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Abstract

The demand for electricity is increasing fast in Bangladesh to sustain rapid economic
growth. The largest share of electricity in Bangladesh is produced by fossil fuel powered
electricity generation plants. Though solar energy has high potential in Bangladesh
due to favorable geographical location, very little initiative has been taken to develop
the solar energy sector. At present, the Bangladesh government’s approval criteria for
site selection of solar energy parks does not have any scientific basis. Consequently,
the present study was undertaken to develop the site selection criteria for solar parks
in Bangladesh. Delphi method with AHP was used to determine the criteria and
its weightage for site selection of solar energy park. Two rounds of questionnaire
for the Delphi method were conducted: in the first, the criteria list was formulated,
and in the second, the weightage of the criteria was finalized. The finalized criteria
were: land cover (i.e., vegetation, water bodies, build up area, bare land), land slope,
surface solar irradiance, land surface temperature, and location of power sub-stations.
Among these, land cover and location of power sub-stations were found to have the
highest significance for determining suitable locations for solar energy parks in regard
to Bangladesh.

Keywords: solar energy parks, site selection criteria, Analytical Hierarchy Process,
Delphi method

1. Introduction

Energy is one of the key elements for the prosperity of a society. Access to affordable, reliable,
sustainable, and modern energy for all is set as one of the goals for sustainable development by
UN [1]. There is consensus that renewable energy is sustainable, clean, and free or low cost [2].
However, still more than 80% of world energy comes from non-renewable resources [3].

Bangladesh is consistently maintaining an annual GDP growth rate over five since 2004 [4]. As
researches over the years regularly show that there is a positive relationship between economic
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growth and electricity consumption [5–9], the demand for electricity has also increased (Figure 1).
Bangladesh produces almost all of its electricity by burning fossil fuels [10]. At present, the main
source of electricity is natural gas (48.81% of total production) [10]. Government has to import
a huge quantity of oil for producing electricity [11]. In addition, the fossil fuel-based electricity
plants also emit greenhouse gases (GHG) that negatively affect the environment. Bangladesh has
already committed to reduce its GHG emissions to 5% below the Business as Usual Scenario or 12
Metric Ton of CO2 by 2030 in power, industry, and transport sector by 2030 unconditionally [12].

Figure 1: Demand for electricity over the time period 1995 to 2017 (Source: [17])

Due to increased concern for environment all over the world, renewable energy has become
the desired source for energy. In fact, UN urged that a substantial share of energy would come
from renewable source by 2030 [1]. Many countries of the world are in fact increasingly producing
a large share of their electricity from renewable sources. For example, in Denmark, the share of
renewable energy consumption increased from a meager 7.02% in 1990 to 33.17% in 2015 [13].
However, in Bangladesh, the share of renewable energy consumption decreased from 71.66% to
34.74% in the same period [14]. Even as one considers renewable energy for electricity production,
with the world’s share increasing from 19.36% in 1990 to 22.85% in 2015 [15], Bangladesh’s share
decreased from 11.43% to 1.23% [16].

Realizing this, the government is now encouraging investors to develop electricity plant
based on renewable energy [17]. However, the options are very limited. There is very little
scope for hydropower [18]. Although high wind speed prevails in the southern coastal belt of
Bangladesh, the frequent cyclones in these areas make it unrealistic to have a wind park [19].
In such circumstances, solar energy could be one of the major sources for renewable energy for
electricity production. The geographical location of Bangladesh makes it very suitable to exploit
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solar energy as the country receives 300 clear sunny days per year; which is enough to produce an
enormous amount of solar energy in a sustainable way [20]. In addition, solar energy is considered
as one of the areas of National Area of Mitigation Action (NAMA) to meet the commitment of
reducing GHG emission [21].

