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Phase 1: Identify cost factors

A. Research objective

The objective of this research sub-package isviesiigate the factors influencing production costs
of wind electricity in Alpine countries and to foutate policy recommendations leading to the
minimisation of total production costs per kwh.

B. Theoretical analysis of cost factors

Based on an in-depth analysis of the cost structtingind energy projects, we identify four categsriof
factors affecting production costs (expresses adscper kWh). Of these, some factors are liable to
governmental influence by direct policy interventior indirect policy effects. But others are outpalicy
reach as they depend on natural resource avaijalgjliality and distribution, and its relation teetnational
energy infrastructure. The four categories of ¢asters and their sub-components are mentionecimerl.

As a general observation it can be mentighatithe anatomy of production costs for wind eleity is
very complex and highly dynamic. During diffusisgme cost-components lower their weight in thel tota
production costs, such as technology-specific cadide other cost-components may inflate placipward
pressure on total costs per kWh. Column 3 of Tdbjgesents the hypotheses regarding the evolufion o
cost-factors during diffusion.

Table 1. Categories of factors influencing produtitosts and evolution during diffusion

Categories of factors affecting production costs at market | after medium /long term possible govern-mental

per kWh introduction diffusion influence

1. technology specific high decreasing direct / indirect

2. technology complementary modest / possibly high partially

(influenced by resource location) (depending on plant size)

3. context induced cost factors

- financing / trade factors high possibly decreasing direct

-> project life-cycle stages high decreasing indirect

-> administrative(-social) consent / tax expenses uncertain | possibly sinuous evolution direct / indirect

4. resource quality & availability high decreasing quality; no
increasing costs

overall production costs / kWh high values very wide range limited

1. Technology-specificosts refer to technology costs per kW based otoifa price, and to the technical
characteristics that influence electricity genemratsuch as availability and efficiency. Differenihel power
plants that were built with a technology with tteem® factory costs per installed kW may incur défer
production costs when they use technology desigtis different annual availability and different kg of
efficiency. During diffusion, as technological performancesiiaye, competition intensifies, and economies
of scale and learning are activated in the sedtoermewable technology manufacturing, the weighthis
component in production costs is likely to gradydkcrease.

For example, in terms of efficiency, somedsts mention a doubling of efficiency in 15 yeansth
increases from 600 kWh/ffyear in 1985 to around 1150 kWHgear in 2000 (Energia, 2000:23). Higher
levels of wind electricity production may imply lewoverall production costs per kWh, provided tinet
technology-specific costs per kW are not too muidhdr than the less efficient models. There ark sti
important efficiency differences among the manyetypf designs currently on the market and effigieac
still seen as a remaining technical challenge fordwechnology - both by the industry and policykes
supporting its development. The efficiency of windbines may be influenced by many technical ana no
technical factors.

In Appendix 1 of Part 1 we explain — based on amaew of technical literature - the influence bfde
technical parameters on the production cost perforoes of wind technology: type of voltage, rotagesp
and type of generator. These technical parametalisalgo be investigated empirically for the alrgad
commissioned projects in the Alpine countries.

2. Technology-complementargosts refer to infrastructure, civil works, comstion, grid- connection,
mechanical and electrical equipment costs. Thepegemt and services in this cost-category are giyera
conventional, and can be seen as accessories t slactricity technology. They can be provided in
principle by any company in related (long-estatdshindustrial sectors, such as electricity comgsni
industrial-equipment companies, construction corrggretc. The location and accessibility of resesrc
have a substantial influence on the weight of thist-category. For wind technology these cost-factoay
represent up to 30% - or more - of total investnoasts per kW installed.
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In countries where wind resources are scattereosadhe country in a way that does not match the
distribution of the electricity grid infrastructyréhe weight of technology complementary costskisly to
increase, as diffusion progresses. Besides, aos$kssi category may also increase because largeursts of
output are likely to need substantial grid reineanent and back-up capacity from continuous resource
power plants. However, these problems are notfiteehffect wind projects in the Alpine countri@sce:

- there is a good coverage of high/medium voltagestrassion lines in resource rich areas,

- wind projects are not likely to be large-size amd have high density, that would require grid
reinforcement and back-up capacity; and even asgythat this happens,

- there is a good availability of continuous-resoysowver plants

But technology-complementary costs are also inflteenby project sizes, decreasing with the incréase

plant size. In the Alpine regions, where projegzesiare likely to be relatively small — i.e. perh&equently

smaller than 5 MW and rarely larger than 10 MW -sitpossible to observe a substantial share of

technology-complementary costs in total costs, evieen projects are located close to the electrigiity.

3. The category ofontext inducedost factorscomprises a large variety of elements that magrbeped
into three segments:

e monetary consequences of financing and trade araegts;

* expenses in project life-cycle, and

« expenses incurred in relation to (local) admintsteaand social approval.

In the first segment: the interest rates, equitpirements (interest asked for cash down-paymethis)iebt
maturity, the equity-to-debt ratio, insurance exg@m investment recovery term requirements, arutrielity
purchase contract length - all have impacts onréiselting production costs per kWh. Impacts related
financing may not be observed when financing sclseane used that do not involve ‘project financ&ns.
This appears to be the case in some Alpine cosntiie example Austria, where there is a traditadn
investments under the (local) cooperative appr¢habber, personal communication 6.09.2003). However
the impact of trade arrangements cannot be avdigede financing formula.

In the second segment the following factdreudd be placed: the costs for the numerous fdagibi
studies needed, costs for project design and marege engineering, construction, maintenance and
operation. The costs for such services are a tifteof the level of competition in the industrizdsis of
wind technology.

In the third segment: wind developers incur alset€gelated to the social and administrative permit
approval, taxes of different types for various auistrative authorities, land rent payments and ipbssven
expenses for various local/regional social/econdreitefits.

One can expect that in the first diffusion phasdisthree segments would be inflated. For exanipie,
novelty of technologies often requires caution frdevelopers and financiers, manifested in the fofm
higher requirements for returns on equity, shopgeriod for investment recovery expected, and higher
insurance fees. When loan financing is availaliterest rates will be also higher in the beginniceused
mainly by high risk premiums) and the period foarloreimbursement required will be shorter. When an
electricity purchase contract is available but guaranteed contract length is short, the same amafun
investment costs has to be recovered faster whicles sharply the requirements of price per kWheo
received. Similarly, when diffusion is in incipiephase and the industrial basis is in processrafidton, it
is likely that the costs of the various servicesdeal along the life-cycle of renewable energy glavitl be
high. As the industrial basis grows, these costsraore likely to decrease especially under comipetit
pressure from developers who can become themsgbeesalised in such services.

4. Resource quality and availabilitg the fourth category influencing production sofsir wind electricity.
Resource quality is represented by the annual geerénd speed [m/s] of available sites. Wind avmliiy

is expressed in terms of hours per year when thd Wiows with speeds that allow the turbine to figrcat
rated power.

Most turbine models start functioning at wind speef around 4 m/s, called the ‘cut-in speed’, and
reach the maximum power for which they were desigmaly at wind speeds between 11 and 16 m/s. The
maximum power is also called the ‘rated power’ted turbine, and the specific wind speed at which ith
reached is called the ‘nominal wind speed’ of thebine. For wind speeds situated inside the interva
defined by cut-in speed and nominal speed, therteidanctions at capacities below the rated powéren
wind speeds increase above the nominal speed dlthine, the conventional design technologies doos
power and produce less kilowatt hours. More regesitveloped technologies are however able to coatin
functioning at the rated power at wind speeds abtveenominal speed, being more efficient. But the

1 Lauber, personal communication 6.09.2003.



efficiency of wind energy harnessing of a turbiseai more complex issue and it is influenced by more
factors. For example the higher the hub heightratal diameter are, the higher are the prospeetsthe
efficiency of the turbine increases, provided tthegt rated power of the turbine is adequate foratfreual
average wind speeds of the site where the turbinsed.

We propose to conduct empirical research basedhim differentiation of four categories of factors
influencing production costs. The evolution of pwotion costs per kilowatt-hour for wind electricity
influenced by the national resource potential aistfidution, the support system put in place tgohslth
market introduction, and a series of institutiomadl infrastructural national factors. Governmeitfilence
on production costs may take place directly orrieatly - through the market and industrial develepis
stimulated by support systems. There could alséntsmtional and unintentional effects of governnaént
regulations. But some factors that are stronglediifig production costs are not liable for manipata
They depend on resource availability, quality aigtridbution, being country specific and rigid vdies.
Table 2 presents a detailed overview of the castibfa to be empirically researched for each offthe
categories. Comparing empirically found cost leveéts those typical in other countries, policy
recommendations can be made for measures andy#satewards cost minimization.

Categories of factors affecting Cost-factors
production costs per kWh
1. technology specific Wind turbine and tower factory costs (€/kW)

Turbine availability (in %)
Turbine efficiency (kWh/m?)

2. technology complementary - Civil works (incl. construction of service roads)
(influenced by resource location) - Construction of foundations for wind turbines, pad mount transformers and substation
in (E/kW or %) - Transport of wind installation (turbine, tower, blades) and all necessary equipment

- Electrical infrastructure?
- Grid connection®

3. context induced cost factors - Bank fees and Bank interest rates

- financing / trade factors -> Dependency on a certain investment recovery or loan reimbursement period
*Wind resource assessment and analysis

* project life-cycle stages * Project development costs

* Project management fees

* Installation costs

* Insurance costs

* Maintenance and operation costs®

* Transmission access and wheeling fees

~ Legal costs
~ administrative(-social) consent / tax ~ Permit related costs (environmental studies, grid-approval etc)
expenses ~ Taxes
(in € per project or %) ~ Land rent fees/costs
4. resource quality & availability Wind speed average annual (m/s)

Wind availability (h/year at nominal wind speed)

overall production costs / kWh
Table 2. Detailed overview of cost factors for waldctricity production.
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Appendix 1 (phase 1) —
The influence of three selected technical perfoicean
on the production costs of wind technology

Based on an overview of technical literature wesadar that three technical characteristics arevagiefor
the analysis of the influence of technology-speddictors on the production costs of wind energstesys:
the type of voltage regulation, rotor speed, aratiipe of generator. The voltage of the electrithigt a
wind turbine supplies can be regulated through systems: pitch control and stall control. In pitch
regulation the angle at which blades are positioetative to the area described by the rotor'sddad their
circular movement can be adjusted, either collettior individually. But in a stall control systettme angle

is fixed during manufacturing.

The difference in performance is very importantpdsh control turbines are able to keep the vatag
level stable when wind speed increases above ténablevel for which turbines are designed. Intcast,
stall-controlled turbines experience reductionvalfage levels as wind speeds increase above timnab
speed, meaning that turbines will function belowe thominal installed capacity for which they were
designed. Under this design, "power is regulatethkeyprogressive loss of rotor efficiency" (EC 19%hd
the voltage control system is also referred tocastrol through aerodynamic losse6Avia Aranda, 2000:
24). The higher is the ability of wind turbines $tabiliz voltage, the higher the penetration of dvin
technologies in current grid electricity systems dze. In addition to this advantageitch regulated
machines are also able to generate more electricitterms of kilowatts per square meter of rotoear
since the voltage at which turbines generate pawvernds above the nominal level does not decraase
the case of stall regulated turbifies

The second technical characteristic that may émfte cost performances is the speed of the
rotor. At the end of 2000 there were three techgiold designs on the market: constant speed
rotor, variable speed rotor and two-speed rotochmial literature indicates that theost advantageous are
the designs with variable-speed rotor and two-spegor because they are able to deliver power \getaf
higher quality, higher levels of electricity production, and tetract wind energy at lower wind spe&tls

® Besides they also influence the extent of micro- and macro-fluctuations brought by a wind energy system to the electricity grid to which
it is connected.

® At the website of the European Wind Energy Association explanations are given over this alternative of power control. Stall control “is
sometimes described as passive control, since it is the inherent aerodynamic properties of the blade which determine power output;
there are no moving parts to adjust. The twist and thickness of the rotor blade vary along its lengths in such a way that turbulence
occurs behind the blade whenever the wind speed becomes too high. This turbulence causes some of the wind's energy to be shed,
minimising power output at higher speeds."

(http://www.ewea.org/scr/technology.htm available at 2.11.2001.

" Antonio Lara, MADE Spanish wind turbine manufacturing company, interview for "Las Energias Renovables”, 4 November 2000,
http://www.energias-renovables.com available at 31 October 2001).

8 As the report of the European Commission mentions "Concern about power quality of stall regulated machines (also especially in the
German market) has deterred some manufacturers, who supply medium size stall regulated machines, from continuing this design
feature in their megawatt designs" (EC 1997).

® As a technical study explains (EC 1997), "Wind turbines result in fluctuations in real and reactive power, and hence in voltage level.
Voltage fluctuations can cause consumer annoyance through the phenomenon of flicker where the light intensity from incandescent
lighting fluctuates perceptibly. Variable-speed wind turbines generally produce significantly lower flicker than fixed-speed machines.
Flicker can be an important issue for weak networks. Flickers and harmonics, and other related issues, come under the heading of
power quality.”

1 Antonio Lara 2000; Menendez Perez 1998; EC 1997.




For variable-speed turbines, in order to maximie lienefits mentioned, a large range of variabéedps
necessary, around a factor of 2,5 to 3.

In 1996, of all commercial wind turbine dewsg 21 had variable-speed, 50 were based on twesspe
rotors, and 40 models were relying on fixed-spéedhe first category, only about one-third of des were
using a wide range of variable speed, that is mighan 2,5. However, in terms of MW market share,
constant rotor speed turbines were still dominatihg market even in 2001. For the future, many
manufacturers seem to continue favouring the tveedpption, since most of the large turbines wated
capacities above 1 MW are designed with two spéadbe rotor (EC 1997).

In terms of efficiency improvements, recetudges comparing the electricity output from thseiad
turbine designs reveal that “two-speed machinedym® 6,4 % more energy per unit swept area at d win
speed of 6 m/s than a variable speed machine witias ratings. At 10 m/s the two speed turbineduoes
only 1,6 % more” (Windpower Monthly, May 2000: 48ut, in its turn, the variable speed machine
produces 10,5 % more energy at 6 m/s site, dowB,20% at 10 m/s than a constant speed turbine.
Thereforeat low wind speeds, the two-speed turbines havedleperformances in terms of the capacity to
harness wind energy (KWH)n followed by variable-speed turbines. But at leigtwind speeds the
differences in efficiency performance are smalldrerefore it can be stated that two-speed and hlaria
speed turbines are able to generate slightly miecrieity — all others equal — than turbines withnstant
speed design, improving the cost performances ofl wnergy systems.

The third technical characteristic relevamtdost performances is the type of generatorttivaines are
using. Two types have been used so far: the asynobs and the synchronous generator. Asynchronous
generators have the disadvantage that they neednsume electricity, especially at start and dutow
speed winds of low intensity (Menendez 1998: 92). §rid-connected installations this reactive egerg
comes from the grid itself and creates negativeeiggias with the impacts on grid management atidaloye
the intermittent and unpredictable nature of wingilability. But, still, asynchronous generatore &
feasible option for grid-connected applicationsm8omanufacturers are even supplying their turbines
together with compensation units, such as condengerorder to minimise the effects of reactivergge
demand (Lara, May 2001). However, when asynchrohanisnes are used for stand-alone applicatioris, it
necessary to accompany the wind installation bgezial system that is able to generate electrioitythe
reactive demand of turbines. This system can hieseldmotor, an energy storage system or an acedonyl
for example, but the economic disadvantage isithan represent in the end 30 % of the total itnaest
costs of a stand-alone wind-based electricity Itadian (Avia Aranda 2000), increasing significanthe
production costs per kWh.

The best option for stand-alone applicatin$o use synchronous generators. In 1992, the @&erm
company Enercon launched its 500 kW E-40 synchremeadel, which was also the first design to combine
the variable rotor speed concept with the synchusngenerator option, giving the company a strong
international position. But, as De Vries (2001) leips "Enercon's success attracted a limited nurober
followers. To date, only one commercial competitas emerged: Lagerway of the Netherlands. Othectdir
drive pioneers include Heidelberg Motor, Neptun,n&sys, and Siemens/Seewind, all from Germany.
Newcomers to the field include Norwegian Swedistar®tind, the Dutch H-Energiesystemen and the
French Jeumount Industry." More recently, the Sgfailade manufacturer has also embarked in thefuse o
this type of generator. Among the turbines with endhan 1 MW commercialised around the world,
synchronous-generator based wind turbines had ketnsinare of 15 % (De Vries 2001).

In 1999, the first autonomous wind-park hasrbinstalled in Spain, through the cooperatioBredrcon,
the Canary Technological Institute and an industtienpany of Las Palmas. The project consists af tw
Enercon generators of 240 kW each and proved @blgeto maintain constant the voltage and frequeficy
electricity supplied to the isolated small gridthwaut need for additional load and for all wind ege But
synchronous turbines are also better options fa-gpnnected applications than asynchronous tusbine
because, by avoiding the uptake of reactive enfeoyy grid that causes voltage and frequency flucna,
they avoid the disturbance of grid management. &qumently they deliveihigher levels of electricity
production — all others equal — as compared to wénérgy systems based on asynchronous generators.
important note on this design is however that theimment/technology specific costs are higher as
compared to wind technology designs based on asynchs generators (Ackermann and Soder 2002: 92;
Kamp 2002). Their market adoption is therefore miikely in stand-alone application, as long as no
technical specifications are made for the grid-emted wind systems.

Synchronous generators are also able to boérito the lifting of the ceiling for grid-intedran of wind
technology that grid managers are so frequentlynimgr about. The general director of the Spanish



manufacturer Made argues"Only the synchronous turbines are authentic gengs, as a conventional
power plants can be. (...) We believe that they atéeboptions for the future because when the dpaic
installed wind power increases considerably, distron companies could place restrictions on thbites
that are not synchronous".

Consequently, wind technology designs wittctpicontrol of voltage, and two-speed or varialgeesl
rotor — all other things equal — are more likelyctmtribute to lowering the overall production soger kWh
of wind energy systems, compared to the other dssifechnology designs using synchronous generators
are considered by many technical experts as sugevio the standpoint of technical performancesthay
may have both increasing and decreasing effectseoaverall production costs per kWh.

Phase 2 — Collection empirical data

Questions for data collection

Core guestions
* What are the total production costs per kWh foniired installation (€c/kWh)?

* What are the total investment costs for the wirgtiahation (€/kW)?
* What is the annual electricity production of thenvinstallation (kWh/year)?

Questions investigating the influence of theordiiyadistinguished cost factors:

1. Questions investigating the weight of technology-sgific factors in overall production costs:

a) What are théactory costs per wind turbin@ncluding tower, turbine and blades) expresseé/iag/?
Explanation: factory costs do not include transposdts and installation costs.

b) What is the technicalvailability of the turbine (in %)?

c) What is theefficiencyof the wind turbine (kWh/ftyear)?

d) What is the nominal wind speed of the turbines sed/s) - i.e the wind speed at which they reach
their rated power? And what is the rated powehefturbine (i.e maximum power for which is it
design)?

e) What is the cut-in speed of the turbine: i.e thed\gpeed at which the turbine starts to function?

f)  What type of wind turbines are used:

- do they have constant speed rotor, variable sp#edand two-speed rotor?

- do they have synchronous generators or asynchrgenesators?

- do they have pitch control type of voltage regoia®

2. Questions investigating the weight of technology-oaplementary factors in the overall production
costs.

These are influenced by resource location anddealy expressed as % of total investment costis, or

€/kW installed. In the last resort the amount icefi also be helpful.

a) What is the percentage of thieil works’ costdn the total investment costs per kKW? (alterndyitiee
costs in €/kW or € can be given). This should idetuconstruction of service roads, the construabion
foundations for wind turbines, of pad mount transfers and substations.

b) What is the percentage of the tdtainsport-related costi the total investment costs per kW?
(alternatively the costs in €/kW or € can be givaijis should include the transport of all elemdats
the wind power plant such as turbine, tower, bladebsall necessary equipment.

c) What is the percentage of costs associated witdekign, construction and installation of the
mechanical and electrical infrastructu?é his should include:

- wind speed and direction sensors;

- facilities for operations and maintenance;

- systems for communication with the wind power plaapporting control commands and data flow
from each wind turbine to a central operationslitgci

- provision of power measurement; wind turbine corapabntrol and data archiving facilities;

- integration and checkout of all systems for corogration

1 Antonio de Lara, interview journal "Las Energias Renovables, 4 November 2000, on line at www.energias-renovables.com in
November 2000.




d) What is the percentage of costs associated withehign, construction and installation of il

connectiof? This should include the systems for reacpesver, andhe construction of power
collection system (including the power wiring frarach wind turbine to the pad mount transformer and
from the pad mount transformers to the substation).

