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DELIVERABLE D.6.1

Development of a set of full cost estimates afddef different
energy sources and its comparative assessment @olliiries

This report on full cost of electricity gemeiatias divided in two parts.

Part one provides a literature review on methentbleesults on private and
external cost calculation. The literature resessesscosts of electricity
generation for each EU-25 country, plus RomidoravapdFor some countries
a brief overview of electricity productioroumting and a foreseen on electricity
production evolution until 2030 introduces dbsassshent.

Part two provides new estimates on full cesigiotyeeneration in Europe.
Results are obtained by summing external ctusimgaets on human health,
environment, crops and materials and to climgee ietpacts, to private
generation costs. Results are provided for(pezsah2005-2010), 2020 and
2030. In this report, a wide set of technolagadgsied, including nuclear and
fossil fired power plants, renewables and cbhediined power plants.

PART 2
FULL COST: LEVELISED EUROPEAN ESTIMATES
RESULTS AND ASSESSMENT
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1. Introduction

This report provides new estimates on full etestfrioty generation in Europe. Results are
obtained by summing external costs due to impaotaro health, environment, crops, materials and t
climate change impacts, to private generatioifhi®stxercise results in levelised and homogenous
values for all EU27 countries. Data are levalséiiopean average values for private cesitsnemi
inventory and external cost of greenhouse gdmss/amdetals are considered. However coufitry-speci
levels of emissions for air pollutants are takarcaunt, hence regional assessment is admitted f
external costs. Data are homogeneous since thet sditezhnologies, which includes nucleasiand fo
fired power plants, renewables and combined lpeatesirplants, is considered for the whols. analysi
Results are provided for present (period 20086201&0)d 2030.

Chapter 2 gives an overview of the methodokeglyfadppvate and external costs calculation.
Chapter 3 provides the European average rédsellestrinates for a wide set of technologiesrand th
evolution from 2005 until 2030. Chapter 4 pnovadssssment on full cost composition detailed for
technology and an assessment of results actaes.coun

2. CASES methodology for cost estimation — EU level ised values

2.1 Private costs

In the framework of the CASES project privaitatestscity production have been calculated
with theAverage Levelised Generating (AktSGC) methodologiyhe methodology calculates the
generation costs (in EuroCents/kWh) on theneagiswér supplied to the station busbar, echréciyel
is fed to the grid. This cost estimation meyhdidomgts the time series of expenditureptesbat
values in 2005, which is the specified basg gpatyihg a discount rate. According to th@loggthod
used in the IEA study in 20068 levelised lifetime cost per kWh of glgetnaiated is the ratio of total
lifetime expenses versus total expected ouppessedxin terms of present value equivaleotalThe t
lifetime expenses include the value of thefeap#aphenses and operation and maintenanaesgexpens
inclusive the rate of return equal to discount rate

The formula to calculate the average lifetissel lgeakrating cost is:

TheemrR] /T [E]
w (@) [ o (ttr)

Averageifetiméevelise@eneratingost=

Wherd, is the investment expenditures it ea the operation and maintenance expenditure
in yeat; i is the fuel expenditures intyl&as the electricity generation irt gedris the discount rate.

The capital (investmentgxpenditures in each year include constructibishmeent and
decommissioning expenses. As suggested by OBé&bottwogy used defines the specific overnight
construction cost in € kW and the expense $atradile construction period. The overnighttmonstru
cost is defined as the total of all costs iforurteiding the plant immediately.

Theoperating and maintenance costs (O&jribute by a small but no negligible foaction t
the total cost. Fixed O&M costs include castgpefrdbional staff, insurances, taxes etce \G&islbl
costs include cost for maintenance, contraci@aeperensumed material and cost for dispmsadlof n
operational waste (excluding radioactive waste).

! The methodology used and the results obtainedxataieed in the CASES report 4.1 “Private CostElettricity and
Heat Generation”, IER University Stuttgart.
% |EA, OECD, NEA “Projected Costs of Generating Eleityl’, Paris, 2005.
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Thefuel priceassumptions for fossil and nuclear plants dbbedi@sé-igure 2.1. Since lignite
and biomass are local energy carriers, whi¢hreledea in an international price mechamigire the
fuel prices of these two types of energy carésmsumed to be constant. The price projactians fo
other fuels are determined by taking into aoeoumtérbational market mechanism. Of particular
noteworthiness for nuclear power is that fhel toyale costs are considered (natural uk@miensjan,
enrichment, intermediate and final disposal).

Fuel price projections

@2005 w2010 2020 32030

8 -

N 2 BN O T

Coal Lignite Natural gas Qil Nuclear repository Biomass and
biogas

Figure 2.1 Fuel price assumptions on plant I&VEIYUETEL, 2006

To assess full costs of electricity proddisicouat rateof 5 percent is considered.

The basis year for the analysis is 2005.

Table 2—1 reports the assumptidecbnical lifetimewhich are on the base of the cost
estimation.

technical life time (years) far
energy technology of .
type of power plant carrier | electricity generatiob construction year
2007 2020 2030
Nuclear power plant PWR (Pressurized Water Reacto0 40 60
Fossil fired power plant 35 35 35
hydro run of river 70 70 70
dam and pump storgge 120 120 120
Electricity generation based on renewsiles 20 20 20
PV 2" 25 25
solar thermal 30 35 40
CHP with an extraction condensing turbine amtumdligard coal 35 35 35
Biomass CHP 30 30 30
Fcuel cells 7 7 7

Table 2—1 Technical life time for type of powsr pla

The variables listed above are used to estinzaterdbe lifetime levelised generating cost
(ALLGC). However, to make private costs compasbtechnologies some adjustments are introduced
for Combined Heat and Power plants and for sofat sexhnologies.

% EU, European Sustainable Electricity; Comprehengivalysis of Future European Demand and Generation of
European Electricity and its Security of Supply, Lau2€06.
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The ALLGC for combined heat and power plarded€Hét)take into account the fact that the
plant is used also to produce heat, in addigctritity. The value of heat recovery can ln@anieas
the cost avoided in using recovered thermdbemesggcific purpose, as opposed to usingsanotieer
of energy. The value of recovered thermal eagugyaient to the cost of fuel energy thataveuld h
otherwise been consumed, which is referred nasywrcredit el credit A gas boiler, with an
efficiency of 90 percent, gives the alternatigerf@ation technology in this report. Then in the
computation of full cost the fuel credit idediftoac the ALLGC.

An adjustment of the ALLGC should be madewaisb dod solar technologies. Due to the
fluctuation caused by producing energy withdwsmldrgolants, which are intermittent energy, sourc
back-up technology is necessary for compernsalingotitk-up cosbf uncertain generating power of
solar and wind plants is calculated with then esgimtiated by Friedrich in4188%his equation, the
provision of the back-up power is reduced bgitg fzagtar (P) for the renewable technolotiies. In
calculation of full costs the ALLGC is sumredohtk thp cost of a gas-fired CCGT plant fommaximu
back-up costs.

The methodology proposed above determines fecheabdbgy a private cost of electricity
production levelised for all Europe. To redsjadinef comparability, country specifienpusiesus
are not considered. In particular the estimatiomfisienced by the capital market’s diffaceosss
Europe since overnight investments costs aesecbrisichddition all costs are consideredares,of t
which change from country to country. This @sssrptisistent with the objective to assasstSull
from the policy maker point of view, to prailigeodudction cost scenario. Moreover, fopdlse ptr
comparison, additional plant specific costenmemial taxes on fuels, carbon emission chisigyes, s
integration costs, etc. — are not includediwateecpst of generating electricity.

The costs are determined for new plants bulid/egspe 2007, 2020 and 2030. The values
estimated for 2007 are used for the period RO@BiIL@pproximation is acceptable by conidering
homogeneity of the European electricity scémes®fine years.

2.2 External costs

External cost of electricity generation (in &k@dyrare calculated by multiplying the average
height of release values of unit of emissassical@ir pollutants (2000 Eurocent/kg) tigueshtitye of
emission for unit of electricity generated (kg/kwh)

Marginal external costs of emissions

Marginal external costs for classical air pahataalculated for CASES project by IER with the
updatedEcoSenseWebV1iodl.

To estimate external costs by transforming tinapaants expressed in different units into a
common monetary unit, Ex¢ernEmethodology is adoptethe principal stages of the ExternE
methodology &re

1) Definition of the activity to be assessed amagkteund scenario where the activity is

embedded. Definition of the important impacesated@xternalities.

2) Estimation of the impacts or effects of the (actphysical units). In general, the impacts

allocated to the activity are the differencen ibvaepacts of the scenario with and the
scenario without the activity.

* Friedrich, R.; Kallenbach, U.; Théne E.; VoR A.; Reg H.; Karl, H.; Externe Kosten der Stromerzeugun
Schlussbetrachtung zum Projekt im Auftrag vom VDBEXWEW Energieverlag, Frankfurt (Main) 1989.

®> The ExternE methodology is widely explained in thgore“ExternE — Externalities of energy — Methodol@§p5
Update” 2005.

® “ExternE — Externalities of energy — Methodolog¥20pdate” Executive Summary pp 1-6.
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3) Monetisation of the impacts, leading to exd&snal co

4) Assessment of uncertainties, sensitivity analysis.

5) Analysis of the results, drawing of conclusions.

The impact categories which are addressed usugynEemethodology and that are analyzed
in the full costs assessment are the environmpewtal (on human health, crops and loss osibyddive
the damage to materials and the global warming impa

The approach used to quantify environmentaisnipaietpact Pathway Appro@ei). The
principal steps can be grouped as follows:

Emissionspecification of the relevant technologiekbudaictpemitted by a power plant at a
specific site, for the whole life cycle, whoch e®ristruction to dismantling, including fuel
extraction and transportation;

Dispersioncalculation of increased pollutant concenimatdinaffected regions, using
models of atmospheric dispersion;

Impactcalculation of the cumulated exposure frenedisednconcentration, and calculation
of impacts (damage in physical units) fronogigexging an exposure-response function;
Cost valuation of these impacts in monetary terms.

The values estimated for CASES for classittataaitspoorrespond to an average (stack) height
of release for all sectors. However for techrblagieterised by a large combustion plartighth a
stack, a more sophisticated attribution of smissldrbe desirable. As a first step, at leasistiens
due to operation (mainly burning fuel) havértbutedatbigh stackalues, instead of average height of
release.

