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Abstract

This projectis conducted undehefiDanishv i si onary energy policy 202
the overall Danish energy system for the year 2025. This was then incorporated further in different
levels of planning rangingdm national to municipal levels. Central Denmark Region (CDR)

drafted a regional plan that aimsachieving 50% renewable energy share by the year ®0R%Hh

will play a significant role towardsilfilling 30% renewable energy 2025 on anational level

Thefocus then shifts to a municipal levaplanning and Horsenshich one of the municipalities
located in CDR, is analyzed for potential wind turbine locati®hgrefore the planning objective is
to analyze the designated wind turbine locations/bether it turns out to be a good investment
option or not.

This is performed by analyzing the locations using WindPRO software tool that has the possibility
of calculating the annual energy production of a given location. The tool also has the ability of
calculating the noise levels @find turbines on areas sensitive to land arse as for shadow
calculations, the tool is able to determine the numbshaflowhours expected taffect

neighboring buildings

Finally, the financial calculations witie determined by applying nedassical economics. This will
be conducted with the aid of COMPOSE tool that will be used to perfohmd@&conomic project
assessmemhainly focusing on the codienefit analysis.

Therefore the conclusion and recommendatigitide based on the results of the analyses
mentioned and this should be able to answer the question on whether investors would be interested
in investing in wind powewithin Horsens area.
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Chapter 1: Introduction

The EU commissioset a renewable energy (RE) targe20%ofor the EU by 2020
(Regionmidtjylland, 2009)In addition the Danish government formulatachational energy policy
that aimsat achieving at least 30% of its national energy being derived from renewables in 2020
(Regionmdtjylland, 2009)due to a longerm political debate on this iss(lRegionmidtjylland,

2009)

A policy statement AA Visionary D'%anuasyR00Embyer gy
the Danish governmelinistry of transport and energy , 200#ith the aim of addressing
Denmar kds overall ener gyMimssyyottransport and endrgy , 2000)2 5 p
This longterm energy strategy was designedaater for the fluctuating energy markets,
international climate obligations and the need for effective compe(fManstry of transport and
energy , 2007)Moreover, the strategy is directed towards achieving goals conceonshg
effectiveness, security of supply and environment through the principles of liberalized energy
markets and the use of martetsed instrumen{inistry of transport and energy , 2007)
Thereforein line with the longterm am of achieving 100% RE, there is an interim aim set prior to
2025.(Ministry of transport and energy , 200These objectives were designed to ensure that:
e The use of fossil fuels is reduced to a minimum of 15% compared tgtined from 2007
(Ministry of transport and energy , 2007)
e Sustaining economic growth while preventing further increase of energy consumption by
initiating energysaving measures by 1.25% annu@Ministry of transport and energy ,
2007)
e By the year 2025, at least 30% of the energy consumption should be derived from renewable
energy source@Vlinistry of transport and energy , 2007)
e The annual budget for research and developmieenergy technologies are doubled to 1
billion DKK as from 201QMinistry of transport and energy , 2007)

TheCentral Denmark Regi@n6CDR) electricity system is already characterized by a high degree
of decentralized powegeneration from wind powendcombined heat and powéZHP) plants

(Region Midtjylland, 2012)

In the comingyears,an increasinghare of electricity productionill be based on wind power since

E n e r g plamsefar theuture electricity supplyn Denmark will have to support the year 2050s
installed wind capacity which will bep to ten times the currelgvel (Region Midtjylland, 2012)

So theDanishgovernmentraftedproposals on variousitiatives such as energy saving, renewable
energy and energy efficiency in new technologies in order to meet these obj@dtniesy of

transport and energy , 200Mhese would then undergo periodic appraisal at aylearinterval to
assess the process of attaining the objectives. Moreover, in 2015 the overall halfway assessment
will be conducted to appraise the extent to which these objectives have been met in favor of the set
initiatives (Ministry of transport and energy , 2007)

Correspondingly, th€DR has a vision of increasing their renewable energy consumption to 50%
within the timeframe of 2025. This is ite1an ambitious target but indeedmplimens the
government 6 s ¢ &ad&RE in 20bQRagion Midtjylland, §012)Theregion regards

itself having puefforts in developing renewable energy business since @gion Midtjylland,
2012)and t hus has orgegwind furbinehmaofastorerd lataies the{@egion
Midtjylland, 2012) Moreover, the region has a number of companies involved in development of
new technologies for renewable energy, which makes them therinumérs ofhe renewable

energy field due to the competencies gained over theterngexperience.

There has been active participation in the region regarding uplifting renewable energy development
through demonstration of newly established technold@legion Midtjylland, 2012)hat was
performed by collaborating with production companies, research institutions, consultancies, local
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authorities etc. in order to stimulate development and growth within asocormmic context. In

additionto this, there are currently 40 development initiatives and demonstration projects that have
been implemented since 20(Hegion Midtjylland, 2012)hat have accounted to approximately

350 million DKK (Region Midtjylland, 2012) The regi onds share of thi
75 million DKK (Region Midtjylland, 2012and the remaining share was acquired from

government funds and private financial schemes from pastganizations.

All the 19 member municipalities of tli&DR were able to acquire high quality and detailed

statistick egar di ng energy and climate that was pr e}
promoting renewable energiRegion Midtjylland, 2012)With these records, the municipalities

were then able to develop local action plans for renewable energy and climate however, there are
some initiated activities involving the energy sector prior to the drafted perspaetngein both the
individual municipalities and the region.

The renewable energy consumptiorGidR is currently 22%{Regionmidtjylland, 2009)which is a
figure that has saget makisgitea domméneakgithGnsren@nvalk?e0
energy developmeriRegionmidtjylland, 2009)Nevertheless, this figure @soclose to the 2020
national target that aims at obtaining 30% of renewable ermerggumpion (Regionmdtjylland,
2009) The reason for this fulfillment is because the region has succeeded in utilizing its resources
for energy productiofRegionmidtjylland, 2009&nd this has hachampact nationally since they
regard themalvesasarole model for other regions.
However, the region has a vision of developing furtiveits renewable energy in order to fulfill the
2025 target of 50% renewable energy consumgRagionmidtjylland, 2009)Otherthan thatthe
region also aims at creating a sustainable livelihood for its inhabitants in respect to the fact that it is
the leading region within the field of renewable energy.
The region works correspondingly withe national targetf@chievng 50%of the electricity
consumptiorbeing derived from wind power in 202Begionmidtjylland, 2009)
Therefore, here are several issues that need to be addressed regarding the need of planning the
fuur e s ener gy seffacivmesy ofdfith idg the 20&5atargeffhe challenges that are
beingaddressethrough this ambitious energy poliaye:

e Depleting energgources andreergy security being at risknd

¢ Global climate change

1.17 Depleting energy sources and risk of esrgy security

1.1.1 ¢Oil and Gas

Denmark is known to be a sa@ifficient in energy supply and this is due to the oil and gas

resources situated its North Sea territory. This has positioned the country in being a net exporter
of energy and thus playing asificant economic role. However, this cannot be sustained as an
economic activity due to the exhaustion of the resources that results from the over growing energy
demand.

In reference td-igurel, the oil resources are suffering serious degradation and will eventually
become exhausted. The production of oil started declining in 2004 drabmtihue to do so

through 2019vhen Denmarks expected to be a net importer of oil. However, additional

exploration sites and technological advancement anticipated for oil production will prolong the
activity up to a certain period after 2035.
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Figure 1: Forecast of oilproduction in Denmark (Danish Energy Agency, 2011)

In regards to the energy demand, this has been declining since 1975, which is because of
developmentoffuee f f i ci ent technol ogies andopad so Denma
renewable energy technologies. In 2008, the global economic crisis resulted in many companies
shutting down while others experienced declined production rates, which resulted to a fall in energy

demand.
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Figure 2: Danish Oil production & reserves(BP, 2011)

Thechartin Figure2 shows thatheannualproductionrate of oil has beeconstantt 0.1 billion
barrelsover the past decade but on the contrary, the reservesdmtiusued sufferinglegradation
when comparig theyear 2000evelswhich were standing at 1.1 billion barreBo thereserves to
production ratio can be determinesing the below formula

¢ P/R ratio= Reserves/Rate of producti¢BP, 2011)

This gives a P/R ratio of nermeaning that the oil reserves will ldst the next ningears provided
that the 2010 production rate remaaonstan{see Appendix 1).



It can therefore be concluded that the production rate is expected to drop over the next few years
due to the exhastion of reserves. In ReferenceFigurel, the expected production profile shows

that the rate will continuously fall aftaround2015until it no longer manages to cover the demand
thus resulting to net exportation of oil fra2@19onwards Moreover, according tde P/R ratio,
nineyeas from 2010 will position Denmark @snet oil mporter around the year, which is similar

to the progcted year ifrigurel. So both results show that Denmark needs to prepare some answers
forr its futureds energy supply.
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Figure 3: Forecast of Gas production in Denmark(Danish Energy Agency, 2011)

As for Natural gas production in DenmaRkgure3 shows that it started being exploited since the
1980s and has had an increasing production rate since theisypgk inaround 2005The

production rate has been declining since then and will partly continue to do so. So according to the
expected u t yroduétisn pofile, the rate ixpected to increase slightly2016, which is

probablyfor the purpose of coverintge declinirg oil production during that time period
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Figure 4: Danish Natural gas production and reserve¢BP, 2011)



The Natural gas reserves levels have been constant over the past 2 decades at a capédmty of 1 b
cubic meters as shown on the charfEigure4. However, the production rate has been varying from
one year to another althougld o e s n d &any sigaificantachanges.

This is because the production rate has been varying between 8 to 10 billion cubic meters of Natural
gas produced. So the production to reserve ratio using the same formula as outlined previously
revealed that the resource camtinue to be exploited for another 12 years, which corresponds to

the year 2022. This is very close to the number shown previouBlgume 3 but stil draws the

same conclusion that the Natural gas reserves will be exhausted in the near future and thus needs to
be substituted with an alternative.

Therefore, this gives Denmark a reason for seeking alternative solutions that will secure its energy
suply and maybe even secure its position as a net exporter of energy. This challenge urges CDR to
develop technologies that utilizes its indigenous resources to cover its energy demand.

1.27 Global climate change

TheUnited Nations Framework Convention on Climate Chaki¢FCCC) made a statement in
2007, which stated th#te world faces a assive challenge in terms of glolséimate change and
that action is required now if the worst conselgces are tbe avoidedKlima og energiministriet,
2010) Denmark's emissions constitute a small shatbatbtal global emissionglima og
energiministriet, 2010dnd acommon globa&ction is anmportantsteptowards solving the
problem.

Denmark bosetohost he Uni t e d 1Htha ClimaienChange Cahiénence (COH in
December 200&Klima og energiministriet, 201Qyith the aim of trying to createfeamework for

all UN countres and thusigree on a new ambitioeBmate agreemerfKlima og energiministriet,
2010) So he outcome of the negotiations was an agreement known as the "Copenhagen accord" or
"Coperhagen Agreemen(Klima og energiministriet, 2010¥%upported by majority of the countries
including all major emitterg&Klima og energiministriet, 2010)

The Copenhagen Agreeent providesome central copromises and balances that gessential
foundation for world climate cooperation in the fut(iéima og energiministriet, 2010)t involves

a common goal of keeping global warming below 2 dedii€i®a og energiministriet, 2010and

a common werall understanding that encompassessurability and verification of éhdeveloping
countries' effortgKlima og energiministriet, 2010Pne of thesignificant reslts achieved by this
agreementvas the deelopment of a framework foncorporatingnational emission reduction
measures in early 2018lima og energiministriet, 2010Y his was seen aspatential success by

the UNFCC(C(KIlima og energiministet, 2010) Theagreement can thus be a key reference for the
process towards an ambitious new global climate treaty with lgmdofuction targets possessing
credible response to the climateallenge.

1.2.1 ¢ The Danish climate policy

Thereportbyth r undt |l and commi ssion fAour common futu
development of the Danish climate policy in cooperation with different sectors of the society, the
international climate policy and research institutifRasmusse& Jgrgensen, 2005 herefore

due to these reforms implemented in the late 1980s and in the course of the 1990s, significant
results regarding reduction of G@missions were observ@@asmussen & Jgrgensen, 2008)is

was performed by imposing sanctigasmussen & Jgrgensen, 2008t aimed at conserving the
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environment for the society mainly through the public regulation measures such as environmental
taxes and encouraging public participation in debates and denisiking(Rasmussen &

Jargensen, 200530 based on these effortisgre has been significaimhpacs on greenhouse gas
emissiongelated to economic growth whichprojected orFigure5.
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Figure 5: Denmark's GHG emissions versus economic growttKlima og energiministriet, 2010)

Denmark's total emissions of greenh®gsses in 2009 is recordechedund90 million tons ofCO,
equivalent, which hadecrease by approx10% compared to emissionstirebase year 1990. In

the same period, Denmark's GDP increased by more than 40%.

