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Abstract—The ability to assess an area for the potential of
different renewable energies is governed by a wide range of
technical, topographic and environmental variables. This paper
discusses modelling these differing constraints for renewable
energy potential and then to visualise results on an interactive
map. A layered GIS is used with the UK as a location test area.
The results compared different renewable energies potential for
the same location in the form of kWh/m. On land it was found it
is often possible to harness combined renewable energy from
ground (solar, bioenergy), at altitude (wind energy) and
underground (geothermal, GSHP) at the same time discovering
increased multipliers of energy production and land use
efficiency.

Keywords—renewable energy, spatial mapping, GIS approach,
technical potential

L

Energy management has become one of the main
challenges for all countries in the world. The economical and
human development require a significant quantity of energy.
However, this economic growth is often combined with the
increase of greenhouse gas emissions [1]. It is now a
consensus that these gas emissions are responsible to the
global warming issue. This problem has been now fully
acknowledged by globally by the majority of scientists and
politicians [2]. The development of renewable sources of
energy is crucial to limit carbon emissions responsible for the
global warming [3], [4].

INTRODUCTION

There are many sorts of renewable energy sources. The
common link between them is the utilisation of basic physics
laws. Despite the diversity of these energies they are often
simplified in two forms: Kinetic energy and gravitational
energy given in the measure Joules. In order to compare the
UK renewable energy potential of electricity production, a
mixed research method (qualitative and quantitative) has been
applied to create a multidisciplinary framework. The project’s
purpose is to use a GIS (Geographical Information System)
approach to display on a territory map the technical potential
from different renewable energy sources and by comparing
them, optimising “green” energy production. Both approaches
use a numerical modelling of data and their spatial analysis
using a GIS systems approach to enhance clarity of results and
decision making. The model could help to visualise
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multifaceted information relationships directly between spatial
disposition and resources availability [5].

The sources considered are sown in Fig. 1.
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Fig. 1 Renewable energy sources

II.

A GIS approach is used to display a territory map of the
technical potential from different renewable energy sources by
finding a way to compare them. The approach is through the
numerical modelling of data and their spatial analysis using
GIS a systems approach consisting on compiling layers of data
in order to create an interactive map. In cases where databases
are already available the GIS system uses these tables to
convert into layers and compile to create the map. In the case
of existing databanks cannot provide this information, it was
possible to create new databanks to be used in the system. This
paper has been conducted mainly using the latter data
extraction method because data needed had to be created
before. The methodology used during this project has consisted
on developing a specific variable to compare the complexity
using different sources of renewable energy. From this a
numerical approach has been conducted to calculate technical
potential produced by all technologies concerned in this
project. Finally, the GIS approach describes a scheme to
display in an interactive manner this information covering the
UK territory.

RESEARCH METHODOLOGY

Estimating the technical potential for a renewable energy
depends on a wide range of characteristics specific to the
technology. To compare these resources, it is essential to define
in a first instance the study area and boundaries of this
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research. The place required to install systems and assets
requested to produce electricity force us to find a common and
relevant variable to be able to compare significantly these
sources. The baseline has been to find a key variable to collate
small-scale technology.

The Technical Potential is the maximum annual energy that
could be extracted from the accessible part of the available
resource using current mature technology. While this could
change with technological progress, it may be limited by basic
accessibility constraints. Subsequently, the practicable potential
is the technical potential reduced by taking into account
constraints when using distributing the energy (transportation,
access to the grid etc.). Finally, the Economical Potential is the
amount of the technical potential that is economically viable
[6]. This study considers the technical potential degree of
detail. A key purpose of this research paper is to contribute to
the decision-making stage of developing new renewable energy
site installations in the UK.

To map the renewable energy potential, three categories of
data have been collected. Primary data sources include
technical characteristics of all renewable energy equipment.
This information has been gathered by creating a benchmark
study from renewable installation companies. Other primary
data sources consist on compiling raw weather data.

