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Renewable Resources and Energy Efficiency Fund of Armenia

RE

Renewable Energy
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Renewable Energy Sources Mapping Platform

SaaS

Software-as-a-service
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PART 1 – EUROPEAN COMMISSION
Background

Assignment Title:
Country and Dates:
Beneficiary Organisation(s):

Beneficiary Organisation’s
key contact persons – name
and e-mail address
Deliverables Produced

Expert Team Members

1.2

RESMAP: Geospatial mapping for sustainable energy development
Phase 1 Georgia (Nov 2014 - Apr 2015)
Phase 2 Armenia, Azerbaijan, Moldova (Oct 2015 – Apr 2016)
Georgian Energy Development Fund GEDF (Georgia)
R2E2 Fund (Armenia)
State Agency for Alternative and Renewable Energy Sources (AZ)
Energy Efficiency Agency EEA (Moldova)
GEDF (Georgia) o.zhukovski@gedf.com.ge
R2E2 Fund (Armenia) tamara.babayan@gmail.com
SAARES (Azerbaijan) srahimov@area.gov.az
EEA (Moldova) Ion Cozma, Manager, cozmaion@mail.ru
For GE, AM, AZ, MD:
 Online geospatial platforms, for use by beneficiaries, potential
investors, policy makers and suppliers to investigate investment opportunities. Links for the INOGATE website.
 Maps / geospatial data layers for wind and solar energy,
which present relevant information on the economically viable resource in terms that investors will readily understand.
 Trained experts in the beneficiary countries who have participated in the development of the maps and GeoExplorer platform and are capable of their maintenance / update.
Mark Allington, Kevin Wright, Theodore Coogan, Theoni Versi
Baadur Chkhaidze (GE), Hovannes Sargsyan (AM), Abbas Aliyev (AZ).

Essence of the Activity

The focus of the activity was to:
1. Develop an online geospatial mapping platform to demonstrate the value at stake from wind
and solar investment to stakeholders in Georgia, Armenia, Azerbaijan and Moldova.
2. To build capacity in the beneficiary organisation:
a. Develop theoretical, ecological and economically viable wind and solar energy resource
maps, using highly granular data (at least 10km square resolution).
b. Develop related infrastructure and constraint maps.
c. Develop maps that label the locations of existing reference projects.
d. Place these maps on a web-based ‘GeoExplorer’ map manipulation tool, allowing
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labelling, zoom, measurement functions and scroll down boxes and relevant information
that will assist dialogue between policy makers, investors and other stakeholders.
3. To make these maps available to decision-makers on local ITS GeoExplorer platform sites.

1.3

Key Findings

‘GeoExplorer’ geospatial mapping platforms have been implemented for GE, AM, AZ, MD as a tool for
beneficiaries to use to encourage investment in wind and solar projects in these countries. These were
implemented using ArcGIS software and are available, in ‘story map’ form, on the following weblinks:
AM:
AZ:
MD:
GE:

http://arcg.is/1SQ7K2J
http://arcg.is/1QGa73C
http://arcg.is/1SQ9E3m
http://gedf.maps.arcgis.com/apps/MapJournal/index.html?appid=c5cd39fef9184bee8590596cc093520a

The tool enables the beneficiaries to:
•

•
•

Explain to stakeholders (investors, policy makers, equipment suppliers) the location, amount
(MW and GWh/year) and Net Present Value of the economically viable wind and solar resource
available in their country, at different combinations of capital cost, investment discount rate and
power purchase tariff, thereby determining the value at stake.
Map existing reference projects.
Map wind and solar resource (to 10km square scale).

In phase 1 (Nov 2014-Apr 2015), a pilot RESMAP Geoexplorer platform was developed for Georgia. This
has subsequently been used to facilitate discussions between potential wind energy investors and policy
makers. Memoranda of Understanding have since been signed for development of several areas
highlighted as economically viable by the mapping platform. For example the proposed 50MW Nigoza
wind power plant in Kartli region and the proposed 150MW Central wind power plant nearby1In phase 2
(Oct 2015 – Apr 2016), the successful technique was repeated for AM, AZ, MD using wind, solar and
constraint data for these countries, with the support of local GIS experts. The completion of work and
transfer of the platforms to the beneficiaries coincided with the completion of the INOGATE programme
in April 2016 and so facilitation of investment attraction will take place outside of the INOGATE
timeframe. A follow-on workshop was held in Baku on 8 Aug 2016 at the request of the beneficiary
SAARES.

