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Abstract

Madura has widely potential farming business of sugarcane and has enough raw material to build a mini
sugar mill. Sugarcane is cultivated in Madura, particularly in four regencies, namely Bangkalan,
Sampang, Pamekasan and Sumenep. To decide the location of mini sugar mill in one of the regencies
requires decision support system (DSS). This study aimed to determine the priority of mini sugar mill
location in Madura. This research used primary and secondary data. The primary data were collected
using questionnaires. Then, the results of evaluation from the experts, on the items of questions, were
analyzed with analytical hierarchy process (AHP). This was accomplished using Expert Choice 2000
software. Analysis of the selection of mini sugar mill location considered six criteria, namely the land
suitability level, existing infrastructure, the potential of raw materials, the availability of labor, social
capital and institutions. The selected criteria were further classified into sub-criteria to clarify the
definitions of operational criteria and facilitate assessment for respondents. The results show that social
capital had the greatest influence on decision making, followed by the land suitability level and the
potential of raw materials. The finding in this research is that the mini sugar mill location is given
priority in Bangkalan Regency, Madura. The conclusion of this research is that AHP analysis can be
used as a method to take accurate decision in determining the location of sugarcane factory in certain
area of sugarcane farming business development.
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INTRODUCTION (BPS, 2015). Factors affecting sugar imports in
Indonesia include domestic sugar stocks, sugar
consumption, international sugar prices, and per
capita income.

Most of the government-owned sugar mills
have poor performance, especially from vyield
indicators (Bantacut, 2013), namely the crystal
sugar production ratio produced against the
weight of sugarcane milled. Factors that affect the
yield include sugarcane raw material (SRM)
quality and plant efficiency. Sugarcane quality is
influenced by agro-climatic conditions, soil
fertility, sugarcane varieties, cultivation techno-

Indonesia has 64 state-owned and private
sugar mills, most of which have operated from the
Dutch colonial era with an average grinding
capacity of 3,000 TCD (tons of cans per day). The
total national sugar production in 2016 amounted
to 2.2 million tons, while the national sugar needs
amounted to 5.7 million tons, comprising of 2.8
million tons to meet public demand and 2.9
million tons to meet industrial needs. Difference
between the demands and the national production
that reached 4.2 million tons was met by imports
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logy and management of cutting, loading and
transport (CLT). Factory efficiency is influenced
by the quality of SRM, engine conditions, engine
age, production technology, quality of human
resources and labor and management aspects.

In Brazil, most sugarcane farming has a high
level of efficiency and competitiveness (Marin et
al., 2013). Thus, the quality of SRMs for the sugar
industry can be guaranteed. The quality of
sugarcane is determined by variations of
sugarcane varieties, agro-climatic conditions
(Zhao and Li, 2015) and harvest timeliness (Xiao
etal., 2017).

In Indonesia, in 2016, the general productivity
of sugarcane decreased due to climate anomalies.
Sugarcane productivity can be improved through
molecular biology technological innovations (Da
Silva et al., 2013), such as the development of
sugarcane cultures that can adapt to climate
change. Dianpratiwi et al. (2018) explain that
several strategies that can be done to increase the
productivity of sugarcane plants include
increasing sugarcane farming area, adding organic
fertilizer, ensuring the maximum water supply
and cutting sugarcanes according to the level of
maturity.

National sugar production can be boosted
through increasing PG efficiency, improving
SRM quality and sugarcane land expansion
(extensification), improving the quality of human
resources and management and adding new sugar
mills. The development of sugar cane in dry land
is one alternative to increase the national sugar
production because the potential of the land is
large enough and it fulfills the agroclimatic
requirements for sugarcane cultivation. Madura is
one area characterized with dry land which is very
suitable for planting sugarcane with a fairly good
intensity of solar radiation. Rainfall in Madura
ranges from 1,000-2,000 mm with an average
temperature of 26-27°C and humidity between 75-
85%, supported by a semi-flat topography that
meets technical requirements for sugarcane
cultivation (Andri et al., 2015).

The sugarcane area on Madura Island initially
increased and reached in peak in 2013-2014,
covering an area of 1,161 ha. However, the area
subsequently decreased it was only about 601.2 ha
in 2018, spreading in Bangkalan (416 ha),
Sampang (77 ha), Pamekasan (107 ha) and
Sumenep (1.2 ha) regencies. The development of
sugarcane in Madura faces the challenges of
socio-cultural factors and the decline in the

existing sugarcane cultivation area; thus, building
a sugar mill with a capacity of larger than 4,000
TCD is impossible. Meanwhile, if the sugar cane
crop is sent continuously to the nearest area to
Sidoarjo regency, there will be a decrease in yield
and transportation costs are too high. The
development of mini sugarcane-based sugar mills
is the most realistic option to increase the
contribution of Madura Island in supporting
national sugar production.

The advantages of mini sugar mill include the
lower investment costs, the relatively small SRM
needs and the more guaranteed raw material
freshness, flexible change in the availability of
raw materials, as well as low requirements of
labor and management (Bantacut, 2013).
Moreover, mini sugar mill can be built close to the
sources of raw materials, yields determination is
more accurate and objective and the management
control is easier.

