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ABSTRACT

The increase in palm oil production for food and products has raised major 
concerns on greenhouse gas (GHG) emission. Studies have shown that 
agricultural and plantation acreage are one of the biggest contributors 
to the total global GHG emission, accounting for 17%. This is alarming 
for Malaysia’s reputation as the second largest palm oil producer, which 
currently contributes 39% of world palm oil production and 44% of 
world exports. While most studies have focused on the GHG emission 
from palm oil mill effluent (POME) and GHG emission from oil palm 
peat, little attention is given to GHG emission arising from operation 
during oil palm planting production activities. Hence, this paper aims 
to measure the impact of energy use on GHG emission of these two palm 
oil-related activities. In this study, we develop an extended Input-Output 
Table by introducing two vectors: (i) sectoral energy consumption in unit 
of energy (ktoe) and (ii) sectoral carbon emissions that are estimated 
separately. From a policy perspective, this paper will provide answers to 
critical and policy-relevant questions such as climate change mitigation 
action through the reduction of GHG emissions for sustainable palm oil 
production.
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INTRODUCTION

Palm oil has become an essential commodity in the world market. Palm oil 
is the largest vegetable oils produced in the global oils and fats market that 
accounted for 32% of the 230.88 million tonnes of oils and fats produced 
globally (Oil World, 2019). In 2012, the production volume of palm 
oil worldwide was recorded at 56.38 million tonnes and it increased to 
74 million tonnes in the year 2018 (Kushairi, 2018).
 In 2018, Malaysia continued to be the second largest producer and 
exporter of palm oil in the world. Out of the 72.08 million tonnes of 
palm oil produced globally, 27% or 19.52 million tonnes were produced 
by Malaysia, accounting for 33% or 16.49 million tonnes share of global 
palm oil exports (Kushairi et al., 2019). The global demand for palm oil is 
expected to grow in parallel to the growth of the global population and per 
capita income (Mukherjee and Sovacool, 2014). This is mainly driven by 
the increase in human consumption of palm oil-based food products as well 
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as attractive subsidies for biodiesel 
(Zhu et al., 2018).
 However, there is growing debate 
and concern about the effects of 
the oil palm sector’s expansion 
on the ecosystem. This issue has 
led to discussions on the palm oil 
industry’s potential adverse impact 
on the environment and climate 
change along with the growing 
concern on food safety, especially 
among European countries. The 
European Commission (EC) has 
drafted a regulation to set a limit on 
the usage of palm oil-based biofuels 
from 2019-2023 and subsequently 
reduce the usage to zero by 2030 
(research. MIdF, 2019). Therefore, 
this strong backlash has denounced 
Malaysia’s reputation as the second 
largest palm oil producer, which 
currently supplies 39% of world 
palm oil production and 44% of 
world exports.
 While most studies are focusing 
on the GHG emission from palm 
oil mill effluent (POME) and 
GHG emission from oil palm peat, 
little attention is given to GHG 
emission arising from operation 
during palm oil cultivation and 
their production activities. Hence, 
this study will analyse the emission 
produced during the production 
and consumption of palm oil-
related products. This study aims to 
analyse the Malaysia’s CO2 emission 
and intensity from palm oil-related 
activities based on the latest publicly 
available Input-Output Table for 
2010 and 2015. Furthermore, this 
study contributes to the existing 
literature on evaluating the impact 
of consumption of palm oil products 
according to different final demand 
components that subsequently result 
in carbon emission in Malaysia.
 This paper is organised as 
follows. Section 2 presents the 
literature review of the previous 
studies and Section 3 describes 
the data and methodology used in 
this study. Section 4 describes the 
results and findings. Conclusions 
and policy implications are drawn 
in Section 5.

LITERATURE REVIEW

The ever-increasing price of fossil 
fuels has prompted the global 
oil industry to search for an 
alternative source of renewable 
energy. Biodiesel, which is palm 
oil-based, is advantageous to the 
environment as well as minimising 
the technical modification of auto 
engines (Mekhilef et al., 2011).
 However,  the  re l e a se  o f 
greenhouse gas from the production 
of palm oil  has caused dire 
consequences on greenhouse gas 
emission (GHG) and also on climate 
change. The carbon effects involve 
emission of CO2 due to land use 
changes and also the use of fertilisers 
during the planting of oil palm 
(Mukherjee and Sovacool, 2014). 
during the process of palm oil 
production, CO2 is emitted from 
the utilisation of fossils fuels and 
the anaerobic conversion of POME. 
research found that the production 
of 1 t of palm oil causes more than 
2.30 tonnes of carbon dioxide 
equivalent (CO2 eq) of greenhouse 
gas emission (Hosseini and abdul 
Wahid, 2015).
 In  the  case  o f  Malays ia , 
Jamaluddin et al. (2019) found that 
the highest CO2 eq emission was 
contributed by POME, followed 
by diesel consumption and water 
consumption. The most significant 
impacts from the production of palm 
oil are on respiratory inorganics and 
depletion of fossil fuels, of which 
the boiler emission is the main 
contributor followed by fertiliser 
and transportation. This indicates 
that palm oil production in the 
milling process contributes to GHG 
emissions (Sumiani and Sune, 
2007).