The values are based on parameterised resulispéa dispersion model, which is obtained by
completely integrating into the EcoSenseWetheyssatts of the Industrial Source Compl€iQ@ydel
and the Source Receptor (SR)-matrices formegletialg. Thedustrial Source Complex ModelgISC)

a Gaussian plume model developed by the’UBRERAC is used for transport modelling gfgrimar
pollutants (SONQ, particulates) on a local scale (100 km x l@Qrantlze power plant site, with a
resolution of 10 x 102lgnd). Thé&ource Receptor (SR)-matfimesegional modelling is based on
EMEP/MSC-West Eulerian dispersion model. Tla tchespiort models developed at Meteorological
Synthesizing Centre - West (MSC-W) are conttethedegional atmospheric dispersion anddepositi
of acidifying and eutrophying compounds(SnillJegebozonefj@nd particulate matte?PRMO).

The costs of emission are calculated with respextihpact of pollutants on human
health, crops, damage to materials, and ladisekityocaused by acidification and eutroplfioatidi
these categories of impact the following antpaliatconsidered:
Ammonia (NH
Non-methane volatile organic compounds ungpeiii2a),
Nitrogen oxides ((NO
Particulates (PPM between 2.5 and 10 10um, an¢ PRads then 2.5 um),
Sulfur dioxide (80
In addition the cost of sulfur dioxide and oititdgsremissions in the atmosphere is calculated
with respect to the damage to méakerials.
Results for damage costs related to impactsrohdalttmaenvironment, crops and materials are
regionally detailed and are available for egcbobb® and for the EU-27 as an average.

"R.W. Brode, J. Wang: Users's Guide for the IndaisBource Complex (ISC2) Dispersion Models Volurhés
EPA-450/4-92-008a. EPA-450/4-92-008b. EPA-450/4-08¢0 U.S. Environmental Protection Agency, 1992,
Research Triangle Park, North Carolina 27711.

8 Values of damage to materials and to crops arecbas WTM model run - year 2000.
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The values reflect an average of the resuferdot dieteorological years, namely 1996, 1997,
1998, 1999 and 2000. Then estimated valueafteet@dtoy the assumption of an arbitrarytykay, bu
reflect more typical and average conditions.

In addition to the values of impact of theitamtpainalysed above, cost of damage on human
health per unit of emission is available alsodigiehyde and for the follbwany metals
Cadmium (Cd),
Arsenic (As),
Nickel (Ni),
Lead (Pb),
Mercury (Hg),
Chromium, (Cr)
Chromium IV (Cr-1V).
This set of marginal external costs is not syeeifiy, hence the same value for each EU-27
country is considered.

An additional set of pollutants for which argarginal external cost is estimated for all Europe

consists of the followadjonuclides
Aerosols, radioactive, unspecified into air,
Carbon-14 into air and water,
Hydrogen-3, Tritium into air and water,
lodine-129 into air,
lodine-131 into air,
Krypton-85 into air,
Noble gases, radioactive, unspecified into air,
Radon-222 into air,
Thorium-230 into air and water,
Uranium-234 into air and water.

The release of these radionuclides and theradimgspdioactivity into the environment causes
impacts to human health. The impacts considataticamecers, non-fatal cancers and hereiditasy de
The cost in Euro/kBq is obtained by multiplyatigdtiee dose estimation unit (manSv) péndtBig w
specific for each pollutants, times the casdsahéar, non fatal cancer and hereditarypeef@csSy
and the corresponding Willingness To Pay (V3 H) taito per endpoint. The factors relatitigecolle
dose to impact, so called risk factors, arenddtbyma linear dose-effect relationship. Theseduia
calculation are: 0.05 cases per manSv fordatal €at? cases per manSv for non-fatal cah6eds an
cases per manSv for hereditary 8efectalculate the cost in Euro/kBq for radionitaliflemission the
respective number of cases of endpoint per kiBgliesdnby the following values for WTP pat:endpo
1.120.000 Euro for fatal cancers, 481.0004tal manders and 1.500.000 for hereditary’ddieete
WTP values are derived from estimates for Wifiesearit cancer, e.g. leukaemia, lung can@gpestc.
of cancer differ in latency and estimated Y®OLD &yelr lost due to disaldiliggr fatal cancers, 15.95
YOLL + 0.26 YLD are assumed. The monetaryfagdliedacer includes also an additional estimatio
WTP to avoid the illness based on the cogtssofGIdi) (ca. 481,050 E) The YOLL are muttiplied w
40,000 Eurolyear of life lost. in ExternE 1668y ld&ects have been valued at the same alue as

® The recommendation for ExternE / NEEDS is to use tfaaters based on the ICRP60 recommendations fer cor
analysis. Further details are presented in thesauduel cycle report (Externg, 1995, Vol. 5).

1 These values for WTP for fatal cancers, non-faaakers and for hereditary defects seem to be migbleththan the
values for the other endpoints. However, the Uoit®ther endpoints are e.g. per day or per yehilewthe case of fatal
cancer corresponds approximately to 16 yearsetiriie lost.

I Sections 12.3.2, and 12.4 in ExternE, 1999, Vol. 7



CASES-COSTSASSESSMENT FOFSUSTAINABLE ENERGY MARKETS
PROJECTNO 518294SES6
DELIVERABLE D.6.1

statistical I#& since there are no WTP estimates of suchawgilable, and given the relevance usually
attributed to such effects.

An important component of the total externaletaxdticity production is the cageenh
house gasesln the framework of the CASES project twdhappm@aiollowed to assess global warming.
The first methodology estimates the quantiffetgés aehile the second one calculates the marginal
abatement costs

The damage costs of greenhouse gases due tocleéinggeimpacts are estimated with
EcoSenseWeb by using the FUND&plied model. The model estimates a selgbgopoténtial
impacts of climate change on agriculture, foresingged ecosystems, sea level rise, humigyy mortal
energy consumption, and water resources. The calgatated as the discounted difference between
flows of real consumption (or welfare) ovelctifaeeday the Integrated Assessment Modeldbathe
economy (FUND3.0) for i) a base scenario fiodHEOp8-2300, ii) a base scenario perturisedally a
additional emission of a GHG in a specifidaitne per

By following the abatement cost methodolodyesnare@alculated s by the CASES porjct. The
first estimate concerns the marginal abatenfenteospe for emissions reduction requirelymidhe
protocol, the second estimate is based on Ef 3@peateduction in 2020 compared to 1990.

Table 2—2 compares the results of costs in ByverZDén of emissions obtained by the
alternative approaches.

Marginal costs of GHG emissions in Euro2000 pdistmunted to the year of emission
ST abatement costs Gt abatement costg el abatement costg BTl abatement costg
costs costs costs costs
Kyoto a Kyoto 9 Kyoto 9 Kyoto a
22%%% objectives e 22%113 objectives 05 22%22% objectives 05 22%%% objectives e
2010 2015 2020 2025 2020 2030
COo2 7 19 19 11 19 74 2020 21 74 15 27 99
CH4 304 399 399 369 399 1554 461 427 1554 641 571 2088
N20O | 118164 5890 5890 16777 589 2294( 19311 6291 2294(Q 25844 8429 30829

Table 2—2 Comparison of marginal damage cost&ofititHnarginal abatement costs of GHG

To calculate the full cost of electricity gerireatitarginal abatement costs to reach the Kyoto
objectives are used. The results are obtainegpbglimy 26 models “observations” of MAEseor dif
future years, 61 observations for the year§28@n,d?2050.

The abatement cost for unit of emission ieddimu@é) CH and MO. Since data are not site
specific, the same value for all EU-27 cowngds is

2 The updated VPF from UNITE_D5_Annex3, 2001 is used.

13 Marginal damage costs for climate change are asgiirby NEEDS project (Deliverable D.5.4). The fafiog
assumptions are made: "Average, 1% trimmed" - Disted to 2005; "1% pure rate of time preferencefith’ AVEW,
i.e. world average equity weighting" and the exgfeafitom US$ to € corresponds to ca. 1.35$ per &oF for
recalculate €tCO2 from €/tC = 44/12.

4 Marginal avoidance costs of GHG are estimatedC#®8ES project Work Package 3 report “Energy-rel&ieternal
Costs due to Land Use Changes, Acidification antidphication, Visual Intrusion and Climate Changaftagraph
4.3, July 2008. The following assumptions are mé&aetor to recalculate from 2005 prices to 2000g%ibased on
nominal GDP per capita: Euro2005 --> Euro2000 98,&WP-ratios, as defined by IPCC 1996, i.e. 21Cfid4 and
310 for N20.

15 FUND - Climate Framework for Uncertainty, Negotiation angfBibution is a so-called integrated assessment
model of climate change. Additional information axailable on the website
http://www.fnu.zmaw.de/FUND.5679.0.html
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EcoSense calculates all types of external East@90. Then these values are actualised to
2005 by using the Harmonised Indices of ConseséHRIPS) Hence the external costs used to
calculate full costs are homogeneous withtthegsisawhich are calculated in Euro 2005.

All results reflect the Willingness To Paar tifaglease, which is respectively 021042020 an
20307

Life cycle inventory — emissions for electricibyeggion

To calculate the external cost of each kWhiatyefgoduced, the marginal value for unit of
emission is multiplied by the quantity of pahattiatl at each production stage per uniticifyel€or
the CASES project the emission database fatyeterdrineat generation in 2007, 2020 and 2030 is
provided by IERThe life cycle inventory data for basic praressasen from the LCA-database
Ecoinvent in the versiod®T2e methodology adopted to estimate the eofiggtutants for energy
generation subdivides the process of eleatecayiayeinto four sub-processes represenifi@gybke |
stages:

power plant construction,
fuel supply,

power plant operation,
power plant dismantling.

Starting from a detailed process chain anattsigrwhost technologies was specified down to
the individual power plant components andftheiapes, the material and energy demand athevell as
waste and the release of emissions were idedtifjedntified. These results for the indivizhsdgs
refer to the functional unit of one kilowatt ki) (of generated net electricity (i.e.tglestrich is
supplied to the grid) and summed up along Hsecheone

The LCI data analysis performed within CASE®aospers and construction services and the
supply of materials. All direct and indirectinsnaistile manufacturing and transportatiomiaif rfate
the power plant construction are relevantidn, &iltte during construction phase theredenteeat
for several construction processes and befossioomgniof fossil power plants, there arestest run
turbines, which go without generation of \glélotrialso the heat and the energy demandrigtioons
are taken in to account. Along the life cyatesllafvthe power plant operation as well asetia- m
specific final end-of-life treatment at the lpotwdismantling are balanced. Emissions calispashy
of operational wastes are included in the grpoe&s plant operation. While disposal of ithstes@
of the technical life time of the power plastgredato the process of power plant dismantling.

