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Abstract: Renewable energy has received noteworthy attention during the last few decades. This
is partly due to the fact that fossil fuels are depleting and the need for energy is soaring because
of the growing population of the world. This paper attempts to provide an idea of what is being
done by researchers in remote sensing and geographical information system (GIS) field for exploring
the renewable energy resources in order to get to a more sustainable future. Several studies related
to renewable energy resources viz. geothermal energy, wind energy, hydropower, biomass, and
solar energy, have been considered in this paper. The focus of this review paper is on exploring
how remote sensing and GIS-based techniques have been beneficial in exploring optimal locations
for renewable energy resources. Several case studies from different parts of the world which use
such techniques in exploring renewable energy resource sites of different kinds have also been
included in this paper. Though each of the remote sensing and GIS techniques used for exploration of
renewable energy resources seems to efficiently sell itself in being the most effective among others, it
is important to keep in mind that in actuality, a combination of different techniques is more efficient
for the task. Throughout the paper, many issues relating to the use of remote sensing and GIS for
renewable energy are examined from both current and future perspectives and potential solutions
are suggested. The authors believe that the conclusions and recommendations drawn from the case
studies and the literature reviewed in the present study will be valuable to renewable energy scientists
and policymakers.

Keywords: geothermal energy; wind energy; biomass; hydropower; solar energy; renewable energy
resources; fossil fuel
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1. Introduction

Non-renewable energy resources based on fossil fuel such as coal, 0il, natural gas, and fuelwood are
extensively used for the generation of electricity, transportation, heating homes, and in manufacturing
industries among others. However, non-renewable energy resources are depleting because of increased
demand for energy due to the growing population [1-3]. With growing recognition and scientific
consensus on the threat of climate change in the global community, the need to divest from fossil
fuels and transition towards renewables has been brought under the spotlight in recent years [4]. It
is therefore necessary to find alternative energy sources, as the need for energy will always be there.
The share of renewable energy resources has increased considerably in the generation of electricity,
heating systems, and transportation in urban areas [5]. This paper focuses on five types of renewable
energy resources viz. geothermal, wind, biomass, hydropower and solar (Figure 1).
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Figure 1. The types of renewable energy resources discussed in this paper: biomass, solar, geothermal,
wind, and hydropower.

Geothermal energy is seen as an environmentally feasible option. According to the
Intergovernmental Panel on Climate Change (IPCC) special report on renewable energy sources,
climate change is not likely to have any major adverse impacts on the reliability of geothermal energy,
but the widespread utilization of geothermal energy could play a significant role in substantially
reducing greenhouse gas emissions [6]. Additionally, modern reservoir management technologies
coupled with the natural continuous replenishment of heat from earth processes ensure that such
geothermal systems can be used sustainably. Geothermal energy is physically generated from the
heat that primarily comes from the decay of naturally occurring radioactive isotopes in the earth.
This internal heat combustion is estimated to generate total thermal energy to a depth of 10 km of
1.3 X 10% J. This is equivalent to burning 3.0 x 10'7 barrels of oil [7]. Considering that the consumption
of total global energy is equivalent to approximately 100 million barrels of oil per day, geothermal
energy could theoretically supply energy requirements for six million years [8]. Geothermal resources
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can be broadly classified into three categories: hydrothermal or convective systems, conductive
systems, and deep aquifers. Hydrothermal (convective) systems may either be vapor-dominated
or water-dominated [9]. Characteristic surface manifestations include hot springs, fumaroles, and
chemically-altered rocks. Sometimes though, there are no such surface manifestations. Meanwhile,
conductive systems include hot rock and magmatic resources, and deep aquifers contain moving fluids
in porous media at depths more than 3 km, but without a local magmatic heat source. Electric power
can be generated with steam or using a secondary hydrocarbon vapor to drive turbine-generators set to
produce electrons. At present, geothermal energy accounts for about 0.4% of the world’s global power
generation, with a growth rate of 5%. In contrast, solar energy currently provides less than 0.2% of the
global power generation, but it is having a high growth rate of about 25-30% [10]. Presently, the total
installed capacity for geothermal resources worldwide is 10,898 MW, corresponding to approximately
67,246 GWh of electricity [6].

Wind energy, another alternative to fossil fuels, is the plentiful, renewable and clean source. Wind
power converts wind energy into electrical energy. Small onshore wind farms provide electricity
to isolated locations. The statistics show that wind energy sources are amongst the world’s fastest
developing energy sources. Since 2000-2006 the wind energy sources has quadrupled, with many
new projects in China, United States, Denmark among other countries [11,12]. The potential of a
wind energy project significantly depends on the location of the project. A proper assessment before
investment helps in predicting the outcome of the project and reduces the uncertainty [13]. The main
characters of the success of a wind energy project lie on the factors such as the wind power density,
the elevation above mean sea level, the topography of the terrain, the connectivity through the road
network, the proximity to the electric grid, and the distance from conserved areas [14]. Based on the
location, wind farms are distinguished into two categories viz. Onshore and Offshore [15]. The wind
farms located on land are generally known as the onshore farms. For the onshore wind farm projects,
the topography of the land and roughness of the surface is taken into consideration. The proximity
to the transmission and road network is also considered. For onshore wind farms, mainly satellite
images are analyzed to check the feasibility of the locations and elevations [16]. The satellite imaging
sets guidelines for further decision making in case of the wind farm projects.

Along with satellite images, the Light Detection And Ranging (LiDAR), SOnic Detection And
Ranging (SODAR), and Synthetic Aperture Radar (SAR) are also extensively used in wind farms.
The use of remote sensing helps in optimizing the process of installing met mast based sensors [17].
The wind farms located in lake, river, sea are known as offshore wind farms. In the offshore wind farms,
the resources need to be qualified prior to financing farm. In offshore wind energy, remote sensing can
be used in three different ways: Ground-based, airborne and satellite-borne. Ground-based techniques
are efficient in the case when large wind turbines are to be installed and meteorological masts do not
enable observations across the rotor plane [18]. It is commonly used at heights approximately 100 m to
200 m above the ground level [19].

