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Abstract

The increasing worldwide demand of sustainable palm oil product has encouraged the industry to devel-
op a sustainability strategy on the unintended social, environmental, and economic consequences of rapid pop-
ulation growth, economic growth, and consumption of natural resources. This study reviews the manufactur-
ing perspective on the current sustainability effort and identifies the drivers for sustainability — particularly in
Malaysia — that control almost 50 percent of the global export market share. It revealed current research on
sustainability in general palm oil manufacturing (or palm oil mill) which involves empty fruit bunches, crude
palm oil, crude palm kernel oil, the refinery process, and palm oil waste management. It also highlights the
drivers for sustainability in the Malaysian palm oil industry. The findings of our study suggest that manufac-
turing sustainability in Malaysian palm oil manufacturing is driven by three main objectives: environmental
consciousness, economic escalation, and social commitment — which all link to each other and demonstrate
progress toward sustainability. Nevertheless, social commitment shows a lesser amount of publications among
the drivers. This study can be helpful for palm oil organisations (particularly in Malaysia) to recognize their
opportunities and threats in efforts to enhance business profiles, corporate reputations, and market growth

without neglecting environmental and social impacts.
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Review

Introduction

Sustainability as a concept is more comprehensive and
systemic to maximize the welfare of the environment,
economy, and society [1]. The concept uses both techno-
logical and non-technological solutions that include a selec-
tion of materials and production processes and life cycle
engineering, as well as organizational mission, structure,
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and performance. Manufacturing sustainability will consti-
tute the foundation of the new clean, carbon-neutral global
economy in the next three to five decades. These benefits
also will create a competitive advantage for an organization
and enhance its position in society as well as positive per-
ception of customers and society [2].

The palm oil industry is well known as a significant
agricultural industry in terms of economic benefit for sev-
eral tropical countries, particularly in Malaysia [3].
Malaysia has a total of 426 mills actively producing 24.97
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million tonnes of crude palm oil per year, controlling over
46% of the global export market share [4]. The process of
producing crude palm oil (CPO) has nevertheless generat-
ed a million tonnes of empty fruit bunches, fibre and palm
shells, palm kernel endocarp, palm kernel press cake and
liquid effluent, and palm oil mill effluent (POME) every
year as waste [5]. Palm oil mills in Malaysia generate about
60 million tonnes of POME annually, which would be a
major source of pollution if discharged directly into water
sources [4]. As a consequence, the manufacturing process
reduces freshwater and soil quality, and adversely affects
local communities dependent on ecosystem products for
food and medicines and ecosystem services such as regula-
tion of the hydrological cycle and soil protection [6].

Palm oil production is, moreover, criticised for its high
greenhouse gasses (GHG) impact. At the mill level, two
main sources of GHG emissions are present: fossil fuel
consumption and methane emission from POME in open
anaerobic lagoons (although only the latter is significant at
the supply chain level) [7]. It is estimated that methane
emission from the palm oil industry in Malaysia is approx-
imately 0.214 million tonnes [8], as well as the production
and treatment of one ton of fresh fruit bunches (FFB) caus-
ing more than 460 kg CO,eq in the worst case scenario and
110 kg CO.eq in the best case scenario [9]. The POM
processes have a long history of environmental challenges
and leave a significant eco-footprint, including large quan-
tities of polluted waste materials, GHG emissions, and bio-
diversity loss — all of which requires attention. As the
impact of climate change threatens to escalate in the
absence of adequate safeguards, there is a need to promote
sustainability in the Malaysian POM for a more environ-
ment- and resource-friendly manner, not just for the future
success of the firms, but for the health and well-being of
future generations.

Notwithstanding differences in interpretation, the “sus-
tainable” approach also plays an increasingly important
role in research, not only agricultural and environmental
but also within “sustainable production” or “sustainable
manufacture” [10]. Previous studies of improving sustain-
ability in palm oil manufacturing has been conducted, e.g.,
in the area of environmental impacts of palm oil production
[5, 8], renewable energy applications of palm oil [11-13],
utilisation of palm oil waste, and sustainable development
and practices as detailed in the current research on POM.
Research on opportunity and challenges in sustainability in
the palm oil industry also have been explored [14-16].
However, studies on driving forces for sustainable manu-
facturing of palm oil have not being extensively published
[9, 17, 18]. The noticeable lack of published research calls
for research in this area. In an effort to enhance the growth
of markets and reputation of Malaysian POM, the industry
needs to realise the opportunity for change in POM systems
and the drivers toward sustainability. Therefore, this paper
will review the manufacturing perspective on the current
sustainability effort, particularly in Malaysia, and identify
the drivers that influence Malaysian POM for sustainabili-

ty.

This paper is organized as follows: Section “Materials
and Methods” presents the research materials and methods
followed by stepwise evaluations. Section “Palm Oil
Manufacturing” gives general POM information and pro-
duction processes. Section “To-Date Research on
Sustainability of Palm Oil Manufacturing” provides current
research on POM referring to the relevant literature.
Section “Drivers for Sustainability in Malaysian Palm Oil
Manufacturing” discusses the drivers for POM sustainabil-
ity in Malaysia. The paper ends with conclusions and rec-
ommendations for future research in “Conclusions”’

Materials and Methods

Sustainability in Malaysian palm oil was studied and
the research question arose: Why and how does Malaysian
palm oil foster manufacturing sustainability? The study
started with a literature review by analysing academic data-
bases and palm oil academic journals. In particular, key-
word-based research was carried out in the academic search
engine ISI Web of Knowledge, Scopus SciVerse, and
Google Scholar. The keywords used (combined with the
word “palm o0il”) are: green, sustainable, sustainability,
environment, manufacturing process. The recently pub-
lished articles (ranging from 2000 to 2014) included books,
conference publications, and journal articles that we
reviewed and selected after verifying the relevancy of the
contents based on preliminary skim reading of the abstracts
and main body of the literature to provide insights into what
has been done, why it has been done, and how it was done
(as per Carnwell and Daly [19]).