The construction of a mini sugar mill in
Madura requires a decision support system (DSS)
based on multiple criteria that could affect the
performance of mini sugar mill in the future.
Multicriteria evaluation has been used for future
development planning (Yu et al., 2009; Yu et al.,
2011). Based on the experience of sugarcane
development failure in Madura in 2012-2017, it is
essential to compile a multicriteria system based
on the consideration of experts from various
disciplines. One method that can be implemented
as a technique is the AHP (analytical hierarchy
process). AHP method can simplify complex
problems by creating hierarchies in the form of
goals, criteria, sub-criteria and alternatives. Each
can be compared in pairs to get the weight and
priority to be chosen. With hierarchy, a complex
problem can be broken down into a hierarchical
form so that problems look more systematic and
structured (Darmanto et al., 2014). AHP is one of
the multi-criteria decision making (MCDM)
approaches. The purpose of the MCDM s to
choose a number of possible choices and goals. It
is an effective tool for decision making
(Gounaridis and Zaimes, 2012).

The criteria for determining the location of a
sugar mill include demographics, costs,
infrastructure and agro-climate. Fahrizal et al.
(2014) used the Geographic Information System
(GIS) method for spatial analysis of priority
locations. They took advantage of GIS to identify
optimal locations to convert biomass waste into
biofuel. The integration of the MCDM approach
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with the GIS produces a DSS that is spatially
efficient to produce a land suitability map
(Mendas and Delali, 2012).

Marin et al. (2013) argue that accurate land
evaluation is essential in the decision-making
process to support sustainable development. The
criteria of land suitability is one of the
determining indicators in DSS (Elaalem, 2012).
The analysis results can be used to guide the
preparation of agricultural land use plans (Al-
Mashreki et al., 2011). Osly et al. (2015) used six
criteria to determine the priority of sugarcane
development areas in East Seram Regency,
namely land suitability, infrastructure availability,
water sources availability, land ownership status
and labor availability. This study used AHP-based
MCDM method with the help of the GIS. The
study aimed to determine the priority of mini

sugar mill location in Madura. This method was
expected to be used by decision makers to develop
a mini sugar mill in Madura.

MATERIALS AND METHOD

This research was conducted on the island of
Madura, East Java, particularly in the regencies of
Bangkalan, Sampang, Pamekasan and Sumenep.
Locations were determined using the purposive
sampling method, which considered that Madura
Island is one of the sugarcane development areas
in East Java with a projection of sugar mill
construction.

This study used qualitative and quantitative
approaches to find an interactive pattern of
relationships. The stages in this study were
classified as follows (Figure 1).

- Criteria and .
Preliminary Problem P Hierarchy
N g —> subcriteria —> ;
study identification determination construction
p |
No, reassessment —» Data pr in
Questionnaire Assessments by S ata E/v(i)t%eSSI 9
development respondents Expert Choice
v |
Weighing of consistons
Mean calculation —>| subcriteriaand > usin standa)?d —> Consistent?
alternatives g stal
deviation
v |
Results and .
S . Recommendation of
S:gzllt;l\sli';y —>|  Conclusion  —> mini sugar mills location

Figure 1. Research stages using the AHP method

[1] A preliminary study. A preliminary study
was done to obtain a general depiction of
Madura Island, agro-climate conditions and
evaluation of sugarcane development
programs. The preliminary study was carried
out through the assessment of secondary
data, surveys and interviews with sugarcane
farmers, management of the State Sugar
Cane Plantation Company (PTPN X), PTPN

X1 and Rajawali | Surabaya, LLC. A focus
group discussion (FGD) was subsequently
conducted with the Plantation Office of East
Java Province, researchers, academics and
plantation company experts. The FGD was
completed to find out the planned
construction of a mini sugar mill in Madura.
[2] Problem identification. The FGD determined
several problems, alternative problem
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solving and recommendations, including the
problem of determining the location of mini
sugar mill in Madura based on the criteria
determined by expert judgment and the
relevant research results.

[3] Criteria and sub-criteria determination.

[4] Hierarchy construction for decision making
on the location of mini sugar mills.

[5] Preparation of questionnaires and interview
guidelines. Data collection for AHP analysis
used questionnaires and in-depth interviews
with  six respondents, consisting of
researchers, government officers, academics,
GIS experts, experts of Madura sociology
and culture and plantation company
management experts.

[6] Assessment of AHP objectives, criteria, sub-
criteria and alternatives by respondents.

[7] Data processing with Expert Choice 2000
software.

[8] Geometric mean calculation.

[9] Weighting of subcriteria and alternative
locations of mini sugar mills.

[10] Testing of consistency with standard
deviation. Hierarchy consistency and expert
judgment were declared to fulfill the
requirements with a consistency ratio value
or CR1 0.1. If CR > 0.1, then the assessment
must be repeated.

[11] Synthesis, results analysis and sensitivity
analysis.

[12] Conclusion drawing based on AHP analysis
results.

[13] Presentation of recommendation in the form
of priority of Madura regencies to have a
mini sugar mill. The research stages are
presented in Figure 1.

The criteria and sub-criteria considered in
determining the location of mini sugar mills are
presented in Table 1. There were five criteria and
twenty-one sub-criteria determined to select the
location of mini sugar mills from four alternative
regencies in Madura, namely Bangkalan,
Sampang, Pamekasan and Sumenep.

The assessment of each level of the hierarchy
was done through pairwise comparisons. Pairwise
comparison assessments were carried out by
respondents, by comparing the existing criteria,
sub-criteria and alternatives for interest in
decision making. Scale 1-9 was determined as a
consideration in comparing pairs of each element
in each level of the hierarchy to an element at the

upper level (Saaty, 2008). The rating scales used
are as follows (Marimin and Nurul, 2011).

