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ABSTRACT 

 

 

THE IMPACT OF PALM OIL PRICES, BIODIESEL DEMAND AND 

INDUSTRIAL DEVELOPMENT ON THE FOOD PRICES IN MALAYSIA 

 

 

Thurai Murugan Nathan 

 

 

 

 

 

 

The palm oil industry plays a critical role in Malaysia's food and fuel production, 

significantly contributing to the country's economy. However, the industry's 

impact on food prices is complex and multifaceted. This is mainly due to the 

diversification of palm oil to cooking oil and biodiesel production. Despite the 

growing relevance of biodiesel in Malaysia, the structural relationship between 

palm oil prices, biodiesel demand, industrial development, and food prices 

remains insufficiently examined. This study investigates the intricate relationship 

between biofuel demand, palm oil prices, industrial growth, other control 

variables, and food prices in Malaysia, with the primary objective of assessing 

how these factors collectively influence food prices in the country. Employing a 

quantitative approach, the study utilizes ARDL and Toda-Yamamoto methods to 

identify short- and long-term relationships, and causality among these variables. 

The asymmetric linear ARDL model is used to investigate the asymmetric effect. 

Furthermore, the study employs the impulse response function to understand how 

the system reacts to variable changes and the forecast error variance 

decomposition to gauge the strength of shocks in the overall model. Data from 

January 2013 to May 2022 is used for analysis. The major findings of this research 

reveal that crude oil prices, palm oil prices, biodiesel demand, and industrial 



iv 

 

growth positively impact the food price in Malaysia, and the exchange rate has a 

negative impact, as expected. These findings align with existing literature and 

theories, underlining the significance of a well-balanced approach to managing 

palm oil prices, biodiesel demand, industrial growth, and food prices in Malaysia. 

The study highlights the necessity for integrated policies harmonising these 

crucial sectors, urging policymakers to evaluate potential trade-offs and synergies 

among different policy objectives. The key emphasis is prioritizing sustainability 

and food affordability in Malaysia's economy, alternative energy sector, and 

agricultural landscape.  

 

Keywords: Biodiesel, Palm oil, Industrial Growth, Malaysia, ARDL, Bioenergy 

Subject Area(s): TD169-171.8 Environmental protection  

                           TD172-193.5 Environmental pollution  

                           TD194-195 Environmental effects of industries and plants 

                           S589.75-589.76 Agriculture and the environment 
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CHAPTER ONE 

 

INTRODUCTION 

 

 

1.0 Introduction 

 

One of the intriguing issues globally is the global crude oil price 

volatility. The crude oil price volatility directly impacts most of the country's 

economic growth, especially the oil-importing countries. Large numbers of past 

literature have proven this fact theoretically and empirically (for instance, Uri & 

Boyd, 1996; Pierru, 2007; Sadorsky, 2009; Nazlioglu & Soytas, 2011; Ibrahim, 

2015; Wong & Shamsudin, 2017; Cheng, Shi, Yu & Zhang, 2019; Dash & 

Maitra, 2021; Tanaka et al., 2024). Two main issues are essentially debating on 

crude oil globally.  

  

The first issue is the crude oil price fluctuation affecting the general price 

level of goods and services. Eltony and Al-Awadi (2001) summarised that the 

income from oil production is increasing in the country but consequently, it 

increases the country's price level and wages. It has been empirically proven by 

the study such as Nazlioglu and Soytas (2011) and Ji and Fan (2012). Besides, 

Sadorsky (2009) argued that a growing economy would increase the demand for 

their energy. Due to higher demand worldwide, the international market's crude 

oil price is getting higher, affecting the oil-importing countries. This is mainly 

due to the oil-importing countries having to allocate more and more yearly 



2 

 

budgets to import oil into their country. Thus, the increasing crude oil price will 

directly reflect that particular country's general price level and services. 

 

Consequently, this will affect the final consumers of that particular 

country. In detail, the general price level of goods and services is affected due 

to the usage of oil in transportation, power generation, residual used, and 

industrial production. Cheng et al. (2019) argued that more industrialised 

economies depend heavily on oil. Thus, using oil as an input in these sectors 

leads to the final price of goods and services becoming expensive.  

 

The second issue is the negative impact of crude oil on the environment. 

Various studies are discovering this issue in the literature (Dutta, Bouri, & Noor, 

2018; Wang, Bai, & Xie, 2019; Wang et al., 2021; Karkowska & Urjasz., 2024). 

Sodorsky (2009) argued that releasing carbon dioxide (CO2) from crude oil into 

the atmosphere leads to global warming. The author added that this issue could 

lead to the catastrophic consequences of rising sea levels, altered rainfall 

volumes, and increased storm' intensity. Furthermore, Pierru (2007) added that 

the conventional petroleum fuels used in producing, transporting, and refining 

oil lead to greenhouse and pollutant emissions. To support those statements, The 

World Health Organization (WHO) highlighted that more than half of the 

world's population breathes unsafe air, with people in developing countries 

suspiciously exposed to air pollution (WHO, 2017). In addition, the WHO global 

air quality guidelines report published in 2021 stated that 4.2 million people die 

every year due to exposure to ambient air pollution globally. The report further 

stressed that almost 99 per cent of the global population, especially low and 
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middle-income countries, breathe unsafe air, which exceeds the safe air limits 

set by WHO (WHO, 2021).  

 

Due to the significant negative impact of crude oil on the general price 

and environment, as well as the growing demand for crude oil globally1, 

organisations such as the U.S Energy Information Administration (EIA) are 

forced to adopt renewable energy such as solar power, bio-fuels (bio-ethanol, 

bio-gas and bio-diesel), biomass and hydropower to fulfil the future energy 

demand by balanced the future economic and environmental needs. This is 

because using renewable energies, especially biofuel in the transportation and 

manufacturing sector, can reduce greenhouse gas emissions by decreasing fossil 

fuel usage. Accordingly, various steps and policies, such as a blended mandate 

in the transportation and industrial sectors, have been implemented worldwide 

to reduce the dependency on crude oil2.  

 

For instance, Kristoufek et al. (2012) and Koizumi (2015) added that 

global interest in climate and environmental issues leads to the current demand 

for renewable energy. Accordingly, renewable energy consumption has 

proliferated in the past ten years, and renewable energy consumption is growing 

much faster than the real gross domestic product (GDP) growth in G7 countries 

 
1 According to Sharma and Singh (2017), the demand for the crude oil is increasing by 1.8 

percent per annum, globally. Furthermore, Ahmad and Zhang (2020) forecasted that the world 

energy requirement is expected to increase to 739 quadrillion British thermal unit (BTU) by year 

2040.  
2 Blended mandate requirement is referring to the usage of petrol/diesel with a certain amount 

of biofuel which is produced using the agriculture crops. Thus, the blended requirement will 

reduce the pure petrol/diesel usage in the transportation and industrial since a portion of biofuel 

will be combined into the fuel. For instance, B20 referring the blended of 20% of biofuel to 80% 

of petrol/diesel.    
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(Sodorsky, 2009)3. In addition, the Commission (2016) indicates that the 

European Union (EU) targeted about 20 per cent of renewable energy share in 

energy consumption by 2020 and proposed increasing it to 27 per cent by 2030. 

This suggests that renewable energy usage is growing worldwide by slowly 

substituting global dependency on crude oil. This can be seen in Figure 1.1, 

where regions' biofuel production shows an increasing trend from 1990 to 2022.  

 

Based on Figure 1.1, it is notable that biofuel production improved 

dramatically from the year 2000 onwards globally. Thus, the US (North, South 

and Central America) covered more than 50 per cent of the biofuel production 

globally in 2020 compared to the rest of the regions. Hence, followed by Europe 

and the Asia Pacific. Interestingly, biofuel production in Asia has notably 

increased production from 2010 onwards. No significant production exists in 

regions such as the Middle East, the Commonwealth of Independent States (CIS) 

and Africa. Interestingly, the growth pace of biofuel production in the Asia 

Pacific was slow before 2005. However, the growth pace increases dramatically 

after 2010, and the production rate currently equals the European region4.   

 

 
3 G7 countries are the seven major advanced economies in the world. G7 countries consist of 

Canada, France, Germany, Italy, Japan, the United Kingdom (UK) and the United States (US). 
4 According to the United Nations, Asia Pacific consists of East Asia, Oceania, the Russian Far 

East, South Asia, and Southeast Asia which includes about 48 countries and Malaysia is one of 

them.  
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Source: Energy Institute Statistical Review of World Energy (2023). 

Notes: Biofuel production is measured in terawatt-hours (TWh) per year and includes both 

bioethanol and biofuel. 

Figure 1.1: Biofuel Production by Region from 1990 to 2022 

 

With the global trend in increasing the usage of renewable energies, 

ongoing research on renewable energy mainly concentrates on biofuel/biodiesel.  

This is due to biofuel production is frequently linked with the food price hike 

and food security (refer to the study of Kristoufek et al., 2012; Koizumi, 2015; 

Persson, 2015; Priyati & Typers, 2016; Shrestha, Staab, & Duffield, 2019; 

Bilgili, Kocak, Kuskaya & Bulut, 2020; Brinkman et al., 2020; Sun et al., 2023; 

Alnour et al., 2023). Based on the literature, the overall structure of the 

relationship between the energy-biofuel-food price is founded by the supply and 

demand framework (Serra & Zilberman, 2013; Koizumi, 2015; Al-Maadid et al., 

2016; Tanaka et al., 2023).  

 

The clue to connect biofuel production to food price is mainly due to the 

usage of crops as the feedstock for biofuel production and the substitution effect 

on the crude oil in the production inputs. Consequently, the additional demand 

for the crops due to biofuel production could create price pressure depending on 
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the availability and stock. To support the above statement, the study of Nazlioglu 

and Soytas (2011) and Ji and Fan (2012) claimed that agricultural commodities 

such as wheat, corn, soybeans, and sugarcane have a close relationship with the 

energy market since it is demanded and used in the production of alternative 

energy sources, i.e., biofuels (including bio-ethanol and biofuel) which is 

become a substitution for gasoline and diesel usage5. Butt et al. (2021) indicated 

that commodities such as palm oil and rubber are affected by the oil price 

through the input price, which will channel the competition in agriculture output 

markets or biofuels. 

 

This can be viewed in Figure 1.2, whereby the agricultural commodity 

prices are parallel to the global food price index. The figure uses two types of 

agriculture price indexes, i.e., the cereal and vegetable price index. The cereal 

price index consists of the grouped prices of cereals such as corn, wheat, rice, 

oats, etc. Meanwhile, vegetable oil represents agricultural commodities such as 

soybean, sunflower, corn, palm, etc. Accordingly, based on Figure 1.2, the 

global food price index's movement highly reflects the movement of the cereal 

and vegetable price index. At the same time, the pricing trend of crude oil also 

shows similar fluctuation based on the annual data from 1990 to 2023.  

 

Notably, the global food crisis of 2008 increased agriculture commodity 

prices, as seen in the figure. Interestingly, oil prices and the global food index 

show a similar trend for 2008. The recent food price hike due to the COVID-19 

 
5 However, other renewable energies such as solar power and hydro power are produced based 

on the available natural resources. Due to this recent, most of the studies are focus on the biofuel 

since this renewable energy having potential impact on the economy and sustainability. 
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pandemic shows that agriculture commodity prices are increasing. Thus, this 

relationship has been developed as a bioenergy model by Ciaian and Kanc 

(2011) to show the impact of biofuel production on the food sector 

interconnected by crude oil. Furthermore, a recent study by Chong et al. (2021) 

indicates that food crops and water are the resources used in biofuel production, 

and since food is a basic human need, this will influence biofuel sustainability.  

 

 
Sources: Food and Agriculture Organization of United Nations (FOA, 2024); WorldBank, 

2021.  

Figure 1.2: The Price of Agriculture Commodities, Food and Crude oil 

from the Year 1990 to 2023 

 

Interestingly, due to the growing demand for renewable energy, the 

global production of biofuels shows an increasing trend, whereby the 

International Energy Agency (IEA) indicates that worldwide biofuel production 

increased by 10 billion litres in 2018 (IEA, 2019). The report further illustrated 

that biofuel outputs are expected to expand 24 per cent from 2019 to 2024. Thus, 

this could contribute to the additional demands for agricultural commodities 

such as corn, sugarcane and palm oil, mainly used in biofuel production, which 
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will be directed to the food versus fuel debate (Negash & Swinnen, 2013; Chong 

et al., 2021). The additional demands due to the market expansion in biofuel 

production in the agricultural commodities market are expected to influence the 

commodity's price, as argued by Subramaniam et al. (2019) and Bilgili et al. 

(2020). This argument is further supported by Kretschmer, Bowyer, and 

Buckwell's (2012) study by summarising a few studies that forecast the effect of 

agricultural prices in 2020 due to biofuel production globally in Table 1.1.  

 

Table 1.1 shows the summarized table of various studies conducted to 

study the effect of biofuel policy. The studies have been categorised into two 

groups, i.e., studies that focus on the impact of European Union biofuel policy 

and studies that analyse the impact of global/ multi-regional biofuel mandates. 

The top five highly impacted agriculture commodities are listed in the table. 

Understandably, biofuel policy is projected to affect all the agriculture 

commodity prices. The impact is higher on the agricultural commodities used to 

produce the biofuel. For instance, vegetable oil, cereals, wheat and sugar. 