In addition, relevant Malaysian regulations and laws
supply important information that could be used for the
study. These include Environmental Quality (Licensing)
Regulations, Environmental Quality (Prescribed Premises)
(Crude Palm Oil) Order, Environmental Quality (Sewage
and Industrial Effluents) Regulations, Environmental
Quality (Clean Air) Regulations, etc. [20]. National policies
also play an important role in the sustainability of palm oil
manufacturing. The policies reviewed in this study include
various official regulations and reports published by major
authorities such as Malaysia Standard Malaysian
Sustainable Palm Oil (MSPO) by Department of Standards
Malaysia, National Policy on Climate Change by Ministry
of Natural Resources and Environment, National Green
Technology Policy by Ministry of Energy, Housing and
Local Government, Green Technology and Water, and
National Policy for Solid Waste by Ministry of Urban
Wellbeing, etc.

The review explored current research on Malaysian
POM to identify the gap of knowledge and the drivers of
manufacturing sustainability. Analysis of the literature fur-
ther categorized the drivers into environmental conscious-
ness, economic escalation, and social commitment.
The linkage and elements of these drivers are discussed and
presented. The findings will provide insight for Malaysian
POM of the drivers for sustainability in manufacturing.
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Palm Oil Manufacturing

Palm oil manufacturing also known as palm oil mills,
produces two types of oils: CPO from the fibrous mesocarp
and crude palm kernel oil (CPKO) from the kernels as pri-
mary products and biomass as a secondary product.
The analysis of the palm oil production process was based
on the results of the reviewed literature [21-24]. The fol-
lowing processing steps are explained in the following and

the process flow is summarized in Fig. 1.

Palm oil was extracted from the harvested bunches of
ripe fruit. The FFBs were cooked in batches during steril-
ization for about 60-90 minutes. Sterilization inactivates the
lipases in the fruits and prevents build-up of free fatty acids
(FFA). The sterilization process using steam for the FFBs
facilitated fruits being stripped from the fruit bunches and
softened the fruit mesocarp for digestion and release of oil,
and preparing of nuts to minimise breakage of the kernel.
When the sterilization cycle was complete, the threshing
process of separating the fruit from the bunch stalk in a hor-
izontal rotating drum took place. Hard bunches of stalks
that have fruits still attached to them had to be recycled to
sterilizers for further cooking. The detached fruits passed
through a bar screen in the stripper, collected by a bucket
conveyor and sent into the digester. In the digester, the fruit
was softened by a steam-heated cylindrical vessel fitted
with central drum rotating at high temperature, between 80
and 90°C, then the fruit mesocarp loosened from the nuts.

The fruits were pressed in single or multiple pressings
using a screw press to enable more oil extraction. The mix-
ture of oil, water, press cake, or fibre and nuts were dis-
charged in the process, which then delivered to a clarifica-
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tion tank. The mixture containing the crude oil was diluted
with hot water to reduce its viscosity. Next, the oil mixture
was heated to 85-90°C and allowed to separate the solid and
the oil in the clarification tank for settling time of 1 to 3
hours. Some of the solids are removed by a vibrating
screen. Oil from the top is skimmed off and purified in the
centrifuge prior to drying in a vacuum dryer for two hours
to reach 0.1 to 0.5 percent moisture in the air. The final
CPO was then cooled and stored. The bottom phase from
the clarifier drained off as sludge of POME for further treat-
ment before being discharged.

The cake from the screw presses were dried in the air
column and the nuts were separated into the nut polishing
drum, which frees the rest of the fibre, to be removed by
strong air stream induced by suction fan. The fibres were
sent to the boiler as fuel while the nuts were stored in silos
to reduce moisture content from 16 to 11 percent by a
stream of heated air. The nuts were then soaked in centrifu-
gal nutcrackers, mostly of the self-grading type. The press
cake from the digester was fed to a vertical column (deperi-
carper) where the air was channelled to lift the fibre, thus
separating the fibre from the nut. A nutcracker cracks the
nuts after the conditioning and drying process. A ripple mill
was also used instead of a nutcracker. The mixture of
cracked nuts and shells was separated via a winnowing sys-
tem, followed by a hydrocyclone or a clay bath. A hydro-
cyclone used centrifugal force to separate the kernel from
the shell using water. The kernels were then dried in hot air
silos to a moisture content of less than seven percent.
The EFB, palm kernel shell, mesocarp fibres, and possibly
solids from decanters are the solid palm oil waste. Fibre and
shell — by-products from the milling process — were used as
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Table 1. Sustainability palm oil manufacturing.

