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Abstract — Oil palm plantations as one of the sexiest
commodities; produce a high yield of oil and fat that
can be used in various sectors. The prospect of oil palm
and its derivative products is good, but there are
obstacles and problems faced that are mainly related to
sustainability issues in oil palm plantations and its
downstream process. Therefore, it is important to
study the decision-making process that is needed to
develop sustainable palm oil agroindustry. This paper
aims at providing a comprehensive literature review
for the decision support system for sustainable
agroindustry. Totally, 189 scientific publication articles
from 2008 to 2019 were reviewed and synthesized. The
reviewed articles were categorize based on the
keywords of palm oil sustainability, geographic
information system (GIS), and decision support system
(DSS). The research gap and pointers for future
research that are identified is the lack of sustainability
aspect inclusion on the decision-making process. We
also identified the lack discussion of integrated spatial
and intelligent tools through DSS for better, faster, and
smarter decision-making process. In the end part of the
paper, a pointer for possible future research was
developed in terms of the combination through spatial-
intelligent system applying business analytics for
sustainable agroindustry.

Keywords — Decision Support System (DSS), Geographic

Information System (GIS), palm oil downstream,
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1. Introduction

Indonesia oil palm plantations are the largest in the
world, with 51.37 % owned by private enterprises,
6.32 % owned by state enterprises, and 42.31%
owned by smallholder farmers [1]. Ref. [2] has been
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stated that oil palm plantations have been widely
developed not only by state enterprises, but also by
private enterprises and smallholders. Due to the
productivity and economic benefits, oil palm
plantations grow rapidly [3], especially ones that are
developed by smallholder farmers. Also, oil palm is
also known has low production costs and can
produce more oil from less land [4]. This makes oil
palm is ‘being sexy’, because with not too large
investments, high economic returns from oil palm
plantations can be obtained with limited labor and
minimal maintenance. The oil palm plantations also
led to its agroindustry expansion [5], [6] in
Indonesia, driven by the global demand growth for
oil palm products and its development to people’s
economy [7] that also will gain the downstream jobs
[8]. The wide area evolves of oil plantations is due
to its production purpose in many aspects both for
food, chemical, and biofuel [9], [10], known to have
a beneficial contribution and competitive advantage
in its use [11], [12]. This is also related to the
prospect of developing palm oil downstream which
is expected to be excellent because of the increasing
demand and world dependence on palm oil products
in the present and future [13], [14]. Ref. [15] present
that 87% of the oil and fat’s world demand comes
from vegetable oils and this need has increased by
14.1% in 2012-2016 and continues to increase every
year. Therefore, Ref. [9] stated that the oleo-food,
oleo-chemical and biofuel industries have a
production capacity of 42.9 million tons/year in
2015-2019 to reach 75 million tons/year from 2025-
2035. The development plan of the palm oil
downstream industry's production capacity is also
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predicted to increase the demand for palm oil raw
materials by 25.30 million tons/year in 2015-2019 to
47.50 million tons/year in 2025-2035. This is
support by the development of various technological
needs for palm oil downstream starting from oleo-
food production, specialty fats production,
biomaterial production, active material/component
extraction, conversion and purification,
thermochemical and bioconversion, and other
various technologies.

Ref. [16] stated that in macro terms, the prospect
of the Indonesian palm oil industry was quite good,
but the obstacles were quite a lot, such as
overlapping policies, inadequate infrastructure, the
lack growth of downstream industries, the low
selling prices, and the absence of government
coordinated grand strategy to develop downstream
industries. In addition, Ref. [17] also stated that the
challenges for the national palm oil industry
included the demand for higher quality products, the
demand for renewable energy, and the use of palm
derivative products as a substitute for oil, the
Indonesian palm oil campaigns, and the contribution
of the palm oil industry in achieving sustainable
development targets. Thus, the development of
derivative products is essential to increase the value
of palm oil. This is also linking to the development
of new markets both domestic and foreign.

Because of that, oil palm plantations and
agroindustry is also known face controversy because
the rapid development of oil palm contributes to
deforestation, loss of biodiversity, forest fires, and
many social issues [4], [10], [18]. The forest land
use for oil palm plantations also causing threat for
palm oil agroindustry production, so it is needed the
decision-maker to control the development of both
plantations and the agroindustry [19]. These things
also will cause impacts to the oil palm agroindustry,
due to directly negative influence affects to
sustainability aspects including economy, social,
environment, and others. The sustainability issues
also affect to the selling process of palm oil and its
derivative products, the export market rejection due
to the destruction of those aspects. The huge issue
was delivered to oil palm products from smallholder
farmers, it remains problems because of inequitable
practices in the agricultural process resulting in
lower productivity, sustainability issues, and poor
land use [3], [5], [12]. There still exists significant
gaps to achieve sustainability outcome [20].
Furthermore, its agroindustry also produce biomass
waste during the process and causes environmental
problems [21]. To fulfill the downstream policy, the
biomass can proceed into bio-products, biofuels, and
bioenergy [22].

Many researchers have studied the sustainability
of oil palm plantations and the agroindustry, but it

still lacks on showing the actual geographical data
of its sustainability problem and potential
improvement. However, geographical/spatial use of
data to determine the sustainability conditions of oil
palm is needed for ease of decision making, hence,
it can form a policy scenario to improve
sustainability aspects [23]. Ref. [24] also presents
that geographical data through remote sensing
applications based on GIS is useful in support the
sustainability monitoring in oil palm plantations and
its agroindustry. Ref. [2] also stated that the
geographical data i.e. satellite imaginary is useful
for decision making. It is famously known as spatial
decision support, where the geographical attribute
provided to the decision [25]. Due to the previous
statement, GIS becomes an important aspect
included in the decision-making process [26], [27].
Nevertheless, the GIS research in palm oil studied
only in plantations, such as in [12], [24], [27], [28]
but minor in its agroindustry i.e. Ref. [21] has use
the GIS to define the distribution of empty fruit
bunch and select the new area for the power plant.

The decision making of the described condition
is a fundamental part to choose the optimum path of
these issues with the limitations over the meaning
conditions to create policies [29]. Hereinafter, the
complexity of decision making due to the
knowledge differences resulting in the needs of
convenience and interactive media in making
decisions. Decision support systems are known to
facilitate the stages of decision-making into an
interactive computer-based system that imitates
real-world conditions, to help make decisions based
on data and models from the unstructured problems
[30]. To accommodates the decision making
complexity condition, the DSS is applied to provide
the accurately and adequately insight to decision-
makers and helps to formulate decision-making
scenario as a prescriptive approach [11], [31]. The
use of DSS in the agroindustry field is also needed
due to the management opportunities and challenges
face by various decision-makers and stakeholders in
agroindustry. Ref. [32] told that agriculture and its
downstream agroindustry are very complicated
issues with complex challenges resulting in the
declining of profitability. So, DSS is really
important and useful for management guidance.
DSS also knew through its ability to interpret as
information system based on the use of computer
that utilizes decision rules, models, and database
comprehensively to solve problems in interactive,
adaptable, and flexible ways [32].