Considering this, Bangladesh has undertaken projects based on solar energy to produce
electricity. The government is encouraging private sector investment in developing solar energy
parks in different parts of the country. However, the criteria set for setting up a solar energy
park are more bureaucratic than scientific. According to the Sustainable and Renewable Energy
Development Authority (SREDA) [10], if an investor meets any of the following criteria, (s)he
could set up a solar energy park:

• Government owned non-agricultural land; and
• Private land owned by individual people

It could be understood from the above criteria that the sites thus selected may not be in
suitable locations. Discussions with SREDA officials responsible for granting permission and
implementation of renewable energy projects reveal that at the moment they are not thinking
about developing any other criteria for setting up solar parks. As setting up of a solar energy
park is a multi-million-dollar investment [22], the site selection for it should be based on scientific
criteria. It is in light of these rationales that this research has been undertaken to develop criteria
for site selection for solar energy park.

2. Materials and Methods

2.1. Literature Review

Criteria for site selection of solar energy parks vary across countries depending on the country’s
geographical and physical conditions [?]. As the decision of locating a solar-powered electricity
generation plant site has a strong relationship with the plant’s security, it has to meet the
meteorological, economical, environmental, and societal requirements [24, 25]. The locations
with the highest solar resources are not always feasible sites for solar energy parks; as variety of
factors play a role in the site selection process of solar farms [26]. Hence, site selection of solar
power system has become difficult for the electricity generation enterprises, grid enterprises, and
government [24]. Thus, different criteria were used for setting up solar energy parks in different
countries of the world.

Radiations, leveled unit cost of electricity, emission reduction constraint, and environmental
factors have been considered in India for site selection of solar parks [27–29]. Ribeiro et al. found
that the size and shape of land as well as distance from power grids could make significant
variations in power generation in Brazil [30]. Uyan took into account quality of terrain, local
weathering factors, proximity to high transmission capacity lines, agricultural facilities, and
environmental conservation issues for optimum site selection in Turkey [24]. Kereush and Perovych
acknowledged social, geographical, technological, and environmental factors (for example: average
air temperatures, abundant solar radiation, and protected areas) play key roles in setting up solar
energy parks in Ukraine [31]. Beltran et al. mentioned project execution delay and stoppage risk as
crucial factors for site selection of solar parks in Spain [32]. Francois et al. used standard deviation
of energy balance and storage requirement as determining factors in Italy [33]. On the other
hand, Carrion et al. emphasized on environmental, geographical, location, and climate factors
as crucial in site selection for solar energy parks in the European Union [34]. Broesamle et al.
developed an evaluation system for solar thermal power stations, which was designed to calculate
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the performance of such power stations as a function of direct solar radiation, geographical
conditions (land slope, land cover, distance from power stations, etc.), and infrastructure (pipelines,
electricity grids, streets etc.) [35]. In order to demonstrate the concept, they performed an analysis
of Northern Africa; where sites were ranked according to solar power potential. On the other
hand, Gasti and Charabi focused on geographic and topographic conditions of Oman to assess its
solar power prospect [36].

The combination of Delphi and AHP technique has been increasingly used to solve multi-
criteria decision-making problems. AHP is a widely used method for analyzing and supporting
decisions, which have multiple and even competing objectives [37, 38]. Since its introduction in
1977 [39], AHP has been widely used for various purposes including but not limited to selection
and evaluation of criteria in different kind of sectors like healthcare [40], manufacturing [41],
project selection and resource allocation [42], machine and automobile selection, [43,44] etc. Delphi
is a structured, systematic, and interactive method used to gain consensus of experts on a particular
topic through a series of questionnaires (usually two or more) [45–50]. AHP in combination with
Delphi method is widely used for selecting criteria for different purposes. For example, Wood
had used this combination to identify the key success factors in strategic alignment of transport
collaboration [51]. He first used Delphi method to identify and quantify relevant criteria, and
then used AHP approach to estimate the relative importance of the extracted criteria. Kazemi
et al. have used an indistinct Delphi-AHP method to investigate and evaluate critical material
selection criteria in a priority framework in order to choose the most appropriate materials for
any design [52]. Vidal et al. have used Delphi process with incorporation of AHP to evaluate
the complexity of projects [53]. Kharat et al. have used Delphi-AHP method for selecting criteria
for environmentally conscious solid waste treatment and disposal technology [54]. Kwok and
Lau in their research used this method to gather experts’ opinions on the evaluation criteria
and their relative importance for selecting a suitable road junction control method in a multi-
objective environment [55]. On the other hand, Sadr used the method to identify potential sites for
ecotourism [56]. Colak and Kaya used the methods to evaluate energy storage technologies [57].
Interestingly, Akbar et al. even used the AHP-Delphi combination to rank root causes of marine
accident [58].