To ensure homogeneity of cost components th&oassmtpchnology technical life time,
installed capacity, power efficiency etc., hisadafor estimate the emissions database saneethe
used for estimate private costs of electripgwandenerati@n

'8 Data are actualised from 2000 to 2005 by usingedficient of 1,1095. The coefficient is calculatieyl using the
Harmonised Indices of Consumer Prices (HICPs) f20@1 to 2005, available at the following address:
http://epp.eurostat.ec.europa.eu/portal/page?_¢=ay@96,39140985& dad=portal& schema=PORTAL&screeraidet
Iref& language=en&product=STRIND ECOBAC&root=STRIND EBAC/ecobac/eb040

YThese external costs are expressed in Euro per iorthe year of release, 2010-2020-2030, basedgregation
scheme "SIA_E_PPMc" for Human Health Impacts, basedverage meteorology - corresponding to emisgions
All SNAP-Sectors.

18 CASES deliverable D.2.1 “Database on life cycléssions for electricity and heath generation tetbgies”.

19 Ecoinvent-Datenbank fiir Lebenszyklusdatemw.ecoinvent.ch

20 An exhaustive table with technology description607, 2020 and 2030 is available in the CASES/dedbles:
D.2.1 “Database on life cycle emissions for eledfiand heath generation technologies” and D.Rrlvate Costs of
Electricity and Heat Generation”, IER University $gairt.
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External costs not included in the analysis

The methodology adopted by CASES to calculhteoteof electricity production includes the
damage costs of emissions of pollutants inilcaaid, \water. This methodology allows to inctieleed
of external costs in the analysis and ensueedfhieomsogeneous and widely approved estimates, how
some relevant components of the total exteanalecastuded.

These "other costs” are particularly relevaciefor m the assessment of the nuclear fuel cycle
one of the most contentious issues has beeratioa \wdlserious nuclear accidents and theessessm
the risk of nuclear weapons proliferation. din& “Bethodology reparttiicates that in monetary terms
the damage cost of a nuclear accident couldabillions of Euro. However, even if theghiteadii
of public concern about the possibility of aactdamt, the experts assign very low probétdityinal
of failure that would produce a severe accitlernyfar of reactors used in Western Europiee Vegn
low probability that the accident occurs Vaitetkaltisns of Euro of possible damage colstaigainds
of Euro afxpectedamage costs.

Despite their theoretical relevance these xtesnaf costs are not included in the full costs
calculation because the statistically smallofianbelents made it difficult to elaboratetoncaleldate
a homogeneous set of estimate for Europe until 2030

Additional external costs not assessed irctyss fefiort but analysed by CASES project are: the
cost of acidification of the aquatic envirorthtkatcast visual intruion

With respect to the monetary estimates oftiacidifica costs of the impact of pollution on
freshwater fish populations are not included Hem&uis large uncertainty in the estimatedNaue
uncertainty is derived from the calculatiortsfampérom the economic valuation procedure.

Also the costs of visual intrusion are exclod#te feet of external costs analysed in the full
costs assessment. These costs are assessecabyetiaduaesthetic effects of wind parks, tiydroele
dams and power transmission lines; howeverstatlidsware available on this topic and artosestiste
of estimates is not available for all Europe.

As a separate topic, not included in the stxadsEssment, the CASES project provides also
energy supply externalities. In particular Ijtsis dmeuses on the macro economic costs gbresesrgy
fluctuations and on the monetary value of,loauksdiby interruption of electricity28upply.

3. Results on European full costs of electricity ge neration

Table 3—1 and Table 3—2 list the technololgiesibiygroduction which are assessed in this
report. The set of technologies includes rosdiédiret! technologies, renewables and coedtiaed h
power plants. For fossil fired and for some I@ldgeEs the same technology is assessed with and
without C{rapture and storage; this distinction is avaljafaevalues referred to 2020 and 2030. For the
period 2005-2010 the same levelised valuesta frepgechnologies with and withpsito@ige.

In Table 3—1 technologies are ordered frompihst thidlae most expensive with respect to the
private cost of electricity generation in Esipecenits of electricity production (kWA)prifvate costs
are considered the cheapest technologies arddoaabiand power technologies, for whichrtbigyelect

2L «ExternE Methodology report”, EC, 1995.

2 These types of external costs are assessed iPMBEE deliverable D.3.2 “Report on the monetary vismeof
energy related impacts on land use changes, aeitidh, eutrophication, visual intrusion and clismahange”.
23 Supply externalities are assessed by CASES — VRRPdrt on National EU level estimates for energypsup
externalities”, D.5.1 December 2007.
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production cost is net of heat credits. Thepaonsivextechnologies are renewables, in psolaular
photo volt&tand fuel cells technologies.
Moving the time horizon from present to 203@oydbtfEsences in the ranking of traditional
technologies; however the table shows thag thiegooiduction will decrease for renewabldsgieshno
and a strong price reduction is observablec@lisftethnologies. The trends of full costserwsnae
more extensively assessed in the paragraph 4.2.

PRIVATE COSTS OF ELECTRICITY GENERATION IWEU (Ec/k
rank 2005-10 2020 2030
1| hard coal CHP with backpressure turbine har@8oal CHP with backpressure turbine b'B'gTSS.(WOOdC.h'pS) CHP with an eXtraE)t,'QQ
coridénsing turbine
5 biomass_(woodc_hips) CHP with an extracltfga biomass_(woodghips) CHP with an extraﬁt"@g hard coal CHP with backpressure turbine 1.04
condensing turbine condensing turbine
3 hard coal CHP with extraction condensin&; 31 hard coal CHP with extraction condensin_%]34 hard coal CHP with extraction condensir@39
turbine without CO2 capture "~| turbine without CO2 capture "~ | turbine without CO2 capture '
4 hard coal CHP with extraction condensing 31 biomass (straw) CHP with an extraction 2,18 lignite condensing power plant 214
turbine with CO2 capture '~~| condensing turbine ' ’
5 biomass_(straw)_CHP with an extraction 2,59 lignite condensing power plant Biggass_(straw)_CHP with an extraction 218
condensing turbine condensing turbine
6 | lignite condensing power plant B68ear power plant 2,68clear power plant 2,28
7 | lignite IGCC without CO2 capture IRy0ide IGCC without CO2 capture IRyBite IGCC without CO2 capture 2,77
- . coal CHP with extraction condensi hard coal CHP with extraction condensi
8| lignite IGCC with CO2 capture ?Urgme with CO2 capture rl’g’lz turbine with CO2 capture @09
9| nuclear power plant 3,hard coal condensing power plant I&aB coal condensing power plant 3,16
10| hard coal condensing power plant IgyBite IGCC with CO2 capture Bgstte IGCC with CO2 capture 3,34
11| hard coal IGCC without CO2 capture hay@licoal IGCC without CO2 capture hays4coal IGCC without CO2 capture 3,50
12| hard coal IGCC with CO2 capture I88d coal IGCC with CO2 capture Hap) coal IGCC with CO2 capture 4,16
13 natural gas CHP with extraction condensjln_]f(_}2 natural gas combined cycle CHP with 497 natural gas combined cycle CHP with 424
turbine without CO2 capture "~"| backpressure turbine """ | backpressure turbine '
14 natural gas CHP with extraction condensjlnﬂ;_;2 natural gas CHP with extraction condenﬁn& natural gas CHP with extraction condensz'ingO
turbine with CO2 capture """ turbine without CO2 capture """ | turbine without CO2 capture '
natural gas combined cycle CHP with natural gas combined cycle without CO2 natural gas combined cycle without CO2
15 . 4,31 4,58 4,54
backpressure turbine capture capture
16 natural gas combined cycle without C024,81 natural gas combined cycle with CO2 5.98| wind, off-shore 5i81
capture capture
17| natural gas combined cycle with CO2 capture wirtj8dn-shore ) Cag:lrﬁégas combined cycle with CO2 5,91
18| wind, on-shore 6,ind, off-shore 6,4ind, on-shore 5,96
) tural gas CHP with extraction condensi natural gas CHP with extraction condensi
19 wind, off-shore 5 turbine with CO2 capture %’r}% turbine with CO2 capture %r}&
20| heavy oil condensing power plant tgbital gas, gas turbine 6MCFC (biogas) 6|36
21| natural gas, gas turbine 6iBRIropower, run of river >100MW ra80al gas, gas turbine 6,53
22| hydropower, run of river >100MW I8y oil condensing power plant ydiBopower, run of river >100MW 6,80
23| hydropower, run of river L0MW mygBopower, run of river L0OMW BOBC (natural gas) 1,02
24| hydropower, run of river <100MW IW@Bpower, run of river <IOOMW M@©BC (natural gas) 1,26
25/ light oil gas turbine 9,8@ht oil gas turbine 10,88avy oil condensing power plant 7,46
26| hydropower, dam (reservoir) L §c@dr thermal, parabolic trough [LBy8Bopower, run of river L0MW 7,83
27| hydropower, pump storage 1hpdropower, dam (reservoir) Lhyropower, run of river <100MW 7,93
28| solar thermal, parabolic trough [1BydBopower, pump storage 1504r thermal, parabolic trough 9,50
29| MCFC (biogas) 31}8B0OFC (natural gas) 11 Jight oil gas turbine 10,34
30| MCFC (natural gas) 33BEFC (biogas) 13}28dropower, dam (reservoir) 11,04
31| solar PV, open space 35MCFC (natural gas) 13@ddropower, pump storage 11,04
32| solar PV, roof 44 [7€olar PV, open space 20&8ar PV, open space 16,58
33| SOFC (natural gas) 46 86lar PV, roof 25/1gblar PV, roof 23,48

Table 3—1 List of technologies of electricity géarrordered by average European private coshefation
(EuroCents/kWh) in 2005-2010, in 2020 and in 2030

In Table 2—1 the technologies are orderedcebgratibg cost, which is calculated by adding all
external costs to the private cost of produptiesert the cheapest technology, after thkzatiernof

external costs, is biomass (woodchips) CHP exttaciion condensing turbine. The other “cheap”
technologies in the present scenario are nuctgsra(Epressurized reactor) and hard coal CHP with

24 Private costs calculated with the average lifeievelised generating technology seem to underagtitine real

industrial production cost, in particular for numleas declared by stakeholders of the electrsgttor invited to the

“First CASES Stakeholders Workshop — Social costeexdtricity production” February 2008, Brussels.
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backpressure turbine. But with respect to thkidowf wuclear full cost should be stressamnéhat s
nuclear specific external costs (eg the costlefaaccident or the risk of nuclear pro)ifaratioot
considered in this analysis. In addition itbehmrithrked that private costs calculated awdrape
lifetime levelised generating technology segenestiomate the real industrial productionpassitular
for nuclear, as declared by stakeholders ofttloityeksector invited to the “First CASES I&akeho
Workshop — Social costs of electricity proéelotioeryy 2008, Brussels.

