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Abstract
Considering the global palm oil production, it can be identified as the second largest vegetable oil. Palm oil is a natural
resource that is favorable for the Malaysian climate. In 2017, Malaysia had a total of 454 palm oil mills with a production
capacity of approximately 112 million tonnes of fresh fruit bunches. A sustainable environment denotes high income, value
addition and zero waste. Nonetheless, palm oil mills are being associated with the discharge of untreated effluent water
stream pollution, solid wastes, air pollution, etc. The important objective of this study is to measure the level of sustainable
environmental practices parameters and awareness of millers. The primary data were collected through questionnaire survey
and interviews from 71 millers in Malaysia. This study used confirmatory factor analysis to describe the relationships between
the environmental parameters for measuring environment sustainability. This study found that most of the millers employ
positive practices for environmental sustainability, and the highest environment parameter is disposal of solid wastes. However, this study can be implemented in Malaysian palm oil mills for identifying the lowest parameters. This study suggested
to the industries that the new national sustainable policies for palm oil mills, especially for small and medium players, may
enhance the environmental parameters.
Keywords Environmental sustainability · Palm oil millers · Fresh fruit bunch · Sustainable production · SEM · Peninsular
Malaysia

Introduction
It is substantiated that the milling sector is one of the important sectors for earning income in the oil palm industry
(Begum et al. 2019), and this sector has been generating profits for the past decades (MPOB 2001, 2011, 2016). However,
the sector is divided into three segments such as upstream,
midstream and downstream sectors (Sime Darby 2009) in
order to perform the operation shown in Fig. 1. The major
players in each segment are directly involved in the palm oil
production such as growers or planters, millers, refiners, processors, manufacturers, retailers, etc. (Teoh 2000). However,
in Fig. 1, the upstream process is to involve with cultivation
for producing Fresh Fruit Bunches (FFB). The midstream
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sector such as the palm oil mill is also known as palm oil
manufacturing mills under the midstream sector which mainly
processes the oil palm Fresh Fruit Bunches (FFBs) to produce
crude palm oil (CPO) from the fibrous mesocarp and crude
palm kernel oil (CPKO) from the kernels after receiving the
FFB from the smallholders (Wicke et al. 2008; Subramaniam
et al. 2010, 2013; Sisbudi et al. 2013). However, the FFB has
to be processed in the mill within 24 h as palm fruits consist
of a lot of fatty acid enzyme, which would hydrolyze palm oil.
Finally, the crude oil is further treated to purify in downstream
sector and dry it for storage and export to the market.
Nevertheless, it is asserted by EPU (2010) and Basiron
(2007) that given the fast production by the POM, the
Malaysian oil palm industry has become one of the largest exporters and the second largest producers of CPO
supplying half of the world’s production after Indonesia
(Basiron and Weng 2004; Basiron 2007; USDA 2016).
Besides, next to Indonesia, Malaysia is the world’s second largest producer of palm oil. As of 2015, Malaysia
(31.67%) and Indonesia (53.33%) both account for 85%
of the global palm oil production (MPOB 2016), and the
GNI (Gross National Income) of Malaysia indicates that
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Fig. 1  Crude palm kernel oil pressing production line. Source: Authors’ adopted from Sime Darby (2009)

the fourth largest contributor to the Malaysian economy is
the palm oil industry (EPU 2017).
Moreover, the oil palm industry is opening tremendous
potential opportunities in Malaysia to increase the national
average through a combination of environmental monitoring and quality control, production efficiencies and societal
development through sustainability practices in the new
period (Begum et al. 2014a, b, c, 2016, 2018, 2019; Alam
et al. 2015, 2016). It is quantified that the country had 19
oleo-chemical plants, 53 refineries, 454 mills and 45 palm
kernel crushers, Malaysian Palm Oil Board (MPOB) (see
Table 1 for details) and palm oil plantation in almost 5.10
million ha of land area in 2017 (MPOB 2017). Table 1 also
shows that according to MPOB (2017), a total of 244 mills
are located in Peninsular Malaysia, 130 mills in Sabah and
the remaining 80 mills in Sarawak and all these mills have
the capacity to produce 112,187,800 tons of palm oil.

However, the market situation has been experiencing a
sudden decline since 2014 due to several reasons, for example several recent palm oil statistics show that the production, supply and prices are decreasing (Oil World 2014;
MPOB 2014a, b). Figure 2 delineates the yearly yield and
increase rate of the palm oil industry from 2005 to 2015,
and it demonstrates that the production was decreasing in
Malaysia between 2014 and 2015, whereas the CPO production was comparatively high in 2007 (USDA 2017). However, the issue directly affects the economic sustainability
performances.
Therefore, the government has undertaken several plans
and initiatives to address the concerning issues in this sector (EPU 2017) and issue of sustainability under the longterm concern of the Malaysian Palm Oil Industry (MPOI),
in order to enhance their credibility, brand value and images
(EPU 2017). Therefore, the practice of sustainability is

Table 1  Number and capacities of palm oil mills in operation as at December 2017 (tonnes/year). Source: Din (2017)
Sector

FFB Mills
PK Crushers
Refineries
Oleochemicals

Peninsular Malaysia

Sabah

No.

