model Green-X

The computer model Green-X, is an independent software tool developed under
Microsoft Windows by EEG In the EC-funded project Green-~-X (5Sth FWP? - DG
Research, Contract N ENG2-CT-2002-00607).! Two major vaviants of the Green-X
model are currently available:

*  An extended variant with respect to the infra-sectoral coverage was developed,
which includes besides RES-E endogenons modelling of all conventional power
generation opiions ef the electricity sector (inel. inferconnections and according
restrictions). Geographically this variant covers solely the EU-15. It allows a
comparative, quantitative analysis of inferactions between RES-E, conventional
electricity and CHP generation, demand-side activities and GHG-reduction in the
electricity sector, boil within the EU-15 as a whole, as well as for individual member
states,

¢ An exiended variant with regard to the geographical and sectoral coverage for
RES. 1f covers hesides the EU-15 ali new member states (EU-10) as well as the
LY candidate countries Buigaria, Romania and Croatia. It enables a comparative
and quantitative analysis of the future deployment of RES in all energy sectors (i.e.
electricity, {grid-connected and non-grid) heat and transport) based on applied energy
policy strategies in a dynamic context. In this context, the impact of the conventional
supply portfolio within each seclor is described by exogenous forecasts of reference
energy prices and corresponding CO2 emission-factors etc., all set on country level,

For the purpose of this study, the modelling approach las been extended by the concept
of a cross-scctoral quota: The key approach in the calenlations is that the Euwropean
snergy market optimizes the additional generation costs for RES against the background
of a RES target which can be set on a yecarly base up to the year 2020. This overalt
eptimization is moedelled by comparing the difference between RES generation costs and
conventional reference prices acress all sectors (heat, eleciricity and biofirels}, all
technologies and all countries. Results are presenied in terms of additional costs, that is,
the total cosis of generation per energy ouiput minus the reference cost of energy
production per uni of ehergy output, To avoid underestimation of the resulfing cost with
regard to an enhanced RES-deployment, negative additional cost are not counted — Le. sel
to zero. The optimisation is conducted across all three sectors (RES-E, RES-H and RES-
T}. As biomass may play a role in all scetors, the allocation of biomass resources is a key
issue. Cousequently the overall optimization across sectors includes an integrated
optimization of the distribution of biomass among the sectors.

! For moare delails see: hitp://www.green-x.at
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Within the model Green-X, the most importami RES-B (e.g.- biogas, biomass, biowaste,
wind on- & offshore, hydropower large- & small-seale, solar thermal electricity,
photovoltaics, tidal & wave energy, geothermal electricity), RES-H technologies {e.g.
biomass — subdivided into log wood, wood chips, pellets, district heating - , geothermal
and solar heaf) and RES-T options (e.g. traditional biofuels such as biodiesel and
bioethanol, advanced biofucls as well as the impact of biofuel imports) are described for
each investigated country by means of dynamic costresource curves. Dynainic cost
curves are characterised by the fact that the costs as well as the potential for electricity
generation / demand reduction can change each year. The magnitude of these changes is
given endogenously in the model, i.e. the difference in the values compared to the
previous ysar depends on the entcome of (his year and the (policy) framework conditions
sef for the simulation year,

In most analysis conducted with the model Grees-X an economic assessment takes place
on tire basis of the dynamic cost curves derived and scenario-specific conditions like
selected policy strafegies, investor and consumer behaviour as well as primary energy
and demand forecasts. Within this step, a transition takes place from generation and
saving costs 1o bids, offers and switeh prices. It Is worth mentioning that the policy
setiing influences the effective suppott, e.g. the guaranteed duration and the stability of
the planning horizon or the kind of policy instrument to be applied.

Policfes that can be selected are the most important price-driven strategies (feed-in
tariffs, tax incentives, investment subsidies, subsidies on fuel input) and demand-driven
strategies {quoia obligations based on tradable green certificates (including international
trade), fendering schemes). All the instruments can be applied to all RES technologies
{and conventional options within the BU-13) separately for the vatious energy sectors, in
addition, general taxes can be adjusted and the effects simulated. These include energy
taxes (to be applied to all primary energy carriers as well as to electricity and heat} and
enviromnental taxes on CO;-emission as well as policies supporting demand-side
measures. As Green-X is a dynamic simulation tool, the user hag the possibility to
change policy and parameter settings within a simulation run (i.e. by year). Furthermors,
each Insfrument can be set for eacl country individually.

Note that in the least-cost analysis conducted in this study a policy neutral modelling
approach hgs been chosen. This means that no specific support policies are assumed,

Modelling results are derived on a yearly besis by determining fhe equilibrivm level of
supply and demand within cach considered marltet segment — eg. tradable green
certificate market (TGC, both national and tnternational), eleclricity power market and
fradable emissions allowance market. This means that the supply for the different




technologies is summed np within each market and the point of equilibriom varies with
the demand calculated.

A broad set of results with respect to RES can be gained on country and technology-

level:

¢ total energy output by sector (RES-E, RES-H, RES-T), by country, by technology

s total installed capacity by sector (RES-E, RES-H, RES-T), by couniry, by teclnology

v share on gross domestic electricity / heat / transpoit fuel production or demand,

s average generation costs by sector (RES-E, RES-H, RES-T), by country, by
technology :

o import / expori balance for the power sector {only for EU-15 countries),

» impact of simulated energy policy instruments on supply portfolio, generation costs,
ete.

s impact of selected energy policy instruments on fotal costs and benefits to the society
{consumer) — premium pries due to RES-E / RES-H / RES-T strategy.

The latter option is not used in the RES2(420 study.

Table 1: Main characteristics of the Green-X model

The most important RES-E incieded Biogas, biomass, biowaste, wind on & -
' offshore, hydropower large & smail-scale,
solar thermal elestricity, phatavoltaics,
tidal & wave energy, geothermal electricity

The most important RES-H included Biomass, geothermal, solar thermal, heat
pumps

The most important RES-T included Biodiesel, biosthatol, Advanced

. bioethanol, Bl

Geographical aggregation Couniry level, EU - 25

Included policies: feed-in tarifls, tax ncentives, nvestment

Price-driven strategies subsidies, subsidies on fuel input

{not used in the RES2020 study)

Inciuded policies: Quota obligations based on tradable green

Demand-driven strategies: certificates, fendering schemes

(not used in the RES2(20 study)

A. 2.Development of the cost—resourcs curve for
RES-E, RES-H and RES-T

A {static) cost-resonrce curve shows the correlation befween eleciricity (respectively heat

and biofuels) costs per unit and the cumulative amount of electiicity (respectively heat

and biofuels) production from one specific technology ih one country per annum. Hence,

the development of a cost-resource curve implies knowledge of the two ifems explained

above:
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» costs for electricity (or heat) per unit;

» total quantity of electricity (or heat) that can be generated per annum at certain
cost levels, The cumulated sum of these amounts is equal to the totally available
potential of a certaln technology.

The procedure for deriving the dynamic cost-resource curves is exemplarily depicted in
Figure 1 for the electricity sector. The stariing point is the inpui-database supply for the
first year under investigation.

The database contains information about already existing power plants (at the end of
2001) as well as possible new plants. The outputs of the database are cosi-resource
carvas for each category containing information with respect to actual generation costs
and the possible potential for electriclty generation for the year under investigation.
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Figure 1 Overview of crealing dynamlc cost-resource curves for eteciricity
geheration

At the end of the simulation ran for the year n~1, the input database for the following year
will be created by adapting the input database for the year n.

This adapted inpui-database serves as a starting point for the dynamic cost-resowrce cuive
development for the next subsequent year.




MNote that in the RES2020 study an overall optimisation is made across all sectors.
Therewith one overal] cost-resouice curve is specified that includes all RES-E, <H and -T
options.