From the introduction discussion above, the
development of DSS has become a crucial thing to
simplify the decision-making process in sustainable
downstream palm oil-based agroindustry, including
spatial aspect to the decision process in an intelligent
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framework. So, this paper aims to identify, analyze,
synthesize, and compare the models in building the
SIDSS for sustainable downstream oil palm
agroindustry design to find methods, areas of
discussion, approach, and its formulations. The
review was constructed in systematic steps, start
from identifying and classifying the existing
condition and problems of oil palm and its
agroindustry in the introduction section. From the
introduction above, the review process focused on
three main models involved, which are the
sustainability of oil palm, GIS for oil palm, and
DSS. The article analyzes the important concern of
SIDSS comprehensively to map gaps and future
possible research. It also can generate an
improvement based on reviews’ results. The SIDSS
is quite important to discuss, due to the needs of
stakeholders to decide accessible way facilitation.

2. Method

2.1. The framework of systematic
literature review

The literature review was arranged systematically,
started from identifying and classifying the
agroindustry DSS into three main topics. The topics
were sustainability of oil palm, geographic
information system for oil palm, and decision
support system. First, the authors summarized the
articles based on each topic, so articles’
classification and description can be concluded.
Second, the authors synthesized the articles into
cluster or group to see the decision support system
in several articles. Third, it needs to compare all of
the articles based on years of publication and its
development study to find the contrast of previous
studies. Finally, the authors identify the research gap
and pointers for future research, in the end part. The
framework of the systematic literature review is
depicted in Figure 1.

2.2.  Publication source and analysis

The research method was start with selecting articles
that appear through the keywords used, such as
‘smallholders of oil palm’, ‘palm oil downstream
products’, ‘palm oil future prospect product’, ‘palm
oil sustainability’, ‘sustainable of palm oil’, ‘palm
oil geographic information system’, ‘agroindustry
decision support system’, ‘intelligent decision
support system’, ‘smart decision support system’,
‘spatial data mining’, ‘spatial decision support
system’,  ‘spatial-intelligent decision  support
system’, and ‘spatial smart decision support
system’. The selecting articles found through the
keyword used, divided into four main topics
describes in Table 1 with the number of articles

reviewed. The articles were traced using Google
Scholar and Scopus. Totally, 189 scientific
publications that published in 2008 till 2019 related
to the main topics has been reviewed. The scientific
publications overview based on year of publication
shown in Figure 2 and were selected from journals,
proceedings, books, thesis, statutes, and others.
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Figure 1. The literature review process (modified

from [33])
Table 1. The number of scientific articles
reviewed
No Main Topic Quantities
1 Oil Palm 40
2 Sustainability 57
3 Geographic Information System 34
4 Decision Support System 55
Total 186
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Figure 2. The distribution years of articles
3. Results and Discussion
3.1. Palm oil downstream opportunity

Palm oil is extracted from the ripened mesocarp of
oil palm fruits [34], produces crude palm oil (CPO)
from the mesocarp and palm kernel oil (PKO) from
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the inside kernel. The utilization of palm oil reaches
about 90% in the food industry, while the remaining
10% is applied in oleo-chemical manufacturing.
Palm oil has a unique fatty acid profile that makes it
suitable for numerous food applications, it consists
of almost 50-50 saturated and unsaturated fatty acids
composition. These properties make palm oil
increasingly valuable for various uses [35]. The
palm oil composition and its chemical fraction
derivative as shown in Figure 3 and Figure 4. The

main fraction of CPO yields palm oleic as the liquid
fraction and palm stearin is the solid fraction [34]
known as the most beneficial vegetable oils with
high productivity and usable in the various aspects
of human life. Oil palm also contains various
components like fatty acids, glyceride, carotenoids,
tocopherols, beta-carotene, vitamins, and other
micronutrients; that demonstrate major nutritional
and health advantages [34].

Figure 3. Palm oil composition ([36])
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Figure 4. Palm oil chemical fraction derivative ([36])

In the long term, oil palm development and its
derivative products are expected to be a future
economic development and able to improve the
competitiveness [37] behalf on the continuous boom
due to global demand for various uses [38]-[40]
which increase revenue and decrease waste [4].
Otherwise, Ref. [41] stated that the Indonesian palm
oil industry was in a developing condition but only
in the upstream part, while the downstream
development was still very slow and the
composition of exports was still dominated by CPO.
The widely use of palm oil in the world to fulfill
global demand [42], [43] is found literally in every
product from beverages to cosmetics, due to its
highest productivity compare to other vegetable oils
[44]. This being one of the reasons that palm oil
needs to process in producing its derivative products
[9], [45]-[47]; so the lack of Indonesia downstream
palm oil development needs to finish. Ref. [8] also

support the statement of prospects for downstream
employment to industrialize the palm oil resulting
promising economic growth [48]. The palm oil
downstream is thought to be the correct strategy in
ensuring  sustainable  competitiveness  [49].
Numerous opportunities within the palm oil sector
can add value through product diversification or
known as downstream [35]. Palm oil downstream is
an effort of structural change carried out by
Indonesia in order to transform traditional economic
activities as an exporter of CPO into an exporting
country of palm oil derivative products in an effort
to develop palm oil downstream industries so that it
has more added value by processing into semi-
finished or finished products [46] and also higher
export value [49]. Ref. [9] states that the direction of
the development of the palm oil downstream
industry includes: a. Oleo-food industry: oleic,
stearin, glycerol, Palm Fatty Acid Distillate
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(PFAD), cocoa butter substitute, margarine,
shortening, other specialty fats; b. Oleo-chemical
industry: Vegetable fatty acids, fatty alcohols fatty
amines, methyl ester sulfonates (bio-surfactants),
bio-lubricants, glycerin chemical-based, essential
oils, Isopropyl Palmitate (IPP), Isopropyl Myristic,
and Stearic acid; c. Bio-fuel industry: Biodiesel

arotene
— :
Glycerine
%l Tocophenol

(Fatty Acid Methyl Ester/FAME), Bio jet fuel; d.
Feed industry: Rations and animal feed and
supplements; e. Wood products industry:
woodworking, laminated and finger joint. The
scheme of downstream oil palm production flow as
shown in Figure 5.
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Figure 5. The scheme flow of palm oil downstream [9])

In relation to the process of oil palm replanting
program for the downstream palm oil development,
the context of downstream must be seen
fundamentally not only to process CPO into
derivative products that have high added value, but
also from the use of oil palm stems and midribs
which is cut down in the replanting process. Based
on the physical characteristics of the oil palm stem
and the 25 years production cycle (with a replanting

rate of 4%/year) and the assumption of oil palm area
in Indonesia 9.261 million hectares (2011) will
produce palm oil waste is around 81.5 million cubic
meters/year. Oil palm stem and midrib can be used
as bioenergy, its juice can be used as bioethanol,
while the fiber can be processed into pellets that can
be used as a substitute fuel for coal. Other residues
from oil palm oil include trunks, fronds, empty fruit
bunches, fiber, and shells [50]. Utilization of oil
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palm trunks for bioenergy can be as an alternative of
downstream palm oil development in the aim of fuel
independence which suppresses import substitution
and renewable sources of raw materials [21].