Capacity in operation

No.

244
28
35
19

56,803,600
4,475,300
15,475,200
2,668,929

130
13
12

Fig. 2  Yearly production of
CPO. Source: USDA (2017)
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Sarawak

Malaysia

Capacity in operation

No.

Capacity in operation

No.

Capacity in operation

33,775,200
2,097,200
8,738,000

80
4
6

21,609,000
697,200
3,115,000

454
45
53
19

112,187,800
7,269,700
27,328,200
2,668,929
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the ultimate goal of the oil palm industry (Palm oil World
Online) for long-term environmental conservation, economic
growth and social development (Begum et al. 2014c, 2015a,
c, 2018; Abazue et al. 2015). Hence, Malaysia is an active
member of the Malaysian Sustainable Palm Oil (MSPO) and
the Roundtable on Sustainable Palm Oil (RSPO), which are
instrumental to the continuous development of independent
and supported palm oil millers (Arif and Tengku Mohd Ariff
2001; RSPO 2007; Dompok 2010; MSPO 2014). However,
there is a big challenge on how to enhance the production
toward sustainability and create awareness of its potential
in the global vegetable oil market, consumer demands for
certification of products and processes (Guan et al. 2016).
Therefore, Malaysian palm oil mills have had to abide
by the standards and principles of RSPO since 2004 (RSPO
2006) to be a certified sustainable palm oil (CSPO) globally and avoid international criticism. Besides, the Malaysian own body led the sustainability policies such as the
MSPO which has also imposed a mandatory governmentled certification scheme since 2019 toward sustainable oil
palm industry (MSPO 2014). However, the assurance of the
palm oil sustainability in long terms with continuous trust
of consumers and brand value can be ensured along with the
improvement and safeguarding of the environment (Abdullah et al. 2017). Hence, ENGOs keep claiming that the production sector of palm oil is highly responsible for creating
environmental pollutions (Er 2007, 2011). Moreover, despite
the developmental initiative of mills for sustainability, ETP
(2009); stated that there are still lacks in research and investment, limited study in the palm oil milling area in Malaysia
as the majority of the research is merely focused on the palm
oil plantation area. Thus, ongoing research via random sampling may help to embellishment and identify the issues in
the sector (Abdullah et al. 2017).
However, in order to address the problem in the palm
oil milling sector, it was announced that based on the Environmental Quality (Prescribed Premises) (Crude-Palm
Oil) Regulations of 1977, the mills will need to apply for
the license from the Department of Environment annually
(DOE 1991). Due to the enforcement action taken by this
authority, a significant improvement was achieved by the
mills. Eventually, the mills drastically reduced their pollution to comply with the regulations in order to avoid their
licenses being suspended. For instance, in 1981, the total
BOD loads discharged was 58 tons per day, and in 1991, the
loads reduced dramatically to 6 tons per day. The compliance rate of palm oil mills following the implementation of
the regulation was impressive in the first decade with rates
going up to 75% (DOE 1991). In relation to the compliance
rate, it was seen that 80% of the mills complied with the
regulation from 1991 to 1998 (DOE 1998). Moreover, a few
palm oil mills that were found flouting the environmental
regulations have been reported in the media and ENGOs.

Table 2  Effluent discharge standards for CPO and CPKO Mills
by EQA (1974). Source: Ahmad et al. (2003) and Pierzynski et al.
(2005)
Units (MG/L)
Parameters

Concentration limit

Standard limit

pH
Oil and grease
Biological oxygen demand
(BOD)
COD
Total solids
Suspended solids
Total nitrogen