1.4

Ownership and Benefits of the Activity

The main benefits of the activity for the Beneficiaries are:
1. Better understanding of the value available from the wind and solar resource to different stakeholder types (investor, policy maker, equipment supplier) under different economic conditions.
1

http://gedf.com.ge/en/nigoza-wind-power-plant/

http://gedf.com.ge/en/central-wind-power-plant/
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2. Practical tool to facilitate discussion of commercial opportunities (how much wind and solar energy is economically viable at a range of different discount rate/tariff/capital cost combination?
Where is it? What Net Present Value can be achieved from each 10km grid square?).
3. Determines where feasibility studies / measurement campaigns should be undertaken.
The Beneficiaries took ownership in the following way:
1. Beneficiaries provided ITS with support during the preparation and implementation stages.
2. Beneficiaries participated in development of the RESMAPs and Geoexplorer platforms, by guiding specification, user requirements and constraints for their particular countries.
3. Beneficiaries participated in the missions providing insights into local use of the Geoexplorer.
4. Georgia has already used the platform in investment discussions and has signed preliminary
agreements with investors. Other countries now they have their own online platforms and will
make use of them in investor dialogue outside of the INOGATE timeframe.

1.5

Recommendations

Actions and measures recommended to be taken after completion of the activity by the European
Commission are:
1. Follow up after six months to see how beneficiaries are using the platform to attract investment.
2. Make adjustments if needed to improve effectiveness of the platform.
3. If necessary provide further coaching/capacity building support.

1.6

Challenges Faced

The main challenges that have been faced include:
1. Getting access to wind and solar data for Moldova proved challenging and delayed the phase 2
work by two months. However this was eventually resolved and the platform was delivered.
2. The planned second mission for phase 2 could not be undertaken because of insufficient time
before the INOGATE programme ended on 30/4/16. For these reasons, the final mission was replaced by remote capacity building sessions for MD, AM and AZ, using an internet interactive
webinar followed by data transfer. This was a pragmatic solution to deliver the results before
the INOGATE programme concluded. ITS provided one webinar for each country. AM and MD
beneficiaries participated, however the AZ beneficiary decided they preferred a face-to-face
workshop, which was held in Baku on 8th August 2016 and has been separately reported. All
files were transferred to the beneficiaries before the INOGATE programme ended.

1.7

Impact Matrix

Please note that impact is measured based on the indicators from the ToR
Impact Area

Developments

2012 (%)

2015 / summer 2016
(%)
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Technology

Online geospatial tool showing economically
viable wind/solar resource in GE, AM, AZ, MD

0%

100%

Economics

Beneficiaries
investment

attract

0%

25%

Social

Improved capacity of beneficiary personnel to use
the platform to inform investor dialogue

0%

100%

2

use

the

platform

to

PART 2 - BENEFICIARIES

2.1

Executive Summary

This report presents the results of the assignment "Geospatial resource mapping to attract sustainable
energy investment" implemented by the EU funded INOGATE Technical Secretariat (ITS) project. The
assignment was requested by beneficiaries in four countries and implemented in two phases – first a
pilot project was implemented in Georgia in November 2014-April 2015. This was followed by a second
phase in Armenia, Azerbaijan and Moldova in October 2015 – April 2016.
The project has implemented ‘GeoExplorer’ geospatial mapping platforms for GE, AM, AZ, MD as a tool
for the beneficiary organisations to use to encourage investment in wind and solar projects in these
countries.
These tools enable the beneficiary to:
•

Explain to stakeholders (investors, policy makers, equipment suppliers) the location, amount
(MW and GWh/year) and Net Present Value of the economically viable wind and solar resource
available in their country, at different combinations of capital cost, investment discount rate and
power purchase tariff, thereby determining the value at stake.

•

Map existing reference projects.

•

Map wind and solar resource (to 10km square scale).

•

Improve data collection/management.

•

Present results on an online tool, suitable for sharing with stakeholders.

The process involved the following steps:


Specification
o



Prepare a specification for the Georgia GeoExplorer wind and solar resource tool, based on
ArcGIS, and extend it to cover Armenia, Azerbaijan and Moldova. Include use cases, visual
presentation, software/hardware requirements, topology, architecture, assumptions and
risks, as necessary. Ensure that the maps and platform are easy to use, graphically appealing, and easily maintained and updated by the beneficiary without further ITS support.

