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Abstract: The purpose onis research is to develop decision making method for site selection
and to rank the priority of renewable energy potential development site using analytical hierarchy
process (AHP) and geographical information system (GIS) in Indonesia. This study identifies the
energy alternative that focusing on solar, wind and geothermal based on previous work by
authors as continuity study. The AHP model is built to identify the weight of critena for two
hierarchies. The weight has been used as input for spatial analysis in GIS method. The resources
map is generated by overlaying solar irradiation map, wind speed map and geothermal potential
map with spatial analysis tool in GIS environment. The t shows that geothermal is the best
criteria, followed by solar and wind alternatives with weight value of 0.72. 0.22, and 0.06
respectively. Resource map generated identifies the high, moderate and low suitability site to
rank the priority decision of renewable energy development for Indonesia. Based on the result,
the site selection of ten locations can be found to give the recommendation for priority
development of renewable energy. In addition. the potential of renewable energy in term of
technical potential, economic potential and carbon dioxide reduction potential are calculated
based on assumption and reference by considering the application of renewable energy
technology. The proposed methodology is useful to identify the renewable energy resources site
for development priority. The method can be used to achieve the similar objectives for other
country.
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1 Introduction

At present, we are making efforts on the study for spreading
the environment-friendly renewable energy. Indonesia’s
energy status and commitment to develop renewable energy
have been growing and setting up for the future sustainable
development. When selecting which sites are suitable for
developing renewable energy in Indonesia, the renewable
energy resource map is needed. The country of Indonesia
consists of total area 1,919.440 km’ (1.826.440 km?® of
inland and 93,000 km? of inland water).

Indonesia consists of many islands and is the world’s
largest archipelagic state, which is situated at 95° to 141° of
east longitude and latitude 6° north to latitude 11° south. It
Pilisists of many islands, whereas has five islands biggest
namely Sumatera. Kalimantan, Java, Sulawesi, Papua and
other small islands such as Bali, Ambon, Lombok, Nusa
Tenggara, as well as thousands of tiny island where spread
out surrounding the mainland. Its population is over 238
million people.

The need of energy due to population growth is
increasing vear by year that is why Indonesia is facing
energy power shortage. In other hand, Indonesia has many
energy resources which are abundant for source of power
generation. In order to make decision for energy
development among the site selection, it is essential to
generate the resource map site suitable location to prioritise
for renewable energy development in this wide country.

Due to the availability of data, this study is focusing in
theoretical potential as a criterion based on previous study
by authors in solar irradiation, wind speed and geothermal
resources. Therefore this study is a development for
continuities study in the area of renewable energy potential
analysis in Indonesia.

The first objective is to develop decision making
of site prioritisation for renewable energy development in
Indonesia; the second objective is to generate the
resource map based on decision making method in GIS
technology.

The next stage is to analysis the potential of renewable
energy in site selections based on result and data available
from the previous stage in this dfERriation for each
renewable energy sources, i.e., solar energy, wind energy
and geothermal energy. The potential of renewable

energy in term of technical potential, economic potential
and carbon dioxide reduction potential are described as
follows:

| Technical potential

This analysis refers to theoretical potential based on
data available and technical potential based on the
technology chosen of renewable energy exploitation.

2 Economic potential

This analysis about economic potential 1s done based
on reference of renewable energy cost for each type of
renewable energy generation.

3 Carbon dioxide reduction potential

This analysis is done based on assumption that
emission factor equal to 1.02 kgCO, per kWh can be
reduced if the renewable energy generated of electricity
instead of fossil fuel energy amount.

2 Literature review

There have been different meth@Jof multi criteria decision
making and the most known is analytical hierarchy process
(AHP). The AHP is developed by Saaty. The principles
utilised in AHEEJto solve problem are to construct
hierarchies. The hierarchy allows for the assessment of the
contribution individual criterion at lower levels make to
criterion at higher levels of the hierarchy. The strength of
the AHP approach is based on breaking the complex
decision problem in a logical manner into small many small
but related sub-problems in the form of levels of a
hierarchy. The hierarchical structure of the AHP model
permits decision maker (DM) to compare the different
prioritisation criteria and alternatives more effectively
(Saff§. 1990).