The climate and energy poligfforts havehus resulted in lower emissions of greenhouse gases in
a period of economic gveth. The reduction is due tive focus on improwvig energy efficiency in
Denmarkand a significant expansion of renewable energy

The climate policy also aims at achieving the
emissions by 80% 95% by 205(Klima og energiministriet, 201@nd in turnlimiting the impact
of global warming.
This is closely linked to securing both energy supplyfatute economiogrowth which gives it a
triple bottom line These can be summarized as,
e Denmark should live up to the international obligations of reducing GHG emissions on both
short and longermperspective¢Klima og energiministriet, 2010)

e Denmak hastobeafossiir ee state and this wild./ bse per
(Klima og energiministriet, 2010)e. planning on wheand how this ambitious goal could
be achieved.

e The action plan must be cost effective and implemented within the framework of a
sustainable economic poli¢i{lima og energiministriet, 201@nd thus the transition of the
society must be done with as little socioeconomic costs as pog€iioha og
energiministriet, 2010)

1.37 Renewable energy in Central Denmark Region

The CDRachieved the lowest G@missions per capita compared to the regh®fountry in 2005
(Central Denmark Growth Forum, 2008)d thus will contribute significantly in fulfing the
national target of 202%he current energy supplied in the region consists of both efrerg
renewables and fossil§herefore, it ismportant to assessdlturrent energy supply and whéres
derived from. Only 2% of the energy produced in the region is basednawables, which is



higher than the national average that stands at afélethe remaining 6 is derived from fossil
fuels.
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Figure 6: The current share of RE in CDR's energy systen{Region Midtjylland, 2012)

An overview of the regi on 0 spodrayedod-igures.lt pap lbey
seen thathe municipality oHerning hasurrently achievethe highest RE shatbat consistef
44% thereby beig the closest to the 2025 energy targée municipality of Samskaland and
Syddjurs followsclosely at 43% as well as Randers at 41% respectidelyever, there are figures
below 20% regarding this. These figudesexist in the municipalities Silkelbg, Horsens, Odder,
Arhus and Viborg.

The remaining 76 gyisaérived fnoen fesil dugls anchtliisss steowrekigure?.
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The primary source of energy in the region is coal, which covers 30% of the total fossil energy
consumptionThis is then followed closely byifIDiesel, which constutes of 28% of the total
fossil energythus making it 2% less than co@lther sairces of fossils such as petesid natural

gas are consumed heavily at 17% and 19% of the total Sire®e energy sources are not
sustainable in the send®t once theasources are exhausted, therenareneans of recovering
them and thus create a risk of securing the energy supply. Therefore, the energy staigysof
to establish 50% of renewable energiehmcurrent system by 2025 having the &leity being
produced by wind power arfiteating fom biomass straws or heat pumpsoider to fulfill this

extra initiatives fodeveloping renewable energy haedbe made bgll municipalities.This can be
through developing local plans for establghivind turbines for energy production.

The municipality of Horsens is currently in the process of formulatiagspihat will promote the
consumption of renewabl e energy, wihaurcehtly wi | |
possesses 13 wirtdrbines with a total capacity of 4AM\{Horsens Kommune, 201,3Which were
established between 1986 and 2Ql0rsens Kommune, 2011 is impartant to note that wind
turbines have an operatitifetime of 20 yearg§Horsens Kommune, 201,Which means that the
wonot be an ynoperatiod aftethe yeb2020eTherefore, it is important that new
plans are formulatesb that its renewable energy share géased and continue playing its role.
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Figure 8: Installed wind power capacity in Horsens(Danish energy agency, 2009)

The development of wind turbines in Horsens is illustratdeéigare8 whereby the first wind
turbine(s) was installed in 1980 witlpawercapacity of 55 kW Theinstalledcapacity continued

to be increasetbr another 20 years with 20@@ing the year with the highehatamountgo
2,600kW. However, this capacity was not further expanded after 2000 leaving the total installed
wind turbine capacity to 4,122kWhe wind turbines established between 198@s1&90s are no
longer in operation consideririge factthat they havanoperatioml lifetime of 20 years.

Therefore, new wind turbines can replace them in order to sustain wind power in the region.
Moreover, the municipality could draft additional plgmsnting out potential areas for wind power
development

So this resulted in the research for alternative approaches in gmedyygtionwhereby the
conclusion stated that tli@D R biemass potential is equivalent to a third of its anticipated gross
energy consumptionn 2025(Region Midtjylland, 2012)Other areas of interest were wind, solar,
geothermal and heating (using heat pumps) that also showed great potential for exp&seng
resources althoughposed challengeas relationto the degree of optimization by the RES on both
technical and economical settingsierefore, this led to formation of 4 scenarios that were to
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visualize the possible methodologies of attairimgydesired objectives, which can be seefavie
1 below.

Technology

Wind turbines

Biomass and
green gas

Heat pumps

Solar thermal

District heating

Transport and
mobility

Photovoltaic

Table 1: Renewable energy scenarios fa€DR (Region Midtjylland, 2012)

There are 4 scenarios illustrated which are based on the application of the different renewable
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energy technologies.

Scenario Imainly focugs on maknizing the utilization of indigenous energy sources and adopting
the simplest possible approadthis is to be done using the existing wind energy plans in the region
aswellag he r egi ono6s Tisstoaepsrformedshoough expamsion of wind power

to cover 65% of annual electricity consumpti@nogas produced should be derived froimmass
and50%of manureat equal proportions. The heat pumps are set to cover 35% of the households
with individual heating Solar thermal will be established for district heating to yield 5% of the

annual rate and 2% for homes with individual heating systems. As for the district heating, additional
infrastructure will be established in order to increase the mktay030%

Scenario 2 bases its focus olA0%eaexdsimuitaheonsty t he r
applyingtechnologies i.e. electric vehicles and large heat pumps that can harness the excess
electricity produced by theind turbinesThe production bbiogas is similar to the aforementioned
method in scenario The electricity from the wind turbines is to power the individual heat pumps

for heating 90% of the households and as for large heat pumps, 2086 wdtalled for district

heating. The applation of solar thermal is similar to scenario 1 as well as the expansion of district
heating networkThe transport sector will have half of its fleet replaced by electric vehicles.

Scenario 3 corresponds to scenario 2 excep78fatof the biomasis to produce biogas so that the
energy storage and distribution capacity is at its greatest.

Scenario 4rimarily focuses on achieving 50% renewable energy in 2025atigttanced

composition of scenario 1 to B/ind power is going to cover 80% oftheregib s el ect ri ci t
consumption, which can be achieved by planning an additional 480MW to the existing 2,270MW
wind turbine plas. Biomass resources will be utilized to produce biogas which is to be equivalent

to the one produced from manure. The individualt lpgimps are to cover 35% of the households

and the large heat pumps wabthver 15% of the district heating system. Electric vehicles will consist

of 5% of the regionbs vehicle fleet, which is
are expeted tobe installed with Photovoltaic panels

Therefore CDR chose scenarigidce it aims at achieving 50% renewable energy for the region i
2025 by utilizing itandigerous resources using commercialized technologies as wek asmes
expected to beommercialized in the near futufEhe other scenarios containmgh targets

regarding integration of renewable energy using technologies that are notyaercialized,

which could encounter entry barriers in the market.

However, wind power poses a grehtllenge since the region plans to achieve a regional electricity
consumption of 80%n 2025by additionally planning an extra 480MW that will sum utotal

of 2,750MWof the existing plans.

Sothe point of departure of the thesis takes place whassiigatinghow the extra wind peer
capacity can be attained so as to fulfill the 2025 objectMas planning of the expansion will
focus on the r egideveldpsnenmnitiatives.i pal i ti es with

1.47 Wind power in CDR

In Denmark, 20% of th#otal electricity prodiction is from wind power of whic&DR accounts for
26% (Central Denmark Growth Forum, 2008he plans of expanding the number of wind turbines
in the region will increase this figure to more than 30% in the year @ddglonmidtjylland, 2009)
Furthermore, this figure is expected to increase up to approximately 42025n
(Regionmidtjylland, 2009)
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The main area covered with wind turbinesmthe wesern coastof the regiorand this is due to

favourable wind conditionfCentral Denmark Growth Forum, 20Q&well as the political

measurese. incentive programsndertaken in pointing out suitable areas for locating the wind
turbines(Central Denmark Growth Forum,2008) So t he Dani s fterngptans@imn me n-
at increasingvind power to cover 50% of theationalelectricity supply by 202%Central Denmark

Growth Forum, 2008)which could be achieved througkpanding the development of offshore

wind farms and swapping the smaltl wind turbines with nevlarge ones caaid the fulfilment of

this objective.

The potential of harnessingmd power for electricity consumptian the region is significant and
needs to bexploitedin orderto meet the demandd number of municipalities have taken the
initiative of doing so and this has made wind power appear visible in their energy profile. This is
shown inFigure9.

56 %
Randers

90 %

Lemvig )
Viborg

15%
Syddjurs

7% /
Silkeborg 1% ‘-.)

9% Arhus
48 % Skanderborg

Ringkgbing-Skjern 16 %

Ikast-Brande \
1% -
Horsens
) "-A
v ’ 450 %
~ , l Samsg
»
-

15%

Figure 9: Share of wind power in CDR region in 2009(Region Midtjylland, 2012)

Out of all municipalities irthe region five of them Gtruer, Lemvig, SkiveSamseand Randers)

generate electricity from wind thaebvers more than half of the local consumptf®amsga

municipality is the only one of its kind since it generaesualexcess electricity from wind power

by 350%, which is theaxported to the mainland@fhe other municipalities such Bersens,

Silkeborg, Skanderborg and Arhus have a very low share of wind power and this has urged them to
formulate future plans for expanding its current energy system in order to meet thergée5s ta

Ingener al , mo s tmunicipalitteshhave come up with @rsbitious plans for developing

the wind pwer setor in the coming years whidh expectedo have asignificantimpact in the

electricity consumptionThis can actuallype viewed irFigure10 which shows that five
municipalities(Lemvig, Struer, Norddjurs, Ringkgbittgkjern and IkasBrande) have planned to
increase their wind power geration to more than 100% of thécal consimption whereathe

other two(Randers and Skive) willave theironsumptionincreased to more than 90%he other
municipalities such as Horsens, Silkeborg, Skanderborg, Syddjurs and Arhus have plans with little

14



or of nosignificanceat allin regards toncreasing thie wind powerconsumptionNonetheless, this
resulted in65% ofthe total regional electricity beirdgrived from wind power i2025 only if the
implementation goes according to the proposed plowever, this figure is not enough to meet

the expected 80% of wind power consumption in 2025 therefore, extra expansion should be made in
order to cover for the extra capacity.

91 %
: Randers : 113 %
Lemvig = Norddjurs

19%
Holstebro Syddjurs

0,
72% ,7 & ,
Herning Silkeborg 4% o

8% Arhus
135 % Skanderborg
Ringkghing-Skjern 118%

lkast-Brande \
Horsens
— \
450 %
Samsg

Figure 10: Future plans for wind power expansion in CDR (Region Midtjylland, 2012)

This thesis will concentrate adnh e muni ci pal ity of Horsenso pl ar
which will be analyzed and thus able to show if this can be regarded possible b lomation is

circled inFigurel0.

The municipality of Horsens adoptadtlimate action plan with grimary objective of developing

around 20 wind turbines or a figure that is equivalent to a reduction of 52,500 te(iddCs&ns

Kommune, 2011)So the current wind power capacityigW (Horsens Kommne, 2011)which

is deived from 13 wind turbines that weset upbetween 1986 and 20@Blorsens Kommune,

2011) So with an expected operational lifetime of a wind turbine being between 20 to 30 years
(Horsens Kommune, 201 lthere is probably a need of replacing some of the old and obsolete ones
with the modern types.

Thereforejn the forthcoming planning period for wind turbines, it was announced that this would
go handin-hand with theadoption of the munipal plan of 2002021 (Horsens Kommune, 2011)
This contairs a revision of the existing local wind turbine plaomepared as municipal appenekc
Moreover this will help to identify nevareas that can hailized for wind power development.
This is because
e Thecurrentplanned areas cannot accommodate the sizes oifithentstate otheartwind
turbines(Horsens Kommune, 201and
¢ In order for the municipality tbelpfulfill the national andegional climate goa) new areas
need to be establish¢lorsens Kommune, 2011)

The majority of the sites discovered are only able to accommodate wind turbinesmaétkirmum
of 125meter(Horsens Kommune, 201hgightunlike other municipal boundaries. This means that
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the currentvind turbines of this size have high chances of inflictirgative impastin social
respects in termaf noise levels, shadow fliekingand deteriorting property value. In addition to
the impacts anticipated, geographical features such as landscapes and naturetedgried with
by this initiative.Therefore, in order to minimize such impacts, the municipality has decided to
highlight areas that have the possibility of accommodating 2 or 3 wind tur(bioesens
Kommune, 2011yvith a heidnt between 100 and 12BetergHorsens Kommune, 201ahd as for
the areas that coutthly accommodate wind turbines with a height of less than 100 migteys
were disregarded becauber expectegooweroutput showed little significance.