Perennial biomass crops and fast-growing non-food crops have the potential to offer sustainable
bioenergy production [20]. Biomass refers to the biological material from living organisms or plants. Itis
one of the most commonly used energy sources in less industrialized and less developed countries [21].
Biomass is the most developed renewable energy source providing 35% and 3% of the primary energy
needs of developing and developed countries respectively [22]. Biomass can be used as an energy
source either combusting directly to produce heat or indirectly after converting to various form of
biofuel [23]. Biomass from forest residues such as dead trees, branches, and stems can be converted
to other usable forms of energy like methane gas or transportation fuels like ethanol and biodiesel.
The usage of biomass varies with region. The wood residues are commonly used in the United States,
agricultural waste is commonly used in Mauritius and Southeast Asia and animal husbandry residue
is common in the United Kingdom [24]. Forests play a vital role in the carbon cycle of the globe and
are also the cheapest and easily available renewable energy source for the human being as compare
to the solar, but the quantification is required to identify the available capacity in planning biomass
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power plant project. Remote sensing data provide the capability of biomass estimation [25]. Ground or
conventional assessment of biomass is not sufficient to cover the large area with limitation of budget
and time and using remote sensing as a tool to estimate the forest biomass has been found efficient.
Remote sensing is used as an important tool to examine the dispersed geographic distribution of
economically exploited biomass potential, evaluation of biomass supply and its characteristics as well
as estimating the approximate cost of transportation to the power plant units [23]. Though the biomass
is distributed over extensive areas, transportation cost is a critical factor in planning new biomass power
plants [26]. The amount of usable biomass within an area can be calculated and optimal sites were
identified by reducing the transportation cost by means of remote sensing techniques. By removing
forest debris, renewable energy from forest biomass can improve forest health and dramatically reduce
the risk of forest fires [27]. Biomass power plant units reduce the open burns of agricultural waste
and forest slash. At the same time, biomass power plant units continue to balance the use of fossil
fuels [28]. In this way, Biomass power greatly improves air quality and being a natural solution to
meeting higher renewable energy standards [29].

Among all renewable energy sources, hydropower seems to be more reliable and cleaner. The most
important feature of hydropower is less emission of greenhouse gases [30]. The basis of generating
hydropower is converting the kinetic energy of water into electricity using turbines. However, selecting
a site for a hydropower plant is complicated and has to deal with sensitive issues such as degradation of
riverine ecosystems including biodiversity, therefore it needs more careful planning. Land use pattern,
elevation, catchment area, soil classification, stream network, flow characteristics, and biodiversity
attributes are some of the important studies that need to be carried out before the site selection [31].
Remote sensing and GIS are useful tools available for this kind of studies and various methods
are available therefore critical analysis of literature is required. The conventional way of assessing
hydropower potential site is inaccurate and has several consequences [32]. Some of the disadvantages
in the conventional method are an underestimation, observation at a particular location might miss
a better location and covering a large spatial area is expensive and time-consuming [33]. These
issues can be vastly reduced by advanced computational tools like remote sensing and GIS. Moreover,
GIS and remote sensing provide a true picture of existing terrain, complex hydrological phenomena
and variable climate which are necessary for assessment of potential hydropower plant. Temporal
stimulation along with spatial modeling are the biggest advantages of these tools [34].

Another option for renewable energy is to look into what the sun can provide in terms of energy.
Indeed, the sun is considered as a vital source of renewable energy [35]. According to the United States
Department of Energy, solar technology was developed as far back as the 7th century. It started as the
heat being concentrated with mirrors and glass in order to light fires. Solar energy also has multiple
advantages, such as the fact that it is obviously abundant and free. Though the installation has a cost,
technology improvements are making it more cost-effective. Solar energy is a good option for remote
locations where mainstream facilities are hard to get or install [36]. Furthermore, the creation of this
energy requires little maintenance, and its production is silent. Only 2000 millionths of sun radiation are
received on the earth, also known as visible and infrared radiations. However, it is enough to generate
a lot of energy. According to Dr. Gerhard Knies from DESERTEC Foundation, in only six hours, all
the deserts combined from our planet receives more energy from the sun than what humankind can
consume within a year [37]. Furthermore, according to the International Energy Agency, the sun might
be the biggest source of electricity by the year 2050, followed by fossil fuels, wind energy, hydropower
and nuclear energy [38,39]. The amounts of short-wave radiant energy are emitted by the sun’s disc
and are scattered diffusively by the atmosphere and the clouds. The radiations can be divided into two
categories; the direct radiation, which is responsible for creating shadows, and the diffuse radiations,
responsible for producing a skylight. In order to fully use that renewable energy, it is important to
first assess the availability of the resource spatially as well as temporally. Indeed, the sun’s irradiance
(intensity of sun’s radiation) is roughly constant, which means that the only obstacles from capturing
the energy come from clouds, shadows or aerosols (particles in the atmosphere). It shows that targeting
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a specific area where those factors are not of big concern is essential. However, how is it done? Thanks
to today’s technologies, it is possible to locate optimal places where it is available and where it is
needed. This is where remote sensing and GIS come in place [40]. There is a big number of papers that
show the effectiveness of this technology. The papers also show multiple methods used for the matter.

The objective of this paper is to present a comprehensive review of potential applications of remote
sensing and GIS techniques for exploring five-main renewable energy related to water-soil-air resources.
The finding can be instructive to the policy-makers to develop subsidies with the alternative decisions
for available renewable energy resources. First, a methodology to search for relevant literature is
presented. Second, a brief overview of the status of conventional methods used and the role of remote
sensing and GIS techniques in renewable energy resources have been discussed. Third, several case
studies of remote sensing and GIS techniques used in the exploration of renewable energy resources
have been presented. Lastly, a summary and discussion on the various research methods used by
researchers in exploring renewable energy resources using remote sensing and GIS techniques have
been provided. The conclusion drawn from the study is presented at the end of this paper.

2. Methodology

The flowchart of the review study was shown in Figure 2. The case studies were identified based
on the potential application of remote sensing in exploring and estimation of renewable energy related
to wind, solar, hydropower, geothermal and biomass resources in the context of economic and social
dimensions. We noted that the literature review, the latest work in the Asian region and other countries
were obtained. The primary and secondary sources of data were used for this review. A database of
published articles on the role of remote sensing and GIS techniques in the exploration of renewable
energy resource sites was established using the web of science and Google Scholar because of the
useful multidisciplinary database. Group discussion was conducted two times among scientists and
stakeholders, the first time in deciding types of renewable energy and selecting case studies. Keywords

vou

such as “remote sensing in renewable energy”, “renewable energy resources exploration”, “GIS in
renewable energy”, “renewable energy resources” and “remote sensing” and “GIS” were chosen as
search terms. The results obtained using these keywords were 3, 9, 23 and 1230 respectively. A lot of
attention has also been given on the policy related research articles to identify the application of remote
sensing and GIS in renewable energy management. To obtain a large range of relevant articles, we have
added papers relating to resource management, energy production, and energy reports. After adding
these papers, we have omitted irrelevant papers from the collection by going through the abstracts,
discussion, and conclusions. To understand the main focus of papers in the field of applications and
the role of remote sensing and GIS techniques in renewable energy resources, the selected set of papers
were read judiciously several times. After that, the main findings of each of the paper were noted down
along with their research scale, adopted methods, the illustration of concepts and their limitations.