AHP is used to first decompose the decision problem
into a hierarchy of easily comprehended sub-problems. each
of which can be analysed independently. The elements of
the hierarchy can relate to any aspect of the decision
problem tangible or intangible, estimated or carefully
measured, well or poorly understood.
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AHP converts the judgments to numerical values that
are processed, evaluated and compared over the entire range
of the decision problem. A numerical weight or priority
vector is derived for each element of the hierarchy, allowing
diverse and often incommensurable elements to be
compared to one another in a rational and consistent way.,
This capability distinguishes AHP from other decision
making techniques. At the end of the process. numerical
priorities are derived for each of the decision alteratives, It
is then a simple matter to pick the best alternative. or to rank
thcm order of relative preference.

Geographical information system (GIS) is a system that
captures, stores, analysedffhanages and presents data are
linked to locations. GIS takes the number fronfffhtabases
and puts the information in the map as features. The ability
to separate information in layers, and then combine it with
other layers of information is the reason why GIS hold such
great potential as research and decision making tools (Foote
and Lynch, 2@ Asifujiang et al., 2012).

The solar mapping for theoretical solar encm potential
has been developed based on data available for 30 provinces
of Indonesia and presented in the monthly map in GIS
technology by the aulhmRumbayan etal., 2012).

The combination of GIS and AHP techniques for
analysing landfiffe suitability in Vietnam (Nguyen et al..
2010), site suitability evaluation for ecotourism in
Thailand (Bunruamkaew and Murayama, 2011) evaluation
of eco-environment quality in China (Ying et al.. 2007)
have been reported. It was proved that the integration
between AHP and GIS can be a powerful tool to develop
spatial decision making.

GIS-based multi criteria analysis is widely used as
decision and management tool in such fields environment
planning and ecology management. urban planning,
forestry, hydrology, water resources, agriculture. etc. This
current study presents the spatial multi criteria decision
making by combining AHP and GIS to prioritise the site for
renewable energy development in the wide country such as
Indonesia that has many alternatives of resources available.

This current study presents the spatial multi criteria
decision making by combining AHP and GIS to prioritise
the site for renewable energy development in the wide
country such as Indonesia that has many alternatives of
renewable energy resources available.

3 Methodology

By using data collected and result of map generated for each
resources, i.¢., solar. wind mmcothcrma], this study are
conducted for this following objectives. The objectives of
this current study are to develop decision making of site
prioritisation for renewable energy development in
Indonesia and generate resources map by combining AHP
and GIS method. Combining AHP with GIS are used as
method and presented in Figure 1.

Figure 1 Schematic of the methodology used

Technical potential of renewable energy

Wind

Geothermal

Expert knowledge, interview

I Analytical Hierarchy Process |
,|, Weight
| GIS |

|

/ Suitability map /

Recommendatio

The following processes are described in detail as:

1 collect the data

2 develop database for each resources
(solar, wind, geothermal)

3 generate thematic resource in GIS environment

4 determine criteria score (x;) for each resources mapping
unit.

5 recommendation for prioritising the site of renewable
energy development (based on theoretical potential).

The process can be divided in two phases, firstly, using
AHP method then secondly. applying the result of AHP into
GIS environment.

The detail procedures by using AHP method are
described as follows:

a  Define the objective of decision making (in this study,
the recommendation for renewable energy development
to be prioritised as site suitability of resources
available).

b Develop the model of AHP-based decision model. The
AHP model consists of goal. criteria. and sub criteria in
different level. Applying this step to rank or prioritise
the decision making for site suitability for renewable
energy development, the AHP model is built in this
study as shown in Figure 2.

[ &ﬁne the pair of criteria (matrix).

Within each level of the hierarchy, the relative
importance between each pair of criteria (or among
pairs of sub-criteria relating to an upper single
criterion) to overall goal is evaluated. A nine-point
scale proposed by Saaty is used for these evaluation
based on expert opinion/decision making.
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A brainstorming session was conducted among an
expert group to assign the values in the matrix as per
aly’s scale that presented in Table 1.

Pair-wise comparison matrix of crit@8 has shown in
Table 2. The matrices of judgments corresponding to
the pair-wise comparison of elements at each level of
the hierarchy ﬁc presented in Table 3.

