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Abstract

電力需要の増加が続くインドネシアで
再生可能エネルギー（地熱、太陽光、
風力）による発電に適した場所を、各
種データの解析から突き止める。

Introduction
,QGRQHVLD� LV� WKH�ZRUOG¶V� ODUJHVW�DUFKLSHODJLF�VWDWH��
,W� LV� ORFDWHG�EHWZHHQ����� WR������RI� ORQJLWXGH�DQG�
EHWZHHQ����1RUWK�WR�����6RXWK�RI�ODWLWXGH��,W�FRQVLVWV�
RI�PDQ\� LVODQGV�� 7KHUH� DUH� �� ELJ� LVODQGV� �6XPD-
WHUD��.DOLPDQWDQ��-DYD��6XODZHVL�DQG�3DSXD���RWKHU�
VPDOOHU�LVODQGV�VXFK�DV�%DOL��$PERQ��/RPERN��1XVD�
7HQJJDUD��DV�ZHOO�DV�WKRXVDQGV�RI�WLQ\�LVODQGV�WKDW�
VXUURXQG�WKH�PDLQODQG��,W�KDV�SRSXODWLRQ�RYHU�����
PLOOLRQ�SHRSOH�
� 7KH�HQHUJ\�GHPDQG�GXH�WR�SRSXODWLRQ�JURZWK�LV�
LQFUHDVLQJ�E\�\HDU�� DQG� ,QGRQHVLD� LV� H[SHULHQFLQJ�
HQHUJ\� SRZHU� VKRUWDJH�� +RZHYHU�� ,QGRQHVLD� KDV�
PDQ\�HQHUJ\�UHVRXUFHV�ZKLFK�DUH�DEXQGDQW�DQG�FDQ�

LQFUHDVH� WKH�HQHUJ\�VXVWDLQDELOLW\��2Q� WKH�SXUSRVH�
WR�PDNH� GHFLVLRQ� IRU� HQHUJ\� GHYHORSPHQW� DPRQJ�
WKH�VLWH�VHOHFWLRQ��LW�LV�HVVHQWLDO�WR�JHQHUDWH�UHVRXUFH�
PDSV�RI�VXLWDEOH�VLWH�ORFDWLRQV�WR�PDNH�SULRULW\�GHFL-
VLRQ�IRU�UHQHZDEOH�HQHUJ\�GHYHORSPHQW�LQ�WKLV�ZLGH�
FRXQWU\�
� 'XH�WR�WKH�DYDLODELOLW\�RI�GDWD��WKLV�VWXG\�LV�IRFXV-
LQJ� RQ� WKHRUHWLFDO� SRWHQWLDO� DV� D� FULWHULD� EDVHG� RQ�
D�SUHYLRXV�VWXG\�E\�WKH�DXWKRU�LQ�VRODU�LUUDGLDWLRQ��
ZLQG�VSHHG�DQG�JHRWKHUPDO�UHVRXUFHV��1DJDVDND�DQG�
5XPED\DQ���������
� 7KLV�VWXG\�SUHVHQWV�WKH�VSDWLDO�PXOWL�FULWHULD�GHFL-
VLRQ�PDNLQJ�E\�FRPELQLQJ�$+3�DQG�*,6�WR�SULRUL-
WL]H� WKH� VLWH� IRU� UHQHZDEOH�HQHUJ\�GHYHORSPHQW� LQ�

0HLWD�5XPED\DQ�
��/HFWXUHU��)DFXOW\�RI�(QJLQHHULQJ��6DP�5DWXODQJL�8QLYHUVLW\��
0DQDGR��,QGRQHVLD

Discover the Priorities of Renewable Sources Potential for 
Energy Sustainability in Indonesia

Currently, the study of renewable energy potential for energy sustainability becomes an important issue to 
be discussed. When deciding the site locations for developing renewable energy in Indonesia, it requires 
the renewable energy resource maps for future introduction of renewable energy. The objectives of this 