1 = Element A is as important as Element B

3 = Element A is slightly more important
than Element B

5 = Element A is more important than
Element B

7 = Element A is far more important than
Element B

9 = Element A is definitely more important

than Element B

2, 4, = Middle rating (if the respondent doubts

6,8  two adjacent values)

1/3 = Element B is slightly more important
than Element A

1/5 = Element B is more important than
Element A

1/7 = Element B is far more important than
Element A

1/9 = Element B is definitely more important
than Element A

Table 1. Criteria and sub-criteria for determining
location alternatives

Criteria Sub-criteria
Land suitability = S1 (Very appropriate)
level = S2 (Slightly appropriate)

= S3 (Appropriate)

= N1 (Not appropriate)
Existing = Access to the provincial
infrastructure capital

= Distance to Tanjung Perak
Harbour, Surabaya

= Road access for heavy
equipment

= Drains (rivers)

= Water sources (wells)

Raw material » EXisting area of sugarcane
potential = Production potential
* Yield potential

Social capital = Trust among farmers
= Farmers’ trust of the
government
= Solidarity and cooperation
values
= Networking

Institution = Partnership
= Providers of production
facilities
= Capital institutions
= Cooperation
= Government policies
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Lukoko and Mundia (2016) developed AHP
analysis with GIS-based multicriteria analysis in
order to decide the suitability of the sugar factory
location in Trans Maya District. The GIS-based
analysis consists of data collection, database
development, data  processing,  analysis
integration, display of analysis result and
reporting. The result of GIS-based analysis
becomes one of the criteria in AHP analysis. The
nine criteria that determine the location of the
sugar factory are decided based on the literature

review, GIS-based analysis and expert opinion.
AHP is used to obtain the relative importance
(weight) for each specific criterion.

RESULTS AND DISCUSSION

Hierarchy Structure

The hierarchy consisted of goals, criteria, sub-
criteria and alternatives. Figure 2 displays the
decision to choose the location of a mini sugar
mill in Madura.

Goal Selecting a mini sugar mill location in Madura
4 N 4 N\ 4 Y 4 ™\ 4 N\
— Land - .
ot P Existing Raw material . . -
Criteria smlt:\?é:lty infrastructure potential Social capital Institutional
\ J \ J . J \ J \ J
g T g 7 g
s1 Access to the Existing area of Trust among Partnership
provincial capital sugar canes farmers
[ cr?tlétrjia ] S2 — : Production ) . Providers of
- TD'.StanCS to K potential Farmers’ trust of p]EOd.IIJ.?'on
s3 anjung Pera the government | | acilities |
Harbour . ) g
~ ) i} Yield potential (" Soli darity and ) insc,:tiﬂltti{gns
Road access for cooperation
l heavy equment‘ values :
Cooperation
Drains Networking
Government
Water sources policies

Figure 2. Hierarchy of determining mini sugar mill alternative locations

Pairwise comparison analysis

Pairwise comparison analysis was done by
comparing criteria, sub-criteria and alternative
locations of mini sugar mill for decision making.
In pairwise comparison analysis, there was a
comparison matrix between criteria, five
comparison matrices between sub-criteria and
five comparison matrices for alternative mini
sugar mills locations based on sub-criteria. The
results of the paired matrix comparison were in
the form of priority weight.

Criteria evaluation results

The criteria for determining the location of a
mini sugar mill in Madura consisted of the land
suitability level, existing infrastructure, potential

raw materials, labor availability, social capital and
institutions. From the combination of the six
respondents in pairs regarding the determining
criteria for the location of the mini sugar mill in
Madura, it appeared that the social capital was
considered to be the most important criterion,
followed by the land suitability level and then the
raw material potential (Figure 3).

The social capital can be built through a)
strengthening the trust among farmers, b).
improvement of farmers' networking with the
management of mini sugar mill, production
facilities,  capital  institutions,  marketing
institutions, research institutions, universities and
government, c) improving relations between
farmers and the government and d) strengthening
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the values of solidarity and cooperation among
members of farmer groups and management of
sugarcane farmer organizations.

The social capital criteria are also used by
other researchers to formulate strategies to
strengthen social capital in farmer groups.
Wibisono and Darwanto (2016) use the analytic
network process (ANP) method to analyze the

Priorities with resnect to:
Goal:
Selecting a mini sugar mill location in Madura

Land suitabilitv level
Existing infrastructure
Raw material potential
Laboravailability
Social capital
Institutional
Inconsistency = 0.07
with 0 missing judgments.

308
,052
146
,101
363

,029

social capital in developing agriculture. The
strategy to fortify social capital can be done in the
form of developing marketing institutions through
the use of digital information networks. The
development of agriculture will succeed if the role
of social capital, such as mutual trust,
participation and cooperation, can be optimized
(Cahyono and Adhiatma, 2012).

Combined

Figure 3. Criteria priority

Sub-criteria evaluation results

From the six pairs of respondents on the sub-
criteria, it was found that the five most dominant
sub-criteria in the selection of mini sugar mills in
Madura were skilled labor, the area of existing
sugarcane plants, S1 land suitability, trust among
farmers and government policies.

The availability of skilled labor was selected
as a sub-criterion with the greatest weight value,
which was 0.733 (Figure 4). The skilled labor is
more demanded for the development of sugarcane
in Madura, both for farming activities (on-farm)
and processing in mini sugar mill (off-farm).
Workers with skills and expertise will have higher
productivity. Improvement of workforce skills
can be established through workshops, sugarcane
field schools, counseling, technical training and
management training. Besides its new production
machine that suits the milling capacity of the mini
sugar mill, the efficiency achieved by the mini
sugar factory in India is also caused by the
readiness of the labor to operate the machine
properly, which meets the standard operating
procedure made by the company that produces
tools for mini sugar mill (Liboni et al., 2015).