Ref. [51] has conducted research related to the
manufacture of bioethanol from oil palm waste with
enzymatic treatment, so that the flow of bioethanol
process becomes one of the potential downstream
pathways. The scenario of oil palm biomass used for
bioelectricity also has risen in various studies [52],
[53]. In addition, Ref. [54] states that the
development of the bioethanol industry based on
palm oil waste is interesting to develop because of
the abundant availability of raw materials.
Moreover, biodiesel also one of the downstream
important steps due to its benefit in renewable
transport fuel [55]. The structure of the palm oil
downstream path reconsiders the palm oil along
upstream to downstream chain, Ref. [52] model a
palm oil supply chain structure in estimating the bio-
products path of conversion based on demand and
supply-driven; also its technological conversion
rate. Further, Ref. [56], [57] also state that the
government has promoted the energy mix policy by
using biofuels palm oil-based to decrease the
environmental impacts. The sustainable use of
biofuel is one of a further milestone in downstream
through the roadmap for future possible biofuel
industry [58] to raise community awareness of
biofuel benefits to reduce carbon emissions.
Furthermore, the collaboration among all the
stakeholders in the chain will build the main strategy
to push the palm oil industry toward sustainable
production requirements [59], [60].

In other views, a downstream policy of palm oil
generated new opportunities for smallholders to
participate in the process [61], [62]. Smallholder
farmers of oil palm known as one of the most
important stakeholders in supporting palm oil
downstream policy, due to the 42.31% palm oil crop
is owned by smallholder [1], [63] because of its
benefit in socio-economic. Smallholder has the
potential power to increase downstream process to
secure mutual advantage [64] in both upstream and
downstream process [65], developing successful
strategies for future sustainable downstream in both
sectors [66] and knowing the ability of oil palm
plantation to downstream development and its
potential to improve business opportunity [67].
Otherwise, one of the challenges facing in the
downstream process is the low productivity and
sustainability of the smallholder plantation [68]
causing some social and environmental destruction
[63]. The sustainable intensification of smallholder
plantations is expected to be knowledgeable to
maximize their productivity [69]. As we know, the
major problems of oil palm plantation and its

agroindustry are related to the environment aspect,
i.e. Ref. [70] stated that biomass-based energy is still
questionable because of the environmental and
social impacts contribution. Then, Ref. [71] also
states that Indonesia palm oil industry faces several
challenges to implement sustainable practices along
the supply chain, including to increase smallholder
palm oil productivity. Furthermore, most
smallholders are  underperformed regarding
sustainable production practices and mostly have no
certificate [72] and causing indirect impacts in long-
term sustainability [73]. The plantations expanding
also has led to unsustainable land use [52], climate
change [38], and other negative environmental-
related impacts due to the less intention in
controlling the plantation [74].

The palm oil produced from smallholder
plantation also resulting in the lower yield and
quality than the other stakeholders. Then, lack of
capital or financial access is one of the obstacles
happen to smallholder in developing their plantation
[75]-[78], moreover the use of unidentified seedling
and minimum technical support of plantation
resulting this gap of quality and at low efficiency
[18]. Meanwhile, plantations’ productivity and
downstream capability highly depend on supply-
driven [79], [80]. Furthermore, the obstacles that
happened need government support to improve in
nurseries for high-quality seeds and agricultural
practices [81], [82]. Moreover, palm oil industry
growth and environmental quality improvement can
achieve by good agricultural  practices
implementation [75], [76]. Also, most of obstacles
happened through the smallholders has hugely
proposed solutions by previous studies like in Ref.
[63], [82]. The various previous researchers
conclude that the main problems and solutions
proposed to palm oil plantation-to-industry is related
to its sustainability wider aspects, resulting in un-
appropriate quality and products decline by market.
It concludes because the favor of short-term
economic gain over sustainable development [83].
These sustainability-risen issues also made
decision-makers need to rethink due to negative
influences on the environmental aspect which
indirectly affect the economic aspect. Due to the
economic significance of oil palm as an industrial
crop, the acquisition of accurate and timely
information about its agronomy is critical for the
realization of best management strategies [28], [71].
In Ref. [69], the progressive initiate of sustainability
would provide the opportunity to increase
productivity and market access significantly.
Moreover, the fact of the involvement of
smallholders in palm oil downstream policy needed
the work of government intervention policies.
Moreover, the fact of the involvement of
smallholders in palm oil downstream policy needed
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the work of government intervention policies [84]
both ways to enhancing the sustainability of
smallholder practices and global market acceptance.
It can achieve through sustainability certification
owned by smallholders that potentially will support
better livelihood [85], [86]. By its sustainable
production and its certification, smallholders can
optimize yields, get fair prices, give positive social
impacts, and release minimal environmental impact
[72]. It also concludes that palm oil certification will
increase the profitability of smallholders and other
related benefits [87] and technical efficiency can
improve through socio-economic aspects of
smallholder farmers [5]. However, the sustainability
researches still needed to support the downstream of
palm oil based agroindustry.

3.2.  Approach and method for oil palm
sustainability

3.2.1  Sustainability definition, current issues,
and standard

The sustainability concept has arisen along with the
environmental issues and other aspects, involved
globally to increase productivity and cost efficiency
also processes in upstream to downstream business
[88]. With this statement, the discussions of
sustainability concept continue to develop and being
published in various studies, increasingly. The
sustainability concept holds the principle of the
natural balance needs and avoids the natural damage
that will threaten human life in the present and
future [88]. Sustainable development is known as an
effort to improve the lives quality so that humans
can live in a healthy environment, improve social
conditions [89], and opportunities to continues
improvement [90]. Based on the three main pillars
concept of the sustainability aspect, there are the
economic, social, and environmental aspects. In
addition, the development of sustainability aspects
concept also known as the 3P (Profit, People, and
Planet) concept [13]. The view of the sustainability
concept does not only consider economic
development in environment concept, but also other
important aspects in the form of social society. The
statement support by Ref. [88] whose states that
natural resources should be utilized by paying
attention to aspects of equity and social justice for
stakeholders. The social sustainability system needs
to be emphasized on improving quality rather than
quantity growth aspect, it can be achieved through
systematic community participation. In addition,
Ref. [91] also holds that besides the economic and
ecological/environmental dimensions, the concept
of sustainable development also needs to pay
attention to social aspect to equitable distribution of
benefits, participation, community empowerment,
and the elimination of poverty. Furthermore, the

understanding of the sustainability concept has
developed a lot, not only on the three main pillars,
but has considered several aspects such as
technology, politics, and even institutions [92]-[94].