paper are to identify and to rank the priorities of renewable energy sources using Analytical Hierarchy Process 
(AHP) and Geographical Information System (GIS) for 30 provinces in Indonesia. This study identifies the energy 
alternative that focuses on solar, wind and geothermal, based on a previous work by the author. The results show 
that geothermal is the best criterion, followed by solar and wind with weight value of 0.72, 0.22, 0.06 respectively. 
Resource maps generated identify the high, moderate and low suitability sites to rank the priority decision of 
renewable energy development for Indonesia. The proposed methodology is useful to discover Indonesia’s site 
priority of renewable energy resources for energy sustainability. The output of this study can be used for decision 
making to prioritize areas of development in renewable energy for the cases of other countries. 
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WKH�ZLGH�FRXQWU\�VXFK�DV�,QGRQHVLD� WKDW�KDV�PDQ\�
DOWHUQDWLYHV�RI�UHQHZDEOH�HQHUJ\�UHVRXUFHV�DYDLODEOH�
� 7KHUH�DUH�PDQ\�GLIIHUHQW�PHWKRGV�RI�PXOWL�FULWH-
ULD�GHFLVLRQ�PDNLQJ�DQG�WKH�PRVW�NQRZQ�LV�$+3��7KH�
$+3�LV�GHYHORSHG�E\�6DDW\��7KH�SULQFLSOHV�XWLOL]HG�
LQ�$+3�WR�VROYH�SUREOHP�DUH�WR�FRQVWUXFW�KLHUDUFKLHV��
7KH�KLHUDUFK\�DOORZV� WR�DVVHVV� WKH�FRQWULEXWLRQ�RI�
LQGLYLGXDO� FULWHULRQ� DW� ORZHU� OHYHOV� WR� FULWHULRQ� DW�
KLJKHU� OHYHOV�RI� WKH�KLHUDUFK\��7KH�VWUHQJWK�RI� WKH�
$+3� DSSURDFK� LV� EDVHG� RQ� EUHDNLQJ� WKH� FRPSOH[�
GHFLVLRQ�SUREOHP�LQ�D�ORJLFDO�PDQQHU�LQWR�VPDOO�EXW�
UHODWHG�VXE�SUREOHPV�LQ�WKH�IRUP�RI�OHYHOV�RI�D�KLHU-
DUFK\��7KH�KLHUDUFKLFDO�VWUXFWXUH�RI�WKH�$+3�PRGHO�
SHUPLWV�GHFLVLRQ�PDNHU� �'0�� WR�FRPSDUH� WKH�GLI-
IHUHQW� SULRULWL]DWLRQ� FULWHULD� DQG� DOWHUQDWLYHV�PRUH�
HIIHFWLYHO\��6DDW\��������
� *HRJUDSKLFDO�LQIRUPDWLRQ�V\VWHP��*,6��LV�D�V\V-
WHP� WKDW� FDSWXUHV�� VWRUHV�� DQDO\]HV�� PDQDJHV� DQG�
SUHVHQWV�GDWD�WKDW�DUH�OLQNHG�WR�ORFDWLRQV��*,6�WDNHV�
WKH�QXPEHU� IURP�GDWDEDVHV� DQG�SXWV� WKH� LQIRUPD-
WLRQ�LQ�WKH�PDS�DV�IHDWXUHV��7KH�DELOLW\�WR�VHSDUDWH�
LQIRUPDWLRQ�LQ�OD\HUV��DQG�WKHQ�FRPELQH�LW�ZLWK�RWKHU�
OD\HUV�RI�LQIRUPDWLRQ�LV�WKH�UHDVRQ�ZK\�*,6�KROGV 
VXFK�D�JUHDW�SRWHQWLDO�DV�UHVHDUFK�DQG�GHFLVLRQ�PDN-
LQJ�WRROV��)RRWH�DQG�/\QFK���������
� 7KH�FRPELQDWLRQ�RI�*,6�DQG�$+3�WHFKQLTXHV�IRU�
DQDO\]LQJ�ODQG�XVH�VXLWDELOLW\�LQ�9LHWQDP��1JX\HQ�HW�
DO���������VLWH�VXLWDELOLW\�HYDOXDWLRQ�IRU�HFRWRXULVP�
LQ�7KDLODQG��%XQUXDPNDHZ�DQG�0XUD\DPD���������
HYDOXDWLRQ� RI� HFR�HQYLURQPHQW� TXDOLW\� LQ� &KLQD�
�<LQJ��HW�DO��������KDYH�EHHQ�UHSRUWHG��,W�ZDV�SURYHG�
WKDW�WKH�LQWHJUDWLRQ�RI�$+3�DQG�*,6�FDQ�EH�D�SRZHU-
IXO�WRRO�LQ�RUGHU�WR�GHYHORS�VSDWLDO�GHFLVLRQ�PDNLQJ�

Methodology
8VLQJ�the GDWD�FROOHFWHG�DQG�the UHVXOWLQJ�PDSV�IRU�
HDFK� UHVRXUFHV� �VRODU��ZLQG� DQG� JHRWKHUPDO��� WKLV�
VWXG\�LV�FRQGXFWHG�WR�JHQHUDWH�WKH�VLWH�SULRULW\�IRU�
UHQHZDEOH� HQHUJ\� GHYHORSPHQW� LQ� ,QGRQHVLD� DQG�
JHQHUDWH�UHVRXUFH�PDSV�E\�FRPELQLQJ�$+3�DQG�*,6�
PHWKRG��7KH�PHWKRG�XVHG�LV�VKRZQ�LQ�WKH�)LJ����
� 7KH�IROORZLQJ�SURFHVVHV�DUH�GHVFULEHG�LQ�GHWDLO�DV�

� ���&ROOHFW�WKH�GDWD
� ��� �'HYHORS� GDWDEDVH� IRU� HDFK� UHVRXUFHV� �VRODU��

ZLQG��JHRWKHUPDO�
� ��� �*HQHUDWH� WKHPDWLF� UHVRXUFH� LQ�*,6� HQYLURQ-

PHQW�
� ��� �'HWHUPLQH�FULWHULD�VFRUH��[i��IRU�HDFK�UHVRXUFHV�

PDSSLQJ�XQLW�
� ��� �5HFRPPHQGDWLRQ� IRU� SULRULWL]LQJ� WKH� VLWH� RI�

UHQHZDEOH�HQHUJ\�GHYHORSPHQW��EDVHG�RQ�WKHR-
UHWLFDO�SRWHQWLDO�

� 7KH�SURFHVV�FDQ�EH�GLYLGHG�LQ�WZR�SKDVHV��¿UVWO\�
XVLQJ�$+3�PHWKRG��WKHQ�VHFRQGO\�DSSO\�WKH�UHVXOW�RI�
$+3�LQWR�*,6�HQYLURQPHQW�
� 7KH�GHWDLO�RI�SURFHGXUHV�E\�XVLQJ�$+3�PHWKRG�LV�
GHVFULEHG�DV�IROORZV�

��� �'H¿QH�WKH�REMHFWLYH�RI�GHFLVLRQ�PDNLQJ��LQ�WKLV�
VWXG\�� WKH� UHFRPPHQGDWLRQ� IRU� WKH� SULRULW\� RI�
UHQHZDEOH�VRXUFHV�SRWHQWLDO�LQ�,QGRQHVLD��

��� �'HYHORS� WKH�PRGHO� RI�$+3� EDVHG� RQ� GHFLVLRQ�
PRGHO��7KH�$+3�PRGHO�FRQVLVWV�RI�JRDO��FULWHULD��
DQG�VXE�FULWHULD�LQ�GLIIHUHQW�OHYHOV��$SSO\LQJ�WKLV�
VWHS�WR�UDQN�RU�SULRULWL]H�WKH�GHFLVLRQ�PDNLQJ�IRU�

Fig. 1.  Schematic of the methodology used

  

   

data are linked to locations. GIS takes the number 

from databases 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, 

2000).  

The combination of GIS and AHP techniques for 

analyzing land use suitability in Vietnam (Nguyen et al, 

2001), 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 in order to develop spatial decision making. 

 

Methodology 

 

By using data collected and result of map generated 

for each resources, i. e solar, wind and geothermal, this 

study are conducted for making of site prioritization 

for renewable energy development in Indonesia and 

generate resources map by combining AHP and GIS 

method. Combining AHP with GIS were used as 

method and presented in Fig. 1. 
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The following processes are described in detail as: 
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4. Determine criteria score (xi) for each 
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5. Recommendation for prioritizing the site of 
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theoretical potential) 

The process can be divided in two phases, firstly, 

using AHP method then secondly, apply the result of 

AHP into GIS environment. 

The detail procedures by using AHP method are 

described as follows: 

1. Define the objective of decision making (in this 

study, the recommendation for the priority of 

renewable sources potential in Indonesia). 

2. 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 prioritize the decision making for site 

suitability for renewable sources potential. The 

AHP model were developed in this study as 

presented in Fig. 2. 
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3. Define 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 Satty is used for these evaluation 

based on expert opinion.  
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VLWH� VXLWDELOLW\� IRU� UHQHZDEOH� VRXUFHV� SRWHQWLDO��
7KH�$+3�PRGHO�LQ�WKLV�VWXG\�ZDV�GHYHORSHG�DV�
VKRZQ�LQ�)LJ����

��� �'H¿QH�WKH�SDLU�RI�FULWHULD��PDWUL[���:LWKLQ�HDFK�
OHYHO� RI� WKH� KLHUDUFK\�� WKH� UHODWLYH� LPSRUWDQFH�
EHWZHHQ�HDFK�SDLU�RI�FULWHULD��RU�DPRQJ�SDLUV�RI�
VXE�FULWHULD�UHODWLQJ�WR�DQ�XSSHU�VLQJOH�FULWHULRQ��
WR�RYHUDOO� JRDO� LV� HYDOXDWHG��$�QLQH�SRLQW� VFDOH�
SURSRVHG� E\� 6DWW\� LV� XVHG� IRU� WKHVH� HYDOXDWLRQ�
EDVHG�RQ�H[SHUW�RSLQLRQV��

� $�EUDLQVWRUPLQJ�VHVVLRQ�ZDV�FRQGXFWHG�DPRQJ�D�
H[SHUW�JURXS�WR�DVVLJQ�WKH�YDOXHV�LQ�WKH�PDWUL[�DV�SHU�
6DDW\¶V�VFDOH�WKDW�LV�SUHVHQWHG�LQ�7DEOH����

Table 1. Saaty’s scale of preferences in the pair-wise 
comparison process (Saaty, 1980)

Numerical 
Rating

Verbal judgments of preferences between 
alternatives i and alternatives j

� L�LV�HTXDOO\�LPSRUWDQW�WR�M
� L�LV�VOLJKWO\�PRUH�LPSRUWDQW�WKDQ�M
� L�LV�VWURQJO\�PRUH�LPSRUWDQW�WKDQ�M
� L�LV�YHU\�VWURQJO\�PRUH�LPSRUWDQW�WKDQ�M
� L�LV�H[WUHPHO\�PRUH�LPSRUWDQW�WKDQ�M
���������� ,QWHUPHGLDWH�YDOXHV