A. 3.The data requirement

Information for the development of dynamic cost-resource curves must be available on
different levels. in general, three levels of data are required in the model Green-X,
namely: Country-, technology and band-level. The data requirements at each Jevel will be
briefly outlined below.

The interaction of couniry-specific, technology-specific and band-specific data is
indicated in Figure 2 below.

Teclnmlogy specific data Conpiry speciic dai

Couriry lewdd
r X = Y T
Technology level Teetroprt | Tedroegy? | Tedvelogy... Tedhrdegyn Tadroayt | Todmoegr | Tedvrogy... Tostralzgyn
N TR [l and1 Bval Brd1 TS, Bord 1 Hrgt Brol
T o2 Terd2 T3] [t Bord2 Exd2 ] Rrrey
Baxd lovad Y - SR TN B and. - Tod Find Bra, Brs..
X lh;kl Emzn gi‘dn l'.',m:n Bren Brda Brap Borcir Bwin

Flgure 2 Overview of different levels of supply-side data

Country-specific daia is eharacterised by the fact that these values and parameters are
valid for all considered technologies in the specific region. OF course, vaciations occur in
a dynamic contexi ~ i.e. from year to year. Country-specific data is sunmarised in Table
2.Despite the fact that the parameters are given exogenously, dynamic effects can be
expected because values are available as time-series from 2002 to 2020 in the database.

Techunology-specific data is valid and equivalent for all investigated regions. Of course,
changes occur over fime and data refers only to a certain feclinology, see Table 2.

Band specific data are introduced as it is assumed that most of the parameters (data) are
not canstant within a region and technology, respectively. Le. they may vary depending
on the sub-technologies (2.g. combined cycle or steam turbines), energy efficiency
standards, the fuel input, the tocation of the plant, or the full-load hours. Therefore, it is
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necessary {o create several bands within cach RES-E & RES-H category. Bands are
characterised by the same economic, technical, social and geographical conditions.?
in the practical implementation, the supply-side database consists of two sub-bases,
namely:

» Database: Existing plants

e Daiabase: New plants
Aim of the input-database “existing plants’ is to provide generation costs for eleciricity or
leat, respectively, as well as the potential for this generation from bands (plant) which
are already in operation in the investigated year n. Possible new generation options of the
year n are described in the database “new plants’. The required band-specific information
is summarised for both categories in Table 3.

Equivalent to the conditions at the other levels, parameters can differ over time.

Table 2: Summary of supply side country-specific data

Parameter Afm

Country level

Population, [and size, GDP (per capita) To receive comparalive resulls among the countries
Fuel prices For renewable primary enerpy cartfers o caleulate eleetvicily gencration costs
Conventional clecteicity / heal prices (for each Reference prices - To caleulate additional costs for society
seoior) due to the promotion of RES-E & RES-H

Spesific GIG-emission by cnetpy canier . To derive additional geneeation costs due the CG,-

constraints axd the consideration of externalitics

Grid exfension constrainis For dynsnic parameter assessment

Market transparency f'or dynentic parameter assessment

Investor behavionr / interest rate For dynamic parpencier nsscssinem ?

Willingness 10 acecpt new plants For dynanic parameter agsessinent
Technology level Aim

Lifespan of techuology To devive dato of decommissioning of the plant
Payback time To desive generation cosls of a new plant

Dynamic cost develapment by technology Ta derlve Bvestment costs for the yvear n+[

{i.c. globat projections with repard to development
and technelogical learning)

Grawth rate industry For dynamic parumeler assersment
Cirid extension constraints : For cynamic parameter assessment
Market transparency For dynamic parameler assessaienl
Envestor behaviour / intorest rate For dymamic parameler assessment
”Wil[ingncss 0 accepl rew planls For dynamle [mrameter assessment

* Snme furel fuputs, sub-lechnetogies, enerey cfticiency stancards, full-load bours, cfe.
¥ Investor behaviour depends on various factors such as e.g. support scheme, planiing horizon, technolagy.




Table 3 Summary band-specific data

Valid for existing Tnput (In) /

Parameter (Ex) / new (New) output (Cuf) data Aim
plns
Technology paramefer
Canstruction year Ex in To estimate date of decommissioning”
Fulldoad hours clectr. Ex and New in To caleulale eloctricily gencration cests
Full-load hours heat [Ex and New in To cafculate generation costs
{in ease of CHP £ district hent) (For eleetrieity and heat)
Efficiency eleciricity generation  Ex and New in To calenlate gencration easis and

crissions; (s is a dynamic parameler
which changes {or new plants

Efficiency heat generation Ex and New in To calenfate gencration costs and
emissions; (his is a dynamic parameter
whicl changes for new plams

Fuel category Ex and New In Ta calculate generation costs and
B catewtals genct ;
emissions; ink with fuel price (country
datpbase), mark IF fuel switch possible

Table 4 provides an overview of the cost and potential parameters used to specify the
cost/potential curves in the Green-X model.

* Date of decommissioning for a specific plant depends on the lifespan of the (cehnology, 18 the year of
decommissioning is reached, the plam will be deleted from the database.




Table 4 Parameters used to specify costs and potentials

Potentixl parameter

Mid-term potential of electcicity New In Mid-term potoatial electricily gencration
goneration

Dynomic resteiction new planis  New In Link with dynamic restriction caleulation
) 0ol

Potentinl of electrichy Ex and New Ot Yalue represents the maximum

generation year n: clectricity generation of the band in year

i

Cost parameter

Investiient costs Now® In To calculate generation costs; this isa
dynamic parameter, i.c. investnent costs
are adapted year by year

Qperation and maintenance costs  Ex and New In To cafculate genteration cosls; thisis a
dynamic parameter, L.e. an adaptalion of
this parameler takes place yeat by vear

— (link 1o investmant costs)
:} Fuel calegory Ex and New In To caleulaie generation costs and
- emissions; [ink with luel price
(country database)

Payback thne Ex and New Parameter sel at the technology level, bt
information necessary on band Jevel for
various calcelations

Interest ratc Mew In Parameler set al the cowntry and techn,

level but information necessary on band
level for various calculafions

Shovl-term marginal gencralion  Bx Out Gencration cosls {or existing plants,
cosls important inpul Tor cconpomic assessmcit
Long-term marginal genceadion Ex® Ow To calculats profit of the fvestor

COSES

{ycar of construction)

Long-term matginol generation  New Ou Generation cosis lor new phants;

[ importal inpul for ¢onomie assessinent
{yecar ol construclion)

A. 4, Calculation of electricity, heat and bhiofuel
generation cosis

For caleulating the generation costs a distinetion must be made between already installed
capacities and pofentially new plants. For existing plants, ouly the running costs (shori-
term marginal costs} are relevant for the economic decision whether the plant should be
used for electricity {or heat) generation or not, while for new capacities, the long-term
marginal costs are important.

A further distinction has been applied in the following: Generation costs are explained
sepavately for pure power & heat generation optians, CHP and district heating,

* Motes Investment eosts for existing planis must also be available for their date of construction.
% Note: Information mast also be available for existing plant for their year of eonstruction.




Existing plants

Yearly running costs consist of two paris: fue] costs and operation & maintenance
(O&M) costs. Fuel costs depend on the fuel price of the primary energy carrier and the
efficiency. O&M costs are set as annual expendiiures.

Apart from all kinds of biomass (biogas, solid biomass, sewage and landfill gas),
renewables have zero fuel costs, so running costs are determined by operation &
mahitenance costs only.

In the case of sinmltaneous electricity and heat generation, electricity generation costs are
calculated by considering the revenues gained from the selling of the heat.