One of the biggest components in the cost
structure of sugarcane farming in Madura is labor
costs, which is an average of IDR 12,481,463 per
ha or 66.36% of the total cost of sugarcane
farming. Even though the number of farm workers

is quite large, the productivity of local labor is
low. During the 2012-2017 period, sugarcane
cultivation  activities, especially for CLT
activities, often brought in workers from outside
Madura so that the CLT costs increased. The
average CLT cost incurred by farmers was IDR
10,125,366 per ha. The CLT cost component was
the largest component for sugarcane farming costs
(53.83%) of the total costs that reached 72.20% of
the variable costs. The farther the location of the
farm from the sugar mill, the greater the CLT cost
for farmers.

The total area of sugarcane in Madura Island
in 2018 was approximately 601.2 ha, spreading in
four regencies. Milling capacity that is in line with
the potential of SRM in Madura is currently 500
TCD. A mini sugar mill with a capacity of 500
TCD with a normal milling day of at least 150
days requires SRM of 75,000 tons per milling
season. With sugarcane production on dry land
reaches an average of 60 tons per ha, the minimum
area of sugarcane needed is 1,250 ha. Increasing
the supply of SRM can be done by opening a new
farm, buying from farmers (Bantacut, 2013) and
increasing crop productivity and yields.

The quality of SRMs will greatly determine the
quality of the sugar produced. Sugarcane plants
that are harvested at the right time will improve
the production of sugar (Amolo et al., 2014).
Milled raw materials must be mature, clean and
fresh (P3GlI, 2010; Rukmana, 2015). The criteria
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for mature cane and proper cutting are that they
have a + 25 Maturity Factor (MF), = 100
Coefficient of Durability (CD), £ 100 Coefficient
of Increase (Cl), Brix First Roomie Sap (FRS)
>20%, NPP> 16%, Purity Degree (PD)> 80% and
reduced sugar content <0.5%. Sugar cane is said

to be clean if it is free from dirt (<5%). Dirt in
question is daduk, shoots, sogolan, roots, soil and
other plants. Sugarcane is declared fresh if it has
a pH of 5.4-5.8 and the storage duration of
sugarcane, from cutting down into putting on the
ground, is not more than 24 hours.

Government policies |
Cooperation Se—— (.]136

Capital institutions 0 081

Providers of production facilities mm 0.042

Parmership |
Networking |
Solidarity and cooperation values  ——— () 29
Farmers™ trustof the government | ———— (.131

0.485

0.498

Trustamong farmers |

Availability of skilled laborswas |

Total workers |
Yield potential —— 0117

Production potential |

0.733

= Weight Value

Existing area of sugarcane |

0.614

Water sources (wells) |

Drains (rivers)

Road access for heavy equipment

Distance to Tanjung Perak Harbour, Surabaya | () (78
Access to the provincial capital 0 048

0.472

| —— 0.2659

N1 |

S2 )
s1

0.44

0.281

0.525

T
02

T
0.3

T T 1
0.4 0.5 0.6 0.7 0.8

Figure 4. Sub-criteria priority

Based on the agro-climate, the land suitability
level can be divided into S1, S2, S3 and N1 (Table
2). The S1 priority weight value was 0.525 and it
was in third place among 21 sub-criteria. This is
caused by the fact that the sugarcanes land

Table 2. Sugarcanes land suitability level

suitability level affects productivity and yield.
Land with land suitability level of S1 had higher
productivity and yield potential than lands with
the land suitability level of S2, S3 and N1.

Sugarcanes land suitability level (ha)

Regency s1 s2 s3 N1
Bangkalan 23,599.1 54,529.9 40,430.9 12,216.0
Pamekasan 12,853.1 15,959.8 38,060.9 14,846.2
Sampang 13,501.1 41,937.8 54,861.2 13,3415
Sumenep 7,629.3 36,583.3 53,777.7 17,420.5
Total 57,582.6 149,010.8 187,130.7 57,824.2
% 12.8 33.0 41.4 12.8

Source: Developed from analysis results, 2018.

Based on respondents' assessment, the sub-
criteria of trust among farmers had the highest
priority weight (0.498) compared to the other sub-
criteria of social capital and it was the fourth
highest priority weight of all sub-criteria.

Based on the studies, land regrouping is one
alternative to improve the efficiency of sugarcane
cultivation. With the regrouping model, it is
possible to apply the mechanization of sugarcane

cultivation so that technical efficiency is achieved
(Andri et al., 2015). The main obstacles in
implementing mechanization in Madura are the
small area of farmers' land (0.25-0.5 ha) and
farmers’ insistance on maintaining land
boundaries such as rice fields, galengan or
embankment, trees and other boundaries based on
local wisdom. Farmers are not willing to
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accommodate mechanization by eliminating their
land boundaries.

Even though there are digital technologies to
measure land area, the farmers think that using
physical boundaries are more credible. Trust
among farmers is one of the important keys for
land regrouping. The unity and trust of farmers
towards the government also have a positive
effect on the implementation of land regrouping
model and the mechanization of sugarcane
cultivation in Madura. Achieving technical
efficiency provides greater opportunities for
obtaining allocative and economic efficiency. If
sugarcane farming is able to deliver higher
efficiency, it will better guarantee the adequacy of
sugar cane raw materials for mini sugar mills. If
the social culture of the Madurese community can
be conditioned to achieve these three efficiency
indicators, the potential for productivity and
sugarcane yield will be improved.