A statistical analysis of outlier papers was carried out for rejection of 59 papers downloaded
using the keywords. Figure 3 gives a pictorial representation for analysis of reasons for rejection of
outlier papers.
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Review on the role of remote sensing and GIS techniques in
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Figure 2. Flowchart of review on renewable energy based on remote sensing.
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Figure 3. Analysis of reasons for rejection of outlier papers.
3. Conventional Methods Used for the Development of Renewable Energy Resources

There are various automatic methods like segmentation and classification that are used in
the field of renewable energy resources. From a resource perspective, the phases of geothermal
project development can be divided into (i) project definition and aka reconnaissance evaluation,
(ii) exploration, (iii) exploratory drilling (iv) resource analysis (v) field development, (vi) steam
production and (vii) abandonment [41]. While a detailed description of each phase is not in the scope
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of the current paper, it can be inferred that remote sensing has potential applicability in several of the
preceding stages. The most evident potential application of remote sensing and GIS to geothermal
power development is in the initial exploratory and reconnaissance phase [42]. Traditionally, this
phase involves the collection of secondary data from previous studies, as well as documentation of
indigenous use of geothermal resources [43]. There is an emphasis on the mapping of volcanic activity
and thermal manifestations on the ground surface, such as hot springs and steam jets. Several in-situ
methods have been previously used in this stage of geothermal characterization, especially when the
project moves on to a more detailed feasibility study stage [44] provides a comprehensive overview of
conventional methods for geothermal energy development, as well as trends in geothermal technology
utilization in the early part of the 21st century. More recently, an updated review of geophysical
methods has been given by some researchers for geothermal exploration [45]. Some of the typical
reconnaissance methods include surveys on hydrogeological, geochemical, and geophysical techniques
such as seismic, gravity, magnetic, electrical resistivity, electromagnetic, and thermal measurement
surveys [46]. Hydrogeological surveys are used to have a better understanding of the water circulation
system, by considering flow paths relating surface manifestations and subsurface lithological features
such as faults and fractures. Geochemical surveys collect and analyze water, gas, and steam samples to
develop suitable geothermometers based on fluid chemistry for estimating deep reservoir temperatures.
Seismic surveys are used to find the composition and properties of subsurface rock formations, as well
as the site of active faults which can be conduits of hot fluids to the surface. Gravity surveys, though
not by themselves necessarily indicative of geothermal resources, are useful in gathering data on rock
type and depth distribution, as well as geometric characteristics. Magnetic surveys provide similar
information on subsurface lithology and are used on the principle that magnetite in near-surface rocks
is destroyed by hydrothermal processes. Electrical resistivity surveys measure the voltage differences
between hot and cold rock regions, as a consequence of rock porosity as well as salinity of interstitial
fluids in the shallow subsurface. Electromagnetic surveys are used to determine subsurface properties
at depths ranging from 300m to several kilometers. Finally, thermal measurement surveys provide
information on subsurface temperature variation and heat flow, as well as the intensity and location
of thermal anomalies. Numerical reservoir modeling can be used to integrate the data from these
methods to generate a more detailed understanding of the subsurface reservoir behavior, to identify
optimal drilling locations, and to forecast future system conditions based on environmental change
and management scenarios.

4. Role of Remote Sensing and GIS in Exploring Renewable Energy Resources

The main objective of surveys discussed in Section 3 is to generate a detailed model of the
subsurface, in order to understand the physical processes as well as the economic feasibility of
developing a geothermal plant. Yet, even in these long-standing methods, uncertainties associated
with heterogeneity and anisotropy remains. Figure 4 shows, that remote sensing and GIS together
with ground-based monitoring can obtain information about the surface of the earth, contributing
significantly to renewable energy resource development This section will demonstrate that there is,
in fact, ample scope for remote sensing to complement the aforementioned in-situ methods particularly
in the exploratory phase of site selection (see Table 1). Categorically speaking, remotely-sensed data
may serve as direct or indirect evidence of geothermal activity. Direct evidence refers to the surface
information that can be immediately linked to geothermal activity, based on well-understood physical
processes. Meanwhile, indirect evidence requires additional interpretation, and often, additional data
to prove that this information is related to geothermal activity.
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Table 1. Geothermal energy exploitation and mapping.

No.  Renewable Energy Remote Sensing Results Recommendations
- - Accurate mapping of - A greater spatial resolution of less than
1 Geothermal activity SPOT surface manifestations 20 m could provide enough details to
- (Taupo Volcanic 20 m resolution (fumaroles, steaming map typical-sized geothermal features
Zone in New and hydrothermally from the satellite images.
Zealand) [47] altered ground, and - The hybrid product had very good
sinter). spatial detail, as well as great tonal range,
- LANDSAT and was, therefore, more apparently
- 30 m resolution valuable than either of the individual
satellite images for mapping the
geothermally stressed vegetation.
- The remote sensing is the distinct
- hybrid S_'P QT-TM signature of surfac% mineralogy in
composite image geothermal areas.
(R: TM Band 5, G:
SPOT Band 2, B:
SPOT Band 1)
2
- The hyperspectral - Australian HyMap - Identifying a total of 28 - Mineral mapping of hydrothermal
imaging to sensor (EM different minerals. alterations is not limited to the use of
mapping surface spectrum, - The hydrothermally hyperspectral satellite data.

mineralogy—Long
Valley caldera in
the USA [48]

wavelengths of

450-2500 nm in 126

separate but

contiguous bands,

varying 13-17
nm wide)

altered minerals
followed a linear spatial
distribution, coinciding
with previously known
fault path.

- A good preliminary
correlation between
alteration at the surface
and alteration at
subsurface depths.
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Table 1. Cont.

No. Renewable Energy Remote Sensing Results Recommendations
3
- The hydrothermal - Landsat 7 ETM+ The selected band 7 as The multispectral satellite images can be
altered mineral the modeled band, and efficiently utilized for the mapping of
deposits around all six visible bands and hydrothermal altered minerals by using
the Kuju Volcano the short-wave infrared the various appropriate
in Japan [49] band as predictors to processing techniques.
map the distribution of
clay alterations.
The identification
specific of hydrothermal
altered minerals based
on the library of
minerals known spectral
reflectance published by
the USGS.
4
- The mineral ASTER could only map The space-borne sensors should be
mapping for general mineral groups launched with at least 30 spectral TIR
geothermal rather than channels to allow for mapping of specific
exploration [49] specific minerals. minerals and surface units for
The airborne sensors geothermal applications.
SEBASS and MAGI
allowed the detection
and quantification of
specific surface minerals
at geothermal fields.
5
- The mineral - SEBASS, ASTER (5 ASTER could only map The space-borne sensors should be
mapping for TIR, general mineral groups launched with at least 30 spectral TIR
geothermal 90 m resolution) rather than channels to allow for mapping of specific
exploration Salton - Airborne sensor of specific minerals. minerals and surface units for
Sea, CA [50] MAG], 32 channels, The SEBASS and MAGI geothermal applications.
2 m resolution. allowed the detection
and quantification of
specific surface minerals
at geothermal fields.
6
- The geothermal - ASTER and Detect and map Due to these minerals are produced from
exploration in HyMap sensor (127 geothermal indicator the transport and physical processes
Pyramid Lake spectral channels, minerals in the interacting with the unboiled fraction of

Paiute reservation
in northwestern
Nevada [32]

0.45-2.5 pm,
5 m resolution)

proximity of structural
controls (faults and
thermal springs).

The mapped evaporates
(e.g., gypsum) and
chemical precipitates
(e.g., calcium carbonate).

geothermal groundwater,

these maps could be used in modeling
subsurface fluid flow to derive
information on temperature and potential
locations of geothermal reservoirs.