Unfortunately, those commodities are highly correlated with food prices (refer 

to Figure 1.2), strengthening the influence of biofuel production on food prices.  

 

Based on Table 1.1, vegetable oils are forecasted to have a high impact 

on price due to the biofuel productions in biofuel policy and the blended 

mandates in both the European Union region and the multi-region level. Thus, 

it is expected to increase about 36 per cent and 35 per cent by 2020, respectively, 
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followed by cereals, sugarcane, wheat, and others6. The lowest impact is on the 

wheat price, which is projected to be 13 per cent in the European Union, and 

oilseeds at the global level, i.e., about 7 per cent, followed by wheat. Thus, the 

forecasted price effect of this commodity could be due to the spillover effect due 

to the other agriculture commodities' price effects.  

 

Table 1.1: Summary of Studies (in percentage) Forecasting Agricultural 

Commodity Price Effect in the Year 2020 

Feedstock (Group) Range of Price Effect Commentary 

Studies that focus on the effects of the European Union biofuel policy 

Oilseeds 8 – 20% 

Vegetable oils 1 – 36% 

Cereals/Maize 1 – 22% 

Wheat 1 – 13% 

Sugar (cane/beet) 1 – 21% 

Studies that analyse the impacts of global/multi-regional biofuel mandates 

Oilseeds 2 – 7% 

Vegetable oils 35% 

Cereals/maize 1 – 35% 

Wheat 1 – 8% 

Sugar (cane/beet) ~10% 

Source: Kretschmer, Bowyer and Buckwell (2012). 

 

Remarkably, the food price responds positively to the agricultural 

commodities price changes. According to Tadesse et al. (2013), the international 

market prices of agricultural commodities increased more than doubled during 

the 2007-08 food crises. This statement further strengthens Arshad and Hameed 

(2009) by identifying that the food price increase due to the demand for 

agricultural commodities is chasing the supply. Furthermore, those authors 

indicate that higher energy price increases production costs in nature. The 

 
6 Vegetable oils are the oil extracted from plants such as palm oil, coconut oil, corn oil and 

others. Basically, vegetable oils are used in food production, cooking and as supplements. Palm 

oil is the largest cooking oil produced globally. Its production among is 75.88 million tonnes in 

2020, followed by soybean which is 58.62 million tonnes (FAO, 2022).  
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debates on the food-biofuel-energy in literature well justify this. Thus, how 

significant biofuel's impact on the agricultural price hike is an exciting issue to 

be explored. 

 

Interestingly, Chong et al. (2021) argued that the effect of biofuel 

production on the food supply chain is still unclear. Hence, Piesse and Thirtle 

(2009) added that appropriate action is needed since the agricultural sector can 

provide sufficient food and energy in the future. These are exciting structures to 

be explored since this is directly related to the future sustainability of livelihood, 

the environment, and the economy. Accordingly, the scope of the study will be 

narrowed down to Malaysia, and the issue of food prices, economic growth, 

palm oil and biofuel will be further discussed.  

 

 

1.1 Background of the Study 

 

The discussion will concentrate on a country basis to explore the nature 

of relationships. Malaysia will be a sample country to investigate the structural 

relationship between the agricultural commodity market, industrial outputs, 

biodiesel, and food prices7. Malaysia is a developing country (upper-middle-

income economy) and one of the 13 countries where the recorded average 

growth of more than 7 per cent per year for more than 25 years (World Bank, 

 
7 Biofuels encompass a variety of biological source fuels, including bio-ethanol, bio-gas, and 

biodiesel. The production of biofuels varies depending on the available resources in a given 

country. Specifically, in Malaysia, biodiesel derived from palm oil serves as the primary 

bioenergy source for industries and transportation. Throughout the text, both terms, 'biofuel' and 

'biodiesel,' will be consistently employed as needed in the discussions to maintain precision and 

clarity.  
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2019)b. With Malaysia’s industrial growth and growing population, the food 

price increases trend by year. Interestingly, food price inflation is a hot topic 

debated in Malaysia, especially after the COVID-19 pandemic. According to the 

Department of Statistics Malaysia (DOSM, 2022), the food price, consisting of 

food and non-alcoholic beverages, recorded an average rate of 3.2 per cent in 

2021 compared to only 1.2 per cent in 2020. This is a worrying situation whereby 

the food price hike may raise the price of basic and necessary products, 

burdening low-income families.  

 

Figure 1.3 shows Malaysia’s food price inflation from 2000 to 2020. 

Based on Figure 1.3, The average food inflation from 2000 to 2020 is recorded 

at 2.294 in Malaysia, whereby the highest is recorded in 2008, i.e., 5.43, and the 

lowest is in 2019. The food price hike in 2008 was due to the global financial 

crisis. Overall, it is observable that the food price in Malaysia has highly 

fluctuated over the years. Business Today (2022) reported that increasing food 

prices will affect the living cost among Malaysians. Due to this, the government 

introduced some initiatives to control food prices, such as MYR 31 billion 

allocated as subsidies for petrol, diesel, cooking oil and flour in Budget 2022. 

Interestingly, the government focused on stabilising the cooking oil price in 

2022, whereby MYR 400 million was allocated for the price control mechanism 

programme until March 2022. This stressed the importance of the cost of 

cooking oil (vegetable oil) other than the petrol/diesel price in controlling the 

price of food (Business Today, 2022).  
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Further, narrow down the discussion on the crops produced domestically. 

The palm oil industry is known as the key to national economic expansion. 

Malaysia is the second leading exporter of palm oil globally, whereas Indonesia 

is the most extensive palm oil planting and export country in the region. 

Malaysia and Indonesia account for approximately 85-90 per cent of world palm 

oil production (Voora et al., 2019). According to the Malaysian Palm Oil 

Cooperation (MPOC, 2017), Malaysia produces 12 per cent of the world's oil 

and fat and 27 per cent of the total world exporter of oil and fat. In 2016, palm 

oil was Malaysia's top five export earner after electrical and electronics products, 

chemicals, petroleum products, and natural gas (Trading Economics, 2017). It 

has recorded about 5.1 per cent of the total export revenue of Malaysia.  

 

In addition, based on the global perception, the International Union for 

Conservation of Nature (IUCN, 2018) indicates that about half of the world's 

population depends on palm oil as part of their food. The organisation added that 

palm oil is the dominant used oil in food in Asia and Africa. Besides, Tullis 

(2019) further strengthens the statement by indicating that India, China, and 

Indonesia account for about 40 per cent of palm oil consumed worldwide for 

cooking. Those arguments clearly show that palm oil plays a vital role in food 

in the local and international markets. So, it is rationalised why the government 

should subsidise cooking oil to control food inflation in Malaysia.   

 

Accordingly, Figure 1.3 shows the integration between palm oil prices 

and food price inflation in Malaysia from 2000 to 2023. Based on the figure, 

palm oil price offers high co-movement with Malaysia’s food price, especially 
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from the year 2006 onwards, whereby before the years, there was a lack of 

coordination between the food price and the palm oil price. Based on the 

correlation statistics, the correlation between the palm oil price and food 

between 2000 and 2006 was about 23.34 per cent. However, the correlation 

improved from 2006 to 2023 by 56.45 per cent. This phenomenon questioned 

why the integration between palm oil and food inflation doubled after 2006.    

 

 
Source: FAO (2024) and WorldBank (2024). 

Figure 1.3: Malaysia's Price of Palm Oil and Food Price Inflation from 

2000 to 2023. 

 

Interestingly, on the other hand, Malaysia's biofuel policy was 

introduced in 2006, and the country started its biodiesel production from 2008 

onwards. So, the increasing correlation between palm oil and food prices leads 

to the assumption that biodiesel production could be a reason for the growing 

integration between palm oil and food prices in Malaysia. Thus, this aligns with 

the cost-of-production theory of value, whereby the food price is determined by 

the crops used as feedstocks in food production (Gordon, 1959). Besides, the 

pricing theory indicates that the cost of the product and services is determined 
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by the supply and demand of the market where the equilibrium is achieved 

(Weyl, 2019).  

 

According to the European Union Delegation to Malaysia (2012) report, 

roughly three-quarters of palm oil goes into foodstuffs production. The balance 

goes into industrial products such as chemicals, animal feed, and fuels. In 

addition, Dutta et al. (2021) indicated that about 75 per cent of the global palm 

oil production is used in food production plants. Furthermore, the Chief 

Executive Officer of Malaysia Palm Oil Council, Datuk Dr Kalyana Sundram, 

highlighted that the forecasted high price of palm oil in 2021 might be suitable 

for this industry but not for the food industry as its translation to increase the 

cost of production (Neo, 2021)8. Besides, the argument is supported by the study 

of Mosarof et al. (2015), which indicated that higher palm oil prices might 

impact the residents who regularly use palm oil in food. 

 

Due to the production of biodiesel, the palm oil industry faces the 

challenge of diversifying palm oil production into two components, i.e., food 

production and alternative oil production. Arshad and Hammeed (2008) claimed 

that about 100 million tonnes of cereals were distracted from human 

consumption to fulfil the fuel thirst of vehicles in developed economies. 

Accordingly, Plantation Industries and Commodities Minister Datuk Dr Mohd. 

Khairuddin Aman Razali said the Blended mandate 20 per cent (B20) biofuel 

 
8 Refined palm oil and refined palm stearin are also available and are suitable for various food-

uses. The four main traditional uses of palm oil in food products are for cooking/frying oil, 

shortenings, and margarine and confectionary fats. Palm oil is popularly used in both solid fat 

products as well as in the liquid cooking oil sector especially in industrial frying applications 

(Malaysian Palm Oil Board, MPOB, 2021). 
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program would require about 1.06 million tonnes of palm oil to serve the local 

consumption of biodiesel (The Malaysian Reserve, 2020). Nevertheless, this 

could directly impact food prices in the future since the demand for palm oil will 

be diversified into food production and alternative energy production in 

Malaysia, as Ibrahim (2015) argued. This could create price pressure on palm 

oil and be reflected in the final products due to the higher cost of production.  

 

Accordingly, Figure 1.4 shows how the food market of Malaysia will be 

impacted due to the palm oil downstream processing. The figure shows the palm 

oil value chain activities, indicating how the palm oil channels to food 

processing, industrial products, and chemical production. Figure 1.4 shows that 

fresh fruit bunches are divided into Crude palm oil (CPO) and palm kernel oil. 

According to Byerlee et al. (2016), about 75 per cent of the CPO is used for food 

and others for biodiesel, palm oil-based products such as soaps, and finally, to 

produce chemicals for industrial use such as polyols, polyurethanes, and 

polyacrylates. Accordingly, the additional demand for biodiesel production due 

to the growing demand could pressure the CPO route based on the availability 

of crude palm oil. Based on the law of supply and demand, this phenomenon 

could indirectly influence the price of food products transmitted from increased 

vegetable oil. Thus, this is an exciting area to explore. 

 

Interestingly, the Food and Agriculture Organization of the United 

Nations (2022) published a recent report indicating that one of the reasons for 

the global food price increase in January 2022 is vegetable oil, mainly dominated 

by palm oil. The report further stressed that the vegetable price index recently 
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jumped to 4.2 per cent due to supply-side constraints. Furthermore, the 

additional demand created by biodiesel could impact the global market's 

vegetable oil supply and demand. This may influence food prices. Therefore, 

identifying the influence of biodiesel demand and palm oil prices on food prices 

is essential to understand the role of the palm oil industry on the food price in 

Malaysia. Besides, the potentially significant relationship between palm oil 

prices and food price fluctuation can enhance the existing role of palm oil 

towards economic growth and develop a new chapter in the socio-economic in 

Malaysia. Thus, the discussion will be narrowed to palm oil outputs and 

biodiesel production/ demand based on palm oil feedstocks and the role of 

industrial growth in Malaysia's food price hike.  

 

 
Source: Adopted from Byerlee et al. (2016). 

Figure 1.4: Palm Oil Value Chain Activities (Refining Process) 
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1.1.1 The Interrelation of Palm Oil Industry and Bio-diesel Production/ 

Demand to the Food Price in Malaysia 

 

 The palm oil industry has become significant and active in Malaysia 

recently. The palm oil plantation in Malaysia has already crossed 100 years; 

subsequently, the sector is a successful contributor of oils and fats in the world, 

giving this country an advantage. According to Teoh (2002), the British 

government introduced the oil palm plantation in 1871 as ornamental plants for 

landscaping in Malaysia9. Rubber and tea were the primary commodities driving 

the agricultural sector during that period. Palm oil was introduced as a 

commercial plantation in the Rantau Panjang (Selangor) in 1911 to replace the 

coffee plantation, which was unsuccessful. Teoh (2002) added that workers from 

India were brought to work in the palm oil plantation area. 

 

 Accordingly, after independence in 1957, the palm oil sector developed 

rapidly. The palm oil sector started to grow due to the various schemes and 

assistance from the government. In early 1960, the Malaysian government began 

diversifying the economy to other alternative crops since rubber and tin prices 

were unstable in the world market. In this situation, the government promoted 

palm oil plantations to reduce the dependency on rubber and tin. Hence, the palm 

oil plantation effectively increased from only 400 hectares in the 1920s to 3.4 

million hectares in 2000. This amount reached 5.9 million hectares in 2020 

(MPOB, 2021). Due to the active expansion of cultivation areas in East Malaysia 

 
9 Teoh, Cheng Hai is an advisor of Plantation Agriculture, Worldwide Fund for Nature (WWF) 

Malaysia. 
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(Sabah and Sarawak), oil palm has become the biggest plantation crop in 

Malaysia. Hence, Sabah and Sarawak covered about 1.543 million hectares and 

1.585 million hectares, respectively, in 2020 (MPOB, 2021).   