Observation: It is possible that interviewees hdiffeculties in reporting separately the costs aétbrs
included in the mechanical and electrical infrastinee and of those considered as grid-connectistsco
(since the former may be seen as including ther)atin these case one cost figure can be reptoted
guestions 2¢ and 2d.

3.

Questions investigating the weight of context-indued factors in the overall production costs.

I. Details regarding financing costs:

a)
b)

c)

d)
e)

Was a bank loan used to finance the project, ortiaproject financed only with equity by the

owner(s), e.g. private finance, community finaraash reserves of the company?

When a bank loan was used: was that a ‘projeché@doan’ (loan guaranteed with the cash-flows from

the wind installation, and or the wind installatitself)?

When a project finance loan was used:

- what waslis the interest rate required by the an%o),

- what is the debt maturity (deadline for paying lttemn back to the bank entirely; in years),

- what is the share of the loan in the total investintests for the wind plant (in %, e.g. 80 % load a
20 % equity), and

- what were the banks fees required to analyze apiebe and project loan (as % of total investment
costs, or of total loan)

What is the price per kwh of wind electricity regsi for the wind plant?

Given the price per kwWh of wind electricity the plaeceives: what is the expected investment regove

period?

Il. Costs incurred during different states of pobjfe-cycle

a)

b)
C)

d)

What is the percentage of theoject developmertostsin the total investment costs per kW?

(alternatively the costs in €/kW or € can be given)

This should include: wind resource assessment aalysis; costs for project feasibility analysispject

design costs; project management fees. Observétisrcategory does not include the costs for

installation and construction of civil, mechanicgkctrical infrastructures and grid connectionase

they have already been investigated under ‘set questions.

What are thénsurancecosts (€/year or as % of total annual variablesjost

What are the annuahaintenance and operatiaosts per wind power plant? (€/year or as % @l tot

annual variable costs). Maintenance costs genagdlgrouped into three categories:

- costs of unscheduled but statistically-predictatdatine maintenance visits to cure wind turbine
malfunctions;

- costs of scheduled preventive maintenance for wirtines and the power collection system;

- costs of scheduled major overhauls and subsystglaceaments of the wind turbine

What are the costs related to access to the traagmi(or distributiongrid access and wheelirie

fees?

Ill. Costs related to the administrative(-sociahsent and to tax expenses:

a)

b)

c)
d)

What are the costs incurred for getting the necggsamitsto put the wind power plant into operation?
(in % of total investment costs or €). This shauldude

- environmental permit (studies, fees to the adniaiisin)

- power generation permit (from the public authonitgharge with approving generation capacity)

- permit for grid-connection from the local utility

- any other permits for national, regional or locablic authorities

What is the level of totabxespaid by the wind plant owner (in % of annual incdimen wind

electricity sale; or % from the price per kWh wigléctricity received)

When land is rented: what is the level of lued rentcosts (in % of annual income from wind electricity
sale; or €/year per turbine)

What are the costs associated withldgal proceduresor putting the wind installation into operation?
(in % of total investment costs or €).



4. Questions investigating the weight of resource qui& and availability in the overall production
costs.

a) What is the average annwaind speedat the site of the wind installations in (m/s)?

b) What is the average annwaind availability (h/year at nominal wind speed)?

Comment for set questions (2) and (3.11): Wheneletails on cost components included are mentioned
(listed after ‘should include’), these are mainlgant to make sure that data collection is unifonch a
comparable. Whenever it is possible to collect déda on the components of the cost factors, ¢his i
welcome. Ideally one should collect data with systc measurements — for example only in terms of %
total investment costs, or only in terms of €/k\Wlass another unit of measure is mentioned.

Phase 3: Analysis of collected data

The role of theoretically identified cost factorsm the production costs of wind
electricity in Austria, Italy, Slovenia, Switzerland and France

This chapter discusses the findings regarding tiéeaed and/or expected cost performances and
factors influencing the production costs of windatticity in four Alpine countries: Austria, Italy,
Slovenia, and Switzerland. The key findings are manized in Table 1. These findings are
compared to data from a recent study of the Europ&@nd Energy Association regarding the
average costs in several European countries - Ggrnienmark, Spain and UK — in 2001/2. These
are the countries were most of the European wipdaty has been installed so far.

Nevertheless, two important observations are nacgsegarding the analysis performed for
each of the four countries. Firstly, so far in #pine regions very few projects were realized. In
mid 2004 there was yet no project in Sloveniatalylthere were only two small projects, while in
Austria only three projects were operating. In Seitand, there were several very small projects
and few small capacity wind power systems, but eicgli data were only collected for three
projects. The available cost data regarding thesetell number of projects may not be
representative for the projects that could/willrbalized in these countries. Secondly, often, itis¢ f
wind projects commissioned in a country have alsgpadrtant learning elements for many
stakeholders interested in wind energy diffusioxpdfiences with their development, construction
and operation may have important lessons to teathase that would be investing in wind power
plants or in the industrial activities surrounditiieir functioning. Learning effects may have
important consequences on the cost level of thierdifit components discussed in this section.
Therefore, these analyses should be rather seganesal orientation on the cost performances of
wind projects in Alpine regions, and as points epakture for formulating expectations regarding
how the various factors that may influence productiosts are likely to de-facto affect the costs fo
generating wind electricity, for what reasons artthivcan be done to reduce their cost-increase
influence.

Table 2 presents the average investment costs\gen khe four European countries with large
wind capacity countries and the EU average cosbleT3 gives the average percentage of various
cost categories in the total investment costs @EWEA study found for the same countries in the
same years. In the third column of Table 3 we adgethe cost categories according to the typology
differentiated in the Research Methodology of Sablage 9.2. This was meant to make easier a
rough comparison of the situation in the four Ewap countries of the EWEA study with the Alpine
countries under the focus of this project. The tfrapresents the findings per country in separate
sections, which are each concluded with a serigwlidy recommendations to minimize production
costs.

Categories of factors affecting Cost-factors Cost-factors Cost-factors Slovenia
production costs per kWh Austria Italy Switzerland
Total investment costs €/kW 1160-1310 €/kW 1250 €/kW Range 1200-1380;up | Expected low-
to 2220 €/kW (1turb) | moderate
1. technology specific Range 845 - 1015 €/kwW; | No data 721 €/kKW; 1000 Expected low
2 projects: 880 and 767 (demonstration £/KW: 1513 /KW
€/KW; technology) ’ ’
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2. technology complementary Modest - high No data Very high: Expected low(er)

(influenced by resource location) ~ 170 €/kW (Plankogel) & 312,5 €/kW (26% IC); | 1* diffusion wave
~ 334 €/kwW 313 €/kW (24,4 % IC); | of 150 MW, and
(Oberzeiering) i.e. 294 €/KW (22,2% more expensive
27 % and 17 % of IC IC) later

3. context induced cost factors

- financing / trade factors - ‘business as usual’ - possibly high - high - likely normal

- project life-cycle stages -> typical / not inflated - likely not inflated - high - unclear

-> administrative(-social) consent/ | - high land rent and - not clear yet -> rents normal;

tax expenses royaltee fees (expected) royaltee unclear

4. resource quality & availability High annual production Wind resource still Quiality studies -
under mapping guestioned

Overall production costs €/kWh No data No data 8,5 - 13 - higher No data

€c/kWh

Table 1. The influence of cost factors of the piitun costs of wind electricity in four Alpine couies.

Countries Total investment costs
Spain (850 kW turbines) ~ 990 (E/kw)
Denmark (1000 kKW turbines) ~ 9100 (€/kW)

Germany (1280 kW turbines)

~ 1200 (E/kW)

United Kingdom (1300 kW turbines)
United Kingdom (1750 kW turbines)
Spain (1500 kW turbines)

EU-15 average

~ 1110 (E/kW)
~ 1000 (E/kW)
~ 910 (E/kW)
875 - 1250 (E/kW)™

Table 2. Total investment costs per kW in sevetabBean countries. Source: European Wind Energgdation,
2004, “Wind Energy: The facts, Volume 2 - Costs Bnides”, page 99.

Cost components for investments costs/MW Share of total costs, % Share for cost-categories
Turbine (ex works) 74-82 % Technology specific costs: 74 - 82 %
Foundation 1-6%

Electric installation 1-9 % Technology-complementary costs:
Grid-connection 2-9% 5-29%

Road construction 1-5%

Consultancy 1-3%

Land costs 1-3% Context-induced costs:
Financial costs 1-5% 3-11%

Table 3. Cost Structure for a Typical Medium Si¥thd Turbine (850 kW — 1500 kW). Based on data f®@armany,
Denmark, Spain and UK for 2001/02. Source: Europdard Energy Association, 2004, “Wind Energy: Thets,
Volume 2 - Costs and Prices”, page 98.

I. AUSTRIA

Wind electricity production in Austria reached 1i8®003>. However, in mid 2004 there were only three
wind projects operational in the Austrian Alps:

- Oberzeiring: 11 Vestas turbines of 1,75 MW each6gVwith 66 m Diameter rotor; 60 m hub
height) with total 19,25 MW, located at 1950 m tallie. Started operation September 2002.
Operator/Owner: Tauernwind Windkraftanlagen GmbHe Tannual production is reported to be
39.000 MWh by the state energy association LEV,pbimpg almost 10.000 households. The
brochure of WEB Windenergie EG (holding 20 % owhgrsin Tauernwind Windkraftanlagen
GmbH) reports in its brochure an annual productib45.000 GWh/year, which represents 0,8 % of
the electricity consumption of Styria (see www.tawand.com). In 2004 there were plans to expand
the Oberzeining project with 2 new turbines.

- Prabichl: 1 turbine Enercon E40/6.44 of 600 kW watimual production of around 1200 MWh/yr
production. Started production in December 200dividual owner Rudolf Schartner. Commercial
project.

- Plankogel: 1 turbine Neg-Micon of 750 kW, D = 44with around 1,50 GWh/yr annual production,
started in May 1999. Operator/owner: ARGE AlmwinghigH.

12 Source “POTENTIALS AND COSTS FOR RENEWABLE ELECTRICITY GENERATION A data overview”, by M. de Noord, L.W.M.
Beurskens, H.J. de Vries, ECN Raport ECN-C-03-006, February 2004,
*2 Brochure “Windenergie: Ja! Aber?”.
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There are four states in the Austrian Alpine regBtyria, Salzburg, Tyrol, Vorarlberg. All above-mi@ned
projects are located in Styria. In 2004 no newgqmty were put into operation in the Austrian Alpiagion,
while in the rest of country 140 MW were expectedbe built (in mid 2004) by the end of the year. In
Salzburg, it is expected that a three-turbine ptojell get permission by the end of 2004.

According to an industry insider, experience soifaftyria points to a range of total investmenstsoof
(roughly) 1200 — 1300 €/kW for Austrian Alpine wimlojects. According to IG Windkraft for the state
Styria, investment costs could range between 1186%/@nd 1310 €/kW. A study of the European Wind
energy Association found out that in 2001/2 therage total investment costs per kW in several Eesaop
countries - Germany, Denmark, Spain and UK, coestwere most of the European wind capacitty is
installed - ranged typically between 900-1200 €/{d&k Table 2). Therefore in Styria, total investtroarsts
are - and expected to remain - considerably high@n the average costs in Europe. This is impottant
keep in mind as in the following sections the déston is sometimes carried out in terms of pergaga@f
various cost components in the total investmenséscd\s costs in Austria are compared to thosehero
European countries, a certain percentage of totastment costs in Austria is likely to imply a léy cost
in Euro than the same percentage in another cauntry

No information was available regarding the avenageluction costs per kWh for the three projectdo®Be
the cost aspects are discussed per category afrdaefffecting production costs per kWh, based on
interviews with industry experts in Salzburg anyriat

I.1. Technology-specificosts

The energy association LEV (Landsenergievereire8terk) offers potential wind investors cost guitties

to prepare their projects. LEV indicates that emept costs can be procured in the rang84% €/kW -
1015 €/kW forturbinesbetween 600 kW and 1500 kW (as orientative codfsis-includes factory costs,
transport, erection works and transformer). Indame time it is considered that in Styria investnuasts
could range between 1160 €/kW and 1310 €/kW, winidans a share of 73 % - 78 % for technology-
specific cost8. This spreads on a large part of the range coreidgpical in Spain, Denmark, Germany and
United Kingdom by 2001/2 (74 % - 82 %) but as nodedier the same percentages mean higher costs in
€/KW. In the four EU countries the range of technologgesfic costs is between 720 — 900 €/kW, with most
of the recent turbine models (hence including tuebiof > 1 MW) below 800 €/kW.

For the Oberzeiring project, the total investmeosts were 23.864.166 € for the 19,25 MW, which
means 1240 €/kW. Equipment costs represented aroud, that is aroun880 €/kW(WEB Windenergie
EG brochure). The lower share in the total investm@sts is mainly due to the higher-than typical
technology-complementary costs, as a result oftoaction a 22 km grid line for connection. For greject
Plankogel (1 turbine) the equipment cost had adrighare in the total investment costs, i.e. 783 @hich
means 767 €/kW.

In the Research Methodology section it was consiiénat in the first stages of market introductioa
technology-specific costs of wind projects are liiki® be high. It appears that indeed, in Styrieythhave
been so far quite high. In Table 4, we show sommepawisons of turbine equipment cost ranges forrs¢ve
European countries based on a different study ¢aig2D03). It can be observed that the range oétbests
is still higher in Styria, by 2004, as comparedfmin, United Kingdom in 2000, but they are combplar&o
those recorded in the Netherlands in 2000

Country Technology-specific costs
Netherlands In 1990: on average 1100 €/kW
In 2000: from 730 €/kW up to 900 €/kW
Spain In 1990: on average 950 €/kW;
In 2000: from typically 630 €/kW up to 750 €/kw *®

* From brochure “Leitfaden zur Errichtung von Windkraftanlagen in der Steiermark” of the Landesevergieverrein Steiermark, 2004 (see
also www.lev.at and www.ecowatt.at).

* 1dem 3.

'® 1dem 3.

1 n Austria wind technology is mainly bought from Germany where the wind turbine market has been slowing down in the last years
(Winkelmeier, 2004).

%8 owest technology specific costs in Spain are 540 €/kW (Dinica 2003).
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United Kingdom In 1990: on average 1000 - 950 €/kW;

In 2000: from 650 €/kW up to 770 €/kW

Styria By 2004: 845 €/kW - 1015 €/kW (Oberzeiring project ~ 880 €/kW;

Plankogel 767 €/kwW)

Table 4. Comparing wind turbine equipment costséweral European countries.

As discussed in the Research Methodology sectentaia technical characteristics of wind technolaggo
influence the cost performances, in terms of pridoccosts per kWh. There are three types of wind
technology installed in Styria:

- 11 turbines Vestas with 2 speed rotor, pitch cdmifdlades, asynchronous generator;

- 1 turbine Enercon with pitch control of blades,iahle speed rotor, and multipol generator, i.e.

neither synchronous nor asynchronous;

- 1 turbine Neg-Micon with 2 speed rotor, stall cohtf blades and asynchronous generator.

Experts consider that in mountain regions it igdyeb use technologies that have a pitch contesigh. In
the Appendix 1 of the Research Methodology of Satkpge 9.2 it was concluded that wind technology
designs with pitch control of voltage, and two-gp@e variable speed rotor — all other things egualre
more likely to contribute to lowering the overaltoduction costs per kWh of wind energy systems,
compared to the other designs. Consequently, thamédogies used so far in Styria belong to thegmateof
designs able to deliver higher levels of wind eleity production.

However, this may not necessarily have been a ealib choice. Unless previous/specific links exist
between the manufacturer and the project develdpere is typically competition among manufacturers
that is, for each project a call of tender is ofged. But the mountainous geographical conditi@ssrict the
number of manufacturers that are technically ablénstall suitable technology at high altitude. Ees,
bidding and technology selection are also influenzg hub height limits in permits.

So far, experts consider that the more suitabldgdesare Vestas and Enercon. Some potential
developers have the intention to use in the futtemeral Electric wind turbines, which are expedizd
assume lower technology-specific costs per kW iliike technologies have stronger generators atiéréo
the strong wind speeds at high altitude. But fodakigns, the altitude and icing problems remeaghical
challenges, potentially increasing the technolqogeffic costs considerably.

In conclusion:

- the technical characteristics of the turbines uemsdl intended to be used are favorable to lowering

the overall production costs, as they produce wiadtricity more efficiently; however,

- the equipment costs are already higher than irr &hepean countries and are likely to continue to

increase due various adaptations to the wind tdoggcso that optimal operation in Alpine wind
regimes and icing conditions can be ensured.

I.2. Technology-complementargsts

In the Research Methodology section it was proptsedllect empirical data considering the follogicost
components as part of the technology-complementasy component: civil works (incl. construction of
service roads); electrical infrastructure; grid wection; construction of foundations for wind tumds, pad
mount transformers and substation; as well asrtresport of wind installation (turbine, tower, bégdl and
all necessary equipment. The relationship betwemsource location (considering the entire technjcall
feasible potential that is environmentally-sound harness) and the availability of road and grid
infrastructure of corresponding quality. A studyaghd energy experts and supporters of wind deveky

in Styria indicated that the available technicaleptial would allow the construction of around T@bines
(Fruhwald and Ulz interview May 2004), while theijoal of LEV (spring 2004; see www.lev).gtublished

a list of planned projects that sum up to 59 twbithence 46 new turbines). The details regardieg t
planned project are reproduced in Table 5.

Location Turbine size Number Total capacity GWh Annual | % Styria elec. CO, tlyear Households
kw MW production consumption substitution supplied, no.
Plankogel 750 1 0,75 1,50 0,02 1290 375
Prabichl 600 1 0,6 1,08 0,01 929 270
Oberzeiring 1750 11 19,25 38,50 0,46 33110 9625
Spitaleralm 1750 2 35 6,65 0,08 5719 1663
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Moschkogel 1800 5 9 17,10 0,21 14706 4275
Kreischberg 1750 5 8,75 16,63 0,20 14298 4156
Frauenalpe 1750 5 8,75 16,63 0,20 14298 4156
Rossalm 1750 6 10,5 21,00 0,25 18060 5250
Steinriegelalm 1300 10 13 23,40 0,28 20124 5850
Planneralm 600 2 1,2 2,16 0,03 1858 540

Hochwechesel 1650 6 9,9 19,80 0,24 17028 4950
Weinebene 1750 5 8,75 16,63 0,20 14298 4156
Summing up - 59 93,95 181,07 2,17 155.716 45266

Table 5. Realized and planned wind projects ini&tjgtatus end 2001 — reproduced from LEV Spring420Leitfaden
zur Errichtung von Windkraftanlagen in der Steierkiiapage 12).

Technology-complementary costs depend on the disthiom project site to the grid, the number of dvin
mills in the project and the capacity of the giadaiccept the wind electricity. When grid connectisriar,
the current (mid 2004) level of governmental pisog@port in Austria implies that the project neenlfidve
around 9/ 10 turbines in order to be economicaligresting. However, if the available grid is weakly a
limited number of turbines may be attached to ifpraject with a higher number would need to cortitru
extra new grid infrastructure, which may add to thi@l investment costs to an extent that makesvihd
project no more economically feasible (under th@42@rice support level). One project in Styria hlisady
been affected in this way, as the quality of thisteng grid only allowed for the connection of Zlines.
However it is important to note that in Austria,evhthe electricity grid is weak, there is a limitl@,5 MW
per energy project.

In Styria the transport and construction costs lagher than in flat areas - and possibly even other
mountain sites - because the good wind locatiomgspecially in places where there are no roadsémebe
used to transport the technology and ensure maintenof the plant. In some places there are somie ba
roads used to transport biomass but they are remjuade (wind towers parts may be even 30 m long and
quite large diameter; blades are also long). Asgmethe actors investigating the potential of wiogver in
Styria have only selected sites for possible newjepts in places where there are already good roads
available and an adequate electricity transpod @iin the neighborhood. Some sites with good wind
potential have already been excluded from prosgestudies because there is no/inappropriate road.