4.7
4000
25,000

5–9
50
100

50,000
40,500
18,000
750

–
–
400
150

In 1997, the DOE suspended the licenses of two palm oil
mills for not complying with the effluent discharge limits
as stipulated in their licenses. The DOE also took 27 palm
oil mill operators to court for the same offense (Tan 1999).
However, there are rules and regulations for the concentration and standard limits of pH, oil and grease, biological
oxygen demand (BOD), COD, total solids, suspended solids
and total nitrogen by DOE for effluent discharge standards
for CPO mills (Environmental Quality Act 1974, Pierzynski
et al. 2005) mentioned in Table 2. However, the unit limits has to follow for controlling emissions during wastages
treatment and ponding system methods.
Although some progress has been noted by the implanted
policies and inspections by DOE and local authorities, the
performance records on the whole show that despite the
promulgation of the laws over the last three decades, the
issue has remained unresolved despite the attempt to become
sustainable palm oil mills (Mohd Rafi 2007). Nonetheless,
the issue has not been resolved yet, as it is asserted that
palm oil mills create air, water and soil pollution due to their
practice of using chemical fertilizers and palm oil milling
activities (Danielsen et al. 2009; Tan et al. 2009; McCarthy
2010). Hence, Guan et al. (2016) mentioned that for sustainability, the environmental preservation is a great challenge
among palm oil production sector as large production has a
definite positive effect on the good environmental practices
and awareness of the ecosystem. Therefore, the objective of
this study is to measure the level of sustainable environmental practices and awareness with their adopted policies, and
methods among surveyed palm oil mills.

Literature review
“Environmental sustainability (ENVS),” in accordance with
“Malaysian palm oil manufacturing” is defined as the awareness of ecological conservation for economic escalation and
human welfare by the technological advancement and sector
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of regulatory policies (Abdullah et al. 2017; Begum et al.
2019). Among three factors of sustainability, the conservation of environment is one of the integral parts to assess
sustainability (Er 2007; Begum et al. 2014a, b, 2015a, b). It
has been defined by several authors, as asserted by Morelli
(2011), as a natural system on human impact, and it is an
“ecological subset” (Vivian et al. 2006; Morelli 2011).
More specifically, sustainable manufacturing practices in
Malaysia involve several dimensions of environmental conservations with their factors, such as environment legislation
compliance with international standard (ISO 14001), green
policies (KETTHA), Malaysian standards and regulations,
carbon footprint labeling policy, waste management and pollution control with reverse logistic, Life Cycle Assessment
(LCA), Green House Gas emissions (GHGE), technological advancement with waste treatment and energy generation (Abdullah et al. 2015b). Previous studies on improving
sustainability in palm oil milling have been conducted in the
area of environmental impacts of palm oil production (Shirai et al. 2003), renewable energy applications of palm oil
(Yusoff 2006), utilization of palm oil waste, wastewater treatment, and sustainable development and practices as detailed
in the current research on the POM (Zhang et al. 2019).
To follow the sustainability practices framework, Malaysia’s efforts to promote sustainable development have
resulted in her being ranked number 38 among 146 countries worldwide (EIA 2005). In addition, a follow-up study in
2006 ranked Malaysia ninth among 133 countries in terms of
efforts taken to reduce environmental stress on human health
and protecting ecosystem vitality. This example shows that
the regulatory measure was the main motivator for the adoption of environmental management practice in the country.
Another new development in environmental legislation in
Malaysia in this period was the introduction of the Environmental Impact Assessment (EIA) legislation in 1988 (Peter
1998). On the other hand, practicing environmental sustainability is one of the greatest issues in the palm oil sector.
Unfortunately, its activities are not without environmental
costs (Er 2007).
Moreover, for enhancing sustainability performances,
environmental conservations are one of the key issues
(Salwa Hanim et al. 2008) and they improve the quality of
human life (Salwa Hanim et al. 2017). Undoubtedly, competitive advantages can be gained by sustainable business
practices and the implementation of green technologies
(Ramayah et al. 2013). Thus, industries create a positive
impression for creating further competitive advantages
for organizations and boost organizations’ status among
the society (Mahmood et al. 2014). Thus, it is important
to enhance environment sustainability practices in order to
gain the production benefits and images (Liyanage 2007),
while Malaysian palm oil mills are facing the international