International interest in sustainable agriculture
[39], [95] leading to how the issues of sustainability
become the most important aspect to concerned
about. The higher consumer expectation and the
debate around the sustainability demand is a
necessary condition to fulfill [96]. Its sustainability
mindset is exceptionally challenging but gives huge
implications; not in plantations but also in the
industry side [97]. Moreover, the sustainability
issues need to take care to meet the standards across
the value chain [85], [98] and the sustainability
standards being crucial as guidance to sustainable
practices in agricultural-related sectors [59], [85],
[99]. The palm oil sustainability also facing
unresolved debate [100] and rising of sustainability
concerns resulting from several standards and
certifications as the policy design [98], [101], [102]
to secure sustainability issues. Moreover, the
certification becomes a prerequisite for tradable
products to get market access and product legality
[103]. Based on the previous statement in various
issues of palm oil sustainability, the implementation
of a sustainable system and its assessment is a must
and needs to be urgently explored. Meanwhile, the
best strategy for sustainability improvement is
focusing on operations [104]. According to [105],
sustainability assessments ideally should be more
focused on determining appropriate indicators on
the development of objects studied. However, the
sustainability assessment depends on the indicators
chosen [42]. Starting from setting the target to
determining the best practice decisions is very
reliant by the most suitable used indicators
determined. The sustainability assessment has to
minimize the negative impacts, also maximizing the
potential of sustainability  benefits  [106].
Sustainability assessment indicators that have risen
in palm oil are based on the sustainability standards
that have been published, the sustainability
standards used in oil palm practices include the
Roundtable of Sustainable Palm Oil (RSPO) and
Indonesian Sustainable Palm Oil (ISPO) which
focus on plantations, processing and manufacturing,
and palm oil-based industries. The RSPO is a global
organization that issues certification for oil palm
plantations and agroindustry, the RSPO sets 128
assessment criteria for the sustainability of oil palm
[36]. Whereas, ISPO is a policy issued by the
Indonesian  government to  increase  the
competitiveness of Indonesian palm oil on the world
market [99], with 94 criteria for assessing the
sustainability of palm oil. The ISPO criteria are
specific for smallholders [72], including land
certificate obligation, contractual guidelines, and
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good agricultural practices. The RSPO and ISPO
certifications should become the guidance in regards
to fulfilling the applicable sustainability action in
palm oil-related sectors.

3.2.2  Sustainability method and approach

Previous sustainability assessment in the palm oil is
based on determining indicators focused by
conditions that resulting a comprehensive
assessment. The Analytical Hierarchy Process
(AHP) method used in [107] to assess bioenergy
sustainability index using economic, social, and
environmental aspects. The Analytical Network
Process (ANP) method used by [13] with BOCR
(Benefit, Cost, Opportunity, Cost and Risk) criteria
the developing the palm oil industry and its
derivative products based on the social,
environmental,  technological, political and
economic dimensions. A study of the sustainability
of the palm oil industry in the concept of industrial
clusters by using the Multi-Dimensional Scaling
(MDS) method with an assessment of the economic,
social, environmental, infrastructure, technology,
and institutional dimensions [108]. Further, a study

on the palm oil biodiesel products sustainability
using the Life Cycle Assessment (LCA) method
which focuses on identifying global environmental
aspects and impacts related to oil palm cultivation in
Indonesia [109], also a review of sustainability
aspects for improving the performance of the palm
oil supply chain with an assessment of the economic,
social, environmental and technological dimensions,
the authors used ANP-BOCR method [3].
Furthermore, [53] also carried out sustainability
assessments for bioenergy from oil palm using the
MDS method by taking into account environmental,
economic and social dimensions; the aspects choose
through the standards set out in the Global
Bioenergy Partnership (GBEP). The various
methods used for the assessment of sustainability
indexes with such indicators as summarized as in
Table 2 and Figure 6 can be considered as a model
for the sustainable development of independent
smallholders' downstream oil palm development in
Indonesia. Based on a study of these previous
studies, this study will try to combine all aspects of
the study to assess sustainability in the downstream
oil palm of independent smallholders as a new future
possible research.

Table 2. Previous studies about palm oil sustainability

Authors  Year  Object Env  Eco So Tec Pol Ins Method
[107] 2013  Wood-based bioenergy N N N N N AHP
[13] 2014  Palm oil industry Y S v oA v ANP-BOCR
[99] 2014  Qil palm plantation y S \ MDS
[107] 2014  Palm oil based biofuels Y \/ \ Peer-reviewed
[108] 2015  Palm oil industrial cluster Y S \/ Y v MDS
[99] 2016  Oil palm plantation y S \ MDS
[100] 2016  Palm oil based biodiesel Y S v oA N Descriptive analysis
[109] 2017  Palm oil based biodiesel Y S Y LCA
[63] 2017~ Smallholder oil palm y \ \ \ In-depth interview
plantation
[65] 2017 Palm oil supply chain Y S \ Performance analysis
[3] 2018  Palm oil supply chain \ S \ y ANP-BOCR
[53] 2018  Palm oil based bioenergy \/ S \/ MDS
[23] 2018  Palm oil based biofuels Y S v oA Peer-reviewed
[110] 2018  ISPO y S \ \ Descriptive analysis
. . - Palm oil sustainability
[20] 2019  Biogas in palm oil mills y S \ assessment

Env = Environment; Eco = Economy; So = Social; Tec = Technology; Pol = Policy; Ins = Institution

The AHP and ANP methods used for
sustainability index assessment is a supporting
model through the multifactor problems and
complex multi-criteria breakdowns into a structured
hierarchy or network [111]. This method is used to
obtain relative priority interests based on the
individual judgment that is influenced by all
systematic dependencies in the structure [112].
However, the sustainability index valuation method
use AHP or ANP has disadvantages because
qualitative assessment of experts has a large impact
on the results of the weights obtained [113], [114]
and the results obtained are difficult to converge due

to differing consistency of expert ratings. Another
comprehensive method used for sustainability
assessment is the LCA method that measures the
impact of environmental sustainability by
integrating economic values and integrating the
entire supply chain development cycle from the
very upstream to the downstream. LCA
comprehensively evaluates the environmental
impact on the life cycle of a product or service
which includes infrastructure, energy supply, raw
material extraction, manufacturing (cradle-to-gate),
cradle-to-grave distribution [115]. However, in the
use of the LCA method, the main factor that is
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considered in the assessment is the environmental
dimension, while the other dimensions become the
supporting  dimensions  for  assessing  the
environmental dimension [116].

Another study on sustainability assessment used
the Multidimensional Scaling (MDS) method. Ref.
[53] state that MDS method is considered to have
advantages because of several things, namely: 1)
flexible weighting can be carried out on
sustainability aspects, 2) able to visualize
sustainability for each aspect or dimension in a
simple aggregate dimension horizontally, with a
range of sustainability scales ranging from 0% to
100%, interpreted qualitatively as the lowest level
of sustainability to the highest level of
sustainability. In addition, the parameter that
becomes a measurement in determining the
sustainability status of a program using this method
is concluded in the form of a sustainability index.
Ref. [92] also stated that MDS is a statistical
analysis to find out the similarities and
dissimilarities of variables described in geometric
space. The size used to measure the relationship
among objects is proximity, which means the
closeness of one object to another. Based on this,
the MDS method is the most appropriate method
that can be used for evaluating the sustainability
index.
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Figure 6. The sustainability aspects studied