Experience so far shows that indeed the technobtogyplementary costs are high in Styria. For the
Oberzeiring wind project, a 22 km long grid conmactline had to be built, which has put quite some
pressure on the investment. The costs for civilkedincl. construction of roads), electrical intrasture
and grid connection amounted to 6.434.@)Qhat represents around 27 % of the total investneests
(WEB Windenergie brochure). This comes down to ado834€/kW. For the project Plankogel (1 turbine),
the technology complementary costs accounted f(® % that is 17@&kW". For comparison, the average
technology complementary costs in Germany in 208devaround 210-230kW which includes foundation,
grid-connection and infrastructure (EWEA 2004: 98%9In Table 3 it can be observed that for the four
countries of analysis selected in the cost repbth® EWEA, the range of the technology-complemgnta
cost category is very large (5 - 29 %). Howevertthe projects in Styria for which data is availabkdong
to the upper part of the European average range.

Consequently, a series of situations can be digishgd in the Alpine regions from the standpointhef
relationship between resource location and thelaty of road and grid infrastructure, as mengd in
Table 6. The table gives also a quantitative estimaof the weight of technology-complementary sast
the overall production costs per kWh, with:

(*) suggesting low weight;

(**) suggesting moderate weight;

(***) suggesting high weight;

(****) suggesting very high weight.

Project size Location relative to (adequate) grid and road infrastructure Cost weight

Small project (< 5 MW) Close to grid and adequate roads (Fr-xrx)
Far from grid (long grid lines needed) (Frrxrxx)

Moderate size project (5 - 12,5 MW) | Close to adequate grid and roads (**)

¥ This includes: fundament costs; zuwegung (??); network connection and transformer station; computer and telephone connection
costs Source: brochure “Leitfaden zur Errichtung von Windkraftanlagen in der Steiermark” of the Landesevergieverrein Steiermark
www.lev.at and www.ecowatt.at, page 12, Table 2.
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Far from grid (long grid lines needed™) ()

Large size project (> 12,5 MW) Close to adequate grid and roads *)
Far from grid (long grid lines needed) and adequate roads (Fr-xrr)

Table 6. Weight of technology complementary costeding to project sizes and location relativéadequate) grid
and road infrastructure

As an illustration to the qualitative estimationad® in Table 6 it may be mentioned that the teagyol
complementary costs of the Plankogel imply an axiprate cost' of 0,85 €c/kWh, while for the
Oberzeiring project of 19,25 MW this was in thegen 1,43-1,67 €c/kWh. Hence, it is apparent that in
these cases the cost pressure posed by technalagglementary costs on production costs per kWh is
larger for the large project Oberzeiring (high wejglocation: far from grid) than for the small prot
Plankogel (moderate weight).

The projects mentioned in Table 5 are all in thgeaof 1,2 — 13 MW (or 2 to 10 turbines). Intervesiv
experts mentioned that the projects that are givarity for investments are those for which thehieology
complementary costs are lowest. This implies thatdost weight of this category is likely to be rexate
for these projects. But if the social and politioakstacles to investments are removed and moreqisojo
ahead, the impact of this cost component in theadiveroduction costs will continue to increase.

I.3. Context-inducedost factors

In the Research Methodology section, three categafi context-induced cost factors were differeatia
¢ monetary consequences of financing and trade azraegts;
e expenses in project life-cycle, and
e expenses incurred in relation to (local) admintsteaand social approval.

For the project Plankogel (1 turbine) the followingsts split corresponding to this category hambee
recorded: planning costs 3 %; other costs 1,4 %iahke costs are 4-5 % per year. (This is nexth® t
equipment costs 78,3 % and infrastructure cost8 %). For the other 2 projects in Styria suchailied
information were not available. In the followingdle sub-sections we discuss the empirical infolondair
the three categories of costs.

1.3.1. Monetary consequences of financing and td@ngements

The Overzeiring wind project was based on the falhg financing arrangement:

- 15,29 % equity by community members;

- 75,55 % bank project finance loan;

- 5,94 % investment subsidy from Austrian government;

- 4,88 % investment subsidy EU; and

- 0,4 % regional government subsidy via Altener. gSeuWEB Windenergie brochure).
The financing of the Plankogel project took plasdallows™:
- 19 % equity finance by community-based fund (Bifiganzierungsmodell)
- 31 % bank project finance loan;
- 28 % investment subsidy from Austrian government;
- 22 % regional government subsidy - Land Steiermark.
The interviewed experts explained that, in Austo@nks are open to approve project finance loanwvifud
project but they ask also the financial contribatiaf people in the area of project locafibrThey should
develop a bond system that can provide equity éncidipital structure. This involvement is also sasra
guarantee of nollittle obstacles from local opposito the project proposal. But the equity requieat of
banks is still quite high: the minimum may be betwe0 % - 40 %. Nevertheless, as long as the equity

2 If a transformer station needed to connect to high voltage grid, this adds ~ 6 million € or more (anonymous investor). For projects > 5
MW, grid connection to medium / low voltage grid does not ensure proper functioning of the wind power systems.
? The 170 €/kW technology complementary costs of the Plankogel are associated with a one turbine of only 0,750 MW, which produces
1,50 GWh/yr wind electricity. The cost per kWh for this category was estimated as: technology complementary costs of 127.032 €
divided by per annual electricity production and by assumed 10 year investment recovery period.
% The Oberzeiring project of 19,25 MW incurred 334 €/MW technology-complementary costs and generates between 39,00 - 45,00
gWh/yr. This implies a cost of 1,43-1,67 €c/kWh. The cost per kWh for this category was estimated as in the above footnote.

Idem 3.
# Further, it appears that the availability of project finance loans in Austria is not constrained by the type of technology, like in Germany
e.g. where it may be easier to finance projects using German technology than foreign technology plants.
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providers do not require (very) high returns ondhé of equity investment this would not imply essarily

the increase of the calculated overall productiosts per kWF. The equity capital of the fund is split in

shares and one can buy various numbers of sharessduity return is 7 % pre tax. For good windssit

% equity return or higher is possible under thef2fa@d-in tariff.

The level of interest rate is considered ‘normalfar any other business area, while debt matisify3-

15 years in Styria. This debt maturity length igitwl of other business areas as well, such asiimggin the

construction of a buildirf§ However the expectation for Salzburgerland — wtikere are no projects yet —

is that this could be around 8 to 10 years, whiay mequire higher governmental price support pehka/
pay the debt in a shorter time. It is expected thainterest rate in Salzburgerland will be arodrid, which

is considered ‘business as usual’.

As regards the monetary consequences of tradegamaents, in Austria owners receive governmentally
guaranteed contracts for 13 years for the feeaiff bf 7,8 €c/kWh. There is confidence in pol&ithat if
regime changes this will not affect already madestments. After having benefited of that, windjgcts
will get the market price of 3,4 €c/kwWh. But theyayralso be linked to the voluntary green eleciriniarket
where they may get a green premium that depentiseoconsumers’ willingness to pay.

In the theoretical part of the project it was ekpddl that there are three ways financing and trade
arrangement have negatively impact on the overatlyction costs:

- too high interest rates on project finance loansmared to other business opportunities; this o
to be the case yet in Austria;

- the equity requirement of investors is too highause of increased equity contribution and/or tagh hi
project risks; for the time being the interestedestors do not have high cut-off equity requireragnt
hence this does not yet have an impact on the ledéclioverall production costs per kWh; an equity
range 7-10 % can be considered as ‘normal’ / gfdar many other business options;

- the debt maturity period required by banks is tborsas compared to the period of (governmentally
guaranteed / privately ensured) contract for the shwind electricity; this has not been so fa ttase
in Styria but it may happen in Salzburgerland ¢reotAustrian states as long is there is no cootidima
with financing agents during policy implementatimnpublic agents;

Consequently, although theoretically expected hijare appears to be no negative impacts on thelbve

production costs as consequence of the financidgrade arrangements concluded under the priceosupp

system applicable in 2004.

1.3.2. Expenses in project life-cycle

The energy association of Styria, LEV, gives pagntvind investors cost guidelines to prepare their
projects. As regards the expenses in project lifdec LEV (2004: 40) indicates that - as orienv@tCosts -
planning costs could be between 2 - 4 %, and prajegelopment costs between 1 - 1,5 % of total
investment costs. Next to this, there are also gemant costs, of around 1 %. Separately, one redsd$o
calculate wind measurement costs. For measures 8 i, costs of 3640 € are usual. For measurds up
60 m, costs may climb to 18170 €/y&aFrom the LEV data it is not clear how much thisuld represent as
percentage of investment costs per kW. Other @ssisciated with this category may account for 26 6f
total investment costs. This implies a range ofveen5 % and 9,5 % for the services of designing and
putting into operation a wind proje¢hot including the percentage for wind measurengests). This is a
range found typical in the United Kingdom during th990s, while in Spain by 2000 this was around 5 %
(Dinica 2003: 533).

Detailed information for the three projects opemgtin Styria were not available for all componeuoits
this cost-category. It is known only that for théedzeiring wind project, the planning and consiouct
management assumed 2,15 % of investment costs r{¥iadebrochure), while for the Plankogel project
wind measurements accounted for 0,5 % and projeeeldpment costs accounted for 1,5 % of total
investment costs (LEV 2004). The level of these ponents is comparable to that found in the United
Kingdom, where the British Wind Energy Associatesiimates that for a project of 5 MW, the experises
project management, development costs and installate around 3 % (www.bwea.com). The EWEA study
refers only to ‘consultancy’ in its cost analysigich is considered to range between 1-3 % (se&eT)blt

% |n Austria citizen participation is very good in equity pooling by means of limited liability company; this assumes the deposit by
investors of a capital, while not participating in management.

% Arrangements can be done e.g. in the 2-3 years only the interest rate is paid (5 years for constructions) and after that the debt starts
to be paid as well (Fruhwald 2004).

7 1dem 3.
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is not clear to what extent the services mentionedhe above paragraph have been included as
‘consultancy’, which makes comparisons difficult.

As regards, Maintenance and Operation costs, experiin European countries suggests that theyare i
the range of 2-4 % in thé'year but they may go up to 5 % later. After 10rgehese costs may increase to
6-7% (Fruhwald 2004, EWEA 2004). In alpine regidd&O costs are typically higher due to more
difficulty in the accessibility of sites and frequécing problem&. As for the insurance, for small projects
such as those likely to emerge in the Austrian Athe insurance may be around 0,2 % of yearly ptoje
income, which is a typical share for projects inestEuropean countries as well.

In the Research Methodology of Sub-package 9.2ag twpothesized that the project life-cycle cost-
category may have a higher than usual weight irotfeall production costs per kWh in the early stagf
market introduction of wind technology, with pogsildecreasing trend as diffusion continues. Howéver
can be observed that the cost components in theg@gy are comparable to those in other countwasch
the exception of M&O costs — due to geographicalditions. The fact that services in this categoayeh
typical prices is also due to the fact that cutetitere are sufficient companies offering suctvises (see
Table 1 in the Empirical Analysis Section of Sulzhege 11.5). This creates some competition enabling
(potential) investors to ‘shop around’ for goodcprservices.

1.3.3. Administrative(-social) consent / tax expEns

We considered that this cost-category includesd k@mt costs; permit-related costs (environmeritaliss,
grid-approval etc); legal costs; taxes.

In the Eastern part of Austria, the Wind Energy d&sation WEA has recommended investors to offer
1,2 - 2,5 % of project income per year as land ieed and, because there is sufficient competii@ween
land owners, it has been possible to keep theifedss range. Project owners pay a land rent et on
the “per turbine formulas”. A 1,5 % rent per turbimay represent in upper Austria up to 5000 €/trbin
Spain the typical practice is also 1,5 % of annnebme, while in Colorado (United States) land seamte
typically in the range of 2000-5000 $/turbine. Foe Alpine regions, the Wind Energy Association WEA
suggested investors to offer 1 — 1,5 % of projecbime per year, but in practice this has actualtygased
to 4 — 5 % because there are only few suitable sitelistance of each other and land owners candat
keep prices high. In Styria, for land rent thera isombined formula: there is a fixed price pett ofiland,
which is combined with a value derived from the wanproduction and income from wind electricity
calculated as €c/kWh produced (Fruhwald 2004). ifiberviewed experts mentioned that there is a clear
trend of price increase for land rent in the Alpiegion.

As regards permit-related costs, they can be divideofficial’ and ‘unofficial’ costs. Unofficialy, in
Styria the municipality gets royalties from thednme of wind projects, in the form of cash payméatghe
local needs. In the flat areas of Austria, royaltege also given to local authorities. They ar&dihto
changes in Regional Planning permits. These permnicrucial because only after they have beerregcu
may all the other permits be asked: air impactusgcissues, nature protection, utility grid cootien etc.
The royalties are considered as ‘voluntary contiiims’ for ‘using local/regional roads/facilitiesor
contributions for the lighting of the community. ihs a practice applied for a longer time by Auastr
energy utilities for the construction of regionalwer plants of any fuel/technology type. It is repd that
royalties increase every year. Currently projechems pay between 1000-2000 €/turbine per yearhén t
Alpine areas, higher royalties are expected by pipaiities given also the difficulty of finding teoo-
economically suitable sites and socially acceptdbtations for wind harnessing. However, in other
countries royalties are even higher, especiallgjrain and increasingly frequent in the United Kimgd
(Dinica 2003).

As regards the formal permit costs, the energyaason of Styria, LEV, gives again potential int@s
price guidelines to prepare their projects. LEVidgates an orientative cost for nature and landspapmits
of 5800 — 11.000 € per project. When the windpatik ia nature protection area and is larger thamtbnes,

a permit is necessary from the National Governnwn®yri®. This requires an Environmental Impact
Assessment study which often adds substantiallgrégect investment costs. This study is requiresb al
when the project is larger than 10 turbines or 20,Nho matter its location. Further LEV indicateattthe
cost range for land investigation is 1820 — 3300vkile for noise permits and analysis of shadove#
(Schattenwurfvertraglichkeit) it is around 1240-226. No indication is suggested for the costs for t

% Enercon has a subsidiary company only for maintenance in Lower Austria, and Vestas has one subsidiary in Styria to serve the
Oberzeiring project.
® It is not allowed to commission wind projects in * free areas’.
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construction permit process. This leads to a raigg900-16500 € plus the construction permit castd
eventually permit costs for a nature protected.area

Further, as regards the legal costs, these aredened as ‘business as usual’. Investors so fae mav
encountered too high costs on legal documents &udles, as it happened for example in the United
Kingdom where they often represent 1-2 % of tataéstment costs. Similarly, the tax regime is thes as
for any other business option in the Alpine regidnsestors pay the typical company taxes and ate n
required by local authorities to pay supplementares. The VAT for selling electricity to utilitysi20 %.
(Winkelmeier 2004). Consequently, Alpine sites arere expensive than flat areas of Austria becafise o
higher royalties expected, higher land rent pebit, possible higher permit costs when natureegtign
permits are needed. The rest cost subcomponenisoaneal’.

I.4. Resource quality and availability

The cost components discussed above - technolapitpcosts, technology complementary costs and
context-induced costs - make up and can be disduss@ercentage of the total investment costs Yér k
However the influence of resource quality and aality on the overall production costs per kWhois
different nature. The higher the wind speeds amdiainavailability of wind speeds in the range cuspeeds

/ cut-off speed, the lower the production costsk#h - given wind projects of the same size, tetbgyw
and investment costs per R

In Styria the best wind sites for projects are 30 m, 1800 m or higher — where wind potentialgs a
good as in the Danish coast. However there is guoiitant difference between the wind regimes in Adpi
and flat areas. In Alpine areas, wind quality angilability differs very widely for nearby locatisn
(complex wind patterns, in complex terrain). Foample in Oberzeiring there are 11 turbines, butrBines
are in the best places from the standpoint of wagime, while in few spots of the wind park there a
constraints on wind speeds all year round. Althoaghind map for Styria already exists, energy etspier
the region are still learning from the currentlynming projects with regard to turbines locationd aind
regimes in high mountain sites.

The wind electricity output in Alpine areas is appmately the same as in flat areas, but with very
different distribution in terms of time availabjlibf various speed ranges, as it can be observédbite 7.
This leads to situations were a project in theflat of Austria produces at a mean annual speéd3afn/s
an amount of electricity around two thirds of whairoject in the Alps yields for a mean annual dpxes,2
m/s. This is because even if wind availabilitynsadler in terms of % of annual hours, when windadat is
much stronger, with wind speeds that produce miereity.

Examples wind speed availability <4mls 4-12mls 13-18 m/s > 18 m/s
[in % hours/year]

flat area 22 % 70 % 8 % 0
Alpine area 44,4 % 39 % 14 % 2,7%

Table 7. Examples wind speed availability for tvepnesentative sites in Austria.

In Table 7, data translate in an annual availahdftwind speeds that allow the operation of tuesiat:

- installed capacity for around 1500 h/year (tuesirwith pitch control of blad&soperate at installed
capacity even when wind speeds increase aboveothaal levels of typically 13-16 m/s, e.g max. 1 MW

- below installed capacity for an average of 34A@é#r (at wind speeds below 4 and 12 m/s).
Consequently, in the Austrian Alps the wind qualgygood which leads to high electricity production
However its distribution on an annual, monthly afaly basis is very different from that yieldedarflat
site. When the governmental price support systemands wind electricity production based on a ptioed-

30 At few locations in Europe, the combination of wind resource and availability, technology choice and project design has already led to
production costs that are competitive with conventional electricity technologies without price support. For example in Spain, in 2000
wind projects using turbines of 600-660 kW rated power (in the lowest cost band), at sites with annual average wind speeds of at least
8- 9 m/s (at 10m height), and annual availability of nominal wind speeds above 2400 h/year could generate electricity at around 4 - 4,2
€c/kWh, when it was possible to minimize technology complementary costs and the impact of context induced factors. Having in view
that the average cost of coal-based electricity in Spain and the average market pool price were around 4 €c/kWh, it can be therefore
said that for specific resource-technology niches, cost-competitiveness was achieved in Spain in 2000. Beside this cost-competitive
niche, there was also a chunk of potential that was economically feasible with the price support available in 2000. Taking into account
that the legally guaranteed price in since 1995 was in the range of 6,3-7 €c/kWh, market experts mention that sites with wind speeds
above 6 m/s and a minimum annual availability of 2000 hour per years were economically feasible in this period (Menendez 1998: 97;
Cruz 2001; Lopez 2001). But this does not mean that automatically all sites with such characteristics could be developed into wind
plants. Factors in the technology complementary category and/or context induced category were often making such sites not profitable.
% See Appendix 1 of Research Methodology Sub-package 9.2 for explanations.
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of-(expected)delivery scheme that does not matehtithe-of-production scheme this may have negative
impacts on the economics of a project, making énewnfeasible.

.5. Financial public suppoft

Before making policy recommendations on price supipds necessary to understand the short hisaoy
current situation regarding the financial federal atate-level support for wind electricity.

2000-2002, 2003-

After a reform of the electricity sector, the uderenewable energy resources has become a subject
matter for the nine provinces to regulate. Howetkierprice regulation has been very complex becaiiges
differentiation for delivery moments (time-of-dayca season), the renewable resource type, the §ize o
installations etc. Many stakeholders considereddigficient piece of regulation. In addition toden tariffs,
investment grants could be obtained from both trevipces and the federal government (Environment
Ministry). For wind electricity, the feed-in-tariffvaried from one province to another. They havenbe
considered as generous, leading to a wave of nemsgbr wind farms in the flat part of Austria. Hever,
they have to go through a complex and time-consgmincess of administrative permitting. Only thdsat
have been accepted at the end of 2002 are eligilget the old feed-in rates. The exact levelsspaie and
time-of-delivery are mentioned in Table 8.

€c/kwh S-HT S-LT W-HT W-LT average
Salzburg: < 2 MW 8,28 8,28 8,28 8,28 8,28
>2 MW 3,71 3,06 5,23 4,72 4,22
Tirol 8,28 8,28
Vorarlberg 10,9 10,9
Steiermark 5,96 [ 531 [ 11,85 [ 8,79 8,22

Table 8. Price support in the Alpine regions of thiasuntil the end of 2002. (Source LEV 2004)

After being strongly criticized as being too exgeasthe support system suffered adjustments. Ewe n
energy authority E-Control - playing the role ofuéator as a result of liberalization - and the dliry of
Economic Affairs supported a proposal for a loweicg while the Environment Ministry claimed that
innovative wind farms such as the one by Tauernwir@berzeiring need support anyhow. The compromise
led to a uniform feed in tariff of 7.8 €c/kWh.