So the drafted wind turbine plans have pointed out 10 sites within the municipality whereby 7 of
them are new and the other 3 existed in the previous fftorsens Kommune, 2011 he sites
chosen were baden the wind conditions that can be fully exploited for en@rgguction A total

of 18 wind turbinegHorsens Kommune, 201d)ill be distributedamong the Q designated sites,
whichamouns to a total capacity of 40MW that is equivalent to a reduction of 90,000 topis CO
(Horsens Kommune, 2011)

1.57 Research question
AWoul d the wi ndhHorsemstevelogintdrest omart vi eosntsor s 0 ?

The main aim of this thesis is performing a feasibility study based on the development of wind
power in the municipality of Horsens as a part of the 20859y perspectivalan for CDR So n
order to help formulate the research question, these were the steps considered relevant for this
subject

There is a need @ddress the future shortage of fossil fuels, deveddgtions toglobal climate
change andb fulfill both national and regional development goals within the field of energy.

There is the need €6 emnissions geacapita)which Wildurnrhelpgi on 6 s
minimize the impact of global warming. This is also an important stefpé key decision makers

such asnunicipalities, regional offices and thenteal government because it sid fulfill ing the

set targetsowards achieving a fosditee nation.

A scrutiny ofthe promsed wind turbine sites have to be performed that wélbke the projection of
the expected energy output from the different sites. In addition to this, a feasibility study will be
conducted in ordeo investigate whether the sites can satibfyytechnicalpusinesseconomic and
environmental respects.

In order to answer this question, an analytical framework has been developed which will help in
outlining the methodological proceskhis is illustrated ifFigure11 and the point of departure

takes placérom the institution and market conditions whereby various policies haverealmed
regarding the development of wind power in the region. The local citizens have to be invaved in
democratigroces in order to minimize possible conflieessulting from the decisions maded
thereforeregulation on ownershipave to be assessed. Pulbigulations such as the tax poligies
infrastructures etc. hate be analyzed as well #sefinancialconditions.
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Energy
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dependent actors independent actors

11: Analytical framework

The second step would be the analysis of the existing market conditions in relation to the demand
and supply chain. This will be performed through evaluation of the set market policies regarding
integration of renewable energy.

Finally, the conclusion of establishing wind poveer an alternativeill be able to point out if the

goals consisting of economic growth, climate protection, energy security and democratic €ecision
making are met.

1.5.1¢ Delimitations

The aim of this thesis is nalyzethe investmendpportunities ofvind power within Horsens
municipality as a (@DR)renswableneeergy sirategy 2025. Duestgthecsized s
and time constraist this report willfocus pimarily on the analysis of electricity produced by the

wind turbines andot involvethereferenceenergysystem.

The distance from roads and railways have not been taken into account but have been assumed to be
within required circlehowever it is impdant to keep track of this.

The noise and shadow assassts have not been conducted for the locdiizemish Crown and

this is due to the lack of an updated map of the area. Therefore the area has been assumed to have
fulfilled the noise demand and causminimum shadow impact.

1.67 Report structure

A report structure is designed with the aimofelta t i ng t h efocgsngontreect 6 s t as
different chapters that will paweay towardsrealizing the set objectivesso the overview of the
report structure is displayed figure12.

Introduction

The introduction consists of the background information regardingthe si onary Dani sh
policy 20250 which highlighted the foreed for r
developing energy policies. This focus is then turned to Central Denmark Region hasiiaen
continuously striving to achieve the natioteaigetT her ef or e, based on t he |
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for 2025, the municipality of Horsens is chosen as a study area for analyzing the possibility of
developing wind powethereby formulating a research question.

Methodology

This chapter defines the e=gch method applied in order to be able to answer the research
guestion. In this case a talown approach is used to answer it and this is combined with empirical
methods that are employed for data gathering. This will then be fdidy an assessmenttbé
projecttools chosen to facilitate the analyarsd conclusionsf different aspects

Resource Assessment

This chapter will cover the analysis of the available resources e.g. wind and location. The feasibility
of the resources will be conducteddbyat a col |l ecti on of the areads
determine the expected annual energy output and with this, the location that possesses favorable
wind conditions can be determined.

Feasibility studies

The aim of conducting afeasibilitysdy i s t o get an insight of th
weaknesses, which will in turn help to uncover the opportunities and threats regarding various
aspects that will be analyzed in more detail.

1. Wind resource analysighis will involve a wind resourcanalysisof the locations using
WindPROmodeling tool that calculates the expected energy output from the wind turbines.

2. Businesseconomic aspect: The main purpose of conducting this is to find out how wind
power can be financially feasible on a businesgext. Employing neo classical economics
such as, the cost benefit analysis and levelized production costs to the market conditions will
be the method used to carrying this out. In addition to this, sensitivity analysis will be
performed to help facilitatthese calculations by modeling scenarios based on various input
parametersAll these calculations will be performed with the aid of COMPOSE analytical
tool.

3. Environmental aspect: This aspect deals with how its development (ranging from
construction phasto operation phase) will have an impact in environmental terms. This will
involve the analysis of noise and shadow impactthersensitive areas using WindPRO
softwaretool and as for flora and fauna, empirical data regarding bird sites and behavioral
patterns will be used to conclude its impact on them.

Conclusion
This chapter will conclude the findings relative to the research question.
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Conclusion

Figure 12: Report structure
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Chapter 2 Methodology

This chapter wilfocus onthe methodological approatimat will be apfied in this project and
moreoverthetype of project tools to be used to perfaitme necessaranalyses duringthe project
process.

So he methodological approach used for this project igxiperimeral methodThe reason for
choosing thisype of approach is becaud is an experimental method of obtaining knowledge with
the aim of falsifying, verifying and validating a given hypothesis. This is conducted through
systematic manipulation of variablesan experiment to retrieve data
A studyconsidered appropriate fasing this kind of approadh thefoptimizing natural ventilation
in public spaces of complex buildirg&raylor & Menassa, 20127 his study focused on how
natural ventilation can be incorporated in public buildings such as hospitals and laboratories by
usingahybrid ventilation (HV) systeras an alternative to the mechanical ventilation system
(Taylor & Menassa, 2012Vith this experimental approactne tasks involved collecting data
from high performance buildings that are already using the HV system and in turn amelljee
ways of optimizing the system in order to achieve

e Energy savings

e Indoor air quality

e Occupanortdts c¢comf
A similar case study also used the same approach of conducting research and recorded savings on
cooling loadof 20Wh/nf per day(Taylor & Menassa, 2012yhich resulted in selecting a suitable
hybrid ventilation system fahe space studigdaylor & Menassa, 2012)
So based on this study, the wind turbine sites in Horsens can be experimented by simulation
programs in order tobtain results related to the energy output on a given time framellesswthe
potential impacts on the environment. Furthermore, results on energy output can be incorporated
into business models in order to assess the
environmental assessment, noise and shadow impattsecsimulated in accordance to the Danish
environmentaframeworkso as tensure that all projects complyth theregulations.
So with a close follow up otie aforementioned stepsis expected that this ty
methodologicabpproach can lebtothe answer of the research question.

2.17 Data gathering

Internet: This is used as a searching téml empirical data regarding the subjetatter This ranges
from the international energy and climate agreemtentise local and regional energy andraie
agreements. In addition to this, Googéarch enginbas also been used as a tool for ity
some of the draftegdlans into English languadkat is incorporated into this thesis.

2.21 Tools

2.2.1¢ WindPRO

WindPRO is a wind energy softwarewtloped by Danish energy consultancy EMD A/S that is
used to model wind farms. Using this software gives one the possibility of designing a wind farm
with a key focus omvind turbine layout. Moreover, some of the key features usedsisdftware

are annuaénergyproduction(AEP) calculatiors, wake loses calculation, noise and shadow level
calculations from wind turbines. The software is aided with wind flow modeling inputs from WAsP
and CFD which are fferent programshat arencorporated inti
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Basic interface; 2.2.1.1

The basic interface of thmodel is illustrated ofrigure13 where the specific areas of concerned

are mapped. This window has varioyions regarding on the type of objects one can use to define
the characteristics of the locatigkdditional objects such as wind turbines and Meteorological
masts can be plotted on the map.

ind Objects 2.7 (English) - [Alre 1:25.000 Zoom: b %]
Data Zoom Scale Window Help
o] Bey [0S map: DISE03 81T (1:25.000) ~I[6%  ~l[Europs UTM ETRSES

roject View Tools

cantours

O
[~ Roughness
5

Wind turhines

MNoise sensitive are
Site data calculatiol
Windstat

Exdisting wind turbin

Meteo ohject

MNSA Aggerstrup

Elling NSA

Bleld NSA
Krarup NSA
Mirm NSA

Stidsmelle NSA

=
=
=
=
=
=
[ NSABorupgrd
=
=
=
=
=
=

Tanning NSA

ETRS 89 Zone: 32 Fast: 562875 North: 6139865 Z:00m Al ol

Figure 13: Maps and Objectsinterface

2.2.1.2¢ Key functions of WindPRO

Thekey features that have been used to perform the analysis are,
e Contour lineg This defines the landape characteristics of specific areas.
e RoughnesslinesThi s defines t he r otompdraptey saswelbaa s e d
objects such as buildings, forests etc.
e Site data objedt With the site data object, it is possible to download wind data for a
particular area that will in turn be used to cadtelthe AEP
e Wind turbines The wind turbines are ptad at the designated areas with consideration
such as the distance between them as well as distance with neighboring buildings.
After having all these objects plotted on the map, it is then possihle the park calculation
which isshown inFigure14. From this tab, the AEP and the time varying AEP are checked and this
is because the calculationll be based on a general AEP and hourly production profile is needed
for the analysis. The terrain type used is an open farmland for this matter and a correction factor of
10% is used. This factor is used to triangulatectileulatedenergy production from the planned
wind turbines when comparedttoe performancexisting turbineshat are located close to them.
Other key functions found in WindPRO are the objects for defining noise sensitive areas and
shadow receptors that can be used to perform calculations related to environmental impact.
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@ Define Calculation
hain WWTGS] Wind distribution | Power curve | Air density | Time variation | Description

MName |H0rsens

[” Enable advanced options

Calculate:
v AEP (Annual Energy Production)
¥ Time varying AEP
[™ RIx (Ruggedness Index)

Model parameters
Wake decay constants based on terrain type

Report features:

Hub height for key results: 0 o (Met.mast height or hub height recarmmended)
WTG areals) on map: |N0ne selected j

Handling of losses and uncertainties: (Decides text in report)
" Bring calculation to "bankable” level by using Loss & Uncertainty module

" Just calculate the GROSS values and wake reductions

& Add "simple reduction” with text: Result - | 100 %

Ok Cancel ‘

Figure 14: Park calculation tab

Once all the noise sensitive areas are defined on the map, a noise calculation can be @erformed
shown orFigurel15. The result®f the calculation will be on noise sensitive areas that will include
a noise map as selected on the tab, and in addition b whisbe based on the 2007 Danish noise

code.

Define Calculation
Mlain IWTGSI NSA ] Maise map | Description
[Endelave NSA

Mame

Calculate
@ Standard calculation:
¥ Moise at Noise sensitive areas (NSA's)
[w Moise rap (in reportfresult layer)
" Interactive noise lines on rmap for layout optimization.
" Moise allowance map
Moise calculation model
Diani 7

Edit model parameters

Mote: If anather model is selected, model parameter changes are reset

[a]3 Cancel

Figure 15: Noise calculation tab
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2.2.1.3¢ Purpo® forapplication

The main purpose of using this software is to assist in assessiwmtheonditions for establishing
wind turbines in the designated areas in Horseaswill be used in calculating the AEP from each
site. The software hathe ability to assess the consequertdesstablishing wind turbines aertain
locations with special focus on noise impactsseauon designated noise sensitive aasasell as
possible shadow impacts. Furthermore the softwardearsed t@ptimize awind farmlayoutfor
energy production through wind turbine spacing, setback distances.

2.2.2¢ COMPOSKEComparing Options for Sustainable Energy)

COMPOSE is an analytical tool that is used to perform tegmomomic assessment of energy
projects thatvas developed in Aalborg University in 200%8alborg University) These assessments
involve cost benefit and cost effectiveness analyses that are derived from a wide range of input
parameters i.e. fiscal costs, financial cost®nomical costs, balance of payment, employment etc.
Moreover, the tool enables the user to define the sustainable energy project as well as the energy
system to work with and also provides the option of selecting the appropriate methodology.

2.2.2.1¢ Basic interface

A basic outbok of the model ishown inFigure16 where one is able fesign the project on the
project tabThe project mengonsists of projeaiatabase, system database, general database and
analysis where the methodology and different parameters are applied.