Map development
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o

o

o







Wind – annual average wind speed at 100m hub height;



Solar – average annual Global Horizontal Irradiation.

Gather geospatial data needed to screen and calculate wind and solar potential:


Infrastructure data: roads, electricity distribution networks, load centres, airport
runways;



Topography (digital elevation model) and land use.

For wind and solar energy, develop geospatial data layers for theoretical and ecological resource; develop data tables and related geospatial data layers for economically viable resource (under a range of tariff, discount rate and capital cost combinations). Maximise flexibility for user reconfiguration of parameters to assist investment dialogue.

GeoExplorer implementation
o

Create Investor View, Manager View and GIS Expert View for the Georgia GeoExplorer, and
make these suitable for the three additional countries. Implement look, feel, functionality
(zoom, pan, measure, etc.) and platform (cloud or local server) according to specification.

o

Import data layers.

o

Implement scroll-over boxes and links to relevant information on existing projects and/or infrastructure maps.

o

Build a Spatial Data Management System into the design to allow data to be maintained easily.

o

Test all functions according to specification, ensuring that system works well in real time on
computer systems that are widely available in the Partner Countries.

o

Prepare help documents and training information.

Capacity building
o



Gather previous Renewable Energy (RE) resource studies and high resolution (<10km2) geospatial data (i.e. data attached to grid coordinates) on the particular RE resource:

Provide capacity building activities including formal training and coaching to support the
GeoExplorer development, implementation and maintenance.

Reporting
o

Update user manual and handover pack.

o

Prepare report of all development and testing activity.

The geospatial tools were implemented using ArcGIS software and are available, in ‘story map’ form on
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the following weblinks:
AM:
AZ:
MD:
GE:

http://arcg.is/1SQ7K2J
http://arcg.is/1QGa73C
http://arcg.is/1SQ9E3m
http://gedf.maps.arcgis.com/apps/MapJournal/index.html?appid=c5cd39fef9184bee8590596cc093520a

Each country received access to an Esri ArcGIS Online account with one administrator and one publisher
valid for one year with 2500 ‘Esri credits’ along with guidance on how to minimise credit use. Each
account was loaded with all the necessary geospatial information for the created maps and to allow the
creation of further maps/geospatial data layers. A calculator, pre-loaded with necessary wind, solar and
economic data their specific country was also transferred to each beneficiary. Face-to face meetings
were held to transfer these data in Georgia.
Capacity building took place on the initial mission to each country (GE May 2015, AM/AZ/MD Oct-Nov
2015), in which beneficiaries were introduced to the story mapping technique within ArcGIS and created
their own story maps, and remotely using internet screen sharing. The planned second mission for phase
2 could not be undertaken because of insufficient time before the INOGATE programme ended on
30/4/16. For this reason, the final mission was replaced by remote capacity building sessions for MD, AM
and AZ, using an internet interactive webinar followed by data transfer. This was a pragmatic solution to
deliver the results before the INOGATE programme concluded. ITS provided one webinar for each
country. AM and MD beneficiaries participated, however the AZ beneficiary decided they preferred a
face to face workshop, which was held in Baku on 8th August 2016 and has been separately reported. All
relevant files and administrator responsibilities were transferred to the beneficiaries (GE July 2015,
AM/AZ/MD Apr 2016).

2.2

Objective

The objective of this work was to implement a geospatial mapping platform in four INOGATE countries
to enable beneficiaries to encourage sustainable energy investment.
Specific aims were to:

2.3

•

Map existing reference projects.

•

Map wind and solar resource.

•

Improve data collection/management.

User Requirements

The user requirements based upon direct discussions with beneficiaries are shown in Annex 1.
The development of the GeoExplorer platform and gathering/processing of the geospatial data to populate it was undertaken and tested in parallel. These were then brought together to allow the commis-
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sioning of the operational GeoExplorer systems for each country, beginning with a pilot project in Georgia.

2.3.1 Geospatial data layers
This section describes the technical solution for the geospatial data layers relating to wind and solar
photovoltaic (PV) resource assessment and reference projects. The resource assessment principles are
described in Annex 2.

2.3.1.1 Wind energy resource data layers
The intention was to calculate the economically viable wind resource, to a resolution of 10km 2, using
data, assumptions and calculations.