Manufacturing Process of Palm Oil

Sustainability
EFB CPO CPKO Refinery POME
Malaysian Environmental Quality Order and Regulations (refer Table 2) [28, 29]
International standards and guidelines (e.g. including ISO 14000, Social Accountability (SA) 8000, ISO 26000,
Laws, Account Ability 1000, OECD Multinational Enterprises, Dow Jones Sustainability Index (DJSI) (2008), the
% regulations United Nations Global Compact, and World Business Council for Sustainable Development (WBCSD) [30]
2 .
17 . arbon footprint labelling policy by
g | andpolicies o400 footprint labelling policy by SIRIM [31]
3 compliance
é Green policies in Malaysia [32]
o
% Malaysian Sustainable Palm Oil (MSPO) Part 4: General principles for palm oil mills [28]
=
é Waste LCA[22] LCA[38] LCA [42] LCA [44]
S management | Reverse logistics .
S | and pollution [27, 33-36] GHG emissions | GHG emissions [39] Reverse logistics
= p ) Zero waste [43]
- control [23.37] Reverse logistics [40, 41] [5, 11, 14, 25, 45-50]
New waste
Technology New processes . Technology of waste
advancement Etela tr;lle]nt method method [52] Energy generation [18] treatment [8, 53-55]
Market demand | Renewable energy | Bioenergy and Oleochemicals [18]
growth [12, 56, 57] Food products and industrial consumptions [58]
£ | Brand and repu- RSPO certificate [18]
< .
§ tation advantage Eco-label [32]
=
9 Process .
g optimization [60] Process improvement [63]
=i
3 Production Clean production .
aa| efficiency [61] Energy Requirement [64]
Energy efficiency
[62]
Safety and health policy (OSHA) 1994
g
g Employment Act 1955 [65]
= | Labour welfare
g Factories and machinery (noise exposure) regulations 1989
3
% Worker Minimum Standard of Housing and Amenities Act 1990
R3)
3 Community .
wn
wellbeing Food safety and HACCP policy as per ISO 22000 [59]

boiler fuel for producing steam at 17.57 kg/cm’ gauge.
Generation of electricity from the steam using steam tur-
bines, and the low-pressure steam discharged from the tur-
bines at 3.16 kg/cm’ gauge is used for processing.

To-Date Research on Sustainability
of Palm Oil Manufacturing

Analysis of published literature shows that the ele-
ments of sustainability — environmental consciousness,
economic escalation, and social commitment — are the
main area of research interest. In environmental con-
sciousness, the drivers include laws, regulations, policy
compliance, waste management and pollution control, and
technology advancement. While market demand growth,

brand and reputation advantage, and production efficien-
cy are recognised as the drivers for POM economic sus-
tainability, the drivers of social sustainability are labour
welfare and community wellbeing. Current research on
sustainability of POM covers the whole manufacturing
system: EFB, CPO, CPKO, refinery, and POME manage-
ment. POM sustainability mainly focuses on Malaysian
and international acts, regulations and standards, reverse
logistics, life cycle assessment (LCA), GHG emissions,
zero waste, new degradation method, new processes
method, energy generation, technology of POME treat-
ment, renewable energy, RSPO certification, eco-label,
bioenergy and oleochemicals, food products and industri-
al consumption, process optimization, clean production,
energy efficiency, and process improvement as summa-
rized in Table 1.
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Empty Fruit Bunch

The palm oil extraction process generated solid waste
materials as well as byproducts, the most common of which
is EFB [25]. Solid waste management is a global issue and
has proven a key challenge facing many developing coun-
tries. It constitutes one of the most crucial health and envi-
ronmental problems [26]. Chiew and Shimada [27]
described the trend of reverse logistics of oil palm residue
(i.e. the EFB left after extraction of the palm oil) using a
case study of Malaysia, and discussed the environmental
performance of recycling technologies being developed in
Malaysia for fuel, fibre, and fertilizer. It concludes that to
use EFB effectively for power generation, production costs
would have to be lowered and major changes in the palm
oil industry and fuel production capabilities would have to
be made.

Sulaiman and Abdullah [33] determined the optimum
conditions for maximising pyrolysis liquids of oil palm
EFB for more efficient use of oil palm biomass. Shinoj et
al. [34] compiled the research developments in the recent
past on characterization of the fibre extracted from oil palm
EFB, its utilization in bio composites, and their properties.
It is found that oil palm fibre loading in some polymeric
matrices improved the strength properties, whereas the
strength of composite was less in some cases. Piarpuzan et
al. [35] examined the feasibility of using EFB in ethanol
production and evaluated the pre-treatment technology
influence on sugar yield before enzymatic hydrolysis. Bari
et al. [36] optimized the conventional media constituents
supplemented with oil palm EFB as an additional source of
sugar for citric acid production. Sisbudi et al. [21] present-
ed results from a gate-to-gate analysis of the energy bal-
ance, GHG emissions, and economic efficiency of biochar
production from oil palm EFB.

Crude Palm Oil

CPO is the main product for all oil palms obtained from
the mesocarp and yielding around 15-18% of FFB process-
ing. Bessou et al. [37] developed a GHG calculator using
the LCA approach to quantify major sources of emissions
and sequestration for individual palm oil mills and their
supply base. PalmGHG can identify GHG emission “hot
spots;,” and so help to define GHG reduction strategies.
Subramaniam et al. [22] conducted a comparative study of
GHG emissions from the production of CPO with and with-
out allocation and biogas capture. GHG emissions from all
sources are summed up and changed into units of CO,
equivalent, which was used to standardize GHG emissions.
Conclusively, less than 10 percent of the palm oil manufac-
turing capture their biogas because palm oil manufacturing
has excess energy from the biomass itself and invests in a
large sum of money to harvest the biogas that will need the
infrastructure to use or sell the harvested biogas.