In their study, Ferhat et al. (2018) found that
land regrouping in the Gempolkrep sugar mill
area did not significantly affect the increase in
sugarcane production. However, the use of inputs
was relatively more efficient than non-regrouping
sugarcane farming. With the land regrouping, the
mechanism in sugarcane cultivation is easy to
implement; thus, making it more efficient
(Bautista et al., 2017). Moreover, the cost of
sugarcane farming can be minimized (Padilla-
fernandez and Nuthall, 2009). Most of the
sugarcane farmers in the Philippines consider that
the implementation of mechanization is more
profitable than the manual system because it uses
less human labor and the machine productivity is
higher (Bautista et al., 2017). However, the
inhibiting factor of mechanization in the
Philippines is the high price of agricultural
machinery. Therefore, support from the banks and
the government in the form of soft loans are
essential for the development of mechanization.

Social capital works when there has been
interaction with other people guided by social
structures (Yustika, 2008). An interaction can
occur at individual or institutional level.
Interactions occur at individual level when close
relationships between individuals are formed with
each other based on mutual trust which then
develop an emotional bond. Interactions at
institutional level can be born when the visions
and goals of an organization have something in
common with those of other organizations.

An institution is an order and pattern of
relations between farmers both individually and in
groups with other parties to achieve common
goals in the development of sugarcane in Madura
such as partnerships, providers of production
facilities, capital institutions and cooperations.
Moreover, institutions are also related to
government policies to support the development
of mini sugar mills. Some researchers, such as
Said (2012), Sis et al. (2013) and Allahdadi
(2011), agree that farmer institutions such as
farmer groups and cooperation are effective to
solve problems faced by farmer groups as well as
contribute to economic growth. Partnerships
between farmers and companies are one of the
institutional forms that can be developed to
increase farmers' income (Mercy et al., 2013).
However, partnership can run well when it
involves all stakeholders (Waswa et al., 2012).

According to Kusnandar et al. (2013), an
institutional model for the development of
agribusiness in a rural area should include
upstream agribusiness, farming, downstream
agribusiness and agro-industry. However, to
enhance the contribution of agribusiness
institutional, government interference is needed
(Nuraini et al., 2016)

Based on the respondent's assessment, the
government policy was ranked fifth, with a
priority weight of 0.485 (48.5%). Compared to
other sub-criteria in the institutional criteria,
government policy had the highest weight value,
while the partnership was ranked second with a
priority weight of 0.25 (25.5%).

There are regional regulations in East Java
Province governing sugarcane cultivation,
increasing crystal and yield, namely Regional
Government Regulation Number 17 Year 2012.
Constructing a mini sugar mill in Madura requires
government’ support in the form of policies,
including national, provincial, and regional
governments’ regulations. Governor Regulation,
Regent Regulations or other legal products such
as the Decree governing the development of sugar
cane and mini sugar mills in Madura are essential.

The partnership between sugarcane farmers
and sugar companies is vital in the development
of sugarcane and mini sugar mills in Madura. This
is related to the certainty of raw material
production for the sugar company and the
guarantee of production and prices for the
farmers. At the State Sugar Company and the
private sugar company, a partnership is a key to
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the existence of the company. Sugar mills that do
not establish partnerships with farmers will have
a lack of SRM. The partnership also improves the
potential of SRM that meets the quality standards
required by sugar companies. The partnership
model can be in the forms of production contracts,
plasma nuclei or general trading patterns.

Priority of mini sugar mill location

With consideration of all criteria and sub-
criteria to determine the location of mini sugar
mills in Madura, respondents agreed to choose
Bangkalan as the first priority, followed by
Sampang Regency and then Pamekasan Regency.

Combined instance -- Synthesis with respect to:
Goal: Selecting a muni sugar mill location in Madura

Overall Inconsistency = .05

Bangkalan 465
Sampang 227
Pamekasan 192
Sumenep 116

Figure 5. Priority of mini sugar mill location based on a combination of all criteria

The results show that based on the land
suitability level, existing infrastructure, potential
raw materials, availability of labor, social capital
and institutional, respondents agreed to choose
Bangkalan district as the first priority for location
mini sugar mills with a priority weight of 0.465
(Figure 5).

Sampang Regency was the second priority for
the location of mini sugar mills with the priority
weight of 0.277 (Figure 6). Geographically,
Sampang Regency is situated between Bangkalan
and Pamekasan. The pairwise comparison
analysis results show that based on the land

Institutional

Social capital

Laboravailability L_

Raw material potential

Existing infrastructure

Land suitability level
I

0 0.1

suitability level, existing infrastructure and raw
material potential criteria, Sampang was ranked
second after Bangkalan, with a priority weight of
0.275, 0.268 and 0.208, respectively.
Furthermore, Sampang had nearly similar priority
weight in the raw material potential criterion to
Pamekasan, which obtained 0.205.

Pamekasan Regency was the third priority for
the mini sugar mill location, with a priority weight
of 0.192. For the criteria of availability of labor,
social capital and institutions, Pamekasan had a
higher priority weight than Sampang and
Sumenep, but lower than Bangkalan.