It was also decided that, there should not be mngstment grants, but in practice this is sometimes
bypassed. For example in Styria, some small sussidiay be given for wind measurement costs from the
Regional/State Government (5000 €, which is ardshét of wind measure costs for 1 y@arThere are no
tax reductions/exemptions for wind electricity gextion

2003-2004/5

During these years, very few wind farms were ablget the permits in time in order to secure ttghéi old
tariffs. Nonetheless there was a strong wind boerg@d03 at country level. The installed capacitysedi
from 139 MW at the end of 2002 to 415 MW at the eh@003. This has drawn an anti-wind reaction in
some areas (especially in tourism areas). In Gaanmnear-Nazi populist Jorg Haider, governor o th
province, vetoes a routine increase in compensdtiencan do this as the conference of governors has
certain functions in setting rates) and thus exposany wind farms to commercial risks (the new aroesd
not get a commitment from the utilities). Therealso a reaction from the Industrialists’ Associatithe
Federal Chamber of Commerce and the Federal Chaofiieabor (among the most important corporatist
institutions), who argue that consumers need tgtiotected and that the rates for wind energy dte st
excessive.

In mid 2004 it was widely expected that soon theittbe another price reform at national level. 38
likely to take the form of another rate reductiomd @ossible an upper limit on new constructioneimis of
MW. The Ministry of Economic Affairs plans to givapecial prices only to the most efficient energy

%2 |nformation in this Section is based on Lauber, June 2004, personal communication.
* The regional energy authority has a small budget for wind energy from which it may cover: costs for wind conferences in Austria, part
of consultancy costs, wind resource measuring costs.
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projects. The change in price support approactctested a situation of insecurity, leading manyesiors
to halt their investment plans for the time being.

I.6. Policy recommendations Austria (Alpine regiony

1.6.1. As regards the reduction of the influencéeshnology-specific factors and cqgtsiblic authorities
could:
e Stimulate investors’ choice for technological desigvith:

- Strong generators (able to face the Alpine windneg)

- pitch control of blades;

- variable / two-speed rotors;

- adequate ice-removal devices.
These technical features are more likely to in@ehs electricity production of wind turbines comgghto
conventional models typically used in flat aredsisTcould be done by policy instruments such as:
- taxincentives: allowing the reduction of istrent tax (or other taxes) for wind technologibesigns
that have such technical features;
- technical standards for the manufacturers aiimg in the call for tenders in order to receive
governmentally subsidized price support.
- financial support for Austria industrial conmpas working on R&D for ice removal systems.

* Revise the legal constraints on wind turbine maximhwb-heights in local permits that may work
against the use of technological designs with sap&chnical features as described above.

¢ As indirect measure: provide more policy stabilitith regard to price support: adoption of one or
two policy instruments with clear and simple dedigat should be maintained for a period of at least
10 years. This would attract more manufacturerswofd technology with desirable technical
features to compete in Austria and reduce techiyedpgcific costs. Interviewed experts explained
that most of technologies are bought via Germaitedfand representatives, which may be a cause
of higher equipment costs in Austria. In order teate an attractive investment context, complex
and versatile payment streams should be avoides ophration of one or few clear support schemes
increases the range of developers likely to undedstand able to assess their financial impact.
Transparency and stability in support system widréase the number of investors and industrial
companies willing to contribute to the diffusionwiind technology.

1.6.2. As regards th&echnology-complementary castkere is little public authorities may do to nmivize
them, because they are influenced by rigid factoos]iable for manipulation.
In Table 6 we presented a qualitative estimatiothefweight that technology-complementary factoesy m
have on production costs. If the political choised support first the projects with lower prodonticosts
and later the increase price support to enable @igjgcts in more remote locations, then the gawemt
should:
« simulate first investments in larger-size projéets5 MW) and moderate size project (5 - 12,5 MW)
locatedcloseto adequate grid and road infrastructure;
* increase price support at a later stage to alsblena
o larger-size projects (>15 MW) and moderate sizgepta5 - 12,5 MW) locatedar away
from adequate grid and road infrastructure;
o small size projects (< 5 MW, close/far from grickdoinfrastructure).
If the political choice is to simultaneously suppall types of projects (as differentiated in Table the
government should introduced a price support systeandifferentiates payment according to projéze s
(as suggested above), and location relative tatiteroad infrastructure, while accounting for theed for
clarity and simplicity in design.

1.6.3. As regards the reduction of the influencearitext-induced factors and cospeiblic authorities could:
* Ensure that the governmentally guaranteed corleagth is not shorter than 10 years since this may
result in higher financing costs.
« Provide more policy stability with regard to prisepport: this may encourage even more industrial
companies to offer services and product for windigroplants investors, increase competition and
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lower the costs incurred by investors during theediycle of projects. Such stability may be achéeve
by a steady automatic decline of rates as it istjped in Germany or France.
¢ Reduce the administrative bureaucracy around treegic Environmental Assessment studies that

bring substantial costs to the project developads@ntribute to the increase of overall production

costs claimed. This may be done by providing tezddréupport for the drawing up of such studies.
There are also factors whose influence on produatasts cannot or should rather not be removed.t Wha
cannot be influenced by policy is that fact thagpiaé wind projects incur higher Maintenance and r@pen
costs due to icing problems and difficulties iresiiccessibility. Public authorities involved ingaridesign
should take this into account when they set upepri®Vhat should rather not be removed is the ecmnom
benefit that land owners and municipalities havenvivind projects are located in their area. Lamdsréo
owners and royalties to municipalities have posispin off in terms of project acceptance and expo
other citizens, communities, tourists etc. Thistdbates to the public acceptance of wind technplowmre
widely. However, in order to keep these practicegen control so that they do not endanger the enano
feasibility of projects, the government should seitings on these fees, or facilitate a voluntagyeament
between investors and stakeholders that may besfefitch payments.

1.6.4. As regards the influence m#source quality and availabilitpn production costs, public authorities
should rely on a price support system that rewaiidd electricity also when it is produced and nolydor
the times when the general demand in the elegtrigistem is high (as it does today). The Alps hgved
wind resources but with very large differences indwspeeds during the day and from month to maortis
makes it desirable to tune price support with #unically possible timeline of wind electricitygoluction.

Interviews in Austria
« Gerhard Ulz, LandesEnergieVerein Steiermark, G3@zpril 2004
« Wolfgang Jilek, Regional Government Styria, Gra April 2004
« Otmar Fruhwald, ECOWATT Sustainable Energy Solwgjdaraz, 30 April 2004
« GerdGratzer, Styrian Government Department EconomylLatur, 30 April 2004
« Hans Winkelmeier, energy consultant, Salzburg, pél&004.

Il. ITALY

In 2003, the share of wind energy in the total teleity consumption of Italy was less than 0.5%AIEF003:
139). This came from 903 MW wind power capacityegating around 1,450 GWh/year. The main investors
were ENEL Green Power (division of ENEL), the &aliVento Power Corporation (IVPC) which is the
largest private operator, and Edison (private camgpa

There are two regions in the Italian Alps on whibls project is focused: Bolzano and Trento. At the
end of 2002 there were 2 wind turbines connectetti¢ogrid in Trentino Alto Adige (Alpine Windharvtes

[ll: November 2003: 13):

1. Mals, Windkraft Marein: 1 turbine Leitwind (manufacer Leitner AG ltalien) of 1,2 MW at 1500 m
above sea level, with D = 60 m, hub height 60 mictvtstarted operation in 2003. Operator/owner:
Windkraft Marein corporation.

2. Rein-Sand in Taufers at 1600 m altitude, one terhiagerwey LW 80/18 with 80 kW, annual yield of ~
90.000 kWh, D = 18 m, which started production 808. Operator/owner: individual owner. In the
autumn of 2003 the owner changed the turbine wBAGkW Bonus windmill H=30m, D=30m.

The Mals Windkraft Marein project using the Leitdinurbine has received a temporary permit for two

years (starting with the autumn of 2003). After tyears it will be decided whether a permit for aavpark

will be granted. A working group of civil servarftem the regional government supervises the oparaif
the turbine and its environmental impacts. The Wiaft Marein is made up of a consortium of four
communities - Glurns, Graun, Mals, and Schluderthe -utilities of Prad and Stilfs, the energy cai@pive

of Oberland, and the Vinschgauer Elektrizitatskotsm (IEA 2003: 145). As regards the second projec
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given the fact the Rein-Sand project uses a veatydekign of small capacity turbine, which in noyraore
in manufacture, it will not be discussed in thisjgter.

In 2004 no new projects were made in the Italiapid region while in the rest of country 300 MW are
expected to be built. (IEA 2003: 137). An intereskecal institutional investor has been attemptmgtart a
new project in Bolzano, and has already installedral mast to measure wind quality at one locati®aod
quality wind resources were found but local oppositagainst the project emergéhonymous investor)
and its future is uncertain.

The total investment cost for the project in Malgte Windkraft Marein corporation was 1250 €/kW.
Comparing this with the EU-15 average levels inl&ah it can be observed that this has been expensi
project. This is however in the range of the inwesit costs in the Austrian Alps: 1160-1310 €/kW. déta
are available regarding for the production costgki@h) of the two operating projects. Below the tcos
aspects are discussed per category of factordiafjgaroduction costs per kWh.

[I.1. Technology-specificosts

No data are available regarding the equipment ¢€#&%V) for the Mals project. However, having irewi
that it is using a technology design that is stiitler demonstration and development, equipmentanayge
in future. The technical characteristics of thetwaid turbine are:

- horizontal axis with three blades and rotor diamefé&2 m; and

- no gear box, resulting in more efficient wind gextiem (IEA 2003: 145).

The turbine is designed to operate in Alpine ermuments which makes it likely that the aim of the
manufacturer is to adjust the technical charadtesiso as to maximize wind electricity productiorAlpine
wind regimes. Next to Leitwind, the foreign manutaers Vestas and Enercon try to promote theirgthasi
in the region. As discussed in the Sub-sectionAfiastria, these designs have technical charactesigtiat
favor higher levels of electricity production comga to other turbine designs on the market. Besithes
average annual availability of these turbines iy Yégh - around 98-99%.” (IEA 2003: 143)

I1.2. Technology complementary costs

No data are available regarding the technology-dementary costs for the Mals project. Insight itite
expected cost levels for new projects is diffidoltdevelop because — in contrast to Styria — a ofiagind
energy resources was still under development fdzeB@ and Trento. One map was being drawn up in the
framework of the Alpine Windharvest project andter in the farmework of a research project aiorea
level in Bolzano. The results of mapping wind reses is important for deriving expectations foisthost-
category as it would also reveal the availabilitg ajuality of road and electrical grid infrastruetun the
vecinity of sites with high wind energy potential.

In 2003 a consortium of companies completed a theae project that investigated wind energy
potential in Italy. The project was based on gfamin the Italian Ministry for Production Activitieand the
consortium was formed by the Enel Group, the Italisansmission operator, as well as several energy
utilities and industrial companies (Pirazzi and &a<2003: 146). This project also investigated vilied
potential in mountain regions at altitudes betw#@d0m and 2000m. However a straightforward assagsme
of potential was not possible. It was argued thahountain regions very many geographic and sigeifip
factors affect the economically feasible potentfdsumptions need to be made regarding factors asch
“terrain slope and roughness, soil use, distanom fthe electrical grid and roads, environmentat] ather
constraints) that can heavily affect the feasipiéind production costs of a wind farm” (Pirazzi a@asale
2003: 147).

The issue of technology complementary costs is mapo for investors, from the standpoint of the
likelihood of investment and project size. The niagpf resources is expected to shed light alsandigg
these cost components. The discussion made in whes&tion for Austria regarding the relationship
between resource location and the availability azdr and grid infrastructure, as summarized in T&ble
applies also for the Italian Alps. The Table 6 giatso a quantitative estimation of the expecteihtef
technology-complementary costs in the overall potida costs per kWh.

11.3. Context induced costs

In the Research Methodology section, three categafi context-induced cost factors were differeatia
¢ monetary consequences of financing and trade azraegts;
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* expenses in project life-cycle, and
« expenses incurred in relation to (local) admintsteaand social approval.

11.3.1. Monetary consequences of financing anddradangements

The project in Mals has not used a project findoea so far (there are plans for the expansiorapécity,
for which bank loans may be used). Financing tdakepin the form of equity and investment subsidies

- the manufacturer Leitner AG lItalien financed teehnology-specific costs (the wind turbine systemg
the construction of the wind project (civil and rhanical works);

- the community financed the grid-connection - ilhéssumed 250.000 € equity by the community;

- EU and regional investment subsidies were avial@lvyunderer 2004).

The total investment costs were € 1,5 million tog @,2 MW project, which means 1250 €/kW. The mioje
was be estimated to have a 10 year return periodieMer the project is not part of the Italian Tralda
Green Certificate system (TGC) or a system of guessd governmental tariffs, because wind elecyrisit
used 100 % for self-consumption by communities ihaested equity. Therefore the project saves the
community electricity bills for 10 years.

Experiences in the rest of Italy may be seen aaséstfor deriving expectations regarding the use of
project finance in Alpine regions and consequerfoesnvestments. Interviews with energy experts and
(potential) investors revealed that banks in Italg interested in wind projects and allow projecarice
loans. Like in Austria, banks are especially indéed to finance wind projects when there is tharfamal
involvement of households / local community. Bugrthare also (local) business people who have oleir
financial resources and banks and are interested-fimance their commercial wind projetts

In the projects realized so far in Italy, loan cinttion depends on the wind availability and qtyadit
the proposed site. Private equity investments bfiéen 20-50 % can be asked by banks. When the swner
are institutional investors with high profit reqemnents — as it appears to be the case so far withly m
projects in ltaly - this implies aost pressure on the overall production co$tscause equity is more
expensive than interest rates (higher return egfieas levels on a large share of capital strugture

The debt maturity has been on average 10 yearhwdain be considered as ‘business as usual’. But 10
year loans are only available if the owner provgsiahase contract that is equally long. This f8adlilt to
obtain under the Italian TGC system where obligeeger to use short terms contracts or spot exaaagl
wind has to compete with cheaper ‘green’ technel®giWhen contracts are shorter or not availabkeishi
reflected in ahigher than usual interest ratkat has direct impacts on the (increase of) divpraduction
costs per kWh. In the Alpine regions, the fact that regional government has not adopted yet by20a#

a energy plan with clear targets for wind energynbssing and criteria for project development goptaval
(see Section 11.5 for more details), adds to tlgepr risks and is highly likely to be reflected lirgher
interest rates, should the regional governmentydedgosition.

Consequently, high equity requirements, large doutions of equity in the capital structures of jpas
and expected high interest rates may put pressutbeoproduction costs of wind electricity in Algn
regions as well, when project finance schemes s&d.u

11.3.2. Expenses incurred in relation to (local)raimhistrative and social approval

For the project in Mals, the land owner is a comityumvho is also member of the corporation that siime
project. The community considered the land as firdninput in the project (non-profit, self-geneoat
project). If the project is expanded with more tods, land will be rented. The experience with laeating
in the rest of Italy is that land owners require thse of formula ‘amount cash per wind turbine’. An
anonymous investor claims that land rent fees as@estrongly from year to year, for which reasarjemt
developers prefer to buy land. This is presumably @ ‘faking competitior®. As regards royalties, there is
no information that this played a role in the Mpl®ject — especially having in view that this iself-

# However, the situation regarding the financing of wind projects in other regions of Italy warns towards a possible bias of bank agents
against small developers — and hence the potential unavailability of project finance loans for them. In Italy, banks typically require the
previous involvement of the (at least one of the) project developer(s) in other wind projects. This has already contributed to the
domination of few large companies as project owners in Italy. Besides, there is the aspect of project size that limits the chances of small
developers to develop wind plants. Project finance loans are given only for wind parks that are more expensive than € 30 million. For
this, the private equity required can seldom be offered by small economic actors.

35 There are ‘one man companies’ who propose wind projects but in the end it appears that they have no financial resources — or
access hereto — to even start the projects. However by getting involved in the negotiations for land rent, they push rent prices 2 / 3 times
above market prices, creating the false idea of high demand for land (many potential investors), helping land owners to drive rent prices
up.
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generation project with the involvement of seve@imunities. As regards experiences in the refibbyf,
this is about 1% from annual turnover, but in aréasing trend (anonymous investor).

No information is available regarding the permistsoin Italy. It is known however that typically, i
takes 3 to 5 years to have all necessary permits ¥and project. The rate of rejection is high5@ projects
are proposed in a region, maybe 5 will go aheadrfgmous investor). This puts high stranded costs on
investors, which fall into the calculation of petrbsts of approved projects. For the time beinge#gms
that many Italian regions will be soon stopping isie of building license (e.g. Umbria, Campag#ay.
environmental permits, each region handles its ¢egal frame and there is a high heterogeneity of
experiences.

As it will be explained in Section 11.5, in Bolzaaod Trento the permit criteria are still awaited,
Depending on their design and the efficiency ofrégional authorities, the permit costs may beaealle,
or may place high cost pressure on the economigsapécts if long procedural delays are alloweds-ta
happened in the other regions. Further, the regiemergy policy and wind energy targets also exqubtd
be adopted soon, should clarify the tax treatmentfind projects: tax reductions or — on the cagtra
additional regional taxes.

11.3.3. Project life-cycle costs

No data are available regarding the technology-¢ementary costs for the Mals project. In principle,
Maintenance and Operation costs are expected togher than in flat areas due to more difficultieghe
accessibility of sites and icing problem. Howevris likely that if the regional investment framerk
clarifies and becomes attractive, investors areldvowt face inflated costs for the componenetshis t
category, because a good regional industrial pialesiteady exists to innitiate competition for wiproject
services and products. South Tyrol industry haditiomally been strong in construction, mechanical
engineering, metal processing and electro-matefeisessing, especially developed in small firmset B
large firms have also been successful on both tmedtic and foreign markéts Currently, only few
companies choose to specialise in wind technologyilp because future demand for equipment and
services is uncertain. At national level the indaktbasis has already grown substantially aftez th
installation of around 900 MW by the end of 2008jatr means that potential investors may look fmody
cost-quality services also in other Italian regions

I1.4. Resource quality and availability

Although there are two projects running to mapiled energy potential in the Italian Alps (Windhest
and a regional project), there is already an it there is a low regional wind potential. Howewbe
comment made in the sub-section for Austria spilees: in the Alps there are large differencewind
speeds and availability among adjacent sites. Tlglhrstudies are necessary to locate the spotdhathest
wind-speed/availability values. Ideally the goveemtal price support system should reward wind ettt
production based on a price/time-of-delivery schéimag matches the time-of-production scheme, sujypr
the economic feasibility of projects.

11.6. Policy recommendations Italy’’ (Bolzano and Trento)

I1.6.1. As regards the reduction of the influentészhnology-specific factors and cagtsiblic authorities
could:
e Support private initiatives for technological inmdons in wind systems for mountain areas by
means of R&D subsidies or tax incentives.
« In addition, as suggested in Section 1.6.1, thaydetimulate investors’ choice for technological
designs with:
- strong generators (able to face the Alpine windmeg)
- pitch control of blades;
- variable / two-speed rotors;
- adequate ice-removal devices.

These technical features are more likely to in@dhs electricity production of wind turbines comgahto

% Source: http://www.provincia.bz.it/english/overview/industry. htm.
% For a discussion of the price support system in Italy - Tradable Green Certificate system and other schemes - see Sub-package 9.1.
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conventional models typically used in flat aredsisTcould be done by policy instruments such as:

- tax incentives: allowing the reduction of istraent tax (or other taxes) for wind technologatesigns
that have such technical features;

- technical standards for the manufacturers aiimg in the call for tenders in order to receive
governmentally subsidized price support.

- financial support for Italy industrial compasiworking on R&D for ice removal systems.

« As indirect measure: provide more policy stabilitith regard to price support: adoption of one or
two policy instruments with clear and simple dedigat should be maintained for a period of at least
10 years. This would attract more manufacturerswofd technology with desirable technical
features to compete in Austria and reduce techiyedpgcific costs.

I1.6.2. As regards thiechnology-complementary costise comments and recommendations made in Section
[.6.2. for Austria apply as well. There is littleuldic authorities may do to minimize technology-
complementary costs, because they are influencejiolyfactors, not liable for manipulation.

In Table 6 we presented a qualitative estimatiothefweight that technology-complementary factors
may have on production costs. If the political deois to support first the projects with lower protdon
costs and later the increase price support to enalso projects in more remote locations, then the
government should:

« simulate first investments in larger-size projéets5 MW) and moderate size project (5 - 12,5 MW)

locatedcloseto adequate grid and road infrastructure;

* increase price support at a later stage to alsblena

0 larger-size projects (>15 MW) and moderate sizgegto5 - 12,5 MW) locatedar(ther)
awayfrom adequate grid and road infrastructure;
o small size projects (< 5 MW, close/far from grickdoinfrastructure).
If the political choice is to simultaneously suppal types of projects (as differentiated in Table the
government should introduce a price support systendifferentiates payment according to projepe gas
suggested above), and location relative to the-rgadl infrastructure, while accounting for the nded
clarity and simplicity in design.