The most direct evidence of geothermal activity that can be derived from remote sensing is the
presence of surface manifestations such as calderas, hot springs, and fumaroles [47]. Mongillo [47] has
used a range of multi-band combinations for the two datasets, combined with a priori knowledge of
the study area, the authors were able to discern the larger geothermal surface features, noting the steam
plumes from steaming grounds, large fumaroles, hot pools, and sinter deposits was shown in Table 1.
The authors used thermally stressed vegetation as a proxy variable for identifying smaller geothermal
features. They highlighted the usefulness of TM band 5 (MIR, 1.55-1.75 um) for discriminating stressed
vegetation and hybrid SPOT-TM composite image (R: TM Band 5, G: SPOT Band 2, B: SPOT Band
1). The use of vegetation proxies for identifying geothermal resources is further explored later in this
section. The second form of direct evidence that can be derived from remote sensing is the very distinct
signature of surface mineralogy in geothermal areas. The continuous emission of gas and hot water
for several years leads to the alteration of soil and rocks along typically linear faults, fractures, and
contact points. These regions of highest permeability are also the locations of the maximum densities
of hydrothermally-altered minerals. In addition, the reactivity of the host minerals to alteration varies
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considerably, depending on the thermal and chemical characteristics of the interacting fluids. In fact,
the majority of articles encountered in the literature search for this paper pertain to the application
of mineral-mapping with multispectral and hyperspectral remote sensing for geothermal resource
exploration. For a broad discussion of the use of hyperspectral imaging to mapping surface mineralogy,
the reader is referred to [51]. Some researchers used data for the Long Valley caldera in the USA
obtained with the Australian HyMap sensor, which samples the EM spectrum from wavelengths of
450 to 2500 nm in 126 separate but contiguous bands, varying from 13 to 17 nm wide each [48]. They
produced sets of synoptic mineral maps. The authors confirmed that the presence of kaolinite-alunite
assemblages in volcanic environments was due to a high temperature, vapor, acid-sulfate hydrothermal
alteration. Their results showed that the hydrothermally-altered minerals followed a linear spatial
distribution, coinciding with combining the hyperspectral mineral mapping results with data from
geophysical surveys, the authors reported a good preliminary correlation between alteration at the
surface and alteration at subsurface depths. a. Mia et al. [49] used the multispectral data from Landsat
7 ETM+ to map hydrothermal altered mineral deposits around the Kuju Volcano in Japan (Table 1).
Their paper provides a noteworthy discussion of the conventional methods used for this particular
type of mapping applications, namely: color composite, band ratio, principal component analysis, least
square fitting, and reference spectra analysis methods. The image pre-processing involved geometric
correction and georeferencing, using ground control points from topographic maps of 1:50,000 scale.
False color composites (FCC) were created to map the target minerals using a combination of bands from
the visible and infrared wavelengths to enhance their reflectance. The band ratio technique provides
enhanced spectral contrasts among the bands used in the ratio operation and has been found to give
unique information which is missing individual bands. The band ratio analysis revealed that there was
a high concentration of iron minerals in the fumaroles region. Also, the principal components analysis
(PCA) was used to reduce the dimensionality of correlated multispectral data to confirm the abundance
of altered iron-oxide deposits near the fumaroles of the volcano. The least square fitting method is
used to find regions of anomalous spectral response within an image dataset. The output image is the
difference between the actual and modeled band value. The last technique employed by the authors is
spectral reflectance analysis. They were able to identify specific hydrothermal altered minerals based
on the library of mineral’s known spectral reflectance published by the USGS. Another interesting paper
on mineral mapping for geothermal exploration by remote sensing techniques is by [50]. The authors
map mineral assemblages associated with geothermal activity at the Salton Sea in the USA. The authors
compared mapping results from SEBASS, the space-borne sensor ASTER (5 TIR channels with a spatial
resolution of 90-m per pixel), and another airborne sensor. Their results reaffirmed that ASTER could
only map general mineral groups rather than specific minerals. Meanwhile, the SEBASS and MAGI
allowed the detection and quantification of specific surface minerals at geothermal fields. A similar
paper combining the use of space-borne multispectral data from ASTER and airborne hyperspectral
data, this time from the HyMap sensor (127 spectral channels between 0.45-2.5 um, 5 m per pixel
spatial resolution), is [32]. They also did a field investigation to create separate maps for minerals
which were not possible to spectrally differentiate. The authors found geothermal-indicator minerals
in the proximity of structural controls such as faults, and thermal springs.

The optical data with moderate spatial resolution can be applied to identify the location of
distribution of minerals based on surface manifestations. The previous studies showed the feasibility
to measure wind fields by SARs data to estimate wind parameters in different approaches [52,53].
Table 2 shows the potential detection of various renewable energies.



Resources 2019, 8, 149

11 0f 23

Table 2. The potential detection of various renewabale energies.

and stream networks

No. Renewable Energy Remote Sensing Results Recommendations
Wind
1
- Wind shear profile - SOnic Detection And - The SODAR can be used The model evaluation and to
Ranging to acoustic pulses to determine turbulence
(SODAR)-ground based measure the wind shear characteristic and gives an
remote sensing profile of the accuracy of up to 95%.
three dimensional
2
- Wind mapping - Airborne LiDAR (UV, - The different array of The efficient working of LiDAR
VIS and IR information can be up to a height of 80 m in
electromagnetic spectrum) obtained from the moderately complex terrain and
LiDAR radiation up to 100 m in flat terrain.
(temperature, LiDAR can be used for offshore
atmospheric wind mapping
composition, wind).
3
- Wind field - SAR and scatterometer - The radar measurements It is very efficient in developing
identification are used for offshore can be converted in detail analysis of offshore winds
and assessment wind estimation wind speed. by using C, L and X bands.
- It is mainly used for Even though the SAR technique
wind field identification is effective, in most cases it is
(depends on the combined with
magnitude and spatial meteorological observations
extent of wind wakes) SODAR measurements are time
intensive due to the resources
and high checking parameters.
Therefore, it is not used for long
term monitoring.
Biomass
4
- Biomass - The satellite images - passive (optical) and Remote sensing facilitates the
potential estimation using both passive active (radar and LiDAR) construction of maps of forest
(optical) and active sensors can be used attributes with spatial
(radar and effectively in estimating resolutions and accuracies
LiDAR) sensors forest variable,
including biomas
Solar
5
- Solar energy - LiDAR sensors to detect - In combination with GIS, The model evaluation regarding
potential areas that can modelling, suitability for rooftop solar
generate solar power measurements of power plants
pyranometer and diffuse Combination of GIS to identify
solar irradiances rooftop photovoltaics or
PV potential
6
- HELIOSAT - calculation of the clear Combination with Meteosat
sky irradiance for a Second Generation (MSG) data
given location and can yield better resolution data.
its time Can be applied in the use of
- cloud index that derived daylight buildings, or
from short-term forecast of solar
METEOSAT imagery irradiance which can be used in
intelligent building
control techniques.
Hydropower
7
- Hydropower - Digital Elevation models - RS in combination with Application in identifying sites
potential estimation (DEMs) GIS tools such as DEM with small