COMPOSE (Editor: Peter Githii)
File Tools View Help

Interact ) = add Clone 9 Delete

EnergyInteractive,MET PrOjeCt s Project |2

Project Database (& Wicro-grid 2012 (batt 0,25Mwh) Editor peter_githi@hotmail,com -
Wicro-grid 2012 (batt 0,5MWh)

5
IMicro-grid 2012 {batt 0,75Mwh)

Demand Micro-grid 2012 (hatt SMWh)

Storage Micro-grid 2012 {batt 20Mwh)

ST TS Wicro-grid 2012 (batt 2Mh)

IMicro-grid 2012 (batt 0,1 Mwh)
Micro-grid 2012 (hatt 10MyWh)
IMicro-grid 2012 (batt 100KWh)
Micro-grid 2012 {no batt)

Pracess

Efficiency

Fuel

Cost Benefit Wicro-grid 2012 ¢batt 1mwh no wind)
— CHP-HP-FG-C5 9 SEM
Eratilldiohose & DEFALLT RELEASE DEBUG
System 3
Risk 16 Dernand
Energy System = TD L
Economy System 17
Environment System 21
3
General Database 4
Annual Profile s
Hourly Profile & L Storage
Methadalogy 7 T v
8
Uit
Ini B
Currency 10
Insulation 11
Operational Soheer 12
13 : ;
Operational Period ' Process MNon Concurrent Operation MNon Concurrent Operation 2
Solver 15 P vestas VE0-2000 WTG L Site 2 - -
Analysis & 18
) 19
Select Options 22
Results MR
[ | Micro-grid 2012 (batt 2Mwh) +1000% elspot
Calculate Now ! Micro-grid 2012 {no batt) +1000% elspot

| Candidate Marginal Dispatch: OFf-Shore Wind -

Figure 16: COMPOSE interface
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2.2.2.2¢ Key functions of COMPOSE

The key features used in COMPO&tEmainy used to model a framework desigrfeda
particular projectThis will enable the user to perform various calculations based on techno
economic perspective i.e. annual energy costs, operational costs, lepedidaedtion costs etc.
Uncertainties can also be calculated based on user defined scenarios that involve changing of
parameters to assess the projectodos | evel of s
model are,
e Projecti This tab is used tdefine the project name and the wind turbine model.
e Process$ The process tab is used to gpthecosts and benefits of operatiaghower plant
as wel |l as the plantds characteristics
e Economy systeri Thistabisusedtodefinehe pr o] e c tiod aswelllasatmeni ng p
relevant types of discourdites to be used for project financing.
e Hourly production profileThis tab is used to import hourly production profiles from other
programs (WindPRO in this case) in order to facilitate the loeséfit calclations.

2.2.2.3¢ Purpose for application
The purpose for using COMPOSE is to perform a detailedososfit analysis in relation to the

project and thus help influence correct decisiwaking. Additional analyses to be performed will
be levelized pergy costs as well as sensitivity analysis.
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Chapter 3 Resource Assessment

Introduction of wind power in the municipality of Horsens requires different resourcegptitdo
so as to funabn efficiently. These conditiorare in the form of,

e Wind resource

e Location

3.1 Location

TheWind Secretariat of Horsens Municipality screened through the municipal area for potential
wind sites regarding the distance criteria that could set up a minimum of 3 wind turbines in a row
with a btal height of 100 meters. So &fasn Horsensvere identified of whiclwind turbines

could be set up to 10@etersandan additionaR5 areas of whickwind turbines could be set

between 100 and 150aters.

Tonning
BR:64.T.1,
1A

Eling
GE4.T1, Borupgard
L) N GE2.T3. Krorup

Stidsmolle Danish Crown
HR:06.T.1.
BR.31.T.1. Y “ Y, Baleld 'Aggestrup
BR.44.T1; GEATA GES.TH.

0 2.500 5.000 10.000 Meter
L |

Figure 17: Wind turbine sites in Horsens(Horsens Kommune, 2011)

During the planning process, the municipality received 14 applications for wiriddisites of

which 7 of then were located in new are@Srgnborg, 2012although did not correspond thell
initial areas, which were already listed for public hea(@gzanborg, 2012)These seven locations
were assessed and resulted in one of them being withdrawn frappieation(Grgnborg, 2012)
Furthermore, a deeper scrutiny was carried out and resulted in 4 of the 6 areas being withdrawn
(Grgnborg, 2012eaving the number at(&rgnbag, 2012) However, an extra location called
Krgrup wasdentified (Grgnborg, 2012andadded to the list after a technical and environmental
assessment. Thewe, 3areas together with the 11 areas were forwarded for an environmental
impact assessme(®ronborg, 2012)which marked 7 areas out of 14 being potential candidates for
wind turbine sitegGrgnborg, 2012)These areas were then presented to the policymakers whom
ended up approving them as wind turbine sites for the municig@lrgnborg, 2012)So these 7
areasvere added to 3 othetisat already exist as wind turbineesiand gavet a total of 10 wind
turbine sitefGrgnborg, 2012)
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The areas selected as wind turbine sites are illustrateédune17in which 7 of the selected sites
are new and the remaining 3 already exist. The existing sites are located in Timmiagd
Endelave while the others are totally new.

Area 1: Aggerstrup 1 GE.3.T.1.

This is a new identifiedrea whose location is within the rural zone of the municipdlig

numbers of wind turbines thean be set up in this area are two with a height ranging betweén 100
125 meters and a distance thatresponds between 3 and 5 times the rotor diameter.

There are 2 designated noise impa@etas around the turbine area, whiolans that dwellings

cannot be establishedthin 4 times the turbine height.

Area 2: Bleldi GE.1.T.1.

This isanew identifiedarea for establishingwind turbines with a height ranging between 100

125 meters and a distance corresponding to 4 or 5 times the rotor diameter. As for noise levels,
there are 2 designated noise imparetas around the turbine area, which means that dwellings
cannot be establishedthin 4 times the turbine height.

Area 3: Borupgard i GE.2.T.3.

This is anew identifiedarea for establishing 3 wind turbines with a height ranging betweén 100
125 meters and a distance corresponding to 3 or 4 times the rotor diameter. As for noise levels,
there are 2 designated noise impaeas around the turbine area, which means thdlinigge

cannot be establishedthin 4 times the turbine height.

Area 4: Danish Crowni HR.06.T.1.

This is anew identifiedarea whose location is within the urban zone of the municipality. The
numbers of wind turbines that can be set up in this area are two with a height ranging betiveen 100
126.5 meters and a thsice that corresponds betweearndl 5 times the rotor diameter.

There are 2 designated noise impaetas around the turbine area, which means that dwellings
cannot be establishedthin 4 times the turbine height.

Area 5: Elling T GE.4.T.1.

This is anew icentifiedarea whose location is within the rural zone of the municipality. The
numbers of wind turbines thatrce set up in this area are thvath a height ranging between
1001 125 meters and a dance that corresponds betweeandl 5 times the rotonameter.

There are 2 designated noise impaetas around the turbine area, which means that dwellings
cannot be establishedthin 4 times the turbine height.

Area 6: Endelavei HR.10.T.1.
This is an existing planned area for establishing wind turbines and it is located within the rural zone
of the municipality. There is a possibility of establishing one wind turbine with a total height of 75

meters.There are 2 designated noise impaelasaround the turbine area, which means that
dwellings cannot be establisheftthin 4 times the turbine height.
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Area 7: Krgrup 7 GE.2.T.2.

This is anew identifiedarea whose location is withthe rural zone of the municipality. The

numbers of wind turbines that can be set up in this area are three with a height of 100 meters and a
distance that corresponds between 3 and 4 times the rotor diameter.

There are 2 designated noise impaetas around the turbine area, which means that dwellings

cannot be establishedthin 4 times the turbine height.

Area 8: Nimi BR.44.T.1.

This is an existing planned area for establishvtd turbines and it is located within the rural zone
of the municipality. There is a possibility of establishing two wind turbines with a total height of 75
metersand a distance that corresponds between 4 and 5 times the rotor didhesteare 2

desighated noise impaetreas around the turbine area, which means that dwellings cannot be
establishedvithin 4 times the turbine height.

Area 9: Stidsmgllei BR.31.T.1.

This is anew identifiedarea whose location is within the rural zone of the municipality. The

numbers of wind turbines that can be set up in this area are two with a height ranging betiveen 100
125 meters and a distance that corresponds between 4 and 5 times the rotor diameter.

Thereare 2 designated noise impaceas around the turbine area, which means that dwellings
cannot be establishedthin 4 times the turbine height.

Area 10: Tgnningi BR.44.T.1.

This is an existing planned area for establishing wind turbines and it is located within the rural zone
of the municipality. There is a possibility of establishing two wind turbines with a total height of 75
meters and a distance that corresponds betwaed 3 times the rotor diamet&ihere are 2

designated noise impaateas around the turbine area, which means that dwellings cannot be
establishedvithin 4 times the turbine height.

3.27 Wind resource in Horsens

Windresar ces are considered an important factor
generating substantial amount of energy from wirus is facilitated by the use of wind resource

maps that could be in form of wind speeds or wind power densities dficpmzations. In this

project, wind data has been acquired fiitaconsultancyce o0 mp aneygi o miljgdata ( E MD )
which conducts wind resource assessments as one of its spefaltresenergy and

environmental agencieSoError! Reference source not found.llustrates the current wind

resource map in the municipality of Horsens.
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Vindresourcer Danmark
Navhgjde 100 m - vindens energiindhold [W/m2]
B 500 til 1.300 (320307)
[ 450til 500 (167613)
400 til 450 (257427)
W 350t 400 (273197)
M 300t 350 (64893)
W 250t 300 (1194)
' M 200t 250 (1)
W oti 200 (76)

+ Aggerstrup(4507 500 w/nf) + Endelavg(5007 1300 w/nf)

+ Bleld (4007 450 wi/nf) <}> Krarup (4007 450 w/nf)

+ Borupgard(3507 400 w/nf) {)} Nim (3507 400 w/nf)

+ Danish crowr(400i 450 w/nf) <[~ Stidsmalle(300i 350 winf)
c Elling (3501 400 w/nf) Tonning(3501 400 w/nf)

Figure 18: Average wind power density of the designated sitdslaslgv & Kjeersgaard, 2008)

Regarding the sites for estallisg wind turbines, the wind power density is estimated to lie
between 308/% and1300w/m?according tdrigure18.

These figures indicate that thgresent wind conditions in the area could be favorable for harnessing
the energy from twind.However chapter 4will cover a more detailed analysising WindPRO
softwaretool which will produce and hourly production profile for the wind turbines. In addition to
this, the hourly profiles wilbe exportedo COMPOSE tool which wilbeused tgoerformanalyses
related tacostbenefit calculations that will help determine the feasibility of the locations.
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Chapter 4:Feasibility studies

4.17 Wind resource analysis

This will indeed cover an assessment of the technical requirements and consequences that are
anticipated by the establishment of wind turbines in the municipality. This will involve the analysis
of the expected energy output of th#erent sites.

4.1.1¢ Wind turbines

A wind turbine is a mechanical device that s
energy to produce electricifWikipedia, 2012) According to Betz law, this happens by having

59.3% of the kintc energy being utilized to mechanically drive the wind turjiD&/IA, 1999)

The reason for this is that some of the wind is normally deflected away from the rotor plane,

meaning that it is impossible to capture 100% of itsgagn@®WIA, 1999). This concept is

portrayed inFigurel19, which also shows an imaginary bottleaped figure that represetite wind
movements to and from the rotor area. The amount of wind entering the rotor area every second is
equivalent to the amount that exits although it occupies a largersgoisn area behind the rotor.

Figure 19: Conceptof wind energy (DWIA, 1999)

So when capturing the kinetic energy from the wind, the wind turbine rotor slows down the wind
and converts its energy into mechanical energy and thus having reduced the wind speed once it
moves awayrom it. This wind speed is represented in the diagrampaghife the wind speed
approaching the rotor area is marked as V

The areas marked out by the municipality of Horsens have different height requirements, which will

influence the choice of winditbines in this matter. This will then follow the classification of the
different wind turbine sites with the wind turbine model that suits it.
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SITE NAME AND HEIGHT REQ. VESTAS WIND TURBINE MODEL
Aggerstrup 100 to 125 meters V801 2.0MW
Bleldi 100 to 125 meters V801 2.0MW
Borupgard 100 to 125 meters V801 2.0MW
Danish crowri 100 to 126.5 meters V801 2.0MW
Elling 1 100 to 125 meters V801 2.0MW
Endelaveé 75 meters V5271 850kW
Krgrupi 100 meters V60T 850kW
Nim 1 75 meters V521 850kW
Stidsmgllei 100 to 125 meters V801 2.0MW
Tgnningi 75 meters V5271 850kW

Table 2: Wind turbine model for specific sites

This resultedn the identification of only 3nodels of Vestas wintdirbines namely V80 2.0MW,
V5271 850kWand V60i 850kWas shown imable2. The reason for choosing Vestas is because it
is a local Danish company located in CDR and also because the copnpdages wind turbines

that can be accommodated by the height requirements of the different locations. Testsrod#!
(V521 850kW) suites the locations with height requirements of 75 meters é0lé 850kW

suites Krgrup which has a maximum heigigquirement of 100 meters. The remainiogations
haveheight requirements lying between 100 and 125 metdreave theVestasv801 2MW
turbinesinstalledon them

So the analysis of the locations will consider matters concerning distances between the turbines, the
weibull distribution curve, wind power production analysis and the terrain set up.

In thisparticular case, it is a thurmble that the setting up of wdrnturbines should have a minim
spacing that lies betwe@&i 4 timesits rotor diametef(Skov og Naturstyrelsen, 200in) order to
minimize the turbulent effect on each othEne distances used to modedwind turbines idgaken

to be 3times the rotor diameter. A more detailed outlook of the wind turbine distances is attached
in Appendixi 4.