Furthermore,  sustainability — assessment
indicators, as stated in Table 2, is based on
environmental dimension, economic dimension,
social dimension, technological dimension, policy
dimension, and institutional dimensions that have
been chosen to assess the sustainability of the
independent smallholders’ palm oil downstream. In
this study, the addition of the technological
dimension is important to note because it influences
the improvement of the quality of sustainability
standards for independent smallholders’ palm oil
downstream, the technological dimension is also
considered important concerning performance
evaluation and supply chain risk that occurs in
independent smallholders in the palm oil supply
chain [3]. Ref. [52] claimed that technology plays
an important role in the downstream process

concerning the supply chain. It is also stated that the
technology transfer capability is one of important in
agricultural practices to produce higher palm oil
productivity [74]-[76]. The policy dimension is
considered important because it is very relevant to
government policies in supporting the program for
the downstream of palm oil which has been
proclaimed through oil palm replanting, training in
Good Agricultural Practices (GAP), creating
beneficial markets conditions, and mandatory for
oil palm consumption and taxes [117], [118]. It is
also connected to institutional and economic
development [119]. Meanwhile, institutional
dimensions are important to be considered in
independent smallholders’ palm oil downstream,
due to in the implementation of downstream oil
palm there are several challenges in terms of
independent smallholder land certification, high
capital needs, and institutions that are not active in
their function to accommodate oil palm supply
chain activities [120], [121]. Moreover, Ref. [45]
stated that the institutional role is needed due to the
relation of sustainability aspects among many
stakeholders. Finally, technological and
institutional aspect in sustainability will impact in a
higher quality product that increases the
smallholders benefit [85] and ensure sustainability
of smallholder productivity [75], [76]. Otherwise,
technology and institution still lacks in discussion
compared to others aspects and it is a novel of future
research.

3.3.  Geographic information system (GIS)
and its usage

The GIS mainly used to collect spatial data and
support spatial analysis [122]. The GIS techniques
can provide a powerful analytical technique for
precision agriculture [2], [123]. This technique is an
integrated model between the database management
system (DBMS) and the global positioning system
(GPS) to produce a spatial representation of data
and information, used maps as the basis of decision
making [124]. Many agricultural fields have data
based on geographical attributes, so that GIS is an
important tool for use in agricultural analysis. Based
on this, GIS is important to be incorporated into
DSS [27], [32]. GIS is considered powerful
decision-supporting tools capable of performing
spatial engineering analysis in several different
environmental modeling application [2]. The
benefits of GIS that the system is accessible anytime
and anywhere, also the users can know the
environment of oil palm plantations that can be used
to help in plantations managerial and the
implementation of better practical management
[123], [125]. Meanwhile, the information of palm
oil will narrow to sustainable productivity and a
better assessment of its aspects [126]. From the
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previous statement, spatial planning frameworks
will illustrate the nature of sustainability challenge
[56] and its monitoring system-generated data that
can help to improve sustainability and prioritizing
poorly performing and rapid response to problems
[127]. Meanwhile, estimating the positive and
negative impacts of sustainability require accurate
maps [128] and the inclusion of its geographic
aspect will provide more confident policy
recommendations [129] to compiled into the
decision-making tool [65]. It is hoped will help to
increase the sustainability performance while also
providing important information to decision making
[130] and develop better knowledge [131] on
conducting sustainable downstream palm oil into
the SIDSS.

The GIS or remote sensing technology is widely
used, for estimating the age of plants and counting
trees [132]-[135]. The remote-sensing technology
can use for abandoned oil palm plantations [12] and
oil palm growing areas [136]-[138]. In managerial
oil palm, high-resolution remote sensing images are
very important, especially in decision making.
Independent smallholders’ oil palm plantations
research is done by [12] used satellite imagery with
a 30 meters spatial resolution to identify and
classify plantations. This research was conducted
based on plant development to determine the
characteristics of vegetation changes. Planning for
good and optimum land use needs to be done to
increase productivity, which not only focuses on
economic aspects but also environmental
conservation aspects [2], [139]. Meanwhile, the
smallholders mapping is needed in term of
improving the legality of smallholders [47] and also
to achieving sustainability goals and more efficient
land-use [78]. Therefore, smallholder oil palm
plantation being a great challenge due to its limited
spatial information in scientific-based [68].
Otherwise, [52] claimed that his study of modeling
palm oil supply chain geographically was done for
the first time and had not been used in other studies
before; it is provided with a proper technique of
application and implementation [132], moreover
this may ultimately help to gain access to good-
quality baseline information [136].

Ref. [2] state that the translation of satellite
images into data is useful in decision making and
the artificial intelligence used are the convolutional
neural network (CNN) and genetic algorithm (GA)
methods. This is useful for converting satellite
image data so that it can be utilized in decision
making, by making a scenario for land use
sustainability with maximizing economic factors,
minimizing CO,, and minimizing land degradation.
The use of CNN for satellite image processing is
known to produced accuracy between 75-91% [27],

as a method inspired by the biological nervous
system, this method produces simple but
interconnected functions [2], while GA is used for
multi-objective optimization. The study used CNN
and GA methods to produce the optimum solution
by taking into account the spatial aspects, namely
the height of the land. The CNN method is used to
classify plant types in the research area, then the
optimization process is carried out with the GA
method to produce the most optimum solution for
precision agricultural and agroindustry problems.

Ref. [9] conducted development of the
classification of oil palm plantations with a rule-
based approach to extract attributes from the oil
palm plantation area based on the NDVI
(normalized difference vegetative index) value.
Based on the results of the research, it can be seen
that oil palm plantations can be classified as
abandoned plantations, abandoned plantations, and
others. The level of accuracy of the modeling is
known to be 92 + 1% based on spatial assessment.
A visualization development of plant diseases that
occur in oil palm plantations for better practical
management [37] modeled in stages, including the
collection of satellite image data, the construction
phase of the three-dimensional model, and the
development and implementation of the system’s
phase. Furthermore, the spatialized production
model has been studied by Ref. [140] to modeling
sustainable pam oil resulting in the allowance to
simulate a sustainable production model and
underline the potential use for decision making.
Ref. [141] has conducted spatial research to
accommodate transportation networks to balancing
the supply and demand of palm oil narrowing to the
enviro-economic optimization. Moreover, Ref.
[142] conducts the simulation scenario models of
lowering environmental impacts through a spatial
database, resulting the lower impacts but depends
on economic dimension planning. Ref. [143] also
develop the spatial planning for sustainable oil palm
biomass to result cost-effectiveness and mitigate
transboundary haze.

3.4. Decision support system
3.4.1  Decision support system definition

The DSS can interpret as an information system
based on the use of the computer that utilizes
decision  rules, models, and databases
comprehensively to solve problems in interactive,
adaptable, and flexible ways [32], [144]. DSS is
known as a technical services response to a work
procedure in order to accumulate, analyze,
complete, verify, suggest, and show evidence of
fact-based evaluation, finding, conclusions, and
recommendations [145]. DSS can centralize the
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data and information, thus concludes that the
decision can be taken quickly and precisely [11] and
used in expert knowledge modeling [146]. The DSS
as a knowledgeable system helps the decision-
makers to take decision soon in an emergency
[147]. Since the DSS was built in the 1970s, it has
been a huge source of help with different
management problems in a wide area. The DSS
uses is known as a guideline to use information
effectively and efficiently [32] that is focused on
supporting and improving managerial decision-
making [148].