11.6.3. As regards the reduction of the influen€eantext-induced factors and costeegional) public
authorities could:
a) in order to contain the cost consequences ¢égrbinancing arrangements, use policy instrumasts
« project aggregation scheniés
« governmentally subsidized soft lodhwith
« workshops with financing agents to communicategihvernmental energy policy and increase the
confidence of financing agents in wind technolagyd in the political support for wind energy;
« if Alpine wind projects are to get price supporséd on the existent scheme at national level, it
would be desirable to revise the policy schemeaafable green certificates so that it:
0 separates of obligation for renewable electricitychase in technological bands with a
special band for wind technology;
0 introduces a price floor (Ec/kWh) for trade witkegn certificates that is able to ensure the
economic feasibility of the available Alpine winespurce potential.
b) In order to ensure low costs in project lifeleyoperations, public authorities should providerengolicy
stability with regard to the chosen price suppohtesne and its design details: this may encourage eore

% Project aggregation or bundling refers to a way of addressing the problems of financing availability and financing costs by aggregating
more wind projects in order to secure a single large loan. This approach is generally used when sizes of projects are too small
compared to the standards of the financing agent. After the loan is received the money is split among the developers whose projects
were aggregated. Beside access to finance, this instrument also results in lower interest rates, because the transaction costs per project
are reduced. The aggregation of wind projects can be done by any type of economic actor. But when a government agency takes the
role of aggregator agent, this has higher chances to result in more attractive financing terms including lower interest rates. An example
where this instrument was successfully used is the Autonomous Community of Catalonia in Spain, where the regional energy agency
concluded agreements with regional banks for large and low interest rate loans that were consequently split to finance the installation of
solar based energy systems by households and small companies.

¥ Soft loans assume the payment by the government of a percentage or the entire interest rate that project developers have to pay
when loans are used to finance wind projects. This has similar effects to subsidies, but often assume a smaller extent of financial
support. The loan could come from a financing institution or agency of the government, or from a commercial bank or other type of
financing agent with who the government concluded an agreement to finance developers of wind projects. This instrument is very
helpful to use in the first stages of market introduction to overcome the financing barrier.
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industrial companies to offer services and prodoictvind power plants investors, increase competitind
lower the costs incurred by investors during tfediycle of projects.

c) fast adoption of regional regulations on peraniteria and time effective management of the aparo
procedures, to minimize costs related to admirtisgapermits and social consent. As regards the cos
components of land rent and royalties to municijgslj these expenses should not be necessarilynimad

but ‘contained’, as they have positive spin oftenms of project acceptance and exposure to otheerts,
communities, tourists etc. This contributes to public acceptance of wind technology more widely.
However, in order to keep these practices undetraioso that they do not endanger the economidlidiag

of projects, the government should set ceilinggtmse fees, or facilitate a voluntary agreemenivéen
investors and stakeholders that may benefit of pagiments.

11.6.4. As regards the influence océsource quality and availabilitpn production costs, public authorities
could design a price support system that rewardsl wlectricity also when it is produced and notydiok
the times when the general demand in the elegtrsgistem is high. The Alps have good wind resoubzes
with very large differences in wind speeds durihg tlay and from month to month. This makes it dbsér
to tune price support with the technically posstbigeline of wind electricity production.

Under the current Tradable Green Certificate systanpolicy design aspect that may help wind
electricity get a more reasonable price would bertsure that the period for obligees’ complianazopis
shorter than the period of trade validity of greentificates. This avoids the pressure on wind gEDes to
lower the prices of green certificates when a hpgbduction period occurred (good wind speeds wtigl
availability) and there is a high supply of ced#ies that have a short validity (e.g. 1 year) eviile
compliance period for obliges is longer (e.g. 2rgkaBesides, this also is likely to lower priceks and
reduce financing costs as compared to a policygdesith reverse relationship between the two elémen
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[ll. SLOVENIA

In the (pre)Alpine region of Slovenia there arerently - mid 2004 - no wind projects running thaeuhat
use medium/large capacity turbines. Only a hanafuwlery small wind generators are operating inated
places for self-generation purposes.

The mapping of wind energy resources started ir® 189 so far the potential and its location idl stil
matter of public debate. Section 11.5 on Slovenialagns in detail the background and flow of events
behind the current interest in wind energy. Thstfineasurements of wind potential were made in E299
eight locations and a year later 4 other locativese examined. Technical experts assessed theitako
potential at 300 MW, which would represent 12 %aiél installed capacity in Slovenia and almosthea
the 15% ceiling considered as technically feasiéde "non-distributed generation capacity" given the
intermittent nature of wind electricity.

1. Technology specific costs

In May 2004, no information was available regardihg technology to be used in the projects (co-gxvn
by the energy utility Elektro-Primorska. The compaapresentative mentioned that a call for tendeuld/

be organized to select the manufacturer when pojeceive the ‘go-ahead’ from municipalities. Hoee
given the long-standing cooperation with the Sgari$iN company that has had itself a long-standing
ownership link with one of the largest manufactarén the world, Gamesa, and has been starting
manufacturing wind turbines itself since 1999, @uld be surprising for EP not to use one of thgzan&h
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turbines. Either because EHN would/might be invdlirethe ownership of Slovenia projects or/and bsea
large orders are likely to be placed with a Spanistnufacturer, the technology-specific costs de\ito
be low, so as to keep production costs low ancess® the range of profits, given the governmemied per
kwh guaranteed

Governmental estimations suggest that technolpggiic costs would be low. There are already plans
to install 383 wind turbines with an individual emjity of 750 kW°. and it is estimated that would assume —
on average - a total investment costs of 645 €&dmparing this with the costs in other Europeamtes
illustrated in Table 2, these are very low costieegd suggesting also low technology-investmentscdstis
is understandable if: a) medium-size turbines aedu- such as the 750 kW model — which have already
enjoyed the benefits of large investments and enm®of scale and are in the low(est) cost-banehdly;

b) the technology is purchased in Spain, were ®@dgy costs were among the lowest already in 2@00;
study documents that in 2000, in Spain, the typioats for wind turbine equipment were 630 €/kW, that
were actually in the range of 540 - 750 €/kW, wdtvest costs for the 600 kW; 660 kW; 750 kwW; 800 kW
models.

However, the EP mentioned that they would use 1V8 trbines (Persolja 2004). These are typically
more expensive. The EWEA study (2004: 99) indic#ites the 1,5 MW turbines has in Spain, in 2001, an
average equipment costs of slightly above 900 €/KWs is still in the lower part of the EU averagests
(see Table 2). Consequently, there are reasonsstoree that this cost category would not put pressar
production costs per kWh.

2. Technology complementary costs

Although there are no projects yet and investméaripare carefully guarded by potential investirs)ay

be expected that in the first wave of diffusionsthost category will also not put pressure on potidn
costs per kWh. Having in view the discussion madéhe Section on Austria for the same cost componen
category, and the corresponding policy recommeaodstithere appears to be political awareness orotee

of such factors on costs.

Governmental resource assessments took into actioeirgspects of transport access and grid access,
and lowered the level of the technically found paigd of 300 MW to the ‘commercial potential’ ofaamd
150 MW. This was identified (cumulatively) at twochtions: in Koko$ (30 MW) and G6l{120 MW)*
(Klemenc 2004). There appears to be hence a faldfmice:

- to simulate first investments projects locatémbeto adequate grid and road infrastructure, and to

- consider investment using the remaining potengahsnow as ‘not commercial’ at a later stage —

another 150 MW.

It appears that the developer EP has a preferemdarfer projects connected directly to the higitage
grid, which reduced the weight of technology-compdatary costs when projects are locatdakse to
adequate grid and road infrastructure. But thidiesghat governmental price support needs to asgeat a
later stage to also enable:

0 larger-size projects (>15 MW) and moderate sizgepta5 - 12,5 MW) locatedar away

from adequate grid and road infrastructure;

o small size projects (< 5 MW, close/far from grickdoinfrastructure).
However arguments of the opponents of wind eneeggécially environmental NGOs) challenge the idea o
lower technology-complementary costs in the fitsige of diffusion. They argue that the best sites a
located on top the ills and that 90 % of the roadsld need to be purposefully built for the constian of
wind power plants in Slovenia. If large 1,5 MW tums are used - as the EP intends - this meand thahb
wide roads of total length of around 20 km neededbe built. Environmentalists also argue that this
another strong visual intrusion in the still ‘wildilly landscape with large visibility. But from etstandpoint
of the analysis made here, the implication is tloaid construction will put indeed pressure on thtalt
investment costs, hence on the public price supporé larger extent than current government cost a
potential estimations suggest.

3. Context-induced costs

In the Research Methodology section, three categafi context-induced cost factors were differeatia
¢ monetary consequences of financing and trade azraegts;

“° These would generate around 709.1 GWh/year.
“* However the second location was challenged because of impacts on the rare lowland Karst grasslands and several rare flora and
fauna species.
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* expenses in project life-cycle, and
« expenses incurred in relation to (local) admintsteaand social approval

There are indications to believe that from the gaitg¢ ‘monetary consequences of financing and trade
arrangements’ there will be no negative impactpmauction costs. The interviewed (would-be) depeto
EP mentioned that banks are open and willing tanfie wind energy projects — although no financing
contract was concluded so far because projectstiéirander negotiation with municipalities for peits. It
is estimated that given the level of promised gorental price support (still unknown) it would bespible
to recover investment costs in 10 year. This i®adgength period for a project finance loan. Eifethis
would not be available, the EP (and eventually EiN) large corporation with financial credibilighich is
likely to be able to obtain loans at low financitwsts.

As regards expenses in project life-cycle, the EEladed that for 60-70 % the equipment and services
for project development and operation will be sobttacted locally to contribute to regional indistr
development. Opponents of wind projects are skajptawards these statements. In any event it fecdif
to predict to what extent — if at all — producticosts would increase above what ca be describetypisal
for wind projects in other European countries.

Similarly, there is not enough basis to derive ekqgons regarding possible levels (%) of costsiired
in relation to (local) administrative and sociapegval. It is known that for one project the EP higady
promised royalties — cash to the municipality, whibe authority intends to use to build/finish &csal,
given the claim that the national education migisilocates no money for such needs. But the fis&nc
impact of this cost on the production costs isfifiam clear. Further, EP will spend some money &mting
land for wind projects whenever it is not possitaldut land (which is the preferred option). Plamsst for
paying 94.000 € per year for 47 wind turbines, eaith a rated power of 1,5 MW, in llirska Bistricahis
amount will be paid in advance for 20 years by itheestor in 2004 and 2005, in two installments.sThi
equates with a payment of 2000 €/turbine/year, whamnot be sees as a high-impact cost. In thedlatof
Austria, project owners pay up to 5000 €/turbingjlevin Colorado (United States) land rents areciity
in the range of 2000-5000 $/turbine.

4. Resource availability and quality

Information from the EP suggests that the selesited have annual average wind speeds of 6 m/s3fad®
hours/year availability at full load. The EP estigtha potential of 200-250 MW in the Karsp and Priska
region. Such a wind regime can be seen as averaditygn Europe, where sites have been first dgved

in regions with 8 m/s or higher average annual ar##00 hours/year. However the different patterhs o
wind availability-speed may account for a differenmaking such sites also attractive on an anragélor
electricity production.

As mentioned in Section 9.2 on Austria, the windAlpine regions blows with high speeds for shorter
periods of time and there are periods with very leind speeds. A similar phenomenon happens also in
Slovenia, according to some interviewees. It isfirgued that the western part of Slovenia is shaephe
Buriana/Bora winds which are renown for blowingviery powerful gusts of 80 km/hour and higher, while
for long periods of time they do not blow at alk(® 2004). Hence the period of time at which wind
turbines can function at wind speeds between tiiéncand cut-off speeds (the technical start amgp stf
turbines) would be relatively small for projectshi® economically attractive. If the time when wirldws at
operational wind speeds is too short, this impifest only substantial governmental financial suppdn
terms here of contractual price per kWh - would endkem sufficiently profitable to attract investors
interest. However the impacts of Buriana winds be tconomics of wind power plants need to be
researched more closely with hard data on windnpisle These are currently available only in resé&d
circles - the governmental meteorological estimatesconsidered too old and the more recent data we
done by interested investors privately are for camuial reasons are kept under control. Data on wind
potential are only available on ‘capacity-potentigil‘generation-potential’ form. For example itéstimated
that the total wind power capacity available is.28MW (ISPO 1999):

- location Banjgica (73.5 MW with the annual power production o? BGWh/year),

- location Gora (82.5 MW with 225.8 GWh/year),

- location Nanos (70.5 MW with 156.5 GWh/year), and

- location Volovja Reber (60.75 MW with 169.2 GWh/yea
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Consequently, the potential influence of wind spetalels and availability on production costs il st
obscure in Slovenia due to the lack of transpar@mcsesource potential across the region.
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IV. SWITZERLAND

In 2003, the wind turbines operating in Switzerlaothlled 5,36 MW and generated 5,23 GWh (i.e. 01
of electricity consumption). Most of these weregsnturbine projects of very small capacity. Théiorel
energy program Swiss Energy aims to increase wladtrieity production at least 10 times by 2010,
targeting a generation capacity able to delivewbeh 50-100 GWh/yr. This would represent around?o,1
to 0.2% of the annual electricity consumption, altph (environmentally and socially) suitable sitesre
identified that could contribute 3 % - 5 % to efaity demand (Horbaty 2003: 219). In 2003 theduling
wind projects were operating in Switzerl&hlisting only projects with at least 30 kW capgit

« single-turbine project of 30 kW capacity locatedsahplon Pass, 2000 m altitude. Stating operation
in 1990.

« single-turbine project of 30 kW capacity located@Hmli Titlis, 3000 m altitude. Stating operation in
1997. Owned by Elektrizitatswerk Nidwalden.

» single-turbine project of 80 kW capacity located ®abris, 1100 m altitude. Stating operation in
1995. Owned by Appenzellische Vereinigung zur Firdg umweltfreundlicher Energien. The
electricity buyer is SAK. Production in 1997: 4B/¥Vh/yr.

* single-turbine project of 150 kW capacity located Grenchenberg, 1300 m altitud&tating
operation in 1994. Independent power producer AREétal cooperative soci€fy Electricity sold
to City Utilities Grenchen and WWF Switzerland.

“2 Data on projects are based and http://www.suisse-eole.ch/power-sitessuisse-d.htm.
3 Financial support was received from the Swiss Federal Office of Energy, the Swiss Office of Economics, the Canton of Solothurn and
WWEF Switzerland.
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« single-turbine project of 800 kW capacity located ®ount Gutsch, 2300 m altitud&tating
operation in 2002, blade damage in December 2088tylbwner (EW Ursern, Institution under
public law). New machine:Enercon 40, 600kW, 1.5 Gavh

e six-turbine project of 4,16 MW capacity locatedMaunt Crosin at 1200 altitudéstating operation
in stages: 1996 and 2002. Utility owner (Juvent.SA)

During 2003, only one very small turbine was inetl due to the complexity of administrative preess
and the increasing socio-environmental oppositlon2004, two turbines of 1,75 MW each were under
construction in Mont Crosin (Jura bernois), whilejpcts totalling at least 35 MW were in adminittra
procedures for permitting (Horbaty 2003: 220).

.' Installations existantes A Petites Saliennes

Bestehende Anlagen Kleinwindanlagen
Projets de construction
Bauprojekte
o T
Hettlingen

Chilrstein
@%ool Oberhelfenschwil o .

Figure 1 Realized and planned wind projects in Swviand. Source: http://www.suisse-eole.ch/powtrssiisse-d.htm

For the purpose of this research project, empidedh regarding cost performances were collectédfon
the three projects mentioned above in italics. d&@ are summarized in Table 9.

As mentioned in the introduction of the chaptee &vailable cost data regarding these limited numbe
of projects may not be representative for the ptsj¢hat could/will be realized in these countriggis is
especially so in Switzerland, having in view the projects that are planned based on the Swissepofor
Wind Energy (see below) will use medium/large simbines and medium-large power stations, while:

- one of the above projects uses a 10 year old 158ukbihe, which is not likely to be used again

(significantly);

- one project was confronted with technical problénas strongly effected its economics — the 800

kW pilot project;

- the 6 turbine wind park, owned by utility may wied representative for investments to be made, but

the interviewee supplied less specific cost infdramato learn sufficiently from the experience.
Therefore, these analyses should be rather segerssal orientation on the cost performances ofdwin
projects in Switzerland, and as points of departardormulating expectations regarding how theiwas
cost factors that may influence production costs.
The production costs of wind plants using 850 k\Wines are estimated to be around 8,5 €c/kWh. When
new models of larger turbines are used, produadasts are higher: even at locations with good veipeled
and availability these goes up to around 13,5 €t'kW the latter case, total investment costs averal
1380 €/kW (Horbaty 2003: 222).

However, information on the three projects mentibire Table 9 suggests that these costs could have
larger ranges. The one-turbine project of 150 kWkhimissioned in 1994 (independent power producer,
column 2, Table 9) incurred total investment ca$t8220 €/kW and production costs of 35 €c/kWh. éDo
the receipt of 40 % investment subsidies, prodactiosts were reduced to 22 €c/kWh). The one-turbine
project of 800 kW commissioned in 2002 (utility osvncolumn 3, Table 9) incurred total investmergtso
of 1513 €/kW and calculated production costs of€tZkWh. Due to technical problems, however, costs
escalated to 35 €c/kWh. The 4,16 MW wind projechoussioned in 2002 by an utility assumes much lower
investment costs: 1202 €/kW, which is in the raafthe investment costs in the Austrian Alps: 11630
€/kW and the project in Mals, ltaly (1250 €/kW).tB@n production costs of this project were noilaisée.
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The study of the European Wind Energy Associatioonfl out that in 2001/2 the average total
investment costs per kW in several European casitri Germany, Denmark, Spain and UK - ranged
typically between 900-1200 €/kW (see Table 2). €fme in Switzerland, total investment costs are
considerably higher than the average costs in Euaopl for single-turbine projects even higher tiase in
other parts of the European Alps. This is importemtkeep in mind, as in the following sections the
discussion is sometimes carried out in terms oftgr@ages of various cost components in the total

investments costs.

Switzerland

1 turbine project,
150 kW. Independent
power producer. 1994.

1 turbine project, 800
kw. Utility. 2002

6 turbine-project, total
4.160 kw. Utility. 2002.