hydropower potential

The SOnic Detection And Ranging (SODAR) is a ground-based remote sensing technology which

use to measure wind characteristics. Therefore, the SODAR can be used to acoustic pulses to measure
the wind shear profile of the three-dimensional in the lower atmospheric boundary layer. It can be
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used in remote sensing for micro-siting, model evaluation and to determine turbulence characteristic
and gives an accuracy of up to 95%. The mechanism works as SODAR listens the backscattered sound
it is effective in determining the wind speed from the Doppler shift in acoustic frequency. During
mapping, SODAR must be placed at a distance from the masts to eliminate the fixed echo interference.
While comparing the other towers for calibrations the comparison shall be done locating it on a least
uniform surface. Temperature or precipitation can have an impact on the accuracy of SODAR images.
Studies have shown SODAR measurements are time intensive due to the resources and high checking
parameters. Therefore, it is not used for long term monitoring. The remote sensing data such as
airborne LiDAR was considered effective for detection of temperature, atmospheric composition,
wind, etc. by using different radar scattering [12,54,55]. Studies have shown the efficiency of LIDAR
data up to a height of 80 m in moderately complex terrain and up to 100 m in flat terrain. It enables
measurement of the speed of incoming wind before it interacts with wind turbine rotor. This preview
technique can be used to reduce the loads on wind turbines. The LiDAR units which are mounted on
nacelle or on turbine rotor and it can scan wind field up to 200 m. Air-borne techniques make use of
SAR, which can be used for offshore wind mapping. It is very efficient in developing detail analysis
of offshore winds by using C, L and X bands. In most of the cases, SAR and scatterometer are used
for offshore wind estimation. These radars are capable of sensing ripples at the surface of the sea
generated by the wind. The radar measurements can be converted in wind speed. Even though the
SAR technique is effective, in most cases it is combined with meteorological observations.

Remote sensing is being used either in the estimation of biomass potential, availability and
feasibility for production or the site selection of the power plants and the biomass plantation, nearest to
the grid line and biomass transportation cost on the basis of the quantity of biomass and transportation
distance [30]. The forest residual biomass is a source of renewable energy, which includes branches,
and un-merchantable stem tops that are commercially not suitable for timber exploitation [56]. This
biomass can be used as a source of energy in heating applications (fuel for domestic or industrial
stoves and boilers) and also for the electricity generation. The use of forest residual biomass has two
types of benefits. The benefits in term of both social and economic come from the use of forest residual
biomass are the reduction in the use of fossil fuels in national scale and creation of rural employment by
increasing harvests, transportation, and utilization in power stations in local scale. However, the lack
of methodologies to assess the quantity of forest residual biomass is one of the main problems.

The satellite images using both passive (optical) and active (radar and LiDAR) sensors can be
used effectively in estimating biomass, series of SHP, and locate the potential areas for solar power.
Ground verification is still required before any application of any obtained data. The remote sensing
and GIS as a decision-making tool, has facilitated combining evaluations of environmental, social and
political constraints with engineering decisions to produce the best alternative decisions. We have
also seen how those tools helped some governments in decision-making or in convincing investors to
consider energy from solar panels as an option. Those concrete examples are only a few among many
more which prove the practical use of remote sensing and GIS.

5. Cases Studies

Figure 5 shows a flowchart with application of remote sensing in exploring renewable energy
resources. The explainataion about each case study is given below.
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Case studies using remote sensing and GIS
in renewable energy exploration

4 4 4
( Wind energy ) ( Hydropower ) ( Solar energy )
v v v

A Case Study: The Middle
Columbia River Basin - Wind
energy and wind resources
assessment (WRA)

A Case Studies: North-West
regions of India, Ontario of
Canada, Boston of USA

A Case Study: Geum River
Basin, in South Kore -small
hydropower (SHP) detection

A 4 A 4 A 4
Landsat ETM/a Digital Elevation
Model (DEM)/Feature Analyst

The analysis started with

Land surface temperature preparing spatial data from

detected by MODIS remotely sensed data in rooftop analysis using Spatial
Analyst
v v v

- Spatial analysis, especially grid - Calculating the solar energy

- Remote sensing provides
consistent long-term
observations.

- The remote sensing techniques
can precisely prove the variation
in warming due to changes in

topography.

analysis, was employed to create
the stream network grid map
which was created from the
DEM (Digital Elevation Model)
of the study area.

- The stream network grid map
was used for searching for SHP
locations by utilizing GIS tools.

potential of building rooftops.
- determine potential PV
deployment.

- Determine potential PV
deployment which is usefulin
other fields

Figure 5. Flowchart of application of remote sensing in exploring renewable energy resources.
5.1. Wind Energy Case Studies

For the wind energy assessments and measurement of factors like speed, power, density, prevailing
direction seasonal variation and long-term consistency are important. This analysis is known as wind
resource assessment (WRA). Different applications and scales require WFA at different hub heights.
A case study was chosen from the Middle Columbia River Basin and the land surface temperature
results are obtained from MODIS.. The grid system is used due to its ease in operation. As most of the
data were available in raster format, it needed to be converted in grid-based raster using ArcGIS. A
unified grid size was chosen. Features datasets like administrative, infrastructure and environmental
were included in a geodatabase. The analysis was carried out in three stages.

e  Stage 1: The rasters were manually converted to a binary scale using the reclassify tool. The buffer
zone was segregated. The output was then combined into a single layer.

e Stage 2: All the layers obtained were re-classified to a scale which were compatible with
weighted overlay.

This approach is efficient because one layer could be used multiple times on multiple layers, giving
consistent geographical boundaries for the selection of site. The output raster was transformed into
polygons to calculate the geographic area [57]. The mechanism of wind turbines extracts the kinetic
energy from the atmosphere to generate electricity. Due to the vertical mixing and enhanced turbulence,
a substantial impact is seen on the local meteorology. As the surface temperature measurements are
not easy to obtain from the data available. Therefore, spatial and temporal data is not sufficient for
studying wind energy impacts at large scales. In such conditions, remote sensing provides consistent
long-term observations. Further classification of the data resulted in the outcomes of wind farms



Resources 2019, 8, 149 14 of 23

and their impact on the local meteorology. The remote sensing techniques also precisely proved the
variation in warming due to changes in topography.

5.2. The Series Small Hydropower (SHP) Detection Case Studies

The small hydropower can provide local energy and series small hydropower plants were detected
by remote sensing in Korea by Yi et al. [58]. The aim of this part of study was to suggest a new location
analysis method in an attempt to search for possible small hydropower sites using remote sensing.
The six potential small hydro power sites were explored at the Geum River Basin, in South Korea. This
study would be useful in the future activation for development of small hydro power sites. With the
sustainability of small hydropower (SHP) development being more significantly emphasized, this
study focused on social, economic and environmental dimensions which are the three basic dimensions
of sustainability. In addition, several investigations were performed for the analysis of small hydro
power sites using remote sensing data and GIS. The analysis started with preparing spatial data from
remotely sensed data, some of which were used to create a stream network grid map, while other data
is used to perform an overlay analysis. Spatial analysis, especially grid analysis, was employed to
create the stream network grid map which was created from the DEM (Digital Elevation Model) of the
study area. The stream network grid map was used for searching for SHP locations by utilizing GIS
tools [58]. This study has successfully applied location analysis of SHP which can help overcome the
limitation of traditional methods of outside survey.