W Sumenep
I Pamekasan
W Sampang

m Bangkalan

0.3 04 0.5 0.6

Figure 6. Alternatives to mini sugar mill location based on each criterion

Developing Madura sugarcane industry and
building mini sugar mills in Madura are the right
things to do, regarding the availability of its land

area. As has been explained by (Sulaiman et al.,
2019), some sugar factories in Indonesia are no
longer efficient. Therefore, they need to be
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revitalized or we need to build new factories. The
construction of new factories should be adjusted
to the raw material and the readiness of the labor
in that region.

Consistency ratio

The consistency ratio analysis results for all
paired comparisons between criteria, sub-criteria
and alternatives obtained inconsistency values <1
(<10%). This means that respondents' assessment
was at the inconsistency level that is allowed in
AHP analysis.

Sensitivity analysis

Sensitivity analysis results were used to
observe the components or elements of the
hierarchical structure that were the most sensitive
to changes in weight, resulting in an alternative
change in the location of the mini sugar mill in
Madura. In the operational level, sensitivity
analysis is used to observe to how extent the
criteria can influence the determination of priority
alternatives.

30.8% Land suitability level

5.2% Existing infrastructure
=]

14,6% Raw material potential
—

10,1% Laboravailability
I

36,3% Social capital
e ]

2.9% Institutional
(=]

 E——

11.6% Sumenep
|

46.5% Bangkalan

22.7% Sampang

19.2% Pamekasan

M R
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o

1 . .
1 2 3 4 5 6

Figure 7. Dynamic sensitivity for nodes below in selecting mini sugar mill location in Madura

As presented in Figure 7, the criterion that was
most sensitive to weight change that affected
alternative priorities was the social capital with a
weight of 36.3% while the lowest value was
obtained by the institutional form with a weight of

Obj%

2.9%. This means that changes in the weighting of
the social capital criterion affect four alternatives
for the selection of the appropriate mini sugar mill
locations.
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Figure 8. The sensitivity of mini sugar mill location selection

The simulation was done by increasing and
decreasing the weight of each criterion by 10%

and the effect on the previously selected
recommendations was observed. For example, the
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10% decline in the value of the social capital
criterion in Sampang district would change its
ranking of alternative locations for mini sugar mill
(Figure 8). Originally, Pamekasan Regency was
ranked third, it then moved to the second
alternative location.

CONCLUSIONS

The results show that (1) the highest weight
was obtained by social capital criterion, then
followed by the land suitability level and the raw
materials potential, (2) the results of the sub-
criteria comparison analysis reveal that the five
most dominant sub-criteria for consideration to
select the location of mini sugar mills in Madura
were skilled labor, extensive existing sugarcane
plants, S1 land suitability level, trust among
farmers and government policies and (3) the AHP
analysis results indicate that the best priority for
the location to establish mini sugar mills is
Bangkalan district.

Recommendation

— Based on the criteria and sub-criteria that are
used as considerations to determine the
location of the mini sugar mill, the
recommended place to be the location of the
mini sugar mills is Bangkalan district.

— Skilled labor force, extensive existing
sugarcane plants, S1 land suitability level, trust
among farmers and government policies are
the five main criteria that should be considered
by the policy makers when deciding the
location for mini sugar mills in Madura.

— Future research could use more sub-criteria of
social capital to design the AHP structure as
the results show that the social capital had the
highest weight. In addition, the sub-criteria of
social capital also received considerable
priority weight.

— The study of social capital as one of the criteria
for decision making in determining the
location of a sugar mill can be applied to
decision-making criteria on other research.
Moreover, a more in-depth study of the role of
social capital in developing sugar cane
commodities and mini sugar companies with a
qualitative approach could be explored.

ACKNOWLEDGMENT

The authors would like to express the gratitude
for Universitas Trunojoyo Madura which has

facilitated researchers to obtain research funding
allocations.

REFERENCES

Al-Mashreki, M. H., Akhir, J. B. M., Rahim, S.
A., Desa, K. M., Lihan, T., Rahman, Z. A., &
Haider, A. R. (2011). Land Suitability
Evaluation For Sorghum Crop in the Ibb
Governorate, Republic of Yemen Using
Remote Sensing And GIS Techniques.
Australian Journal of Basic and Applied
Sciences, 5(3), 359-368. Retrieved from
https://ukm.pure.elsevier.com/en/publications
/land-suitability-evaluation-for-sorghum-
crop-in-the-ibb-governora

Allahdadi, F. (2011). The Contribution of
Agricultural ~ Cooperatives on  Poverty
Reduction: A Case Study of Marvdasht, Iran.
Journal of American Science, 7(4), 22-25.
Retrieved  from  http://www.jofamerican
science.org/journals/am-sci/amQ0704/04_4841
am0704_22_25.pdf

Amolo, R. A., Sigunga, D. O., & Owuor, P. O.
(2014). Evaluation of sugarcane cropping
systems in relation to productivity at Kibos in
Kenya. International Journal of Agricultural
Policy and Research, 2(7), 256-266. Retrieved
from https://journalissues.org/wp-content/up
loads/2014/07/Amolo-et-all.pdf

Andri, K. B., Riajaya, P. D., Kadarwati, F. T.,
Santoso, B., & Nugraheni, S. D. (2015). The
Feasibility Study on Development of Sugar
cane Farming in Sampang Regency. Buletin
Tanaman Tembakau, Serat & Minyak Industri,
7(1), 15-27. Retrieved from http://dx.doi.org/
10.21082/bultas.v7n1.2015.15-27

Badan Pusat Statistik, [BPS]. (2015). Statistik
Tebu Indonesia.

Bantacut, T. (2013). Mini Sugar Mills
Development to Achieve Sugar Self-
Sufficiency. Pangan, 22(4), 299-316.