13

criticisms continuously around the globe due to unsustainable green practices (Emily 2018).
Besides, to identify the issue of environmental sustainability practices among palm oil mills in Malaysia, the
existing findings revealed that adopted methods during
FFB processing for palm oil production by the mills remain
controversial, as they created environment pollution and
social conflicts (Lim and Biswas 2015, 2018); and undeniably, rapid increase in activities by mills was responsible
for environmental pollution (Abdullah et al. 2015a). It was
reported that the country’s worst source of water pollution
in 1975 was by POMs (DOE 1991). Likewise, another milling process is POME by palm oil mill which contains very
high organic matter and the method is the most voluminous
and environmentally unfriendly (Saifudin and Fazlili 2009).
Er (2011) also revealed that independent mills need further
developed methods during the discharge of POME for sustainability. Besides, conventional palm oil mills in Malaysia
are identified as the largest source of pollution and destruction of natural resources (Vairappan and Yen 2008; Oosterveer 2014) and the mills cause gas emissions due to the
waste treatment plant (Abdullah and Sulaiman 2013).
In 2007, Hansen (2007) conducted a feasibility study
of performing a Life Cycle Assessment (LCA) on CPO in
Malaysia. The result showed that LCA activities created a
significant environmental impact due to vast CPO production quantities (Hansen 2007). However, this will allow more
industry players to adopt cleaner technology investments in
their processing activities (Hansen 2007). However, Chavalparit et al. (2006) asserted that inefficient equipment, defective machinery, leakage (by breakdown or overflow of tanks)
may often be the reason for extra oil losses. Besides, there
is one important parameter of environmental sustainability
among palm oil mills through biodiesel production (Lapola
et al. 2010). Additionally, in Malaysia, biofuel or biodiesel
has less financial values among the processing mills (Yatim
et al. 2017; Greenpeace 2007).
On the other hand, practicing environment sustainability is one of the greatest issues in the palm oil sector
(Begum et al. 2015a, b, 2016, 2018). Unfortunately, its
activities are not without environmental costs (Er 2007).
As with other extractive industries such as logging, rubber,
tin and chemical-based agriculture, the Malaysian palm oil
industry (MPOI) includes upstream and downstream sectors that are considered environmentally damaging activity
in the country (Wong et al. 2009) and it is pressurized by
ENGOs due to political interest (Tan et al. 2009). Moreover,
another source of air pollution is from greenhouse gas emission (Graboski and McCormick 1998). On the other hand,
palm oil is a source of lower emission as has been claimed
(Kalam and Masjuki 2002). However, the use of palm oil is
also advocated because it is assumed to dramatically reduce
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 O2 emissions (Yusoff 2006). Besides, pollution occurs due
C
to ponding system (Ahmad et al. 2005; Guan et al. 2016).
However, a number of high-profile media and non-government organizations (NGOs) campaign negatively about
environmental sustainability. This has led to a close scrutiny of the activities associated with palm oil production and
processing (Er 2007). This vigorous campaign to denigrate
the palm oil industry is masterminded by NGOs spreading
in Australia and European Union’s governments, with the
aims to pressurize processed food manufacturers and consumers into boycotting palm oil (World Growth 2010). Thus,
there is an importance of depth research to embellishment
of Malaysian cheapest and valuable green product of palm
oil (Begum et al. 2019; Abdullah et al. 2017).
However, this study revealed that environment driving
forces are highly relevant in realizing sustainability, but a
lesser amount of research has been published in this area.
This indicates that there is still a large gap to be bridged.
Therefore, researches should address and focus more on
environment sustainability practices and its determining factors in the palm oil milling sector like other manufacturing
factories in Malaysia. At present, there is only one exploratory study with limited data through an online survey that
examined the relationship between current achievements and
the levels of priority placed on their practices to compare
the implemented environment-sustainable manufacturing
practices among POMs in Malaysia. Hence, the aim of this
study is to identify the environmental impact of the palm oil
mills toward sustainability, and to identify the approaches
and mechanisms for mitigating the environmental risks associated with the palm oil industry.

Research methodology
Study area and population
The aim of this study was to examine the environment sustainability practices of Malaysian palm oil mills for measuring sustainability. The data for this study were taken to
reflect the current manager of the mills. Therefore, the palm
oil mills were chosen for the survey through questionnaire
in December, 2014. The interviewers conducted the interviews with the persons who were the operational heads of
the mills, for example Managers, Assistant Managers, Executives, Engineers, etc. as well as the persons responsible for
the sustainability decision for their mills. This study used
primary data collected from Malaysia such as Sabah and
Sarawak State and Peninsular Malaysia. The data collected
through a questionnaire survey and interviews with 71 out
of 123 were found completed with useful information and
were accepted for further analysis. However, the targeted
populations reviewed from the previous study of Er (2011).

Questionnaire development
This study adopted questionnaire as the main instrument
for data collection to conduct survey, and survey is the
best method which can cover large population and ensure
a more accurate sample size to gather data from other than
focus group discussion. The questionnaire for this study was
developed based on comprehensive review of past relevant
studies. The entire questionnaire was divided into four sections A, B, C and D. Section “C” contains the environment
sustainability practices by palm oil millers in Malaysia. In
order to measure these variables, several items were adapted
from the most relevant studies. Several studies noted that
the sustainability concept has been used too extensively and
that the concept should be “reclaimed” (Santillo 2007), but
indicators, limited to environmental impacts, are not sufficient in the analysis of palm oil mills. However, the research
methodology was also mainly adopted from other studies
related to sustainability manufacturing practices and survey
questionnaires were developed considering Malaysian palm
oil environment sustainability context from the existing studies of such as Er (2007), Vinodh and Joy (2012) and Begum
et al. (2014a, b, c, 2015a). Section “A” considered the sociodemographic variables of the respondents such as age, sex,
education and economic position and production capacity.
These variables were adopted from the survey questionnaire
of Danielsen et al. (2009) and Er (2007). The overall survey
instrument had undergone pre-test in an effort to purify and
refine the pilot survey instrument for further field survey.