5.3. The Solar Energy Case Studies

With this rapid population increase and this global migration to cities, the need for energy is
alarming. Cities are known to be more crowded than other areas, which implies the fact the space
is sometimes limited. It also means that with high buildings, it is unlikely to install photovoltaic
(PV) panels on the ground and to expect to generate full solar energy potential in the area. For that
reason, a certain government requires the study of rooftops to PV deployment which can help to
reduce greenhouse gas emissions [59]. These case studies of India, Ontario, Canada, and Boston USA
were conducted. at the aim of developing more renewable energy in order to reduce the dependence
on fossil fuels that will deplete with the time anyway. It should be noted that only LiDAR data or
combination with other techniques (GIS, modelling, measurements of pyranometer and diffuse solar
irradiances) to find out the potential of a roof’s surface [12,59]. LiDAR data was applied by [12] to
successfully determine a rating list of roofs’ surfaces in urban region by PV systems as well as enable
estimating potential of solar electricity can be obtained based on the location [60].

By the request of the Ministry of New and Renewable Energy (MNRE) of India, many types of
research are done in order to get accurate information on solar radiation availability [61]. In this specific
paper entitled “Solar Resource Assessment using GIS & Remote Sensing techniques” the area chosen
is the North-West regions of India. The surface is studied because the amount of radiation differs
from one place to another, therefore in order to get accuracy, certain factors have to be considered,
such as latitude, time of the year, elevation and slope. The first step was to get a Digital Elevation
and images of the region from Landsat ETM. Then, they used ArcGIS along with the Spatial Analysis
extension to calculate Watt-Hours/ meter square at the surface at the local scale. They used the Solar
Analyst to accumulate the energy that strikes the earth’s surface for one hour prior to the acquisition
of the Landsat image. They followed by comparing the amount of energy available at the surface to
the brightness-temperature derived from Landsat thermal band. Other researchers have also shown
other methods used to calculate the surface solar irradiance from satellite imageries. Indeed, in the
paper entitled “Solar Energy Assessment Using Remote Sensing” the authors give an example of
methodology used in remote sensing technology called HELIOSAT used in Europe. It is said to be
possibly applied in the use of daylight buildings, or in the development of a short-term forecast of
solar irradiance which can be used in intelligent building control techniques among its other uses.
HELIOSAT was first introduced in [62] and was modified later by [63]. The work starts with the
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calculation of the clear sky irradiance for a given location and its time. It is followed by a cloud index
that derived from METEOSAT imagery (Geostationary satellite). The papers give a very empirically
detailed explanation of the method. Researchers have also taken advantages on the launch of a new
European meteorological satellite MSG (Meteosat Second Generation) in 2002. From that launch,
they were able to explain how HELIOSAT will be of a better used. Indeed, MSG offers traditional
channels and a higher resolution. This leads to a improved depiction of the radiative transfer from
the atmosphere. Moreover, cloud detection will be done in a more accurate way, thanks to the higher
spatial and temporal resolution.

A research was done at Ontario of Canada to identify the usability of rooftops as a base for PV
employment. The paper entitled “Quantifying rooftop solar photovoltaic potential for a regional
renewable energy policy”, specifically identifies the advantage of GIS as a means to locate potential
locations. The paper used GIS as well as advanced features extraction algorithms in order to allow a
better comprehension of building distribution and form in a specific “Renewable Energy Region” of
Ontario, more specifically the southeastern part of the region. The total estimation of total rooftop
photovoltaics or PV potential was done following step procedure, involving a geographical division of
the area. The first step was to sample by using the Feature Analyst extraction software. The second
step was to extrapolate using roof area-population relationships, followed by the third step being
the reduction for shading, other uses, and orientation, the conversion to power and energy outputs.
After comparing these results to similar numbers found in other parts of the world, it showed that
Canadian settlements have a low-density character, as well as a high abundance of roof area. Detaining
this information is important since it helps to determine potential PV deployment in the region.
Furthermore, it helps it is useful in other fields in which it helps, for instance, better inform of policy
surrounding other applied sustainable initiatives (stormwater runoff, thermal applications, green-roof
deployment, etc.). “Potential peak power outputs for the region with rooftops covered with PV range
from 2.05-5.74 GW, depending on the panel efficiencies used. Potential annual energy production
ranges from 2474-6909 GWh” [36]. Though only 5% of total annual energy demand can be met only
with rooftops, this number could be higher and reach 30% if rooftop deployment is done on a larger
scale such as province-wide for instance. The conclusion is that the Ontario Feed-In Tariff can potentially
initiate significant renewable energy inputs to the Ontario grid. By detaining this information, it
facilitates decision-making and policy formulation. It, therefore, brings a higher probability of seeing a
shift of focus toward the establishment of solar photovoltaics in the region, and across the entire country.
Another study of using a new method of LiDAR and GIS links to hourly Daysim simulations to predict
city-wide electricity gains from photovoltaic panels which were conducted by [59]. This study showed
good prediction rooftop temperatures for calculating hourly PV efficiency in Cambridge, USA.

A similar path, the city of Boston of USA adopted in 2007. Indeed, the mayor was attempting to
reduce the consumption of energy by the city through fossil fuels and to instead reach their goal of
a more sustainable future by expanding the use of solar panels. In order for that goal to be reached,
designed researchers used web GIS and remote sensing as tools to display their findings on optimal
areas for PV deployment. Web GIS helped track the progress of citywide solar installations. Then,
another tool used was ArcGIS Spatial Analyst to calculate the solar radiation available on building
rooftops. This solar radiation tool helped in calculating the solar energy potential of building rooftops.
The ArcGIS API for Flex was the final medium where the application was wrapped in a user-friendly
format. They followed by building a digital elevation model (DEM) of the city that enabled to then
model incoming solar radiation considering variation in elevation, orientation, the shadows cast by
topographic features, and changes with the time of day or year [64].