In this study, all scores can be assembled n a

pair wise comparison matrix with 1s on the diagonal
(e.g.. geothermal to geothermal is 1) and reciprocal
scores in the lower left triangle (e.g.. if geothermal to
solar is 5, and then solar to geothermal 1s 1/5).
Pair-wise comparisons generated for the levels of the
hierarchy contain expert opinion regarding the relative
EEdortance of criterion. The next step in the AHP
requires evaluation of the pair-wise comparison
matrices using measurement theory. A standardised
eigenvector is extracted from each comparison matrix,
allowing us to assign weight to criteria, sub-criteria.
These weights allow us to assemble a suitable value for

each resources mapping unim

The weight can be obtained by normalising the vector
in each column of the matrix (dividing each entry of the
column by the column total) and averaging over the
rows of the resulting matrix as shown at last column for
criteria (Table 2) and for sub-criteria (Table 3).

The score (x;) and weight (w;) for criteria (hierarchy 1)
and sub criteria (hierarchy 2) are presented in Table 4.

d é{msislcncy check

For each level in the hierarchy it is necessary to know
whether the pair-wise comparison has been consistent
in order to accept the results of the weighting. The
parameter that is used to check this is called the
consistency ratio. A consistency check is performed
by adopting the following procedure using

cqu%’ns () to (3).

The dominant or principal eigenvector of a matrix is an
eigenvector corresponding to the eigen value of largest
magnitude (for real numbers, largest absolute value) of
that matrix. Calculate the eigen value of 4, as:

1 n (AH')
3 == stk 1
=3 M

; 1
nel oy,

where A is the matrix, I is the corresponding
eigenvector of A, and w; (i = 1, 2, ..., n) is the weight
value for ranking.

Cl = Amax-n @)

n-1

where 7 is the consistﬂm index; while A,y is the
eigen value and n is the order of the matrix. The bigger
CI occurred, the worse consistency the matrix has

(Xu, 2000). It 1s found tl’@lue of CI in this research
was pretty good in 0.06. Then, the consistency ratio
(CR) was calculated by using equation (3):

cI

GRE B 3)

where random index (RJ) is the average of the resulting
consistency inde:ZEBpending on the order of the matrix.
The result below 0.1 shows the consistency of pair wise
matrix.

Figure2 Develop AHP model (see online version for colours)
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Table 1 Saaty’s scale preference in the pair-wise comparison

process

Verbal judgments of preferences between

Numerical ratin gl o
£ alternatives i and alternatives j

i is equal important to j

3 i is slightly more important than j
5 i 15 strongly more important than j
7 i 1s verv strongly more important than j
9 i is extremely more important than j
2,4,6,8 Intermediate values
Source:  Saaty (1990)

Table 2 Weight of critena
Criteria High Moderate Low Weight
Geothermal 1 5 9 0.72
Solar 1/5 1 5 0.22
Wind 1/9 1/5 1 0.06
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Table 3 Pair-wise comparison of sub-criteria and local weight
e Local
SIerSmiema High Moderate Low weight
for solar
(wy
High 1 5 9 0.72
Moderate 1/5 1 3 0.22
Low 1/9 /5 1 0.06
Sub-criteria for Very Hi No LoF*aI
. igh  Low weight
geothermal high potency o)
i
Very high 1 5 7 9 0.68
High 1/5 1 1/7 7 0.22
Low 1/7 1/5 1 5 0.12
No potency 1/9 1/7 175 1 0.04
NP— Local
S"fb-cmt' ria for Has potency No potency weight
wind
wy
Has potency 1 9 1
No potency 1/9 1 0

In this study, the consistency check for hierarchy 1 (criteria)
is performed as above procedure and presented as follows:

15 9]f072 0.72
/5 1 5|[022]=24, |022
1/9 1/5 1]0.06 0.06

From calculation using equation (1), it 1s found that
cigenfor of AHP model in this research, A = 3.12. In
order to keep the consistency of the judgment matrix. its
consistency should be tested by using equations (2) and (3).
It is found that consistency ratio equal to 0.04.

The similar way to prove the consistency index of
judgment are applied for the pair wise of sub criteria matrix
(in Table 3).The result indicates that the pair wise matrix for
sub criteria of solar, wind and geothermal are below 10%.
Then the local weight for criteria at level 1 are multiplied
the local weight for criteria at level 2. Then the total weight
is calculated by using equation (4).

S = Z w,x, (4)

where §: suitability index, w;: weight of criterion 7, and x;:
score of criterion 1.

In the second phase, the result of weight or priority of
criteria where used as input in GIS in the spatial analysis at
GIS environment to overlay the map, as shown in Figure 3.