Concerning solar energy, the yearly average of global
irradiation on a horizontal surface (kWh/m?) has been collected
using the PVGIS program developed by the Institute for
Energy and Transport (IET) of the European Commission. It
covers data collection from the period 1998 to 2011 [7]. The
format of the map projection used is the geographic
(latitude/longitude) ellipsoid WSG84 (World Geodetic System
1984).

Concerning wind energy, it has been divided into two
sections: onshore and offshore. Wind speeds onshore data has
been stockpiled from RenSMART databases. It includes wind
speeds yearly average at 10, 25 and 45 metres above the
ground level for each km® of the UK territory covering the
period 2000-2010. The format of these data is
Easting/Northing-OSGB36 system [8]. Wind speed offshore
raw data has been collected using the ABPmer data collection.
It characterises the average annual wind speeds at 100 metres
above the sea level and it covers data recorded from 2001 to
2008 [9]. Format of the map projection uses the
latitude/longitude (decimal) WSG84.

Concerning hydro resources have been collected from
Water Resources GIS databank covering Wales and England. It
concerns small-scale hydroelectric generation systems.
Accessible data include 1989 period and use the National grid
Reference (NGR) — OSG36 format system.

Secondary sources of data consist on gathering technical
and environmental constraints of each renewable energy in
order to refine location suitability. It includes special protected
areas, national reserves, wetlands, woodlands and mountains
for solar PV systems. Regarding wind energy, technical
restrictions are for example urban areas, railways and roads
existence etc. All the previous data is employed as GIS layers
and can be combined through OS MasterMap, Strategi, English

514

Nature, Lle Geo-Portal for Wales, LIDAR, SAR, Water
Resource GIS, UK government

Open data sources and directly from CNES satellites.
Finally, the base map and the UK’s mesh unite the territory
source of data. ESRI base map of the UK may be used to
compose background of the map. The territorial grid resolution
chosen is one km2. This resolution is due to meteorological
data availability. In this research, the Github’s UK territory
mesh has been selected. It is based on NGR (National Grid
Reference) format and it uses the OSGB36 system to project
data.

Considering the UK is the defined study area, it reduces the
scope of technologies operable for this study. Indeed,
concerning ocean energy applications such as OTEC (Ocean
Thermal Energy Converter) which using the water temperature
gradient, climatic conditions are not satisfied in the UK [10].
Furthermore, despite tidal, wave and salinity gradient
technologies potentials are prevalent in the UK [11], the recent
take-off of the development of these equipment is not adequate
with this project objectives. Likewise, the lack of information
due to the underdevelopment of these resources prevents the
utilisation of relevant data to estimate electricity production.
Concentrated solar power (CSP) structures are not adapted as
well to this study because of the insufficient solar irradiation in
the UK [12]. Regarding geothermal energy, the UK does not
undergo tectonic or volcanic activity and have only several
geological features that could be potential geothermal prospects
[13]. Most of British geothermal energy derives from urban
systems development to provide heat energy [14].

Bio-energy covers a wide range of technologies such as
bio-fuels production, biomass, waste energy generation, or
livestock slurry energy. It can produce electricity and heat
generation, both at the same time [15], but for technical reasons
this is not considered in this study. In effect, bioenergy plants
may be installed almost in most locations and do not directly
depend to the quantity of resources available on the site. These
resources are often gathered from different areas. Hence, it is
technically too constraining to compare these technologies to
the others based on the methodology used in this paper. For all
these reasons, geothermal, ocean, CSP, thermal solar and bio-
energy sources will not be considered in this paper. Therefore,
this paper will focus to compare four diverse renewable energy
sources: Solar PV, Onshore and Offshore Wind energy and
hydroelectric energy, Solar PV and hydro technologies ranging
from 500kW to SMW systems.

It is crucial to define a pertinent indicator that would be
able to consider either the scale of the system and the technical
potential generated. This unit is the Wh/m*/y and in most of
studies, technical potential estimations are based on a model
using a specific system and these are based on an idealistic
vision of renewable energy of which margins of error in these
cases are very unpredictable. As such this study uses an
interval way to compare energies. The purpose is to estimate
the smallest and biggest quantity of energy by type of sources
that could be extracted with the current technologies existing
by type of resource.