Photovoltaic technologies are the most expemsolegies even if the share of external cost is
very small, however a strong decreasing iogsivat®reseen for the next 20 years. For Hleyeexs
a good performance of full cost reduction én faleséor fuel cells technologies and foebiydrdein
of river hydropower less than 100MW).

The high value of full costs for solar techimologiest explained by the assumption of European
average values for the Life Cycle Analysis. Hwevewentry specific cost per kWh should beerery |
than the average in the Mediterranean area, ibechiggesr the quantity of electricity whottuced.

In addition Table 2—2 shows that, if full ¢eats ohgrivate costs are considered, then the
renewables technologies hydropower and windchéapges than almost all classical fossil fired
technologies. These sets of technologies ammipdlyable since back up costs, calculatedetbr a fi
CCGT plant as back up technology, are addechtomeosts for wind and solar, which ardgentermit
renewables energies.
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FULL COSTS OF ELECTRICITY GENERATION IN EU (Ec/kWh)
rank 2005-10 2020 2030
biomass (woodchips) CHP with an ext arltigg biomass (woodchips) CHP with an biomass (woodchips) CHP with an
. . \ . . . 1,80 . . . 1,97
condensing turbine extraction condensing turbine extraction condensing turbine
2 | nuclear power plant B B2clear power plant 4,Maclear power plant 2,40
3 | hard coal CHP with backpressure turbjine ligRi&8IGCC with CO2 capture HAghtite IGCC with CO2 capture 4,28
hard coal CHP with extraction condensin . . h oal CHP with extraction condensi
4 turbine without CO2 capture 9’07 hard coal CHP with backpressure tyrbine turbine with CO2 capture ERQ
5 hard coal CHP with extraction conden ,ing 07 hard coal CHP with extraction cond sniig% biomass (straw) CHP with an extrag tingO
turbine with CO2 capture "~ | turbine with CO2 capture '~"| condensing turbine '
6 biomass (straw) CHP with an extraction 461 hard coal CHP with extraction cond aniigg_ hard coal CHP with extraction condengiag
condensing turbine '~ turbine without CO2 capture "~ turbine without CO2 capture '
7 | lignite IGCC without CO2 capture ss_(straw)_CHP with an extractloi1'37 hard coal CHP with backpressure tirbine | 5,25
condensing turbine
8 | lignite IGCC with CO2 capture ligBBe IGCC without CO2 capture lgBite IGCC without CO2 capture 5,68
natural gas CHP with extraction condensi - . .
9 turbine without CO2 capture %’,@9 lignite condensing power plant wih8, off-shore 5,88
10 | natural gas CHP with extraction condensingy| 1,4 coal IGCC with CO2 capture 56 coal IGCC with CO2 capture 5,95
turbine with CO2 capture
Lo . al gas CHP with extraction ’
11 | lignite condensing power plant cd%ensing turbine without CO2 cal tuE?e?Z wind, on-shore 6,03
12 natural gas comblr_]ed cycle CHP with 571 natural gas comblr_]ed cycle CHP with 5,83| lignite condensing power plant 6.07
backpressure turbine backpressure turbine
13 natural gas combined cycle without CO26,20 hard coal IGCC without CO2 capture natyral gas CHP_ W|th'extract|on 6.17
capture cohdensing turbine without CO2 capture
14 | natural gas combined cycle with CO2 c&ﬁ]ﬁﬂanatural gas combined cycle without C%,%M natural gas comblr_led cycle CHP Wth6‘31
capture backpressure turbine
15 | wind, on-shore 6|,2dind, on-shore | ca:)l:{]?:egas combined cycle without CQZB
16 | wind, off-shore 6|,4@nd, off-shore 6,Mard coal IGCC without CO2 capture 6,77
17 | hard coal condensing power plant héydi7coal condensing power plant §;8power, run of river >100MW 6,86
18 | hard coal IGCC without CO2 capture hyjédpower, run of river >100MW rglggjlgas combined cycle with CQ 27,03
19 | hard coal IGCC with CO2 capture Eggigigas combined cycle with CQ2 6,90| hard coal condensing power plant 7,30
. n | gas CHP with extraction natural gas CHP with extraction
20 | hydropower, run of river >100MW cgag ensing turbine with CO2 capture 7,22 condensing turbine with CO2 captu e7‘36
21 | hydropower, run of river L0MW hg@fpower, run of river 10MW fy@itopower, run of river 10MW 7,92
22 | hydropower, run of river <100MW hyd@®power, run of river <I0OOMW ,8B0power, run of river <I00MW 8,00
23 | natural gas, gas turbine &Bfural gas, gas turbine BBOFC (natural gas) 8,25
24 | heavy oil condensing power plant h@&®8/ oil condensing power plant I&tlal gas, gas turbine D,48
25 | hydropower, pump storage L4018y thermal, parabolic trough 1804dr thermal, parabolic trough 9,61
26 | hydropower, dam (reservoir) 1Hydifopower, pump storage 1MOFC (natural gas) 9,91
27 | light oil gas turbine 1P8Aropower, dam (reservoir) LMC3FC (biogas) 1075
28 | solar thermal, parabolic trough BOA8C (natural gas) 12 Jsdavy oil condensing power plant 11,10
29 | MCFC (biogas) 35,Bght oil gas turbine 13,8¢dropower, pump storage 11,13
30 | MCFC (natural gas) 36N6FC (natural gas) 15 Aydropower, dam (reservoir) 11,15
31 | solar PV, open space 36\BOFC (biogas) 17,2ight oil gas turbine 14,03
32 | solar PV, roof 45,88lar PV, open space 21 &8ar PV, open space 17,51
33 | SOFC (natural gas) Ai7sobar PV, roof 25/%blar PV, roof 24,39

Table 3—2 List of technologies of electricity géarrordered by average European full cost ofaeme
(EuroCents/kWh) in 2005-2010, in 2020 and ifF203thst = private cost + external costs]

All results on full costs are reported in tietahiles from Table 7—1 to Table 7—33 at the end

of this report. Average European values are feptiréeperiod 2005-2010, for 2020 and fax2068l
costs, private cost and full costs are repoeachftechnology. External costs are dividedharo h
health related external costs (excluding thedebgalionuclides), environmental (not rdélatedrio

health) external costs, radionuclides damagandostarginal abatement cost of greenhouse gas
emissions. The tables show the incidence, tageteems, of each cost component on theuttal val
and the increasing or decreasing of each vgiueskatrto 2030.

Figure 3.1 shows the results obtained for 20@R20H0d 2030 as are summarized in Table
2—2.
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Private and external costs of electricity gengiratif in 2005-10 Private and external costs of electricity genefatldE in 2020 Private and external costs of electricity generatioE in 2030
E m‘?‘; hiomess (woodchips) CHP with an extraction condiaine E 2;?;02?; ‘ iormass (woodchips) CHP with an extaction corglentine] | | | | | E 2:[":::;‘;;'5& biomess (woodchips) CHP with an extraction canglémssine
nudear poner plant j nuclear power plarjt nudear power plarjt
‘ hard coal CHP wiith badkqressure tutjny l ‘ lignite IGCC with CO2 captlire l ‘ lignite IGCC with CO2 captirp
‘ hrd coal CHPwith extraction condensing i hard coal CHP with backpressure turbing l ‘ hard coal CHP with extraction condensing turtin€@® captur
| ‘ bioress () CHPwith an exraction sl hard coal CHP with extraction condensing turtin€ @R captur ‘ biomass (straw) CHP with an extraction condansimgt|
hard coal CHP with extraction condensing turtimeiCO2 capture ‘ hard coal CHP with extraction condensing turtivemCO2 capturg
| figrite 1GCq biomass (straw) CHP with an extraction condemgingt| ‘ hard coal CHP with backpressure turpit
| netural gas CHP with extraction condensing i ] ‘ lignite IGCC without CO2 capluute lignite IGCC without CO2 capt
| ligrite condensing poner g [ ] lignite condensing power | wind, off-shorg
| natural gas conhined cyde CHP with badkpr t l ‘ hard coal IGCC with CO2 captute| l hard coal IGCC with CO2 capt
| retural ges combined ok natural gas CHP with extraction condensing twitihaeit CO2 capture wind, on-shorg
" natural gas corrbined cycle CHP with backpresime fu ‘ lignite condensing power plant
wind, ot shorg l hard coal IGCC without CO2 capturel l ‘ natural gas CHP with extraction condensing twitiveeit CO2 capture
wind, off-shore l natural gas combined cycle without CO2 capt| l ‘ natural gas combined cycle CHP with ]
| herd coal condensing poner pant wind, on-shord [ ] natural gas cobined cydle without CO2 captpre
| herd ocal IGCC wind, off-shord [ herd coal IGCC without CO2 ca
hydropower, run of river >100M l ‘ hard coal power pl hydropower, run of river >1001
- unofriver 10V hydropower, run of river >100N l ‘ natural gas corrbined cycle with CO2 caj
X natural gas combined cycle with CO2 captt l ‘ hard coal condensing power pl:
hycdropower, run of river <100M) l ‘ natural gas CHP with extraction condensing twifine 02 capturk l ‘ natural gas CHP with extraction condensing twitin€O2 capture
‘ netural ges, ges tuifg ] hydropower, run of river 10 | hyropower, un ofriver 1
‘ heavy ol condensing poner piart hydropower, run of river <100N I hydropower, run of river <1001
hydropower, punp storagg l ‘ natural gas, gas turbirje ] ‘ SOFC (natural gas)
hycropower, darr l ‘ heavy oil condensing power plan| l natural gas, gas turbine|
| light ol ges tutin H solar thenal, parabolic trough solar thermal, parabolic troug
hydropower, punp storagje| l MCFC (natural gas)
| ol thenl, peretoic toug P ] | MCFC (biogas
| ‘ MCFC (biogas) l ‘ SOFC (natural gad) l heavy oil condensing power plartt
| ‘ MCFC (atural gar) l ‘ light oil gas turbing hydropower, punp storagel
| ‘ ‘solar PV, open specs l ‘ MCFC (natural gas) hydropower, ir
| s:)!a PV, rog l ‘ MCFC (biogas l ‘ ] ‘ light oil gas turbin
sq:c(nln‘,a ) l ‘ solar PV, open spage| solar PV, open spate]
T T T T T T — _ - - ‘ j ‘ : : ‘SD\arF’\/‘rocn _ _ ‘ : l “ : : : ‘solarP\/.roo
10 15 2(EuroCentsikih 30 35 40 45 o 5 10 15 oCEuroCentskWh 30 35 20 45 0 5 10 15 2CEuroCents/kWh 30 35 40 45

Figure 3.1 Private and External costs otelgetecation for 2005-2010, 2020 and 2030 (£2005&rkWh)
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4. Assessment and comparison of full costs and full

composition

4.1 Technological comparison in 2005-2010

The following graphs, from Figure 4.1 to Figin@™tBe incidence of external costs on the total
costs. Figures confirm the general opiniorethat exsts have a strong impact on full dostsl flurel
thermal power plants. At present the sharealf @des for hard coal and lignite is arouhgeheeht,
this is caused principally by an important magaven climate change, since abatementgrests of
house gases are between the 60 and the 80 fpexrtedetxternal cost. This means that if ertrmals

cost

internalized, then the market price of elgetr@ityed by classical fossil technologieseskdouloldd.