6. Discussion

A number of publications have demonstrated significant correlations between surface temperature,
heat flux, vegetation cover, and land deformation to the presence of geothermal resources. This indirect
evidence, whose reliability is much dependent on ground verification and cross-validation with
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numerical modeling and other methods, will be described in this section of the paper. Majority of the
literature dealing with mapping surface temperature for geothermal applications revolve around the
use of thermal infrared (TIR) remote sensing using the ASTER datasets. A fundamental paper of this
subject is [65]. The authors developed a methodology for processing the ASTER images to highlight
the subsurface contributions of geothermal heat by minimizing the effect of diurnal temperature
variations. They proposed empirical relationships to model the influence of the physical properties
(thermal inertia, albedo, emissivity, moisture content) of different surface materials. The authors
also employed a methodology to minimize the effect of topographic slope on temperature variation,
using a DEM from the US Geological Survey. The authors recommended the use of their image
processing chain for the situations where thermal anomalies over large regions need to be searched
or where topographic slopes are relatively steep. Related to this aspect of isolating the geothermal
sources of temperature anomalies, Ref. [66] proposed a new model that includes a parameter to
include the influence of temperature variation with ground surface altitude, and applied this using
ASTER images of two geothermal complexes in the Andes. The effect of altitude on temperature was
modeled as a linear relationship. The thermal anomalies identified were successfully cross-checked
using field measurements of atmosphere and ground surface temperature, as well as radiation for
albedo calibration. The authors stated that surface manifestations larger than 90 m? can be detected,
but smaller ones (<60 m?) or with small thermal anomaly (AT < 5 °C) could not be identified. They
also recommended the use of nighttime TIR images, since this record higher temperature contrast
between geothermal areas and surroundings. Another pioneering publication, particularly on the
limits of spatial resolution, is [33,67]. Although primarily formulated to monitor thermal anomalies
for mitigating volcanic hazards, the paper is relevant considering that, as stated earlier, surface
manifestations of geothermal resources are typical of sub-pixel size. A so-called “thermal mixing
detection threshold” was calculated to quantify the limits of ASTER’s ability to resolve sub-pixel
thermal mixing over a range of hot target temperatures and % pixel areas. After applying the model to
the Yellowstone National Park and Erebus volcano, the authors concluded that ASTER TIR data can be
used for modeling sub-pixel thermal characteristics, but the results are extremely sensitive to errors in
measurement and validity of the assumptions. The authors recommended measurements of thermal
features and surface compositions in order to reduce the magnitude of uncertainties. Meanwhile,
apart from ASTER, TIR data from the Landsat ETM+ sensor can also be used in a similar application.
The authors in [68] used Landsat 7 ETM+ TIR data to identify land surface temperature (LST) anomalies
and locate geothermal areas in China. Their methodology for deriving LST is summarized as shown
in Figure 2. The principal steps involved were radiometric calibration, atmospheric correction, and
emissivity calculation. The authors then applied a mechanistic analysis to the derived LST information,
combining these with results from the previous heat source and geological investigations to locate
geothermal features in their study area. Another application of TIR datasets, also closely linked with
surface temperature, is in the monitoring of geothermal heat flux. Likewise, monitoring of surface heat
loss throughout the management of a geothermal power plant can serve as an indicator of unsustainable
fluid extraction rates. Geothermal heat flux (GHF) can be conventionally measured from boreholes
through the use of thermocouples. Recently, remote sensing for this type of application has been
gaining momentum [69] used high spatial resolution (~1 m pixel size) airborne TIR imagery to calculate
heat flux from hot springs, utilizing a simplified, steady-state heat budget model. The volumetric
discharge rates from these springs were also calculated using these images and showed that this was a
good method in comparison with field-derived estimates. Meanwhile, Ref. [33] used ASTER TIR data
(90 m per pixel) to quantify the radiant GHF at the Yellowstone National Park, and MODIS TIR data
(1 km per pixel) to investigate long term changes in GHF and establish thermal change detection limits,
so as to retrieve information on significant anomalies that could be a result of impending volcanic
eruption or anthropogenic interventions. Ref. [70,71] demonstrated the use of Landsat ETM+ imagery
to quantify GHF estimates at the Yellowstone National Park. The latter paper, however, recognized
that the estimation of absolute GHF from Landsat images is severely restricted without a number of
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supplementary parameters, due to the influence of both direct and indirect solar radiation, and albedo.
Similarly, some researchers used Landsat TIR data to monitor heat flux at a geothermal field in New
Zealand [72]. By comparing images 1990 and 2011 images, they were able to detect a 7 MW reduction
in geothermal radiative heat flux. Incidentally, a vegetation index study they conducted revealed
a progressive increase in the area of healthy vegetation during the same time interval. The authors
inferred that this was a reasonable phenomenon since the health of thermally-stressed vegetation has
an inverse relationship to the shallow ground temperature. On the same note, Ref. [73] remarked that
there are distinctive ecosystems associated with geothermal features. Based on an analysis of ecological
characteristics in the Taupo Volcanic Zone in New Zealand, the author concluded that vegetation
zones occur in a predictable pattern along the soil temperature gradient. The same is true for the
longitudinal distribution of aquatic flora and fauna downstream of thermal springs and vertically on
geysers. Also, due to the characteristics of geothermal fields (steep soil temperature gradient, exposure
to steam, highly mineralized soil & water, extreme pH, low amount of organic matter), the vegetation
communities in such areas tend to exhibit slow relative growth rates, smaller leaves and shallower
roots, sporadic flowering, and smaller plant size in general. Given this knowledge of distinctive
vegetal attributes in geothermal ecosystems, it can be reasonably inferred that such information can
be employed in remotely-sensed data to locate potential geothermal sites. However, there has been
little published literature on such applications. Ref. [74] conducted a vegetal-spectral field survey
using a GER 2100 spectroradiometer to determine if substantial differences in vegetation spectra to
indicate stress or damage could be detected. The indicators used to determine spectral anomalies
in stressed vegetation were the inflection point of the red-edge reflectance, the red-edge shoulder
reflectance minus the red minimum reflectance, the 699/765 nm ratio, and the position of the visible
green maximum reflectance. Their results indeed revealed spectral response anomalies in stressed
vegetation, and mapping these anomalous plants showed that their distribution could be correlated to
geophysical faults and geothermal activities. This study suggests that high-resolution hyperspectral
data might be a feasible option to undertake similar analyses for geothermal applications. The last
form of indirect evidence of geothermal resources that can be derived from remote sensing is land
surface deformation, which can be obtained from SAR interferometry (InNSAR). In particular, this
method can be useful during the active management of the geothermal plant, as it can also serve as
an indicator of over-extraction. It has been reported that geothermal exploitation may lead to land
surface deformations, particularly due to reservoir depletion and the associated seismicity that is
induced. Ref. [75] used radar images from European Remote Sensing (ERS) satellites, ERS-1 and 2
to monitor ground subsidence related to activities at the Coso geothermal area in the USA. The raw
ERS data were processed with the “two-pass” and “four-pass” methods, which remove topographic
effects using a DEM and two InSAR pairs acquired in tandem, respectively. These yielded similar
results, indicating sufficient accuracy. The authors then inverted the observed surface displacements
using a finite spheroidal source model to locate the positions, geometry, and strengths of pressure
sources. The observed ground subsidence of ~3-4 cm/yr occurred over an area of ~50km?, and the
source depths indicated by the simulations range from 1 to 3 km. These values correspond to the
production area and depths of the Coso geothermal plant, indicating that such deformations are likely
the results of geothermal reservoir cooling and/or depletion. Furthermore, analysis of consecutive
interferograms indicates that the depths and horizontal extent of the surface deformations may increase
with time, presumably reflecting a trend towards unsustainable geothermal exploitation. Ref. [76]
also used ERS-1 and 2 radar images in the C-band (56 mm wavelength) to study the subsidence at
the Cerro Prieto geothermal field in Mexico. Their simulations similarly revealed that the source of
the ground subsidence is related to compaction of the geothermal reservoir due to fluid extraction.
These results were improved by [77], using Differential INSAR (DInSAR) analysis applied to ENVISAT
ASAR C-band data. Interferometric processing was accomplished with the DORIS InSAR package
of the Delft Institute for Earth-oriented Space Research. The DINSAR results were also compared
to and yielded good agreements with ground-based geological investigations and geodetic leveling
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measurements. The authors suggested that planned future increase in fluid extraction and expansion
of geothermal field limits would likely lead to increased ground subsidence. In contrast to subsidence,
Ref. [78] reported urban uplift in Staufen im Breisgau, Germany caused by geothermal development,
leading to significant damages to buildings in the city. In this case, the drilling of geothermal boreholes
caused interaction between anhydrite deposits and groundwater. This leads to recrystallization of
the anhydrite into gypsum, a transformation which involves a swelling process of up to 60% increase
in volume [79]. The authors applied the INSAR Small Baseline Subset (SBAS) approach to X-band
radar images from the TerraSAR-X satellite, which has a spatial resolution of 3 m and a revisit time of
11 days. The SBAS approach enables multi-temporal measurements of surface displacements of up to
millimeter-level accuracy. The authors compared the results of this analysis with geodetic leveling
measurements, and showed good, albeit partial, correspondence. This particular study shows the
feasibility of using high temporal resolution datasets to monitor the rapid uplift rates in the study area.
The results could be used for planning appropriate countermeasures, as well as for making proper
management decisions on the future of the geothermal plant in the area.