4.1.2¢ Weibull distribution

This is astatisticaltool used tgrovide information on how ofterwind of different speedslow at a
given locatioron a certain average wind spebdorder to determine the annual energy production
from the different wind turbine locations, it is important to acquire its Wegawhmetershat will

help model the expected annual energy productioalfémcations Therefore WindPR@s able to
acquire wind data based on the Weibull distributiarve which igllustrated inFigure20.

The mean magtide of thewind speed is recorded as 8.7m/s which is represented by the A
parameter wihé k represents the shape parameteich is basically the shape of the curve that
shows the probability of high and low wind speed distribufidre Vmean representse mean

wind velocity which stands at 7.1 m/s
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Weibull Distribution
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Figure 20: Weibull distribution curve

4.1.3¢ Annual electricity productionAEP)

The resultingAEP for Endelave, Aggerstrup and Borupgard is illustratefigure21. It can be

seen that wind turbines located in Borupgard have the highest annual energy yield compared to the
other 2 locations because of ti¢al installed capacity. However it is important to note that the

wind turbine located in Endelave has a lower energy output compared to the other individual
turbines due to its installed capacity of 850 kW. The rest have a 2MW installed capacityswhich i

the reason they show little significance regarding the production pattern.
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Figure 21: Annual electricity production (1)
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Figure 22: Annual electricity production (2)

The AEP from Elling, Krgrupand Bleld is portrayed iRigure22. The wind turbines located in

Elling and Bleld are of similar capacities and this enables the comparison of praalgction of

the 2 locations. Elling shows favorable wind conditions compared to Bleld, Aggerstrup and
Borupg-rd although the differences in energy
productionfrom individual turbinesn Krgrup is quié similar to one in Endelavie to similar

installed capacithhowever, the wind turbine models are different in terms of rotor diameter and hub
height.
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1000 :I I
0 - Nim tidsmglle gnning anish Crown

Figure 23: Annual electricity production (3)

Annual electricity production
(MWh)

According toFigure23 the wind turbines located in Nim and Tgnning have the same installed

capacity of 1700kWNonetheless, th&EP projected for the locations she that Nim will have the

| owest yield which coul d be &heremainingpcatiohstalsoof t h
have similar installed wind power capacities and further reveal that Stidsmglle has a greater energy
yield than Danish crowrA more detailed result sheet is attachedppendix- 2.

Thereforebased on these resyliiscan be concluded thatmost allthelocations share similar wind
characteristics with respectwond turbine model andnergy productiont is however evident tha

Nim has a relativig lower energy productiowith respect to wind when compared to Endelave and
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Tenning which have a similar wind turbine model instalkdP based on hourly profile is attached
to Appendixi 5.2.

4.1.4¢ Energyproduction analysis
Thewind power production analysis is used to determine the points at which energy from the wind

is utilized at its besfiThis is illustrated orrigure24 where the points taken for this analysibased
on the 12 compass points.
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18.000-
— 16.000-]
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| . Annual Energyll ArraylLosses |

Figure 24: Energy production analysis for all sites

Therefore based on these points, the energy production from the wind turbines vary according to the
direction the wind is blowing from. Loannualenergy production is lowest facing the Nofi¥),
North-North-West (NNW), NorthNorth-East (NNE), EasNorth-East (ENE)and SoutkSouthEast
(SSE) directions with values ranging between 2000 and 4800MWh/year. High annual production
values are achieved on the Se@huthWest (SSW), WesBouthWest (WSW) and the Wesmn

(W) directiors that range between 14,00@000MWh/yearAll these can be seen in more

detailed from the energy rosed wnd direction frequency thas attached tohe result sheet in
Appendix i 3.

It is also important to note that array losses are anticipated during the operation of the wind
turbines. These losses are present in all directions but are highest in the western direction. Other
directions with moderate losses are Eastern, SSW and WNW.

Sothe difference in energy production from the 12 directions is mainly caused by the annual wind
direction frequency that actually shows the wind often blows on the SSW, WSW and W directions.
As for the array | osses, this could be charac
which is responsible for causing turbulence within the Viield. Moreover, the annual wind

direction frequency partly contributes to the array losisesto the function of downwind and

crosswind.

Therefore the AEP based on hourly shifts will be used later on this chapter to calculate the

production costs of emgy based on the existing framewarkDenmark. This will therefore project
the | ocationsd | evel of feasibility.
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4.27 Businesseconomic aspect

The businesgconomic aspect will mainly focusontheg oj ect 6 s economi ¢
point of view. Therefore this section will cover various analyssed on the nedassical
economics applied on the existing margenditionsin order toforesee the possible outcosnaf
initiating this projectThe steps used to perform the calculations inahaysis in COMPOSEre
attached tAppendixi 5 as well as the parametarsed.

4.2.1¢ Wind energy business in Denmark

Wind energy business in Denmark has continuously evolved since the 19803val based on
the basic payment afelivered electdity from wind turbines pekWh (Danmarks
Vindmglleforening, 2012)in addition to this paymentnpallowance was entitled to the wind
turbines producing electricityue toits sociceconomic and environmental benebtingvalued
compared t@ther production uniteunning on fossil§Danmarks Vindmglleforening, 2012)his
basic payment was initiated back in 1984 running up to ABr@aD1(Danmarks
Vindmglleforening, 2012yhere the electricity reforms went through a siianal phase resulting
to 85% of the local electricity companies selling-teee electricity to the publiDanmarks
Vindmglleforening, 2012)

This followed a procedure basen 3 stepghat were applied to cater for electricity produced from
wind turbines,

1) Reimbursement of environmental tax&he environmentabenefitsof
electricityproduced from winavere settledn the 1988 with a partialrefund
of environmental taxeanmarks Vindmglleforening, 201Although here shoun ©
betaxes for the electricityconsumedy the producesincethewind turbinesdo not
contributeto air pollution,which justifies environmental taxes.

2) Production cost$991i 2001:Towards the end dhe 80gheenergy taxes were
increasedeveral timegDanmarks Vindmglleforening, 201R¢. consumption taxes
which was teencouragenergysavings.Therefore, it wasinrealisic to maintain
thereimbursemengystem A solution was then developed after the energy agency

cycl

performed an economic study that helped reflect the new electricity prices derived from

the production cost®anmarks Vindmglleforenin@012) Compensatiofior CO, tax at
10grekWh was maintainedDanmarks Vindmglleforening, 201,2)nd windelectricity
wassettledwith anextral?7 gre(Danmarks Vindmglleforening, 2018) cover
productioncostssincewind turbines are naaspower utilitieswhich receivéundingvia
electricity bills.
Therewas 0 tfixe@pricing systemincorporated ira periodiccontrolof thesettlement
pricein accordance with changesproduction i.e. price of newwind turbinesinterest
rates turbing sfficiency,the operatiorand maintenanceostsand thus createa need
for reviewing the settlemengystem. However, thiegulationwasnot implementedbut
insteadthe parliament decideth connection with thé&lectricity reforns in 1999to
come upwith a completelynewaccountingprinciple thatwas articulatedavith changes
in theElectricity Supply Actthatwasin effectfrom 1January 200however the
transitional arrangemeniecameapplicablefrom 1 April 2001

3) Market price and surchargiart oftheagreements of theectricity Reforns between
the political partiesn March1999requiredthatthere should be a graduatroduction
of market mechanisnfsr the paymenof wind electricityandestablishment dbetter
transitional measurempared to thpreviousone

The transitional arrangemem®rethenestablished in JunE999 and iwas decided
to introducea socallediigreencertificated that could beéraded ina newcapital market.
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This was intended to haveparchase obligationn a cettain percentage dhetotal
electricity consumptionAfter 3 years the parties decided to postpone the
implementation of the green certificate for which the European Union (Elyeate a
bigger market for in the futur@nd went orio introduceda surcharge ol OgrekWh.
The deliveregoweris thereforesoldin the marketvherebythewind turbineowneris
free to selectheelectricity companyo sell to thus having thericedetermined by
therate ofcompetition.

4.2.1.1¢ Conditions for wind turbine connection to the grid between 21/02/@81/12/13

According to the energy agreements made on the 21/02/08 a number of obligations were made in
relation to the new installed wdrturbines.

e The electridy produced by wind turbines should still be sold in the electricity market.

e There should be a surcharge of 25gre/kWh for the first 22,00é&dlhours.

e Wind turbines that are installed between 01/01/05 and 31/12/11 have Bgraeqificate
included from abandoned wind turbines. This gives it an additional surcharge of 8gre/kWh
for the first 22,000 fuload hours.

e There is a compensation entitled for balancing costs in the electricity market at 2.3gre/kWh.
The energy agreemealso addressed a few issues that were put into force as parRdrbeable
energy act 1/1/09 (VE Loven 1/1/09) which are,

e 20% of the wind turbine(s) should be offered to the local citizens.

¢ Neighboring residents of new wind turbines are entitlectpensation in case of
depreciating property value.

e A green fund will subsidize 88,000DRRW to the municipality where the wind turbine(s)
is installed.

e There wil be guarantee schemes for wind turbine cooperatives.

4.2.1.2¢ Conditions for wind turbineconnection to the grid in 2014 onwards

A new framework for climate and energy policy until 2020 was developed in March 2012 by the all
political parties except the Liberal Alliance party. The framework contained some changes
regarding electricity fromwvind which is outlined as follows,
e The surcharge of 25gre/kWh remaingacthowever the fulload hours will be determined
on the basis of the measured rotor dngd@0% and power output 30%.
e The surcharge will be minimized in order to avoid the mgrkiee and additional fees from
exceeding 58gre/kWh.
e The conciliation partners will evaluate the possibilities of further minimizing the surcharges
for areas with the best wind conditions where full surcharging was not deemed necessary.
e There should be spml conditions for wind turbines located near the coast.

4.2.2¢ Cost benefit analysis

This is the process that involves the calculation and comparison of costs and benefits of a
project/policy in order to justify iteverallfeasibility.

The reasons fausing this as a tool for evaluating the economic feasibility are,

It is a tool that can be used both in project and policy appraisals.

The possibility of evaluating different impaatsder the same measurements.

It helps identify the areas that requiteation of funds against other competing sectors.
It emphasizes on the degree of the preference regarding the project.
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e It also gives an emphasis of the economic vahetthe cosbf protecting the environment

This will therefore help select projectsat are efficient in tens of itsresource use.
COMPOSE has in this case been used to calculate the costs and benefits of the projects based on a
financial perspective and can thus be used to compare the different results.
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Figure 25: Annual net earnings
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Figure 26: Annual net earnings
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Figure 28: Annual net earnings

As shown in figure®5, 26, 27 and 2&he annual net earnings are different from one turbine to
another. This is because the earnings are relative to the energy output of which every kWh of
electricity produced is sold at a given prié@other interesting factor to consider is the power
capady of the wind turbine. The higher the capacity the more the energy output and of course this
is relative to the earnings from the sold electricity. It can be seen from the 28 and 28hat

the wind turbines located in Endelave, Nim and T@nhenge lower annual earnings compared

the other locationsand thiss becauséhe power capacity is 8&W which produces less than the
2MW turbines. So it can be concluded that the annual net earnings from the wind turbines are
characterized by the wingbnditions present on specific locations.

4.2.2.1¢ Simple payback period (PBP)

This helps to determirthe period of time when accumulated payments of an investment
corresponds to its initial cost.

This has been illustrated drable3 whereby all wind turbines are expected to payback for its initial
capital costs between 22 and 27 years depending on the earnings. It is however important to note
that the wind turbines hawan operation lifetime of 20 years meaning that it will not be able to
generate income for paying back for the investment once it stops its operations. Therefore this can
be regarded as a paovestment in financial termslowever it is important to consed the fact that

the payback period may not be accurate using this method because the discount rate is not applied.

37



Operation | Investment | PBP
Project | Period | CB (DKK) (years)

Site2 | 2012 | 701731,21 | 17522400 | 24,97
Site 16 | 2012 | 316249,55 | 7666050 24,24
Site 20 | 2012 | 339703,71 | 7666050 22,57
Site1l | 2012 | 343917,21 | 7666050 22,29
Site 17 | 2012 | 314385,83 | 7666050 24,38
Site 21 | 2012 | 334164,54 | 7666050 22,94
Site 3 | 2012 | 776249,82 | 17522400 | 22,57
Site4 | 2012 | 760420,50 | 17522400 | 23,04
Site5 | 2012 | 733706,43 | 17522400 | 23,88
Site 6 | 2012 | 763334,19 | 17522400 | 22,96
Site 7 | 2012 | 746348,35 | 17522400 | 23,48
Site 8 | 2012 | 641459,63 | 17522400 | 27,32
Site9 | 2012 | 681065,15 | 17522400 | 25,73
Site 10 | 2012 | 771996,98 | 17522400 | 22,70
Site 11 | 2012 | 752369,49 | 17522400 | 23,29
Site 12 | 2012 | 774117,60 | 17522400 | 22,64
Site 13 | 2012 | 684271,29 | 17522400 | 25,61
Site 14 | 2012 | 645917,92 | 17522400 | 27,13
Site 15 | 2012 | 751090,34 | 17522400 | 23,33
Site 18 | 2012 | 796150,79 | 17522400 | 22,01
Site 19 | 2012 | 777137,12 | 17522400 | 22,55
Site 22 | 2012 | 707487,88 | 17522400 | 24,77

Site 23 | 2012 738712,64 | 17522400 | 23,72
Table 3: Simple payback period

4.2.2.2¢ Discount rate

This is the interest rate used for calculating the amount of money that has to be converted over a
time periodregarding a particular investmeiitis is used to perform the cost benefit analysis by

putting all the funds that ddiomnwgia @inmgloaty ada
as to compare the costs and benédiitshis case, a financiagiscount rate will be used because the
analysis is based on an investords point of v

the return on investments a particular projectt is theefore considerethat a financial discount
rate of 10%sto beapplied as the expected return of investment.