The share of external costs on total is betae@22@ercent for oil and gas thermal plants and
for gas combined heath and power plants. Rectimedegies the high price of fuel has andeglenc
on private costs. The principal componenthalf @delare related to human health for oplaoiser

while they are related to climate change foveggdgus and CHPs.

16 -

14

O Private costs O External costs

Full costs of energy production for nuclear anuntletechnologies (2005-2010)

12 4

10 4

EuroCents/kWh

2 a a

0 \

nuclear power heavy oil
plant condensing
power plant

light oil gas  hard coal hard coal IGCC lignite  lignite IGCC

turbine condensing condensing
power plant power plant

natural gas natural gas,

combined
cycle

gas turbine

Figure 4.1 Full cost composition for nuclear assil fired technologies in 2005-2010

Figure 4.2 confirms that renewables are “deeniddesxs, since the share of external costs is
around 1 or 2 percent of full cost. For renewtabhes costs are referred for 2/3 to humaanitetdth
1/3 to climate change. External costs are tefemagkion caused principally during dismiatiténg o
plants, for hydro and wind, while are produspdllprofuring the construction of the pladarfor so

technologies.
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Full costs of energy production for renewable${2000)
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30 4
25 4
20 4

EuroCents/kWh
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hy dropow er,hy dropow er hy dropow er hy dropow er,hy dropower, wind, on-  wind, off- solar PV, roof solar PVsolar therma

run of river run of river run of river dam pump storage shore shore open space parabolic
10MW <100MW  >100MW (reservoir) trough

Figure 4.2 Full cost composition for renewablésitdagies in 2005-2010

Figure 4.3 shows the impact of external codliscost fior combined heat and power
technologies. The share of external costsighvienydoal combined heat and power techinagles i
the 70 percent of full cost. If only privatearest®nsidered the cheapest technologiesandlldoalh
combined heat and power technologies with haekjombase, for which the electricity prodhsttisn c
net of heat credits.i

In the set of CHP technologies the smalledt eskteraal cost, lower than 10 percent of, full cost
is reported for fuel cell. The levels of extandrcfuel cells are low not only as percantggeed to
the high values of private costs for these geztnbia also in absolute terms. The amowrnal ext
costs for Solid Oxide Fuel Cell at naturabwas tlsdn the external costs of other CHP tieshnolog
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Full costs of energy production for CHP (2005-2010)
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~

condensing backpressure turbine extraction
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condensing condensing

turbine

turbine

Figure 4.3 Full cost composition for combineddrebpower plants in 2005-2010

4.2 Technological comparison and trends in 2020 and 2030

The graphs below from Figure 4.4 to Figure 4tfitsfmwhe majority of the technologies the
share of external cost on full generationoteseenfto increase in the next 20 years.

The trend of full costs is given by an incriedmingilbngness to pay from present to 2080, whic
increase the damage cost of each unit of eamdsimnthe emissions per kWh, which are foreseen to
reduce thanks to the technological improvements.

The low level of external cost reported forlesnfawabesent will remain almost constant for the
next 20 years. A different trend is reportéat tbesmal technology, for which a constatuutybnr of
costs is registered for the whole period if@talbpd external costs components.

A different evolution is foreseen for privatetuochktsre strongly conditioned by the trend of th
international fuel prices, and by the intradusiercheaper technologies. Fuel costs inoregsearid
oil and causes increasing private costs fomthé tdehnologies using these fuels, partiadlyseteap
by a decrease in investment costs. The investisemne generally constant or deceasing fratrigrese
2030. Solar technologies display the most aublstagtise in private costs. Since it is fioeskeese
technologies that higher R&D activities willsigalificantly the production costs, generatihgot k
electricity with solar PV will cost in 2030pmTlye80 of the present cost.

Data show a strong increasing of private gheenfal technologies with CO2 sequestration
because for 2005 no distinction is made betmisenithlout and with CO2 capture, while diginction
made for 2020 and 2030. Analogously results@isistent decreasing of external costs, ilapgoticu
the marginal abatement cost of GHGs. On avénagstthents costs observed in 2005 are lother than
real cost which should be observed if carborratemuesould be assessed. However for these
technologies, the increase of investment atedly isompensated by a reduction in extern@latasts.
show that from 2005 (without considering CQRatieglieés 2020 (with CO2 sequestration as3essment
the full cost of electricity generation wikeéoredmost all types of power plants.

Moving the time horizon from present to 203@oyibtfisences in the ranking of traditional
technologies; however the table shows thag thieppoiduction will decrease for renewabldegisshno
and a strong price reduction is observableétisfiezihnologies.

18



CASES-COSTSASSESSMENT FOFBUSTAINABLE ENERGY MARKETS
PROJECTNO 518294SES6
DELIVERABLE D.6.1

Full costs of energy production for nuclear anunt@letechnologies (2020)

16
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nuclear heavy oil light oil gas hard coal hard coal hard coal lignite lignite IGCC ligniteIGCC  natural gas  natural gas  natural gas,
power plant  condensing turbine condensing IGCC IGCC with  condensing without CO2  with CO2 combined combined gas turbine
power plant power plant without CO2 CO2 capture power plant capture capture cyclewithout  cycle with
capture CO2 capture CO2 capture
Figure 4.4 Full cost composition for nuclear asxil fired technologies in 2020
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Figure 4.5 Full cost composition for renewabléstdagies in 2020
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Full costs of energy production for CHP (2020)
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Figure 4.6 Full cost composition for combineddrehpower plants in 2020
Full costs of energy production for nuclear anuinthletechnologies (2030)
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power plant power plant without CO2 CO2 capture power plant capture capture cyclewithout  cycle with
capture CO2 capture CO2 capture

Figure 4.7 Full cost composition for nuclear assil fired technologies in 2030
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Full costs of energy production for renewable€)203
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Figure 4.8 Full cost composition for renewablésntdagies in 2030
Full costs of energy production for CHP (2030)
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Figure 4.9 Full cost composition for combinedareapower plants in 2030

4.3 Assessment of external costs variability across countries

Since the private cost is set at a levelisefbiv@luspe, the variations across countries are
assessed only for external costs. Differendassobeass countries depend on the margiral extern

value for unit of air pollutants, which changeedian to region, according to meteorological and
atmospheric conditions, to the biologicauegufibre region and to the economic situadi@owftry.
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The principal factors influencing the damadggamitpah each region are the meteorological
conditions, the biological characteristicy e wedathe economical situation of the country.

A complete country detailed analysis of exdtsradardd also take into account that also WTP
varies across countries. However, Europead lealekseof WTP are used to determine coufity speci
external costs. Nonetheless in ExternE alwayforvdaheewhole of Europe have been used for severa
reasons. One of the reasons is that for Eurdipganipaiseful to use harmonised values, bleeause
WTP in different countries will be more homoigetheolugure. In addition the country spleeificaua
based on emissions in the corresponding couthieyirapaicts are mostly outside the corresponding
country. Hence external costs presented iaghespasary only depending on dispersion model.

Country specific external costs, even if asdedalpulusing an average WTP, are actualised
from 2000 to 2010, 2020 and 2030 by using amecifirprice index.

Figure 4.10 shows how external costs of efgouliotyon change from country to country. The
same results are detailed in Figure 4.11, ERyarel4-igure 4.13. Monetary value of emis$ions is
for the period from 2005 to 2010 for traditmuddtges, renewables and combined cycle teshnolog

Figure 4.10 shows that Romania has the higmesdtcests for all technologies. Other countries
with external costs very higher than the EU twesdigmst all technologies are Slovakia, Slovenia
Netherland and Hungary.

Conversely, Portugal and Finland have the lmnest eosts, followed by Sweden, Finland,
Denmark, Latvia and Lithuanian.

Values very similar to the European averagevariosRPoland, Bulgaria and United Kingdom.
Cyprus has external costs very near to the Gb favdieermal and renewables technologies and very
lower for CHP.

The dispersion model predicts a strong impagtooment of pollutants emitted by traditional
fossil fired technologies in Austria, Germa@gtadrépe countries; while values are lowergel, Por
Finland and Sweden. With respect to renewdiigethe/alues are observed in Germany, Netherlands
and Belgium. The differences across courtdampact of CHP technology is similar to th@fimpac
nuclear and fossil fired power plants sincledahedhigs are registered in central Europe.

The data show strong differences across couwitiend CHP technologies. This is caused by
the different value of the impact of air pahutamsan health in the various countriesulaphidigas
fuel cells (MSFC) has the highest variancel bylloe@vy oil condensing power plant and bidifhass C
Conversely, renewables technologies and nueleaahance which is almost zero. For renewmables s
differences in external costs are shown oldy RY.so

Country specific analysis for renewables, ulapadiar PV, have the limit that pollutants are
principally emitted during the production anttijer @olar cells), and partly during disntdotlieger
cells are often constructed in another couhisyrdason it may be not correct to use the datoagf
the country where the plant is operating; thavesage values may be more appropriateoin adsliti
not taken into account the difference in qualgdlyicty which is produced in differehiGoaape by
each technology. This should be taken into iacpattidular for wind and solar, because titg quant
produced in windy and sunny countries is mgheradkarage EU, for this reason in this cexteimed
costs should be lower than those reported igraipdse while values should be higher for most
disadvantaged countries.

All the limits of the country specific exteihastosation, which are listed above, make the
analysis incomplete. However this paragraphl ® sbefw the magnitude of the variationsnad exter
costs if, ceteris paribus, a detailed dispedbriomair pollutants is considered insteadvefame
value for the whole Europe.
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Figure 4.10 External costs in EuroCents / kW22005n each EU-27 Country for all technologiessasbs
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Figure 4.11 External costs in EuroCents / kW20005- Nuclear and Fossil fired technologies
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Figure 4.13 External costs in EuroCents / kW22005- Combined heath and power technologies
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5. Conclusions

This report provided estimates, updated to ZQDGosts of electricity generation in Europe.
The results are obtained for present, for 20@02880 by summing external costs on human health,
environment, materials and climate change dogpneedtion costs. Full costs were calculated and
assessed for a wide set of technologies, witieh matlear and fossil fired power plants,|lesnawdib
combined heat and power plants. Full costsssedassaverage values of all EU-27 countidispm a
a country specific analysis is presented fal exsésn

Results indicate that, in 2005-2010, the leasivexigehnology is biomass (woodchips) CHP
with an extraction condensing turbine with arEavepage full cost of 1.79 Eurocents per EWh. Thi
technology is followed by nuclear (Europeaiz@dessactor) and hard coal CHP with a fulB@t of
and 4.07 Eurocents per kWh. This rank willgeosiginaincantly in the next years. Also fon@22G@&
it is foreseen that the least expensive tecluiblbgywoodchips) CHP with a price of 1.807and 1.9
Eurocents per kWh.