 

The production and the plantation area of palm oil are shown in Figure 

1.5. According to Awalludin et al. (2015), palm oil plantations have increased 

dramatically in Malaysia. This can be seen in Figure 1.5, whereby the plantation 

areas of Palm oil in Malaysia show an increasing trend from 2000 to 2023. The 

growth rate of palm oil plantations is about 74.73 per cent from 2000 to 202310. 

Furthermore, due to the increasing plantation, crude palm oil production also 

shows a growing trend. Based on Figure 1.5, even though palm oil production 

fluctuates in the growth rate, overall, it offers an increasing trend by year from 

the year 2000 to 2020 and a slight drop from the year 2020 onwards.  

 

 
Source: MPOC (2024); Central Bank of Malaysia, Monthly Statistical Bulletin September 

2024 

Figure 1.5: Plantation and Production of Palm Oil in Malaysia from 

2000 to 2023 

 
10 There is a slight drop in the plantation and production of palm oil in Malaysia for year 2020 

to 2023. The decrease rate is about 0.594 and 3.61 percent for the plantation and production rate, 

respectively. This drop is expected due to the Covid-19 pandemic impact on the palm oil industry 

and other issues such as labour shortages.  
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The weather plays a vital role in the production of palm oil. For instance, 

the drop in production in the years 2010 and 2016 is mainly due to the El-Nino 

climate condition (The Business Times, 2016; Zulqarnain et al., 2020). Palm oil 

production dropped about 10 per cent in 2016 due to this El-Nino climate. At 

the same time, the output in 2010 decreased due to the replanting process in the 

years 2009 and 2010. Interestingly, both of these drops increase the price of palm 

oil, and the food price inflation is also rising. This can be viewed in Figure 1.3, 

whereby the price of palm oil boomed in 2011 and 2017 after El El-Nino, and 

the food inflation of Malaysia is responding well to these jumps. This fluctuation 

directed the understanding to the possibility of an asymmetric effect between 

palm oil prices to food prices in Malaysia. As theory of Nonlinear Supply and 

Demand Dynamics acknowledges that factors influencing supply and 

demand, such as weather patterns and consumer preferences, may have non-

linear relationships with price. For example, extreme weather events might 

cause a sharp drop in supply, leading to a disproportionately large price increase 

compared to the gradual price decrease experienced with a moderate surplus. 

This is an interesting viewpoint.     

 

The growing palm oil production should increase Malaysia's palm oil 

exports. Interestingly, the export growth rate of palm oil shows a slowly 

decreasing trend in Malaysia by year, especially from 2010 onwards, even 

though the quantity of palm oil exports shows an increasing trend (MPOC, 

2021). The growth of palm oil exports from 2010 to 2016 is -3.71 per cent 

(Economics and Industry Development Division, 2017). Besides, based on the 

data supplied by MPOC (2021), the palm oil export growth rate from 2000 to 
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2010 was 62.12 per cent. However, the growth rate from 2011 to 2020 was only 

-1.77 per cent. This phenomenon led to the palm oil drop from the second-

highest export earner in 2011 to the top three in 2021 in Malaysia (Ministry of 

International Trade and Industry, MITI, 2021). 

 

Consequently, the drop in the palm oil export growth rate is further 

explored. Thus, Figure 1.6 shows the proportion of exports and domestic palm 

oil consumption from the total production from 2010 to 2023. The figure clearly 

illustrates that the proportion of palm oil exports is reducing, and domestic 

consumption has increased over the years. In 2010, the total palm oil export was 

about 88.61 per cent of the entire production, and the balance of 11.39 per cent 

was for domestic use. However, the export values in 2023 reduced to 82.26 per 

cent, and domestic consumption increased to 17.74 per cent. The growth rate of 

quantity used for domestic usage is about 52.24 per cent from 2010 to 2023. This 

incident indicates that by year, more palm oil production portions are used 

domestically for food, palm oil-based products, and biodiesel production in 

Malaysia. The figure clearly shows that the importance of palm oil to the local 

market keeps increasing by the year.  
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Source: USDA (2024) 

Figure 1.6: The Export and the Domestic Consumption of Palm Oil in 

Percentage from 2010 to 2023. 

 

The data supplied by the United States Department of Agriculture 

(USDA, Foreign Agricultural Services, 2021) further supports the statement. 

The organisation indicates that the feedstock used for biodiesel production in 

Malaysia increased dramatically from 119,000 metric tonnes in 2010 to 

1,362,000 metric tonnes in 2019. Palm oil usage as feedstock for biodiesel 

production increased by about 1044.58 per cent in just nine years (refer to Figure 

1.7). Accordingly, this creates an assumption that the government is more 

focused on producing biodiesel than palm oil export income. To support this 

assumption, the minister of the primary industry of Malaysia indicates that the 

government is committed to increasing the blend of biodiesel with diesel 

petroleum in the domestic market for a cleaner environment. In line with that, 

the Government has allocated RM35 million to undertake the engineering design 

involving 35 depots to implement Malaysia’s B20 and B30 agenda (Global Oil 

and Fat Online, 2020). Thus, it shows that biodiesel production and usage will 

increase with transportation and industrial use.  
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Hence, the growing demand for biodiesel production is a new element in 

the palm oil market. For now, about 16 biodiesel refineries are operating in 

producing biodiesel in Malaysia (Yusoff et al., 2021). This is considered an 

expansion of the palm oil industry, suitable for the country's economic condition 

and contributing to the farmers’ income. Due to the global warming issue, the 

awareness of using more sustainable fuels compared to fossil fuels is rising 

internationally. Accordingly, Malaysia introduced the National Biofuel Policy 

on March 21, 2006. The objective of the National Biofuel Policy is "to use an 

environmentally friendly and sustainable energy source to reduce dependency 

on fossil fuels and stabilise and boost palm oil prices" (USDA, Foreign 

Agricultural Service, 2016). The development of the biofuel industry in 

Malaysia aims to reduce the greenhouse gas (GHG) emission rate by 45 per cent 

of GDP by 2030.  

 

In Malaysia, biodiesel is mainly produced using palm oil. Thus, based 

on the law of demand and supply, the increase in biodiesel usage is expected to 

boost the price of its feedstock, as stated in the objective of the National Biofuel 

Policy of Malaysia. In this case, growing demand due to the higher blended 

requirement in transportation and industrial domestically and internationally for 

biodiesel is expected to increase the palm oil price. Besides, under the National 

Biofuel Policy, biodiesel production and supply mainly focus on transportation, 

industry, and exportation. According to the annual report of the USDA Foreign 

Agricultural Service, the parliament of Malaysia passed the Biofuel Industry Act 

in 2007. This act allowed the Ministry of Plantation Industries and Commodities 

to implement a biodiesel blend in the industrial sector. However, the National 
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Biofuel Policy excludes ethanol as a source of alternative fuels. This is because 

ethanol is not used as a source of energy, other industrial chemicals, and 

beverages due to a lack of advanced technology, requires high capital 

investment, and it is hard to find a constant feedstock supply. These challenges 

lead to no significant ethanol production in Malaysia using biomass (USDA, 

Foreign Agricultural Service, 2016).  

 

Based on the Biofuel Industry Act, the biodiesel blend mandate of five 

per cent (B5) consists of five per cent of total diesel used in the industrial sector 

starting June 1, 201111. The five per cent of biodiesel indicates that five per cent 

is represented by biodiesel from the total diesel usage, and 95 per cent is pure 

diesel. So, the blend of five per cent biodiesel can reduce the use of pure diesel 

in production to a certain level. Thus, it could achieve the objective of the 

National Biofuel Policy, which mainly focuses on reducing the dependency on 

fossil fuels in the long run. Accordingly, biodiesel is primarily used in the 

industrial sector as a source of material to heat boilers and generate electricity. 

Furthermore, Malaysia's crude palm oil quantity blended increased to B7 (usage 

of seven per cent biodiesel) in 2015.  

 

In addition, the B10 blended mandate was supposed to be implemented 

in mid-2016 for the transportation sector in Malaysia but has been delayed to the 

end of the year. This is because the industry shareholders and the vehicle 

suppliers argued that a higher amount of biodiesel blended into the diesel could 

 
11 Biodiesel blend mandate started in Central region (Negeri Sembilan and Selangor) first on 1st 

June 2011, followed by Southern region (Malacca and Johor) on 22nd June 2012. Then, Northern 

region (Perak, Penang, Kedah and Perlis) on 1st October 2013 and finally, in East Coast states 

of Pahang and Kelantan in February 2014.   
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reduce the performance of the current engine. Furthermore, the suppliers added 

that the current engines must be modified to ensure the vehicle can adapt to the 

B10 blended mandate, which will consume some time. This is the main reason 

for the delay in adopting B10 in 2016. According to the USDA Foreign 

Agricultural Service (2016), full implementation of B10 in the transportation 

sector (road and sea) and B7 in the industrial sector will increase biodiesel 

consumption to 770.7 million litres in 2017.  

 

Table 1.2: Planned and Actual Roll-Out of Blended Requirements 

Blend 

Transportation Sector* Manufacturing Sector** 

Planned 

Roll-Out 

Actual Roll-Out Planned 

Roll-Out 

Actual 

Roll-Out 

B5 2008 2011 (Central Region) 

2012 (Southern Region) 

2013 (Northern Region) 

2014 (Nationwide) 

None None 

B7 January 1, 

2015 

2016 (Nationwide) Early 2019 July 2019 

B10 Early 2019 February 2019 No Plans No Plans 

B20 2020 2020 (Langkawi & Labuan) 

2021 (Sarawak) 

No Plans No Plans 

B30 2025  No Plans No Plans 

Source: USDA Foreign Agricultural Service, Biofuel Annual Report, 2023. 

Notes: * Cars, trucks, vans, pickups, and small fishing vessels. 

           ** Diesel boilers            

 

Furthermore, as a long-term plan, the 11th Malaysia Plan (2016-2020) 

included having B15 on-road transportation by 2020. Table 1.2 shows the roll-

out of the blended requirement in Malaysia for the transportation and 

manufacturing sector. Accordingly, Aziz (2021) indicates that the B20 blended 

mandate programme for transportation will be implemented in phases in 

Malaysia. The programme was launched on Feb 20, 2020. it started in Langkawi 

and Labuan and will be introduced to other regions in Malaysia. Besides, 

according to the Ministry of Plantation Industries and Commodities (MPIC), 
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Malaysia is looking forward to implementing the B30 biofuel programmes by 

2030 or earlier based on sufficient technical data availability. This shows that 

biodiesel usage and demand in the economic sectors are increasing yearly. 

Notably, the pace of improving blended mandate in transportation is faster than 

the industrial usage in Malaysia. In the vehicle, up to B20 is already 

implemented until 2021. However, only up to seven per cent blended mandate 

has been introduced for the industrial sector. Thus, this could be due to the 

investment in the limited industrial technology in Malaysia, whereby advanced 

technological machinery is needed to cope with the high blended requirements.  

 

Besides, the growing blended mandate requirement in transportation and 

industrial growth could increase Malaysia's biodiesel demand. Figure 1.7 shows 

biodiesel production, export, and domestic consumption from 2008 to 2023f, 

whereby production and domestic consumption show an increasing trend in 

Malaysia. The biodiesel production in Malaysia recorded about 570 per cent of 

the growth rate from 2008 to 2020 and dropping trend after 2020. Furthermore, 

Figure 1.6 shows that in Malaysia's beginning phase of biodiesel production, 

almost all the outputs were exported to other countries until 2009. After 2010, 

the domestic consumption of biodiesel has increased until now. The biodiesel 

consumption is 1015 million litres in 2023 compared to no consumption in 2009.  

 

Consequently, the export level remains significantly unchanged from 

2008 to 2016. However, from 2016 to 2019, there has been some dramatic 

improvement in biodiesel exports. This could be due to consistent improvement 

in biodiesel production from 2016 to 2019, as shown in Figure 1.7. Nevertheless, 
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there has been a consistent drop in the export of biodiesel till now. Notable, 

biodiesel production is influenced by palm oil production. Due to unfavourable 

weather conditions, these components have a trend whereby palm oil production 

dropped in 2010 and 2016 and after the year 2020. Similarly, biodiesel 

production decreased as well for those two particular years. Thus, it clearly 

shows that the palm oil supply plays an essential role in biodiesel production in 

Malaysia.      

 

 In addition, the feedstock used (crude palm oil) in biodiesel production 

also increases yearly. Based on Figure 1.7, the feedstock used in biodiesel 

production increased by about 416.67 per cent from 2008 to 2020. These 

statistics indicate that crude palm oil usage in biodiesel production increased 

four times in 12 years. This figure supported the previous arguments that 

domestic palm oil consumption is rising, and the export level is dropping 

significantly (refer to Figure 1.6). Accordingly, increasing palm oil crops in 

biodiesel production will increase the demand for palm oil crops. Consequently, 

this is expected to increase the price of palm oil in the coming years, whereby 

Applanaidu et al. (2011) identified that an increase in the biodiesel demand 

could increase the domestic price of palm oil by about 13 per cent. Furthermore, 

Nurul et al. 2022) indicate that biodiesel development based on palm oil could 

create issues with high feedstock prices and food competition. Overall, this 

phenomenon is expected to impact food prices through increasing vegetable oil 

prices in Malaysia.  
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Source: USDA Foreign Agricultural Service, 2021 

Note: (f) represents the expected value. CPO means crude palm oil.  