The entire resource databases which consist of solar,
wind, geothermal data are formed in polygon format for

30 provinces as boundary in digital map available. The solar
irradiation data for 30 provinces taken from NASA database
as monthly average (http:/eosweb.larc.nasa.gov); wind
speed data also taken from NASA database; the geothermal
resources potential data are taken from Pertamina, a energy
state of Indonesia.

The previous study about solar irradiation potential,
wind energy analysis and geothermal potential analysis
were conducted by authors and presented as solar mapping,
wind mapping and geothermal mapping for 30 provinces in
Indonesia based on data available.

In this study. we overlay all the solar irradiation data,
wind velocity data, and geothermal resources potential data
which based on geographical data and AHP model, by using
GIS technology.

Figure 3  GIS method used in this study

Database Solar Wind speed | Geothermal |

Solar map
‘Wind map

Overlap

Geothermal map

Attribute data

Spatial analysis

Suitability site /

Output /

4 Result and discussion

The result of calculation local weight for hierarchy 1 and the
total weight for hierarchy 2 (sub-criteria) are presented in
Table 4. All pair wise matrix indicates at below 10%,
therefore there is no review for pair wise that built based on
cxr@)pinion and DM references.

In this study the AHP model was built to identify the
weight of criteria for two hierarchies. Then the overall
weights were obtained based on AHP method. AHP as a
well-known criteria decision making was used to define the
weight of potential of resources. The scores and weight of
solar, wind, geothermal potential for 30 provinces in
Indonesia are presented in Table 5.

GIS enables to generate a theoretical potential resources
map based on overlapping solar energy map (Figure 4),
wind map (Figure 5) and geothermal potential map
(Figure 6).
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Table 4 Score and weight in priority site of renewable energy potential analysis
Criteria-hierarchy 1 Xq Criteria-hierarchy 2 W, WX
Solar resources 0.22 High 0.72 0.16
Moderate 0.22 0.05
Low 0.06 0.01
Wind resources 0.06 Has potency 1 0.06
No potency 0 0
Geothermal 0:72 Very high 0.68 0.49
High 0.16 0.12
Low 0.12 0.09
No potency 0 0
Table 5 Score and weight of solar, wind, geothermal potential for 30 provinces in Indonesia
Provinces So:::: ‘.vﬁj‘j:h" i-i-"?::i ‘.viifm Geoth :‘: :" ':a‘: :eigh 4 Total weight
Aceh 0.01 0.06 0.49 0.56
Medan 0.01 0 0.49 0.50
Padang 0.01 0 0.12 0.13
Riau 0.01 0.06 0 0.07
Jambi 0.01 0.06 0.49 0.56
Palembang 0.01 0 0.12 0.13
Bengkulu 0.01 0.06 0.12 0.19
Lampung 0.01 0.06 0 0.07
Belitung 0.01 0.06 0.12 0.19
Jakarta 0.05 0 0 0.05
Bandung 0.05 0 0.12 0.17
Semarang 0.16 0 0.12 0.28
Yogyakarta 0.01 0.06 0 0.07
Surabaya 0.05 0.06 0.12 0.23
Banten 0.05 0.06 0 0.11
Bali 0.16 0 0.09 0.25
Lombok 0.16 0.06 0.49 0.71
Kupang 0.16 0.06 0.12 0.34
Pontianak 0.05 0 0 0.05
Palangkaraya 0.01 0 0 0.01
Banjarmasin 0.05 0 0 0.05
Samarinda 0.01 0.06 0 0.07
Manado 0.16 0.06 0.49 0.71
Palu 0.16 0.06 0 0.22
Makasar 0.16 0.06 0 022
Kendari 0.05 0.06 0 0.11
Gorontalo 0.05 0 0 0.05
Ambon 0.16 0 0.12 0.28
Temate 0.16 0 0 0.13
Jayapura 0.01 0 0 0.01
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We made the resource map by combining the AHP and GIS
to show the suitability site of renewable energy resources
for the entire Indonesia as shown in Figure 7.

The GIS technology is used to assist the determination
of finding the potential for entire Indonesia (30 provinces).
Based on the weight calculation from multi criteria decision
making using AHP method, The attribute of rank
prioritisation of resources map is classified in three classes,
1.e., highly suitable (>0.2), suitable (0.1-0.2) and low
suitable (<0.1) and the map is generated in GIS
environment.