•WIND ENERGY THEORETICAL RESOURCE
First, the theoretical resource was calculated.
The primary input to this is a dataset to 10km2 grid square resolution of annual average wind speed (in
m/s) at 100m height for the country concerned (e.g. Georgia). This dataset was sourced from 3Tier
www.3Tier.com a data company that is now part of Vaisala. The dataset is derived from a numerical
weather research and forecasting model based upon long-term satellite observations, validated by 4000
measuring stations worldwide. The difference between wind speed values in the dataset and groundbased observations was validated at less than 0.5m/s at 50% of the stations and less than 1m/s at 78%.
The overall bias is +0.05m/s relative to observations and the Root Mean Square error is 0.93m/s. This
means that the accuracy of the wind speed estimates in the dataset is around +/- 10%. This level of
accuracy is sufficient to allow comparison of the relative viability of various locations at mesoscale.
Note that the satellite data is based upon measurements every 2 arc-seconds, with each grid square
allocated a unique grid code. This means that the grid square area is approximately 10 km2 with the
exact area depending upon the latitude of the measurement. Hence each grid code has a specific grid
square area associated with it.
To allow an area-based assessment of wind resource, the annual average wind speed for each grid
square must be converted to a wind capacity per unit area estimate in MW/km 2 and an energy yield per
unit area estimate in MWh/km2.
The conversion table used to generate wind capacity per unit area for the initial Georgia maps is shown
in Table 2.1.
Table 2.1. Conversion from wind speed to capacity per unit area
Average annual wind
speed class m/s

Wind capacity per
2
unit area (MW/km )

Capacity factor (%)

<6

2

19.41%

8

6-7

4

22.83%

7-8

7

30.00%

8-9

10

36.53%

>9

14

47.65%

Source: National Renewable Energy Laboratory
The best wind resource will tend to be available at the highest elevations, on ridges perpendicular to the
prevailing wind direction, and at locations where wind can funnel (such as gaps in ridges). However
nearby to these locations there may be areas of high turbulence, for example immediately upwind or
downwind of higher terrain, on the lee side of ridges and on steep slopes. The high hub heights available
with modern (100m) and future (140m) turbines can overcome turbulence problems, yielding capacity
factors of >50%.
This conversion to capacity per unit area ‘on the ground’ is not to be confused with the wind power density, which is a calculation of the mean annual power available per square metre of swept area around
the horizontal axis of a turbine, tabulated for different heights above the ground, and taking account of
differences in air density.
The NREL website contains useful references. For example: the Wind Energy Resource Atlas of the United States http://rredc.nrel.gov/wind/pubs/atlas/appendix_A.html; Chapter 3 of the National Renewable
Energy
Laboratory
Wind
Resource
Assessment
Handbook,
1997
available
at
http://www.nrel.gov/wind/pdfs/22223.pdf; and the wind exchange, which updates the earlier references with 2014 data http://apps2.eere.energy.gov/wind/windexchange/wind_maps.asp
Having determined the conversion factors, the theoretical resource can be calculated simply as follows
for each grid square (taking account of the specific grid square area for each grid code):
Theoretical capacity (MW) = capacity per unit area (MW/km2) x area of grid square (km2)
Theoretical annual energy yield (MWh/year) = energy yield per unit area (MWh/year/km2) x area of grid
square (km2)
The theoretical resource would ideally be able to be recalculated easily as turbine performance advances.

• WIND ENERGY ECOLOGICAL RESOURCE
The ecological resource is the technological resource minus all areas that must be excluded for one reason or another.
Typical reasons for exclusion are:
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Limitations of the technology (for example unable to build on steep slopes, or above a certain
elevation).
 Limitations of land use – windfarms cannot be built where other infrastructure already exists.
Buffer zones are needed around certain types of infrastructure (for example gas pipelines).
 Environmental designations – construction is unlikely to be allowed in protected areas such as
national parks.
A list of exclusion criteria were discussed and agreed. These are listed in Annex 3.
Here is a screenshot of Azerbaijan with all wind energy exclusions applied:

•WIND ENERGY ECONOMICALLY VIABLE RESOURCE
The economically viable resource was then found for each grid square by calculating the Net Present
Value (NPV) for the square, based upon an assumed power purchase tariff (in €/MWh) capital cost (in
€/MW), operating/maintenance cost (in €/MW); discount rate (in % to represent the time value of money) and operating lifetime of the generation plant (in years). Geospatial layers were created for a selection of these using an NPV calculator created for the purpose and containing the resource data for each
grid square. The calculator and geospatial layer production method were transferred to each beneficiary.
Some typical results are shown in the next figures.
Azerbaijan wind (power purchase tariff 80 €/MWh; discount rate 13%; capital costs 900 k€/MW, operating expenses 1.5% of capital costs):
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Armenia wind (power purchase tariff 60 €/MWh; discount rate 13%; capital costs 900 k€/MW, operating
expenses 1.5% of capital costs):

2.3.1.2

Solar photovoltaic energy resource data layers

The solar layers were developed in the same manner, with the differences highlighted below:

•SOLAR ENERGY THEORETICAL RESOURCE
The solar theoretical resource calculator uses Global Horizontal Irradiation (in W/m2) as the primary
input parameter for each grid square. This is scaled to the grid square size and adjusted to take account
of the ‘optimal tilt angle’, which is the angle at which a solar panel would receive most direct irradiation.
This varies with latitude. Other scaling parameters used are a panel performance ratio, a physical size
constraint and a maximum penetration factor, which takes account of the maximum % land area that
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could reasonably be made available for large solar energy installations within the medium term (20
years).
Here is the theoretical resource for Armenia:

•SOLAR ENERGY ECOLOGICAL RESOURCE
For solar energy, as for wind, typical reasons for exclusion are:




Limitations of the technology;
Limitations of land use;
Environmental designations.

A list of exclusion criteria were discussed and agreed. Several are shared with wind, but there are some
exceptions. These are listed in Annex 4. Here are all the solar exclusions areas for Armenia:
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•SOLAR ENERGY ECONOMICALLY VIABLE RESOURCE
In the same manner as for wind, the solar economically viable resource was then found for each grid
square by calculating the Net Present Value (NPV) for the square, based upon an assumed power purchase tariff (in €/MWh) capital cost (in €/MW), operating/maintenance cost (in €/MW); discount rate (in
% to represent the time value of money) and operating lifetime of the generation plant (in years). Geospatial layers were created for a selection of these using an NPV calculator created for the purpose and
containing the resource data for each grid square. The calculator and geospatial layer production method were transferred to each beneficiary.
Some typical results are shown in the next figures.
Armenia solar (power purchase tariff 190 €/MWh; discount rate 13%; capital costs 1200 k€/MW):

2.3.2 GeoExplorer Platform
This section describes the technical solution for the GeoExplorer Platform.

2.3.2.1 System Design and Architecture
The solution architecture was designed to allow updates and additions to the maps to be implemented
easily and quickly by a non-technical manager from the beneficiary organisation. The system will also
accept data and map layers from more advanced geospatial experts. With that in mind, the system consists of three different tiers of tools for each country as shown in the Figure below. Each Tier or “view”
of the tool serves different user roles and was designed with that specific purpose in mind.
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GeoExplorer Solution Tiers

•INVESTOR VIEW
The Investor View was designed to be the interface between
the Map Recipient organisation and the potential investor.
Intended to be simple and intuitive, users are presented
with an interactive map, much like the familiar Google
Maps, that will allow investors to see the most viable areas
for investment in any of the renewable energy technologies.
The map presents a countrywide view and has the ability to
zoom into local areas. From this, the potential investor is
able to see what areas make most sense for further investment study, expressed in terms that are meaningful to the investor, such as the Net Present Value at
different power purchase tariffs and discount rates. The investor can share this map with others (if desired and permissible) via email or social media. The Investor View of the system was designed to be
Responsive meaning that it may be viewed on a variety of technology platforms such as a desktop computer browser, a tablet or a phone. This is done with one set of code that responds to the environment
that it detects.
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•MANAGER VIEW
The Manager View was designed for those that will be interfacing with the potential investors but are not necessarily GIS professionals. This view allows the creation of maps
and applications from an easy to use and intuitive interface. These maps are used to populate the application that
becomes the Investor View. It also allows for some spatial
analytics including the creation of buffers and the summation of data within specified regions.

•GIS EXPERT VIEW
The GIS Expert View is used for data creation and to generate
entirely new maps. This will rarely be needed.