The result has to show the comparison of renewable energy
source using the common unit kWh/m%y displaying the
interval of electricity produced by type of sources.

III.

The GIS Geo-referencing system approach imposes the
comprehension of three fundamental topics: Geo-referencing,
Vector mode, Raster mode. This is the first step in a GIS
method. The aim was to create a mesh of the area of study to
delimitate the boundaries.

RESEARCH METHODOLOGY

A.  Solar Resource

Solar resources have been collected using the PVGIS
program database [16]. It was built by the European
Commission and developed from climatologic data
homogenized for Europe.

B. Wind Resource

Onshore wind speeds come from the BERR speed
Database [8]. It results from a flow model that assesses the
effect of topography on wind speed. Datasheet used to
represent all UK lands gather more than one million wind
speeds (m/s) values taken at 45 meters height above the
ground level. Wind speed values allow the calculation of the
wind resource available. An example of the wind map is
shown in Fig. 2.
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Fig. 2. NOABL Wind map centred on Wrexham [8]

C. Hydro Resource
Hydropower characteristics have been extracted from [17].

D. GIS Baseline

GIS is an integrated collection of computer systems used
to analyse, create, acquire, store, edit, transform, view, and
distribute geographic data [20]. It facilitates the acquisition,
management, manipulation and generates spatially referenced
data to solve complex planning and management problems.
The GIS approach includes three main components: The data
collection (explained in the previous section), the analysis
domain, and the communication domain. The phases of
creation of the interactive map are shown in Fig. 3. Following

this flow chart, it is possible using the GIS software functions
to retain data in the layer wanted.
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Fig. 2. River positions in the UK [18], [19]
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Fig. 3. Phases of creation of the interactive map [21].

IV. RESULTS AND ANALYSES

This paper provides analyses of the numerical model
results using three example case studies which is indicative of
how the model may be used:

)
2)

The utilisation of an interval is to analyse through the
onshore wind energy numerical simulations.

Compares wind, solar and hydro technical potential in an
example site in the UK.

The results obtained on a site where only solar and wind
energy can be exploited.

3)

A. Case Study 1: Impact of Wind Turbine’s Size

Analysis of the technical power provided by a wind
turbine. This study has been carried out using data from a site
in Wales located at the latitude 53.2° and longitude -3.4°. The
initial configurations have been presented in Table I.

TABLEI ~ CONFIGURATION FOR CASE STUDY 1
Nominal Hub Rotor Mean Capacity | Wind
power height | Diameter | Efficiency factor Speed at
MW) (m) (m) (2014) 45m (m/s)
0.6 75 52 0.27 0.268 6.2
5 140 132 0.389 0.268 6.2
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The results shown in Table II reveal that the ground
surface occupation of a wind energy system can be reduce if
the wind surface is increased. It confirms the trend of
industries to produce ever increasingly larger systems.
Furthermore, from these results, it can be deduced that for an
available area, it is probably preferable to install the biggest
system possible rather than more, smaller systems.

TABLE Il RESULTS OF CASE STUDY 1

Estimated Technical Number of | Surface of Technical
Wind speed | Potential Turbines optimised power per
at hub per system per km’ number of m’

height (m/s) | (MWh) turbines (m%) | (KWh/m2/y)
6.9 281 4 849,487 1.32

7.8 3793 1 1,000,000 2.77

B.  Case Study 2: Comparison Between Solar, Wind and
Hydropower Energy

This case study compares wind, solar and hydro technical
potential in an example site in the UK. The place chosen for
this case study is in Scotland (Latitude: 57.5°/Longitude:
-4.6°), and it is a one km? site able to install these three sorts
of renewable energy systems.