New plants

N

Generation costs pure power (or heat) generation

The calculation of the generation cosis of electricity (respectively heat) of new plants
consists of two parts, variable costs and fixed costs. In moye detail, the generation costs
are given by:

Fixed costs ocour independently whether the plant generates electricity {respeciively
lreat) or not. These costs are determined by investment costs (I} and the capital recovery
factor (CRF).

Investment Costs and technological improvements

The investment costs differ by fechnology and energy source. As imost RES-E
technologies (with the exception of {large-scale) hydropower) are still hot mature,
investment costs decrease over time. This evolvement is taken into consideration in the
toofbox Green-X, Le. investment costs arc adapted yearly.”

Tn principlc; the model is prepared lo Include two different approaches on technology o
level: (i) standard cost forecasts or (ii) endogenous technological learning (local vs. )
global). Hence, defanlt settings for RES-E & RES-H technologies are applied as

indicated n Table 5.

T ‘yearly' determinalion of the fnvestment costs represents an impottant input o the data-tables
deseribed in the previous scotlon. In more detail, the Joltowing parameter must be derived Jor each couniry
aml lechnelogy acconding o fhe given sifation lor the year n=1 and the year

e quantitative values for investinent cosis over ime,

o guantitative values for the development of the efficiency over time,
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Table 5: Overview of the methodology to dynamically derive investment costs

by technology?®

Dynamic cost development

Methodology to derive investment costs yearn
{defanli scttings)

Biggas

learning curve approach

Biomass electricity (heat, CHPF)

learning curve approach & forecast based on expert
judgement {depending on technology)

Biofuels for transport

forecast based on expert judgement & learning cureve
approach

Geothermal electricity (heat, CHP)

fearning curve approach

Geothermal lieat non-giid

learning curve epproach

Smail scale hydropower (<10 MW)

forecast based on expert judgement

Large scale hydropower (>10 MW)

forecast based on expert judgement

Landfill gas

learning curve approach

Sewage gas

learning curve approach

Photovollaics

learning curve approach

Solar thermal electricity

learhing curve anproach

Solar thermal heat

forecast based on expert judgement

Tidal energy

forecast based on expert judgenient

Wave cnergy

forecast based on expert judgement

Wind on-shore

learning curve approach

Wind off-shore

learning curve approach

Capital recovery factor CRF

The CRF allows investment costs inetwred in the construction phase of a plant to be
discounted. The amount depends on the interest rate and the payback time af the plant.

In general, experience enrves describe how costs ducling with enmulative production. In many cases
empirical analysis have proven {hat costs dectine by # constanl percentage with cach doubling of the unis
produced or instalted, respectively, In general, an expericnee curve is cxpressed as follows:

Cers = Co ¥ CUM*

where:

Couns Cosls por undt as a function of outpul

Co Casts ol the ficst unil produced or inslalied
CUM Cumulative production aver time

b Experichee index

Therchy, the experience fndex () 15 used ta deseribe the relfive cost reduction —ie. (!-2"} — far cach
doulling of the cornulative production. The value £2% is calied the progress ratie (PR} of cost reduction.
Progress ralios or their pendant, the fearning rates (LR} — e, LR=1-PR —are used 1o express the progresy ol
cost reduction for diflersut iechaolopics. Mence, a progress ratio of 85% mcans that costs per unit are
reduced by 15% Jor each time cumudative production is doubled.




For the standard calculation of generation costs these factors are set for all technologies
as follows:

e payback ttme (PT) of all plants: 15 years

o inferest rate (7) equals 6.5%
In the toolbox. Green-X different interest rates are used. The interest rate depends on
stakeholder behaviour and is a function of

s guaranteed political planning horizon

« promotion scheme (not used in the RES202¢ study)

s tiechnology '

» matket sector (i.e. private, residential, teriiary sector)

e kind of investor.
Note, as the generation costs are calculated per energy output, the fixed costs must also
be related to the peneration of energy. Hence, the fixed costs per unit output are lower if
the operation time of the plant - characterised by the ful] load-howrs - is high. In general,
no taxes are included in the various cost-coniponents.

Generation costs - CHP

Deriving the generation costs for CHP plants is simiiar to the caleulation for plants only
producing electricity. Beside the short-term marginal costs, i.e, the variable costs, fixed
costs must be considered Tor new plants. Of course, equivalent 1o the case for existing
plants, variable costs differ between CHP and conventional electricity plants, as the
revenue from purchasing the heat power must be considered in the first case.

Generation costs - biofuels

Biofuel costs caleulations take inte account the curreirt entire biofuel production chain
wntil the distribution at the fuelling station. The praduction chains for biofuels include the
cultivation and harvesting of biomass feedstocl, fransportation to the conversion plant,
biofuels conversion and distribution. '

A. B.Assessment of the potentials for RES

The Grees-X, madel differentiates between different types of potentials. Following types
are of main importance:

e Realisable potential: The realisable potential represents the maximal achievable
potential assuming that all existing barriers can be overcome and all diiving forces
are active. Thercby, general parameters as e.g. market growth rates, planning
gonstraints are taken into account. I is important to mention that this potential term
mugst be seen in a dynamic contexi - i.e. the realisable poteniial has to refer to &
certain year;

o Mid-term potential: The mid-term potential as indicated in Figure 3 is equal fo the
realisable potential in the year 2020.
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Figure 3 Methodology for the definition of petentials

Below, values are presented for the achieved potential for 2004 and the future potentials for
2020 for renewable electricity, heat and transport fuels.

RES such as hydropower or wind energy are energy sources characterised by a natural
volatility. Therefore, in order to provide accurate forecasts of the future development of
RES-E, historical data for RES is translated into generation potentials — the achieved
potential at the end of 2004. This data was derived in a comprehensive data-collection —~
based on (Eurostat, 2006), (IEA, 2006) and statistical information gained on national level.

Inn addition, fiture potentials — the additional realivable mid-tevm potentials up to 2020 -
were assessed taling Into account the couniry-specific situation as well as overall
realisation coustrains.

We show in the following the sector specific generation potentials of the different RES
technotogies in the sectors electricity, heat and transport. As the biomass potential is
endogenously allocated to the sector by the model, it can not be allocated to the sectors at
this siage. At the end of this section we give an overview of the primary biomass
potentials used in this analysis.

RES-E potentials

Table G provides an overview of the already achieved potential (at the end of 2004) and the
additional realisable mid-term potential (up to 2020) for different RES-I options availabie
in BEU countries, separated in EU-15 and EU-10. In fotal EU-15 the already achieved
poiential for RES-E equals 441 TW, whervas the additional mid-term potential {exciuding
biemass options / biogas solid biomass and biowaste} amounts ta 696 TWh. Corresponding
figures for the BU-10 are 18.9 TWh for the achieved potential and 37.3 TWh for (he




additional tmid-term potential (excluding biomass options / biogas solid biomass and

biowaste).

Table & Overview on electricity generation potentials for RES-E in the EU
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= o2
Achieved potential (2004)
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RES-H petientials

Table 7 shows the achieved potential in 2004 and the additional RES heat generation
potentials (excluding biomass) for 2020 at member state level (EU-15 and EU-10 &
Bulgaria, Romania). The already achieved potential in 2004 amounts to 40.9 Mioe for the
EU-15 and 8.4 Mtoe for the EU-10; whereas the additional potential until 2020 totals 63
Mtoe for the BU-15 and 7 Mtoe for the EU-10 (excluding biomass).