METHODOLOGY

Source of Data

This study utilised two main sources 
of data. The first dataset was based on 
the Malaysian Input-Output Table of 

2010 and 2015 published by the 
department of Statistics Malaysia 
(dOSM, 2015 and 2018). The 
input-output table was aggregated to 
a 75 x 75 dimension of production 
sectors and four categories of final 
demand. To analyse the effects of 
the palm oil industry on carbon 
emission in Malaysia, this study 
details out two main activities of 
palm oil production, which are the 
oil palm sector and vegetable and 
animal oils and fats activities.
 The second source of data on 
sectoral energy consumption is the 
System of Environmental Economic 
account ing  (SEEa)  Energy, 
published by the department 
of Statistics Malaysia (dOSM). 
The report provides information 
on the supply and use of energy 
according to different types of fossil 
used. Finally, the CO2 emission 
factor was estimated based on the 
carbon contents of the fuels using 
2006 IPCC Software for national 
Greenhouse Gas Inventories (IPCC, 
2006).  

Computing Consumption-based 
Carbon Emission Using the 
Input-output Model

In this study, we use the input-
output model to calculate the 
impacts of carbon emission from 
the consumption of palm oil-related 
products. The analytical framework 
of the input-output model was first 
developed by Wassily leontief in the 
late 1930s. The basic linear equation 
of the input-output model is:

     (1)

X denotes the total output vector 
of economic sector 𝑖; f represents 
components of the final demand 
matrix which consists of C as the 
household consumption, S for 
saving, G as the government’s 
consumption for domestic use, and 
E for international export for sector 
𝑖. 𝐀 is the technical coefficient 
matrix showing the share of inter-
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sectoral input needed in producing 
one unit of output for sector j. 
𝐈 is the identity matrix with ones in 
the diagonal and zeros elsewhere, 
and (𝐈 − 𝐀)−𝟏 is known as the 
leontief inverse matrix (𝐋), which 
represents the total requirement 
matrix. Each element in the leontief 
inverse matrix reflects both direct 
and indirect input requirements for 
any sector j to meet each of its final 
demand units.
 To calculate the CO2 emission 
embodied in the final demand, 
the emission intensity vector is 𝐄, 
which represents the vector of the 
CO2 emission per unit of industrial 
output ,  and  𝐞𝑖 =  𝐄xn-1 which 
indicates the vector E multiplies 
with the inverse of Matrix X. Hence, 
the emission in the consumption of 
oil palm can be estimated by pre-
multiplying Equation 1, as follows:

𝐂 = (𝐈 − 𝐀)−𝟏𝐟′                               (2)

where C denotes the vector of CO2 
emission embodied in the end-
use product, which refers to the 
diagonal vector of 𝐟𝒌, with non-zero 
values at the diagonal and zeros on 
the off-diagonal. In detail, the vector 
𝐟𝒌 (k = 1,2) represents different 
components of final demand 
divided into two main categories, 
which are 1) domestic consumption 
consisting of private consumption, 
government consumption, gross 
fixed capital formation, and change 
in inventories; and 2) foreign 
consumption or export.

RESULTS AND DISCUSSION

Figure 1 shows the total emission by 
major sectors in two different years, 
namely 2010 and 2015. The result 
shows that the largest contributor of 
emission in 2010 was the services 
sector with 46.2%. However, in 
the year 2015, the manufacturing 
sector was the largest contributor of 
carbon emission with 48.7% of the 
total carbon emission in Malaysia, 
growing 4.2% between 2010 and 

2015. The increase in the percentage 
of emission by the manufacturing 
sector can be explained as fuels 
being used as a lubricant by the 
machinery to process goods in 
production.
 I n  t h e  y e a r  2 0 1 0 ,  t h e 
construction sector recorded the 
lowest CO2 emission with 2.1% of 
the total emission, falling behind 
the agriculture, fishery and forestry 
sector and the mining and quarrying 
sector, respectively. However, the 
percentage of emission of the 
agriculture, fishery and forestry 
sector decreased from 3.6% in the 
year 2010 to 2.1% in the year 2015, 
the lowest compared to other sectors 
in the year 2015.
 To delve deeper on the effects 
of the palm oil industry on carbon 
emission in Malaysia, this study 
details out the two main activities of 
palm oil. The first activity is the oil 
palm planting which is categorised 
under the agriculture sector and 
the second is the oil palm milling 
products which is categorised 
under the manufacturing sector. 
Specifically for the year 2015, 
agriculture sector, the growing of oil 
palm activities are the third largest 
contributor of carbon emission with 
396 Gg CO2 eq after fishing and 
aquaculture with 1888 Gg CO2 eq 
and other agriculture and forestry 
with 1525 Gg CO2 eq (Figure 2). 