Basically, the highly suitability site of renewable energy
potential are found in province of Aceh, Medan, Jambi,
Semarang, Surabaya, Bali, Lombok, Kupang, Manado and
Ambon as shown in Table 5. In Figure 7, the colour
indicates that the darkest show the high suitability for
prioritise of renewable energy development based on
theoretical potential criteria.
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5 Conclusions

In this study. the resource of renewable energy potential for
entire Indonesia has been investigated, with the objective to
find suitable sites for prioritising renewable energy
development, based on data available regarding theoretical
potential of solar, wind and geothermal energy.

The available renewable energy data (solar, wind, and
geothermal) have been transtormed into GIS-readable data.
By using spatial analysis function in GIS technology based
on weight calculation by using AHP model, we generated
resources map for prioritising the decision for renewable
energy development in the suitable site.

The result of this current study found that geothermal is
best choice, followed by solar and wind alternatives with
weight value of 0.72, 0.22, and 0.06 respectively. Resources
map generated 1dentify the highly, moderate and suitability
site to prionity decision of renewable energy development
for Indonesia. The proposed methodology was useful
to identify the renewable energy resources site for
development priority.

Table 6 Potential of geothermal energy analysis for each location of site priority in Indonesia
No. Locations Theoretical gorcnﬁ'm’ Potential f'n.e:gv.ompur ("str Potential CO» reduction
M) (kWh'vear) (USS) (ton/year)
1 Aceh 11.85 75,840,000 5,763,840 77,356.8
2 Medan 11.20 71,680,000 5.447.680 73,113.6
3 Jambi 11.50 73,600,000 5,593,600 75,072.0
4 Semarang 4.65 29,760,000 2,261,760 30,355.2
5 Surabaya 2.40 15,360,000 1,167,360 15,667.2
6 Bali 0.75 4,800,000 364.800 4.896.0
7 Lombok 2.50 16,000,000 1,216,000 16,320.0
8 Kupang 16.50 105,600,000 8.025.600 107.712.0
9 Manado 10.25 65,600,000 4,985,600 66,912.0
10 Ambon 7.50 48,000,000 3.648.000 48.,960.0
Table 7 Potential of wind energy analysis for each location of site priority in Indonesia
No. Fsditions Theoretical Earemfmf Potential energy oulput Cost Potential CO, reduction
(Wim) (kWh'year) (USS) {ton/year)
1 Aceh 17.72 10632 88245 10.84
2 Medan 1433 8598 713.63 8.76
3 Jambi 33.88 20328 1,687.22 20.73
4 Semarang 237 1422 118.02 1.45
5 Surabaya 26.94 16164 1.341.61 16.48
6 Bali 14.38 8628 716.12 8.80
Lombok 45.06 27036 2,243.99 27.57
8 Kupang 2262 13572 1,126.47 13.84
9 Manado 17.04 10224 848.59 10.42
10 Ambon 5.20 3120 258.96 318
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Table 8 Potential of solar energy analysis for each location of site priority in Indonesia
No. Locations Solar f'r_rqdfgﬁon Potential energy output Cf"”' Potential CO; reduction
kWh/m) (kWh/'vear) (USS) (ton/year)
1 Aceh 4,67 1.854.550.4 268.909.81 1.891.64
2 Medan 4.44 1,763,212.8 255.665.86 1.798.48
3 Jambi 4.70 1.866,464.0 270.637.28 1.903.79
4 Semarang 542 2,152,390 4 312.096.61 2.195.44
5 Surabaya 5.01 1,989,571.2 288.487.82 2.029.36
6 Bali 5.46 2,168,275.2 314.399.90 2.211.64
T Lombok 542 2,152,390.4 312.096.61 2.195.44
8 Kupang 6.30 2,501,856.0 362.769.12 2,551.89
9 Manado 5.98 2,374,777.6 344.342.75 242227
10 Ambon 5.67 2,251.6704 326.492.21 2.296.70

The output of this study can be used for decision making to
prioritisation area of development in renewable energy for
country case. This method of study also suitable/relevant to
be adopt for site selection to find priority of renewable
energy development as the objective for other country.

For further study, we plan to add other criteria. such as
economy and environmental potential to be analysed by
using AHP and GIS. Regarding the installing such
renewable energies into the candidate power systems, many
issues also need to be considered, such as transmission
limits (Zeng et al.. 2012) and some new simulation and
modelling for control of power systems together with
renewable energies in connected and stand-alone situations.
There are some works on this issues and already published
in the International Journal of Advanced Mechatronic
System as valuable references (Liu et al., 2012; Gharib et al.,
2011).
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