Table 7! Overview on heat geperation potentials For RES-H in the EU
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RIS-T potentials

Table 8 providé,s an overview on the achieved biofuel potentials on country-level. The
achieved RES patentials for 2004 showed 1930 ktoe for the EU-15, and 171 kioe for the
EU-10. -

Tabte 8 OQvervliew on bigfuel potentials (RES-T) in the EY
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Primary biomass potentials

A crucial input to the mode! is given by the primary potentials of solid biomass. These
were determined in this project based on the analysis of the following sectors:

s Agricultural products
e Agricultural residues

o Foresiry products

K \“.,/

e Forestry residues
¢ Biodegradable waste

+  Fovestry imports

in the following Table 9 gives an overview on the potentials used in this project.
Thereby for agricultural products it was assumed that 15% of the arable fand will be used
for ensrgy crops. For the total area atiribuied to energy crops a pre-allocation fo the
individual crops was done as indicaied in the table. This implies alrcady a ceriain
predetermination of the future conversion teclnologies (e.g. 1% versus 2™ peneration
biofuels).




Table 9 Overview on primary biemass potentials in the EU

Polentials {in terms of primary energy)

corresponding fuel cost Mtog Mige Miog
AP1 - rapa & syunflower 47

s e st
.ﬁP3 manze. wheat (whale plasi}
S

FP2 foresiry prﬁd s (complemenlary fellings (moderaie)}

‘FEgEesaEon fiplenaniany fallngsavsnsivayy
FR! - black liquor

cdegradabre fraction of
Agrictdfural products
Agricultural residues
I
Forestyy’ Iewdue:’.
s

--.,‘-'“‘ “ .,,.._,..g

SRR,

i .s‘-l’ﬁaﬁ

Ty T C 5 il 5 1
Solid biomass - TOTAL 153.5 180.7 201, 8 2236

A. G6.Assessment of & overview on the economic data
_for RES

Assessmenl of economic data for RES-E & RES-H
(eleciricity and grid-connected heat sector)

The assessment of the economic parameter and accompanying technical specifications of
for the various RES-E technologies comprises a comprehensive literature survey and an
expert consultation. With respect to existing plant, representing the already achieved
potential at the end of 2001, also project specific information is faken info accaunt.
References of major relevance are discussed below.

A set of studies is listed which provide a comprehensive survey on RES-E technologies,
thereby including detailed economic and technical data with respect to most common
technologies. Namely these are, listed in chronological order; (DTVETSU, 1999}
(DLR/WI/ZSWAWRFarum, 1999), (Nenbarth ef al., 2002}, (Haas et al., 2001 ), (Resch
et al,, 2001}, (Nowak =t al,, 2002), (Kalischmitt et al., 2003), (BMU, 2004).

References with a focus on selected technologies are Histed in the following by

RES-E category:




 Biogas and Biomass: (Fischer et al., 2002), {Enguete, 2002), (RUBIONET, 2003)
s  Geothermal energy: (BMU, 2002)

» Hydropower: (Lorenzoni, 2001}

» Photovoltaics: (Alsema, 2003), (Schiffer et al., 2004)

o Solar thermal electricity: (Quaschning, Ortinann , 2003)

e Wind energy: (Greenpeace, 2001), (Neij et al, 2003), (BTM, 1999-2003),
(Beurskens, Noord, 2003)

o Tidal and wave energy: (Thorpe, 1999), (DTIETSU, 2001), (Michael, 2003)

Assessment of economic data for RES~H {non grid)

The assessment of the economic parameter and accompanying technical specifications of
for the various RES-H technologies comprises a comprehensive literature sorvey and an
expert consuktation. In particular the following sources were consulted for the techno-
econoImic assessment:

=  Inverl (2005}

e Jahrbuch Brneucrbare Energien (2004}
+ ESTIF (2003)

e Kaltschimitt ef al. (2003)

o DLR/WIZSW/IWR/Forum {1999)

e BMU (2004}

Assessment of economic data for RES-T (biofuels)

The assessment for potential and cost figures for biofuels was hased on 2 comprehensive
literature review and expetls conversations among the biofuels industry members in
Butape. For the agricultural and biofuels techno-cconontic assessment following sources
were used and consulfed:

CONCAWE (2003), Well-to-whee! analysis of future automotive fuels and powertrains
in the European Context, Well Tank Report, Brussels, 2003. Available at:
hitp:Hies. jec.coc.eu.int/Download/eh

Energy Research Centre of the Netherlands ECN (2003). An overview of biofuel
technologies, markets and pokicies in Europe, 2003, Available at:
hipe/fwanv.con.nd/does/Tibrary/report/2003/c03008. pdf

ESTO, IPTS, (2003), Trends in vehicle and fuel technologies: Scenarios for Fuiure
Trends™ Ed. Luc Pelkmans (VITQO), Panayotis Christidis, Jgnacie Hidalgo, Antonio
Soriz. Report EUR 20748 EN, 2004. Available ai; bttp://www jre.es

ESTQ, IPTS, (2003). Biofuel production potential of EU-candidate countries — Final
Report, EUR 20835, 2003, Avaitable at:
http:fwww jre.es/home/publicationsfpublication.cfm?pub=1120;

‘\WJ,




European Commission, DG Energy and Transport {2003), European Energy and
Transport Trends to 2030, January 2003. Available at
http://europa.en.int/comm/dgs/energy_transport/figures/trends_2030/index_en.htin

European Comimission (2003), Directive 2003/30/EC of the European Parliament znd the
Council of 8 May 2003 on the promation of the use of biofusls and other renewable
fuels for transport (OF L 123, 17.5.2003, p.42)

European Commission (2003) Directive 2003/96/EC of the Council of 27 October 2003
restructuring the Community framework for the taxation of energy products and
electricity (OJ L 283, 31.10.2003, p.51)

European Commission (2001}, Green Paper towards a European stratepy for the security
of energy supply. Available at hitp:ffeuropa.eu.int/commiencrgy_transport/doc-
principal/pubiinal_en.pdf

European Commission (2001), White Paper: European Transport Policy 2010: Time to
Decide. http:/enropa.cu. int/commienergy_transport/libiary/lb_texte_complet_en.pdf

Buropean Commission, DG Energy and Transport (2004). Promoting Biofuels in Burope:
Securing a cleaner future for transport. Avatlable at
http:/feuropz.ew.int/cosnm/energy fres/publications/doc/2004_brochure_biofuels_en.pd
f

Energy scientific and technological indicators and references (2003), DG for Research
and Sustainable Energy Systems, EUR 21611, ISBN: 92-894-9169-8

Priedrich S. (2004), A World wide review of the commercial production of Biodiese] — A
technological, economic and ecological investigation based on case studies, Band 41,
Institut fuer Technologie und Nachhaltiges Produktmanagement, Vienna 2004,

Hamelinck, C. (2004), Outlook for advanced biofuels, PhD Dissertation June 2004,
Utrecht University, Department of Seience, Technology and Society, Netherlands.
ISBN: 90-393-3691-] '

Henke, J., Klepper, G., Sehmitz, N. (2004): Tax Exemption for Biofuels in Germany: Is
Bio-Ethanol Really an Option for Climate Policy? Kiel Institute of World Economics
2004.

International Energy Agency 1EA (2004). Biofuels for Transport. An lafernational
perspective, Paris, France, April 2004, ISBN 92-64-01512-4,

{EA, CADETT, (1998), Mini-review of Energy from Crops and Crops Residues. UK,
January, 1998,

IPTS, (2002). Techno-economic analysis of Bio-diesel production in the EU: a shot
summary for decision-makers, EUR 20279, 2002. Available at
hitp:fvwww jre.esfhome/publications/publication.cfim?pub=990

IPTS, (2002). Techno-economic analysis of Bio-aleoho! production in the EU: a short
summary for decision-makers, EUR 20280, 2002,
http:/www jre.es/home/publications/publication.cfim 7pub=99

IPTS, (2003). Biofute] production potential of EU-candidate countries - Addendum to the
Final Report, EUR 20836, 2003. Available at
hitp:/iwww jro.esfhomefpublications/publication.cfm?pub=1121




IPTS, (2004).The intraduction of alternative fiiels in the European transport sector:
Techno-economic barriers and perspectives - Extended summary for policy makers,
1PTS, Ed. Soria Antonio, et al.