2.3.2.2

System Environment

The system was designed using Esri’s ArcGIS Online toolkit. This was used primarily because the ArcGIS
Online toolkit allows for a very simple workflow that is ideal for this task. To rebuild this robust environment in other technology would require a significant investment. While ArcGIS Online can import
data from nearly any data source, the Shapefile and Geodatabase formats that are native to ArcGIS
Online are familiar to GIS specialists in the participating countries.
Each beneficiary organisation was provided with its own licence for ArcGIS Online and will maintain all
its own data, maps and applications using the information provided. The system is hosted in the ArcGIS
Online cloud environment. This greatly reduces the level of effort and expense needed to maintain the
physical hardware to host the system.
2.3.2.3

System Security and Ownership

Moving geospatial services to the cloud requires serious consideration of security issues and technology.
Cloud computing is complex; however, by utilising a secure backbone of both industry-leading cloud
providers and geospatial services, the system provides both a stable, scalable and secure environment
for significantly less cost.
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SECURITY – The system was designed using Esri’s ArcGIS Online toolkit, a secure, reliable geographic
information system (GIS) delivered using the software-as-a-service (SaaS) model. Data, maps and apps
stored on ArcGIS Online are elastic, available on demand and managed by experts in networking and
system security.
The tools were built using secure design principles based on an industry-standard, defence-in-depth
approach that provides security controls at every level, for every user, including the application, network, and facilities. Adherence to these security principles helps ensure that ArcGIS Online provides
confidentiality, integrity, and availability of data. The ArcGIS Online Privacy Statement is certified compliant with the highest independent, international, industry-accepted privacy standards, including
TRUSTe Certified Privacy Seal and EU Safe Harbor. ArcGIS Online utilises cloud infrastructure providers
that are ISO 27001, FedRAMP, and SSAE 16 SOC1 Type2 compliant.
OWNERSHIP – Each contributor retains intellectual property rights for data they publish through the
system. Each data record within the storage is identified to the owning country to ensure data is accessible only by the country’s authorised users and INOGATE. Each country has its own logically separate
database, providing isolation of stored features. Only data shared with INOGATE will be viewable, but
not editable by users of the overall INOGATE site. Each country will maintain rights and therefore also
responsibilities to maintain and update their data. Any data removed from the site is permanently removed. Nothing will be saved onto the servers, therefore if a country wants to remove a layer of data it
will be removed permanently.

2.4

Areas of particular interest

Each GeoExplorer platform was presented in a ‘story map’ form, which beneficiaries were trained to
produce. This highlighted ‘areas of particular interest’, some examples of which are shown below:

Georgia – wind potential in Kartli region
In Georgia, a pilot 20MW wind farm is under construction at Gori (the blue dots on the map). However
the RESMAPs work identified a much larger area to the west which has considerably greater potential.
This screenshot shows how this area is highlighted:
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Since the GeoExplorer tool was transferred to Georgia, announcements have been made concerning
proposed investment in two major windfarms (50MW Nigoza and 150MW Central) in this region2
Moldova – solar potential in Cahul region
In Moldova, the RESMAP demonstrates that the best solar resources are in the southern part of the
country, especially in Taraclia and Cahul regions where there are significant populations whose electricity
needs could be served by solar farms. The viable areas highlighted near Cahul (pop. 40,000) could yield
the same amount of solar electricity, as would be used annually in 10,000 households This screenshot
shows how this area is highlighted, with total capital cost, economically viable capacity, annual energy
yield and Net Present Value for unexcluded areas in the scroll-over box, as a basis for discussion between
stakeholders:

2

http://gedf.com.ge/en/nigoza-wind-power-plant/

http://gedf.com.ge/en/central-wind-power-plant/
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Armenia – wind potential near Meghri
In Armenia, the RESMAP explored several areas of good potential both close to and distant from Yerevan. Below is an example showing wind potential near Meghri in the far south:

Meghri has around 5000 households. The energy yield possible from realising the wind energy potential
in the area highlighted would be many times the demand from those households.
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Armenia – wind potential near Yerevan
There is also good wind potential closer to Yerevan (population 1 million). The highlighted area close to
the town of Charentsavan (pop 20,000) and within 70km of Yerevan appears viable at a tariff of 60
euro/MWh and discount rate of 13%, hence might be suitable for detailed study. The map shows the
impact of exclusions (the grey areas) and the ability of the tool to pinpoint areas which are not excluded.
In this case the principal exclusions showing on the map are for elevation. A lot of the Armenian wind
resource is located in remote mountain passes with high elevation (>2500m) and difficult access. Whilst
this does not render development impossible, it makes it less attractive than in areas with lower
elevation and less steep slopes. These exclusions are provided within the GeoExplorer tool.