� 3DLU�ZLVH�FRPSDULVRQ�PDWUL[�RI�FULWHULD�LV�VKRZQ�LQ�
7DEOH����7KH�PDWULFHV�RI�MXGJPHQWV�FRUUHVSRQGLQJ�WR�
WKH�SDLU�ZLVH�FRPSDULVRQ�RI�HOHPHQWV�DW�HDFK�OHYHO�RI�
WKH�KLHUDUFK\�DUH�SUHVHQWHG��3DLU�ZLVH�FRPSDULVRQ�RI�
VXE�FULWHULD�DQG�ORFDO�ZHLJKW�IRU�VRODU��JHRWKHUPDO�DQG�
ZLQG�DUH�SUHVHQWHG�LQ�7DEOH������DQG���UHVSHFWLYHO\�
� ,Q� WKLV� VWXG\�� DOO� VFRUHV� FDQ� EH� DVVHPEOHG� LQ� D�
SDLU�ZLVH�FRPSDULVRQ�PDWUL[�ZLWK��V�RQ�WKH�GLDJRQDO�
�H�J���JHRWKHUPDO�WR�JHRWKHUPDO�LV����DQG�UHFLSURFDO�
VFRUHV�LQ�WKH�ORZHU�OHIW�WULDQJOH��H�J���LI�JHRWKHUPDO�
WR�VRODU� LV����DQG� WKHQ�VRODU� WR�JHRWKHUPDO� LV�������
3DLU�ZLVH� FRPSDULVRQV�JHQHUDWHG� IRU� WKH� OHYHOV�RI�
WKH�KLHUDUFK\�FRQWDLQ�H[SHUW�RSLQLRQV�UHJDUGLQJ�WKH�
UHODWLYH�LPSRUWDQFH�RI�FULWHULRQ��7KH�QH[W�VWHS�LQ�WKH�
$+3�UHTXLUHV�DQ�HYDOXDWLRQ�RI�WKH�SDLU�ZLVH�FRPSDU-
LVRQ�PDWULFHV�XVLQJ�PHDVXUHPHQW�WKHRU\��$�VWDQGDUG-
L]HG�HLJHQYHFWRU�LV�H[WUDFWHG�IURP�HDFK�FRPSDULVRQ�
PDWUL[��DOORZLQJ�XV�WR�DVVLJQ�ZHLJKW�WR�FULWHULD��VXE�
FULWHULD��7KHVH�ZHLJKWV�DOORZ�XV�WR�DVVHPEOH�D�VXLW-
DEOH�YDOXH�IRU�HDFK�UHVRXUFHV�PDSSLQJ�XQLW�
� 7KH�ZHLJKW�FDQ�EH�REWDLQHG�E\�QRUPDOL]LQJ�WKH�
YHFWRU�LQ�HDFK�FROXPQ�RI�WKH�PDWUL[��GLYLGLQJ�HDFK�
HQWU\�RI�WKH�FROXPQ�E\�WKH�FROXPQ�WRWDO��DQG�DYHUDJ-
LQJ�RYHU�WKH�URZV�RI�WKH�UHVXOWLQJ�PDWUL[�DV�VKRZQ�DW�
ODVW�FROXPQ�IRU�FULWHULD��7DEOH����DQG�IRU�VXE�FULWHULD�
�7DEOH������DQG�����
� 7KH�VFRUH��[i��DQG�ZHLJKW��Zi��IRU�FULWHULD��KLHUDU-
FK\����DQG�VXE�FULWHULD��KLHUDUFK\����DUH�SUHVHQWHG�LQ�
7DEOH���

��� �&RQVLVWHQF\� FKHFN�� ,W� LV� QHFHVVDU\� WR� NQRZ�
ZKHWKHU�WKH�SDLU�ZLVH�FRPSDULVRQ�KDV�EHHQ�FRQ-
VLVWHQW�LQ�RUGHU�WR�DFFHSW�WKH�UHVXOWV�RI�WKH�ZHLJKW-
LQJ��7KH�SDUDPHWHU� WKDW� LV�XVHG� WR�FKHFN� WKLV� LV�
FDOOHG�WKH�&RQVLVWHQF\�5DWLR��$�FRQVLVWHQF\�FKHFN�
LV�SHUIRUPHG�E\�DGRSWLQJ�WKH�IROORZLQJ�SURFHGXUH�
XVLQJ�(TXDWLRQV������DQG���

 The GRPLQDQW�RU�SULQFLSDO�HLJHQYHFWRU�RI�D�PDWUL[�
LV�DQ�HLJHQYHFWRU�FRUUHVSRQGLQJ�WR�WKH�HLJHQ�YDOXH�RI�
ODUJHVW�PDJQLWXGH��IRU�UHDO�QXPEHUV��ODUJHVW�DEVROXWH�
YDOXH��RI� WKDW�PDWUL[��&DOFXODWH� WKH�HLJHQ�YDOXH�RI� 

PD[�DV�
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A brainstorming session was conducted among a 

expert group to assign the values in the matrix as per 

Saaty’s scale that presented in Table 1.  

 
Table 1. Saaty’s scale of preferences in the pair-wise 
comparison process (Saaty, 1980) 

Numerical 
Rating 

Verbal judgments of preferences between 
alternatives i and alternatives j 

1 i is equal important to j 

3 i is slightly more important than j 

5 i is strongly more important than j 

7 i  is very strongly more important 
than j 

9 i is extremely more important than j 

2, 4, 6, 8 Intermediate values 
  

 

Pair-wise comparison matrix of criteria has shown 

in Table 2. The matrices of judgments corresponding 

to the pair-wise comparison of elements at each level 

of the hierarchy are presented. Pair-wise comparison 

of sub-criteria and local weight for solar, geothermal 

and wind are presented in Table 3, 4 and 5 

respectively. 

In this study, all scores can be assembled in 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 is 1/5). Pair-wise 

comparisons generated for the levels of the hierarchy 

contain expert opinion regarding the relative 

importance of criterion. The next step in the AHP 

requires evaluation of the pair-wise comparison 

matrices using measurement theory. A standardized 

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 unit. 

The weight can be obtained by normalizing 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, 4 and 5).  

The score (xi) and weight (wi) for criteria (hierarchy 

1) and sub criteria (hierarchy 2) are presented in Table 

6. 