Production costs
€c/kwh

0,35 €/kWh but 40%
investment subsidy =>
costs 0,22 €/kwWh

Calculated: 0,12 €,
Effectively: 0,35 €

No declaration

Total investment costs

333.000 € total cost
2.220 €/kwW

1.210.000 €
1.513 €/kW

5 Mill. € total costs
1.202 €/kwW

Annual electricity
production

120.000 kWhty

700.000 kWh; expected
1.600.000 kwh

5.000.000 kWh

Technology-specific costs

Equipment costs

228.300 €
1.522 €/kW

800.000 €
1.000 €/kW

3.000.000 € (60% of IC)
721 €/kW

Technical availability

96%

50% caused by different
technical problems

98-99%

Efficiency

265 kWh/m2ly
452 m2 Rotorflache

336 kWh/m2/y, planned
768 KWh/m2ly

2002 = 608 kWh/m2ly,
2003 = 516 kWh/m2/y

Nominal wind speed 15 m/s 13 m/s 14 m/s

Cut-in speed 4 m/s 3,5m/s 4 mls

Type of wind turbines Two-speed rotor; Variable speed rotor 3 Vestas V44, constant
Asynchronus Synchronous generator 1 Vestas V47; two-speed

Stall-regulation

Pitch control

2 Vestas V52; variable
Asynchronus
stall control & Optislip

Technology complementary costs

Civil works’ costs

3.400 € or 10% IC

200.000 €

10% of IC (500.000 €)

Transport costs

Part of total price

No info possible

1% of IC_(50.000 €)

Mechanical and 52.000 € 37.000 € (3%) 15% of IC (750.000 €)
electrical infrastructure

Grid connection 18.700 € 46.700 € No declaration possible
Context induced costs

Financing costs Only equity Only equity Only equity

Received price / kWh

0,10 €c/kWh feed-in
tariff + 0,15 €c/kWh
green certificate
=> 0,25 €c/kWh

Customers pay 0,12 /
0,15 €c/kwWh on top
market price => 0,20 /
0,23 €c/kWh

0,12 €c/kWh on top
of market price

(~ 8 €c/kwh) =>

~ 0,20 €c/kWh

Investment recovery

15 years

15-20 years

10 years

Project development
costs

10.000 € (3 % of
investment costs)

33.300 €% (2,75 % of
investment costs)

50.000 € (1 % of
investment costs)

Insurance costs

2.700 € (0,8 % of
investment costs)

8.000 € (0,66 % of
investment costs)

25.000 € (0,5% of
investment costs)

Maintenance and

3.500 €/year (11,6 % of

No info — plant not

75.000 € (~ 1,5% of

operation costs annual income) working now investment costs / kW)

Grid access and 1.500 € Project owner owns the No costs

wheeling grid himself

Permits 300 € 500 € No additional cost

Taxes paid no taxes No taxes 10.000 €

Land costs 3.500 € bought Land bought for 2200 € No declaration
(0.33 €/m2)

Legal procedures 300 € 350 € About 3.000 €

Resource quality and availability

Average wind speed 4,9 mis 7 mls 6 m/s

Wind availability per 850 hours/year planned 2000 hly 2002: 1’240 h

year effective 875 hly 2003: 1’045 h

Table 9. Cost parameters for three wind projec®viitzerland

IV.1. Technology-specific costs

The three projects empirically analysed had largéfgrent technology-specific costs:

“* No costs on wind measurements because wind data were ready available.
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- 1522 €/kW for the one turbine project of 150 kV8,86% of total investment costs);

- 1000 €/kW for the one turbine project of 800 kV& 6 of total investment costs);

- 721 €/kW for the wind park of 4,1 MW (60 % of tbilavestment costs);

Comparing these with the typical range found inigpaenmark, Germany and United Kingdom by 2001/2

for recent turbine models (720 — 900 €/kW, with tmosbines below 800 €/kW, including turbines ofL>

MW [EWEA 2004]), only the last project of 4,1 MW gars to have benefited of a good cost level.
Further, as discussed in the Research Methodolb@ul-package 9.2, certain technical charactesistic

of wind technology also influence the cost perfanges, in terms of production costs per kWh. The

available empirical data indicate that the follogvidesigns were used in Switzerland (not considetfieg

very small size turbines, which form another madegment):

- one-turbine project: Lagerwey 18/80, 80 kW, stalttrol of blades.

- one-turbine project: Bonus, 150 kW, stall conttelp speed rotor, and asynchronous generator;

- one-turbine project: Lagerwey 800 kW turbine witlriable speed rotor, pitch control of blades,
synchronous generator; this was a new technolodiesibn based on the Dutch design of Lagerway
but adapted with synchronous generator manufaciar&avitzerland and variable speed; the turbine
had substantial technical problems and the prdj@st not been operational for some time; all
involved manufacturers bankrupted in the meanwhile.

- six-turbine project: 3 Vestas turbines of 600 kWhagonstant rotor speed, 1 Vestas turbine of 660
kW with two-speed rotor, 2 Vestas turbines of 850 With variable speed rotor; all turbines with
asynchronous generators, stall control of bladessiQp

Experts consider that in mountain regions it isdyeb use technologies that have a pitch conesigh with
strong generators able to face the strong winddspae high altitude. In the Appendix 1 of the Reskea
Methodology of Sub-package 11.6 it was mentionext thind technology designs with pitch control of
voltage, and two-speed or variable speed rotot ethler things equal - are more likely to contribud
lowering the overall production costs per kWh ohwvienergy systems, compared to the other desidmes. T
technologies used so far in Switzerland have giiterse designs, but it is possible that the tuebitnat will

be used for the new wind projects would have sechrtical features. In the multi-stakeholder Condept
Swiss Wind Energy assessing the economic and zedd#’ wind potential, the technology assumptiors wa
made that DeWind turbines will be used, with 80 ator diameter, 100 m height and 2 MW installed
capacity. The models of DeWind turbines have pichtrol of voltage and variable speed rotor (beyth
have asynchronous generators). Although in pragtice likely that some developers will have diet
preferences regarding the turbine manufacturequtd be expected that many would prefer to udainias

of similar technical characteristics and capacitg/ar that can generate wind electricity as conigara
production costs to those resulting from the teeboanomic models used to estimate the ‘realizable
potential’. But for all technology types, the altie and icing problems remain serious technicdletiges,
potentially increasing the technology-specific sasinsiderably.

IV.2. Technology-complementary costs

The three projects empirically analysed had thiefohg technology-complementary costs:
- 494 €/kW for the one turbine project of 150 kW @22 of total investment costs);

- 313 €/kW for the one turbine project of 800 kW #% of total investment costs);

- 312,5 €/kW for the wind park of 4,1 MW (26 % ofdbinvestment costs).

For the last two projects (both utility owned, iable 9), the costs in this category are compartble
those observed for the Oberzering project in Aasgstimated at about 334 €/kW (26 % of total itmesit
costs). But they are higher then the average tésp@omplementary costs in Germany in 2001: 210-23
€/kw*, and they are much higher than for the projecti®igel (1 turbine of 750 kW) in Austria, for which
these costs accounted for 17,3 %, that is€/K®/. For comparison with other European countrieterms
of percentages of investment costs, in Table 3ait be observed that the range of the technology-
complementary cost category is very large: 5 - 2H¥wever the three projects in Switzerland for ahhi
data is available belong to the upper part of thepean range.

To ensure the achievement of the goals for windtetéty, consultations were initiated among vagou
stakeholders resulting in the Swiss Concept ford\EEmergy ). This policy plan identifies locationfiave
the erection of wind turbines is technically poksiéind acceptable from the standpoint of regiondllacal
planning policies, nature and environmental pridacend social preferences of turbines’ locatioarde

5 This includes foundation, grid-connection and infrastructure (EWEA 2004: 98&99).
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consensus was reached that wind energy in Switkkdhould be harnessed by means of medium size wind
farms, meaning 3 - 20 turbines, and using turbimetshigher than 100m. The sites with projects using
between 3 - 20 turbines, to be developed in shediom term, were listed in the Swiss Concept fondVi
Energy. Considering an average turbine siZEIOMM these projects may have betwESingng MW Bhd 25
WMl or slightly highet®. However, this selection does not take into acttum criteria of proximity to grid
and road infrastructures. Looking at the categdtifferentiated in Table 6 (see Section on Austinaerms

of project sizes, it can be expected that techryotmgnplementary costs may be anywhere between thalv a
high (* - ***), depending on the distance to infragtures during the first wave of investments.

IV.3.Context-induced costs

In the Research Methodology section, three categafi context-induced cost factors were differeatia
¢ monetary consequences of financing and trade azraegts;
e expenses in project life-cycle, and
e expenses incurred in relation to (local) admintsteaand social approval

IV.3.1. Monetary consequences of financing anderatdangements

The trade arrangements in Switzerland attract wégh financing risks. The three empirically invegstied
projects did not use project finance loans, beimgely financed with equity by project developkEiowever,
when/if project finance loans are used this is lyidikely to attract high interest ratés According to the
Energy Law in force since 1999, utilities are obtigo buy the electricity generated by indepengemer
producers in their area of distribution and supplynopoly. The tariff generators get is fixed at @hb0,5
€c/kWh, which regards only the physical streamelettricity. This is higher than the average eleityr
costs in Switzerland, which may vary around 5,58&/h.. Since 2005, this is paid out of a surchayge
thehigh voltage grid (see section 11.2).

Further, the ‘greenness’ of wind electricity is ritancially rewarded by the federal government in
terms of surplus price per kWh. Wind electricityogucers need to find voluntary buyers of green gner
through one of the accredited green certificateests available in various CantShdHowever, generally
under this kind of scheme, there is high unceryaiegarding the reliability of green consumers’lwgness
to pay: the amounts of green electricity they may bould change substantially during project lifed, or
they may choose to shift at a later time to cheageewable technologies. This discourages manynpate
investors to build up new wind projects. When irirent plans go ahead, this attracts high finandisigs
for investors and hence high financing costs, iasireg the production costs per kWh as compared to a
reliable price support system (ceteris paribus).

IV.3.2. Project life-cycle cost

The empirical data suggest that insurance for weimekgy has normal levels. The levels encounterethé®o
three projects - 0,5 %; 0,66 % and 0,8 % - areiwithe range of 0,2 % - 1 % of yearly project in@m
observed in other European countries, includingtirer parts of the Alps (e.g. in Styria 0,2 %).r&gards

the maintenance and operation costs, there haveuseg expensive - 11,6 % - for the 150 kW projbett
encountered technical difficulties. The 4,1 MW jadjof utility owner has had so far low M&O expesise
0,7 %°. As mentioned in the Section on Austria, mainteeaand operation costs in European countries are
in the range of 2-4 % in the'year but they may go up to 5 % later. After 10rgehese costs may increase
to 6-7 %. In alpine regions M&O costs are typicdilgher due to more difficulty in the accessibildfysites

and frequent icing problems.

® There are plans that envisage the harnessing of around 500 GWh/yr by means of 300 wind power plants (Horbaty 2003: 219). This
implies that, considering the production of around 1,7 GWh/turbine at an expected 1200 full load hours, the average turbine size would
be around 1.4 MW / turbine.

47 S0 far traditional financing agents (banks, insurance companies and pension funds) have not been interested in wind projects, but if
projects are well developed it is no problem to find money among equity investors (Horbaty 01.09.2004, personal communication email).
“* The federal government may offer investment subsidies up to 60 % of project development costs (such as feasibility studies, site and
resource measurement) but other forms of price support were placed under the responsibility of state governments, where no additional
support has been offered so far. See sub-package 9.1 on Switzerland for more details on the policy support system.

4 Maintenance and operation costs are estimated at 75.000 € for the 10 year of investment recovery period, for a production of 5 million
kWh paid with ~ 20 €c/kWh.
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The project costs for the three analyzed projectsnathin the range of 1 % - 3 % of total investine
costs. This includes planning costs, project mamagé costs and wind measurement costs for which
detailed data were not collected. In other Euromeamtries they are typically between 1 % - 3 %wieer,
for the two single turbine projects (see TabletBg investment costs per kW are very high compéwed
other countries, meaning that these projects ierduhigher than typical fees (for their size-barieRpert
studies indicate that in Switzerland there are madystrial companies with highly qualified expsetiin
electrical-mechanical services, feasibility studaesl project development in mountain conditiong, thay
are expensive (Horbaty 2003: 223). Typically, labosts and engineering costs are higher in Swémdrl
than in many other European countries. Given digofact that they operate in a niche market based o
specialized knowledd® the costs for the products and services in thegoay of ‘project life cycle’ may be
high in the future, not only for the single-turbipejects for which such costs are generally higresrkwW
investment, but also for larger size projects. Cetitipn may eventually come from industrial comanin
other Alpine countries but this depends on thergxte which the market develops in those countties
create sufficient demand.

IV.3.3. Administrative(-social) consent / tax exgEn

We considered that this cost-category included lamt costs, permit-related costs (environmeritaliss,

grid-approval etc), legal costs, and taxes. Basetth® empirical data summarized in Table 9:

- for the 150 kW project, the above factors represrit,7 % of total investment costs (i.e. 5600 €; no
taxes paid);

- for the 800 kW project, these represented 0,25.863i050 €; no taxes paid and no grid wheelingsec
costs),

- for the 4,16 MW project, these costs represent2d 9 (i.e. about 13.000 €; no grid wheeling/access
costs and no permit costs; no declaration on lastsy.

At these levels, the above cost factors do noppegsure on the production costs, so far. As regagifare

investments in the region (considered also as gfantvestment costs), only the owners of the 4,16/M

project made voluntary ecological investments arak tcare of the construction of a tourist infrastaue,

but no information is available regarding their tsodNo payments from have been made in the form of

royalties so far.

IV.4. Resource quality and availability

Table 9 mentions the data regarding wind quality availability for the three investigated projedtxan be
observed that the average wind speed for the 150pkdjéct is quite low - 4,9 m/s - and the annual
availability of wind speeds for rated power opematis also low - 850 hours per year. For the 4, M/ M
project the annual availability of nominal winds svenodest during 2002 and 2003 (1.240 hours, 1.045
hours). For comparison, in Spain most projectsizedlin early 1990s had annual availabilities 0@,
many of those realized by mid 1990s had annualabilifies of around 2400 hours, while by 2001, man
projects still could operate for around 1800 hquesyear at rated power (Dinica 2003).

The technical potential of Switzerland, was estedadt 74 TWh/year, available on a total surfac2®f
% of country surface. This potential is mainly located in the North-Epart of Switzerland. Based on this,
Swiss experts estimated two options of the ‘ecoogoiential’. The first regards sites with at led& m/s
annual average wind speed, with more than 800datl hour per year, with a density of 5 turbineskre’,
for which production costs would be below 17 €c/k\{Mlature protected areas were not excluded). These
sites total 1.668 k(4 % of country surface) and could accommodaté@tBrbines. Assuming that these
are DeWind turbines of 80 m rotor diameter, 100eight and 2 MW installed capacity, they could gater
21.600 GWh/year. The second regards sites withast I5 m/s annual average wind speed, with more tha
1.100 full load hour per year, with a density ofubbines per ki for which production costs would be
below 12 €c/kWh (nature protected areas were noudrd). These sites total 753 (1,8 % of country
surface) and could accommodate 3765 turbines. Aisguthat these are DeWind turbines of 80 m rotor
diameter, 100 m height and 2 MW installed capadityy could generate 12.000 GWh/year. For both
variants a large part of the economic potentidbésited on a strip of land along the North-Westdeorof
Switzerland.

% Several Swiss companies focus their efforts in improving project design and technological performances of projects facing icing
conditions and turbulences, located in areas of difficult accessibility for construction as well as maintenance/repairment of wind systems.
*! This means 11.512 m? and it excludes areas with unstable ground, steep areas, inhabited areas, lake areas and not accessible areas.

34



The goal defined in the Swiss Energy national mogf is the commissioning of turbines able to
generate 100 GWh by 2010 (the BFE envisages 10ityrgites for investments, using 65 turbines). Win
electricity production should be later increase@@0 GWh by 2025 (320 GWh in wind farms and 280 GWh
with single units) and 4.000 GWh by 2050. The tafge 2050 is considered to come around finallyhwit
two-thirds from single-turbine wind projects (2.88Wh/year) and one-third from wind parks (1.150
kWh/year). For these targets it is expected thatlpetion costs will be around 9 €c/kWh. On the siem
it is expected that for thESSIBIBINeS that maybhit at the selected 10 locations, productionts@se
would be on average 11 €c/kWh. This estimation tiodd account the available wind speeds and fatlo
hours at the respective locations for turbines liaate on average 1,25 MW installed capacity. Howéus
not clear to what extent cost estimations took attoount the pressure on production costs dueetarifall
size of projects — as agreed with many stakeholdarsl the fact that many projects will be singlebine
projects, which increases production costs sukiatyif. Appendix 1 shows maps with the sites for wind
parks as agreed upon in the framework of the Seaiesept for wind energy.

Policy recommendations - Switzerland

IV.6.1. As regards the reduction of the influent¢ezhnology-specific factors and costs:
» Public authorities could stimulate investors’ cleofor technological designs with:
- Strong generators (able to face the Alpine windeg)
- pitch control of blades;
- variable / two-speed rotors;
- adequate ice-removal devices
- synchronous generators for stand alone applications
These technical features are more likely to in@dhs electricity production of wind turbines
compared to conventional models typically usedahdreas. This could be done by policy
instruments such as:
- tax incentives: allowing the reduction of istraent tax (or other taxes) for wind technological
designs that have such technical features;
- technical standards for the manufacturers aiimg in the call for tenders in order to receive
governmentally subsidized price support.
- financial support for Swiss industrial compasivorking on R&D for ice removal systems.

e Many projects are planned as single/two turbinatsla either connected to grid or (mostly) stand-
alone. The turbine costs are often higher whenlsingbines are bought as compared to larger
orders. Public energy agencies may support thehpaec of single turbines by meanspobject
aggregation arrangement# series of project proposals may be broughtttegeand orders can be
made for larger numbers of wind turbines from delcmanufacturers when the preference of
project developers overlaps. This may reduce thetent costs per kW.

« As indirect measure: provide price support that nsake the ‘realizable potential’ found in the
Concept Plan economically feasible and financedliles should preferably be in the form of one or
two policy instruments with clear and simple dedigait should be maintained for a period of at least
10 years. The operation of one or few clear supgdremes increases the range of developers likely
to understand and able to assess their financi@hdm Transparency and stability in support system
will increase the number of investors and induktraanpanies willing to contribute to the diffusion
of wind technology. This may also attract more nfaawrers of wind technology with desirable
technical features to compete in Switzerland addee technology-specific costs.

IV.6.2. As regards the@echnology-complementary casthie comments and recommendations made in
Section 1.6.2. for Austria apply as well. Therdiide public authorities may do to minimize tecthogy-
complementary costs, because they are influenceujioyfactors, not liable for manipulation.

In Table 6 we presented a qualitative estimatiothefweight that technology-complementary factors
may have on production costs. If the political cieois to support first the projects with lower potdon
costs and later the increase price support to enalslo projects in more remote locations, then the
government should:

52 The Swiss Energy national program is based on the provisions of the Energy Law, which became effective in 1999 and the Carbon
Dioxide law adopted in 2000.

8 When projects are stand-alone systems, production costs are even higher, being typically 30 % higher than for grid-connected
systems (and they require synchronous generators for good operation which so far not too many manufacturers can provide).
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« stimulate first investments in larger-size proje¢td5 MW) and moderate size project (5 - 12,5
MW) locatedcloseto adequate grid and road infrastructure;
* increase price support at a later stage to alsblena
0 larger-size projects (>15 MW) and moderate sizgegto5 - 12,5 MW) locatedar(ther)
awayfrom adequate grid and road infrastructure;
o small size projects (< 5 MW, close/far from grickdoinfrastructure).
If the political choice is to simultaneously suppal types of projects (as differentiated in Table the
government should introduce a price support syskendifferentiates payment according to projepe gas
suggested above), and location relative to the-mgd infrastructure, while accounting for the nded
clarity and simplicity in design.

IV.6.3. As regards the reduction of the influen€eantext-induced factors and costs:
a) In order to contain the negative cost conseqeent trade and financing arrangements, (Cantohbligu
authorities may:

« Putin place a reliable financial support systeat tnables predictable payments for project owners
and maintain them sufficiently long to enable baldens at reasonable interest rates - desirable 10
years. This may imply a back-up price support sydtieat enables projects to remain economically
feasible in case the willingness to pay of volunptasnsumers lowers too much, or a governmentally
guaranteed purchase system with utilities, base@ @ost-recovery mechanisms for buyers that
reduces the current contract risks.

«  Project aggregation schemgsould also help to contain the cost consequentpsofect financing
arrangements especially for small and one-turbiogepts, which appear likely to dominate future
investments based on the Swiss Concept for Windgyn@FE) after 2025. These projects incur
typically higher banking fees and interest ratesmtproject larger than (around 5 MW). For the same
purpose another policy instrument that may be isé#uht of:

« governmentally-subsidized soft lodns

* Workshops with financing agents to communicategiinernmental energy policy may increase the
confidence of financing agents in wind technolagyd in the political support for wind energy,
enabling more project financing loans and loweeriest rates.

b) In order to ensure low costs in project life leyoperations, public authorities could provide enpolicy
stability with regard to the chosen price suppohtesne and its design details: this may encourage more
industrial companies to offer services and prodoictvind power plants investors, increase competitind
lower the costs incurred by investors during tfediycle of projects.

I1.6.4. As regards the influence otsource quality and availabilityon production costs, the same
recommendations as in the case of Austria and #ppfies. Public authorities could design a prigepsrt
system that rewards wind electricity also whersipioduced and not only for the times when the g¢ne
demand in the electricity system is high. The Alpse good wind resources but with very large déffiees
in wind speeds during the day and from month to tmofihis makes it desirable to tune price suppatth w
the technically possible timeline of wind electiygproduction.

References

Personal communication with Horbaty R. from ENCQEjy Consulting AG, on 1 September 2004.
Website: http://www.suisse-eole.ch/power-sitesadsfitm.