Figure 1.7: The Production, Export, and Consumption of Biodiesel and 

the Feedstock Used in Producing Biodiesel in Malaysia from 2008 to 

2023f. 

 

Moreover, Figure 1.8 shows the direct competition of palm oil feedstock 

usage in biodiesel and food production. This figure shows the proportion of palm 

oil used in biodiesel and food production from 2008 to 2020. Based on Figure 

1.8, the domestic consumption of palm oil was highly used in food production 

from 2008 to 2016. The palm oil usage in biodiesel production was less than the 

feedstock used for food production for the particular period. This could be due 

to the development of the biodiesel industry in Malaysia being in the initial 

stage. The blended mandate requirement was about 7 per cent only in 

transportation and industrial usage at that time. However, from 2016 onwards, 

feedstock usage for biodiesel production increased and surpassed the feedstock 

amount used for food production supported by favourable market conditions.  
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Interestingly, the feedstock used in food production shows a steadily 

increasing trend, whereas the feedstock used for biodiesel production shows an 

intense trend. This has been highlighted using the trend line in Figure 1.8. Thus, 

this figure shows the significant development of the biodiesel industry, 

competing for the feedstock of food production. Hence, it confirms the biofuel-

food debates in the literature.  

 

 
Source: Malaysia: Oilseeds and Products Annual, USDA (2021) 

Figure 1.8: The Total Domestic Consumption of Palm Oil in Food and 

Biodiesel Production in Malaysia from 2008 to 2020 

 

1.1.2 The Integration of Industrial Growth and Food Prices in Malaysia  

 

Industrial growth is vital in integrating oil, commodity, and renewable 

energy. This can be reflected in Figure 1.9, which shows how the industry is 

connected to oil, agriculture commodities, and food at every value chain level. 

For instance, value-added activities are involved in every stage of production. 

Thus, industrial growth is vital in value-added activities regardless of renewable 
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energy, agriculture, food production, or livestock. Besides, Malaysia's blended 

mandate effect is expected to increase the integration between biodiesel, 

commodity markets, and industrial growth. This is another exciting area that 

could create new insight into Malaysia's literature on renewable energy.  Thus, 

the attention to the industrial-food relationship is fresh, and a proper 

understanding of these elements is necessary.  

 

 
Source: Adapted from https://www.aurecongroup.com/thinking/thinking-papers/circular-

economy-economic-development. 

Figure 1.9: Interlinked between Biodiesel, Industrial Growth, and Food 

 

Accordingly, the integration between the agriculture sector and industrial 

growth started in the National Agriculture Policy 3 (NAP 3) (1998-2010), 

whereby one of the objectives of NAP 3 is to deepen linkages with other sectors. 

Under NAP 3, two approaches have been introduced, i.e., agroforestry and 

product-based approaches. Accordingly, the product-based strategy can increase 

the downstream activities and strengthen the internal and external linkages 
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between the sectors. This includes the expanding intermediate and supporting 

industries under the agriculture sectors. 

 

Besides, the Malaysian government continues to undertake adjustment 

measures to expedite the industry’s competitiveness to face new challenges at 

domestic and international levels. Accordingly, the National Agrofood and 

Commodity policies were launched from 2011 to 2020. Subsequently, National 

Agrofood Policy 2.0 was established from 2021 to 2030 in Malaysia. The 

National Agrofood Policy 2.0 (2021-2030) aims to ensure food security and 

increase the income of the target groups and the national economy overall. This 

is incorporated and guided by the 12th Malaysia Plan, which focuses on 

modernising the agriculture sector in Malaysia while maintaining the balance 

between the supply and demand of the national food supply. Based on the mid-

term review reports of the 12th Malaysia Plan, due to the focus on agro-food, the 

contribution of the agro-food industries to the manufacturing value-added is 

recorded as 18.3 per cent in the year 2020 in Malaysia (DOSM, 2020; Economic 

Planning Unit, 2020). Interestingly, since the National Agrofood Policy 2.0 is 

projected for the long term, i.e., up to 2030, the contribution of agro-food on the 

industrial value-added is expected to increase by the year.  

 

On the other hand, the National Fourth Industrial Revolution (4IR) 

policy incorporated the agriculture sector as one of the keys out of the ten sectors 

under 4IR. Interestingly, based on the 4IR, the government targeted the growth 

of the agricultural sector by 55 per cent. Accordingly, under the potential 

benefits of 4IR, few are covering the scope of this study. The first is efficiency 
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and productivity gains; this benefit could be linked to the energy market. When 

highlighting the efficiency, more advanced technology, which is more fuel-user-

friendly, could be enhanced. This is interconnected to the next benefit of 4IR, 

which focuses on improving environmental quality. The higher blended mandate 

can mainly do this in the production process. Lastly, the 4IR focuses on 

improving the quality of life by job creation in various sectors. Thus, this 

supported the asymmetric effect as well, since the Threshold Theory that there 

are critical "tipping points" in an economy's development beyond which small 

changes can trigger large shifts in growth patterns. For example, reaching a 

certain level of technological advancement or infrastructure development might 

unlock new possibilities for rapid industrial expansion, creating an asymmetry 

where further small improvements lead to disproportionately large growth 

increments. 

 

This is an essential element to concentrate on since it may increase the 

demand for food in Malaysia. Hence, this is how industrial growth is linked to 

the food price in the current study. Interestingly, industrial growth in Malaysia 

increases the population’s income and living standards. However, it may 

increase the food demand and demand for biodiesel used in production.  

 

 

1.2    Problem Statement  

 

Malaysia has experienced significant economic and industrial progress, 

leading to an annual increase in income and a subsequent rise in food demand. 
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The Malaysian government has strategically focused on industrial growth, 

particularly in the context of IR4, to enhance the income and living standards of 

its citizens. However, the surge in food demand has contributed to a rise in food 

prices in Malaysia, exacerbated by the limited availability of food in a country 

known for being a net food importer. Statistical data indicates a consistent 

upward trend in food prices over the years, posing a concerning situation that 

could disproportionately affect low-income families (bottom 40%, B40 families) 

and small to medium enterprises (SMEs) engaged in micro-level businesses 

within the food industry. To address the challenges posed by escalating food 

prices, the Malaysian government has implemented various initiatives and 

programs aimed at controlling prices, such as setting ceiling prices and 

providing subsidies. However, the sustainability of these initiatives remains a 

significant question. The effectiveness and long-term viability of these measures 

are subjects of uncertainty. Failing to address the issue of rising food prices 

effectively could result in social unrest and adversely impact the overall 

economic condition of Malaysia. 

 

Drawing from existing literature, the exploration of food prices in 

Malaysia reveals a limited emphasis on the bioenergy sector, prompting a need 

for increased attention in the current landscape. The palm oil industry, playing a 

pivotal role in both the food and bioenergy sectors, holds substantial significance 

in Malaysia. The convergence of palm oil, energy, and food prices is becoming 

more pronounced, influenced by the financialization of commodities12. The 

 
12 The concept of the financialization of commodities tells that the commodities are treated as 

another investable asset to overcome the heating and creating spillovers in the financial market 

(Cheng & Xiong, 2013; Ordu-Akkaya & Soytas, 2020). 
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palm oil industry contributes vegetable oil, a highly tradable commodity 

globally and a primary cooking and frying oil in Malaysia. However, the recent 

expansion of the palm oil downstream industry, particularly in the production of 

biodiesel using palm oil, is anticipated to raise domestic demand for palm oil. 

This expansion could potentially drive up the prices of palm oil feedstocks, 

presenting an additional challenge for the food markets in Malaysia. This 

strategy has raised concerns about food sustainability, with arguments 

suggesting that biodiesel production may have a negative impact on future food 

availability and supply. The contention lies in the diversion of a portion of crops 

from human consumption to meet the demands of the biodiesel industry. 

 

Furthermore, the anticipation of an increase in biodiesel production in 

the upcoming years is attributed to the government's dedicated focus and policies 

aimed at boosting the use of renewable energy while simultaneously reducing 

reliance on fossil fuels. The biodiesel industry in Malaysia is experiencing 

robust growth, driven by both global and domestic demands for biodiesel. An 

intriguing aspect is the dual role of biodiesel production, serving as fuel for 

domestic use, including transportation and industrial consumption, while also 

contributing to export earnings. Notably, both domestic consumption and export 

levels of biodiesel display a consistent upward trend annually in Malaysia. 

Consequently, this surge is poised to escalate domestic biodiesel demand within 

Malaysia's transportation and manufacturing sectors in the coming years, 

marking a significant step toward economic and environmental sustainability. 

However, the critical question of food sustainability looms large in this scenario. 

The intricate relationships between biodiesel demand, palm oil prices, and food 
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prices in Malaysia remain inadequately explored, leaving the impact of growing 

biodiesel demand on food prices unanswered. While several researchers such as 

Khatun et al. (2017), Ghani et al. (2019), Johari et al. (2015), and Abdullah 

(2015) have highlighted the potential link between biodiesel and food price 

competition, most of these studies are conceptual and do not provide empirical 

validation. This notable gap in understanding forms the focal point of this study, 

as it seeks to address and shed light on the complex dynamics at the intersection 

of biodiesel demand, palm oil prices, and food prices in Malaysia. 

 

The escalating demand for biodiesel has intensified the competition for 

limited agricultural lands, creating a dynamic interplay between food, fuel, and 

feed for humans. This scenario unfolds as users and downstream activities 

burgeon. Intriguingly, data analysis reveals that the integration between palm oil 

and food price inflation has been more pronounced from the year 2006 onwards 

compared to the periods preceding 2006. Significantly, it aligns with the 

introduction of the biofuel policy in Malaysia during that year. This issue 

warrants a two-fold perspective, examining it from both the impact of 

commodity market prices on food prices and the influence of bioenergy demand 

on food prices. These relationships, crucial in understanding the intricate 

dynamics at play, are yet to be well-established in the Malaysian context. The 

launch of the biofuel policy in 2006 provides a crucial temporal marker for 

investigating the evolving relationships between palm oil, food prices, and the 

broader implications of bioenergy demand on the food market in Malaysia. 
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Additionally, considering the perspective of growth, long-term policies 

such as the National Agro-Food Policy 2.0 (2021-2030) and the Fourth 

Industrial Revolution (4IR) introduced by the Malaysian government offer a 

distinct viewpoint on food prices in the context of Malaysia's industrial growth. 

According to the National Agro-Food Policy 2.0, agricultural outputs made a 

significant contribution to industrial value-added in 2020. Conversely, the 4IR 

initiative prioritizes agriculture, energy, and transportation among its ten focus 

sectors to drive new socio-economic growth in Malaysia in the coming years. 

Furthermore, the 4IR strategy emphasizes technology innovation and 

environmental concerns, acknowledging the role of renewable energy, including 

biodiesels, in production. Notably, the significance of industrial growth in 

relation to food price hikes becomes a pivotal issue in this context. This idea 

introduces a fresh perspective to the field of food-bioenergy studies, as well as 

the extent of the role played by industrial growth in influencing food prices. This 

is often omitted from empirical models despite its conceptual linkage, as 

highlighted by Serra and Zilberman (2013), and Janda and Kristoufek (2019). 

The scopes and implications of this relationship have yet to be comprehensively 

discovered, presenting an essential area for further research and investigation. 

 

Furthermore, the integration of bioenergy concepts into Malaysia's 

energy-food relationship is relatively new. This is evident as the substantial 

usage of biodiesel in Malaysia's economic sectors is still in its early stages 

compared to our neighbouring countries. Malaysia's biodiesel sector remains 

relatively small in scale, making it less practical to assess impacts from 

production volume alone. Instead, the growing structural demand for biodiesel, 
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driven by transport growth, blending mandates, and infrastructure development, 

could offer a more realistic lens for evaluating its potential influence on food 

price inflation. Consequently, obtaining an accurate and comprehensive 

understanding of the newly formed relationship between palm oil prices, 

biodiesel demand, industrial growth, and food prices becomes fundamental for 

the development of effective and sustainable policies pertaining to the palm oil 

industry, industrial growth, and food prices in Malaysia.  

 

A proper understanding of the intricate relationships among these four 

components is crucial, considering the significant roles that biodiesels and food 

play in the context of sustainable development. A win-win solution must be 

sought for future sustainability. It is interesting to note that there has been a 

limited focus on exploring these variables in Malaysia. This limitation has 

resulted in a constrained understanding of the structure of the relationship 

between palm oil prices, food prices, industrial growth, and biodiesel demand. 

Addressing this gap in research and expanding the exploration of these variables 

in the Malaysian context is essential for a more thorough comprehension of the 

dynamics at play. 

 

 

1.3 Research Questions 

 

Based on the above problem statement, significant questions to be 

answered that can create new insight into the relationship and enhance the 

understanding among the variables understudies are listed below. To understand 
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the relationship between palm oil prices, industrial growth, and food prices in 

linear form, the first research question is developed as below:  

 

i. How do palm oil prices and industrial growth affect food prices in 

Malaysia? 

 

 Next, since there is an understanding of possible asymmetric effects that 

may exist between palm oil prices and industrial growth towards food prices in 

Malaysia, the second research question is formed as below: 

 

ii. Do changes in palm oil prices and industrial growth have 

asymmetric effects on food prices in Malaysia?  

