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ALPINE WINDHARVEST

...isan interdisciplinary research project funded by the EU Interreg I11B “ Alpine Space Programme” (Project
No. A/I-2/3.1/5) and by national and regional co-financing bodies of the project partners. The project started in
May 2002 and will end at the end of April 2005.

Background of the project:

Wind power became a leading renewable energy technology in flat terrain, especially near shore. While the al-
pine space also promises some excellent wind locations, much of the knowledge and experience accumul ated
about wind power so far cannot simply be transferred to the al pine setting.

The lack of experience concernsal levels of government confronted with problems of siting, spatial planning,
nature protection/environmental impact analyses, road and electric grid requirements, appropriate tariff regula-
tion etc. The project aims at remedying these deficiencies.

Thislack of experience also regards entrepreneurs, investors and even producers of equipment given the special
climatic and geological conditions. Thisincreases economic risks, inhibits site exploration and planning activi-
ties even for attractive locations. The small number of existing projects in the al pine space impedes standard
procedures.

Lack of experience also affects the acceptance of wind power by nature protection organisations and local resi-
dents. Thereis much need for additional knowledge and information; standard models for the resolu-
tion/mediation of conflicts will be useful.

For this reason, it is essential to pool the limited experience with wind power in the alpine space for synergy ef-
fects, cross-fertilisation and greater efficiency in developing data sets, methods, approaches and solutions for
public and private actors, particularly since many of the underlying phenomena are trans-national while most
research so far was primarily national (e.g. meteorology).

A common approach will facilitate a harmonised European approach to the problems under consideration, par-
ticularly with regard to government policy.

Main activities:.

Develop knowledge basis for deploying wind energy:

a) Methods and instruments for identifying wind energy potential in complex terrain more efficiently (meteor-
ologists, geographers, digital relief analyses and actual wind measurements; includes pilot measurements on spe-
cific locations).

b) Deal with problems peculiar to wind turbines in apine conditions (blade icing; access - need for special
mounting equipment); standardise technologies, estimates of access requirements (roads and grid). Common
approaches for entire alpine space will create bigger market for improvements and induce responses from
equipment manufacturers.

¢) Analyse ecological impact of turbines in different alpine settings on fauna and flora according to altitude,
soil/rock and meteorological conditions; establish check list of factors for whole alpine space. Develop strategies
to minimise impact. Improve information for local/ regional authorities.

d) Analyse and compare legal, socia, political and economic framework conditions for deployment of wind
power in alpine space and their impact on its competitiveness. Formulate regulatory proposals.

€) Prepare methods of resolving conflicts between wind power and other interests (environmental organisations,
local residents, hunting). Improve visualisations (more difficult in alpine terrain), standardise participation in
administrative procedures and mediation. Facilitate work of local and regional authorities.

f) Measure potential contribution of this energy source to regional development, particularly when joined with
hydro storage and electricity generation from biomass.

Alpine Windharvest Report Series:

The Alpine Windharvest Report Seriesis published by the Alpine Windharvest partnership network in order to
disseminate the results of the project to the interested public and to expertsin the field. Reports are edited by the
responsible project partner(s) who commissioned and approved the report according to our internal division of
labour. Reports can be downloaded from our homepage. Printed versions can be directly ordered from the pro-

ject coordinator by e-mail: dieter.pesendorfer@sbg.ac.at.

Further information: http://www.sbg.ac.at/pol/windharvest
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The aim of the workshop was testing and documenting a GIS methodology that can identify
suitable sites for wind energy installations. The methodology is based on map agebra, which
isavery smple and very efficient approach. The most important part of the analysisis defini-
tion of acceptable conditions for a certain data — criteria definition. All data have to be then
reclassified into binary layers (0 — rejected areas, 1 — accepted areas). One can obtain results
right after overlaying all the binary layers.

We used six different input data layers in our analyses. land use, settlement areas, roads,
slopes, mean wind velocity and protected areas. Some of these layers exclude each other — for
example, roads are classified as urban area in land use data and they are rejected because of
this reason. On the other hand, it is preferred that wind power plants are build as close to the
road as possible, because they are easily accessed for maintenance etc. Some of these layers
are aso duplicated — houses are excluded in land use layer and also in settlement areas layer.
These are minor inconsistencies and they can be neglected.