Remote sensing technology has proven to be a cost-effective method from the locations which has
accessibility challenges. The cost-benefit analysis considers the installation costs of the mast and the
cumulative costs of the remote sensing instruments, for data acquisition in a given time frame. Along
with the location of site remote sensing weighs over the mast techniques by providing additional
information, such as wind shear extrapolation over rotor disc of a large wind turbine project, or
horizontal extrapolation across multiple locations. After acquiring the data, the RS techniques combine
Multi-Criteria Spatial Decision Support System (MC-SDSS) in collaboration in spatial planning. After
obtaining the data from remote sensing, the multi-criteria spatial data analysis methodology is used in
GIS. This process can be described as transforming the geographical-referenced data into the resultant
decision. The data obtained is generally arranged in vector or raster format, known as maps or layers
in GIS. Often, Multicriteria analysis is also referred to as multi-criteria evaluation (MCE). The basic
principle of MCE is to analyze a finite number of choice possibilities with respect to multiple criteria and
different objectives. The multi-criteria analysis methods can be of different types such as deterministic
or probabilistic, depending on the multiple objectives. The final result of this analysis is a site suitability
map generated after evaluating different criteria affecting the project. The overlay methods are used
for site selection.

The use of satellite data definitely needs a ground truth survey and also apparently need to
conduct point survey for the assessment of biomass resources. The aboveground biomass is normally
estimated using allometric equations that related to the tree data, usual diameter at breast height (DBH)
and height for specific tree species and geographic location. It is necessary to develop the specific
forest residual biomass regressions for each species for application to pre-existing tree dimension data.
To avoid complexity associated with the mixture of tree species in the spectral data of the Landsat
image, it needs to be monoculture forest. The cartography not only allows the calculation of the total
amount of forest residual biomass resource but also suitable for determining technical and economic
feasibility for example slope, distance to the forest tracks, area of the forest stands. There is a limitation
to using remotely sensed data in the estimation of forest residual biomass are relating to; only feasible
in monoculture forest and field operation has to be conducted, inaccuracies related to heterogeneity.
However, despite all these limitations, the size of the scenes and cheap distribution, make remote
sensing the most suitable for estimation of forest residual biomass (FRB) [80]. The below-ground
biomass is larger than above-ground biomass, but it is impossible to estimate their magnitude directly
with the existing remote sensing system. The Normalized Difference Vegetation Index (NDVI) relating
to the reflectance properties of active photosynthetic plant tissue in the red and near-infrared portion
of the electromagnetic spectrum is a very common index using the studies of agriculture and forest.
Even though NDVI is well-related to the total biomass in the agricultural and forestry land but these
might neglect the presence of dead plant material. The direct estimation of carbon storage in moderate
to high biomass forests is a major challenge for remote sensing with the conventional optical and radar
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sensors for ecological applications, thus the use of LIDAR is an alternative remote sensing method
that increases the accuracy of biophysical measurements. LiDAR sensors measure 3D distribution
of plant canopies, therefore providing high resolution topographic maps and accurate estimates of
canopy structure. Also, LIDAR sensors can estimate aboveground biomass in situations where the
conventional sensors can not perform well [81]. For the suitability and optimality of site analysis,
remote sensing is used to reduce the transportation cost, which is the primary concern in the new power
plant planning in order to optimize allocation and supply-area consideration. Location-allocation of
the plant bases on all usable biomass in the area. Two measurements, usable biomass, and efficiency
can be used to compare the supply areas.

7. Conclusions

The moderate spatial resolution satellite with thermal infrared band such as ASTER, Landsat can
be effectively used to detect the potential distribution of general shallow geothermal resources. It was
understood that remotely-sensed data can serve as direct or indirect evidence of geothermal activity,
which was proven through the different applications of various remote sensing techniques, such as
multispectral, hyperspectral, thermal and microwave remote sensing. Development of wind energy
strongly depends on remote sensing and GIS technologies to optimize its potential. The SODAR,
LiDAR, and SAR are useful to identify optimal conditions for wind power development, such as
the wind power density, or its proximity to the electric grid among others. Among these SAR data
is also useful for mapping of mineral, biomass and solar energies. The satellite images use both
passive (optical) and active (radar and LiDAR) sensors to effectively estimate various forest biophysical
parameters. SAR is also useful in developing detailed analysis of offshore winds for wind assessments.
The satellite images use both passive (optical) and active (radar and LiDAR) sensors to effectively
estimate various forest biophysical parameters for biomass estimation.

In the case of hydrothermal energy, selection of a site seems very tricky, which means that remote
sensing and GIS technologies are of great need. Remote sensing and GIS techniques also play a vital
role in development of solar energy projects by providing potential sites for installation of solar panels.
A new remote sensing technology known as HELIOSAT, which deals with atmospheric and cloud
extinction separately is also widely used in solar energy resource development. It was shown how
remote sensing and GIS techniques are useful for rooftop photovoltaic panel installation in urban areas.
In a nutshell, using remote sensing techniques, not only increase speed, cost effectiveness, precision,
and timeliness for estimation of various parameters of various parameters used in different renewable
energy resources exploration but also provide multi spatio-temporal information. We also saw in
detail that satellite and DEM data were used in various case studies. Further, it was explained that
remote sensing is becoming cost effective, less time consuming as compared to conventional surveying.
Though, there is still a need for an in-situ data for the validation of the satellite-based outcomes as well
as physical and mathematical modeling.
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