Patthanaissaranukool et al. [66] evaluated energy and
carbon equivalences associated with palm oil milling and
sustainability alternatives for energy consumption. A field

survey was carried out to quantify the input and output of
energy and materials following the conceptual framework
of a carbon-balanced model, which excluded other non-
CO, greenhouse gases. The reverse logistics of palm oil
biomass can have a significantly high potential as a
resource to be used for climate change mitigation by reduc-
ing carbon emissions. Papong et al. [62] analysed the ener-
gy performance and potential of the palm oil methyl ester
(PME) production in Thailand. The PME system was divid-
ed into four stages: the oil palm plantation, transportation,
CPO production, and transesterification into biodiesel.
The highest fossil-based energy consumption was in the
transesterification process, followed by the plantation,
transportation, and CPO production.

Subramaniam et al. [22] identified the potential envi-
ronmental impacts associated with the production of CPO,
and to evaluate opportunities to overcome the potential
impacts. LCIA of the production of one tonne of CPO at
the palm oil mill was examined. Chavalparit et al. [61]
studied the nature of these industrial ecosystems, divided
into plant ecosystems (clean technology options) and
external waste exchange between CPO industries and
other economic activities in Thailand. Amelia et al. [60]
developed an optimisation model for palm oil production,
therefore critical in ensuring maximum revenue in produc-
tion while minimising palm oil and palm kernel losses and
production cost. The optimisation method integrates
a fuzzy expert system approach with a multi-objective pro-
gramming model to maximise revenue, minimise total pro-
duction cost, and minimise the total amount of CPO and
palm kernel losses.

Crude Palm Kernel Oil

CPKO oil, also known as white palm oil, is obtained
from the seed known as kernel or endo-sperm. When oil has
been extracted from the kernel, what remains is known as
palm kernel cake [25]. Mohd-Lair et al. [63] addressed the
gap in the application of simulation modelling in improve-
ment activities conducted on the POM. The application of
simulation modelling in improving or evaluating potential
improvements of palm kernel plant production process
before the improvements are being carried out in the palm
oil mill was demonstrated. Subramaniam et al. [38] consid-
er the LCIA study of the production of one tonne of CPKO
at the kernel-crushing plant. For this study, six kernel-
crushing plants are chosen for their locations, which are
well-distributed all over Peninsular Malaysia. Results indi-
cate that the main impacts of upstream activities were from
fertilizer production and application, and biogas emissions.
The impacts directly associated with the production of
CPKO are mainly from the transportation of palm kernels
from the palm oil mills to the kernel-crushing plants and
from the electricity consumption from the grid for the pro-
cessing of the CPKO. The best scenario for the production
of CPKO with the least environmental impact is when the
kernel-crushing plant is integrated with a palm oil mill to
capture the biogas.
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Fibres and shells are left over from palm oil production.
The fibre is mostly used as solid fuel for boilers in palm oil
manufacturing, while shells are sold as a solid fuel to other
industries [25]. Arami-niya et al. [67] proposed optimisa-
tion of palm shell-based activated carbon production using
a combination of chemical and physical activation for
methane adsorption investigated using response surface
methodology (RSM) in combination with central compos-
ite design. The objective was to optimise the preparation
conditions of the oil palm shell for the adsorption of
methane at low pressure for renewable fuel. Kum and
Zahari [37] discussed the utilization of oil palm by-products
(palm kernel expeller, palm oil sludge, palm pressed fibre,
oil palm fronds, and oil palm trunks) as ruminant feed in
Malaysia. Studies on the characterisation and their use in
practical rations for beef and dairy production have been
reported. Factors that can affect nutrient utilisation include
the chemical and physical structure of the feeds, feed
intake, and rate of passage and digestibility of the nutrients.

Husain et al. [38] highlighted that the fibre and much of
the shell was used as fuel to generate process steam and
electricity in the palm processing mill itself. However,
much was wasted by burning them in the open air with
attendant air pollution, dumped in areas adjacent to the mill,
or utilized as manure in the palm oil plantation. An attempt
was made to convert these residues into solid fuel.
Subramaniam and Choo [36] quantified amounts to 583.20
kg CO, from the production of palm kernel at the mill, fol-
lowed by the consumption of electricity from the grid for
processing CPKO (which emits 74.33 kg CO,) of the GHG
emissions from the production of 1 tonne of CPKO at the
kernel-crushing plant. Then the study showed that GHG
emissions are reduced to 183.01 kg CO, compared with
678.73 kg CO, of the GHG emissions of 1 tonne CPKO
with and without biogas capture at the palm oil mill for a
kernel-crushing plant located near the ports, compared to a
kernel-crushing plant located near the palm oil mill. Direct
energy utilisation in nine palm-kernel oil mills located in
southwestern Nigeria was analysed in Jekayinfa and
Bamgboye [64] study. It identified the four most highly
energy-intensive operations, including palm-nut cracking,
palm-kernel roasting, palm-kernel crushing, and PKO
expression — altogether accounting for 95.29, 92.14, and
93.65 percent of total energy used in small, medium, and
large-scale mills, respectively.