 

 The third research question is developed to understand the relationship 

between the biodiesel demand on the food price in Malaysia using the extended 

linear model. Since the biodiesel demand is not mutually exclusive to the palm 

oil price, the usage of an extended linear model is rational in this context.  

 

iii. What is the impact of biodiesel demand on food prices in 

Malaysia?  

 Lastly, viewing the dynamic effect of the variables in the system is 

important to provide insight into sustainable policy-making under the bioenergy 

model in Malaysia. To vision this, the fourth research question is formed, as 

below: 
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iv. How do dynamic fluctuations in palm oil prices, industrial growth, and 

biodiesel demand impact food prices in Malaysia?  

 

 

1.4 Research Objectives 

 

1.4.1 General Objective 

  

Based on the issues and the research question highlighted previously, 

this study aims to identify the determinant of food price using the bioenergy 

model. The study will investigate the impact in two different perspectives, i.e., 

commodity market and biodiesel demand on food prices. Thus, the general aim 

of this study is to create a comprehensive understanding of palm oil prices and 

industrial growth in food prices. Subsequently, extending the investigation to 

understand the effect of biodiesel demand on Malaysia's food prices. 

Accordingly, the specific objectives are listed below. 

 

1.4.2    Specific Objectives 

 

i. To examine the short-run, long-run, and causality relationship 

between the palm oil price, industrial growth and food price in 

Malaysia; 

ii. To examine the existence of an asymmetric effect between the palm 

oil price and industrial growth on food prices in Malaysia; 
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iii. To examine the short-run, long-run, and causality relationship 

between the biodiesel demand factors and food price in Malaysia 

using the extended linear model; 

iv. To analyse the dynamic effects of palm oil prices, industrial growth, 

and biodiesel demand on the food price in Malaysia. 

 

 

1.5 Significance of the Study 

 

Recently, food prices have been a hot issue debuting by global 

organisations such as the World Bank and Malaysia. The discussions on food 

price volatility are very rich in literature. Most studies summarised that 

population growth (for instance, Subramaniam et al., 2019; Mueller et al., 2011), 

higher per capita income (Akter & Basher, 2014), changing diets in developing 

countries(Bai et al., 2021), weather-related production shock (Kokpo et al., 

2022), trade policy shock (Alnour et al., 2023) and the rising production for 

biofuel (Tanaka et al., 2023) are the most common factors that lead to food price 

volatility.  

In the Malaysian context, reviews emphasize the issue of biodiesel as a 

significant factor contributing to the increase in food prices, particularly from 

2014 onwards. Interestingly, there is a lack of significant studies indicating that 

biodiesel production or demand played a role in food price hikes in Malaysia 

before 2014. This observation underscores the evolving nature of this issue in 

the study of food prices in Malaysia. The limited impact before 2014 could be 

attributed to the early stages of biodiesel production in the country. However, as 
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the demand for biodiesel production grows and its notable influence on palm oil 

prices becomes apparent, this issue gains prominence in Malaysia. This 

observation highlights that studies on the relationship between biodiesels and 

food are relatively young and emerging in the Malaysian context. 

 

The research landscape concerning bioenergy and food prices in 

Malaysia remains underexplored, with minimal studies dedicated to this 

intersection. Despite a thorough review, no significant study on the relationship 

between bioenergy and food prices in Malaysia has been identified. Most of the 

recent studies on the food price in Malaysia emphasise that biodiesel could be a 

factor in the food hike in Malaysia, but no empirical evidence has been 

provided13. This underscores a substantial empirical gap in understanding the 

dynamics between bioenergy, particularly biodiesel, and food prices in the 

Malaysian context. Accordingly, the implication of this work centred on 

identifying (1) the relationship between the palm oil price and industry growth 

towards the food price using both linear and asymmetric models and (2) the 

relationship between biodiesel demand on the food price in Malaysia using the 

extended model; and finally, (3) dynamic effect of palm oil price, biodiesel 

demand and industrial growth on food price in Malaysia. By addressing these 

objectives, the research endeavours to contribute valuable empirical insights, 

bridging the existing gap in the literature and fostering a deeper understanding 

of the relationships between bioenergy, specifically biodiesel, palm oil price and 

food prices in the Malaysian context. 

 
13 Refer to study of Ibrahim (2015), Johari et al., (2015), Khatun et al., (2017), and Ghani et al., 

(2019).  
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 The palm oil industry has significantly influenced Malaysia's growth. 

Simultaneously, palm oil plays a crucial role in providing vegetable oil to the 

global population, particularly in developing countries. The literature 

extensively examines the impact of palm oil on economic growth and the oil 

market (Parveez et al., 2020; Nambiappan et al., 2018; Hussein, 2017). 

Likewise, there is substantial research on the effects of biodiesel 

production/demand on palm oil prices (Dutta, 2021; Applanaidu et al., 2014). 

However, the exploration of the palm oil-food relationship remains limited. 

Understanding the influence of palm oil prices on food prices is vital for the 

sustainable growth of both the food industry and the palm oil industry in 

Malaysia. This study aims to bridge this gap by investigating the relationship 

between palm oil prices and food prices in Malaysia, utilizing both linear and 

asymmetric linear models. Employing these models will enhance and deepen 

our understanding of the impact of palm oil prices on food prices in the 

Malaysian context. 

 

On the other hand, biodiesel production in Malaysia has considerable 

untapped potential for growth. Currently, fuel production has not even reached 

half of the biodiesel industry's capacity. The limited studies linking biodiesel to 

socioeconomic factors such as food security, income inequality, and rural 

livelihoods may be one of the reasons for the slow progress of the biodiesel 

industry in Malaysia. Most of the study on biodiesel in Malaysia is centred on 

the challenges faced by the industry (for instance, Nurul et al., 2022; Syafiuddin 

et al., 2020; Johari et al., 2015) and palm oil-biodiesel relationship (Johari et al. 

2015; Applanaidu et al., 2014).  
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The lack of research on the socioeconomic impacts of biodiesel 

production could be a significant roadblock to the industry's progress in 

Malaysia. Furthermore, the increasing integration between industrial value-

added and agriculture sector growth could guide the investigation of 

socioeconomic aspects in this study. This represents a novel and research-

worthy area in Malaysia. Thus, gaining a foundational understanding of the 

relationship between commodities, fuel, industrial development, and food prices 

is crucial. The empirical evidence generated from this study may contribute 

significantly, manifesting in various ways, such as: 

 

(1) The finding of this study could help understand and support designing 

sustainable policies without harming economic parties such as 

producers, wholesalers, and consumers, especially in the palm oil 

industry of Malaysia, which can provide food and fuel for sustainable 

growth. This helps smallholders/ entrepreneurs understand how biofuel 

expansion influences input price volatility. Encourages participation in 

sustainability certification (e.g., MSPO) aligned with food and fuel 

sector goals. 

(2) Effective government policies for the palm oil and food sectors heavily 

rely on understanding the dynamics between their prices. This includes 

policies on biodiesel production, export controls, subsidies, and 

agricultural development. A clear understanding of the price relationship 

allows policymakers to design interventions that address concerns about 

food security, environmental sustainability, and economic stability. 

Government and policymakers can utilise the understanding created by 
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this study to balance biodiesel blending mandates with food price control 

policies. This study will create insights into palm oil price volatility to 

support fiscal planning and subsidy strategies in Malaysia. Furthermore, 

the study supports energy–food coordination in Malaysia’s Low Carbon 

Mobility Blueprint and NETR. 

(3) Studying the basic relationship between bioenergy and food prices opens 

doors for further research and innovation. This can include exploring 

alternative cooking oils, promoting sustainable palm oil production 

methods, developing more efficient biodiesel technologies, and 

identifying market mechanisms to stabilize prices. Such research can 

contribute to finding sustainable solutions for both food and energy 

needs in Malaysia. This study can highlight the risks of input competition 

with the food market to the biodiesel producers. Thus, the study can 

extend to use demand projections to plan capacity investment and price 

setting. 

(4) Malaysia is a major palm oil producer and exporter, contributing to the 

global market. Studying the bioenergy-food price relationship within 

Malaysia can provide valuable insights and models for other countries 

(especially Asian countries) facing similar challenges in balancing food 

security, biodiesel production, and Industrial growth. Understanding the 

effect of palm oil price fluctuation on the food price to promote 

sustainable agriculture practices such as certification programs 

(Roundtable on Sustainable Palm Oil, RSPO) and efficient resource use 

within the palm oil sector can enhance resilience to market volatility and 

contribute to long-term socio-economic stability. Furthermore, it can 
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empower stakeholders, enabling better decision-making and helping 

mitigate the impact of asymmetric information. This is very helpful for 

food manufacturers in Malaysia. This study will create insights into cost-

push pressures to help in pricing strategy, procurement planning, and 

input diversification. This will encourage long-term sourcing strategies 

for palm oil and vegetable oils. 

 

Another noteworthy contribution of this study is its exploration of the 

biodiesel effect from the demand-side perspective, a less commonly examined 

angle compared to the traditionally studied supply side. In the literature, the 

demand side of biodiesels has historically been neglected, but its importance is 

gaining recognition (Cabrera-Jiménez et al., 2022; Rodionova et al., 2017; Mele 

et al., 2009). Demand-side analysis plays a crucial role in facilitating forecasting 

and decision-making processes. The increasing research efforts in this area are 

crucial for promoting sustainable biodiesel development, ensuring market 

growth, and navigating the complex interplay between market behaviour, 

environmental concerns, and policy interventions in Malaysia. Thus, this aspect 

adds another layer of uniqueness to this study.  

 

Overall, this study contributes meaningfully to Malaysia’s national 

agenda of achieving a balanced and sustainable development pathway by 

integrating food security objectives with renewable energy ambitions. 

Specifically, it aligns with key government frameworks such as the National 

Energy Policy (NEP) 2022–2040 and the National Energy Transition Roadmap 

(NETR). Both these policies emphasize the importance of transitioning towards 
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cleaner energy sources without compromising economic and social stability. By 

empirically quantifying the trade-offs between biodiesel demand and food price 

fluctuations, this study provides critical evidence on how expanding biofuel 

mandates, if implemented without proper safeguards, could exert inflationary 

pressure on food markets, particularly in a country where palm oil serves as a 

major input for both fuel and food. The findings are especially timely as 

Malaysia seeks to increase its biodiesel blending levels (e.g., B20 and B30) to 

meet its decarbonization targets under the NETR while also ensuring that 

vulnerable populations are not disproportionately affected by rising food costs. 

 

This study offers a data-driven framework to help policymakers evaluate 

the sustainability implications of future biofuel expansions, develop price 

stabilization mechanisms, and design targeted subsidies or diversification 

strategies that preserve food affordability without slowing progress toward 

energy transition goals. In doing so, it strengthens the evidence base needed to 

guide inter-ministerial coordination between energy, agriculture, and trade 

policies in Malaysia’s climate and food policy landscape. 

 

 

1.6 Chapter Layout 

  

This research report will be split up into five chapters. Chapter One 

discussed the issue, the importance of this study, and the background. Chapter 

two will outline a brief review of empirical and theoretical literature review used 

to identify the things researched and covered previously in this area. Next, 
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chapter three discusses methodology and data collection. Later, the results of 

applying the data in the method will be presented in chapter four. Then, chapter 

five concludes the research findings, and a discussion of the findings will be 

provided. Lastly, chapter six will provide policy implications and 

recommendations for future researchers and conclude the research. 
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CHAPTER TWO 

 

LITERATURE REVIEW 

 

 

2.1 Introduction 

 

 This chapter mainly reviews the earlier literature covering similar issues 

focused on this study. The relationship between food price, biodiesel, 

commodity market and industrial growth is considered a new research area that 

got researchers' attention after the Malaysian government introduced the 

National Bio-fuel policy on 21st March 2006. However, minimal studies have 

been conducted in this area based on the literature review, primarily examining 

food-bioenergy-commodity relationships. Most studies on biodiesel in Malaysia 

are mainly very recent published works from 2014 onwards. This is because 

Malaysia does not have significant biodiesel production before 2006. In this 

case, worldwide studies on biofuel production and demand are also considered 

to make the literature review more comprehensive. 

  

 This literature review is divided into four parts. The discussion will cover 

the relationship’s theories and empirical support from earlier literature. The first 

part of the review will discuss the relevant theories and concepts underlying the 

relationship between the understudied variables. Understanding the theories and 

concepts that cover the relationship will be helpful in further exploration of the 

gap which is uncovered. Then, the empirical shreds of evidence from the 
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previous studies will be explored in the second part. This section will give some 

ideas on how far the previous studies have been discovered and how the 

upcoming studies can be directed. Based on the empirical and theoretical 

exploration, the gap in the study will be discussed in the third section. Finally, 

the discussion will narrow down to the theoretical fundamentals among the 

variables understudies will be discussed to justify the appropriateness of the 

variables included in the food price study in Malaysia, which fulfilled the gaps 

identified earlier. Each relationship will be discussed in detail based on 

underlying theories or concepts.  