So with this, it is possible to calculate the annual costs of testiments whiclareillustrated n
Figure29.
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Figure 29: Annual costs of the investments

The annuatost of the investments @épproximately 67614.91DKK for the Vestas V52 850kW
turbines and 1,594,152 DKK for the Vestas V80 2MW turbines.The unit cost used to perform
thetd a l i nvest ment c al c (Eheainet& Danish&nedgy Agenayj2D10)i o n
This is then followed by the calculation of the annual earnings of the investments as shown in
Figure30. It can be seen that the investments of the Vestag \B52kW tubines have annual
earnings ranging between 327,006.5 DKK and 357,729.61 DKK and as for the Vesta@ M@0
turbines, the annual earnings rasgpetween 667,197.88 DKK and 828,126.16 DKK. The
comparison of the results from both costs and earnings signifies that the project is already running
on a deficit thus making it a ndaasible option in financial terms and thias been calculated and
illustrated inFigure31. The net cosbenefit ranges betweeB820,000 DKK and920,000 DKKon

a oneyear basis. It catherebre be statethat the net present val@idPV) of the investment is
negative in accordance with the net annual costs and benefits.
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Figure 30: Annual earnings of the investments
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Figure 31: Annual net costbenefit of investments

4.2.2.3¢ Levelized costs of energitCoE)

This can be defined as thanualizedotal unit costfor generating electricitfor a payment witla
similar present value as the tiotanstruction and operational costs of a power plant during its
lifetime. This factor will be used to portray tleepected costs of electricity from the wind turbines
in relation to the capital, return on investment, operation and maintenance.
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Figure 32: Levelized costs of electricity

The levelized production costs for this matter is illustratdéignre32, which shows that the

overall result of establishing the wind turbines will have negative values meaning the costs will
overwhelm the benefits.

So as a conclusidmased on the cost benefit analysis, none of the wind turbines on the given sites
will be financially viable for the investor in concern.

4.2.2.4¢ Sensitivity analysis

This is the study of how changes in various input parameéterso uncertaintgan lave an impact
on a pmeaninglhis Will cover such as the investment costs of the wind turbines which
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could be affected by factors such as supply and demand of the product as well as the changes in the
world commaodity prices for steel and copper.
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Figure 33: Financial costbenefit with 15% increase in investment costs
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Figure 34: Financial costbenefit with 15% decrease in investment costs

The figures33 and 34how the price sensitivity caused by the increase and decrease of the
investment costs. It can be noticed that the increase in the investment costs by 15% will result to
much greater deficit of the annual net ebshefit that ranges between 420,000 DKid 4,150,000

DKK when compared to the initial valuesifn Figure31 while a decrease imvestment costs by

15% will result inreduction of the deficit ranging between 230,000 DKK and 690,000 OKIs.

actually indicates that a further reduction of the inwestt costs could give the project a positive

outlook in a financial perspectivEherefore this experiment shows that the investment costs is a

key factor for determining projectébés financi a

Wind turbinesd pr oduc prolonged gperati@anal lifdiirae. In thisparecd s e d

the analysis, different wind turbine lifetimes will be use@nalyze the price sensitivity of the
different projects.
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Figure 35: Financial costbenefit with wind turbine |ifetime of 25 years
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Figure 36: Financial costbenefit with wind turbine lifetime of 30 years

From the resu#tillustrated orFigure35the prolonged operational lifetime of 25 years results to a
reduction of the costs for operating the wi
to 30 years will further duce the costs of operating the turbine as showigimre 36. Thereforeit
can be noted thatith the incresed wind turbine lifetimehis will indeed prolongthe period of
generating income whichauld of course increase the benefits.

Another interesting parameter for performing this analysis iatm@untof incentives provideds a
bonus for producing clean electricity. The current rate of incentives provided for wind turbine
owners is 25gre/kW{Danmarks Vindmaglleforening, 2013hd according to the analysis, it has
been considered that the inceeBwould increase or decrease in future depending qolicy
design that will help promote investing in wind power.
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Figure 37: Financial costbenefit with increased incentives t&0gre/kWh
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Figure 38: Financial costbenefit with increased ncentives to 70gre/kWh

According to the results displayedFigure37, the increase in incentives to 50are/kWh will reduce

the costs of operating the wind turbine to a rangf@veenl 50,000 DKKand 600,000 DKK

compared to the initial values froRigure31 that rangedetween 320,000 DKK and 920,000 DKK.

A further increasef incentives to 70are/kWh has been included in the analysis and the results show
that thecosts are greatly reduced to a range between 10,000 DKK and 340,000 DKK.
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Figure 39: Financial costbenefit with decreased incentives to 15are/kWh
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On the other hand, a dease in incentives would only result in accumulating costs for operating
the wind turbine as shown Figure39. The costs in this matter increase to a range between
390,000 DKK and 1,050,000 DKK which is more than the initial values containing the current
incentives.

Soout of the analysis conductétlis evident that the investment would not be feasible unless there
is an extraordinary drop in wind turbine prices, a prolonged operational lifetime of the turbines or
increase in wind turbine incentives. However, a combination of these 3 factorsesaltdn a

positive financial outcome that is i.e. if the turbine prices drop by 30%, the lifetime increased to 30
years and the incentives increased to 50gre/kWther than this issue, the investment turns out to

be nonfeasible in a business economeargpective.
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4.37 Environmental aspect

The Danish government and the town council 0s
energy especially wind pow@rorsens Kommune, 20l hi ch depends on t he n
efforts in developing plans for establishing wind turbines that are a larger and more energy efficient
(Horsens Kommune, 2011YloreoverHorsens municipality strives to bebmateoriented
municipality(Horsens Kommune, 201ahdthis obliges it to develop and implement plans

regarding wind powebbecause without thimieans that in a few years there will be no longer any
operational wind turines in the municipalityHorsens Kommune, 201®hich would be against its
environmental objectives

Therefore this section of the study will focus on how the wind turbine plans would have an impact
on the environment regding factors such as flora and fauna, shadow flickers and noise sensitive
areas.

4.3.1¢ Impact on flora and &una

Wind turbines are not expected to cause any serious bird mortality rates since the birds are able to
navigate their way around thefanerginet & Danish Energy Agency, 2018p this chapter will

not focus much on the impact on flora and fauna which is expected to be very miromeald
important guidelines regarding installation and operation of wirtwines in relation to flora and

fauna is attacheith Appendixi 6.

4.3.2¢ Shadow impact

Wind turbines give ahadoweffectwhen the sun is shining atite wind is blowing simultaneously
and thus affects thareds) within the surroundings of rotating shadows from the bladegjhbas
within a short distance are likely éxperience rapid shiftsebween direct light and short glimpse of
shade whicltan be problematidn order to address this issue it is important tosaer the
following factors,

e The direction of which the turbine is viewed frahe neighbang dwellings

¢ Distancebetween the wind turbirend the neighbor,

e The size of thevind turbine rotor and

e Toa certain exterthewind turbine hubheight

In Denmaik, the area located south dhe turbinebewween southwest and southeast will bet
affected by shadowWickers from the blade@©anmarks Vindmglleforrening, 2008hd heares
located on the north of the turbineagiproximately 6 times théotal turbine height and abovellw
not be affecte@Danmarks Vindmglleforrening, 20Q9)uring the day the shadow moves from west
to east(Danmarks Vindmglleforrening, 2009 summer, the sun rises in the northeast direction
and has the shadow on the southwest of the tuf@aamarks Vindmglleforrening, 200@hich
moves towards ih an arc close to the north of the tumb{Danmarks Vindmaglleforrening, 2009)
In the afternoon, the shadonoves from north of the turbine towarstsutheastlirection
(Danmarks Vindmglleforrening, 2009 the wintey the morning shadow ia the northwest
direction (Danmarks Vindmglleforrening, 20Q3yhich travelsa great distancalong thenorth of

the turbine ad ends in the northead@anmarks Vindmglleforrening, 20Q9)

Spring and autumn seasons will halve shado\is) an the west in thenorning(Danmarks
Vindmglleforrening, 2009and moves during the day with a slight curve to the (@estmarks
Vindmaglleforrening, 2009)So when the sun is shiningyé shadows close to the turbine and

45



normally has no impaan neighboring dwelling€Danmarks Vindmglleforrening, 20Q9) is also
important to note that en the sun is at a low position (sunrise/sungke® shadows projected to a
far distance from the turbine that can fall within neighboring dwell{pgsimarks
Vindmglleforrening, 2009)

Therefore he stateddistance demand farew windturbines to neighboring dwellings at least 4

times its total heighDanmarks Vindmaglleforrening, 2008)at will result in having daily shadow
effectsannuallyduring the 2 periods (sunrise/sungsgh lasting about 40 minutes between 4 to 6
weeks(Danmarks Vindmglleforrening, 2009jhese periods could be consistent when the sun is
around the solsticanmarks Vindmglleforrening, 2009)oreover, at this distance, the wind

turbine blade does not cover half of therslisk diamete(Danmarks Vindmglleforrening, 2009)

thus the core shadow is not formed and the power of the light change is less and diminishes when
one moves further away from the turbiim@nmarks Vindmalleforrening, 2009)

So a assessment of the shadow imgea been conducted using WindPR®@rder to determine
whether the wind turbine areas are likely to caarsgdrastic impacts.

Shadow sensitive area | Actual shadow values (hrs/yr) | Worst casescenario (hrs/yr)
A 6:46 30:37
B 0:26 2:10
C 0:00 0:00
D 0:00 0:00
E 3:31 13:11
F 1:27 5:57
G 2:24 19:29
H 3:23 40:22
I 1:26 6:22
J 1:12 6:15
K 1:28 12:58
L 0:00 0:00
M 0:00 0:00
N 0:00 0:00
®) 0:00 0:00

Table 4: Shadow hours (Aggerstrup)

The results fronTable4 shows the actual shadow values in hours/year and a worst case scenario
also in hours/year for wintlirbines situated in Aggerstrup. The acsl@dowalues are expected

to range between 0:@hd6:46 hours/yeafor the different sensitive areas which are distributed all
year round. As for the worst case scenario, the values range between 040@&2hadurs/year
meaninghat the shadow hours areuch longerThe calculation distance used this area is 1.583

km which is the closest shadow sensitive area. The wind turbine has a total hé@hnofvhich

gives it a minimum distance requirement of 428Tims distance is greater than the stated
requirement of 4 times the wind turbn&eight thus making in compliance with the regulation.

Shadow sensitive area | Actual shadow values (hrs/yr) | Worst case scenario (hrs/yr)
A 0:00 0:00
B 0:00 0:00
C 11:33 36:01
D 9:45 31:35
E 4:14 21:28
F 0:52 11:18
G 0:00 0:00
H 1:34 14:41
| 11:06 74:39
J 5:56 21:08

Table 5: Shadow hours (Krgrup)
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The calculations of the shadow hours in Krgrup have been conducted and the results are illustrated
in Table5 whereby the actual shadow values ranges between 0:00 hrs/yr and 11:33 hrs/yr in the
different shadow sensitive areas. As for the worst case scenarshgithew values ranges between

0:00 hrgyr and 74:39 hrs/yr. So with the distance from the wind turbine to the nearest shadow
sensitive area being 918 m and the turbineods
will not cause any adverse shadow effects due to the distancéikedighadow calculation with

the remaining locations is attachedAippendixi 7.

Therefore as a conclusion of the shadow impact, none of the locations is expected to cause any
serious shadow flickers on the neighboring dwellings and other shadowveeasstas. This is

mainly because most of these locations are situated in open lands where residential areas are
scattered and more to that, there are huge open spaces that makes it possible to have wind turbines
thatare situatect distances that are mdban 4 times its total heightlowever as the required

maximum of 10 shadow houfgnerginet & Danish Energy Agency, 2010pnning and Krarup

have shadow exceeding this and thus making these areas vulnerable toabidmnagpldition to

this, the neighboring horr@wners are entitled to partial owship of wind turbines which could

help reduce possible conflicts.