Refinery

The refining process removes FFA, phosphatides, odor-
iferous matter, and water, as well as impurities such as dirt
and traces of metals from the CPO. This process produced
an edible oil of stable quality that meets industry standards
and customer requirements, particularly in respect to FFA,
moisture, impurities, iodine value, peroxide value, melting
point, color, and flavour so that the refined oil must have a
bland flavour [17].

Tan et al. [42] performed an LCA study on RPO, and
its fractionated products were part of the sustainability
solution provided by the Malaysian palm oil industry.

The greatest environmental burden arising from refining
was from CPO, and consequently from RPO for fractiona-
tion to produce refined palm and palm stearin. This was fol-
lowed by boiler fuel combustion and the transport of mate-
rials, suggesting that a potential mitigation measure for the
reduction of GHG and consequently the impact on climate
change would be to address these three inflows into the sys-
tem. It was found that sourcing CPO from mills with sys-
tems in place for capturing biogas reduced the impact on
climate change by about 40 percent. By adopting the use of
LCA as part of the waste management decision-making
process, countries can avoid the possibility of making seri-
ous long-term environmental mistakes [68]. Haslenda and
Jamaludin [40] presented a systematic framework for opti-
mal utilisation of by-products such as soap-stock, palm
fatty acid distillate, and spent bleaching earth generated
during CPO refining processes. The study formulated as
mixed integer linear programming and integrated into the
framework with the objective to maximize the refinery’s
profit as well as moving towards a conscious mind set of
zero waste.

Palm Oil Mill Waste

The processing of oil palm FFB results in concomitant
production of wastes in the form of POME, EFB, mesocarp
fiber, and shell. POME is generated primarily from oil
extraction, washing and cleaning processes, contains cellu-
losic material, fat, oil, and grease which may cause sub-
stantial environmental problems. Sisbudi et al. [45]
assessed the use of POME as feedstock to produce biogas
via anaerobic digestion. Biogas from POME can be con-
verted into electricity and heat to eventually reduce the
GHG emissions of biodiesel production from palm oil.
Chin et al. [14] elaborated on the potential of POME as a
source of renewable energy and the challenges faced by the
POM in Malaysia, which deters the development of biogas
plants in the mill. The study shows that the palm oil indus-
try can be foreseen to continue its growing trend in the
future, and POME can potentially become a sustainable
source for biogas in Malaysia.

Rupani et al. [46] assessed the possibility of the vermi-
composting of residue from the palm oil mills using epigeic
earthworms Lumbricus rubellus under laboratory condi-
tions. It advocated the candidature of POME for vermicom-
posting operation to address the issue of sustainability in
industrial development. Balle et al. [47] study methane cap-
ture from the anaerobic digestion of POME in the pursuit of
sustainable palm oil-derived biodiesel. If the methane was
used for steam or electricity production, adding EFB to the
POME could significantly increase gas production under
thermophilic conditions. The author concludes that the
implementation of solid waste treatment technologies such
as waste incineration with energy recovery and pyrolysis
also results in significant GHG reductions. Kalinci et al. [48]
verified that oil palm wastes and EFB have on average spe-
cific energy values of 21.28 and 20.03 MJ/kg, which indi-
cate a good potential to produce energy — particularly heat
and power in power plants. Foo and Hameed [5] presented
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a state-of-the-art review of the POME industry, its funda-
mental characteristics, and environmental implications.
A key advance of the implementations and major challenges
together with the future expectations were summarized and
discussed. The expanding of POME in numerous fields of
application represents a plausible and powerful circum-
stance for accruing the worldwide environmental benefit
and shaping the national economy.

Singh et al. [25] emphasized in waste minimization at
source or recycling waste produced from palm oil mills
because improper waste management practice may also
result in aesthetic problems and airborne diseases, and also
may cause several vector-borne diseases. The study deals
with various aspects of waste management practices in
palm oil mills and the possibility of composting the wastes
as these wastes are organic in origin and therefore rich in
plant nutrients. Sulaiman et al. [49] catalogued palm oil
production and consumption from 1976 to 2006, and the
wastes available for potential utilisation. It concluded that
utilisation of renewable energy resources, in particular oil
palm wastes, is strategically viable as it can contribute to
Malaysia's sustainable energy supply while minimising the
negative impacts of energy generation on the environment.
This will also solve the agriculture disposal problem in an
environmentally friendly manner while recovering energy
and higher value chemicals for commercial applications
like bio-fuel, helping the government achieve its obligation
to prolong fossil fuel reserves.

Wau et al. [50] considered the potential value of POME
prior to its treatment through the introduction of cleaner
production. It was envisaged that POME can be sustainably
reused as a fermentation substrate in the production of var-
ious metabolites, fertilizers, and animal feeds through
biotechnological advances. Various technically feasible and
economically beneficial means of transforming the POME
into low or preferably high-value-added products were dis-
cussed. Yusoff [11] described the effective use of biomass
as the first of the renewable energy sources to be developed
for large-scale applications, especially in the palm oil
industry and the methodology for energy harness by the
innovative utilisation of waste from palm oil cultivation and
processing.