 

 

2.2 Theoretical and Conceptual Background of the Energy-Bioenergy-

Food Market Relationships 

 

 This section discussed the theoretical and conceptual background of the 

energy-biofuel-food market. Janda and Kristoufek (2019) highlighted that 

theoretical literature on biofuels indicates that biofuel policies have significant 

roles in the price transmission between the food and fuel markets. This statement 

supports the statement of Serra and Zilberman (2013), whereby the authors 

argued that the attempts to model food-energy price links theoretically are 

relatively new and mainly focus on assessing price level patterns. Thus, the 

overall structure of energy-biofuel-food price is founded by the supply-demand 

framework, which is widely used in energy-food studies (for instance, Zhang et 

al., 2009; Serra & Zilberman, 2013; Koizumi, 2015; Al-Maadid et al., 2016; 

Tanaka et al., 2023). The supply-demand framework illustrates that the price of 
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goods and services is determined by market equilibrium, which fulfils supply 

and demand constraints. Thus, this concept is well fitted for the commodity 

markets, mainly depending on the production level and demand. 

 

 Accordingly, Mueller et al. (2011) indicated that the leading cause of the 

2007/08 food crisis was a tight supply of crops, whereby demand was chasing 

the supply. Based on the authors, the food price increase is mainly due to the 

agricultural output shortage, creating price pressure on the commodities. This 

statement is engaged in the demand and supply framework. The outputs of 

agricultural production have been reduced in the past decade, whereby the 

demand for crops has increased worldwide due to the increasing population. In 

this case, the price of the crops goes up due to the demand. 

 

 Furthermore, emerging markets like China and India have experienced 

substantial per capita income and population growth. Accordingly, China and 

India recorded the highest revenue per capita in 2007, 14.088 per cent and 8.557 

per cent, respectively (World Bank, 2017)c. Due to this, the food demand 

increased since the income growth changed the consumers' tastes and 

preferences towards high-value food items. Furthermore, based on the 

Malthusian growth theory, population growth is much faster than food 

production and availability. Thus, the rising population and urbanisation 

increase the demand for cereals, putting pressure on the world supply's 

downward trend. Accordingly, with the limited supply and the high demand, the 

food price suddenly jumped in 2007/08. This argument is based on the 

Malthusian and neo-Malthusian models and the demand-supply framework. 
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 Accordingly, Zhang et al. (2009) argued that microeconomic theory 

illustrated that derived demand for crops influences the good intermediate 

quantity. Hence, the increased demand for fuel (traditional and biofuel) 

translates into a higher price, directly impacting crops' prices. Thus, it is 

reflected in the food prices in the end. Accordingly, the cost-of-production 

theory of value best explains this phenomenon whereby food prices are 

determined by the resources used in production, such as labour, raw materials, 

fuels and capital, as illustrated by the cost-of-production theory of value (Ruan, 

2019). It provides a theoretical justification for the current food versus fuel 

debate since fuel is an essential component of the production factors.  

 

  Accordingly, researchers have developed a bioenergy model to narrow 

the scope of the law of supply and demand to biofuel studies. At first, Gardner 

(2007) claims that the bioenergy model's development originated based on the 

supply and demand framework. The author uses the vertical integration model 

to analyse the welfare effects of corn and ethanol subsidies in the US market. 

Thus, modelling the ethanol market separately from the fuel market is a 

significant weakness of Gardner’s (2007) model. The author argued that users 

of fuel are ethanol buyers. Thus, the users' gains through cheaper ethanol and 

ethanol increase the total fuel supply. In this case, Gardner (2007) assumed that 

ethanol and fuel are perfect substitutes, and price transmission depends on the 

cross-price elasticity between these two commodities.  

 

  Gardner’s (2007) model is extended by De Garter and Just (2008). Due 

to the blended mandates, they developed their model by integrating ethanol 
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production into the aggregate fuel market. They argue that ethanol should be 

treated as a complementary product to gasoline due to the blended mandate. In 

this case, the demand for biofuel is proportionate to the demand for fuel 

consumption. De Garter and Just (2008) indicate that this situation has been 

overlooked. Thus, in another study by De Garter and Just (2009), the model used 

precisely with the fuel is represented by the ethanol and gasoline mixtures 

conceptually different from the study of Gardner (2007).  

 

  The models of Gardner (2007), De Garter, and Just (2008; 2009) mainly 

cover the structured relationship of the price transmission between gasoline and 

biofuel. Those studies focus on the tax and subsidy factors that influence the 

producers and the production level of commodities. The external factors that 

lead to the price determination seem to be neglected. However, Saitone et al., 

2008) introduced upstream and downstream market power into the model. They 

argued that the upstream and downstream market power influences the market 

effect, which may pressure the price transmission between biofuel and 

agriculture commodity prices. Saitone et al., (2008) model illustrated that the 

upstream incorporates the seller market power and the downstream, indicating 

the buyer’s market power founded by the supply and demand framework.   

 

  Finally, Ciaian and Kancs (2011) extended the existing model of Gardner 

(2007), De Garter, and Just (2008; 2009) with several dimensions which show 

the interconnection between energy-bioenergy-food prices and the byproduct 

market. The authors highlighted two significant drawbacks in the previous 

models, i.e., the demand function is modelled based on the agricultural 
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commodity in the biofuel production. The indirect price input, which represents 

biofuel’s price effect, is overlooked. The authors urged that discounting this 

effect could lead to an unfair assessment of the biofuel expansion on agricultural 

prices. Even the biofuel produced is based on crops. However, both are different 

sectors. In addition, the authors contended that only one agricultural commodity 

is used in the previous models, i.e., the commodity used for biofuel production. 

Thus, this may not be very accurate in measuring the effect of biofuel on 

agricultural commodities. The authors added that multiple commodities in the 

model might change the relationship structure, and the model will be general for 

the global market.  

 

  Ciaian and Kancs’s (2011) model structure is shown in Figure 2.1. The 

model is structured based on four segments, i.e., farm input market, representing 

the production factors; agricultural production described by the crops; the fuel 

sector linked to the agricultural commodity through biofuel production; and 

finally, the fuel sector directed to the by-product markets. The authors illustrated 

the agricultural commodities used for food production and biofuel production. 

Here, based on the cost-of-production theory of value, the final price of the food 

is determined by the agricultural commodity prices since it is used as the raw 

materials for food production. Furthermore, biofuel production using the crops 

creates additional demand for agricultural commodities. Thus, the additional 

demand created by the biofuel market could impact the price level of the 

commodities in the equilibrium level in the demand-supply framework. This 

directed the impact of biofuel on the food market, which failed to be illustrated 

in the bioenergy model of Ciaian and Kancs (2011).  
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  Besides, the blended effect of biofuel into the fossil fuel, introduced in 

the model, is used as the price input in agricultural commodity production14. So, 

based on the bioenergy model, the fuel market and agricultural markets are 

interconnected through price input due to the fuel usage as the production factor 

in the farm and the production of biofuel, which is blended with fuel. The price 

input of aggregated fuel affects agricultural outputs' production cost and 

indirectly links to the food. Thus, this direction can be viewed as a biofuel 

direction towards the food market, which can be considered in the bioenergy 

model of Ciaian and Kancs (2011). However, there could be another direction 

of interconnection between the fuel market and food, which the bioenergy model 

in Figure 2.1 does not explore. Since fuel is used as a factor of food production, 

it is expected to influence the food prices transmitted by the production and 

transportation costs.  

 

  Finally, based on the bioenergy model, the price input of aggregated fuel 

affects byproduct production through the industrial sectors and transportation. 

The increased use of blended biofuel in industrial production increases the fuel 

market's integration and industrial growth. Ciaian and Kancs (2011) highlighted 

this direction in the model as a by-product market from the fuel sector. However, 

the authors failed to see the interconnection between the by-product and the food 

markets. Fuel is the main element for producing food and industrial outputs. 

Accordingly, both food industries and non-food industries are competing for 

fuel. At the same time, additional demand created in the biofuel market, which 

 
14 Ciaian and Kancs (2011) indicate that fuel is importance for the agricultural production where 

it is used machineries, which is connected to the cost of production. 
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comes from industrial growth, could influence the food market by increasing the 

price pressure on the raw material of the food market, i.e., the agricultural 

commodities.  

 

  Furthermore, based on the unified growth theory proposed by Strulik and 

Weisdorf (2008), agricultural productivity makes food prices less expensive by 

increasing the availability in the market. However, industrial productivity makes 

the food price more expensive. Those authors added that the land limits 

agricultural production under the unified growth theory, whereby industrial 

production is not subject to land availability. Based on this concept, industrial 

growth is not defined by land creates demand for agricultural commodities with 

production constraints. In addition, Crafts (1996) and Voth (2003) highlighted 

that the growth model stressed that population growth leads to an economic 

transformation whereby industrial growth will be focused on. Thus, the 

development of industrial growth will increase the income of the people, and the 

living standard will improve accordingly (Rahman, 2016). Therefore, this could 

increase food demand and impact food prices. This could be another channel of 

price input that will affect the food price, whereby it fails to highlight the 

bioenergy model of Ciaian and Kancs (2011). 
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Source: Adapted from Ciaian and Kancs (2011). 

Figure 2.1: Interdependencies in the Energy–Bioenergy–Food Market 

and By-product Market 

 

  

 Accordingly, Dobber et al. (2015) provided a clear conceptual 

framework (Figure 2.2) on the food-energy linkage overview, highlighting why 

the food demand has increased recently. The concepts of Dobber et al. (2015) 

and Ciaian and Kancs (2011) are almost similar. However, Dobber et al. 's 

(2015) structured model focuses more on the demand side of transportation and 

food. In this framework, the authors clearly show that agricultural production 

from farmland agriculture is divided into two usages, i.e., crops for feed (food) 

and crops for fuel. The crops for feed and food are directed to food production 

and supply (supported by studies such as Mitchell, 2008; Subramaniam, Masron 

& Azman, 2019; 2020; Tanaka et al., 2023).  
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 However, crops for fuel are directed to the biofuel producers who supply 

biofuels for transportation, blended with crude oil (Drabik, Ciaian,  & Pokrivcak, 

2014; Dodder et al., 2015). In other words, the agricultural sector, which has 

supplied food and feed for livestock, is now providing biofuels for transportation 

and industrial production purposes. However, the framework developed by 

Dobber et al., (2015) is not complex, whereby the natural relationship between 

food-biofuel-fuel is a bit complex, as Tomei and Helliwell (2016) argued. For 

instance, the authors highlighted that crude oil impacts farm production. 

However, the framework does not show the interconnection between crude oil 

and biofuel. Furthermore, the authors treated crude oil and biofuel as different 

channels impacting the transportation demand.  

 

 
Source: Adapted from Dobber et al. (2015) 

Figure 2.2: Overview of Agricultural-Energy Linkage 

 

  In addition, some authors developed the “financialisation of commodity 

markets” concept to interlink the agricultural commodity price fluctuation with 

crude oil. For instance, Juvenal and Petrella (2015) indicate that the 

financialisation of commodities increases the integration between oil prices and 
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commodity prices. The concept of the financialisation of commodities tells that 

the commodities are treated as another investable asset to overcome the heating 

and creating spillovers in the financial market (Cheng & Xiong, 2013; Ordu-

Akkaya & Soytas, 2020; Sun et al., 2023). Due to this issue, traders identified 

the commodities as high returns investments and treated them as stocks and 

bonds in the financial markets. Accordingly, some researchers such as Adams 

and Gluck (2015), Basak and Pavlova (2016) and Ordu-Akkava and Soytas 

(2020) urged that commodities have started increasing transmission stocks and 

commodities due to financialisation. This could be another direction in how the 

fuel market is interlinked to agricultural commodity prices.  

 

 Accordingly, Akram (2009) and Harri et al. (2009) represent the 

agricultural commodities' food prices. Therefore, Akram (2009) argued that the 

exchange rates could also explain the link between oil prices and agricultural 

commodity prices because the oil trade is conducted mainly in U.S. dollars and 

may have an impact on local currencies of all influences the agricultural 

commodity prices in turn of imports or exports and regional costs of the 

commodities. Thus, this idea can also be explained using the law of one price, 

whereby the asset price will be the same across the global market (Haskel & 

Wolf, 2001; Miljkovic, 1999; Go & Lau, 2024; Go & Lau, 2021; Mohd Amin et 

al., 2019). Thus, this can be achieved by considering the currency exchange 

between the countries. So, arbitrage profitability can be ratified with the same 

value of the assets and commodities across the market. Besides, Harri et al., 

(2009) concluded that there are two links between oil prices to agricultural 

commodity prices: price input and exchange rates, shown in Figure 2.3. They 



58 

 

argued that the exchange rate affects the commodity price by the dollar's value, 

and the oil price affects the commodity production by input prices. 

 

 Interestingly, Harri et al. (2009) also conceptually illustrated the indirect 

impact of biofuel on commodity prices, which supports the statement of Ibrahim 

(2015) and Johari et al. (2015). This indirect relationship is due to biofuel 

production using agricultural commodities such as palm oil and soybeans. So, 

based on Figure 2.3, there are two direct relationships, and one indirect 

relationship is conceptually illustrated. Since there is a strong argument for the 

oil price influence on the food price (for instance, Timilsina, Mevel & Shrestha, 

2011; Wong & Shamsudin, 2017; Dutta et al., 2021; Tanaka et al., 2023), the 

exchange rate, price inputs, and the biofuel production and demand could impact 

the commodity prices as well.  

 

 
Source: Adapted from Harri et al. (2009) 

Figure 2.3: Expected Linkages between Oil, Exchanges Rates, and 

Commodity Prices 

   



59 

 

  Nevertheless, this situation creates competition between food, fuel, and 

feed for humans since agricultural lands are limited and the users are increasing. 