 C o m p a r e d  t o  o t h e r 
manufacturing sub-sectors, the 
vegetable and animal oils and fats 
recorded a level of lower carbon 
emission in manufacturing sector. In 
2015, this sub-sector only emitted 
1281.86 Gg CO2 eq as compared to 
other manufacturing sub-sectors that 
had significantly higher emissions, 
such as chemical products with 18 
647.33 Gg CO2 eq, coke and refined 
petroleum products with 1781.86 
Gg CO2 eq, and metal and mineral 
products with 5334.23 Gg CO2 eq 
(Figure 3).
 Overall, it can be concluded 
from the graphs that the carbon 
produced by oil palm planting and 
oil palm milling was lower than the 
average amount of carbon emission 
of each sector. From this study, 
the average amounts of carbon 
emission for the agriculture sector 
for the years 2010 and 2015 were 
3968 Gg and 2523 Gg, respectively. 
For the manufacturing sector, the 
result indicates that the average 
amounts of carbon emission 
emitted by activities in this 
industry for the years of 2010 and 
2015 were 44 582 Gg and 36 547 
Gg, respectively. Interestingly, oil 
palm planting recorded a reduction 
in CO2 emission as the amount 
reduced by 15.16% from the year 
2010-2015 from 396 Gg CO2 eq 

Figure 1. Percentage of total emission according to the main sectors in Malaysia for the 
years 2010 and 2015.
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to 336 Gg CO2 eq. However, for 
oil palm milling, the CO2 emission 
amount increased by 15.32% from 
1545.19 Gg CO2 eq to 1781.86 Gg 
CO2 eq during the same period.
 next, this study decomposes 
the emission embodied in local and 
foreign consumption (exports). note 
that higher emissions were caused 
by increasing consumption in the 
sector with a high emission intensity. 
Figure 4 depicts the emission from 
oil palm planting and oil palm 
milling. By referring to the absolute 
values, the result indicates that for 
the years 2010 and 2015, both of 
the sub-sectors recorded higher 
emissions embodied in the exports 
compared to the local consumption. 
This implies that carbon emissions 
were driven by the production of 
palm oil to accommodate foreign 
demand. It shows that foreign 
consumption plays an important 
role in driving Malaysia’s carbon 
emission.
 Figure 5 depicts the embodied 
emission in the final demand 
components. The result shows 
that Malaysia’s carbon emission 
was mainly driven by private 
consumption for both reference 
years of 2010 and 2015. In the 
year 2010, changes in inventories 
(I) had the second largest share of 
carbon embodiment, accounting for 
133.92 Gg CO2 eq. However, the 
amount decreased significantly to 
7.19 Gg CO2 eq in 2015. For gross 
fixed capital formation (GFCF) and 
government consumption (GC), 
both components did not record 
significant changes with 1.54% 
and 1.74%, respectively. This result 
shows that private consumption 
plays an important role in driving 
Malaysia’s energy consumption, 
resulting in carbon emission.

CONCLUSION AND POLICY 
IMPLICATION

In conclusion, the result shows that 
exports are the main contributors 
to carbon emission from palm oil. 
While edible oil is predominantly 

Figure 2. Total emission produced by main activities in the Agriculture sector in
Malaysia for the years 2010 and 2015.

Figure 3. Total emission produced by main activities in the Manufacturing sector in 
Malaysia for the year 2010 and 2015.
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consumed in the worldwide market, 
it is expected that the growing 
demand in the food and biofuels 
markets will continue to boost 
the demand for palm oil products 
(Gan and li, 2004). regardless 
of the increasing demand in the 
international market, the increase 
in domestic consumption of palm 
oil products may also increase the 
CO2 emission.
 Palm oil producers need to 
strengthen their role in the growing 
global food and biofuel markets to 
fulfil the demand of both domestic 
and international markets. Insofar, 
it is highly recommended that 
the output of palm oil to be 
increased through productivity 
improvements and effective use 
of technology. These could help 
mitigate the climate change and 

environmental impacts. The 
government of Malaysia can also 
adopt sustainable and responsible 
palm oil production practices as 
promoted through the sustainable 
initiatives such as the roundtable 
on Sustainable Palm Oil (rSPO) 
and the Malaysian Sustainable 
Palm Oil (MSPO) and comply with 
international quality standards to 
facilitate the access of palm oil to 
the global market.
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