The DSS needs to simplify decision makers
to take a credible decision from a set of feasible
alternatives limited by specific constraints [11],
although it will never completely change the
cognitive capacity in making multiple decisions
[149]. It also intended to describe the elements of
the systems in detail, so it can support the decision
making process [150] more efficient because it is
faster, cost-effective, and more practical [151]. DSS
also facilitating the accelerated learning/acquisition
of the knowledge and its improvement as a result of
the organization and representation effort [152].
Thus, DSS is applied as an interactive computer
program that uses analytic methods for developing
models to help decision-makers formulate
alternatives, analyze their impacts, and interpret and
select appropriate strategies for implementation
[32]. With the flexible and interactive
characteristics of the DSS, the system helps the
decision-maker adopt a problem-oriented approach
for solving the problem effectively, efficiently
[153], and supportively help users to make better
and consistent decisions [148]. But, it also needs to
consider the impact of a decision-making process
that may have negative consequences [149].
Furthermore, the DSS is highly needed in the
agricultural related sectors, which has a high risk
with such complex, diverse, uncertain, multiple
levels of abstraction, and characteristics of
agriculture product [32], [152], [154]. The DSS for
agriculture related sectors impact to tackle complex
problems and utilizing best available data and
knowledge about best practices [155]. The use of
DSS in agricultural-related sectors have been
widely used; such as in rubber agroindustry [150],
[151], oil palm plantations development [37], [156],
the supply chain for palm oil based-bioenergy
[157], optimization in palm oil industrial waste
[158], [159], horticulture supply chain management
[160], oil price forecasting [161], coconut new
product concept [162], traceability for tuna [163]
and much more.

Based on the types, Ref. [32] differentiates DSS
into three types, that are a passive DSS, an active
DSS, and a cooperative DSS. A passive DSS knew
as a system that aids the decision-making process
but it can’t conclude decision solutions. An active

DSS can conclude decision solutions. Furthermore,
a cooperative DSS is the most attractive DSS equal
to previous DSS, because it permits the decision-
makers to modify, complete, and refine the decision
solutions  continuously till the consolidated
solutions are generated. Due to this, the DSS also
develops into several models, fulfilling the previous
failures’ models to meet the needs and requirements
of users, also in which environment the DSS being
implemented [32] and the needs of the judgmental
reasons for the made decisions [164]. The models of
developed DSS to accommodate the needs and
requirements in scientific articles depicted in Figure
7. From the articles that have been reviewed, there
is only 4% of articles that focused on the SIDSS.

. SIDSS
4%

Figure 7. The developed DSS in articles

3.4.2  Decision support system development

Many types of DSS has developed by authors, but
we briefly review three types of DSS that arise in
the latest era. The DSS as depicted in Figure 7 is
IDSS, SDSS, and SIDSS. Firstly, Intelligent
Decision Support System (IDSS) as one of the
evolution types of DSS, provide users the intelligent
assistance capability that significantly improves the
decision making quality [148]. IDSS has been used
widely for prediction, optimization, and decision
making challenges [165]. The IDSS appear due to
the previous systems that are lack of efficiency,
limited computational ability, inadequate, and
impreciseness nature of handling sustainable
problems. Despite, the IDSS have used for high
computational power of intelligence system to
integrate, analyze, and share a large volume of
unstructured data in real-time, using the diverse
analytical technique to discover sustainable
information suitable for better decision making.
This includes knowledge management component
which stores and manages a new class of emerging
artificial intelligence (Al) tools such as machine
learning and case-based reasoning and learning,
playing the intelligent assistant role to the decision-
maker [148], [166]. It also consists of a set of
linguistic language or a set of fuzzy predicates to
express knowledge [146]. The inclusion of the Al is
as an effort to develop computer-based systems that
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mimic human qualities, intended to improve the
ability of decision-makers to better perform their
duties and work together [152], [167]. This Al also
completely give a new approach to DSS [168] and
incorporating more complex representations for
data and more intelligent capabilities [169].

Ref. [152] states Al is a study to make computers
do things at which, at the moment, people do better;
it contributes to knowledge representation, search
strategies, and reasoning methods. The Al tools are
useful to extracting knowledge from previous data
and decisions that give DSS capability to support
repetitive, complex real-time decision making. The
widely use of IDSS has shown a significant impact
in improving consistency, transparency, and
objectivity of decision making [144] through
specific knowledge and a variety of data mining
tools and technologies [170]. The terms of IDSS
also known of its adaptability, to change with
learning capacity and to provide decision-makers
with the capacity of making rational decisions in
real-time [171], which defines as the system’s
ability to change in its environment to ensure
continuing survival [152], [171] and many studies
focusing on IDSS rather than Al systems.
Meanwhile, the IDSS known as the result of DSS
and Al that combined, also stated that IDSS is
designed and developed using several Al tools
[157]. In IDSS, the activities in decision making
including data acquisition, data pre-processing, and
data transformation [172]. The IDSS design must
present the ability of how the problem solved by the
decision-maker and then present this ability into a
computer-based interface [122], the structure of
IDSS design has not changed even the technologies
have [173].

In Ref. [153], IDSS used to evaluate and select
ships under uncertainty in marine transportation,
using a multi-criteria method known as fuzzy multi-
criteria analysis. They designed IDSS to help the
decision-maker to choose the most suitable ship in
a user-friendly manner by allowing the decision-
maker to express their requirement linguistically. In
Ref. [157], an IDSS used to search the optimum
supply path in used palm oil-based bio-energy in
due to its supply chain perspectives. The authors
recommend integrating the method used with fuzzy
logic in the last section. In Ref. [174], a smart DSS
developed for rice irrigation management and
planning for future climate change forces scenario.
The benefit of smart-DSS is decision-maker can
make fast-decision due to comprehensive rapid
simulation and more practical.

Secondly, a DSS that support semi-
structured spatial problems in decision making is
needed because of its effectivity support in decision
making of spatial aspects that cannot be modeled or
measured [175], therefore the spatial decision

support system (SDSS) framework was created to
identify and compare to spatial decision problems.
Based on the previous statement, the GIS is
considered a generator for SDSS due to its power
and efficient function to store, retrieve, analyze,
manipulate, and display large volumes of spatial
digital data and to create maps [151], [175]-[177],
also accommodate multiple attributes in making
better decisions. The using of SDSS plays a huge
role due to its more possible decision modeling of
external data, including more practice visualization
to show the problems and solutions scenario to
decision-makers [26], [178]. The use of spatial data
has more advantages to provide decisions to support
more available data to captures [26], it also supports
by Ref. [179] whose stated that SDSS looks at the
problem situations to cover the entire problem
posed, yet GIS only looks at the data. The SDSS is
also known as an extension of GIS software to
support decisions [180].

Furthermore, most of the agricultural data have
geographic attributes, so GIS is an important tool
for agricultural analysis and including GIS into DSS
[32] and real decision support tools [181]. This also
stated by Ref. [166] that in the era of global village,
the geographical and temporal boundaries are
shrinking rapidly as a key element in decision
making management. Ref. [177] also stated that due
to the wide range of spatial information, the SDSS
is qualified to be used. It will allow and encourage
stakeholders to access and participate in the
decision-making process with the awareness of the
existence of spatial data and scientific models. The
SDSS also has proliferated into individualizes
location-based services, dynamic systems taking
advantage of frequent data updates and public
sector decision support applications relying on
public participation and abundant data streams
collected from a variety of location-aware sensors
[26].