* Project aggregation or bundling refers to a way of addressing the problems of financing availability and financing costs by aggregating
more wind projects in order to secure a single large loan. This approach is generally used when sizes of projects are too small
compared to the standards of the financing agent. After the loan is received the money is split among the developers whose projects
were aggregated. Beside access to finance, this instrument also results in lower interest rates, because the transaction costs per project
are reduced. The aggregation of wind projects can be done by any type of economic actor. But when a government agency takes the
role of aggregator agent, this has higher chances to result in more attractive financing terms including lower interest rates. An example
where this instrument was successfully used is the Autonomous Community of Catalonia in Spain, where the regional energy agency
concluded agreements with regional banks for large and low interest rate loans that were consequently split to finance the installation of
solar based energy systems by households and small companies.

* Soft loans assume the payment by the government of a percentage or the entire interest rate that project developers have to pay
when loans are used to finance wind projects. This has similar effects to subsidies, but often assume a smaller extent of financial
support. The loan could come from a financing institution or agency of the government, or from a commercial bank or other type of
financing agent with who the government concluded an agreement to finance developers of wind projects. This instrument is very
helpful to use in the first stages of market introduction to overcome the financing barrier.
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V. FRANCE
(This section is based on the report by RAEE contaed in 11.3.2)

The analysis of the questionnaires returned by wardh developers makes it possible to indicate the
differentiated production cost, on the basis oftallsd MW. Part of the operating costs (principally
maintenance costs) is built into the productiont.cééong with this, in order to reflect the commiaic
diversity of the wind generating business, costslvd expressed in price class / MW. They will showst
variations depending on parameters, like the sizeewind generators and power developed, or aga@
professional status of the developers: constructdes/elopers, developers / operators, developprsejéct
owners.

Overall production cost of wind-generat[&SO to 1200 K€ / MW installed

electricity

T T T T T T T T T T T T ALOCATION OF COSTS PER POST: ~ ~ ~ ~ — — ~ = 7]
_ Cost of wind turbines (excluding transpp600 to 1000 K€ / MW installed |
& and installation)
% Civil engineering 170 to 210 K€ / MW installed
g Transport Priced per Km (from 5 to 8 % of the allecost of the wing
= generator)

Connection to grid 10 to 100 K€/ MW (10 to 100 K€/ Km)

Development and study phase 30 to 100 K€ / MW\Ailest
© Supporting measures Highly variable, but generally a low % of the oMécast
<3 S Annual maintenance 20 K€ / MW for the first 10 ggeahen up to 30 KE / MW
O3 installed depending on the level of maintenance.

Table 10. Estimation of the cost price per poghefwind-generated kW, on the basis of the resiiitke questionnaire
sent to French wind farm developers.

The following observations can be made, based @ddta in Table 10:

- The total investment costs range 850 — 12@UEEcorded so far in France is almost the santbea&U
average (see Table 1 and 2). Compared to the glreatized projects in the Alpine area of Austtialy

and Switzerland, these costs are somewhat lower.

- Technology-specific costs: the lower rangehi$ cost factor is also somewhat lower than fer ather
Alpine projects investigated and summarized in &dblstarting from around 600 E//kW up to aroun@Q.0
E/KW. These represent between 70-83 % of totalstmvent costs. This proportion is almost the santke wi
that in Germany, UK Spain and Denmark (see Table 3)

Factors leading to higher overall production copts kWh of wind electricity in the French Alps:

The discussion in this section is not based orr@pstous economic analysis, in its scientific amalgtic
dimension. The amount of experience feedback frona\generating sites in mountain zones is tocelitl

be significant and enable a reliable economic amlyrherefore, the analysis here is mostly qualéga
based on the experience garnered by wind farm dpeesd. Nevertheless, general trends have emerged,
along with major priorities for consideration.

As the constraints of the mountain environment @assed on more or less directly to the cost of
production of the wind farm, it is possible to acamit the industry’s development perspectives wité t
economic demands imposed by the mountain envirobriiére idea behind this is to assess specific needs
and supply responses and recommendations optinfesasgoility.
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According to the answers given by the developdesviewed, the major constraints in terms of
economic repercussions are:
- technology complementary factors
*» The accessibility of the wind generator site (apport WP 3 for details on the nature of the traigs),
* Accessibility of the electricity network,
- context induced factors:
» The demands of “integrating” the landscape @bort WP 5),
* The low availability of land and the mechanisrasaxiated with real estate speculation
(cf. section I. C 3. a) 1.),
-> resource availability and quality related factors
» The impact of the constraints caused by weatbeditions on the productivity of the installed mens,
» The impact of the constraints caused by weatheditions on conditions of maintenance (cf. repR 3
for details on the nature of the constraints).

Although all of these factors are specific to maimizones, we can make their constraint levelgivelavith

regard to the variability of potential wind-farntes. For example, for two sites that are closeeims of
natural heritage and meteorological conditions,gbenomic feasibility of the wind-farm site will gend
essentially on existing infrastructure (i.e. roaglsctricity network, mechanical ski-lifts). Theveé the level
of costs pressure of “technology complementarystastessential in the economic feasibility undesgng

price support mechanisms.

The generalisation of constraints throughout thaind zone would not be a good thing: certain zaries
the mountains are already densely developed arel éstablished network and service links, which edtke
possible to considerably reduce constraints in$esfraccessibility (to sites and networks) and icbjga the
landscape. However, these zones have considerahdtraints in terms of land availability (i.e. laokland
available, speculation in tourist sites). At thaestend of the scale, less developed zones offeressting
land acquisition perspectives, but the lack of weks is a drawback to an economically sustainable
installation. This suggests the importance of titerplay between two cost categories differentidtethis
project: technology-complementary costs and coriteckiced costs. When one category increases, @ption
need to be found to reduce cost pressure fromttier cost-category (e.g lower interest rate leirerder
to keep the overall production costs at a level #dtlaws economic feasibility of the projects unéeisting
governmental price support level.

Table 11 covers the specific constraints (costqumesfactors) most often referred to by developers.
Details of their economic repercussions are gibeih|t is impossible to derive serious statisticsf this.

CONSTRAINTS | ECONOMIC REPERCUSSIONS

Technology complementary costs

Complicated access to site: bridges, tunnels and| - Additional cost in developing or building roads.
winding roads. - Additional cost in an alternative transport smnt(air transport)

The possibilities of connection and/or evacuatmn t Additional connection costs relating to the numdsiekilometres
networks are difficult: for reasons of distance and of trench to be laid.

the complexity of the terrain to be connected; ang-Additional cost if there is a long delay in reirding the network
for reasons of the capacity of a network that may (investment costs to pay but still no operatingerae).

already absorb hydro-electric production

Context-induced cost factors

Landscape requirements - Additional cost in the giospection and study phase.

- Additional cost relating to the most probableratean of project
after planning applications.

- Additional cost linked with compensatory measwes
supporting measures.

Lack of land and high rental prices in certain istur - Additional cost in the study and prospection ghafthe site.

zones - Additional cost in fixed rental costs.

Resource-related cost factors
Turbulence, ice and snow problems, low air - Additional cost in terms of producible forecasgtif@ontinuity of
density”® wind measurement).

- Additional cost linked to losses in productiv{tyind generator
productivity and difficulty of access for maintema@noperations).

19 The diminution of air density with growing altitude implies a lesser yield from wind generators.
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Table 11. Résumé of the economic constraints oerldping the wind generating industry in mountaines

As it can be seen, we can talk fairly seriouslyutibe constraints and additional costs. Howevegmains
difficult to put a figure on additional cost, agtbxtra expenditure will depend on the charactesisif each
site chosen (cf. annexe 3, the variability of add#l cost estimates given by the developers).

In this context, the evaluation of additional costkating to the constraints of mountain zones il
dealt with on a case-by-case basis. Developers walidlate a mountain zone project by accepting the
possible additional costs, only if the wind poteh&ind the operating capacities prove profitablee Hanks
work on the basis of data on wind potential andipoible forecasts before giving their approvalaimund
80 % of investment (cf. finance section).

The additional costs mentioned above can be brodgiwn. So, the question is to find the wind-farm
structure best suited to the reduction of addifi@moats, by guaranteeing a profitable minimum ekcgical
producible. When one consider factors such as:

- technology complementary costs:

- the problems of transporting wind generators tositeeand

- the problems of capacity of the ARD and RTE netwprk
- factors possibly affecting both the level of teslugy complementary costs and context induced costs
due to the costs incurred for permits and studies:

- the problems of landscape impact

- the problem of land availability,
one can already envisage profitability difficultits projects involving wind generators developinigh
power outpu® (> 850 KW).

Because transporting them is less complicatedr thedscape impact is lower, their installationdan
requirements are less and their production is mmomapatible with the current electrical network, mued-
sized wind generators (generally 750 and 850 k'¥$ fean 70 metres high) involve lower additionatsdan
development. The land area required and the poexezloped also depend on the number of wind generato
installed. This is why wind farms of modest propms (< 10 MW developed), are a more realisticapti

Furthermore, the profitability of small to mediuning farms in mountain zones will also depend on the
relative cost of wind turbines. It has been shotvat tdevelopers who do not generate very large power
output (< 2 MW), have a more interesting kW cogtgon small wind generators compared with largerso
(cf. diagram 11). Small wind generators benefitrfimnger feedback experience and are, up to nowrand
most cases, less expensive to produce. In terrasasfomic and technical feasibility, medium powetpati
wind generators are most adapted to the developaifi¢hé industry in mountain zones.

Price per kW developed according to wind generator output using
a sample of 5 developers
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Figure 2: Prices of wind-generated kW (excludingitee manufacturing, transport and installationtgpaccording to

% from 70 to 120 metres high excluding blade.
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the power of the machines, for six French develp8hort of output power of 2 MW, the productiorstcof small
wind generators is lower than (developers 1, 2 &@qual to (developer 5) the cost of the largesthines.

Therefore, the following observations could be made

- The topographic, meteorological, landscape and &vailability conditions in mountain zones représe
additional cost factors.

- The costs of connection to the electricity netwankl developing the road network increase expaoalgnti
with the complexity of the terrain, and the devehgmt of wind farms will be facilitated in zones tlmave
already been developed.

Context-induced costs - monetary consequencesasfding and trade arrangements

In this section we address the questions: Whoterditancial players in a wind generating projed avhat
parameters do they use for deciding whether otitvest? Is the development of wind farms in ntaim
zones inseparable from specific incentive measures?

The financing of wind projects depends on:

- the cost price of the investment per installed kW

- the number of operational hours per year (2,208,300 hours per year minimum).

On the basis of these factors and the owners eduiignk debt ratio, the bank will create a finahcia
development model for the wind farm project (segufé 3) and will use it to decide whether it will
participate in the project and, where this appl#, the conditions for the loan or the SOFERGHSIleg
(see below) arrangement to the project’s sponsors.

Figure 3: Summary of the financial approach of lzimkthe context of a wind farm project. (Sourcend Houlliére,
2004)
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The following forms of financing have been observed

1. Banks / private funds: 80 % / 20 %.

Typically, the financing of a wind generating prjeelies on the participation of private investairsd
banks. With participation of 20-25 % and 75-80 %pextively. The private investors can be autonomous
producers with solid experience in other energytaec(hydraulic, thermal), major operators, Frewch
foreign electricity producers (energy subsidiaridsmajor industrial or service groups) or indeperide
developers (design consultants, small operators) lve@ve developed projects in which they want toaiem
at least partially involved. The developers (orrapars) are in charge of setting up the financidest of
wind generating projects and ask the banks fordo#¥ithin the framework of this type of financintpe
structure of wind generating projects can fall istweral different legal forms, which are detaitednnex 4.
The banks offer their participation in the follogiways:

- aloan:

- Financed over 5 to 15 years.

- Variable or fixed rate.

- Repayment at constant rate (linear) or constapital (sliding scale).

- Possibility of capital exemption in one or tw@agments.

> SOFERGIE leasing:

Specific financing by property and equipment legsim simply renting installations intended for emer
control and protection of the environment.

- Financed over 5 to 15 years.

- Rental rates adapted to the growing scale ofsitivent and the project's own economy (progresdiye,
stages, seasonal), and taking into account the pcale or the nature o the producible.

- Fiscal depreciation allowance on the propertynelet over the same duration as the equipment etemen
without fiscal reintegration at the end of the irgsagreement.

- At the end of the leasing agreement, the lesaaereturn the property to the lessor or purchaser ithe
amount of its residual value (fixed at the begignof the operation).

The BDPME (Small and Medium Business Develepnibank), a limited company where the State and
the Caisse des dépbts et consignations (deposit@msgnment office) are the majority stakeholdéss,
often the main financial partner in setting up wiggherating projects. When the risk of a wind gatieg
project is acceptable, it allows the financingla# project by calling on its international netwaoiflfinancial
partners. Private investors finance up to 15-20efdedding on the quality of the project, eitherhia form
of a current account with withdrawals possible &etrthe debt repayments, or as a security deposit.

2. Alternative financing
- The FIDEME
Beyond loans and SOFERGIE leasing arrangementeedftey a pool of financial players, there is alse t
FIDEME (Environment and energy control investmamid). The fund is managed by a subsidiary of the
Caisse des Dépots group investment bank, 1énad&@meément. It allows a partial substitution for paiers
and credit establishments, through an action irsigeguity. This means the FIDEME provides an addéi
financial resource (and intermediary between pren®towners equity and classic bank debt), wheee th
finance costs and guarantees are competitive, vaffard to those required for owner’s equity, in the
framework of a wind generating project. The secabigible for FIDEME involvement are renewable ener
sources (wind generating, hydraulic, geothermal didmass), waste upgrading, and equipment
manufacturers in energy control and waste upgradindg/etropolitan France and in French overseas
territories. The FIDEME's aims do not include fimémg companies in the start-up phase, or the
development of technological innovation. For furthdormation about the FIDEME, readers are invited
consult the fact-sheet in annex 5.
- Local investment (in line with WELE)
German and Danish experience in the subject ofnfimg wind generating projects show that local
investment, by individuals or co-operatives, caayph decisive role in matters of appropriation and
acceptance (see Figure 4). In Germany, 90% of wgederators are owned by private individuals. In
Denmark, 26% of wind generators belong to co-operst

These methods of financing are not common in Fradoeever, there are several legal forms that allow
numerous individuals to set up in assocation awesiors to limit their liability to the value ofelr stake.

2 Created by the law of July 18" 1980.
2 WELFI: Wind Energy Local Financing (http://www.etd-energies.friwelfi/fr/).
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Linking infrastructure financing and local investment is vital,
because this link is a major factor in a project’s acceptance.

1 |

Appropriatior

Acceptance

x

The quality of the integration of a wind farm project also
depends on the quality of its integration in the local social
fabric.

Figure 4: Schema resuming the interactivity betwieeal financing and the acceptance and sociagrateon of wind
generator projects. (Source : Arno Houlliere, 2004)

Intermédiation financiére
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Fonds commun de placement a risque
(FCPR), ......

Figure 5 : Summary of financial intermediation maagisms in financing wind generator projects.
(Source, Reynald Bavay, ADEME, 2004).

i Via direct investment:
The French system allows direct local investmentaling on public savings schemes, for the follogvi
types of legal status:

* Société en commandite par actions (Partnership aniep limited by shares);

* SEM’s (Mixed Economy Companies);

¢ SCOP’s (Co-operative production companies);

e SCA's (Co-operative agricultural companies);

e SCIC (Collective interest co-operative companies).
ii: Via indirect investment:
Indirect investment via adapted financial tools Wdoenable a better mobilisation of public savingsesnes
and encourage local investment.

- Proposed legislation relating to local investment
The procedure of a public call for savings schemegry cumbersome to set up (application file serthe
COB) and, because of this, represents a major reamistto indirect local investment. So, this type o
financial deal is only appropriate for major pragc

A new, particularly interesting, financial tool hesen announced: the FIP (local investment funé —th
“Dutreil” 1 bill — accepted on its first reading @003). The bill provides for the creation of a nsub-
category of FCPR (common funds for risk investmesatled FIP (local investment fund), which will
provide local financing solutions allowing mandat@djanisations to collect regional public and prva
savings in the form of minority stake-holding irethegion’s small to medium businesses. Subscritoers
these FIP’s are entitled to an income tax reduatiod5% of the amount subscribed, with a €10,000nge
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for a single person and €20,000 for married couggagning a joint declaration. The initiative finese new
funds will be in the hands of the regions, whicli participate in defining their investment ruldhey will
be able to participate in financing the fund mamaget structure. Subscribers can be private indalglor
institutional investors. This will allow investots make investments voluntarily dedicated to ecamom
activities, where localisation is an additional mation to the prospect of profit. Consequenthdirect and
local investment in France is encouraged by callechvestment schemes which:

« offer investors the means of making an investnoéain economic type,

» mutualise risks,

« offer the possibility of contributing to the eaanic development of their territory, beyond profit
considerations.

It should be noted that the financial analysisiedrout by the bank represents a 1 to 2% sharseaital
investment costs. According to the results fromghestionnaires sent back by the developers, treiog
general financial trends can be underlined:

* Project sponsors turn principally towards finatessors in financing wind farms.

» The repayment deadlines stretch from periods2ofol20 years, depending on the availability of the
resource and the relative share of owner’s equithe total investment.

« The internal profitability rate after tax varié@®m 6 to 10 % according to the availability of the
resource and the project sponsors.

Consequently, it can be concluded that under thamiting financing options, the financing costsdae of
the sub-categories of context induced costs) dguobtost pressure on (leading to increase inpthezall
production costs of wind electricity per kWh. Howeyvbank loan financing remains an obstacle foryman
project developers. The explanation for this finahconstraint lies in the notion of financial risked by
uncertainties concerning profitability that essalhti affect the forecast of producible and mainterea
guarantees.

1. Forecasting the producible:

There are 3 major problems in estimating the prifudierc

» The continuity of wind measurement: anemometersoenter operating problems in extreme weather
conditions. Yet the banks demand continuous windsmeement over a period of at least 6 months.

» The correlation of wind measurements with therestaMétéo France meteorological stations: the
complexity of mountain meteorological phenomenafimmied with the insufficient number of exploitable
weather stations (for wind data) in most mountainges makes it difficult to obtain the 95 % cottieta
coefficient demanded by the banks.

* Wind prediction models (WASP, MESO NH) are leszumate, particularly in taking topographical
variations into account. The banks often considisrltias in prediction as a supplementary risk.

With regard to uncertainties over forecasting astineating wind potential, the banks extract safety
margins of the producible. These margins of arob@d&b on the annual duration of the wind, for examnpl
modify the estimated profitability of wind farmsdamery often compromise their financing.

2. The operating and maintenance guarantees:

The risk of operating loss linked to the impos#ipilof maintenance operations because of weather
conditions will be increased in mountain zones.r&tae two risk factors:

 access to the site,

« and the safety and efficiency of maintenance aipmns.

3. The decreasing level of purchase prices whifdctf project profitability and risks. This is eapled in

the section below.

Financial public support

Investment in a wind farm project is directly degent on the profitability prospect of the electsci
producing structure. The revenue of the industuadd farm is completely ensured by the purchase of
electricity. The purchase price is comfortablejta@ms to encourage the expansion of the industtly a
view to meeting France’s Community requirementg=rance, an agreeméhsets an average purchase price
of 7.3 c€ per kWh (Teq) for 15 years. EDF and tbe-nationalised distributors (Inter-communal syatks,
SEM'’s or private distributors) are obliged to bing telectricity at the high price for the first Saye 8,38

% The decree of June 8" 2001, setting the purchase conditions for electricity produced by installations using the wind’s mechanical
energy and the decree of March 7" 2003 relating to the multi-annual programming of investments in electricity production.
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c€/kWh (T1); then, for the next ten years, the pase price varies from 3.05 to 8.38 c€/kWh (T2pating
to the duration of operation noted over the firstipd (5 years). The maximum remuneration conctras
sites with the least wind, so, the more wind theréhe lower the purchase price.