Ridzuan et al. [53] proposed a practical solution using
activated carbon and selected coagulants for the zero emis-
sion of POME final discharge, using river water quality as
the benchmark to meet river water quality for recycling and
reuse of the POME final discharge as boiler feed water to
fulfil the zero emission concept. By using this new pro-
posed treatment the final chemical oxygen demand and sus-
pended solids of residual water from the palm oil mill
process are 10 mg-L" and 2 mg-L"', respectively, which was
better than river water quality. Therefore, the objective of
zero emissions of POME final discharge can be achieved.
Loh et al. [54] investigated the possibility of integrating
several bioprocesses for POME treatment at the Malaysian
POM by transforming the POME into several high-value-
added products, with biological oxygen demand 20 mg-L"!
attainable at its final discharge. This integrated approach
had the potential to achieve zero-effluent discharge along

with the production of biogas, biofertiliser, and recycled
water in treating industrial wastewater to reduce pollution.

Yeong et al. [55] discussed and compared state-of-the-
art POME treatment methods as well as their individual
performances. The study also proposes wastewater man-
agement based on the promotion of cleaner production, and
environmentally sound biotechnologies should be priori-
tized and included as part of the POME management in
Malaysia for attaining sustainability. Shirai et al. [8] inves-
tigated the actual GHG emission from the lagoons and an
open digesting tank in palm oil mills in order to establish
the baseline for clean development mechanism project.
Results indicated that methane contribution to biogass
released from the open digesting tank and lagoon systems
were 35 and 45 percent, respectively, which were much
lower than the reported value of 65 percent obtained by the
complete anaerobic condition of lab-scale experiments.
Kalinci et al. [44] evaluated LCA of a palm oil production
process, yielding both biodiesel and cooking oil, incorpo-
rating the land-use impact, and evaluating the effect of
treating the POME prior to disposal.

Drivers for Sustainability in Malaysian Palm
Oil Manufacturing

The drivers for sustainability in Malaysian POM are the
major underlying causes of a changing industry and com-
petitive conditions as the biggest influence on how the
industry landscape altered sustainability. Identification and
assessment of the drivers in Malaysian POM sustainability
are essential for understanding the relationship between
POM and sustainability. This section introduces the issue of
drivers of sustainability by highlighting the findings emerg-
ing from literature review on the role played by drivers in
defining POM orientation to sustainability, representing a
way for explaining a firm’s behaviour by conceiving sus-
tainability as a behaviour adopted by firms. The drivers for
Malaysian POM sustainability are illustrated in Fig. 2,
focusing on three main standpoints: environmental con-
sciousness, economic escalation, and social commitment.
All these factors are expected to play a crucial role in con-
tributing to the firm performance outcome.

Environmental Consciousness

Environmental consciousness among the top manage-
ment of POM supports sustainability efforts in the organi-
sation. It is driven by the waste management and pollution
control practice that brings high-impact on the environ-
ment. Practicing reverse logistics in the organisation envis-
aged that POME can be sustainably reused as a fermenta-
tion substrate in the production of various metabolites, fer-
tilizers, and animal feeds through biotechnological
advances. Waste minimisation at source or recycling waste
produced from palm oil mills because improper waste man-
agement practice may also result in aesthetic problems and
airborne diseases, and also may cause several vector-borne
diseases [25].
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Utilisation of renewable energy resources, in particular
oil palm wastes, and assessment of greenhouse gas emis-
sions (GHG) through life cycle assessment (LCA). LCA is
one of various management tools for evaluating environ-
mental concerns and important as a decision-making sup-
port tool [69]. It is strategically viable as it can contribute to
solve the waste disposal problem in an environmentally
friendly manner while recovering energy and higher value
chemicals for commercial applications [49]. Utilization of
renewable energy resources, in particular oil palm wastes,
is strategically viable as it can contribute to the POM sus-
tainability of energy supply while minimizing the negative
impacts of energy generation on the environment. It can
also solve the agriculture disposal problem in an environ-
mentally friendly manner while recovering energy and
higher value chemicals for commercial applications like
bio-fuel in helping the government to achieve its obligation
to prolong fossil fuel reserves [70]. With the rising volume
of palm oil residue accumulation due to palm oil produc-
tion, palm biomass is gaining significant attention and

Food & industrial consumption

being increasingly utilised to produce various green prod-
ucts as well as highly valuable biochemicals such as
bioethanol, vitamins, etc. [32]. The oil palm biomass as
non-food biomass from the mill is a great strategy toward
zero discharge in the palm oil industry and minimizing
greenhouse gas emissions [71].

Environmental consciousness also brings political pres-
sure by stronger regulations for emissions and pollution
[72]. Regulatory actions can often force significant changes
in industry practices and strategic approaches of the palm
oil business. Policy and regulation factors come from gov-
ernments either through legislation or via a regulation
requiring that companies adhere to certain environmental
standards [73, 74]. The environmental restrictions in the
industry provide a mechanism for permitting variable efflu-
ent standards [25], and legislation imposes limits on the
nature and amounts of discharges to the atmosphere and
waterways by mills and refineries [75]. Specifically,
Malaysian laws regulating the palm oil industry [76] are
presented in Table 2.

Sustainable
Palm Oil
Manufacturing
In Malaysia

Community Wellbeing

Labour Welfare

y\
Technology Advancement 3

Fig. 2. Drivers for sustainability in Malaysian palm oil manufacturing.
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Table 2. Malaysian laws and standards regulating palm oil industry [28, 29].