Retrieved from http://jurnalpangan.com/index.
php/pangan/article/view/126

Bautista, E. G., Kim, J., Kim, Y., & Panganiban,
M. E. (2017). Farmer’s Perception on Farm
mechanization and Land reformation in the
Philippines. Journal of the Korean Society of
International Agricultue, 29(3), 242-250.
https://doi.org/10.12719/KSIA.2017.29.3.242

Copyright © 2019 Universitas Sebelas Maret



Caraka Tani: Journal of Sustainable Agriculture. 2019. 34(2), 232-244 243

Cahyono, B., & Adhiatma, A. (2012). Peran
Modal Sosial Dalam Peningkatan
Kesejahteraan Masyarakat Petani Tembakau
Di Kabupaten Wonosobo. Conference In
Business, Accounting, And Management
(CBAM), 1(1), 131-144. Retrieved from
http://jurnal.unissula.ac.id/index.php/cbam/art
icle/view/128

Da Silva, M. D., Silva, R. L. D. O., Costa Ferreira
Neto, J. R., Guimaraes, A. C. R., Veiga, D. T,
Chabregas, S. M., ... Kido, E. A. (2013).
Expression Analysis of Sugarcane Aquaporin
Genes under Water Deficit. Journal of Nucleic
Acids, 2013, 1-14. https://doi.org/10.1155/20
13/763945

Darmanto, E., Latifah, N., & Susanti, N. (2014).
Penerapan Metode Ahp (Analythic Hierarchy
Process) Untuk Menentukan Kualitas Gula
Tumbu. Simetris : Jurnal Teknik Mesin,
Elektro Dan Ilmu Komputer, 5(1), 75-82.
https://doi.org/10.24176/simet.v5i1.139

Dianpratiwi, T., Wibowo, E. P., & Wibowo, H.
(2018). Daya Saing Usahatani Tebu terhadap
Komoditas Eksisting di Wilayah Kerja Pabrik
Gula Wonolangan Kabupaten Probolinggo
Tahun 2018. Caraka Tani: Journal of
Sustainable Agriculture, 33(1), 57-67. http://
dx.doi.org/10.20961/carakatani.v33i1.19562

Elaalem, M. (2012). Land Suitability Evaluation
for Sorghum Based on Boolean and Fuzzy-
Multi-Criteria Decision Analysis Methods.
International Journal of Environmental
Science and Development, 3(4), 357-361.
https://doi.org/10.7763/ijesd.2012.v3.247

Fahrizal, Marimin, Yani, M., Purwanto, M. Y. J.,
& Sumaryanto. (2014). Decision Support
Model  for  Sugarcane  Agroindustrial
Development (A Case Study at East Nusa
Tenggara Province). Jurnal Teknologi Industri
Pertanian, 24(3), 189-199. Retrieved from
http://journal.ipb.ac.id/index.php/jurnaltin/arti
cle/view/9121/7171

Ferhat, A., Mulyo, J. H., & Irham. (2018). The
Effect of Land Regrouping on Sugarcane
Production Depending on The Usage of Input
Factor in Gempolkrep Sugar Company of East
Java. HABITAT, 29(3), 113-121. https://doi.
0rg/10.21776/ub.habitat.2018.029.3.14

Gounaridis, D., & Zaimes, G. N. (2012). GIS-

based Multicriteria Decision Analysis Applied
for Environmental Issues; the Greek
Experience. International Journal of Applied
Environmental Sciences, 7(3), 307-321.
Retrieved from https://go.gale.com/ps/anony
mous?id=GALE%7CA323038201&sid=goog
leScholar&v=2.1&it=r&linkaccess=abs&issn
=09736077&p=A0ONE&sw=w

Kusnandar, K., Padmaningrum, D., Rahayu, W.,
& Wibowo, A. (2013). Rancang Bangun
Model Kelembagaan Agribisnis Padi Organik
dalam Mendukung Ketahanan Pangan. Jurnal
Ekonomi Pembangunan, 14(1), 92-101. https:
//doi.org/10.23917/jep.v14i1.163

Liboni, L. B., Cezarino, L. O., Carrijo, M. C., &
Junior, R. T. (2015). The equipment supply
industry to sugar mills, ethanol and energy in
Brazil: an analysis based in leading companies
and key-organizations of sector and of LPA of
Sertdozinho.  Independent  Journal  of
Management & Production, 6(4), 1070-1096.
https://doi.org/10.14807/ijmp.v6i4.337

Lukoko, P., & Mundia, C. (2016). GIS Based Site
Suitability Analysis for Location of a Sugar
Factory in Trans Mara District. International
Journal of Sciences: Basic and Applied
Research (1JSBAR), 25(3), 324-339. Retrieved
from http://gssrr.org/index.php?journal=Jour
nalOfBasicAndApplied&page=article&op=vi
ew&path%5B%5D=5353&path%5B%5D=27
63

Marimin, & Nurul, M. (2011). Aplikasi Teknik
Pengambilan Keputusan dalam Manajemen
Rantai Pasok. Bogor: IPB-Press.