Lastly, the combination to integrate spatial
data techniques with the intelligence tools provide
the ability of the DSS to apply both statistical and
mining techniques in the spatial form [182], it
makes the decision makers have a wide view [29]
of the current situation from different perspectives
due to the different data nature. The integration of
all technologies in one unified system can provide
an intelligent interface for data storage, database
access, and data display using GIS; also provide
expert assistance in the decision making process
[183] as a spatial intelligent DSS (SDISS)
framework. The main contribution of SIDSS is the
possibility to integrate the other sources with spatial
data to take better decision recommendations [182].
Ref. [122] integrate spatial information and
computational intelligence in a system to simplify
the decision making in selecting site and location
alternatives for industrial. The system consists of
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classification alternatives for the industrial site
using GIS and site selection using the neuro-fuzzy
system. They claimed that it needs only three days
of the process to classify industrial sites alternatives
using the GIS and IDSS. Then, Ref. [151] had
developed SIDSS to measure and select the best

strategies

agroindustry,

in rubber
conditions,

of green
consists

productivity
of spatial

productivity level and index, and its best strategies.
The summary of the developed DSS topics
reviewed is as described in Table 3.

Table 3. The DSS topic’s reviewed

Topic Journal Title Authors Year Object Description
AFITA 2010 Agriculture The framework of IDSS proposed for supply
International [154] 2010  supply chain chain management to negotiate prices and to
Conference management balance risks.
. An IDSS was developed to optimize
: Horticulture . .
Jurnal Teknologi . horticulture supply chain management,
- : [160] 2010  supply chain . . . -
Industri Pertanian consists of 8 models including planning
management s -
process till its transportation.
The IDSS proposed by authors conclude that
. the system has the impacts to improve the
égﬁ:'ﬁiﬁ()ﬂ [184] 2011 Medical therapy  clinical quality of decision making and
puting affecting the services’ relationship between
£ patient and doctor.
2 . . The IDSS used to search the optimum supply
>
@ Jurnal Teknolo_gl [157] 2011 P_alm oil based path in palm oil-based bio-energy supply
5 Industri Pertanian bio-energy chain
g .
53 Expert System with [153] 2012 Marine The IDSS presents in the paper to evaluate
2 Application transportation and selects specific available ships
2 The research proposed the integration
S Applied Soft [185] 2014 Rehabilitation between knowledge-based system and
a Computing monitoring intelligent methods to develop a monitoring
g framework for injury cases.
g’ International Journal The paper is a recent survey for
g of Computer [167] 2015  Medical classification problems using multi-agent
= Applications IDSS.
International Journal Coconut shell The IDSS was developed to selecting the
of Computer [162] 2015 new derived products from coconut shell
e wood .
Applications wood vinegar.
. The research built the IDSS for predicting
International Journal the price of crude oils using a hybrid
of Information Oil price ;e p ; 9 !
. [161] 2015 . intelligent algorithm to ensure decision-
Science and forecasting - - b :
Management makers in economic planning and taking
g effective recommendations.
The IDSS presents for industrial site
IEEE Journal [122] 2018 Industrial site classmcapor_] based on quality criteria in the
Systems geographic information system to propose
location and site alternatives.
The SDSS was used to predict for olds oil
Pertanika Journal of Oil palm palm plantation replanting; using integrated
Science and [156] 2009 plantation remote sensing, GIS, and AHP technologies.
Technology management The tool has been made operational to
g support the decision making for replanting.
<2 : The SDSS developed in a web-based
2 Internatlc_)nal Journal Watershed application, showing spatial factors that
= of Geosciences [186] 2011 :
S management affect the watershed planning and
s management.
‘2 International Journal The research recommends SDSS using the
2 . integration of GIS and multi-criteria analysis
2
8 geeiz(r)]ga:alglr;)r/w?%d [181] 2014 Market policy methods addressed to decision making
e g g effectiveness.
[+ .
T Interqgtlonal Journal The SDSS can easily be used to determining
=3 of Critical Road . .
n [175] 2019 . transportation network performance in
Infrastructure transportations disaster conditions
Protection '
Journal of Cleaner Onshore wind The SDSS was developed to develop the
[179] 2019  energy feasibility of collective intelligence analysis

Production

development

of energy transition in spatial locations.
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Topic Journal Title Authors Year Object Description
5 A theoretical framework was developed by
2 International Journal authors to specifically making the decision in
A& of Engineering and [32] 2012 Agriculture agriculture  more accurate and more
= § Science accessible, moreover to create the solution
§> bt model for agriculture problems.
=)
E U%)‘ International Journal The SIDSS used to measure productivity and
3 of Productivity and Rubber select the best strategies of rubber
= [151] 2017 X . , .
=3 Performance agroindustry agroindustry’s green productivity based on
Management spatial conditions and productivity levels.
3.4.3  Decision support system method and analytics innovations to improve the data analysis

approach

The method and approach used in DSS based on
three types of DSS have been reviewed, shown in
Table 4. From Table 4 below, it was known that
most of DSS use various methods in spatial scope
and Al tools. Nevertheless, the lack of literature
shown the integrated approach of spatial and Al
combination. This is potential as a universal
integration to advance the DSS that will develop by
authors. The new insights of DSS also state by [170]
in the form of business intelligence and spatial

and generate more objective and data-based
decisions. From the previous statement, so it needed
to comprehend the data analytics and its strategic
steps to make valuable and smart decision support
in the systematic collaboration of Al and spatial
tools. Otherwise, from Table 4, it is also known that
the sustainability aspects used in DSS have not been
various in aspects. Those things being a novelty of
the future possible research for smallholder palm oil
downstream development agenda in making
sustainable policy and related-decision making in a
DSS base.

Table 4. The DSS approach and method used

SUS

Z >
Authors Year @ m n 3 £ 0 @ 1 z o0 2
® © En s E Po = O & 2 3B » I > Z
[32] 2012 N N A N N N
[157] 2011 NN
[122] 2018 oA
[175] 2019 W \
[151] 2017 Y S \
[153] 2012 Y
[154] 2010 Y V
[160] 2010 \ S
[161] 2015 \ S
[162] 2015 \ x/
[167] 2015 V
[186] 2011 W Y
[179] 2019 < V
[181] 2014 \
[184] 2011 Y \ \
[185] 2014 \ \

GIS = Geographic Information System; ES = Expert System; SUS = Sustainability; En = Environment; So = Social,
Ec = Economy; Po = Policy/Politics; FM= Fuzzy Multi-Criteria Method; ACO = Ant Colony Optimization; MAS
= Multi Agent Systems; CBR= Case Based Reasoning; FIS = Fuzzy Inference Systems; ANFIS = Adaptive Neuro-
Fuzzy Inference Systems; GA = Genetic Algorithm; ANN= Artificial Neural Network