4.3.3¢ Noise impact

Like all machineswind turbinegproduce a certain amounbise. The noise generdtby the

hissing around the blades and mechanical noise from the gear and gebenanoarks
vindmglleforrening, 2012)The noise is distributed theair and, to some extent alsotire wind
turbing s  t(Dawrearks vindmglleforrening, 201230 this can be reduced imgulating homes
against noiséDanmarks vindmglleforrening, 201&hd buiting wind turbine components
appropriatey, sothatnoiseis not spread througie windturbine assemblgyDanmarks
vindmglleforrening, 2012Modern wind turbines are constted so as emit minimal noise
(Danmarks vindmglleforrening, 201&hereby the&seneratorand the gear aupported by the
rubber element@anmarks vindmglleforrening, 201&hd the cabin is snug and fitted with locks,
which absorbs the airborne no{g@anmarks vindmglleforrenin@012) For a wind tuipine to be
approved for installatiothere must be a noise meemment and noise calculation in accordance to
the Ministry of Environment noise regulatigfanmarks vindmglleforrening, 2012)ike other
types of installationsyind turbines arealso subject to regulatory environmental monitoring
(Danmarks vindmglleforrening, 2012)

New noisearegulationsaddressinghe maxinum noise exposure from wind turbinesigighbors
was put enforced by the environmental minigPgnmarks vindmglleforrening, 2012jowever
the formermregulationshall remain applicable to wind turbingst started operatidmefore 1
January 2012Danmarks vindmglleforrening, 2012)

The environmental agency published guidelines No. 1, 2012, sa from wind turbines such as

homes in the rural areas with outdoor living areas are considered to be noise sensitive to land use in
condiion that it situated within 15 m from the dwellii@anmarks vindmglleforrening, 201230
thedemandeahoiselevel shouldnot exceed 4 dB (A) at a wind speed at 8 sifDanmarks
vindmglleforrening, 202) and 42dB (A) at a wind speed of 6 syDanmarks vindmglleforrening,

2012) Neighboring dwellings areegarded as any other residence and not as wind turbine owner's
privatespaceand should be treated as noise saresdareagDanmarks vindmglleforrening, 2012)

As for the outdoor -saernesa st idvees il gagmnadt euds eads 1M neo. i sheo
institutions etc. should not have noise levels exceeding 39 dB (A) at a wirtdaf@&en/s and 37

dB (A) at a wind speed of 6 m{Panmarks vindmglleforrening, 2012)

In addition to this thendoor low frequency noise foesidentiabuildingsboth in the open land and

in noise sensitive areas must not exceed 20 dB atchspeed on both the 8m/s and & m/

(Danmarks vindmglleforrening, 2012)
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So in order to conduct the analysis of the impact of noise to theament, an assessment using
WindPROis performed. It is important to bevare that the version of WindPR@ed to make this
assessment will only give results based on the previous noise regulation from 2006. However the
results can still be analyzed andhctuded based on the new regulatsomce theoutdoornoise

codes are similar to each other

Noise sensitive area | Wind speed (m/s) | Noise demand (dB (A)) | Actual noise (dB(A)) | Distance (m)
A 6 37 32.7 663

A 8 39 36.4

B 6 42 32.9 652

B 8 44 36.6

C 6 42 33.0 644

C 8 44 36.7

Table 6: Noise sensitive areas in Endelave

The results fronTable6 show the characteristics of a wind turbine located in Endelave. The area
has been characterized with open fields and residential areas thus giving it 2 different noise
regulations to adhere.tArea Ahas been categorized as a naeasitive land use area for

residential buildingsvhich has @igh noise demand of 37 dB) at 6m/s wind speed and 39 dB

(A) at 8m/s wind speed. The actual noise produced by the turbine is 32.7 dB (A) at 686s4and

dB (A) at 8 m/s which indicates that the area is in compliance with the noise regulations. The other
areas (B and C) are categorized as open fields and thus the demand is lower @ Y& é&Bn/s

and 44 dB (A) at 8 m/s. The actual noise producesdéa B is 32.9 dB (A) at 6m/s and 36.6 dB (A)

at 8 m/s and as for area C the produced noise is 33 dB (A) at 6 m/s and 36.7 dB (A) at 8 m/s which
shows the noise regulations have been met. The distance column mainly shows the distance
between the wind tuibe and the noise sensitive area. According to the regulations, it is obliged to
set a minimum distance that toavoidnoiseiandesisadolwh e wi
impacts. Therefore in this case, the turbine located in Endelave has @igitaldi 75 m and in

order to be in compliance with this distance requirement, a minimum distance of 300 m should be
kept. The resulting distances calculated is more than double the requirement thus fulfills the
demand.

Noise sensitive area | Wind speed (mé) | Noise demand (dB (A)) | Actual noise (dB(A)) | Distance (m)
A 6 42 40.6 354
A 8 44 44.2

B 6 42 41.6 372
B 8 44 45.3

C 6 42 38.4 549
C 8 44 42.0

D 6 42 41.1 422
D 8 44 44.8

E 6 42 39.0 536
E 8 44 42.7

F 6 42 39.1 433
F 8 44 42.7

Table 7: Noise sensitive areas in Nim

As for the results illustrated ifable7 the whole area has been calculated based on the regulation
for open lands. In this location, area B will not comply with the noise regulation when the wind
turbine is on operation & m/s wtereby the noise levels produced will4&&3 dB (A) The other

area that will not be in compliance with the noise regulation is area D which will have noise levels
standing at 44.8 dB (A) at a wind speed of 8r8(sin order to satisfy this setback, inscessary to
take special consideration that will exempt these regulations from applying.

Results of the other locations can be found\ppendixi 8
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So allof the assessed locations comply with the noise regulatidrihus makes it a good project in
sucha perspective. On the other hand, there are some noise sensitive areas that are vulnerable to
noise levels that exceed 44dB (A) produced by the turbines located in Nim. Such a situation needs
remedial measures such as selling shares of wind turbinesgkhdorssothat it exemps their

property from bein@ noise sensitive area since they are part ownersHdwever it is now

required by theegulation to have neighboring dwellingBered the opportunity adwning a

certain share of the wind turbinénigh will exemg their area from being noiserssitive.

Finally, the turbines located in Borupgard have been deduced tmb@setevelsexceeding the

demand for the areas marked to be sensitive to noise, therefore it is not applicable.

So the wind turlne locationsn this aspect are regarded to be feasible in an environmental
perspectiveexcept for the location in Borupgard which did not live up to the noise dem@ititer

than that, windurbines are fued by the wind which is freely provided by negand does not emit

CQo.. Other interesting factors to consider is the impact on the flora and fauna which in recent
studies conducted recorded minimal impact. However special remedial measures have to be taken
into consideration when planning tleeations for wind turbines in order to prevent mortality rates.

4.47 Discussions on the results of the analysis

The analysis performed in this chapter is for the purpose of determining the feasibility of the
locations designated for wind turbines. Emalysis began with an assessment of the site using
WindPRO software that is modeled to perform calculations related to AEP, noise sensitivity and
shadowimpactwith the help of an ibuilt databaséhat gives access to a wide range of climate

data. Theradre, the calculated hourly ABEBr each turbinevasthen later used in COMPOSE tool

to make an analysis based on costslakfits. The parameters used for these calculations are
based on the existing market conditions such as taxation, subsidies copanatimaintenance

costs etc. that project realife scenario ompossible outconweof this project. The resulting net

present value is negative for all the locations meaning that the project will incur greater costs than
benefits thereby indicating thevels of the AEP are low. Additional calculations such as levelized
prodiction costs show negative values because the production costs are linkeer taghtthe

discount ratethe net present value as well as investment costs, operation and maintasésce

The sensitivity anal ysi s wapgricelvariatiens thgt subjectasor me d
changes in the markebnditions.Different input parameters were used for this assessment such as
wind turbine lifetime, investment costs andgilssidies. In this dynamic world that undergoes
technological changes, land based wind turbines could in the near future have an increased
operation lifetime 25 or@years from its current 2¢earlifespan. Thereforéhese figure were

used to analyze prcsensitivityif such changes occur. The wind turbine pricesatse subjected to
change in the near future due to the growing demand for renewable energies thus having an effect
on the demand and supply chain. Therefore this has been considered ai\ythis arherebyhe

price fraction of 15% has beenateasedrom the turbine pricén case of such changes. The cost of
wind turbines are also linked to the world steel and copper prices that coulccagmscant

impactin turbine price depending oits price levelsTherefore 15% iorease from the turbine

price is considered in case of influence from copper and steel.gfioafly, the wind turbine

subsidies were used to assess the price variation of the wind turbine. It is considered that the
subsdies might be increased due to a strong policy that will help drive the state or regions towards
achieving the set renewable energy targets. Therefore a subsidy increase of 50gre/kWh and 70kWh
were used in the analysis. On the other hand, the policy nmepieed in future could result in

liberalized energy markethat have energy companies competing against each other thus resulting
in a fall in energy price Therefore in this kind of scenaribe subsidies offered will probably be

much lower than the ctent level and this is the reason for lowering the rate to 15grekWh. So with
all these considerations, the different input parameters used resulted in the net present value of the

48



wind turbines remaining negative thus confirming that the locations aréaabtfor installing wind
turbines.

The analysis on environmental impact has been peet considering topics on flora and fauna,
shadow impact and noise impact. Impact on flora and fauna has not been regarded as critical and
due to this the analysis focuses more on shadow and noise impacts. The results on impacts on
shadows were deriveddim WindPRO which provides the methodology for carrying this out using
online climate data such as Sun hours and wind direction. Therefore based on the fact that all the
locatiors are situated atadistarmfed t i mes t he t ur bi nsgdifcanhei ght
shadow impacts are not expected to occur on the dwellings. Howeaseecommended that the
annual shadow flickers from a wind turbine should amouat@aximum of10 hours(Energinet

& Danish Energy Agency2010) This will then mean thateighboring dwellings locatadrarup

and Tgnningare vulnerable to shadampactssince both locations have areas exceeding 11

shadow hours. Therefore as a conclusion, Krgrup amiifig do not fulfill this requirement

However, joint ownership of wind turbines with the neighbors could minimize possible conflicts
regarding shadow flickers.

The final analysis was on the noise impacts on neighboring dwellings. This is also conducted using
WindPRO software that is configeat with the 2007 noise code that is similar to the new noise code
regarding noise levels on outdoor areas. The results obtained showed that all areas were in
compliance with the noise coé&cept for the location in Nim. A solution to this could be thé fac

that the neighbors are entitled pavinership of the wind turbine thus making the regulation

undergo dispensation.
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Chapter 5: Conclusion

This report has deduced the resulisdrl on the studies conducted throagplying the appropate
methodologies that leth coherent understanding of feasible investment of wind power in Horsens.
Therefore this chapter will present the findings/results as conclusions that are derived from
principles and methodologiésr performing the analysis.

5.171 Answer to the research question
AWoul d t he wi n dihHorsensdeveloeintdrestoran vi eosntsor s 0 ?

As defined from the research question, this report aims at assessing the wind turbine sites in
Horsensas an investment optiofihe projecd s p oi nt takds placevipeathetprojectis
designed according to thestitutional frameworkand market conditionggardingdevelopnent of
wind power.

Therefore based on the assessment of the locations using WirgtfiR@re, the hourly production
profile was exported into the financial modelsigned in COMPOSW®hich indicated that the cast

of operation would be more théme actual returnsThese were based on ca&nefit calculations

i.e. investment costs, proction costs and operation costs that resulted in a negative net present
value for the investments. Other costs such as levelized production costs and sensitivity analyses
showed negative values and thus confirmed the locahiame poor wind conditions.

WindPRO software was also used to perform analysis regarding the environmental impact from
wind turbines in respect to noise, shadow and wildlifee resulting impact on noise was very

minimal except for the location in Borupgard which did not fulfill ttenand on recreational parks

of which are regarded as noise sensitive areas to land use in the new regulation.

The impact on shadow was analyzed using WinPRO software and the results obtained showed that
t here wonoét be aamdthisssidgto thd factcthee most of thepedocdtians are in

the rural areas where most houses are scattered thus creating large spaces that are suitable for
establishing wind turbines. This has therefore made it possible to meet the space requirements
between the dellings and wind turbines.

The impact on the flora and fauna which in recent studies conduetedded minimal impact.

However special remedial measures have to be taken into consideration when planning the locations
for wind turbines in order to prevemtortality rates.

So based on the aforementioned aspeatslation to the analytical framewaqrthe locations in

Horsens area are not suitable for wind power production and thus will not attract any interests from
investors.
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Appendices
Appendix T 1: Oil and Gas production

Production to reservasatio

Oll

Period(years) | Reserves (billion barrels)| Production (billion barrels)
90 0,6

00 1,1 0,1
01 0,1
02 0,1
03 0,1
04 0,1
05 0,1
06 0,1
07 0,1
08 0,1
09 0,9 0,1
10 0,9 0,1

The calculation of the production to reserago can be obtained by the below formula

P/R = Reserves/rate of production

0.9/0.1=9

This means that thail reserves will be last f@ years from 20Q if the rate of production remains
the sameThis is performed in a similar way for Gas as well.