Marin, F. R., Jones, J. W., Singels, A., Royce, F.,
Assad, E. D., Pellegrino, G. Q., & Justino, F.
(2013). Climate Change Impacts on Sugarcane
Attainable Yield in Southern Brazil. Climatic
Change, 117(1-2), 227-239. https://doi.org/
10.1007/s10584-012-0561-y

Mendas, A., & Delali, A. (2012). Support system
based on GIS and weighted sum method for
drawing up of land suitability map for
agriculture. Application to durum wheat
cultivation in the area of Mleta (Algeria)
[Sistema de apoyo basado en SIG y método de
la suma ponderada para elaborar m. Spanish
Journal of Agricultural Research, 10(1), 34—
43. http://dx.doi.org/10.5424/sjar/2012101-29
3-11

Copyright © 2019 Universitas Sebelas Maret



244 Caraka Tani: Journal of Sustainable Agriculture. 2019. 34(2), 232-244

Mercy, M., Judith, O., Patience, M. &
Mwanarusi, S. (2013). Does Contract Farming
Improve Smallholder Farmers Income ? The
Case of Avocado Farming in Kenya.
International Conference of the African
Association of Agricultural Economists, 1-16.
Retrieved from https://ideas.repec.org/p/ags/
aaael3/161514.html

Mukti, G. A. W., & Darwanto. (2016). Strategy of
Strengthening Social Capital of Farmer Group
in Agricultural Development. JEJAK (Journal
of Economics and Policy), 9(1), 62-81.
http://dx.doi.org/10.15294/jejak.v9i1.7187

Nuraini, C., Darwanto, D. H., Masyhuri, &
Jamhari. (2016). Model Kelembagaan pada
Agribisnis  Padi  Organik  Kabupaten
Tasikmalaya. Jurnal AGRARIS, 2(1), 9-16.
https://doi.org/10.18196/agr.2121

Osly, P. J., Widiatmaka, Pramudya, B., &
Murtilaksono, K. (2015). Priority Area
Development of Sugarcane Plantation in
Seram Bagian Timur Regency. Majalah
limiah Globg, 17(1), 33-42. Retrieved from
https://repository.ipb.ac.id/handle/123456789/
79567?show=full

Padilla-fernandez, M. D., & Nuthall, P. L. (2009).
Technical efficiency in the production of
sugarcane in Central Negros Area, Philippines:
an application of data envelopment analysis.
Journal of ISSAAS (International Society for
Southeast Asian Agricultural Sciences), 15(1),
77-90. Retrieved from http://agris.fao.org/
agris-search/search.do?recordID=PH2012000
194

Pusat Penelitian Perkebunan Gula Indonesia,
[P3GI]. (2010). Kajian Pengembangan
Tanaman Tebu di Madura. Bangkalan.

Rokhani. (2012). Penguatan Modal Sosial Dalam
Penanganan Produk Olahan Kopi pada
Komunitas Petani Kopi di Kabupaten Jember.
J-SEP (Jurnal Sosial Ekonomi Pertanian),
6(1), 20-34. Retrieved from https://jurnal.unej
.ac.id/index.php/JSEP/article/view/800

Rukmana, R. (2015). Untung Selangit Dari
Agribisnis Tebu (1st ed.). Yogyakarta: Lily
Publiser.

Saaty, T. L. (2008). Decision making with the
analytic hierarchy process. International
Journal of Services Sciences, 1(1), 83-98.

Retrieved from https://www.inderscience.com
/info/inarticle.php?artid=17590

Sis, Y. S., Hamid, S., Mohammadi, M., &
Hedjazi, Y. (2013). Analyzing Effect of Social
Capital on Performance of Taram City Olive
Farmers Cooperatives. International Research
Journal of Applied and Basic Sciences, 6(5),
592-597. Retrieved from http://www.irjabs.
com/files_site/paperlist/r_1730 13101412121
1.pdf

Sulaiman, A. A., Sulaeman, Y., Mustikasari, N.,
Nursyamsi, D., & Syakir, A. M. (2019).
Increasing Sugar Production in Indonesia
through Land Suitability Analysis and Sugar
Mill Restructuring. Land, 8(4), 1-17. https://
doi.org/10.3390/1and8040061

Waswa, F., Gweyi-Onyango, J. P., & Mcharo, M.
(2012). Contract Sugarcane Farming and
Farmers’ Incomes in the Lake Victoria Basin,
Kenya. Journal of Applied Biosciences, 52,
3685-3695. Retrieved from http://www.m.ele
wa.org/JABS/2012/52/5.pdf

Xiao, Z., Liao, X., & Guo, S. (2017). Analysis of
Sugarcane Juice Quality Indexes. Journal of
Food Quality, 2017, 1-6. https://doi.org/10.11
55/2017/1746982

Yu. J, Chen, Y., & Wu, J. (2009). Cellular
automata and GIS based landuse suitability
simulation for irrigated agriculture. 18th
World IMACS/MODSIM Congress, (July), 13—
17. Retrieved from https://pdfs.semanticscho
lar.org/28a2/4ce97167e07f3b333dd8037f722
42ed347d3.pdf

Yu, J., Chen, Y., Wu, J., & Khan, S. (2011).
Cellular automata-based spatial multi-criteria

land suitability simulation for irrigated
agriculture.  International  Journal  of
Geographical Information Science, 25(1),

131-148. https://doi.org/10.1080/1365881100
3785571

Yustika, A. E. (2008). The Transaction Cost of
Sugarcane Farmers: An Explorative. Jurnal
Ekonomi Dan Bisnis Indonesia, 23(3), 283—
301. https://doi.org/10.22146/jieb.6340

Zhao, D., & Li, Y. (2015). Climate Change and
Sugarcane Production : Potential Impact and
Mitigation Strategies. International Journal of
Agronomy, 2015, 1-10. http://dx.doi.org/10.
1155/2015/547386

Copyright © 2019 Universitas Sebelas Maret