Research Gap and Pointers for
Future Research

The sustainable downstream palm oil are expected
to be a future economic development and increasing
bargaining positions of Indonesia palm oil in the
global market. The sustainable palm oil

downstream to achieve market requirements and
gave policy recommendations involved in modeling
palm oil downstream path along the supply chain is
needed; due to negative impacts arises in palm oil
business process; moreover to the smallholder palm
oil product that widely uncertified. The most
sustainability aspects discuss are related to
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environment, economy, and social; while the other
aspects still lack in discuss. Based on those things,
the authors try to define other aspects related to
sustainability, concluding three other aspects
possible and important to take care of as shown in
Figure 6. The sustainability aspects that obtain a
lack of consideration is technology, institution, and
policy. Meanwhile, those aspects will increase
higher quality and productivity [74], relevant in
supporting government programs [121], and
accommodate the stakeholders [45]. Based on the
review, it also concludes that sustainability and the
related decision-making problems that arise in palm
oil downstream are essentially conflicting [88]. The
creation and enforcement of sustainability standards
is critical to the success of managing sustainable
downstream palm oil, so that it must be considered
and the various stakeholders should be involved [6].
The harmonization understanding of sustainability
among stakeholders needs to be seen as policy
systems that rule the business process [110] and the
integrated instruments to face specific problems to
the sustainable downstream of palm oil [187],
resulting future sustainability studies will hopefully
mapping the sustainability performance [115].
Using the sustainability approach will enable the
consideration of alternative solutions that may be
more prospective [179].

Furthermore, expanding knowledge from spatial
aspect; into palm oil plantation and its downstream
opportunity; will enrich information [68] and
necessary to decision-makers. The further possible
research offers as a novel of the research is the
integrated sustainability assessment in geographic
information systems. The inclusion of its
geographic aspect will provide more confident
policy recommendations [129] to compiled into a
decision-making tool [65]. Indonesia, in fact, still
not have any official database of oil palm
plantations and its palm oil-based agroindustry in
geographical locations [52] being the challenge of
future research. Meanwhile, a reliable palm oil
database is crucial to make relevant policy
recommendations; so hopefully, the sustainability
path can also be improved. Thus, this area of study
is very potential to be explored to make a reliable
decision making in simple yet on-point solutions. In
the relation of the sustainability assessment
integrated into spatial tool needs to be considered as
one integrated DSS as [182] had suggested applying
the integrated approach in a user interface helped
with supportive tools.

The integrated DSS of the previous statement
has been risen by previous authors. Ref. [179]
offering an integrated holistic approach of spatial
analysis and environmental analysis to provide
valuable strategic information to enable

environmental development more sustainable,
participative, open and transparent. Ref. [188] also
state that most environmental systems visualization
adds the spatial relationships between the
environmental aspects to make the decisions more
accurate and reliable. There are many open research
lines for solving problems through DSS, with the
function of Al, GIS, and environmental science.
Ref. [176] stated that the integration of GIS needs
broader analysis to allow researchers to enhance
visualization with advance analytics performance.
There are chances of expanding the research,
especially in developing an intelligent group of
SDSS to allow the decision-makers to contribute in
the system by using intelligent software agents
[175]. Al can also be used as a basic model or way
to communicate among other models such as GIS
[188]; it can embed each other and suggest applying
granular computer techniques to design the SIDSS
[171]. Otherwise, the main challenges of this
collaborated research are integrating spatial data
with other data resources, dealing with
heterogeneous data, and visualizing the results in an
interactive method [182]. The sustainability aspects
are also mapped as the limitation of [186] SDSS was
that the model developed without social and
economic aspects. Ref. [179] recommend
developing a comprehensive system in economic,
social, and geopolitical models. Furthermore, the
challenge for the broad applicability of SIDSS is to
design a system that can effectively interact with
humans, can gain human trust in the system, and can
solve impactful applied problems [189]. The gap
study of the SIDSS and the integrated sustainable
spatial model as shown in Figure 8.

To conclude previous systematic literature
reviews and research gaps identified, the term
sustainable in the palm oil downstream-related
process has a very significant impact to escalate the
effectiveness and efficiency of palm oil downstream
development. To be more accessible, the spatial
scope of this sustainable palm oil downstream is
considered to be as an appropriate concept to be
integrated into DSS since visualization imagery of
spatial context will be easier to be understood by
decision-makers and various stakeholders. The
future possible steps are by developing smallholders
is through maximizing benefits in downstream palm
oil-based agroindustry. This objective can be
achieved by the cooperation among stakeholders
and also government to strengthen the smallholder
position in the downstream process [87], also the
sustainability of palm oil smallholder to meet the
process and market requirements. The derivative
products also need to initiate in order to advantage
the palm oil produced by smallholders can reduce
the negative impacts of market acceptance.
Furthermore, the market chains for smallholders



Int. J Sup. Chain. Mgt

298

Vol. 9, No. 3, June 2020

also need to be constructed by the government to
increase market opportunities and reliable prices.
The appropriate decision and policymaking are
greatly needed in this term of sustainable palm oil
downstream ‘taken of advantaged’. Implementation
of decision making of its sustainable downstream
scenario to produce palm oil downstream path’s
policies or strategies is organized in the form of
SIDSS. The policies or strategies model in this
system is collaborate the spatial and knowledge
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base data in each of the sustainable aspects
measures. The policy scenario in this SDSS has a
huge function to make an appropriate decision to
take by decision-makers based on valuable
information and a certain environment. To conclude
everything that has been stated before, the design of
the SIDSS for sustainable downstream palm oil-
based agroindustry is proposed as depicted in
Figure 9.
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Figure 9. The framework of the SIDSS for sustainable downstream palm oil-based agroindustry (modified
from [122])

Design and
planning

policies and many publications that stated about the
derivative products of palm oil. Second, the
sustainability that is the most concern of the global
market needs to be addressed behalf in welcoming
the sustainable downstream palm oil to achieving
the settle bargaining position of Indonesia palm oil.
The sustainability aspects that need to be addressed

5. Conclusions and Recommendations

This article, therefore, draws three main
conclusions. First, the widely use of palm oil
derivative products in various products resulting in
the need for development to the downstream of
palm oil-based agroindustry. Its shows by the
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are based on the three sustainability main pillars
(environment, social, and economy) and three other
additional aspects (technology, policy, and
institution) as a novel of further research. Based on
the review results, we suggested to exploring
further research in developing the integration of
sustainability assessment in the spatial system to
make the decision-making better in visualization
and more understandable by stakeholders. Third,
the decision-making process of sustainable
downstream palm oil needs to simply in the form of
innovation DSS. We suggested the SIDSS
framework that slightly used, as a new approach to
accommodate and construct the possible
improvement to problems faced.

From the previous conclusion, the future
possible research is to build an innovative SIDSS to
develop the strategic policies for sustainable
downstream palm oil-based agroindustry. It is a
novel concept to develop new integrated approach
of Al and spatial tools in terms of collaborative
decision-making. The framework of the SIDSS has
been proposed in this review, in order to map the
research guideline. The research opportunity for
palm oil downstream combined various aspects of
sustainability to create a sustainable downstream
strategy policy in the organized system. The SIDSS
will lead to strategic foresight of future policy
planning. Finally, it will conclude the easiest and
fastest way to make appropriate decisions. It is
expected that the SIDSS would decrease the time
needed to make decisions and optimize palm oil
downstream-related evaluation through the spatial-
intelligent ~ system  and  knowledge-based
information using more visualization.
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