2.2. Selection and Finalization of Criteria

As both Delphi method and AHP consider the opinions of expert, the researchers tried to make a
list of solar energy experts who are working in Bangladesh. It should be noted here that there
are very few such scholars in the country. Six experts with considerable experience, both from
academia and practice, were chosen and gave their consent to answer the queries of the researchers.

For selecting and identifying criteria weightage, two rounds of questionnaire survey were
conducted among the experts. In the first round, the experts were asked to comment on the
primarily selected criteria, and when they reached a consensus on it, round one was deemed to
be completed. In the second round, the experts were asked to compare the selected criteria on
pairwise basis using Saaty Scale [59].

As the criteria for site selection vary from country to country, it was decided to use experts’
opinion to identify if there are any other specific criteria for Bangladesh. Based on literature
review [29, 31, 32, 36], the following criteria were initially selected for first round of Delphi
questionnaire.

• Surface Solar Irradiance (SSI)
• Land Surface Temperature (LST)
• Land Slope (LS)
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• Land Cover
• Location of Power Sub-stations

It should be mentioned here that there were options for the experts for addition and deletion
of any criteria.

2.3. Implementing AHP

After the experts’ pairwise comparison of the selected criteria, the AHP procedure was imple-
mented to determine the relative weights of the criteria. It was done through

• Computing the vector of criteria weights
• Computing the matrix of option scores
• Ranking the options

Not all the criteria will have the same importance. Therefore, it is essential to derive the relative
priorities (weights) for the criteria. In order to compute the weights for the different criteria, AHP
was used. In AHP, a pairwise matrix is developed with relative importance between two criteria
according to a numerical scale from 1 to 9 which was developed by Saaty [59]. The value is then
normalized to determine the weight of each criterion.

It is necessary to look at whether there is inconsistency in the valuation of weightage by
experts. It could be determined by using Consistency Ratio (CR). Saaty claimed that a CR of 0.10
or less is acceptable to continue the AHP analysis [59]. If the consistency ratio is greater than
0.10, it is necessary to revise the judgments to locate the cause of the inconsistency and correct it.
However, there are literatures [60–62] which suggest that depending upon the number of experts
and number of criteria, even a CR value of 0.2 is acceptable. If CR value weightage of any expert
crosses the threshold value (i.e. CR value more than 0.1), his (her) weightage of the criteria is
discarded, and the final criteria weightage is calculated on average weightage value of the experts
whose CR is below the threshold value.

3. Results and Discussion

As mentioned in the previous section, the researchers worked with six experts to determine the
criteria and their weightage for selecting solar energy park sites in Bangladesh. After the first
round of survey, the experts agreed on the following criteria:

• Surface Solar Irradiance (SSI)
• Land Surface Temperature (LST)
• Land Slope (LS)
• Land Cover
• Location of Power Sub-stations

Incidentally these were the very criteria the researchers choose as the initial set. Though experts
also suggested for cloud index, suitable land shape, amount of dust in dry season, and cost of
land as criteria, they could not reach consensus on those criteria.

In the second round, the researchers provided weightage for each of the criteria. However,
during calculation of CR, it was found that the weightage of one of the experts was inconsistent
(i.e. the CR value was higher than the threshold value of 0.1, even 0.2). So, the weightage was
calculated (Table 1) ignoring the weightage value whose CR value was found to be higher than
the threshold value.
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Table 1: Final weightage of the criteria

Criteria Expert
1

Expert
2

Expert
3

Expert
4

Expert
5

Final
Weightage

Surface Solar Irradiance 0.116 0.044 0.087 0.301 0.121 0.134
Land Surface Temperature 0.091 0.046 0.046 0.283 0.034 0.100
Land Slope 0.037 0.095 0.062 0.074 0.083 0.070
Land Cover 0.350 0.547 0.412 0.042 0.389 0.348
Location of Power
Sub-stations

0.406 0.267 0.392 0.301 0.372 0.348

*Please note that continuity of numbers was considered in numbering the expert; it no way
indicates that the opinion of Expert no 6 is ignored rather it indicates that opinion of one of the
experts were not considered.