There are two approaches when defining criteria of suitability for wind power plants. One can
produce either more “optimistic” or more “pessimistic’ models. If it is more important to pre-
sent al the possible areas that might suit the criteria, then it is sensible to use lower criteria
values (optimistic model). On the other hand, if it is necessary to be sure that chosen areas
really suit the criteria, then it is better to use stricter criteria (pessimistic model). Within our
workshop, we wanted to obtain areas as large as possible (optimistic model). Therefore we
used a mean wind velocity limit of 4.5 m/s instead of 5.0 m/s. The rest of criteria were also
chosen based on experts experience.

To conclude, the presented decision making model is very simple and also very efficient. The
model cannot be calibrated, because used criteria are determined very subjectively in most
cases. Therefore, the most important part of the model is choosing appropriate criteria thresh-
olds, which isusually either a political or an economical decision.
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The Scientific Research Centre of Slovenian Academy of Sciences and Arts (ZRC SAZU) in
Ljubljana (Slovenia) hosted a two-day workshop as a part of Interreg I1lb project "Alpine
Windharvest". The workshop took place in the end of January 2005. ZRC SAZU is co-partner
of METEOTEST in Berne, Switzerland. Three people participated at the workshop: Fredi
Déllenbach (METEOTEST), Dr. Toma Podobnikar (ZRC SAZU) and Klemen Zaksek (ZRC
SAZU). We dso had a guest from Environmental Agency of the Republic of Slovenia (Dr.
Gregor Gregori ).

Wind energy is one of the most promising aternative energy sources. It is 2harvested® with
wind power plants. The quantity of produced electrical energy depends mostly on average
wind velocity. However, there are many parameters that influence suitability of an area for
installing a wind power plant. We will present you the decision making model that reveals the
preferred areas for installing the wind power plants within this report.

The aim of the workshop was testing and documenting a GIS methodol ogy that can efficiently
present any region®wind energy potential and identify suitable sites for wind energy installa-
tions. An important part of the workshop was digital elevation model analysis. The further
GIS analyses then combined wind resources (from wind modelling) with several thematical
layers in order to reveal the suitability of sites for the use of wind energy. METEOTEST has
already developed the necessary methodology for suitability analysis. Besides, METEOTEST
has also produced one of the most important data layers + mean wind speed at a specific hub
height (we worked wit the height of 70 m). We tested the methodology in a new case study of
Menina planina (Slovenia). We have also put alot of effort in better data preparation within
this workshop (for example, buffer is not always the best solution when working with DEM).
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In genera the most important parameters that influence suitability of an area for installing a
wind power plant are: wind resources at hub height, distance from settlement areas, land
cover, slope, soil stability, access information, presence of landscape or wildlife protected
areas, presence of electricity grid, presence of military prohibited areas, etc.

Data for each chosen parameter has to be standardised. Therefore, a decision about working in
either raster or vector format and a decision about data projection and extent have to be made
right after defining the crucial parameters. We will centre to raster approach only, because its
use is more powerful in general. Therefore, a grid cell size and grid origin has to be defined
also.

The next step is defining criteria for suitable areas for installing the wind power plants. A set
of rules, which define whether installation would be possible or not, has to be defined for
every data layer. For example, wind power installations have to respect a distance to inhabited
areas. Furthermore, not only the inhabited areas themselves, but also buffer zones around
them are considered unsuitable. The width of the buffer depends on the type of installation
and has to be defined along with al other criteria. A buffer size around settlement areas is not
only atechnical decision. Just asin case of other criteriait is a political or an economical de-
cision as well. Politics usually decide that an area is protected, permitted for military only,
etc. When accessibility of an area is the question then present infrastructure is very important
* investors hardly neglect the fact that alot of funds have to be spent for building new power
lines to transform produced energy, or new roads to maintain power plants. The potential
wind velocity is economically very important + the larger it is the sooner the investment will
make profits. Most of the criteria are defined very subjectively and the user of final results has
to be aware of thisfact.

The following step is data analysis where suitable areas are extracted from each input data
layer according to the criteria. Results are classified binarily; all of them have the same extent
and cell size. Wind power plants may be then built in areas with no opposing criteria (basic
map algebra). This approach is very fast and ssmple for adding additional data or changing the
criteria of suitability of already used data.