Tarifs
4
e Teq
EIRRENINNEE NI NERNINENNINNNRRRERINEEN
T2
» Annegs
) 15
Figure 6: Purchase prices for wind-generated ébitgt(Source, Bernard Chabot, 2003).
For the first 1,500 MW installed For the followihgwV

'Years 1to 5 ! years 6 to 1Bbove this ' yearslto 5 years 6to 15 Above this

Annual 1 1 1 1 1 1 1

operating period__________. ] o e o Lo |

(hours) . price .\ price | price | price . price ; price

CEKWh __icE/kWh __[c&kWh _icekWh _ c€kWh __ce/kWh _ |

1900 and less 8.38 8.38 4.42 8.38 8.38 4.42
2000 8.38 8.38 4.42 8.38 7.89 4.42
2100 8.38 7.98 4.42 8.38 7.41 4.42
2200 8.38 7.57 4.42 8.38 6.92 4.42
2300 8.38 7.17 4.42 8.38 6.44 4.42
2400 8.38 6.76 4.42 8.38 5.95 4.42
2500 8.38 6.36 4.42 8.38 5.63 4.42
2600 8.38 5.95 4.42 8.38 5.31 4.42
2700 8.38 5.66 4.42 8.38 4.98 4.42
2800 8.38 5.37 4.42 8.38 4.66 4.42
2900 8.38 5.08 4.42 8.38 4.34 4.42
3000 8.38 4,79 4.42 8.38 4.02 4.42
3100 8.38 4.50 4.42 8.38 3.69 4.42
3200 8.38 421 4.42 8.38 3.37 4.42
3300 8.38 3.92 4.42 8.38 3.05 4.42
3400 8.38 3.63 4.42 8.38 3.05 4.42
3500 8.38 3.34 4.42 8.38 3.05 4.42
3600 8.38 3.05 4.42 8.38 3.05 4.42

Table 12 : Table summarising the interpolation ofghase prices for wind-generated electricity daretion of the
power developed (threshold of 1,500 MW) and the Imemof hours of operation on site. This price dsidnly valid for
projects that came into operation before June 2002.

The variation of purchase prices according to thailability of the resource should allow widespread
installation of wind generators throughout the dognin order to avoid the concentration of windnfi& in

the zones with the highest wind potential. Thedpsice grid is effective for projects that camwibeing in
2001 and 2002 (from June 2001 to December 200832003, prices have come down by an annual 3.3 %
in order to take into account the improvement indpictivity and the principles of competition betwee
different electricity producing installations. Theces are calculated on the basis of the pricaswamced for

the first 1,500 MW installed. Beyond the first 105RIW, the basis for calculating prices should bedoed

by around 10 % for operating duration of > 5 yeargddition to the annual reduction of 3.3 %.



The purchase prices represent additional costEBot. These costs are compensated by a surcharte on
consumer’s bill, collected by the FCSPE (Publicvieer electricity compensation fund). According te
estimate of public service costs made by the CRiendy regulation commission) at the end of 2008,|th
preferential prices for wind-generated electridgitgduce an additional cost of around € 30M for 2083
annual additional cost of € 0.18€ for a househatti average consumption (3,000 kWh).

The “purchase price” variable is decisive in thee@ast profitability analysis. The gradual decrezfgerices

will complicate the achievement of less productivejects. The fact that France lags considerabiyrigein

the development of wind farms has major economiplications. Although there have been technical
improvements in productivity, the absence of aameti network of production and operation (dependenc
relation to the Spanish, Danish and German indgjtrcannot be compensated by constantly decreasing
purchase prices (Boston Consulting Group, 2004).

Resource quality and availability factors

The system of purchase prices is not necessaxibufable to investment in wind farm projects in mitain
zones. Amongst other thingbe profitability of mountain zone wind farms regsi good wind conditions(
3000 hours of operation per year) to offset esaéiytthe additional technical costs (hence the kigbosts
in the category ‘technology specific cost&j optimistic scenario of the development of theustry in the
zones in question, could forecast the wind farmsg@eperational by 2007-2010. In terms of purchase
prices, this implies an accumulated drop of 9 t@d.Bf price bases that are already diminishingphdy5
years of operation. The drop in the guaranteedracmial prices means that even some sites with high
quality resources and high wind availability may he able to accommodated economically profitabrew
projects.

To deal with the risks, in terms of investment, asgd by the specific features of mountain zonesdwi
farm developers propose several development sosnfan the wind generating industry in mountainesn

« Either an incentive scenario, based on specHanges in prices or the administrative facilitatahn
projects,

¢ Or a wait-and-see scenario, based on the developof R&D in terms of productivity and wind
potential forecasting in extreme conditions.
Others think that the potentially profitable windngrating potential of mountain sites should bdatqul
rapidly, in order to take advantage of current pase prices, sufficient to ensure a good leveraofitability
for installations. In the main, they call for aifaation of projects or, at least, a reductionaofministrative
hindrances and obstacles.

Policy recommendations

The above empirical analyses lead to the formulatibthe following policy recommendations for wind
energy expansion in the French mountain zones:

As regards the reduction of the influenceesfhnology-specific factors and cagtsiblic authorities could:
« Stimulate investors’ choice for technological desigvith:

- Strong generators (able to face the Alpine windeg)

- pitch control of blades;

- variable / two-speed rotors;

- adequate ice-removal devices.
These technical features are more likely to in@ehs electricity production of wind turbines comgghto
conventional models typically used in flat aredsisTcould be done by policy instruments such as:
- taxincentives: allowing the reduction of istrent tax (or other taxes) for wind technologibesigns
that have such technical features;
- technical standards for the manufacturers aiimg in the call for tenders in order to receive
governmentally subsidized price support.
- financial support for French industrial comjgagnworking on R&D for ice removal systems.

As indirect measure: improve the economic attractess for the economic support systems by means of
additional instruments (such as investment subsjidible to give compensation for the higher invesiim
and production costs for projects in Alpine envir@ants. Bringing the profitability of wind projecis the
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range typical for projects in other landscapes nmzyease the number of manufacturers, investors and
industrial companies involved in wind projects irefich Alps and competition may reduce technology-
specific costs (or rather said help with a lowee raf cost increase, when additional devices aoknieal
measures need to be incorporate to deal with fecésof icing and other alpine-whether impacts).

Further, public energy agencies may support thehase of single turbines by meanguiject aggregation
arrangements A series of project proposals may be brought ttegyeand orders can be made for larger
numbers of wind turbines from selected manufactuvdren the preference of project developers overlap
This may reduce the equipment costs per kW.

As regards théechnology-complementary castisere is little public authorities may do to nmvize them,
because they are influenced by rigid factors, iablé for manipulation.
In Table 6 of Report 11.6 we presented a qualigatstimation of the weight that technology-completaey
factors may have on production costs. If the prltichoice is to support first the projects withwém
production costs and later the increase price stgpcenable also projects in more remote locatidimsn
the government should:
« stimulate first investments in larger-size proje¢td5 MW) and moderate size project (5 - 12,5
MW) locatedcloseto adequate grid and road infrastructure;
* increase price support at a later stage to alsblena
0 larger-size projects (>15 MW) and moderate sizgepta5 - 12,5 MW) locatedar away
from adequate grid and road infrastructure;
o small size projects (< 5 MW, close/far from grickdoinfrastructure).
If the political choice is to simultaneously suppal types of projects (as differentiated in Table the
government should introduced a price support systeanhdifferentiates payment according to projéze s
(as suggested above), and location relative taytiteroad infrastructure, while accounting for tieed for
clarity and simplicity in design.

As regards the reduction of the influencecoftext-induced factors and cagpsiblic authorities could:

¢ Reduce the administrative bureaucracy around théiest that need to be done for the issue of
permits. These studies need to be well-founded dyganizational inefficiencies may bring
substantial costs to the project developers anttiboie to the increase of overall production costs
claimed. Support might be offered in the form afhteical assistance for the drawing up of such
studies.

« Public authorities involved in price design shotdle into account the additional maintenance and
operation costs due to icing problems and diffiegltin site accessibility, when they set up price
support.

* Allow for a certain level of economic benefit fand owners and municipalities in the area where
wind projects are developed. Land rents to ownedsrayalties to municipalities have positive spin
off in terms of project acceptance and exposurether citizens, communities, tourists etc. This
contributes to the public acceptance of wind tetbgnyo more widely. However, in order to keep
these practices under control so that they do ndamger the economic feasibility of projects, the
government should set ceilings on these fees,dilitéde a voluntary agreement between investors
and stakeholders that may benefit of such paym&his.should also be taken into account when the
level of price support is calculated for Alpine jes.

As regards the influence eésource quality and availabilitpn production costs, public authorities could
design a price support system for the Alpine ptsjéicat enables a profitability in the same rangénahe
other regions — 6 to 10 %, for a period of timdeaist as long as the period of debt maturity. T¥osild
enable bank financing and more types of projecteoamo enter the market, including the small ecdnom
actors.
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Appendix | (of Phase 3) —
Sites selected for wind project investments, basenh the Swiss Concept for Wind Energy

The BFE considers all exclusion criteria such agdaape protection and statements from stakeholder
groups and the cantons. The locations for singlgnas are not specified here.
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Appendix Il (of Phase 3) —
Guarantee requirements for investments in wind eneggy projects in France

The investment of private parties and banks in wijedierating schemes is strongly influenced by the
existence of preferential purchase prices. Butttineover attained will be subject to the good opega
capacity of the wind farm site. The parametersaddyoperating capacity are the “risk” parametebsua
which investors demand guarantees.

a) Guarantees
In order to judge the guarantee of profitabilityanks and private investors demand information and
guarantees about the following parameters (sourdermation documents from the Natexis Banques
Populaires group):

* The professional experience and technical competehthe project sponsor,

* The legal form of the company sponsoring the ptaed its financial solidity, ,

* The real estate foundation:
- Contract to acquire the land,
- Perpetual lease contract or construction leasle suibstitution of the lessor (in the case of a ERGIE
lease),
- Signature of a temporary occupation agreemerpdbtic land (in cases of land belonging to théesta
- Price, rights of way, access.

« Wind potential:
- 12-month measurement campaign, with 40 metre naast certified equipment and recognised
methodology,
- Correlation of measurements with data from trerest Météo France meteorological stations :
COEFFICIENT ACCEPTED WITHOUT RISK = 95 %,
- Forecast of producible by processing the measemésrobtained with a recognised software programme,
with possible second assessment for larger projéetgproducible must be between at least 2,20@8@D
hours of nominal wind per year.
- Matching of measurements obtained with the charetics of the machine obtained.

¢ Planning permission
- Planning permission application to open the faiag procedure,
- Any potential prescriptions with the grantinggd&nning permission,
- Any potential appeal,
- Cessation of all appeals (certificate of non-agbpand issue of Planning Consent with bailiff @it of
publication at local town hall and on site befoesging to the credit committee,
- Public availability of the entire planning consapplication.

¢ Other administrative authorisations (to supply befadanning consent)
- Wind farm authorisation supplied by the DIDEMEtb@ Industry Ministry,
- Certification of purchase obligation suppliedthg DRIRE.

* The machine
- Reputation of the manufacturer: financial extemimber and type of machine installed in France and
throughout the world, experience feedback...
- Guarantees and commitment concerning data avdifab
- Supply and maintenance contract.

Phase 4: Final reflections - changes in the catedes of factors influencing the
production costs during the diffusion process

In the market introduction phase, technology-specibsts of innovative systems such as wind tedugyol
are likely to be high. In the long-term, the gehesgectation is that these costs would decredse rate of
reduction could be influenced by direct governmiestgport for research development and demonstratio
But it could also be indirectly influenced by thevgrnment, by means of the price support systenirmput
place to address the economic and financing olestdol the market adoption of the respective teldgyo
Depending on the size and dynamics of the domesticufacturing industry the support system is able t
stimulate, as well as the (allowed) industry opesntwards technology imports, the extent to which
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technology specific costs decrease in a certaiogef time can be different.

Technology-complementary costs can vary stronglpragncountries. But they could also vary inside
countries, since not all types of developers wdgdto the same degree successful in finding anthget
administrative permits for good-resource locatiois.diffusion progresses, this cost category isljiko
exert an upward pressure on production costs. @teeaf cost increase from these sources is outbele
scope of policy influence, being determined by gleegraphic conditions and resource distributiondis
countries.

Context-induced cost factors are a more complexgoay. The segment defined by monetary
consequences of financing and trade arrangemeliteligto be inflated in the stage of market irttoztion.
The length of time during which such costs remaftated, and the extent to which they decreaserdkpa
the risk-profitability characteristics of econongolicy support systems. But these can also beenfiad by
a series of country specific factors such as: mssimequirements on profitability from financingeats and
project developers, their willingness to acceptnemic and/or technology risks, or their environnaént
sensitivity and green image concerns which coulttdieslated into lower financing costs and/or pedoility
expectations. The data collected so far seem tgesighat indeed the design of support instrumesits
have negative impacts on economic performancesral imstallation by placing too high risks on thesh
flows of projects.

High risks on price support are sometimes uninténdend other times considered unavoidable,
acceptable or even desirable, in order to stimutatepetition and production costs reduction. Builevh
reducing for example technology-specific costshi same extent, context-induced costs in the prbfec
cycle staged, the monetary consequences of finguaeid trade arrangements could increase to thé fhain
all those cost reductions are being cancelled. elegsuming a constant low risk investment enviemtit
is quite likely that the factors influencing protioe costs in this category will decrease theirgheiafter a
longer period of diffusion. But this is no guarantthat when the investment risks increase agam, th
monetary consequences of these cost factors wiilhire the same low in the overall production coss p
kilowatt-hour.

Further, the costs incurred during the variousetagf projects’ life-cycle are likely to decreasdime.
The rate of their decrease could be influenced byegment policy indirectly. We assume that the
characteristics of the price support mechanismipuilace for market introduction and diffusion wide
reflected in the size of and competition within timelustrial basis emerging to serve the demand for
renewable electricity plants. The extent to whioé industry grows will be reflected in the costsdervices
such as project feasibility analyses and managenpéanit construction and maintenance-operation sork
These costs are more likely to decrease when thesirial basis and dynamics are large.

As regards the expenses related to administratieklacal social consent, their level in the market
introduction phase is uncertain and their evolutifier a longer period of diffusion as well. In somational
contexts, it is possible that regional/local auities or local people will be very cautious in gngtconsent
for location of power plants using technologies rtewthem. When long delays are created in the appro
processes or numerous and expensive studies auirecbgegarding the technical, environmental, or
economic plant performances, developers might iha@yin costs in this segment, in the market intreidumc
phase. As administrative bodies and local populiatieecome accustomed to that technology, thess cost
could decrease in time. But another scenario i3 pissible - alternatively or simultaneously tot thest
described - whereby developers have to accept higlcal taxes and/or supplementary investments for
regional development and social welfare in orddrawee their projects approved. This could be a twayin
site locations in market environments with tougmpetition to invest. But it can also be a uniquéapto
deal with local opposition to wind plants’ constiioo. In any case, this will increase the costgha
segment of ‘context-induced’ expenses.

The government could influence the evolution ofstheosts directly, by halting such practices or
approval blockades that create financial leakagés. policy instruments for such intervention wollel
though outside the package used as price suppectiansm. But governmental intervention could alaeeh
an indirect influence, when the institutional framoek stimulates or tolerates additional expensespared
to investments in other business areas or othatitots. We argue, however, that the allowancetodcive
local benefits from the profits of renewable plaist@actually desirable in the stage of market ihdiciion.
When more actors are able to reap economic beriedits the new business coming in the region, this c
only help acceptance of the new technology by aewidtegory of actors and speed up diffusion. Bid i
possible that as diffusion progresses this compoofecontext-induced costs does not deflate. Conitiesn
and authorities in new areas might need similattyaetive offers to accept projects locally. Consagly,
one can hardly make statements on the likely elilutf this group of context-induced cost factotsoth
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for the market introduction phase and for the lorigem diffusion period.

Finally, resource availability and quality are oéat influence for production costs. It is commaitgl to
expect that in the market introduction phase ptajewelopers will pursue the locations with besbreces,
and optimize the relationship resource locatioasource quality and availability. As diffusion pregses,
sites with lower resources will be also exploitedilithe remaining sites are no more economicabstble
with the available price support or for the maniece, in case support instruments are no longglicgble.
This category of factors influencing productiontsds outside the scope of policy intervention.

Consequently, the following conclusions can be dréased on these analyses. Firstly, only technelogy
specific cost factors and context-induced cosbofaotould be influenced by governmental policy lides to
improve cost performances. The design of price supgystems could indirectly influence the follogin
factors:technology-specificost factors; and expenses in tifie-cycle stage®f projects. Besides, support
systems have a direct influence on cost perfornsabgemeans of the monetary consequencdmaicing
and trade arrangementblat can be settled under the respective suppstersy

In addition to these, the government has also #geeron technology-specific cost factors (such as
efficiency, availability of technologies), poterlya by means of direct support in research, dgwelent and
demonstration. The expenses related to adminigratid social consent could also be influenced bsma
of intervention in the institutional framework geueng the relationships between investors, andlloca
authorities or communities. But these intervengiamts are outside the scope of price support nresim
design. The technology-complementary costs andattters associated with resource quality and abiiia
are outside the scope of governmental influencetednology-specific costs decrease with the irseréa
wind installed capacity, the weight of these twougrs of cost factors in overall production costgeases,
up to a point that production costs could incresgaan. For these reasons we argue that while poladyers,
the scope of policy design for the influence of avicost performances is limited, while the influerafe
support instruments addressing exclusively the @ranand financing obstacles of wind is even naeiow

Secondly, this approach on cost analysis indicduaisthe use of production costs per kwWh as indicat
for cost performance improvements of renewable reldgies and for comparisons with conventional
electricity technologies is misleading. It indicatan insufficient understanding of the economiesviofd
systems, which need a different analytical appragiekn the particularities of the resource, comgaie
fossil fuels. We propose to use as reference fstr gerformance improvements the indicator of tetdge
specific costs in terms of factory costs per kWisTik also the only indicator that enables faieinational
comparisons. The indicators currently used - ofralvénvestment costs per kW and production costs p
kwh - are contaminated by the influence of factoosn the other two, respectively three categorés]
hence inconclusive.

Thirdly, due to the multitude and complex interantof factors influencing production costs, combine
with the fact that some factors depend on the natigeographic conditions and natural resourcenpieleit
is not likely that expectations on production cost®Iution can be more precisely formulated than we
attempted in Table 1 of Part 1 of Sub-package 1RBW8.one thing can be ascertained, namely that as
diffusion takes place production costs expand fimery) high’ levels to aange that can be very widgEor
the sites with high quality and availability of wimesources, and provided that the interactioracfofs in
the other three categories can keep the variouscoogponents at low expenses, cost competitiver@sdsl
be reached with conventional electricity technatsgiBut the installed capacity of the wind techgglthat
can generate at competitive prices will depend ow fabundant and how accessible the high quality
resources are in that country, and whether lowscoah be maintained in the other three cost cat=gor
Different countries will have different ceilings ghaximum possible) installed capacity for windhieslogy
at competitive / market prices.

Figure 7 offers examples of installed capacity eduction costs per kWh situations that could be
encountered in different countries. For examplenty A could be able to install a larger capadlitgt can
generate wind electricity at or below market pricepresented here by; ACountries B and C will have
lower ceilings of price-competitive wind capacitgpresented with Band G. But country D has so poor
resources that with all cost reductions in the gaties of technology specific, technology completagn
and context induced costs, developers will notlile to generate wind electricity at market prices.

When in a country, technology-specific costs carr@towered any further and context-induced costs
have deflated to normal business terms and alsootdpe lowered further, the production costs for
remaining resource sites will only depend on geglgical conditions and resource potential. The firth
capacity increase will then be defined by the extdnprice support the government is willing to egt
There would be no more scope of policy intervenfiamprice reduction. At that moment, the situatfon
wind energy’ role on electricity supply systems draes one of political acceptance of price incre@bes
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price support will have to be sustained as longhascontribution of the wind resource in the eliedy
supply system is viewed necessary or desirableefasons such as security or diversity of suppiymate
change policy, or jobs and industrial activitiegegarvation. In Figure 7 we suggested how the lestal
capacity could increase when the political deciseotaken to allow and sustain price support a&vellthat
is double to the market pritte For example, country A could increase its ecomaity feasible wind
resource potential, with an increase of installeplacity from level Ato level A. Similarly, country B will
be able to almost double its installed capacity whpece support is allowed up to double the magkate
level.

Figure 7. Examples of country situations for tHatfenship: installed capacity - production costs

Resource installed capacity A

z< e
0 market price price support  Production costs/kWh

Renewable energy policies that fail to recognizeithportance of the profitability in support systdesign
and the risks attached to it are by essence prabientrofitability is a crucial driver for stimulag large
developers to join the renewables’ market and kit financial weight and influential presencebireak
through the economic and financial obstacles tdusibn. The level of risks associated with support
instruments and legal framework should also becanwonstant concern for the policy design agenda.
Providing for public financial support while intracding investment risks is a self-defeating approach

* These are imaginary cases for which the capacity-cost relationships were represented as straight lines purely for reasons of
simplification.

51