From the table, it can be seen that Land Cover and Location of Power Sub-stations are the top
two priorities among the five criteria to all experts, except Expert no 4 who considered surface
solar irradiance over land cover. The other experts, except Expert 1, have considered land cover
more important than other criteria. But the weightage difference between land cover and location
of power grid is meager, hence, once the weightage of Expert no 4 is considered; land cover and
location of power grid have got equal importance.

Barren land is most suitable for big solar projects, as there is a severe land scarcity in Bangladesh.
According to experts, a thumb rule is that, with the current available technology, 120 KW electricity
can be generated from one Bigha (One Bigha is equal to 17,424 square foot). This is the largest
unit of a real measurement in local system of land, provided proper maintenance is done. Experts
have discouraged the conversion of agricultural land for usage in solar power projects. On the
other hand, they restricted the use of built-up and forest areas for such projects. High capacity
grid lines in close proximity to the solar project site is important because if the selected site is
located far from grid lines, new power sub-stations need to be constructed; which will increase
the project cost and therefore, will reduce the viability of the project.

The third important criterion was SSI, which bears a weight of 13.4%. The least important ones
are LST and LS; bearing a weight of 10% and 7%, respectively. According to the experts, LST is
quite same for Bangladesh. Therefore, it does not have much effect on site selection. Again, LS
can be dealt by varying the height of the frame.

4. Conclusion

A reliable, affordable, and secure supply of energy is important for socio-economic development.
As a country with decreasing share of renewable energy in total energy consumption and pro-
duction [14, 16], Bangladesh is now looking forward to develop its renewable energy sources in
addition to its traditional source of fossil fuel. Studies [18, 63–66] suggest that Bangladesh has
good potential for harnessing solar energy due to her geographical and physical characteristics;
realizing this, the government of the country is now focusing on establishing solar energy parks.

The study puts high importance on land cover and location of power sub-stations (both have a
weightage of 34.8%) in order to determine suitable sites for solar energy parks. Uyan has advised
the same in his study in Turkey; where he has calculated the weightage of land cover and distance
from transmission lines respectively as 41.25% and 37.4% [24]. Broesamle et al. have also given
high priority to land cover as they have suggested considering surface water, forests, settlements,
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arable, and cultivated land as unsuitable for establishing solar plants [35]. Both Broesamle et
al. and Gasti & Charabi have put the highest importance on SSI which has been found as the
third most important factor in this study [35, 36]. As Bangladesh has a small geographical extent,
SSI does not vary significantly in Bangladesh (from 4 to 6.5 kWh/m2 in the whole country) [63].
Therefore, big parcels of vacant land (land cover), which are scarce in Bangladesh, have greater
weightage than SSI. Land slope only carries a meager 7% weightage in determining suitable sites
for solar plants, which contradicts that of Gasti & Charabi who have put great importance on LS
in their study to assess solar electricity prospects in Oman [36]. One of the reasons behind this
contradiction may be the topography of Bangladesh is flat with the exception in the south-east and
north-east where there are the hilly areas [67]. But it should be mentioned here that, the calculated
weightage of LS in this study nearly matches that of Uyan , who has estimated the weightage of
land slope for Turkey is approximately 8% [24]. Therefore, LS does not carry significant importance
for Bangladesh in determining suitable sites for solar energy parks.

For proper utilization of the solar power potential of Bangladesh [20] with limited land for
development of solar energy parks, the parks should be located in the most suitable places to
ensure maximum effectiveness. However, the government presently has no evaluation system
based on which suitable sites for solar energy parks can be determined. This study developed
the criteria applicable in case of Bangladesh for the selection of suitable sites for solar energy
parks. Since the study has proposed the name and priority of criteria from renowned experts and
regulatory bodies, it can be used as a base for site selection of solar parks.
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