Azerbaijan – wind potential of Absheron region
In Azerbaijan, Absheron peninsula (which houses Baku) and the territories around it have good wind
energy potential. Around 60MW of windfarms have been built in this area by 2016. Much more than
this is possible, as shown here:
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The beneficiary SAARES is investigating the potential in this area.
Azerbaijan – solar potential of Nakhchivan autonomous region
In Azerbaijan, most areas have good solar potential. For example, there are some areas near Babak
town in Nakhchivan automonous region offer around 13MW of economically viable solar potential for
€18m investment at a tariff of 170 €/MWh:

The beneficiary SAARES is investigating the potential in this area.
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2.5

Conclusion and recommendations

The GeoExplorer platform has been demonstrated as a method for responsible agencies in Armenia,
Azerbaijan, Georgia and Moldova to identify and communicate the location and relevant parameters of
wind and solar resources that are available economically viable in their countries. The tool has been
transferred to beneficiary agencies in each country, along with training in its operation and further development and use. Personnel from these agencies, and local experts from each country have participated in development of the tool for their country, and are well positioned to make use of the tool to
support dialogue between potential investors, policymakers and the supply chain to create appropriate
conditions for all to realise value from participation in wind and solar development.
It is recommended that beneficiaries make use of the tool to support dialogue between stakeholders, so
that tariff policy, investment returns and capital costs can be investigated at suitable locations using the
tool. This should ensure that the value at stake for all stakeholders is properly understood and agreed as
a basis for designing suitable incentives, permitting structures, investment funds and supply/service
operations.
The tool is inherently flexible to cope with changes in technology costs, discount rates and tariffs. It is
recommended that, around every five years, the parameters relating to wind power density and solar
performance factors are updated to reflect technological progress.
The story mapping approach is a powerful communication tool. It is recommended that this is used to
create specific story maps for individual dialogues in accordance with the training provided.
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Annex 1: User Requirements
No.

Tasks/Responsibilities

Specifications

User:

Overall requirement: Use the GeoExplorer platform to understand the potential investment oppor-

National Policy Maker, Potential Investor

tunity, to inform dialogue with other stakeholders and to help decide where to invest in site-specific
feasibility studies.

1

Compare the relative economic viability of

Provide interactive maps that present the geographical distribution of the economically viable wind and solar

potential wind and solar projects in different

resource, allowing zoom in/out from national to local level and bookmarking / labelling of areas of interest.

locations.
2

3

Assess the investment needed and return

Provide feedback tools that inform the user of these parameters for specific locations, along with related

possible at specific locations.

information such as the potential installed capacity and energy yield.

Assess the investment needed and return

Provide a facility through which the user can specify an area of interest.

possible within user-specified, larger areas
of the country.
4

Provide summation tools that calculate and inform the user of these parameters for user-specified areas,
along with related information such as the potential installed capacity and energy yield.

Assess reference geospatial information

Provide access to beneficiary provided information linked to specific map coordinates that users might

that is relevant for guiding investment.

need. For example: existing feasibility studies, resource measurement datasets, permit procedures, information about existing infrastructure (such as electricity substations and roads), along with links to relevant
organisations that produced the information.

5

Investigate what investment, generating

Provide interactive maps that allow tariff, capital cost and discount rate inputs to be selected by the user,

capacity and energy yield are possible for a

and which output the investment needed, the investment return (Net Present Value), generating capacity

range of user-defined power purchase tariff

and energy yield for each input combination, and for each geospatial location.

capital cost and discount rate combinations.
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User: Beneficiary Manager / Negotiator

Overall requirement: Use the GeoExplorer platform to advise stakeholders of the potential investment opportunity, providing tailored information to attract interest and facilitate dialogue.

6

7

Configure data layers to form maps that are

Password-protected ability to select various technical parameters and constraints to configure map data

of use for specific investor dialogues

layers to support specific investor dialogue.

Annotate maps with geospatial data

Password-protected ability to attach text, documents and web-links to specific geospatial coordinates, so
that they appear in scroll-over boxes if selected.

8

Publish and send specific maps to investors

Password-protected communication facilities

User: GIS Specialist

Overall requirement: Adjust the underlying data to allow new display selections that address unforeseen user needs.

9

Adjust underlying datasets and calculations

Password-protected ability to adjust underlying data and calculations

10

Develop and add new constraint layers

Password-protected ability to define new data layers that can be used to constrain the displayed data.