The most expensive technology are naturalagdis faredl solar photo voltaic, which have a full
generation costs from 35 up to 48 Ec/kWh inLQ0Bm®@@ver a strong reduction of generatien costs
foreseen in the next 20 years for these techti@oggeto investments in technological imgrovemen

Results show that hard coal combined heath angepere¢éion has the highest share of
external costs on full costs, presenting fod ZD85-percent of full cost. High incidencenaf easts
on full costs, around 50 percent, is obtaif@dcalaband lignite thermal power plants.

Solar photo voltaic and solar thermal techd@plgigghe lowest incidence of external costs on
total costs (in the order of 1 percent only).

In the analysis performed, private and extésnalecassessed for the whole life cycle of the
power plant, from construction to dismantioiggicolst of extraction and transportatioaraf uaste
disposal. Private costs and quantity of paiuitiets which are plant specific, are calovlaieg f
power plants build in 2005-2010, in 2020 ahdr&@80ld power plants, still existing are excfudbd
analysis. All costs are expressed in Euro 2005.

Some limits to the analysis are due to therekdosithe assessment of probabilistic external
costs, e.g. external cost of nuclear accidenexiée®l costs may have a very high cosubualare
associated to a very low probability of occivicmeo®er, for combined heat and power (CHP) heath
credits have been subtracted to the privat® @sil;se the share of cost relative to powaiogene
excluding the share relative to heat generdtoall ekternal cost are attributed into posvatigen
costs; thus external costs for CHP are overkstimate

27



CASES-COSTSASSESSMENT FOFBUSTAINABLE ENERGY MARKETS
PROJECTNO 518294SES6
DELIVERABLE D.6.1

. References

“Private Costs of Electricity and Heat Gendt&tiomilyersity of Stuttgart, 2007, CASES 4ehort D.
http://www.feem-project.net/cases/downloadsblds|ep

“Database on life cycle emissions for ekeatricggth generation technologies”, IER Uaiiversity
Stuttgart, 2007, CASES report Btip:#www.feem-project.net/cases/downloadsblds|pien

“Report on the monetary valuation of energympéattsdon land use changes, acidification,
eutrophication, visual intrusion and climaté, ¢¥idhg&/rije Universiteit Amsterdam, CASES report
D.3.2http://www.feem-project.net/cases/downloadsbldel e

“Report on methodology for estimating extert@ahcwsan health, crops and materials” IER
University of Stuttgart, 2007, CASES repdnttp./2A2yw.feem-
project.net/cases/downloads_deliverables.php

“Report on National EU level estimates forugrigrgxternalities”, University of Bath, CABES rep
D.5.1, December 20&p://www.feem-project.net/cases/downloadsbldel e

“ExternE — Externalities of energy — Methogdoltg\Efe, 1995.
“ExternE — Externalities of energy”, 1995, Vol. 5.

“ExternE— Externalities of energy”, 1999, Vol. 7.
“ExternE — Externalities of energy — Metho@&3dggydze” 2005.
“Projected Costs of Generating ElectricityzCGBANBA, Paris, 2005.

“Comprehensive Analysis of Future European berGamemation of European Electricity and its
Security of Supply”, EU, European Sustainaldigy:lemiiven 2006.

Friedrich, R.; Kallenbach, U.; Thone E.; Vafde,; iRpKarl, H.; ,Externe Kosten der
Stromerzeugung”“ Schlussbetrachtung zum Projekigimom VDEW, VWEW Energieverlag,
Frankfurt (Main) 1989.

Ecoinvent-Datenbank fir Lebenszyklustateacoinvent.ch

28



CASES-COSTSASSESSMENT FOFBUSTAINABLE ENERGY MARKETS
PROJECTNO 518294SES6
DELIVERABLE D.6.1

7. ANNEX 1 - European private and external costs fr om 2005 to
2030 per technology
7.1 Nuclear and Fossil fired
nuclear power plant
2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,1552 73% 0,1099 78% -29% 0,0897 79% -18%
Environmental cost 0,0136 6% 0,0085 6% -37% 0,0065 6% -24%
Radionuclides damage cost 0,0024 1% 0,0020 1% -14% 0,0022 2% 6%
'é'grg'”a' abatement cost of 0,0428 20% 0,0202 14% -53% 0,0156 14% -23%
Total External costs 0,2141 6% 0,1407 5% -34% 0,1140 5% -19%
Total Private costs 3,1028 94% 2,6169 95% -16% 2,2825 95% -13%
Full cost 3,3169 100% 2,7576 100% -17% 2,3964 100% -13%
Table 7—1 External costs, private costs and &t itp2005-2010, 2020 and 2030 for nuclear taphnol
heavy oil condensing power plant
2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 1,7879 75% 2,3393 78% 31% 2,7688 76% 18%
Environmental cost 0,1707 7% 0,2194 7% 29% 0,2463 7% 12%
Radionuclides damage cost 0,0002 0% 0,0002 0% 18% 0,0002 0% 18%
gﬁ'rg'”a' abatement cost of 0,4381 18% 0,4381 15% 0% 0,6272 17% 43%
Total External costs 2,3968 27% 2,9970 29% 25% 3,6425 33% 22%
Total Private costs 6,5658 73% 7,1939 71% 10% 7,4593 67% 4%
Full cost 8,9627 100% 10,1909 100% 14% 11,1018 100% 9%

Table 7—2 External costs, private costs and i tp2005-2010, 2020 and 2030 for heavy oihsgdpower plant

light oil gas turbine

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 1,3941 57% 1,8311 63% 31% 2,1673 59% 18%
Environmental cost 0,1540 6% 0,1791 6% 16% 0,2011 5% 12%
Radionuclides damage cost 0,0002 0% 0,0002 0% 18% 0,0003 0% 18%
gag'”a' abatement cost of 0,9170 37% 0,9170 31% 0% 1,3158 36% 43%
Total External costs 2,4654 20% 2,9274 23% 19% 3,6845 26% 26%
Total Private costs 9,8703 80% 10,0792 77% 2% 10,3436 74% 3%
Full cost 12,3356 100% 13,0066 100% 5% 14,0281 100% 8%

Table 7—3 External costs, private costs and &l itn2005-2010, 2020 and 2030 for light oilrgazet
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hard coal condensing power plant

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 1,2553 40% 1,5230 46% 21% 1,7498 42% 15%
Environmental cost 0,1599 5% 0,1913 6% 20% 0,2081 5% 9%
Radionuclides damage cost 0,0001 0% 0,0001 0% 9% 0,0002 0% 14%
gﬁ'rg'”a' abatement cost of 1,718 55% 1,5822 48% -8% 2,1820 53% 38%
Total External costs 3,1352 48% 3,2967 51% 5% 4,1402 57% 26%
Total Private costs 3,3341 52% 3,2264 49% -3% 3,1644 43% -2%
Full cost 6,4693 100% 6,5231 100% 1% 7,3046 100% 12%

Table 7—4 External costs, private costs and il ikp2005-2010, 2020 and 2030 for hard coahsimgdpower plant

hard coal IGCC without CO2 capture

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,8353 31% 0,9098 37% 9% 1,0668 33% 17%
Environmental cost 0,1048 4% 0,1086 4% 4% 0,1218 4% 12%
Radionuclides damage cost 0,0001 0% 0,0001 0% -1% 0,0002 0% 17%
gag'”a' abatement cost of 1,7562 65% 1,4639 59% 17% 2,0802 64% 42%
Total External costs 2,6964 41% 2,4825 41% -8% 3,2689 48% 32%
Total Private costs 3,9146 59% 3,5428 59% -9% 3,5027 52% -1%
Full cost 6,6111 100% 6,0253 100% -9% 6,7717 100% 12%

Table 7—5 External costs, private costs and il ikp2005-2010, 2020 and 2030 for hard coavitB@@ CO2 capture

hard coal IGCC with CO2 capture

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,8353 31% 1,0208 70% 22% 1,1956 67% 17%
Environmental cost 0,1048 4% 0,1221 8% 17% 0,1368 8% 12%
Radionuclides damage cost 0,0001 0% 0,0001 0% 11% 0,0002 0% 17%
gag'”a' abatement cost of 1,7562 65% 0,3242 22% -82% 0,4582 26% 41%
Total External costs 2,6964 41% 1,4673 26% -46% 1,7908 30% 22%
Total Private costs 3,9146 59% 4,1970 74% 7% 4,1560 70% -1%
Full cost 6,6111 100% 5,6643 100% -14% 5,9468 100% 5%

Table 7—6 External cost

s, private costs and &l itp2005-2010, 2020 and 2030 for hard coavitB@D?2 capture

lignite condensing power plant

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,9270 31% 1,1106 37% 20% 1,3151 33% 18%
Environmental cost 0,1066 4% 0,1335 5% 25% 0,1510 4% 13%
Radionuclides damage cost 0,0001 0% 0,0001 0% 6% 0,0001 0% 19%
g'ﬁ'rg”a' abatement cost of 1,9356 65% 1,7229 58% -11% 2,4722 63% 43%
Total External costs 2,9693 53% 2,9671 58% 0% 3,9383 65% 33%
Total Private costs 2,6830 47% 2,1844 42% -19% 2,1350 35% -2%
Full cost 5,6523 100% 5,1514 100% -9% 6,0733 100% 18%

Table 7—7 External costs, private costs and &t itp2005-2010, 2020 and 2030 for lignite camgleosver plant
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lignite IGCC without CO2 capture

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,3838 16% 0,4302 20% 12% 0,5043 17% 17%
Environmental cost 0,0387 2% 0,0463 2% 20% 0,0517 2% 12%
Radionuclides damage cost 0,0001 0% 0,0001 0% 1% 0,0001 0% 17%
Z'arg'”a' abatement cost of 1,569 82% 1,6562 78% -15% 2,3538 81% 42%
Total External costs 2,3795 44% 2,1327 43% -10% 2,9099 51% 36%
Total Private costs 2,9991 56% 2,8270 57% -6% 2,7712 49% -2%
Full cost 5,3786 100% 4,9597 100% -8% 5,6811 100% 15%