Principle

Malaysian Laws, Regulations, and Standards

Environmental Quality (Licensing) Regulations, 1977

Control of agro-based water

Environmental Quality (Prescribed Premises) (Crude Palm Oil) Order, 1977

pollution
1982

Environmental Quality (Prescribed Premises) (Crude Palm Oil) Regulations, 1977, and (Amendment)

Malaysian Sustainable Palm Oil (MSPO) Part 1: General principles

Environmental Quality (Sewage and Industrial Effluents) Regulations, 1979

Control of municipal and
industrial waste water pollution

Sabah Water Resource Enactment 1998

Malaysian Sustainable Palm Oil (MSPO) Part 4: General principles for palm oil mills

Control of industrial emissions

Environmental Quality (Clean Air) Regulations, 1978

Environmental Quality (Compounding of Offenses) Rules, 1978

Environmental Quality (Scheduled Wastes) Regulations, 1989

Control of toxic and hazardous

Order, 1989
waste management

Environmental Quality (Prescribed Premises) (Scheduled Wastes Treatment and Disposal Facilities)

Regulations, 1989

Environmental Quality (Prescribed Premises) (Scheduled Wastes Treatment and Disposal Facilities)

Biodiversity

Sarawak Biodiversity Centre Ordinance 1997

Sabah Biodiversity Enactment 2000

The Ministry of Energy, Green Technology and Water
(KeTTHA) is the main agency to promote green technolo-
gy in Malaysia. It is responsible for the implementation of
national policies relating to renewable energy and energy
efficiency for sustainable development by granting increas-
ingly attractive fiscal incentives for energy users to reduce
production costs of doing business and to maintain a com-
petitive edge in the international market. Malaysia’s
National Energy Policy aims to have an efficient, secure,
and environmentally sustainable supply of energy, as well
as the efficient and clean utilisation of energy [49].
Implementations of environmental management systems
took place starting in 2004 and the National Life Cycle
Assessment Project 2006. The implementation of carbon
footprint labelling is currently being carried out under the
National Carbon Footprint Labelling Scheme (2011-15) by
the Standards and Industrial Research Institute of Malaysia
(SIRIM) as part of continuous improvement in the delivery
of sustainable palm oil products [31]. In addition, Malaysia
has come up with Malaysian Standard Malaysian
Sustainable Palm Oil [28], which is a national standard of
sustainability.

There are international standards and guidelines as well
for integrating sustainability management into business
organizations. An increasing number of palm oil manufac-
turing adopted sustainability management-related standards
and guidelines, including ISO 14000, Social Accountability
(SA) 8000, ISO 26000, Account Ability 1000, Dow Jones
Sustainability Index (DJSI) (2008), the United Nations
Global Compact, and World Business Council for
Sustainable Development (WBCSD) initiatives [30].

Emerging technologies also drive manufacturing sus-
tainability [72]. From the perspective of palm oil process-
ing firms, technological advancement may relate to effi-
cient research and development efforts in the utilization of
resources and creation of more diversified and new prod-
ucts. A promising area for applying technology to achieve
more palm oil production sustainability is the use of organ-
ic waste material from palm kernel processing in energy
generation [18]. The development of biogas plants could
reduce waste and GHG emissions from decaying organic
matter, and generate electricity for palm oil processing or
other commercial or community activities [59]. In addition,
the formulation of the crude POME discharge standards by
phases has brought about the catalytic impact on the devel-
opment of effluent treatment technology in the form of
innovative or newly created technology [11]. The advance-
ment in treatment technology has also seen the introduction
of the decanter-drier system, which reduced the volume of
clarification sludge by 75%, while at the same time solids
from POME using a rotary drier has also been harnessed
[4]. This technology not only reducing the volume of efflu-
ent and has also reduced the problem of air pollution.

Economic Escalation

Manufacturing is on the way to overcome not only the
existing limitations in performance, (which was the main
objective to increase economic efficiency), but also to
reduce the consumption of energy and material and emis-
sions [72]. Energy is directly linked to the broader concept
of sustainability and affects most of civilization since ener-
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gy resources drive much if not most of the world’s eco-
nomic activity, in virtually all economic sectors, e.g., indus-
try and transportation. Resources of energy, whether car-
bon-based or renewable, are obtained from the environ-
ment, and wastes from energy processes including produc-
tion, transport, storage, and utilization are released to the
environment [71].

The palm oil industry may achieve economic escalation
along with the development of greener production process-
es through cleaner production implementation and higher
efficiency of utilisation of fuel, electricity, and labour,
which suggests improving the operation for cleaner tech-
nology and less production cost [64, 77]. Furthermore,
increased utilisation of renewable energy resources (in par-
ticular oil palm wastes) is strategically viable as it can con-
tribute to the POM sustainability of energy supply while
minimising the negative impacts of energy generation on
the environment. It can also solve the agriculture disposal
problem in an environmentally friendly manner while
recovering energy and higher value chemicals for commer-
cial applications like bio-fuel in helping the government to
achieve its obligation to prolong fossil fuel reserves [70].
With the rising volume of palm oil residue accumulation
due to palm oil production, palm biomass is gaining signif-
icant attention and is being increasingly utilised to produce
various green products as well as highly valuable biochem-
icals such as bioethanol, vitamins, etc. [32]. The oil palm
biomass as non-food biomass from the mill is a great strat-
egy toward zero discharge in the palm oil industry and min-
imize greenhouse-gas emissions [71].