Kaltschmitt, M., Hartmaon, H. (2001). Energie aus Biomasse, Grundlagen, Techniken
und Verfahren (In German). Springer Verlag 2001, ISBN: 3-54-64853-4.

Ryan, L.; Convery, F.; Ferreira, S.: Stimulating the use of biofuels in the Evropean
Union: Timplications for climate change policy. Working Paper, University College
Dublin, 2004,

Sustainable Energy Ireland (SEL) {2004), Liguid Biofuel Strategy for lreland study
prepared by Hamelinck Carlo; Van den Broek, Richard; Tovo, Felipe; Ragwitz,
Mario; Rice, Bernard. Available at:
hittp:/feuropa.cu.int/comm/energy/resflegislation/doc/biofuels/member_states/2004 i
quid_strategy_study _ireland.pdf

Toro, F. (2004). Techtio-Economic Assessment of Biofuel Production in the European
Union. Master Thesis, Karlsruhe, TU Freiberg, 2004,

Wyman, Charles E., Handbook on Bioethauol: Produetion and Utilization. Apptied

Energy Technology Series, Tayvlor & Francis 1998, ISBN: 1-56032-553-4,

Fcopomic data for RES-E

Table {0 gives an overview ecanomic parameter and accompany ing technical
specifications on technological levet by RES-E sub-category, referring to new plant of
the database in accordance with the additional realisable mid-tersr potential. 1n case of
(large- and small-scale) hydropower and wind onshore non-harmonised cost settings are
applied, i.e. a country-specific’ differentiation of investment- and where suitable also
O&M-costs is undertaken, whilst for all other RES options harmonised cost settings are
applied. In the Jatter case expressed ranges of the economic and technical parameter
resuli from different plant sizes (small- to large-scale) and / or applied conversion
technologies. Please note that all data — i.e. investment-, O&M-costs and efficiencies -
refer to the defaull start year of the simulations, i.e. 2005, and are expressed in Eags-

% Especially in case of hydropower the range of investment casts differs largely batween and
within the countries. These capltal costs are site~-specdific, depending on the plant-size and
gecgraphic conditions as weli as on addilional {country-speciic) efforts (acceptance barrier,
planning process, eic.). The applied country-specific settings are based an {Lorenzoni, 2001).

-




Table 10 Qverview on economic-& technical-specifications for new RES-E plant

RES-E aub- —— Invesiment Efficlency  Efficiency Lifetime Typical
category Plant spacification costs O&M costs {electricily) {heat) {average;  plant size
[E/kW,) & gwiryr)] 18 {ii [years] g
Agriculiusal biogas plant  2550-4290 115-140  028-0.34 - 25 01-05
AOficulural biogas PR~ 760 4500 120-145  027-033 055-059 26 0.1-05
Bicgas Landfil gas plani 1280- 1840 50-80 0.32-036 - 25 075-8
Landfil gas plant - CHP 1430 - 1990 55-85 437-035 05-054 25 0.75-8
Sewsge gas plant 2300 -3400 115-165 0.28-032 - 25 0.1-08
Sewage gas plant -CHP  2400- 3550 125-175 0.26-03 054-058 25 01-08
Biomass plant 2205-2530 75-135 426-03 - 30 1-25
Biomass Cofiring 550 &0 0,37 . 30 -
Sicmass plant - CHP 2600 - 4230 80-165 022-0.27 063-068 30 1-25
Cofiing -CHP 550 60 0.2 0.6 an -
Wasie inclneration plant 4300 - 5820 90- 65 a18-022 - 30 2-50
Biowaste inoi i . §
st ncineralian ANl 46006130 100-165  0.14-0.96 D54-086 30 2-50
Geotharmal - .
slectricity Geothermal power plant 20003500 100-170 01t-01%4 - 30 5-50
Large-seale unit 890-3650 35 . - 50 250
Hydro large- Mediumn-scalg unit 1125 -4875 35 - - 50 75
scale Smali-scale unil 1450 - 5950 35 - - 50 20
Upgrading 8003600 35 - - &0 -
Large-scale unit 800 - 1800 4D - - 5¢ 2.5
Hydro small- Medium-scale unit 1275 - 5025 40 - - . 50 2
scale Small-scaie unit 1550 -6050 40 - - 50 0.25
Upgrading 900- 3700 40 - - 50 -
Photovoliaics PV pland 5080~ 5330 38-47 - - 25 0.005 - 8,05
Solarthermal  Large-scale solarthermal o0y 4upe 1g3.228  033-038 - 30 2_50
slectricily plant
‘Fidal (stream) power plant . _
- shoreling 2670 44 25 12
- Tidal {stream) power plant . R "
Tidalenergy o here 2850 48 25 1
Tidal {stream) power plant _ _
- ofshors 3025 53 25 2
wave power plant - . R "
ahareline 2135 43 28 0.5
wave power plant - ) j
Wave eneigy nearshore 2318 49 25 1
wave power plant- 2850 53 - . 25 2
offshore
Wind onshore  Wind power plant 890 - T100  33-40 . - 25 2
' wind power plant - ,. e ) . - .
nearshore 1580 i * 7
wind power plant - s
= 1770 GO - - 25 5
e oo SIS 9=t
Al - - I [
affshore: 30...50km 1030 g4 " 25 *
wind power plant - 2070 68 . . 25 3

offshore: 50knn...




Defanlt ranges for fuel costs with respect to the various fractions of biomass are depicted
in Table 1]. These country-specific prices are mainly based on (EUBIOWET, 2003-
2005).. For biowaste as default a negative price of -4&/MWh was used, representing a
revenue for the power producer, i.e. a ‘gate fee’ for the waste treatment. Again, these
prices refer to start year of the simulation, i.e. 2005. Their fature development is
internalised in the overall model — linked to fossil fuel prices as well as the available
additional potentials.

Table 11 fuel price ranges for various fractions of solid biomass
in EU countries
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In order to give a better illustration of the current'® economic conditions of the various
RES-E options, electricily generation costs'’ are depicted in the following figures. Their
caleulation is based on the economic and fechinical specificatians as tlepicted in

® s usual, costs refer to the starting year for mode! simulations, Le. 2005 and, henhce, are
expressed in €gos.

! Note that in the mode] Green-X the calculation of generation costs for the varlous generation
options is done by a rather complex mechanism as describad further in this report, respectively,
internafized within tha overall sat of modelling procedures. Thereby, band-specific data {e.g.
Investment costs, efficiencles, fufl lvad-hours, etc.) is linked ta general modal parameters as
interest rate and depreciation time.




Table 10, extended by missing parameters such as full load hours and firel prices (in case
of biomass), representing the broad range of resource-specific conditions among the EU-
15 countries.

The Green-X tool differentiates hetween long-rur marginal generation costs that are
used for the stmulation of tnvestment decisions and shori-run marginal generation costs
which are the running costs that depict the opetation decisions. These costs for the RES-
E category ave presented in Figure 4 and Figure 5. Thereby, for the calculation of the
capital recovery factor two different seftings are applied with respect o the payback
time:™ On the one hand, a default setting, i.e. a payback time of 15 years, is used for afl
RES-E options — Figure 4 (left), and on the other hand, the payback is set equal to the
technology-specific life time (right). The broad range of costs for several RES-E
represents, on the one hand, resource-specific conditions as are relevant e.g. in the case of
photoveltiaics or wind energy, which appear between and also within countries. On the
) other hand, costs also depend on the technological aptions available — compare, e.g. co-
h firing and sinall-seale CHP plants for biomass (smail scale CHP is contained in the cost
band "solid biomass" shiown below).