Results are good if areas known to be suitable for wind power are identified by the analysis
and unsuitable areas are discarded. The criteria applied to the input layers can be adjusted
within the limits of areasonable range if the results are not good enough (e.g. too large or too
small areas appear as preferred places). The results show all places where awind power plant
might be installed. An evaluation of the wind resources as well as additional criteria may be
useful in order to determine which areas should be examined first (overlay the origina data
with the binary result of analysis).
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Our case study area around Menina planina (Slovenia) is 30 by 30 km large (Figure 1). We
used some data sources of the Surveying and Mapping Authority of the Republic of Slovenig;
the wind resources layer was extracted from the Alpine wind model by METEOTEST; DEM
and its derivates are property of ZRC SAZU and protected areas are property of the Environ-
mental Agency of the Republic of Slovenia:

land use (accepted: grass, bushes, farm land; rejected: woods, urban and water areas)
settlement areas (accepted: areas which are at least 300 m away from nearest building)

roads (accepted: areas where cost distance is less than 4000; slope in percent was used as
friction layer for cost surface computation)

slopes (accepted: areas with slope smaller than 50%)
wind resources (accepted: areas where mean wind velocity equals at least 5.0 m/s)

protected areas (regjected: landscape and wildlife protection areas, natural monuments,
national parks, drinking water protected areas)

Figure 1: Case study area of 30 by 30 km covered with amap at a scale of 1:250'000; ar ea of major inter-
est (M enina planina) approximately 10 by 10 km large inside of red square)



Figure 2: Mean wind velocity at 70 m a.g.l. in the case study area

The extent of the areaiis:
Xmin = 470375.000
Xmax = 500575.000
Ymin = 111075.000
Y max = 141275.000

The upper coordinates are Slovenian state coordinates (datum and projection are defined as
ESRI projection file £ below).

Proj ection
Dat um

Zunits

Units

Spheroi d

Xshi ft

Yshi ft

Par aneters

0. 99990000

15 0 0.000

0O 0 0.000
500000. 00000

-5000000. 00000

TRANSVERSE

USER_DEFI NED 426. 9466 142.5844 460. 0891 -4.907790
-4.488389 12.423059 17.1131

VETERS

VETERS

BESSEL

0. 0000000000

0. 0000000000

6377397. 155 6356078. 96325 /* BESSEL 1841 Sl ovenija
/* scale factor at central meridian

/* longitude of central neridian

/[* latitude of origin

/* fal se easting (neters)

/* false northing (neters)
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Land cover layer was produced at ZRC SAZU from satellite images. It contains ten classes.
We decided that only open area (grass), bushes and farmland areas are suitable for wind
power plant installations. We excluded any kind of urban, forest or water area (there are no
major water bodies in the area so we did not use any additional water resources layers). The
only problem might be farmland, because some farmland areas in Slovenia are protected be-
cause of good soil. We did not have any information about protected farmland but we as-
sumed that this occurs only in valleys. The binary layer of suitability for wind power plant
installations regarding land use is shown in the Figure 3.

Figure 3: Suitable and excluded areas (blue) regarding land cover
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Data about settlements are property of Surveying and Mapping Authority of the Republic of
Slovenia. We used centroids of buildings for generation of a buffer of 300 m around each
building. Potential visual and noise problems were considered when choosing the size of the
buffer. Besides, a buffer of this size is also big enough to satisfy safety conditions. The binary
layer of suitability for wind power plant installations regarding land useis shown in Figure 4.

Figure 4. Suitable and excluded ar eas (blue) regar ding settlement areas
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Road data are property of the Surveying and Mapping Authority of the Republic of Slovenia.
We computed a very simple cost surface (linear distance multiplied by slope + friction),
which worked excellently for our purposes. We used slopes in percent as afriction layer. We
evaluated that maximum cost distance from the road should not be larger than 4000 cost units.
This means that we accepted areas far away from roads in case of flat areas and only the near-
est areas in case of steep slopes. The binary layer of suitability for wind power plant installa-
tion regarding land use is shown in the Figure 5.