Sampling technique and data collection
The data of this study used a five-point Likert scale that
ranged from “Low Extent (1)” to “High Extent (5).” The
data used in this study were collected through a questionnaire survey, and interviews with 71 were found completed
with useful information and were accepted for further analysis. The remaining 52 out of 123 distributed questionnaires,
which had incomplete answers, were excluded from the analysis. The “Cluster Sampling technique” was used to collect
samples. The survey was conducted during “4 December to
6 December” 2014 at the time of the annual seminar of palm
oil milers which was organized by Malaysian palm oil council (MPOC). This study chose cluster sampling technique
because it confirms that each subgroup within the population
obtains proper representation within the sample. The palm
oil millers are Malaysian citizens mainly. Moreover, data
were obtained in the form of questionnaires that were distributed and completed through personal interviews. Target
respondents were the palm oil millers engaged in palm oil
mills, and at the same time, a special attention was given
by the MPOB to increase the environment sustainability in
this area.
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Statistical analysis
Analysis of environmental issues was derived from data
analysis undertaken through IBM SPSS statistical software
in order to calculate the missing data, data reliability and
frequency distribution. This study also used Confirmatory
Factor Analysis (CFA) with Analysis of a Moment Structures (AMOS) to identify the Cronbach’s alpha (CA) that
describes the relationships between the environmental factors, i.e., national policy, waste management, protected
ecosystem, environmental pollution, environmental conservation and safety and welfare of the environment. CFA
was carried out in explorative, clustering groupings-related
variables into dimensions for environment sustainability programs and practices at Malaysian Palm Oil Mills (POM).
The Kaiser–Meyer–Olkin (KMO) test by SPSS assesses
sampling adequacy and evaluates the correlations among
variables (Urban and Naidoo 2012). The reliability construct
is independent and calculated separately from other constructs. However, it is very important to assess data reliability for the diagnosed CFA.

Variables of the study

Results
Reliability test

The sustainability of the palm oil mills is mainly defined
by the combination of environment and social and economic aspects (Abdullah et al. 2015b). In this study, the
environmental aspects were discussed only because of its

Waste
Treatment
and disposal
Awareness of
community
Environment

significance for palm oil processing mills. However, Fig. 3
illustrates the observed variables of the study to assess the
LV of environment sustainability practices. The environment
sustainability driver generally consists of certifications certified by CSPO and committed to the RSPO (RSPO 2007),
modern technology (Mohd-Lair et al. 2012), international,
national, state and local policies implications (Er 2007).
They also include waste management treatment and disposal
(Chin et al. 2013), environmental auditing by Department of
Environment (DOE) and Environment Management System
(Er 2007), Environment and Quality Act (EQA 1974), international and national training participation, Green House
Gas Emission and Pollution Control Activity (GHGP) (Winroth et al. 2016), internal budget for environment training,
environment awareness for community welfare and Green
Manufacturing Practices (GMP) (Er 2007). Those variables
will assess for diagnosis of CFA in order to identify the relation between LV (environment sustainability) and observed
variables (X1, X2, X3…X15).

GMP

Certified
by
CSPO
Commitme
nt to the
RSPO

The collected data were analyzed for this study. The internal
consistency and reliability of the pilot survey were tested
using the Cronbach’s α-reliability test as in Ogunbiyi et al.

Local
Policies

Environ
mental
Auditing

Policies of
EQA 1974
Training
participa
tion

Environment
Sustainability
(ENVS)

EMS

GHGP

Internal
Budget

Modern
technology

Internation
al Policies

National
Policies

Fig. 3  Research framework of this study. Source: Adopted from Er (2007), Singh et al. (2012), Abdullah et al. (2015a, b), Lim et al. (2015) and
Lim and Biswas (2015)
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(2014). According to Gliem and Gliem (2003), an α-value of
less than 0.6 is considered to be poor, and one in the range
of 0.7 is considered to be acceptable and any one above 0.8
is reckoned to be good. However, the reliability of data was
0.819 with 71 sample sizes which was good and acceptable
(Table 3). Besides, the growth rates by primary survey of
latent variables (LVs) are given as follows:

Demographic profile of the respondents
During 2013, a total of 434 palm oil mills existed in whole
Malaysia (MPOB 2014b). Most of the Palm oil mills are
established in Pahang state according to the previous statistics of MPOB 2014. The respondents such as mangers
and assistant mangers of POM are from different states
in Peninsular Malaysia such as Selangor, Pahang, Perak,
Negeri Sembilan—Port Dickson, Malacca and Kedah. The
majority of the respondents were from Pahang areas. The
demographic background of the respondents shows the percentages of the respondents (Millers) according to their age,
sex, education and economic position. About 55.6% of the
respondents are aged between 25 and 44 years old mainly.
Undeniably, majority of the executive positions are held by
Table 3  Reliability analyses of 71 sample sizes
Reliability Statistics
Cronbach’s alpha Cronbach’s alpha based on standardized items

No. of items

0.819

71

0.819

own calculation

males (91.7%), whereas few are females (8.3%). Moreover,
majority of the respondents (48.6%) completed their degree
levels. Most of the respondents have service lengths of more
than 10 years. The past study revealed that the person who
are minimum 2 years of experiences considered as maturity
period of experiences in order to get reliable information
about a company (Dustmann and Meghir 2005). Besides,
the studied palm oil mills hired staff with workers below 200
(51.4%) in order to perform their operations.