Wind olfshora i f Wind offshore E o g i
Wind onshore § Wind onshore i :'-:L B cost range (LRIAC)
Tide & Wave 3 Tide & Wave 'E H
Solar lhernal cleciricily | § Sainr lhermal eloclriclly | § ; 2
Pholovalialcs 8 Photovaliaics § & | evsas000 1o crwn—+
Hydto smbll-scele | Hydro gmallacate ; ! ,
Hydro targe-scale Hydro large-aesle . :
Gevtharns! gloclniily | Geotharmal elockisily J
Bicwaste Bilowasta '
{Sokd) Diomass {So5g) lomas ; ] ;
{S0Rd) Biamass ca-ing : {Solid) Blomass co-fidng :
Blages § b Plogas | P ,'
0 50 100 150 200 b 50 109 50 par )
Costs of electdcily (LRMAC - Payback time: 15 yoars) [ER\Wh Cosls of /loctrielty {LRMC - Payback time: Lifetinet [EAWYD)

Flgure 4 Long-run marglnal generatfon costs (for the year 2005) for varlous
. RES-E options in EU countries - based on a default payback time of

) 15 years {left) and by setting payback time equal to {[fetime
(right).

2 For both cases a defaylt weighted average cost of capital {WACC) in size of 6.5% Is used.
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Figure 5 Short-run marginal generation costs {for the year 2002) for varigus
RES~E options in EVU countries

Figure 5 illustrates short-ran marginal generation casts' by RES-E category. It is
evident that for most RES-E options these short-run generation costs, i.e. the running
costs, are low compared to conventional power generafion based on fossil fiuels. One
exception in this context is biomass, where fucl costs and conversion efficiencies have a
huge impact on the resulting running costs,

The current situation, without consideration of expected fechnological change, may be
descrilied as follows: RES-E options such as landfill and sewage gas, biowasts,
peothermal electricity, (upgrading of) large-scale hydropower plant or co-firing of
biomass are characterised by from an economic point-of-view comparatively low cost
and by, in contrast, rather limited future potentials in most countries. Wind energy and in
some countries alsa small-scale hydropower ot biomass combustion (in large-scale plant)
represent RES-E options with economic atiractiveness accompanied by a high additional
realisable potential. A broad set of other RES-E technologies are less competitive at
present, compare e.z. agriculiural biogas and biomass — both if utilised in small-scale
plants, photovoltaics, solar thermal electiicity, fidal energy or wave power - although,
foture potentials are in maost cases huge.

i3 short-run marginal costs are of relevance for the economlic decislon whether to operate an
existing plant or not.
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Economic data for RES-H

Tabis 12 gives an overview of economic parameters and accompanying fechnical
specifications on technological level for grid- (i.e. district heating} and non-grid heating
systems, referring to new planz of the database in accordance with the addirfonal
realisable mid-tevm potential.

Table 12 Overview on economic-& technical-specifications for new RES-H
plant {(grid & non-grid)

RES-H

- Investment i ifatlime i Iz
f::?e-gory Plant specification cmo sts Q&M costs Efﬁ(:;:z:;;:)slr (até?:;} Typical psizné
Wil [EHWhgaty)T (] years] MWl

Grid-connggted heatlng systems

i Lazge-scale unit 350 - 380 16-17 .88 30 10
Blomass ¢ _Medium-scale unit 390- 420 17 18 0.87 30 5

Smatl-scale wnit 475 - 550 an-22 0.85 30 056-1

Gegthermal Large-scale unit 800 30 0.9 30 10
- district Medium-scale unlt 1200 - 1600 55 0.88 30 5
heat Smail-seale unit 2000 - 2200 57 -60 0.37 30 05-1
Non-grid heajing systems
Biomass- log wood 255 - 340 B-10  0.75-0.85 20 0.015-0.04
non-grid wood chips 340-610 6-10 0.78 - 0.85* 20 0.02-0.3
heat pellets 390 - 530 6-10 085-09° 20 001-025
Heat ground coupled 900 - 1100 55-7.5 3-4' 20 0.015 - 0.03
pumps garth waler 650 - 1050 10.5- 18 35-4,5 20 0.015-0.03
Solar Large-scale unit 400 - 420° 57 - 20 100 - 200
{hermal Medium-scale unit 540 - 5507 7-5° - 20 50
heating & hot . 3 2
vaaler supply  Small-scale unit 200 - 330 13- 15 - 20 5-1a

Remarks; ' In case of heat pumps we specify under the terminology "efiiciency thael)" the seasonaf performance faclor -
i.e. the output in terims of producad heat per unit of electricity input

?1a case of solar thermal heating & 1ot water supply we specily under the investment and O&M cost per uit of
m* collector surfzace {instead of KW, Accordingly, expressed figures with regard 1o plant sizes arg also
expressed inm® (instead af MW).




Economic data far RES-T (biofuels)

Table 13 gives an overview economic parameter and accompanying technical
specifications on technological level for some selected RES-T plant, referving to zew
plant of the database. Please note that all data — i.e. investment-, O&M-costs and
efficiencies - refer to the defaull start year of the simulations, i.e. 2005, and are expressed
i G;uns.

Table 13 Overview of economic-& technical-specifications for new RES-T

plant
RES-T sub- . lnvestment Efficiency  Efficiency Lifetime Typical
caiegory Fuel input costs O&M costs (Iransport)  (electrivily)  {average} plant size
e 1) M lears) [
Biodiese! plant  rape and sunflawer _ _ . N
(FAME) sesd 210 - 860 10.5 - 45 0.66 - 20 5. 25 }
; energy crops (ie. . o

‘i‘::t“(‘;;’g:‘” sorighum and corn from ~ 640-2200  32-110 %7~ . 20 5-25
P maize, brlticale, wheal) -

energy crops (i.e.
Advanced

] songhurn and whole 1130 - 75! 048 - 0.05 - _

Doy lants of maize, 15100 77 gest 0.2 0 52
P triticale, wheat)

energy crops {i.e.

SRC, miscanthus, red

canary grass, . .
E’g;élfg;“ swilchgrass, glanted), 7505600  3s.280t  GF. D0 20 50-750
g selected waste . -

streams (e.g. sttaw}

and foresiry

Remarks: Y In case of Advanced bloethanol and BiL cost and performance data refer to 2010 - the
year of possible market entrance will regard to both novel fechnelogy eptions.

A. 7.Calculation of the dynamic cost-resource curve

in general, in the model Green-X, dynamic effects will be considered covering the areas _ }
of:
s costs (and related performance parameters) for new plants
s gvailable / realisable potential for existing and new plants, respectively.
The dynamic adaptation of the costs (investment costs and operation and maintenanee
costs) will take place at the end of one simulated year, i.e. the investment costs for the
year n will be determined ai the end of the year 11,

The dynamic assessmient of the potential will take place at two different stages in the

model:

a  The evaluation of the available potenticl of existing plants for the year 2 will be
made - similar to the cost adaptation — at the end of the simulation run in the previous
year.




e

‘-\\l ;

» For new plants, the assessiment of the maximal realisable potential for the year n
takes place after the creation of the static cost-resource curve for the year n. The
reason why this step caunot also be carried out at the end of the year n-1 (as done for
all other dynamic assessment steps), is that not all requived jnformation for deriving
the assessment parameters is available at that time — L.e. as policy seftings can be
changed year by year, actual settings for the year n must be used which, of course,
are only available after the simulation for the year n is staried. In more detail the
following inputs must be available:

- Input database supply
o Input database — existing plants
o Input database — new plants
- Stakeholder behaviour
o [Iivestor
o Saciety
- Policy instrumments
o Supply-side strategies
o Demand-side strategies

In the following, the development of the dynamic cost-resource curves will be explained
in more deiail for existing and new plant separatefy.