4. Consistency 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 

equations 1, 2 and 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 λmax 

as: 
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where A is the matrix, W is the corresponding 

eigenvector of λmax and �୧  (i= 1, 2, …, n) is the weight 

value for ranking. 
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Where CI is the consistency index; while O���  

is the eigen value and n is the order of the matrix. The 

bigger CI occurred, the worse consistency the matrix 

has (Xu, 2002). It is found the value of CI in this 

research was pretty good in 0.06. Then, the consistency 

ratio (CR) was calculated by using Eq.3: 
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Where RI (Random Index) is the average of the 

resulting consistency index depending on the order of 

the matrix. The result below 0.1 shows the consistency 

of pair wise matrix. 

    In this study, the consistency check for hierarchy 

1 (criteria) is performed as above procedure and 

presented as follows: 

 
1 5 9  0.72   0.72 
1/5 1 5  0.22 = λmax 0.22 
1/9 1/5 1  0.06   0.06 

 

From calculation using Eq.1, it is found that 

eigenvector of AHP model in this research, λmax = 3.12. 

In order to keep the consistency of the judgment 

matrix, its consistency should be tested by using Eq. 2 

and Eq. 3. It is found that consistency ratio equal to 

0.04.  

 The similar ways to prove the consistency index 

of judgment are applied for the pair wise of sub criteria 

matrix (in Table 3, 4 and 5). The result indicates that 
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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 Eq. 4. 
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where, S: Suitability index, wi:  weight of criterion i, 

and xi:  score of criterion i. 

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 Fig.3. 

 

 

 

Fig. 3. Develop GIS method used in this study 

 

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.  

 

Results and Discussions 

The result of calculation local weight for hierarchy 1 

and the total weight for hierarchy 2 (sub-criteria) are 

presented in Table 6. All the pair wise matrix indicates 

at below 10%, therefore there is no review for pair 

wise that built based on expert opinion and decision 

maker 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 7. 

GIS enables to generate a theoretical potential 

resources map based on overlapping solar energy map 

(Fig. 4), wind map (Fig. 5) and geothermal potential 

map (Fig. 6). 

 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 Fig. 7.  
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Results and Discussions
7KH�UHVXOW�RI�FDOFXODWLRQ�ORFDO�ZHLJKW�IRU�KLHUDUFK\���
DQG�WKH�WRWDO�ZHLJKW�IRU�KLHUDUFK\����VXE�FULWHULD��DUH�
SUHVHQWHG�LQ�7DEOH����$OO�WKH�SDLU�ZLVH�PDWUL[�LQGL-
FDWHV�DW�EHORZ������WKHUHIRUH�WKHUH�LV�QR�UHYLHZ�IRU�
SDLU�ZLVH�WKDW�LV�EXLOW�EDVHG�RQ�H[SHUW�RSLQLRQV�DQG�
GHFLVLRQ�PDNHU�UHIHUHQFHV��
� ,Q� WKLV�VWXG\� WKH�$+3�PRGHO�ZDV�EXLOW� WR� LGHQ-
WLI\�WKH�ZHLJKW�RI�FULWHULD�IRU�WZR�KLHUDUFKLHV��7KHQ�
WKH� RYHUDOO�ZHLJKWV�ZHUH� REWDLQHG� EDVHG� RQ�$+3�
PHWKRG�� $+3� DV� D� ZHOO�NQRZQ� FULWHULD� GHFLVLRQ�
PDNLQJ�ZDV�XVHG�WR�GH¿QH�WKH�ZHLJKW�RI�SRWHQWLDO�
RI�UHVRXUFHV��7KH�VFRUHV�DQG�ZHLJKW�RI�VRODU��ZLQG��
JHRWKHUPDO�SRWHQWLDO�IRU����SURYLQFHV�LQ�,QGRQHVLD�
DUH�SUHVHQWHG�LQ�7DEOH���
� *,6� HQDEOHV� WR� JHQHUDWH� D� WKHRUHWLFDO� SRWHQWLDO�
UHVRXUFHV�PDS�EDVHG�RQ�RYHUODSSLQJ� VRODU� HQHUJ\�
PDS� �)LJ�� ���� ZLQG�PDS� �)LJ�� ��� DQG� JHRWKHUPDO�
SRWHQWLDO�PDS��)LJ�����
� 7KH� UHVRXUFH�PDS� E\� FRPELQLQJ� WKH�$+3� DQG�
*,6�WR�VKRZ�WKH�VXLWDELOLW\�VLWH�RI�UHQHZDEOH�HQHUJ\�
UHVRXUFHV�IRU�WKH�HQWLUH�,QGRQHVLD�LV�VKRZQ�LQ�)LJ�����
� 7KH�*,6�WHFKQRORJ\�LV�XVHG�WR�DVVLVW�WKH�GHWHUPL-
QDWLRQ�RI�¿QGLQJ�WKH�SRWHQWLDO�IRU�HQWLUH�,QGRQHVLD�
����SURYLQFHV���%DVHG�RQ�WKH�ZHLJKW�FDOFXODWLRQ�IURP�
PXOWL�FULWHULD�GHFLVLRQ�PDNLQJ�XVLQJ�$+3�PHWKRG��
WKH�DWWULEXWH�RI�UDQN�SULRULWL]DWLRQ�RI�UHVRXUFHV�PDS�
LV�FODVVL¿HG�LQ���FODVVHV��L��H�KLJKO\�VXLWDEOH��!������
VXLWDEOH� ���������� DQG� ORZ� VXLWDEOH� ������� DQG� WKH�
PDS�LV�JHQHUDWHG�LQ�*,6�HQYLURQPHQW�
 BDVLFDOO\��WKH�KLJK�VXLWDELOLW\�VLWHV�RI�UHQHZDEOH�
HQHUJ\� SRWHQWLDO� DUH� IRXQG� LQ� SURYLQFHV� RI�$FHK��
0HGDQ��-DPEL��6HPDUDQJ��6XUDED\D��%DOL��/RPERN��
.XSDQJ��0DQDGR�DQG�$PERQ�DV�VKRZQ�LQ�7DEOH��� 