TABLE III RESULTS OF CASE STUDY 2

Scotland Minimum Maximum Capacity
Technical Technical Factor (2014)
Potential Potential
(KWh/m?/y) (KWh/m?*/y)

Offshore Wind 1.63 342 0.262

Solar PV 10.05 29.29 0.089

Hydroelectric 289.4 337.63 0413

The analysis shows important differences between the
three resources. The hydroelectric power prediction is
considerably more compared to the wind and solar PV
systems. Several hypotheses can explain these figures. The
most likely is the vague assumptions made for the
hydroelectric numerical model. The mathematical model
assumes that only one hydroelectric system can be installed on
a one km” site. In addition, a GIS Approach does not look at
ways to compare the complexity and areas using different
renewable energy occupied by the two hydroelectric systems
selected was assumed. In reality, the surface needed for each
system depends of the area configuration.

C. Case Study 3: Wind or Solar Energy?

The results obtained on a site where only solar and wind
energy can be exploited. The UK has been spilt into four
scenarios for this case study as follows and two (a and b) are
discussed in this paper.

For each scenario sunlight has been considered as a
defined constant and the impact of wind velocity variations on
the electricity produced has been compared to solar PV energy
outputs. In addition, as assumed in the theoretical model,
about 30% of a rural zone can be covered with solar PV
panels. This third case study has focused on comparing wind
onshore and solar PV panels in a clear area where the Hellman
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coefficient is 0.2. In addition, the performance ratio for solar
PV is 48%.
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Fig. 4. UK splitting for case study 3.

Scenario (a). The first scenario (1) on map above (Fig. 4)
considers that the solar irradiance average is 2.8 kWh/m?/day.
Based on solar PV technical potential model, the minimum
electricity exgected is 10.31 kWh/m?/y and the maximum is
30.04 kWh/m‘/y. The wind velocity impact on the electricity
supply has been represented through the following chart. The
capacity factor selected is 26.2% for wind energy, which is the
Scottish average coefficient.
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Fig. 5. Comparison of solar and wind energy in scenario (a) (Scotland).

Scenario (b). Representing the South of the UK (4 on map
in Fig. 4.) considers that the solar irradiance average is
3.4 kWh/m?/day. The minimum solar PV technical potential is
12.52 kWh/m%/y and the maximum is 36.48 kWh/m?/y. The
capacity factor selected is 26.6% for wind energy, which is the
English average coefficient. The evolution of wind energy



technical potential depending to the wind velocity is presented
in the next graph.

40 |

w
(3]

Solar PV Maximum

w
o

N
[$}]

Large Turbine

—

Technical Potential (kWh/m 2/y)

20
15 ——Solar PV Minimum /
10 i
5 / /Small Turbine
0 /"‘4//
0 5 10 15 20 25

Wind Speed (m/s)
Fig. 6. Comparison of solar and wind scenario (b) (South of England).

The above graphs illustrate that the wind technical
potential is practically similar to all regions. In addition, the
maximum solar panel outputs (summer) are as expected better
the further south the geographical location considered. These
results have to be considered carefully. Indeed, it does not
prove that solar PV is a better technology than wind onshore
in the UK.

It proves that in specific conditions — if at least 30% of a
one km?’ is suitable to install solar PV systems — then solar PV
can produce as much or more electricity than a wind system
compared to the area occupied by these systems. In addition,
the energy provided by the both resources are estimated on an
average per day, and solar PV can produce electricity only
during the day rather than wind energy can do it during the
night too. However, these results can vary from one place to
another depending to the local topographic restrictions and to
the exposition to natural characteristics (wind shear and solar
orientation).

The numerical model carried out on the comparison of
RES technical potential has provided valued information on
the way to compare different sorts of energy. Some results
obtained indicate assumptions chosen for the study might be
incorrect and further research needs to be completed to tweak
the models onto higher accuracy.

V.

Procedures to create the interconnections between all
layers have been considered. The method chosen to conduct
this study was to compare RES technical potential, but it could
be equally advantageous to investigate a way to combine
different renewables in a three dimensional study of the same
area. In fact, on a land it is often possible to harness renewable
energy from ground (solar/bioenergy) to altitude (wind
energy) and underground (geothermal) vastly increasing the
potential kW/m? potential.

CONCLUSION
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