Other drivers, brand value, and reputation can be sig-
nificantly enhanced by actions that improve a company’s
environmental and social performance. In emerging mar-
kets, where brands tend to be fairly weak, the brand
owner’s reputation can be a significant competitive factor
[78]. Environmental concerns have progressively found
diffusion among palm oil manufacturers and become
strongly related to corporate image, and sustainability cre-
dentials are increasingly becoming an important criteria
alongside price and quality when selecting palm oil suppli-
ers [18]. Since the adoption of ISO 14000 standards, envi-
ronmental labels or eco-labelling may help to promote the
production of environmentally friendly products. The label
helps consumers differentiate environmentally friendly
products from conventional products and signifies the prod-
ucts’ grade in the outlook on the environment [32, 79].
Increased access to export markets are a result of trade
advantages arising from increased consumer demand for
high-quality, environmentally friendly products — especial-
ly in highly developed countries. In addition, European
Union legislation concerning eco-labels has also focused
exporters’ attention on the environmental aspects of their
products [80]. Instead, unsustainable practices could dam-
age reputations of organisations, including trading partners,
with consumer backlash leading to boycotts and reduced
sales, and increased media pressure, both locally and inter-
nationally, can erode brand value [81]. Adopting sustain-
ability may increase palm oil companies’ access to global
markets, provide commercial opportunities, and enhance

brand reputation. Gaining trust from markets and govern-
ments can also mean local or international expansion
opportunities for POM as a preferred supplier.

Social Commitment

In Malaysia there is renewed interest in developing
more effective oversight and accountability for corporate
activities that impact society and the environment. The gov-
ernments are executing policies in response to major sus-
tainability issues, including greenhouse gas emissions,
toxic chemicals, water use, labour, and human rights — par-
ticularly in the palm oil industry. POM are obliged to fol-
low international and domestic policies to address issues
that affect employees, whether socioeconomic issues (such
as wages and healthcare), safety or environmental issues,
and climate change. Safety and Health Policy (OSHA)
1994, Employment Act 1955, Factories and Machineries
(Noise Exposure) Regulations 1989, and worker Minimum
Standard of Housing and Amenities Act 1990 are the poli-
cies and law that the organizations have to follow. In addi-
tion, adopting food safety and HACCP policy as per ISO
22000 as the best developed practice for the palm oil indus-
try is beneficial for community and customer well-being
[59].

Conclusions

This paper presents the results from the literature study
focus on current research in sustainability of Malaysian
POM and drivers to embrace sustainability in POM, partic-
ularly in Malaysia. The exploration illustrates sustainability
efforts in Malaysian POM concerning the field of the empty
fruit bunch, crude palm oil, crude palm kernel oil, refinery
process, and palm oil waste management. This study has
highlight the relevance of some sustainability practices for
the Malaysian POM, i.e., adoption of cleaner production,
process improvement and optimisation, life cycle assess-
ment, zero waste, and reverse logistics.

This paper also discloses the drivers of manufacturing
sustainability of POM in Malaysia. The findings suggest
that the three main standpoints that drive Malaysian POM
for sustainability are environmental consciousness, eco-
nomic escalation, and social commitment. By looking at
environmental consciousness, elements of laws, regula-
tions, and policy compliance, waste management and pol-
lution control, and technology advancement regarding
POM perceived a very promising field toward sustainabili-
ty. Moving toward environmentally sustainable practices
presents few or no risks to business operations but gains
more benefits. If Malaysian POM acts at this instant and
environmental sustainability continues to become an
increasingly important and heavily regulated issue, they
will have an advantage over many competitors. Besides
some initial expenses involved in moving toward environ-
mental sustainability, there are not likely to be any long-
term negative impacts or expenses incurred. Subsequently,
environmental consciousness drivers influencing the mar-
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ket demand growth, brand and reputation advantage, and
production efficiency — the main elements of economic
escalation drivers. Economic escalation driving Malaysian
POM are perceived as a promising field as well in which
POM organisation may increase their competitiveness,
especially when facing international competition from
economies with much lower production costs and higher
utilisation of resources, including energy, materials, and
labour. Besides, sustainable businesses may also have a
competitive edge when it comes to attracting customers and
investors. Thus, it is linked to the third drivers of sustain-
able POM in Malaysia, social commitment that includes
labour welfare and community wellbeing.

Modern consumers are aware of social and environmen-
tal issues and keep informed about which businesses are act-
ing responsibly in the community. Investors are equally
aware of these issues and there is a trend developing toward
investing in sustainable companies and opening up new
opportunities to collaborate, develop products, and keep
stakeholders happy and confident. This study also revealed
that social commitment driving forces are highly relevant in
realising sustainability, but a lesser amount of research has
been published in this area. This indicates that there is still a
large manufacturing sustainability gap to be bridged.
This study helps palm oil organisations in Malaysia better
understand the value of sustainability and to recognize their
opportunities and threats in efforts to enhance business pro-
files and corporate reputations, and market growth without
neglecting the environmental and social impacts.

Although the study incorporates extensive literature
reviews, it does not capture every aspect of underlying con-
struct characteristics. Therefore, it is important to extend
the research in order to create more detailed survey and
case study of the adoption of manufacturing sustainability
practices and the perceived driving forces from Malaysian
POM. Moreover, future work would explore further bene-
fits of the sustainability for POM and develop a framework
for performance measures and metrics for sustainability
that will support the managers in making decisions regard-
ing strategies, tactics, and operational policies and their
impact on the outcome of sustainability within POM in
Malaysia.
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