Table 7—8 External cost

s, private costs and &l itn2005-2010, 2020 and 2030 for lignite |GGt WIO2 capture

lignite IGCC with CO2 capture

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,3838 16% 0,4839 64% 26% 0,5666 60% 17%
Environmental cost 0,0387 2% 0,0522 7% 35% 0,0583 6% 12%
Radionuclides damage cost 0,0001 0% 0,0001 0% 13% 0,0001 0% 17%
garg'”a' abatement cost of 1,569 82% 0,2243 29% -89% 0,3170 34% 41%
Total External costs 2,3795 44% 0,7604 18% -68% 0,9420 22% 24%
Total Private costs 2,9991 56% 3,3905 82% 13% 3,3428 78% -1%
Full cost 5,3786 100% 4,1510 100% -23% 4,2849 100% 3%

Table 7—9 External costs, private costs and &l itp2005-2010, 2020 and 2030 for lignite IGCTORI capture

natural gas combined cycle without CO2 capture

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,4240 30% 0,5423 37% 28% 0,6316 33% 16%
Environmental cost 0,0717 5% 0,0798 5% 11% 0,0888 5% 11%
Radionuclides damage cost 0,0000 0% 0,0000 0% 9% 0,0000 0% 17%
g'ﬁ'rg”a' abatement cost of 0,8974 64% 0,8322 57% 7% 1,1749 62% 41%
Total External costs 1,3931 22% 1,4543 24% 4% 1,8953 29% 30%
Total Private costs 4,8087 78% 4,5827 76% -5% 4,5372 71% -1%
Full cost 6,2018 100% 6,0370 100% -3% 6,4325 100% 7%

Table 7—10 External costs, private costs ana$tsl in 2005-2010, 2020 and 2030 for naturalrghmed cycle without

CO2 capture

natural gas combined cycle with CO2 capture

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,4240 30% 0,5983 65% 41% 0,6957 62% 16%
Environmental cost 0,0717 5% 0,0883 10% 23% 0,0981 9% 11%
Radionuclides damage cost 0,0000 0% 0,0000 0% 19% 0,0000 0% 16%
g'ﬁ'rg”a' abatement cost of 0,8974 64% 0,2321 25% 74% 0,3265 29% 41%
Total External costs 1,3931 22% 0,9187 13% -34% 1,1203 16% 22%
Total Private costs 4,8087 78% 59771 87% 24% 5,9066 84% -1%
Full cost 6,2018 100% 6,8958 100% 11% 7,0269 100% 2%
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Table 7—11 External costs, private costs ana$tdl in 2005-2010, 2020 and 2030 for naturalrghmed cycle with
CO2 capture

natural gas, gas turbine

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,6339 30% 0,8545 37% 35% 0,9851 33% 15%
Environmental cost 0,1083 5% 0,1274 6% 18% 0,1405 5% 10%
Radionuclides damage cost 0,0000 0% 0,0000 0% 15% 0,0000 0% 15%
g"arg'”a' abatement cost of 1,3423 64% 1,3079 57% -3% 1,8293 62% 40%
Total External costs 2,0845 24% 2,2898 26% 10% 2,9549 31% 29%
Total Private costs 6,5785 76% 6,6022 74% 0% 6,5266 69% -1%
Full cost 8,6629 100% 8,8920 100% 3% 9,4816 100% 7%

Table 7—12 External costs, private costs anaétsl in 2005-2010, 2020 and 2030 for naturahgdsrlgjne

7.2 Renewables

hydropower, run of river 10MW

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,0459 75% 0,0564 78% 23% 0,0668 75% 18%
Environmental cost 0,0028 5% 0,0031 4% 10% 0,0035 4% 12%
Radionuclides damage cost 0,0000 0% 0,0000 0% 18% 0,0000 0% 18%
g"grg'”a' abatement cost of 0,0127 21% 0,0127 18% 0% 0,0183 21% 44%
Total External costs 0,0615 1% 0,0723 1% 17% 0,0885 1% 23%
Total Private costs 7,8340 99% 7,8340 99% 0% 7,8340 99% 0%
Full cost 7,8955 100% 7,9063 100% 0% 7,9225 100% 0%

Table 7—13 External co

sts, private costs ana$tsl in 2005-2010, 2020 and 2030 for hydropawef riwer 20MW

hydropower, run of river <100MW

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,0328 75% 0,0403 78% 23% 0,0477 75% 18%
Environmental cost 0,0020 5% 0,0022 4% 10% 0,0025 4% 12%
Radionuclides damage cost 0,0000 0% 0,0000 0% 18% 0,0000 0% 18%
gargi”a' abatement cost of 0,0091 21% 0,0091 18% 0% 0,0130 21% 44%
Total External costs 0,0439 1% 0,0516 1% 17% 0,0632 1% 23%
Total Private costs 7,9340 99% 6,8010 99% -14% 6,8010 99% 0%
Full cost 7,9779 100% 6,8526 100% -14% 6,8642 100% 0%

Table 7—14 External costs, private costs ana$tdl in 2005-2010, 2020 and 2030 for hydropawef river <100MW
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hydropower, run of river >100MW

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,0295 75% 0,0363 78% 23% 0,0429 75% 18%
Environmental cost 0,0018 5% 0,0020 4% 10% 0,0022 4% 12%
Radionuclides damage cost 0,0000 0% 0,0000 0% 18% 0,0000 0% 18%
g"arg'”a' abatement cost of 0,0082 21% 0,0082 18% 0% 0,0117 21% 44%
Total External costs 0,0395 1% 0,0465 1% 17% 0,0569 1% 23%
Total Private costs 6,8100 99% 6,8010 99% 0% 6,8010 99% 0%
Full cost 6,8495 100% 6,8475 100% 0% 6,8579 100% 0%

Table 7—15 External cos

ts, private costs ana$tdl in 2005-2010, 2020 and 2030 for hydropawef riwer >100MW

hydropower, dam (reservoir)

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,0572 75% 0,0706 78% 23% 0,0836 76% 18%
Environmental cost 0,0036 5% 0,0040 4% 13% 0,0045 4% 12%
Radionuclides damage cost 0,0000 0% 0,0000 0% 18% 0,0000 0% 18%
ggrg'”a' abatement cost of 0,0155 20% 0,0155 17% 0% 0,0222 20% 44%
Total External costs 0,0763 1% 0,0901 1% 18% 0,1103 1% 22%
Total Private costs 11,0390 99% 11,0390 99% 0% 11,0390 99% 0%
Full cost 11,1153 100% 11,1291 100% 0% 11,1493 100% 0%

Table 7—16 External costs, private costs ana$tdl in 2005-2010, 2020 and 2030 for hydropomdiregarvoir)

hydropower, pump storage

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,0496 79% 0,0611 82% 23% 0,0723 80% 18%
Environmental cost 0,0027 4% 0,0031 4% 15% 0,0035 4% 13%
Radionuclides damage cost 0,0000 0% 0,0000 0% 18% 0,0000 0% 18%
gargi”a' abatement cost of 0,0105 17% 0,0105 14% 0% 0,0150 17% 44%
Total External costs 0,0628 1% 0,0747 1% 19% 0,0908 1% 22%
Total Private costs 11,0390 99% 11,0390 99% 0% 11,0390 99% 0%
Full cost 11,1018 100% 11,1137 100% 0% 11,1298 100% 0%

Table 7—17 External costs, private costs ana$tdl in 2005-2010, 2020 and 2030 for hydropomersfmrage

wind, on-shore

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,0755 74% 0,0542 76% -28% 0,0542 73% 0%
Environmental cost 0,0057 6% 0,0039 6% -31% 0,0039 5% -2%
Radionuclides damage cost 0,0001 0% 0,0000 0% -37% 0,0000 0% 0%
g"ﬁrg'”a' abatement cost of 0,0212 21% 0,0132 18% -38% 0,0166 22% 26%
Total External costs 0,1025 2% 0,0714 1% -30% 0,0747 1% 5%
Total Private costs 6,1100 98% 6,0190 99% -1% 5,9580 99% -1%
Full cost 6,2125 100% 6,0904 100% -2% 6,0327 100% -1%

Table 7—18 External costs, private costs anaé$tdl in 2005-2010, 2020 and 2030 for wind, on-shore
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wind, off-shore

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,0718 7% 0,0554 80% -23% 0,0574 7% 4%
Environmental cost 0,0047 5% 0,0035 5% -27% 0,0034 5% 0%
Radionuclides damage cost 0,0001 0% 0,0000 0% -32% 0,0000 0% 2%
g"arg'”a' abatement cost of 0,0172 18% 0,0105 15% -39% 0,0133 18% 27%
Total External costs 0,0938 1% 0,0694 1% -26% 0,0743 1% 7%
Total Private costs 6,3620 99% 6,1430 99% -3% 5,8060 99% -5%
Full cost 6,4558 100% 6,2124 100% -4% 5,8803 100% -5%

Table 7—19 External costs, private costs anaé$tsdl in 2005-2010, 2020 and 2030 for wind, adf-shor

solar PV, roof

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,6420 73% 0,6231 7% -3% 0,6833 75% 10%
Environmental cost 0,0502 6% 0,0435 5% -13% 0,0452 5% 4%
Radionuclides damage cost 0,0004 0% 0,0003 0% -12% 0,0004 0% 9%
ggrg'”a' abatement cost of 0,1819 21% 0,1373 17% -25% 0,1815 20% 329
Total External costs 0,8745 2% 0,8043 3% -8% 0,9103 4% 13%
Total Private costs 44,7570 98% 25,1400 97% -44% 23,4840 96% -7%
Full cost 45,6315 100% 25,9443 100% -43% 24,3943 100% -6%
Table 7—20 External costs, private costs ana$tdl in 2005-2010, 2020 and 2030 for solar PV, roof
solar PV, open space
2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,6576 74% 0,6394 78% -3% 0,6991 75% 9%
Environmental cost 0,0495 6% 0,0435 5% -12% 0,0451 5% 4%
Radionuclides damage cost 0,0003 0% 0,0003 0% -8% 0,0003 0% 10%
garg'”a' abatement cost of 0,1805 20% 0,1376 17% 24% 0,1816 20% 32%
Total External costs 0,8880 2% 0,8207 4% -8% 0,9260 5% 13%
Total Private costs 35,9130 98% 20,8300 96% -42% 16,5830 95% -20%
Full cost 36,8010 100% 21,6507 100% -41% 17,5090 100% -19%
Table 7—21 External costs, private costs ana$tdl in 2005-2010, 2020 and 2030 for solar P\spagen
solar thermal, parabolic trough
2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,0918 76% 0,0907 80% -1% 0,0854 7% -6%
Environmental cost 0,0080 7% 0,0073 6% -9% 0,0067 6% -9%
Radionuclides damage cost 0,0000 0% 0,0000 0% -9% 0,0000 0% -7%
g"ﬁrg'”a' abatement cost of 0,0204 17% 0,0159 14% -22% 0,0182 16% 14%
Total External costs 0,1202 1% 0,1139 1% -5% 0,1103 1% -3%
Total Private costs 12,7640 99% 10,2950 99% -19% 9,4980 99% -8%
Full cost 12,8842 100% 10,4089 100% -19% 9,6083 100% -8%