The frequency distribution of sustainable
environment
The frequency distribution of the palm oil miller’s level of
practices for environmental sustainability is described in
Table 4. Regarding the section on “Certified by CSPO O
(X1),” 71.9% of the respondents indicated that they follow
the regulation to be certified by CSPO “very frequently.”
About 38% of the respondents agree that the mills frequently
use “modern technology (X3).” Most of the respondents
(77.5%) agree that the mills maintain a “level of compliance
(X4),” such as adequate “facilities of disposal wastage (X5)”
and “treatment and disposal of effluent (X6),” wherein 78.8%
and 69% of the respondents indicated “agree,” respectively.
About 70.4%, 71.8%, 77.4%, 77.4% and 54.9% of the
respondents indicated that they implement “environmental
auditing (X7),” “EMS (X8),” “EQA 1974 (X9),” “local policies (X10)” and “Environmental awareness training participation (X11),” respectively. About 66.2% of the respondents
mentioned that they have controlled “greenhouse gas emission and pollution (X12) by adopting environment policies
and technological advancement” regularly. About 47.9%

Table 4  Factors of sustainable environmental issues of palm oil industries. Source: Primary Survey data of “December 2014”
Environmental issues

1

2

3

4

5

Mean

SD

Certified by CSPO (X1)
Commitment to the RSPO (X2)
Modern technology (X3)
International policies (X4)
National policies (X5)
Treatment and disposal of effluent (X6)
Environmental auditing (X7)
Environmental management system (EMS) (X8)
EQA, 1974 (X9)
Local policies (X10)
Training participation (X11)
GHGP (X12)
Internal budget for environmental training (X13)
Awareness of community environment (X14)
GMP (X15)

3 (4.2)
1 (1.4)
6 (8.5)
0 (0)
0 (0)
5 (7.0)
2 (2.8)
2 (2.8)
1 (1.4)
6 (8.5)
1 (1.4)
2 (2.8)
0 (0)
0 (0)
6 (8.5)

0 (0)
1 (1.4)
1 (1.4)
1 (1.4)
0 (0)
1 (1.4)
2 (2.8)
3 (4.2)
1 (1.4)
2 (2.8)
6 (8.5)
6 (8.5)
4 (5.6)
4 (5.6)
4 (5.6)

17 (23.9)
34 (47.9)
37 (52.1)
15 (21.1)
15 (21.1)
16 (22.5)
17 (23.9)
15 (21.1)
14 (19.7)
7 (9.8)
25 (35.2)
16 (22.5)
33 (46.5)
19 (26.8)
16 (22.6)

20 (28.2)
9 (12.7)
14 (19.7)
30 (42.3)
28 (39.4)
26 (36.6)
27 (38.0)
25 (35.2)
29 (40.8)
29 (40.8)
22 (31.0)
17 (23.9)
22 (31.0)
32 (45.1)
31 (43.7)

31 (43.7)
26 (36.6)
13 (18.3)
25 (35.2)
28 (39.4)
23 (32.4)
23 (32.4)
26 (36.6)
26 (36.6)
26 (36.6)
17 (23.9)
30 (42.3)
12 (16.9)
16 (22.5)
14 (19.7)

4.07
3.82
3.38
4.11
4.18
3.86
3.92
3.96
4.01
3.87
3.55
3.77
3.21
3.46
3.31

1.033
1.004
1.074
0.785
0.762
1.112
1.066
1.101
1.089
1.340
1.228
1.436
1.473
1.538
1.564

1 = not at all, 2 = hardly, 3 = moderate, 4 = frequently, 5 = very frequently; percentage in the parenthesis
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of the respondents indicated that they had “Internal budget
for environmental training (X13)”, and 67.6% “concerned of
awareness of community environment (X14).” “Majority of
the respondents (63.4%) agree that sustainable mills practice
GMP to be environmentally sustainable (X15).” However,
there is a national scheme in Malaysia issued by the RSPO
in 2010 called the Malaysia National Interpretation Working
Group (MY-NIWG), which is reviewed periodically. Scheme
managers should ensure that their organized mills are aware
of environmental issues and they comply with the relevant
legal requirements (MY-NIWG 2010). About 49.3% indicated that they have “Commitment to the RSPO (X2)” to
maintain the national policies for the environment. Majority of the respondents observe a considerable improvement
in terms of environmentally friendly operations practices

over the last decades compared with the earlier years of the
industry in the country.