Dynamic cost-resource curve -~ existing plants

The following describes how to adapt the already achieved potential of existing plants.
As mentioned before, in the actual model implementation this step takey place during the
creation of the ‘input database - existing plants® for the year i, i.e. at the end of the year
n-1. The results of the simulation of one year show — among others — which potentially
new plants have actually been implemenied. Therefore the database of existing plants
must be extended by these plants, L.e. the database for existing plants consists - after
carrying out this step - of data for all plants already installed before the year n-1 plus
those plants which were built in the year n-1. However, this also means that old plants,
wiich are af the end of their [ifespan in the year v, are still included in the adapted
database. Hence, in a second step, a lifespan assessment must be carried out. All plants
which have to be decommissioned in the year n have to be excluded fiom the ‘input
database — extisting plants®,

in the database the lifespan of the plant (share) of each band of the technology will be
compared with the construction year of the plant. 1T consiruction year plus technology-
speciic defined lifespan is smaller thap year n, the plant will be decommissioned. This
means this potential will be subtracted from the available potential of existing plants in
the year 1. This procedure is schematically depicted in Figure 6.

¥ Note: costs for replacing old plants with new ones is chaaper and acceptance is ligher
compared to the construction of totally new plants at new lecations, Therefore, the potential
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Flgure 8 Schematic plot of the development of dynamic cost-resource curves
for existing plant for the year n (incl. extenslon for new plant of the
year n-1 and lifespan assessment of existing planis) {example for
the electricity sector only) )

Nole: these steps will be carried oul at the end of the simulation for year n-
1

Dynamic cost-resquree curve - new plants

The methadology to derive a dynamic cost-resource curve for the year o for patentially
new plant is more complex than it is for existing plants, because — as already indicated in
previous sections — this dynamic cosi-resource curve for a cerfain year must be develaped
from the (static) cost-resource curve refated to the additional mid-term potentiak.

rermoved must be adequately considered in the dynamic parameter assessiment, In the following
years.




Why is it necessary to start with the additional mid-term potential and derive the annual
potential backwards in time from 2020 fo yeat n (*top down’) instead of assessing the
additional potential for the next year directly by taking into consideration various
available barriers and obstacles for the next year (*bottom up’)? The motivation i3 gweu
by practical reasons, namely,

» data with respect to the additional mid-term potential are available for various
technologies, e.g. from projects fike SAFIRE, ElGreen, etc. Therefore, compatibiiity
with other studies is given and, hence, correction and adaptation are easily feasible,

» the potential for the year n depends on parameters (e.g. policy strategies) whick will
be set in the simulation for year n in year n and, hence, are not available as input
parameters for the simulation process before the year n

Nevertheless, in many cases, the results of this “top-down’ approach will be accompanied
and compared with the *bottom up’® approach, i.e. deriving the additional potential for
year n by starting from year n-1. With this “two-fold” approach it is secured that the
potential derived directly by the ‘hatiom up® approach (here the available potential is
given by the mininmun barrier for the next year) does not exceed the additional mid-term
potential deterimined by the “top-down’ approach and evaluated in many international
studies. Nofe, a depiction referring {o the “top down’ appraach is given in Figure 7.
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Flgure 7 Schematic piot of the cost curve development for tha year n and
technelogy x

Dynamic cost-resaurce curves for the vear n

The averall cost-resource curve for the year n can be derived by hotizontal addition of
the already achieved potential (existing planis) and the available additional potential
{new plants). This procedure is shown in Figure 8.




In general, it can be said that the generation costs of RES are higher than those of
conventional energy sources. Moreover, costs, as well as achievable potentials, differ
widely among the specific technolagies. The combination of the cost-resource curves for
potentially new and already achieved plants represents the output of the database
‘dynamic cost-resource curve’,

g Cost che add:t:onal plants
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Figure 8 Combination of cost-resource curves for already achieved and
additianal polential for the yaar n and technology ¥ {shown for
etectricity sector only)

Sumiming up, the future penetration of a certain fechnology depends on how ii prevails
over iwo categoties of abstacles:
s  Economic barriers — they are reflected by the net generation costs, i.e. inclusive
policy strategies (if applicable).
»  Other (non-economic) barriets as described above - they restrict the available
polential of RES generation in year n.

Penetration of a technology will only take place if both categories of barriers can be
overcome. So, on the one hand, it does not help to support a cerlain technology via a
quota obligation, a guaranteed feed-in tariff or a tender scheme without preparing the
framework conditions to overcome the other existing barriers, e.g. increasing the social
acceptance by information campaigns, or decreasing administrative burdens for
commissioning new plants, ete.. In other words, low (net} generation costs but high non-
cconomic barriers still result in less additional penetration. On the other hand, providing
a good envirenmen at administrative, social, industrial and technical Jevels (i.c,
admilting a huge potential) without economic incentives foes not increase the future
penefration rate of a certain fechnology. For instance, a high potential of electricity
generation but high generation costs also results in a low market share,




A. 8.Data for the dynamic aspects

A dynamic cosi-resource curve represents a tool to provide the linkage between the
formal description of costs and potentials by means of static cosi-resource curves (as
presented in the previous sections of this chapter) and the dynamic cost assessment as
e.g. done by application of experience curves as well as the implication of dynamic
restrictions in accordance with technology diffursion.

Accordingly, data referring to these dynamic aspects will be presented in the following,
First, data with respect to the dynainic cost {(and performance parameter) assessment is
outlined, followed by a description of the specifications for dynamic (non-gconoinic)
barriers.

Data for the dynamic cost assessment

With respect 1o technological change, the following dynamic developments of the
eleciricity generation technologies are considered:
e Investment costs
s Operation & Maintenance costs
s Improvement of the conversion efficiency and refated performance parameier
For most RES-E technologies the fumre development of investment cost is based on
technofogical learning. As learning is taking place on the infernational level the
deployment of a technology on the global level must be considered. For the model runs
global deployment consists of the following components:
= Deployment within the EU 25 Member States is endogenously detelmmed e is
derived within the model."
e Expected developments in the ‘Rest of the world® are based on forecasts as
presented in the IEA World Encrgy Outlook 2004 (IEA, 2004),

13 For the case that only a single country is Invesligated, a default Furecast would be taken as
reference for the RES-E deployment on EU-25 level.




Tabie 14 Default settings with respect to the dynamic assessment of

Investment costs for RES-E & RES-H technologies

RES category Applied approach Assumptions
BIOGAS EXPERIENCE CURVE LR (LEARNING RATE} = 10 -12.5%
(GLOBAL)
BIOMASS ELECTRICITY EXPERIENCE CURVE LR=10~12,5% AS DEFAULT, COST DECREASE O
& CHP (GLOBAL) L5%/YEAR IN CASE OF CO-FIRING
BIOMASS DISTRICT EXPERT FORECAST COST PECREASE OF 1.5%/YEAR
HEATING
BIOMASS NON-GRID EXPERIENCE CURVE LR =5 ~ 10% DEPENDING ON TECHNOLOGY
(EU25)
BIOFULEL FOR EXPERIENCE CURVE LR = 10%, EXPERT FORECAST UP TO 2012 IN CASE
TRANSPORT {EU25) OF NOVEL TECHNOLDGIES
GEOTHERMAL EXPERIENCE CURVE LR=8§%
ELLECTRICITY (GLOBAL)
GEOTHERMAL HEAT EXPERIENCE CURVE LR =5%
(GLOBAL}
HYDROQPOWER EXPERT FORECAST COST DECREASE OF 1.23/YEAR
PHOTOVOLTAICS EXPERIENCE CURVE LR =20% UPTO 2014, i2% AFTER 2410
(GLOBAL) .
SOLAR THERMAL EXPERIENCE CURVE LR =18% UP TO 2010, 12% AFTER 2010
ELECTRICITY (GLOBAL}
SOLAR THERMAL EXPERIENCE CURVLE LR =5%
{EU25)
TIDAL & WAVE EXPERT FORECAST COST DECREASE S%/YEAR UP TO 2010, 1%/YEAR
ATFTER 2010
WIND ON- & OFFSHORE  EXPERIENCE CURVE LR =9.5%
{GLOBAL)