  

   

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 Eq. 4. 

��ൌ�෍ݓ௜ݔ௜
௡

௜
 (4) 

where, S: Suitability index, wi:  weight of criterion i, 

and xi:  score of criterion i. 

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 Fig.3. 

 

 

 

Fig. 3. Develop GIS method used in this study 

 

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.  

 

Results and Discussions 

The result of calculation local weight for hierarchy 1 

and the total weight for hierarchy 2 (sub-criteria) are 

presented in Table 6. All the pair wise matrix indicates 

at below 10%, therefore there is no review for pair 

wise that built based on expert opinion and decision 

maker 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 7. 

GIS enables to generate a theoretical potential 

resources map based on overlapping solar energy map 

(Fig. 4), wind map (Fig. 5) and geothermal potential 

map (Fig. 6). 

 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 Fig. 7.  

 

 

Fig. 4 Indonesia’s Solar Irradiation Map 
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Fig. 5 Indonesia’s Geothermal Resources Map 

 

 

 
Fig. 6 Indonesia’s Wind Resources Map 

 
 

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 prioritization of 

resources map is classified in 3 classes, i. 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 7. In Fig. 7, the 

color indicates that the darkest show the high 

suitability for prioritize of renewable energy 

development based on theoretical potential criteria.  

 

Conclusions 

In this study, the resource of renewable energy 

potential for entire Indonesia has been investigated, 

with the objective to find suitable sites for prioritizing 

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 transformed 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 

prioritizing the decision for renewable energy 

development in the suitable site. 

The result of this current study found that geothermal 

is the best choice, followed by solar and wind 

alternatives with weight value of 0.72, 0.22, 0.06 

respectively. Resources map generated identify the 

highly, moderate and suitability site to priority 

decision of renewable energy development for 

Indonesia. The proposed methodology was useful to 

discover and identify the renewable energy resources 

site for energy sustainability in Indonesia. 

The output of this study can be used for decision 

making to prioritization area of development in 

renewable energy for country case. This method of 

study also 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 criterias for 

renewable energy options, such as hydro and biomass 

energy to be analyzed by using AHP and GIS to 

discover the priority of renewable sources potential for 

energy sustainability in Indonesia. 
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Fig. 6 Indonesia’s Wind Resources Map 
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energy potential are found in province of Aceh, Medan, 
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Manado and Ambon as shown in Table 7. In Fig. 7, the 

color indicates that the darkest show the high 

suitability for prioritize of renewable energy 

development based on theoretical potential criteria.  
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In this study, the resource of renewable energy 

potential for entire Indonesia has been investigated, 

with the objective to find suitable sites for prioritizing 

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 transformed 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 

prioritizing the decision for renewable energy 

development in the suitable site. 

The result of this current study found that geothermal 
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study also relevant to be adopt for site selection to find 
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Fig. 5  Indonesia’s Geothermal Resources Map
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Meita Rumbayan

174

,Q�)LJ�����WKH�FRORU�LQGLFDWHV�WKDW�WKH�GDUNHVW�VKRZV�
WKH�KLJK�VXLWDELOLW\�IRU�SULRULW\�RI�UHQHZDEOH�HQHUJ\�
GHYHORSPHQW�EDVHG�RQ�WKHRUHWLFDO�SRWHQWLDO�FULWHULD��

Conclusions
7KH�UHVXOW�RI�WKLV�FXUUHQW�VWXG\�IRXQG�WKDW�JHRWKHU-
PDO�LV�WKH�EHVW�FKRLFH��IROORZHG�E\�VRODU�DQG�ZLQG�
DOWHUQDWLYHV�ZLWK�ZHLJKW� YDOXH�RI������� ������ �����
UHVSHFWLYHO\�� 5HVRXUFHV� PDSV� JHQHUDWHG� LGHQWLI\�
WKH�KLJK�DQG�PRGHUDWH�VXLWDELOLW\�VLWHV�WR�SULRULWL]H�
GHFLVLRQ�RI�UHQHZDEOH�HQHUJ\�GHYHORSPHQW�IRU�,QGR-
QHVLD��7KH�SURSRVHG�PHWKRGRORJ\�ZDV�XVHIXO�WR�GLV-
FRYHU�DQG�LGHQWLI\�WKH�UHQHZDEOH�HQHUJ\�UHVRXUFHV�
VLWH�IRU�HQHUJ\�VXVWDLQDELOLW\�LQ�,QGRQHVLD�
� 7KH�RXWSXW�RI�WKLV�VWXG\�FDQ�EH�XVHG�IRU�GHFLVLRQ�
PDNLQJ� WR� GH¿QH� WKH� SULRULW\� RI� UHQHZDEOH� HQHUJ\�
VRXUFHV�SRWHQWLDO�IRU�WKH�FDVHV�RI�RWKHU�FRXQWULHV� The 
PHWKRG�LQ�WKLV�VWXG\�LV�DOVR�UHOHYDQW�WR�VLWH�VHOHFWLRQV 
WR�¿QG�SULRULW\�RI�UHQHZDEOH�HQHUJ\�GHYHORSPHQW�DV�
WKH�REMHFWLYH�IRU�RWKHU�FRXQWULHV�
� )RU�IXUWKHU�VWXG\��LW�LV�SODQQHG�WR�DGG�RWKHU�FULWHULD�
IRU�UHQHZDEOH�HQHUJ\�RSWLRQV��VXFK�DV�K\GUR�DQG�ELR-
PDVV�HQHUJ\�WR�EH�DQDO\]HG�E\�XVLQJ�$+3�DQG�*,6�
IRU� GLVFRYHULQJ� WKH� SULRULW\� RI� UHQHZDEOH� VRXUFHV�
SRWHQWLDO�IRU�HQHUJ\�VXVWDLQDELOLW\�LQ�,QGRQHVLD�

Table 2.  Weight of Criteria

Criteria High Moderate Low Weight

*HRWKHUPDO � � � ����
6RODU ��� � � ����
:LQG ��� ��� � ����

Table 3.  Pair-Wise Comparison of Sub-Criteria and Local 
Weight for Solar

Sub Criteria 
For Solar High Moderate Low

Local 
weight 

(w
i
)

+LJK � � � ����
0RGHUDWH ��� � � ����
/RZ ��� ��� � ����

Table 4.  Pair-Wise Comparison of Sub-Criteria and Local 
Weight for Geothermal

Sub Criteria 
For Geothermal Very big Big Low No

Local 
Weight 

(w
i
)

9HU\�ELJ � � � � ����
%LJ ��� � ��� � ����
/RZ ��� ��� � � ����
1R ��� ��� ��� � ����

Table 5.  Pair-Wise Comparison of Sub-Criteria and Local 
Weight for Wind

Sub Criteria 
For Wind

Has Potency No Potency
Local Weight 

(wi)

+DV�3RWHQF\ � � �
1R�3RWHQF\ ��� � �

Table 6.  Score and Weight of Criteria in Priority Site of 
Renewable Sources Potential Analysis

Criteria-
Hierarchy 1 x

i

Criteria 
Hierarchy 2 w

i

Local 
weight 

(w
i
)

6RODU�5HVRXUFHV ���� +LJK ���� ����
0RGHUDWH ���� ����
/RZ ���� ����

:LQG�5HVRXUFHV ���� +DV�3RWHQF\ � ����
1R�3RWHQF\ � �

*HRWKHUPDO ���� 9HU\�ELJ ���� ����
%LJ ���� ����
/RZ ���� ����

1R�SRWHQF\ ���� �

Table 7.  Score and Weight of Solar, Wind, Geothermal 
Resources Potential for 33 Provinces in Indonesia

Provinces
Solar 

Weight 
(w

1.
x

i
)

Wind 
weight 
(w

2
.x

2
)

Geothermal 
weight (w

3.
x

3)

Total 
weight

$FHK ���� ���� ���� ����
0HGDQ ���� � ���� ����
3DGDQJ ���� � ���� ����
5LDX
.HSXODXDQ�5LDX

����
����

����
����

�
�

����
����

-DPEL ���� ���� ���� ����
3DOHPEDQJ ���� � ���� ����
%HQJNXOX ���� ���� ���� ����
/DPSXQJ ���� ���� � ����
%HOLWXQJ ���� ���� ���� ����
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Provinces
Solar 

Weight 
(w

1.
x

i
)

Wind 
weight 
(w

2
.x

2
)

Geothermal 
weight (w

3.
x

3)

Total 
weight

-DNDUWD ���� � � ����
%DQGXQJ ���� � ���� ����
6HPDUDQJ ���� � ���� ����
<RJ\DNDUWD ���� ���� � ����
6XUDED\D ���� ���� ���� ����
%DQWHQ ���� ���� � ����
%DOL ���� � ���� ����
/RPERN ���� ���� ���� ����
.XSDQJ ���� ���� ���� ����
3RQWLDQDN ���� � � ����
3DODQJNDUD\D ���� � � ����
%DQMDUPDVLQ ���� � � ����
6DPDULQGD ���� ���� � ����
0DQDGR ���� ���� ���� ����
3DOX ���� ���� � ����
0DNDVDU
0DPXMX

����
����

����
����

�
�

����
����

.HQGDUL ���� ���� � ����
*RURQWDOR ���� � � ����
$PERQ ���� � ���� ����
7HUQDWH ���� � � ����
-D\DSXUD
3DSXD�%DUDW

����
����

�
�

�
�

����
����

Acknowledgments
7KLV� VWXG\� LV� D� SDUW� RI� WKHVLV�ZRUN� VXSHUYLVHG� E\�
3URI��.HQ�1DJDVDND��+HDG�RI�(QYLURQPHQWDO�(QHUJ\�
(QJLQHHULQJ�/DERUDWRU\��7RN\R�8QLYHUVLW\�RI�$JUL-
FXOWXUH�DQG�7HFKQRORJ\��-DSDQ�

References
��� %XQUXDPNDHZ��.� DQG�0XUD\DPD��<�� ������� 6LWH� VXLWDELOLW\�

HYDOXDWLRQ�IRU�(FRWRXULVP�XVLQJ�*,6�DQG�$+3��$�FDVH�RI�6XUDW�
7KDQL�3URYLHQFH��7KDLODQG��,QWHUQDWLRQDO�&RQIHUHQFH�RI�6SD-
WLDO�7KLQNLQJ�DQG�*HRJUDSKLF�,QIRUPDWLRQ�6FLHQFHV��3URFHGLD�
6RFLDO�DQG�%HKDYLRXUDO�6FLHQFHV���������������

��� )RRWH��.�(��DQG�/\QFK��0��������*,6�DV�DQ�LQWHJUDWLQJ�WHFK-
QRORJ\��FRQWH[W��FRQFHSW�DQG�GH¿QLWLRQV��,Q��7KH�*HRJUDSKHU¶V�
&UDIW�3URMHFW��%RXOGHU��'HSDUWPHQW�RI�*HRJUDSK\��7KH�8QLYHU-
VLW\�RI�&RORUDGR�

��� 1DJDVDND��.�DQG�5XPED\DQ��0���������'HYHORSPHQW�SI�3UL-
RULW\�'HFLVLRQ�IRU�5HQHZDEOH�(QHUJ\�3RWHQWLDO�8VLQJ�$QDO\WL-
FDO�+LHUDUFK\�3URFHVV�DQG�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHP�
0HWKRG��,QWHUQDWLRQDO�-RXUQDO�$GYDQFHG�0HFKWURQLF�6\VWHPV��
9RO�����1R����SS���������

��� 1JX\HQ�.�/��1JX\HQ�7�7��1JX\HQ�7�+��9X�0LQK�7XDQ���������
,QWHJUDWLRQ�RI�*,6�DQG�$+3�WHFKQLTXHV�IRU�DQDO\]LQJ�ODQG�XVH�
VXLWDELOLW\�LQ�'L�/LQK�'LVWULFW��8SVWUHDP�'RQJ�1DL�:DWHUVKHG�
9LHWQDP��6($5&$�$JULFXOWXUH�DQG�'HYHORSPHQW�'LVFXVVLRQ�
SDSHU�

��� 6DDW\��7��/���������0XOWLFULWHULD�GHFLVLRQ�PDNLQJ��7KH�DQDO\WLF�
KLHUDUFK\�SURFHVV��3LWWVEXUJK��5:6�3XEOLFDWLRQV�

��� <LQJ��;��0LQJ��=�*��*XL�4LX��&��/LQ��7��/LQ�:�.���<RX�+��'��
������&RPELQLQJ�$+3�ZLWK�*,6�LQ�V\QWKHWLF�HYDOXDWLRQ�RI�HFR�
HQYLURQPHQW�TXDOLW\��$�FDVH�VWXG\�RI�+XQDQ�3URYLQFH��&KLQD��
(FRORJLFDO�0RGHOOLQJ�������������

��� ;X��=���������2Q�FRQVLVWHQF\�RI�WKH�ZHLJKWHG�JHRPHWULF�PHDQ�
FRPSOH[�MXGJHPHQW�PDWUL[�LQ�$+3��(XURSHDQ�-RXUQDO�RI�2SHU-
DWLRQDO�5HVHDUFK����������������

   

 
 
 
Table 7. Score and Weight of Solar, Wind, Geothermal Resources Potential for 30 Provinces in Indonesia 
 

 

Provinces Solar Weight (w1.xi) Wind weight (w2.x2) Geothermal weight (w3.x3) Total weight 
Aceh 0.01 0.05 0.45 0.51 
Medan 0.01 0 0.45 0.46 
Padang 0.01 0 0.11 0.12 
Riau 0.01 0.05 0 0.06 
Jambi 0.01 0.05 0.45 0.51 
Palembang 0.01 0 0.11 0.12 
Bengkulu 0.01 0.05 0.11 0.17 
Lampung 0.01 0.05 0 0.06 
Belitung 0.01 0.05 0.11 0.17 
Jakarta 0.07 0 0 0.07 
Bandung 0.07 0 0.11 0.18 
Semarang 0.13 0 0.11 0.24 
Yogyakarta 0.01 0.05 0 0.06 
Surabaya 0.07 0.05 0.11 0.23 
Banten 0.07 0.05 0 0.12 
Bali 0.13 0 0.08 0.21 
Lombok 0.13 0.05 0.45 0.29 
Kupang 0.13 0.05 0.11 0.63 
Pontianak 0.07 0 0 0.07 
Palangkaraya 0.01 0 0 0.01 
Banjarmasin 0.07 0 0 0.07 
Samarinda 0.01 0.05 0 0.06 
Manado 0.13 0.05 0.45 0.63 
Palu 0.13 0.05 0 0.18 
Makasar 0.13 0.05 0 0.18 
Kendari 0.07 0.05 0 0.12 
Gorontalo 0.07 0 0 0.07 
Ambon 0.13 0 0.11 0.24 
Ternate 0.13 0 0 0.13 
Jayapura 0.07 0 0 0.07 
     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 Indonesia’s Priority Site Map of Renewable Resources Potential 

 

Fig. 7  Indonesia’s Priority Site Map of 
Renewable Resources Potential

Table 7.  (continued)