Confirmatory factor analysis (CFA)
The CFA model was used to examine the hypothesized
relationships between the constructs (factors) in the model
(Fig. 4). A relatively insignificant result was found about
the implementation of the criteria and principles of the
RSPO, but institutional and individual documents are lacking (Diana and Riantri 2014). There is a lack of knowledge
and practice in sustainable palm oil plantation management.
Such a condition is influenced by the size of the palm oil
industry and by the participation in farmer groups. The present study was developed from previous studies. The findings of the present study indicate a positive significant relationship between the palm oil industry and its sustainable
environmental factors.
Convergent validity test results included coefficient and
variance estimates between factors and variable loadings
on the factors for each variable (Table 5). Among the environmental latent variables, this study found that the path
coefficient of the “waste treatment and disposal of effluent”
obtained the highest value (0.88), followed by “awareness of
community environment” (0.84), “environmental awareness
training participation” (0.84), “GHGP” (0.80), “environmental management” (0.78), “good manufacturing practices
(GMP)” (0.77), “environmental auditing” (0.76), “modern
technology” (0.73), “policies of EQA 1974” (0.68) and
“commitment to the RSPO” (0.66). However, X1 = Certified
Sustainable Palm oil (CSPO), X4 = International Policies,
X5 = National Policies, X10 = Local Policies and X13 = Internal Budget for Environmental Training have been deleted
due to lower and negative values.

Fig. 4  Confirmatory factor analysis (CFA) for measuring sustainable
environment

Table 5  Output summary of the confirmatory factor analysis (CFA)
Latent variables

Observed variables

Correlation (coefficient)

Effect (variance)

Sustainable environment

X2 = commitment to the RSPO
X3 = modern technology
X6 = treatment and disposal of effluent
X7 = environmental auditing by DOE
X8 = EMS
X9 = Policies of EQA 1974
X11 = Environmental awareness training participation
X12 = GHGP
X14 = Awareness of community environment
X15 = Green manufacturing practices(GMP)

0.66
0.73
0.88
0.76
0.78
0.68
0.84
0.80
0.84
0.77

0.43
0.53
0.77
0.57
0.60
0.46
0.71
0.64
0.71
0.60

The path coefficient > 0.6 consider significant
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Diagnostic tests of CFA
To determine the goodness fit of the model, several types of
indicators and conditions were tested. Cronbach’s alpha is
used to determine the reliability of the environmental factors. The latent variable in this model have high Cronbach’s
alpha values for the environment at 0.949. Therefore, the
reliability level for the attitude toward the environment
meets the critical value of 0.7, as suggested by Nunnally
and Bernstein (1994).

Discussion
This study had given more importance on the level of ranking of environment sustainability practices parameters of
Malaysian palm oil mills through CFA. The findings of the
study suggest that out of the three main standpoints that
drive Malaysian palm oil mills for sustainability are based
on environmental consciousness. The study found that most
mills are unable to be certified by CSPO. The dissimilar
Yusoff (2006) studies examined that most Malaysian POMs
are CSPO-certified, and Malaysian POMs are more certified than those of Indonesia and other countries. Besides,
the POMs in Malaysia cannot adopt fully the international,
national policies and local policies for environment conservations during processing due to stringent policies and
bureaucratic barriers. Thus, there are lots of improvements
essential for the policies and regulations through the depth
research while considering employees and local communities as respondents. The similar findings are asserted by
Winroth et al. (2016) that the stringent policies created
impediments for following environmental sustainable policies. More surprisingly, the current study reported allocation of fewer internal budgets for environmental training
among the employees. However, there is a dissimilar study
by Abdullah et al. (2017). The study also examined that the
wastages treatment by empty fruit bunches (EFB) and the
managing effluent from that disposal were given as one of
the highest priorities for achieving environment sustainability among Malaysian palm oil mills. The study was parallel to the findings of Lapola et al. (2010); Er (2011). They
added that independent POMs discharge treated palm oil
mill effluent in accordance with environmental parameters.
As a result, biomass energy from solid wastes became potential and profitable sources of renewable energy in Malaysia
(Yatim et al. 2017; Yiin et al. 2018).
However, the wastages need more careful treatment to
decrease the environment pollutions though this is of the
highest priority among studies Malaysian palm oil mills.
Lim and Biswas (2018) also identified similar findings as
asserted that it needs lots of improvement till for wastages treatments. More, another similar study asserted that