11

Add other geospatial data of interest

Password-protected ability to add other geospatial data.
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Annex 2: Resource assessment principles
The resource assessment process used for wind and solar assessments worked through three stages
to establish the economically viable resource, which is of most interest to policy makers and potential investors.
Resource assessment

Theoretical
resource

Ecological
resource

Economic
resource

The process began by establishing the theoretical resource. This is the maximum resource available
in a country, with no constraints at all applied on development. As an example, the theoretical wind
map for Azerbaijan at 100m hub height is shown below. Around 5-6m/s average wind speed is a
typical minimum for grid connected wind turbines, but higher average speeds are much better, since
the output power increases with the cube of the wind speed (so doubling wind speed, means the
output power rises by a factor of eight). The red areas represent the highest wind speeds and hence
potentially the best sites for development (if no constraints are applied).
Theoretical wind resource map of Georgia at 100m height
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To this a number of constraints were defined and applied to exclude areas where construction is
impractical (e.g. because of topographical, land use and environmental designation, bird migration
pathways and many other constraints that are technology- or region-specific). These were applied by
a composite of geospatial data layers, and used to screen out areas that are likely to be unsuitable
for development.
These exclusions yield the ecological resource (i.e. the resource that could be developed if only practical and ecological resource constraints were applied. The pink areas represent the excluded regions. It is clear that some of the promising (red) resource located in the centre of the country would
be excluded if these constraints were applied.
Next information on infrastructure is used and some economic constraints are applied (for example
distance to the electricity grid for export of power produced).

Draft ecological wind resource map of Georgia at 100m height
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Draft infrastructure map of Georgia

Various costs were then allocated for construction and operation that are tied to the geospatial parameters and an economic model was run to calculate the likely power output and energy yield that
gives positive Net Present Value (NPV) at a given discount rate and tariff combination. This yielded a
range of maps showing the location and quantity of the economically viable resource at different
power purchase tariffs and discount rates, including the location of the most viable sites in the country for each capital cost and operating cost assumption.
The results were included on the Geoexplorer tool, which allows zoom, bookmarking and measurement functions to give planners, policy makers and potential investors a basis for dialogue over
how much capacity might reasonably be built, where and under which incentive conditions. Because
of the 10km2 resolution, this discussion can be quite localised if needed (for example for discussion
with regional development planners).
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Annex 3: Wind Resource Exclusions
Technical Criteria
1) Exclude areas of slope > 30 degrees

Data/Comments:
Derived from national digital elevation dataset.

2) Exclude areas with elevation > 2500m

Derived from national digital elevation dataset.

Environmental Criteria
3) Exclude National Parks and other protected lands
(e.g. designated as park, wilderness, national monument, recreation area, wildlife conservation area, wild
and scenic river, national forest)
Land Use Criteria
4) Exclude airfields, urban, wetland and water areas.

Derived from beneficiary-identified national shapefiles
showing protected lands

Derived from beneficiary-identified national shapefiles
showing airfields, urban areas, wetlands

5) Exclude water

Derived from beneficiary-identified national shapefiles
showing water (alkes and rivers)

6) Exclude land close to railways, pipelines, fibre optic
cables, power transmission cables

200m buffer zone

Other Criteria
7) Exclude 100 m surrounding criteria 3-4

Buffer 100 m
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Annex 4: Solar Resource Exclusions
Technical Criteria
1) Exclude areas of slope > 25% for any slope aspect,
and exclude areas of slope >10% when not facing
south

Data/Comments:
Derived from national digital elevation dataset.

2) Exclude areas with elevation > 3000m

Derived from national digital elevation dataset.

Environmental Criteria
3) Exclude National Parks and other protected lands
(e.g. designated as park, wilderness, national monument, recreation area, wildlife conservation area, wild
and scenic river, national forest)
Land Use Criteria
4) Exclude airfields, urban, wetland and water areas.

Derived from beneficiary-identified national shapefiles
showing protected lands

Derived from beneficiary-identified national shapefiles
showing airfields, urban areas, wetlands

5) Exclude water

Derived from beneficiary-identified national shapefiles
showing water (lakes and rivers)

6) Exclude land close to railways, pipelines, fibre optic
cables, power transmission cables

200m buffer zone

Other Criteria
7) Exclude 100 m surrounding criteria 3-4

Buffer 100 m
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