Gas

Period (years) | Reservegbillion m3) Production(billion m3)
90 100

00 100 8,2
01 8,4
02 8,4
03 8
04 9,4
05 10,4
06 10,4
07 9,2
08 10,1
09 100 8,4
10 100 8,2

100/8.2 =12
As for the gas reserves, they are expected tddadR years after 2010 if the production rate
remains the same.
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Appendix T 2: Annual energy production (AEP) for new wind turbines

Location WTG model | Rated Power | Rotor Hub AEP AEP incl. | Park Mean wind
(Vestas) (kW) Diameter | height | (MWh) | 3% efficiency | speed (m/s)
(m) (m) (Mwh) (%)
Endelave V521 850kW | 850 52 49 2499.8 2575 99.3 7.14
Aggerstrup VI0i 3MW 3000 90 80 71335 7347 92.7 7.05
Aggerstrup V90T 3MW 3000 90 80 7436.7 7660 97.6 7.02
Borupgard V801 2MW 2000 80 78 5200.2 5356 95.1 6.84
Borupgard V801 2MW 2000 80 78 5134.4 5288 93.5 6.85
Borupgérd V801 2MW 2000 80 78 5265.8 5424 96.1 6.85
Elling V801 2MW 2000 80 78 5651.8 5821 95.6 7.12
Elling V801 2MW 2000 80 78 5302.9 5462 90.6 7.08
Elling V801 2MW 2000 80 78 5388.1 5550 91.8 7.09
Krgrup V607 850kW | 850 60 60 2368.9 2440 96.1 6.37
Krgrup V60i 850kW | 850 60 60 2300 2369 94.9 6.31
Krgrup V601 850kwW 850 60 60 2382.1 2454 97.2 6.35
Bleld V801 2MW 2000 80 67 4914 5061 92.5 6.73
Bleld V801 2MW 2000 80 67 4808.3 4953 90.6 6.73
Bleld V801 2MW 2000 80 67 5013.2 5164 95.1 6.70
Nim V5271 850kW | 850 52 49 1723.3 1775 91.6 6.18
Nim V5271 850kW | 850 52 49 1714.7 1766 91.4 6.17
Stidsmglle VI0i 3MW 3000 90 80 7540.8 7767 98.9 7.02
Stidsmglle VI0i 3MW 3000 90 80 7541.1 7767 96.8 7.09
Tognning V5271 850kW | 850 52 49 2157.5 2222 98.8 6.65
Tonning V5271 850kW 850 52 49 2122..4 2186 96.9 6.66
D. Crown VI0i 3MW 3000 90 80 7164.8 7380 94.9 6.98
D. Crown VI0i 3MW 3000 90 80 7387.1 7609 96.4 7.03

Annual energy production (AEP) fexisting wind turbines

Manufact. Type-generatar Poaer, Rotor Hub  Creator Mame Calculated  Actual  Goodness
rated  diameter height prod. wind Factor
without news carrected
WTGs anergy
[n] [m] [m] [rih] [Mvh] [%]
BOMUS -a5/20 as 19,4 245  EMD 1.22528.000.00 1714 0,0 a
BOMUS -95120 a5 19,4 240 EMD 1.22528.000.00 211,49 2760 130
BOMUS -150030 150 23,0 240  EMD  TRIFODWind Data Aps 8704 1.230 23.00 0.70 3225 3770 17
BOMUS -150030 150 23,0 240  EMD  TRIPODWind Data Aps 8704 1.230 28.000.70 321,86 390,0 121
BOMUS MK 1600 20 G00 44,0 400 EMD Man. 03/02 11884 9380 74
BOMUS -150830 150 23,0 240  EMD  TRIPODWind Data Aps 8704 1.230 28.00 0.70 296,49 2540 51
MEG MICOM MMA2900-800/200 900 52,0 490  EMD Man. 01-2002 with 2 stall strips 18263 14380 74
MEG MICOM MMS2/900-500:200 900 52,0 490  EMD Man. 01-2002 with 2 stall strips 18448 1.3520 73
VESTAS -5518 a5 15,3 230 EMD SL Hvide Sande 1982 1.225 25.000.00 106,1 0o 1]
VESTAS -5518 a5 16,3 240 EMD SL Hvide Sande 19321225 25.000.00 117,89 0,0 a
W CIATIC -2204 22 10,0 12,0 USER Rough estimate T8 0o 1]
VESTAS W4T-6E0/200 GA0 47,0 50,0  EMD Lewal 0 - calculated- - 7-2001 16810 13710 23
W CIATIC -5518 a5 14,5 225  EMD Ris# Marts 1984 1.225 2500 4 .40 76,0 0o 1]
WESTAS W39-500 a00 39,0 450  EMD Man. 24-08-001.225 25.00 0.00 13894 144830 104
VESTAS V39-500 a00 39,0 450  EMD Man. 24-08-001.225 25.00 0.00 13731 14830 106
WESTAS W39-500 a00 39,0 450  EMD Man. 24-08-001.225 25.00 0.00 13696 144830 106
VESTAS V39-500 a00 39,0 450  EMD Man. 24-08-001.225 25.00 0.00 13710 14530 106
WESTAS W39-500 a00 39,0 450  EMD Man. 24-08-001.225 25.00 0.00 13821 144830 104
VESTAS V39-500 500 39,0 450 EMD Man. 24-08-001.225 25.00 0.00 13882 14530 104
WESTAS W39-500 a00 39,0 450  EMD Man. 24-08-001.225 25.00 0.00 13632 144830 107
VESTAS V39-500 500 39,0 450 EMD Man. 24-08-001.225 25.00 0.00 13493 14530 108
WESTAS W39-500 a00 39,0 450  EMD Man. 24-08-001.225 25.00 0.00 13461  1.4830 108
WESTAS W39-500 a00 39,0 450  EMD Man. 24-08-001.225 25.00 0.00 13559 144830 107
BOMUS MK I-B00M 20 600 440 450  EMD Man. 03/02 1.2102 11960 99
BOMUS MK 1W-B00M1 20 G00 44,0 450  EMD Man. 03/02 117258 11730 100
BOMUS MK I-B00M 20 600 440 450  EMD Man. 03/02 11616  1.186,0 100
FIEG WIC TR M 2I900-800/200 800 52,0 490  EMD Wan. 01-2002 with 2 stall strips 18566 1.49540 104

The AEP for the new wind turbines have been calibrated using 3% as the factor in order to validate
the production figures according to the performancthefexisting turbineslhis factor was
determined by taking the averagendaess factor and included it in the calculation.
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Appendix T 3: Wind data analysis

Wind data analysis at 49m hub height
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Wind data analysis at 80m hub height

Weibull Distribution Energy Rose {KWh/eA ear)

Frequency [%]

wind speed [rs]

—8— Rekrence: A=814:k=2,120;Vmean=72 m/s
I Currert site: A=922:k=2,1389;Vmean=2,2 m/s|

Mean wind speed (rms)

R eference
Current site

R eference
Current site

R eference
Current site

57



AppendixT 4: Wind turbine distances
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Appendix T 5: Cost-benefit calculations using COMPOSE

Starting from the basic interface as shown previously in chapter 2, the project can be created on the
i p r @fakewhere the user defines the project nésens site 2)

Froject |Horsens site 2

Editor |peter_githi@haotmail.com -

Dermnand

Storage
b

Process Non Concurrent Cperation Mon Concurrent Operation 2
P vestas VB0-2000 WTG 1 Ste 2 - -]

The next step would be definitige project characteristics such as hourly profile, power capacity,
fuelet ¢c. Ther ef o dtab,the mterfateavould pppeacte sigsire below.

Process |Westas YE0-2000 WTi 1 Site 2

Type |Electricity -
Technalogy |Defaul: Technology -
Capacity 2000
(Cperation Type |Must Run -
Power |k -

Hourly Profile |Haorsens wind WTa 2 ¥52 -
Editor |peter_githi@hotmail, com -

Efficiency Allow Durnping Allow Use As Internal Fuel Allow Production To Storage
B 100 Percent Electricity v

Fuel Externa Share

Free 1

Cost Benefit

“Wind Turbine On-Share DEA 2010 Yar OM
Vestas wind turbine investment

Electricity Spot Sell West Denmark 2011
‘Wind Power Price Subsidy 2008-2014
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Theprocesss named as the first stespownabove (Vetas V80i 2MW WTG 1 site 2 then

followed by defining he pr oj ect 6s celedricity prddection leing tle sypeou ¢ h - a ¢
process and capacity being 2000k imported hourly distribution can be incorporated into the
project undeofitheo fimomwl| yTlpe next step woul d
investment costs, operation and maintenance etc.

Cost Benefit |Yestas wind turbing investment
Cost Benefit Cakegory |Ecanomic -
Transparkation and Handling
Subject ko VAT [
Subject ko Risk [
Cost Benefit Type |Imvestment by Capacity -

Diwisor

Yalue -1400
Currency [EUR .

Per Unit Energy
Per Unit Power |k -

Per Unit Mass

Anrual Prafile |Default annual Profile -

Hourly Profile |Default Hourly Profile -
Lifetirme 200

Editor |peter_githii@hotmail.com -

Therefore under thé ¢ ebsetn e f ,ithie windowawill have a similar appearance tofthere

abovethe investment cost has beemered 1. 4 mi |l I i on G4/ MW) . The wi nc
defined as 20 yearStill on the same tab, it is possible to enter the operation and maintenance costs
as shown on the figure below

Cost Benefit |Wind Turbine On-Shore DEA 2010 Var OM
Cost Benefit Category |Econamic -
Transportation and Handling
Subject to VAT [V
Subject bo Risk

Cost Benefit Type |Electricity Production -
Divisar

Value -0,09685

Currency |DKE S

Per Unit Energy |kiwh -

Per Unit Power

Per Unit Mass
Annual Profle |Default annual Profile -
Hourly Profile | Defaulk Hourly Profile -
Lifetime 100 =

Editor | peter_githi@hotmail.com -

It has then been chosen to include VAT and as foopeeation and maintenance value the unit
costs used is 0.09685DKK/kWhh r oughout the turbinebds | i fetim
the lifetime.

This then leads to the incentives provided for producing wind power which is recorded as shown on

thefigure below. The sold electricity is highlighted as being subjected to VAT and risk. So the
subsidy selected is 0.25 DKK/kW4s per the conditions mentioned in chapter 4

6C



Cost Benefit |Wwind Power Price Subsidy 2005-2014
Cost Benefit Category |Fiscal -
ransportation and Handling
Subject ko VAT [V

Subject to Risk [V

Cost Benefit Type |Electricity Sold -
Divisar

Walue 0,25

Currency |DKK =

Per Unit Energy |Kwh -

Per Unit Power

Per Unit Mass

Annual Profile | Default Annual Profile -
Haurly Profile |Default Hourly Profile -
Lifetime 0=
Editor | peter_githii@hotmail.com -

So still under the same tab the final step is to atiy@\electricity spot méet price for wind power
which is shown on the figuteelow. Electricity sold is based on Spot market price \éest
Denmark 2011 and the average spot price used is 0.3576 KBKKEnerginet.dk, 2010)The
annual production pfile used is based on NordPool ENS-Waighed and the hourly profile is
based on Denmark West spot 2011.

Cost Benefit |Electricity Spot Sell West Denmark 2011
Cost Benefit Category | Economic -
Transportation and Handling
Subject to VAT [V
Subject to Risk

Cost Benefit Type |Electricity Sold -
Divisor
value |0,35763
Currency |DEK -
Per Unit Energy |Kiwh -
Per Unit Power

Per Unit Mass

Annual Profile |MordPool ENS Un-wWeighed -
Hourly Profile |Denmark Wesk Spot 2011 -
Lifetime 100 =
Editor |mbb@et.asu.dk -
After filling all these parameters for determ
involve discount rates whichcanbe | | ed on the fAeconomy systemo
Economy System |Denmark 1 Year Planning Period Peter
Planning Period =
Real Economic Discount Rate 0,05
Real Financial Discount Rate 0,1
WAT Rate 0,25
Editor |peter_githi@hotmnail. com -

There are 2 discounts rates which @mnesen to calculate the cdstnefits(Financial and economic)
and the planning period chosen is 1 year. The model runs thbesusit calculation based on the
data filled in.

Note:

The economic discount of 5% was derived fri@anmarks Vindmaglleforrening, 2012)

The VAT of 25% was derived frofSKAT)
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Appendix¢ 5.1: Technology data sheet

Technology Large wind turbines on land

2010 | 2020 | 2030 | 2050 |Note| Ref
Energy/technical data
Generating capacity for one 25 3.5 3.5 3.5 A 1
turbine (MW
Rotor diameter (m) 95-110 | 120-140| 120- 140 | 120-140] A 1+
Hub height (m) 80 90 90 90 A 1
Utilization time (hours/year) 2850 3100 3200 3250 B 1
Availability (%) 97 98 98 98 C 1
Technical lifetime (years) 20 20 23 30 D 1
Caonstruction fime (years) 1.5 1.5 1.5 1.5 1
Environment
Moise (dbA) at nearest neighbour, 44 (8 m/s); 42 (6 m/s) E 1
open land
Flicker, hoursfyear at nearest <10 1
neighbour
Financial data
Specific investment, total costs 1.4 1.25 122 1.16 1
(MEMMW)
O&M (EMWh) 13 12 11.5 11 C+F 1

Source(Energinet & Danish Energy Agency, 2010)
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Appendix¢ 5.2: Hourly production profile
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