composting is considered as one of the sustainable ways to
minimize the waste as well as preventing pollution into the
mills (Yaser et al. 2007). Secondly, it is also highlighted
that creating environmental awareness through training and
community environment by studied palm oil mills also generated positive environment sustainability. The parallel study
examined that environment awareness training (Mohd Rafi
2007) and awareness of community environment (Abdullah
et al. 2017) added that awareness can boost the environment
sustainability among oil palm processing industry. Fan et al.
(2014) examined that the sustainable operations for health
and safety of employees are found in environmental management. The third ranking level of environment parameter
for sustainability is greenhouse gas emission and pollution
control activity by POMs in Malaysia, and it is one of the
issues of environment conservations. As, the previous studies discussed that another source of air pollution is from
greenhouse gas emission dramatically reduce CO2 emissions (Graboski and McCormick 1998; Yusoff 2006), on
the other hand, palm oil a lower emission has been claimed
(Kalam and Masjuki 2002). The fourth level is fulfilling the
requirements of environmental management system (EMS).
As it is, the POMs in Malaysia are given medium importance
because of strict policies. The fifth level of environment
parameter is Green Manufacturing Practices (GMP) for environment sustainability of palm oil mills. The study found
that there is a less concern to practice to produce green product. However, the existing studies revealed that consumers
are boycotting CPO because of unsustainable practices and
ENGOs keep claiming to boycott palm oil (Tan et al. 2009).
The sixth environment parameter for sustainable environment is environmental reporting and auditing by DOE. The
study revealed that DOE reported that there is still pollution
creation by downstream activities among POMs in Malaysia. There is a similar finding by Alam et al. (2015) and Tan
(1999). There is a less use of modern technology rather than
conventional technology for producing CPO and CPKO.
Therefore, it needs large investment to process with modern
technology. However, the similar study opined that defective machinery and inefficient equipment are responsible for
CPO losses and pollution during the processing as claimed
by Chavalparit et al. (2006). For the policies of sustainable
environment conservations, there is less priority of practices of EQA 1974 though the introduction of the Environmental Impact Assessment (EIA) legislation in 1988 (EQA
1974; Peter 1998) was started in this period. Nonetheless,
the lowest ranking is fulfilling the requirements by RSPO.
Large scale of POMs is only able to follow the principles
and compliances by RSPO though it is an expensive method
to be certified by RSPO. The parallel Brandi et al. (2012)
study asserted that RSPO method is quite expensive and
cost oriented. Besides, pollution occurs also due to ponding
system (Ahmad et al. 2005; Guan et al. 2016). However,
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the previous studies asserted that there are some rules and
regulations for the treatment of POME which needs to be
fulfilled (Chavalparit et al. 2006) and DOE highly inspected
the Malaysian palm oil mills for creating environment awareness (Begum et al. 2019).

Conclusion
By considering environmental consciousness, fundamentals
of laws, regulations and policy compliance, waste management and pollution control, and advance machinery about
palm oil mill perceived a very encouraging field toward
sustainability. However, the large numbers of millers have
adequate knowledge and focus on environmental conservations. Thus, a small group of millers are still unaware of
sustainable environmental concerns of palm oil milling practices. There is a great impact on waste treatment for environmental conservation while it also creates less pollution
during processing activity. It creates renewable energy, too.
However, during processes wastage needs more careful treatment still, to decrease the environment pollutions. Nonetheless, the international, national as well as local policies
should restructure for the palm oil millers, especially RSPO
method was suggested to be less cost oriented. Besides,
more investment is needed to introduce modern technology
at each and every palm oil mill for more environment sustainability. However, due to defects machinery is creating
the losses of CPO production. Specialized programs related
to sustainable palm oil should be developed through longterm environmental and development planning. Hence, the
management enhances the operational knowledge through
green manufacturing practices and introduces guidelines for
workers environmental consciousness. As a result, the community will not pollute via air and water pollutions. Moving toward environmentally sustainable practices offers no
threats to business procedures but more benefits achieved.
Subsequently, environmental consciousness parameters
can influence the greening images, branding, etc. Moreover, employers participating in environment training can
expect reduction in fatalities, injuries and illnesses for creating environment awareness. Nevertheless, a few studies
investigated the importance and applicability of environment
sustainability toward sustainability performances among the
Malaysian palm oil mills. Hence, this study can be one of
the academic contributions. Besides, methodology and variables were newly validated for the data analysis in the palm
oil milling sector which were adopted from other environment sustainability manufacturing studies. Therefore, the
questionnaire was developed for the primary survey. However, this study can be implemented in Malaysian POMs
for identifying the lowest parameters for giving importance
with the highest parameters also. It is recommended to study
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that the new national sustainable policies for palm oil mills,
especially for small and medium players, may enhance the
environmental parameters.
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