Furthermore, Koizumi (2015) argues that biofuel programs created a new crop 

market. The author added that most of the demand curve for agricultural 

commodities is inelastic to price change. As a result, additional demand will 

increase the demand for crops, increasing the price. This will motivate farmers 

to increase their production. It could indirectly influence the plantation areas and 

agricultural investment positively. Consequently, the supply curve's elasticity is 

critical in determining the agricultural commodity price and the increase in 

supply resulting from the price change resulting from an increase in biofuel 

demand. This argument further strengthens Bahel et al., (2014) study by 

indicating that biofuel production shares the land resources with food production 

and energy, positively affecting food prices.  

 

 Furthermore, the study of Ghani et al. (2019) focuses on the food-energy-

water relationship, indicating that the palm oil industry is essential to food and 

energy. Accordingly, the author developed a framework to show the 

interrelation between the palm oil industry and the food-energy-water. Figure 

2.4 shows how the interlinked palm oil, food and energy markets. Based on the 

figure, the relationship between energy, oil palm and food is explained following 

the bioenergy model. The energy market is connected to the palm oil industry 

due to biofuel production and fuel usage in the production plants. On the other 

hand, the food market is related to the palm oil industry due to the food crop and 

vegetable oil production. Finally, the food and energy market is integrated due 
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to food/land diversification for energy and energy usage in cultivation and food 

production.  

 

 

Source: Adopted from Ghani et al. (2019) 

Figure 2.4: The Interconnection between Oil Palm Industry, Food and 

Energy 

   

  Based on the bioenergy model, the interrelationship between agriculture 

commodities, biofuel, food price and by-product market has been established 

theoretically and conceptually. The former study's models and conceptual 

frameworks are developed based on the widely acknowledged demand and 

supply frameworks. However, based on the review, it is noted that the theoretical 

development of the bioenergy model is still young and can be enhanced in 

various ways, as argued by Serra and Zilberman (2013) and Janda and 

Kristoufek (2019).   

 

  Accordingly, the current study contributes to the enhancement of the 

existing bioenergy model in several ways. First, it incorporates a broader set of 

structural demand-side variables such as biodiesel price, investment, vehicle 
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population, and blending policy mandate elements that are often omitted or 

treated simplistically in earlier models. Second, the study distinguishes between 

linear, asymmetric, and dynamic effects, providing a more comprehensive 

understanding of how shocks propagate across the bioenergy–food price system. 

Lastly, by applying this framework specifically to Malaysia, the study adds 

regional specificity and policy relevance to what has largely been a theoretical 

or global discussion. Together, these contributions help advance the empirical 

and applied dimensions of bioenergy modelling. 

 

 

2.3 Empirical Evidence of the Variables Understudied 

 

 This section will delve into empirical studies examining the intricate 

interconnections among food prices, commodities, biofuels, and industrial 

growth. The empirical exploration is structured into two parts. Drawing from 

earlier literature, the initial segment will scrutinize empirical evidence 

concerning the interplay between biofuels, agricultural commodity prices, food 

prices, and industrial growth. Subsequently, the second part will investigate the 

potential variables incorporated into the conceptual framework, specifically 

focusing on those influencing biodiesel demand. A thorough analysis of past 

literature will encompass results, disparities, and underlying causes. 
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2.3.1 Empirical Shreds of Evidence of the Interrelationship Between Food-

Biofuel-Agriculture Commodities and Industrial Growth.  

 

 This section will discuss the literature covering the relationship between 

the variables understudied. The list of the past studies is organised in Table 2.1. 

thus, the role of the summary table is to show the overall picture of what is 

already known about the relationship between the variables that have been 

focused on in this study. Based on Table 2.1, it is clear that the relationship 

between biofuel, agricultural commodities, and food prices is not consistent, 

depending on the data used, country and method used.  

 

 

 2.3.1.1 The Food–Fuel Dilemma.  

 

 The idea of exploring the interrelationship between the food price and 

the energy market started in the 1970s after the oil price shocks. In 2008, the 

global financial crisis revisited the co-movement of crude oil and food prices. 

Based on reviews, various methodologies have been used to investigate the 

interconnection between the food and energy market globally and on a 

single/specific country basis. Accordingly, Esmaeili and Shokoohi (2011) used 

the principal component analysis to identify the interconnection between crude 

oil and food prices and found that crude oil prices positively affected food prices 

from 1961-2005. Similar findings have been achieved by Nazlioglu and Soytas 

(2012) and Cheng and Cao (2019) using the Vector Error Correction Models 

(VECM) estimations for 1980-2010 and 1990-2017, respectively.  
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  Besides, Ibrahim (2015) indicates that food price hikes in Malaysia are 

due to the increasing import bill and crude oil prices. This will directly impact 

the transportation cost and value chain activities, in the end, the food price. The 

author attempted to identify the relationship between crude oil and food prices 

in Malaysia using the non-linear Auto Regressive Distributive Lag (ARDL) 

model and found that increasing crude oil prices tend to increase Malaysia's food 

prices in the long run. Besides, the study of Wong and Shamsudin (2017) point 

out that their study is an extended version of the study of Ibrahim (2015), 

whereby exchange rate and income are considered as other factors that affect 

food inflation in Malaysia compared to Ibrahim (2015) which is only used the 

crude oil price. Accordingly, they added that exchange rate and income are 

considered in the model since income captures the purchasing power and 

exchange rate for international trade15. The finding indicates that exchange rate, 

income, and crude oil prices significantly affect Malaysia's food price index.  

 

  Razak et al. (2013) added that Malaysia's population is increasing to 

almost 2.7 million, and changes in the lifestyle resulting from urbanisation have 

increased the demand for food in Malaysia16. Accordingly, Malaysia's food 

purchasing and consumption patterns are changing due to the growth in income 

and the population (Arshad & Hameed, 2009; Ghani et al., 2019). Finally, a 

 
15 Nazlioglu and Soytas (2012) uses the US exchange rates in their model, urged that weakness 

of the USD may increase the purchasing power and foreign demand for agricultural 

commodities. Their finding shows that USD has a positive effect on agricultural prices similar 

to the study of Wong and Shamsudin (2017). 
16 Razak et al.,’s (2013) study is a review paper whereby no empirical evidence presents. Thus, 

most of the content and the discussions of the authors are based on the annual reports from 

Malaysia National Food Security Policy.    
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panel study conducted by Taghizadeh-Hesary et al. (2019) using Asian countries 

found that crude oil prices can explain 64 per cent of the food price variance. 

Thus, those studies show the consistent and robust influence of crude oil prices 

and exchange rates on food prices regardless of the countries and methodologies 

used.  

 

 2.3.1.2 Commodity Price and Food Price Linkages 

 

 There exists a notable distinction between agricultural commodity prices 

and food prices, even though they are interconnected. Agricultural commodities 

encompass the prices of raw materials or primary products produced in the 

agricultural sector. Conversely, food prices pertain to the retail or consumer 

prices of food products available for direct consumption. The determination of 

food prices is influenced not only by the costs of raw agricultural commodities 

but also by factors such as processing, transportation, distribution, marketing, 

and retailing. There are numerous studies investigated the effect of commodity 

prices on the food price. For instance, Gua and Tanaka (2022), Sun et al. (2023), 

and Manogna and Kulkarni (2024).  

 

 Sun et al. (2023) indicate that when the demand for oil, such 

as bioethanol, increases, the demand for agricultural commodities also 

increases, which upsurges the prices of commodities and creates a significant 

impact on general food prices. Furthermore, Alnour et al. (2023) studied the 

asymmetric impact of the energy price, economic policy and the agricultural 

commodity price index on the food price. The study used agricultural 
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commodities such as grain, vegetable oils, meat, seafood, sugar and other foods 

to regress to food prices and found that the reaction of the food prices index to 

the decrease in agriculture commodity prices is greater than its response to the 

increase in agriculture commodity prices. Thus, the study confirmed the short 

and long-run asymmetric effect between commodity prices to food prices. 

Similar to the study of Alnour et al. (2023), Gua and Tanaka (2022) used the 

same agricultural commodities towards African food prices and found that 

commodities more constantly affected prices throughout the sample period, 

including the recent pandemic in 2020. 

 

 On the other hand, the literature's interconnection between palm oil and 

financial variables is well established (refer to Go & Lau, 2024; Go & Lau, 

2021), even though studies connecting palm oil prices to food prices are limited. 

Since palm oil is a highly tradeable oil globally, some researchers argued that 

the exporting countries have some degree of market power over the tradeable 

commodities transmitted by the exchange of currencies (Nazlioglu & Soytas, 

2012; Balesen & Demirer, 2019). Accordingly, Butt et al. (2021) studied the 

relationship between Malaysia's exchange rate and commodity prices. The 

authors used various commodities in their studies, such as palm oil, rubber, 

crude oil and natural gas. The study’s findings show a long-run relationship 

between Malaysia’s exchange rate and commodities. Butt et al. (2021) indicated 

that commodity production is affected by the crude oil price through the input 

price, which will channel the competition in agriculture output markets or 

biofuels.  
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 The assertion that crude oil prices directly impact agricultural products 

and have an indirect influence on the exchange rate aligns with the framework 

developed by Harri et al. (2009), as illustrated in Figure 2.2. Consequently, this 

argument robustly supports the connection between palm oil prices and 

production, as outlined in the conceptual framework of the present study. 

Although the literature on linking palm oil prices specifically to food prices is 

limited, numerous studies have explored the association between palm oil prices 

and overall price inflation. 

 

 For example, Sayyed and Issa (2021) investigated the impact of palm oil 

production on macroeconomic variables in Malaysia, revealing that a 15 percent 

increase in palm oil prices could potentially lead to corresponding increases in 

various macroeconomic components. The authors employed the Consumer Price 

Index (CPI) as an indicator of money holding in their analysis. Additionally, 

Sharma (2020) utilized the CPI to assess the consumption effects in Indonesia 

concerning palm oil prices, demonstrating a significant predictive relationship 

between palm oil prices and the price index using the Flexible-Generalised-

Least-Squares (WN-FGLS) method. Another study conducted in Indonesia by 

Aprina (2014) corroborated these findings, confirming that an increase in palm 

oil prices contributes to inflation in the country. 

 

 2.3.1.3 Biofuel Demand and Its Influence on Food Markets 

 

 The revolution in the fuel market started from 2005 onwards with the boom 

in biofuel production globally. This creates another area of food price 
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exploration in literature, reemphasising that biofuel production is another factor 

for the food price hikes. Even most of the studies able to establish that biofuel 

production/demand positively influences food price (for instance, Alnour et al., 

2023; Brikman et al., 2020; Martinez-Jaramillo et al., 2019; Paris, 2018; 

Koizumi, 2015; Bahel, Marrouch, & Gaudet, 2014). Still, some studies argue 

that biofuel does not significantly impact the food price (for instance, Shrestha 

et al., 2019; Bastian et al., 2014; and Ajanovic, 2011). Arshad and Hameed 

(2009) added that palm oil development to fulfil the biofuel demands has made 

the crisis unique and complicated17.  

 

  For instance, the study of Shrestha, Staab and Duffield (2019) and Bilgili 

et al. (2020) covered US food prices for 1991-2016 and 1981-2018, respectively. 

Bilgili et al. (2020) found that biofuel production in the US positively impacts 

food prices using wavelet-based analysis. Rather than biofuel production, the 

authors used crude oil price and population as control variables in their study. 

However, Shrestha, Staab and Duffield's (2019) study indicated that biofuel 

production in the US does not significantly impact the food price by using 

similar variables used by Bilgili et al., (2020). Interestingly, Shrestha, Staab and 

Duffield (2019) included the effect of the agricultural commodity production, 

i.e., cereal production, in the model and found that biofuel production and crude 

oil price impact the commodity prices in the US, not the food price index. The 

variation between the findings could be mainly due to the methodologies used 

in their respective studies.     

 
17 Negash and Swinnen (2013) argue that there is a conflicting conclusion in the relationship 

between the biofuel and food security. 
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 Accordingly, Bahel et al. (2013) studied the impact of biofuel production 

on food and crude oil prices, land use and production costs in the US and Europe. 

The author found that biofuel production creates price pressure on the raw 

material used to produce it. Similar empirical findings come from the study of 

Tokgoz et al. (2012). The authors indicate that biofuel significantly impacts 

agricultural commodity prices using the sample of Organisation for Economic 

Co-operation and Development (OECD) countries. Interestingly, the study of 

Applanaidu et al. (2011) identified that the increase in biodiesel demand would 

increase the export of palm oil, the domestic price, and palm oil production in 

Malaysia. The authors indicate that the cost of raw palm oil will increase by 110 

per cent, with biodiesel production increasing by 70 per cent. However, the study 

did not adequately justify how the export value of palm oil for biodiesel could 

represent the overall biodiesel demand. 

 

 Meanwhile, Rahman et al. 's (2011) study is somehow similar to the 

study of Applanaidu et al. (2011), where Rahman et al. (2011) focuses more on 

the impact of biodiesel demand on the price level of palm oil rather than the 

overall industry. The authors capture the palm oil demand using palm oil, the 

export of palm methyl ester, and the estimated demand for biodiesel. Thus, there 

is no clear definition of how the estimated demand for biodiesel is formulated.   