Table 7—22 External costs, private costs anaé$tsl in 2005-2010, 2020 and 2030 for solar theanadlolic trough
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natural gas CHP with extraction condensing turbine without CO2 capture

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,3902 31% 0,5072 37% 30% 0,5932 33% 17%
Environmental cost 0,0656 5% 0,0742 5% 13% 0,0829 5% 12%
Radionuclides damage cost 0,0000 0% 0,0000 0% 12% 0,0000 0% 17%
g"ﬁrg'“""' abatement cost of 0,8193 64% 0,7724 57% -6% 1,0951 62% 42%
Total External costs 1,2751 24% 1,3537 24% 6% 1,7713 29% 31%
Total Private costs 4,1168 76% 4,3710 76% 6% 4,3981 71% 1%
Full cost 5,3918 100% 5,7248 100% 6% 6,1694 100% 8%

Table 7—23 External costs, private costs and$tdl in 2005-2010, 2020 and 2030 for natural BasitBHxtraction
condensing turbine without CO2 capture

natural gas CHP with extraction condensing turbine with CO2 capture

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,3902 31% 0,5535 65% 42% 0,6472 62% 17%
Environmental cost 0,0656 5% 0,0812 10% 24% 0,0907 9% 12%
Radionuclides damage cost 0,0000 0% 0,0000 0% 20% 0,0000 0% 17%
Z’ﬁrg'“""' abatement cost of 0,8193 64% 0,2136 25% 74% 0,3021 29% 41%
Total External costs 1,2751 24% 0,8484 12% -33% 1,0400 14% 23%
Total Private costs 4,1168 76% 6,3737 88% 55% 6,3245 86% -1%
Full cost 5,3918 100% 7,2221 100% 34% 7,3645 100% 2%

Table 7—24 External costs, private costs ana$tdl in 2005-2010, 2020 and 2030 for natural BasitGtéxtraction
condensing turbine with CO2 capture

hard coal CHP with extraction condensing turbine without CO2 capture

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 1,1068 40% 1,3832 46% 25% 1,6148 42% 17%
Environmental cost 0,1408 5% 0,1718 6% 22% 0,1917 5% 12%
Radionuclides damage cost 0,0001 0% 0,0001 0% 11% 0,0002 0% 17%
Z'}‘:ré"”a' abatement cost of 1,5142 55% 1,4207 48% -6% 2,0102 53% 41%
Total External costs 2,7619 68% 2,9758 69% 8% 3,8169 73% 28%
Total Private costs 1,3072 32% 1,3365 31% 2% 1,3927 27% 4%
Full cost 4,0690 100% 4,3123 100% 6% 5,2097 100% 21%

Table 7—25 External costs, private costs ana$tdl in 2005-2010, 2020 and 2030 for hard cowafitGléRtraction
condensing turbine without CO2 capture
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hard coal CHP with extraction condensing turbine with CO2 capture
2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 1,1068 40% 0,7886 70% -29% 0,9314 67% 18%
Environmental cost 0,1408 5% 0,0944 8% -33% 0,1066 8% 13%
Radionuclides damage cost 0,0001 0% 0,0001 0% 0% 0,0001 0% 18%
g"ﬁrg'“""' abatement cost of 15142 55% 0,2507 22% -83% 0,3573 26% 43%
Total External costs 2,7619 68% 1,1338 27% -59% 1,3954 31% 23%
Total Private costs 1,3072 32% 3,1239 73% 139% 3,0868 69% -1%
Full cost 4,0690 100% 4,2578 100% 5% 4,4822 100% 5%

Table 7—26 External costs, private costs ana$tdl in 2005-2010, 2020 and 2030 for hard coafitBléRtraction
condensing turbine with CO2 capture

natural gas combined cycle CHP with backpressure turbine
2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,4265 31% 0,5882 38% 38% 0,6917 34% 18%
Environmental cost 0,0715 5% 0,0858 5% 20% 0,0965 5% 12%
Radionuclides damage cost 0,0000 0% 0,0000 0% 18% 0,0000 0% 18%
g"arg'”a' abatement cost of 0,8939 64% 0,8939 57% 0% 1,2743 62% 43%
Total External costs 1,3920 24% 1,5680 27% 13% 2,0625 33% 32%
Total Private costs 4,3148 76% 4,2655 73% -1% 4,2440 67% -1%
Full cost 5,7068 100% 5,8335 100% 2% 6,3065 100% 8%

Table 7—27 External costs, private costs anaé$tsl in 2005-2010, 2020 and 2030 for naturalrgamed cycle CHP
with backpressure turbine

hard coal CHP with backpressure turbine
2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 1,2038 40% 1,5298 A47% 27% 1,7848 42% 17%
Environmental cost 0,1522 5% 0,1890 6% 24% 0,2109 5% 12%
Radionuclides damage cost 0,0001 0% 0,0001 0% 13% 0,0002 0% 17%
'C\;"arg'”a' abatement cost of 1,6364 55% 1,5627 48% 5% 2,2102 53% 41%
Total External costs 2,9925 7% 3,2817 78% 10% 4,2060 80% 28%
Total Private costs 0,8908 23% 0,9057 22% 2% 1,0411 20% 15%
Full cost 3,8834 100% 4,1874 100% 8% 5,2471 100% 25%

Table 7—28 External costs, private costs ana$tdl in 2005-2010, 2020 and 2030 for hard coafitGBckpressure

turbine

36




CASES-COSTSASSESSMENT FOFBUSTAINABLE ENERGY MARKETS
PROJECTNO 518294SES6
DELIVERABLE D.6.1

biomass (straw) CHP with an extraction condensing turbine
2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 1,5553 7% 1,6663 76% 7% 1,9723 75% 18%
Environmental cost 0,3156 16% 0,3751 17% 19% 0,4390 17% 17%
Radionuclides damage cost 0,0003 0% 0,0003 0% 18% 0,0004 0% 18%
g"arg'”a' abatement cost of 0,1462 7% 0,1462 7% 0% 0,2062 8% 41%
Total External costs 2,0174 44% 2,1879 50% 8% 2,6178 55% 20%
Total Private costs 2,5910 56% 2,779 50% -16% 2,779 45% 0%
Full cost 4,6084 100% 4,3659 100% -5% 4,7958 100% 10%

Table 7—29 External costs, private costs ana$tdl in 2005-2010, 2020 and 2030 for biomas9 GH&wvith an

extraction condensing turbine

biomass (woodchips) CHP with an extraction condensing turbine
2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,4642 71% 0,6178 75% 33% 0,7312 74% 18%
Environmental cost 0,0689 11% 0,0801 10% 16% 0,0904 9% 13%
Radionuclides damage cost 0,0003 0% 0,0003 0% 18% 0,0004 0% 18%
g"grg'”a' abatement cost of 0,1203 18% 0,1203 15% 0% 01718 17% 43%
Total External costs 0,6537 37% 0,8185 46% 25% 0,9938 50% 21%
Total Private costs 1,1325 63% 0,9776 54% -14% 0,9776 50% 0%
Full cost 1,7862 100% 1,7960 100% 1% 1,9714 100% 10%

Table 7—30 External costs, private costs ana$tsl in 2005-2010, 2020 and 2030 for biomass IfipsddzHP with an

extraction condensing turbine

MCFC (natural gas)
2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 1,4486 73% 1,8724 7% 29% 1,9848 75% 6%
Environmental cost 0,1520 8% 0,1716 7% 13% 0,1724 6% 0%
Radionuclides damage cost 0,0002 0% 0,0002 0% 18% 0,0002 0% 6%
g"grg'”a' abatement cost of 0,3943 20% 0,3874 16% 2% 0,4972 19% 28%
Total External costs 1,9951 6% 2,4317 15% 22% 2,6547 27% 9%
Total Private costs 33,5544 94% 13,3398 85% -60% 7,2581 73% -46%
Full cost 35,5495 100% 15,7715 100% -56% 9,9127 100% -37%

Table 7—31 External costs, private costs anaétsl in 2005-2010, 2020 and 2030 for naturakyeslfu MCFC
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SOFC (natural gas)

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 0,5591 60% 0,6478 66% 16% 0,7664 62% 18%
Environmental cost 0,0709 8% 0,0705 7% -1% 0,0790 6% 12%
Radionuclides damage cost 0,0001 0% 0,0001 0% 15% 0,0001 0% 18%
g"arg'”a' abatement cost of 0,3063 33% 0,2688 27% -12% 0,3850 31% 43%
Total External costs 0,9363 2% 0,9872 8% 5% 1,2305 15% 25%
Total Private costs 46,7953 98% 11,5502 92% -75% 7,0210 85% -39%
Full cost 47,7316 100% 12,5374 100% -714% 8,2515 100% -34%

Table 7—32 External costs, private costs ana$tdl in 2005-2010, 2020 and 2030 for naturakyeaslfu SOFC

MCFC (biogas)

2005-10 2020 2030
Ec/kWh % Ec/kWh % D 2005 Ec/kWh % D 2020
Human health related ext cost 2,4190 73% 3,0913 7% 28% 3,2722 75% 6%
Environmental cost 0,2196 7% 0,2483 6% 13% 0,2494 6% 0%
Radionuclides damage cost 0,0027 0% 0,0032 0% 19% 0,0033 0% 3%
g"grg'”a' abatement cost of 0,6876 21% 0,6866 17% 0% 0,8639 20% 26%
Total External costs 3,3290 9% 4,0294 23% 21% 4,3889 41% 9%
Total Private costs 31,8777 91% 13,2258 77% -59% 6,3645 59% -52%
Full cost 35,2066 100% 17,2552 100% -51% 10,7533 100% -38%

Table 7—33 External costs, private costs ana$tsl in 2005-2010, 2020 and 2030 for biogaslfueM@FC

" Private costs calculated with the average lifetievelised generating technology seem to underasgitihe real industrial production cost, in
particular for nuclear, as declared by stakeholdétke electricity sector invited to the “First SES Stakeholders Workshop — Social costs of
electricity production” February 2008, Brussels.
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