Defanlt assumptions with respeot to fechnological learning or the cost decrease,

respectively, as depicted in Table 14 are based on a literature survey and discussions at
expert level. Major references are discussed below:

Yarious studies have recently treated the aspects of technological learning with respect to
energy technologies. In a general manner, covering a broad set of (RES-E) technelogies,
expetience cwrves are discussed in (Gribler et al., [998), (Wene C. O., 2000},
(McDonald, Schrattenholzer, 2001} and (BMU, 2004}, A focus on photoveltaics is given
in {Alsema, 2003) and (Schiiffer et al., 2004), whilst in case of wind energy (Neij et al.,
2003) prevides the most comprehensive recent survey. With respect to the future cost
development of emerging new technologies like tidal and wave energy a stick fo expert
forecasts given by (OXERA Environmental, 2001) seems preferable.’®

The fatwre development of blomsss prices as relevant for electricity and heat
production based on biomass and biowaste is - as default - based on the following

¥ The currently implemented modelling approach accoynts solely learning on the commercial
market place, Efforks with respect to R&D, whicl do not result in additional deployment
racasurable in terms of MW instelled, would otherwise neglected, but are of crucial relevance for
technologles in the early phase of deployment ~ sge (Gritbler et al., 1998),

R




settings: On average an increase of 0.5-1.5% per year is projected, depending on fel
category and country.

Data with respect to dynamic harriers

Within the inodel Grees-X dynamie barriers describe the impact of non-economic
deficits on the deployment of a certain RES. They represent the key element to derive the
dynaniic potential for a certain year from the overall remaining additional realisable mid-
term potential (up 1o the year 2020) for a specific RES. Thereby, the impact of three
different types of several barriers can be investigated, e.g. technical, societal or

matket & administrative constraints.

As default, technical and societal corstraints are considered only for onshore wind
energy. Thereby, the simplified pereentage approach has been adopted. More presisely
the yearly realisable potential is restricted to a level of 50% of the remaining additional
mid-term potential on band-level.

In contrast, the most important non-economic constraint, i.e. the combined indicalor for
market & administrative barriers, is well applied to all RES-E categories in each
country. The application of this barrier results in a technology penetration following an
*S-curve® pattern — of conrse, only if financial incentives are set appropriate.

The required data in tiris respect is described below. Thereby, the following parameters
have to be defined:

Econometric factors A, B and C:

They predefine the possible increase of market deployment over time for a certain
technology on couniry-level, 1.e. a high absolute value of A (e.g. 0.7) would allow a fast
market deployment (of course, if the barrier level by is set high, too). In this context, the
technology-spesific figures are derived from the in-depth investigation of the historical
development of RES-E in Europe undertaken within the project “FORRES 2020” (see
{Ragwitz et al., 2004)). Hence, the cliosen figures refer to best conditions as observed for
several RES technologies in the past in Buropean countries.

Barrier level by

This parameter defines the country-specific conditions — i.e. how far these conditions
differ from the technology-specific ‘ideal case’ (i.e, from the as above explajned
historical observed best conditions in a certain countiy). Thereby, a value of (¢ indicates a
“very high barrier”, whilst a valie of 4 refers to a “very low barrier”, i.e. the “ideal case’.
An illugtration of the defaul setting js given in Figure 9, which depiets the ranges on
technology-level, referring 1o the electrichty sector, These default settings refer to the
current situation of the various RES-E options in the investigated countries as assessed
within the project “FORRES 2020" (see (Ragwitz ct al., 2004)).
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Figure 9 Model-settings of dynamic parameters: Counltry-specific ranges of

applied market barrier level (bM} by RES-E technology

Lower boundary (rﬁinimum) for vyearly realisable

mavrket potential APy nint

A constant minimum level of the yearly realisable market potential is considered for each
- RES-E category on country level. Olherwise — if a technology enters a new matket — o

market potential would be avajlable at the inftial stage.

Similar 1o above, a depiction is given on countiy as well as on technology level: Figure
10 indicates ranges on technology-level, resulting from differing settings by country
(referring to the electricity sector). Again, default settings take into account the current

conditions for the various RES-E options in cach country.
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Annex 1b: Short characterisation of the model
GreenNef

The toolbox GreeniVet, developed by BEEG, represents the core product of the overall
praject GreenMVe! during its duration in the period 01/2003 to 12/2004.

The GreenNet model allows to simulate different scenarios, which enable a comparative

and quantitative analysis of strategies for an enhanced least-cost integration of RES-E

within the liberalised elecivicity sector both for all considered EU countries (L.e. initially
all EU15 countries and the new Member States Czech Republic, Hungary, Poland and
Slovakia) as a whaole as well as individual Member States for the period 2005 to 2020, It
is"important to mention that the geographical coverage has been recently extended within
ongoing research activities'” to the EU25 plus Bulgaria and Romania,

Similar to Green-X, the general modelling approaci to desoribe both supply-side
electricity generation technologies and electiicity demand reduction options is to derive
dyramic cost-resource curves for each generation and reduction option in the
mnvestigated region. Dynamic deployment of RES-E is policy-driven ~ where a similar

“pathway can be set as for the electricity sector within the Green-X model.

Of special interest within this project are the following model features:

Cost of system opearation and grid extension in case
of intermittent RES-E

Besides the policy seitings, an additional feature is included in the overall simulation
model, which is worth 1o mention: The cost-allocation tool for system operation

and / or grid extension costs in accordance with infermittent RES-E. Within the
toolbox Greenief such costs can be exemplarily determined for its most prominent
representative: wind power.

Besides a variety of settings to determine the overall calsulation procedure the user Jias
the possibllity to defermine the allocation of the accordingly caleulated cost, In general,
they can either be applied to the consumer {society) or to the producer / investor. The
later setting allows getting aware of a likely iimpact in terms of reduced wind
nstailations, ete. In addition, trade-offs between policy instroments and this cost-
allocation can be clearly expressed and determined.

An overview of the core elements of the GreeniVef model is given in Figare 1),

7 Within the follow-up project GreenNel~EU27 the extension of the geographical
coverage of the model 10 8ll 10 new Member States, the candidate countries Bulgarfa, Romania
was recently undertaken — a further gxpansion to include Croatta as well as Switzertand and
Norway is planned for the near future. For further infarmation on these follow-up activitles please

visil www, grecnigt-ethrope.otqg.
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Figure 11. Overview on the ¢ore elements of the model GreenNet

The model Gresnief aims to deliver a broad set of results. All results can be provided

on a yearly basis on country-, EU- and / or technology-level.
In more detail, model qutpnis can be categorized as foltlows:
o Genergl results — including e.g.:

— Installed eapacity [MW]

~ Electrieity generation [GWh]

— National eleetricity consumption [GWh]

t

Market price Tradable Green Certificates [E/M W]

Wholesale market price electricity (yearly average price) [&/MWh]




— Total electricity savings [GWh]

s bmpact on producer or society — including e.g.:
—~ Additional costs due to DSM strategy [ME, 6/MWNh]
— Additional costs due to system operation [M€, €/MWh]
—~ Additional costs due to grid extension [ME€, €/MWh]