Figure5: Suitable and excluded ar eas (blue) regarding roads
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We derived slopes from INSAR DEM 25, which is adigital elevation model with a resolution
of 25 m. It was produced in ZRC SAZU with interferometry. Steeper slopes are more exposed
to avalanches and construction is harder in steep areas. Therefore we decided to exclude areas
that are steeper than 50% (almost 27°). The binary layer of suitability for wind power plant
installation regarding land use is shown in the Figure 6.

Figure 6: Suitable and excluded areas (blue) regarding slopes
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The most important layer in this analysis is the mean annual wind velocity. The strongest
wind in the case study areaisin the northwest of the test area as we can seein Figure 9.

Wind data are property of METEOTEST. We used the data that were prepared for hub-height
of 70 m. The minimal average wind velocity that is economically still reasonable to 2harvest®
is 4.5 m/s. However, wind measurements on Vivodnik were only three moths long. Due to
this uncertainty of the wind model, areas with lower wind velocity may wrongly be included
in the suitable area with a 4.5 m/s limit, but most certainly no areas with good wind condi-
tions are wrongly rejected. The binary layer of suitability for wind power plant installation
regarding land use is shown in Figure 9.

Figure 7: Mean annual wind velocity at 70 m a.g.l. for whole case study area (30 x 30 km)



Figure 8: M ean annual wind velocity at 70 m a.g.l. for Menina planina area (10 x 10 km)

Figure 9: Suitable and excluded ar eas (blue) regarding mean wind velocity at a threshold of 4.5 m/s.
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Protected areas data are property of the Environmental Agency of Republic of Slovenia. Pro-
tected areas contain landscape and wildlife protection areas, natura monuments, national
parks and drinking water protected areas. New constructions are prohibited in these areas. We
excluded all protected areas. We used a 100 m buffer around point-based data. The binary

layer of suitability for wind power plant installation regarding land use is shown in the Figure
10.

Figure 10: Suitable and excluded areas (blue for drinking water protected areas and red protected areas
regarding other reasons) regarding protected areas
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The layers we used as input criterialead to the resultsin Figures 11 and 12, with alimit of 4.5
m/s mean annua wind velocity at 70 m a.g.l.

If we had used a binary layer of average wind velocity that was produced based on 5.0 m/s as
minimum allowed velocity, we would have obtained different results (Figure 13). The accept-
able area would be approximately half in size (most of the larger areas would be still ac-
cepted).

Figure 11: Resultsfor whole case study area classified in six classes (valuesindicate how many of all 6

criteria are suitable for installing wind power plants) (30 x 30 km; average wind velocity of at least
45ml/s)



Figure 12: Resultsfor Menina planina classified in six classes (valuesindicate how many of all 6 criteria
aresuitablefor installing wind power plants) (10 x 10 km; average wind velocity of at least 4.5 m/s)

Figure 13: Resultsfor Menina planina classified in six classes (valuesindicate how many of all 6 criteria
aresuitablefor installing wind power plants; 10 x 10 km; average wind velocity of at least 5.0 m/s)
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To conclude, the presented decision making model is very simple and also very efficient. The
model cannot be calibrated, because used criteria are determined very subjectively in most
cases. Therefore, the most important part of the model is choosing appropriate criteria thresh-
olds, which isusually either a political or an economical decision.

All the used data layers have alarge influence on the results. It seems that DEM is one of the
most important layers (used for slopes and cost surface), but an even more important layer is
the average wind velocity. The used wind model is uncertain, but with awind velocity limit of
4.5 m/s we assume that all possibly suitable areas are included. There are more areas with
strong wind in the northwest of the case study area (outside the area of Menina planina), but
they do not suit many other criteria (distance to roads for example).
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Data about settlements (EHIS), roads (GKB 25 ceste), water resources (GKB 25 vode) and
map in scale 1:250 000 (PK250) 2004, Surveying and Mapping Authority of the Republic
of Slovenia

Data of protected areas (Natura 2000, Zavarovana obmo ja, Obmo ja, predlagana za zavaro-
vanja, Ekolo ko pomembna obmo ja, Naravne vrednote, Pri akovane naravne vrednote,
Vodovarstvena obmo ja virov pitne vode) 2000, Environmental Agency of Republic Slo-
venia

Land use data and DEM 2000, Scientific Research Centre of Slovenian Academy of Sci-
ences and Arts

Wind data 2005, Meteotest