 

 Furthermore, another similar study from Abdullah et al., (2007) was 

found, mainly focused on discussing biodiesel demand's impact on Malaysia's 

palm oil price. Based on the data, they explain the effects of biodiesel on the 

palm oil industry and do not provide an empirical discussion on the relationship. 



69 

 

The authors indicate that biodiesel's increasing demand will increase Malaysia's 

palm oil prices in the coming years. This statement is empirically proved by the 

recent study of Dutta et al. (2021), indicating that palm oil price is experiencing 

the time-dependent jumps associated with Malaysia's crude oil and biodiesel 

price using the Generalized Autoregressive Conditional Heteroskedasticity 

(GARCH) model. The study of Dutta et al. (2021) strengthens the argument of 

the effect between the commodity and energy markets.   

 

Similar findings come from the study of Subramaniam et al. (2019), 

whereby the authors empirically proved that biofuels worsen food security in 

developing countries. Another study by Subramaniam et al. (2020) highlighted 

that the higher demand for agricultural outputs for biofuel production might 

adversely affect food availability or supply such as sugarcane, sugar beet, 

cassava, corn, rapeseed, soya bean, palm oil, wheat, and others if they are 

switched from production of food to biofuels. Controvert studies such as Negash 

and Swinnen (2013) and Herrmann et al. (2018) indicate that biofuel production 

does not influence food security or output. Accordingly, some inconclusive 

findings can be detected in the past literature.  

 

 Interestingly, most studies focus on the production side (supply side), 

and the demand side seems neglected. Demand-side analysis plays a significant 

role in facilitating the forecasting and decision-making process. Furthermore, 

the market economy theory argues that supply and demand drive economic 

decisions, such as goods and services, investments, pricing, and distribution. 

However, unbalanced exploration can be identified in biofuel studies, whereby 
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limited earlier literature covers the demand side (Chakravorty et al., 2016). 

Chakravorty et al. (2016) studied the demand-side effect of biofuel on food 

prices in the US and European countries. The authors used the US and EU 

biofuel policy, representing the demand factor for biofuel. The finding shows 

that food prices will increase by about 32 per cent by 2022, whereby half of the 

effect may come from the biofuel mandate, and the rest are from population 

growth and income.  

 

 The finding of Chakravorty et al. (2016) is somehow similar to 

Rosegrant (2008). Thus, Rosegrant (2008) conducted a study to identify biofuel 

production's impact on the current (or the past) grain prices, which covered 2000 

to 2007. The study’s findings stated that the policy-driven demand causes 

biofuel production to change. Accordingly, the market drives the production-

weighted average accurate price for grain to increase by about 30 per cent for 

seven years. However, Rosegrant (2008) did not define the demand model in 

detail based on the review. As a result, it is unclear how the biofuel demand has 

been captured in his report.  

 

 Furthermore, most studies used biofuel price (refer to Taghizadeh-

Hesary, Rasoulinezhad, & Yoshino, 2019) and production (refer to Santos & 

Szklo, 2016; Larsen, Jepsen & Frederiksen, 2013) to solely represent the 

demand for biofuel. For instance, Dutta et al. (2021) stressed that crude oil 

increases Malaysia’s biodiesel. However, the authors used the biodiesel price to 

represent the biodiesel demand in Malaysia study demand solely. By ideology, 

price and biofuel can be categorised as internal effects of the biofuel market 
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itself. How about the external demand effect that comes from other sectors? 

Those factors can be treated as the push factors of the biofuel demand. Thus, this 

is another interesting viewpoint. Besides, there is much room for the effect of 

the biofuel demand factor to be explored. 

 

Accordingly, those drawbacks have been identified based on the review. 

Thus, the creditability of those studies in capturing the biodiesel demand needs 

more validation since the design of the biodiesel demand model is not 

comprehensive. Better factors are required to seize the biodiesel demand. The 

current study has been directed from the positivism philosophy to post-

positivism. Therefore, picturing the demand factors to capture the biodiesel 

market in Malaysia is one of the advantages and value-added of this study. Thus, 

the next section will review the earlier literature covering the demand factors of 

biodiesel. 

 

 2.3.1.4 Industrial Growth as a Driver of Energy and Food Price 

Dynamics 

 

 The theoretical underpinning of the income effect as a crucial 

determinant in understanding food prices is evident in various studies, reflecting 

its role as a proxy for food demand and spending levels. Akter and Basher 

(2014), Chakravorty et al. (2016), Wong and Shamsudin (2017), and 

Trukhachev and Dzhikiya (2023) have all incorporated the income effect into 

their food price models. This incorporation allows for a more comprehensive 

understanding of the dynamics at play in the food market. 
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 Yusuf and Duasa (2010) conducted a study on consumption behaviours 

among Malaysians, highlighting that an increase in income stimulates economic 

growth during downturns or recovery periods by boosting private spending. 

Solaymani and Yusoff (2017) supported this notion, confirming a positive 

correlation between income increases and food prices in Malaysia using the 

GMM model. 

 

 The use of income as a key measurement to gauge consumers' purchasing 

power is a recurrent theme in the literature. Applanaidu et al. (2011) leveraged 

Malaysia's GDP to examine the income effect on biodiesel export demand, 

finding a significant positive impact. This aligns with Algieri and 

Kanellopoulou's (2008) earlier study on tourism exports, which demonstrated a 

positive relationship between income and demand. Algieri and Kanellopoulou 

employed GDP growth in France, Greece, Spain, and Australia to capture the 

income effect on demand. 

 

 GDP, often used as a proxy for income in food price models (e.g., 

Ibrahim, 2015; Applanaidu et al., 2014), has been a focal point in understanding 

the relationship between income and food prices. Wong and Shamsudin (2017) 

expanded upon Ibrahim's (2015) work, introducing exchange rates and income 

as additional factors affecting food inflation in Malaysia. Their findings 

highlight the substantial impact of income on Malaysia's food price index. This 

resonates with the observations of Razak et al. (2013), who noted that Malaysia's 

growing population and urbanization-induced lifestyle changes have increased 
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the demand for food, a pattern attributed to the concurrent growth in income and 

population (Arshad & Hameed, 2009). 

 

 In essence, the literature underscores the pivotal role of income as a 

determinant of food prices, emphasizing its influence on demand, spending 

patterns, and overall economic dynamics in the context of Malaysia. 

 

 In summary, past studies on food prices and inflation in Malaysia point 

out various factors that lead to food inflation. Some studies have proved this 

with empirical evidence, and some based on the reports. Interestingly, the study 

covering the biodiesel demand on the food price is still lacking in Malaysia's 

context. Even though a few authors argue that biodiesel production could impact 

food inflation in Malaysia, empirical evidence is still insufficient, although some 

global studies have empirically proven the relationship. Although Applanaidu et 

al. 's (2011) study can give some insight into biodiesel toward Malaysia's 

economic growth, the study's scope is more on the palm oil industry. The study 

does not explore the impact on the commodity or food price. 

 

 Moreover, Dutta et al. (2021) stressed that better policies are needed to 

monitor crude palm oil since this is significant in producing renewable energies 

and moderating food price volatility in Malaysia. Thus, this is an exciting gap to 

explore, especially the domestic demand side of biodiesel on food prices. 

Furthermore, biofuel not only integrates the commodity market and food prices, 

but it may also increase the integration between industrial growth and food 

prices. Thus, this is another exciting area to explore.   
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Table 2.13: The Summary of the Empirical Studies Covers the Food Price, Agriculture Commodities and Biofuel 

Name (Year) Country 

Understudied 

Period 

Covered 

Methods Major Findings 

Bilgili et al., (2020) US 1981-2018 Wavelet analyses Significant relationships between food prices and 

biofuel production were found in the short and long run. 

Brikman et al., 

(2020) 

Ghana 2010-2030 Computable general 

Equilibrium 

Biofuel production is impacted by increasing food prices 

and import dependency. This is a critical issue in food 

security in Ghana. 

Subramaniam et al., 

(2019) 

51 selected 

countries 

2011-2016 Generalized method 

of moments 

In the early stage, biofuel production may bring 

competition to food security. However, biofuel may be 

favourable to the agriculture sector in later stages. 

Martínez-Jaramillo 

et al., (2019) 

Colombia 2016-2030 System dynamics 

model 

Biofuels will reduce the food supply and increase food 

prices due to the changes in land usage and reduce the 

land supply.  

Shrestha et al., 

(2019) 

US 1991-2016 Correlation analysis There is no significant impact of biofuel production on 

US food prices. 

Weng et al. (2019) China 2012-2020 Computable general 

Equilibrium 

Biofuel production negatively impacted agricultural 

land allocation for rice, crops and cereals, forest land, 

and grassland. 

Paris (2018) US and European 

countries 

1986-2014 Smooth transition 

regression 

The agricultural products prices will increase due to 

biofuel production. 

Ake (2017) Global 1992-2016 Dynamic conditional 

correlation and phase 

synchronization 

Oily cereal prices were highly impacted by biofuel 

production.  
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Table 2.1: The Summary of the Empirical Studies Covers the Food Price and Biofuel (Continued) 

Name (Year) Country 

Understudied 

Period 

Covered 

Methods Major Findings 

Chakravorty 

et al., (2016) 

Global 2007-2030  Biofuel production positively impacted food prices. The 

impact is about 50 per cent based on global.  

Bayramoglu et al., 

(2016) 

US 1993-2011 3SLS Bioethanol production and corn prices were positively 

and significantly correlated.  

Enciso et al., (2016) Global 2015-2024 Recursive-dynamic 

agricultural multi-

commodity model 

The closure of biofuel policies has no significant impact 

on increasing global food security. Without biofuel 

policies, global biofuel demand would decrease by 25% 

for ethanol and 32% for biofuel. 

Gorter and Drabik 

(2016) 

India, China, and 

Indonesia 

2006-2011  There is little empirical evidence of biofuel policy 

responses increasing world prices.  

Tomei and Helliwell 

(2016) 

Global   The food versus fuel argument resulted from the 

complexity of and interlinkages between energy and 

food markets. 

Food versus fuel most effectively highlights the negative 

impacts of our consumption, forcing us to face the social 

priorities reflected by the clear choice between food and 

fuel. 

Koizumi (2015) Brazil, US, 

Indonesia, 

Malaysia, Thailand, 

and China 

1990-2012 Ordinary Least Square 

(OLS) 

Biofuel production negatively affects food safety 
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Table 2.1: The Summary of the Empirical Studies Covers the Food Price and Biofuel (Continued) 

Name (Year) Country 

Understudied 

Period 

Covered 

Methods Major Findings 

To and Grafton 

(2015) 

Global and U.S. 1981-2013 Vector Autoregressive 

model (VAR) 

Biofuel production and oil price influence the food 

price. 

Applanaidu et al., 

(2014) 

Malaysia 1980-2012 Unrestricted 

Autoregressive model 

Long-run biodiesel production will harm food security. 

This is mainly due to the competition in terms of land 

between food and fuel. 

Bastian et al., (2014) US  1987-2012 Asymmetric OLS and 

Granger causality 

There is no significant relationship between biofuel, 

cattle prices, and field crops in the US. 

Bahel et al. (2013) Global  Decentralized 

equilibrium model 

Biofuel production impacted land scarcity negatively. 

This will increase food prices.   

Thompson and 

Meyer (2013) 

US   The food implications of second-generation biofuel also 

depend on the context. 

U.S. biofuel mandates prevented any more significant 

reduction 

Tyner (2013) US, Brazil, and 

Europe 

2000-2012  There are many causes for increased food commodity 

prices—not biofuels alone. 

The supply increases can be induced worldwide via 

higher commodity prices. 

Tokgoz et al., (2012) OECD 2005-2020 IMPACT analyses Agricultural commodity prices have an impact on 

biofuel production. 

Ajanovic (2011) US and European 

countries 

2000-2007 Descriptive statistics 

and comparative 

analysis 

There is no significant impact of biofuel production on 

raw material prices. However, oil price fluctuation 

significantly affects food prices.   
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Table 2.1: The Summary of the Empirical Studies Covers the Food Price and Biofuel (Continued) 

Name (Year) Country 

Understudied 

Period 

Covered 

Methods Major Findings 

Rahman et al., 

(2011) 

Malaysia 2000-2006 Autoregressive 

Integrated Moving 

Average (ARIMA) 

The additional demand for biodiesel increases the price 

and multiplier effects on other palm oil product prices. 

Mueller, Anderson, 

and Wallington 

(2011) 

Global 2007-2008 Statistical 

comparisons 

Biofuel production had a modest (3-30%) contribution 

to increased commodity food prices observed until mid-

2008. 

Timilsina, Mevel 

and Shrestha (2011) 

Global 2009-2020 Computable general 

Equilibrium 

The oil price increases reduce agricultural production. 

The impact is low for the biofuel-producing countries. 

There is a positive effect of oil prices on the food supply. 

Applanaidu 

et al., (2009) 

Malaysia 1980-2007 Nonlinear 2SLS An increase in biodiesel demand increases the raw palm 

oil price. 

Muller et al., (2008) Global 1970-2006 Statistical 

comparisons 

Food prices may be impacted negatively or positively 

due to the growing demand for bio-energy. 

Rosegrant (2008) Global 2000-2007  Increased biofuel demand is estimated to have 

accounted for 30 per cent of the increase in weighted 

average grain prices. 

Abdullah et al., 

(2007) 

Malaysia July 2006-

Dec2007 

ARIMA Increased demand for biodiesel has increased demand 

for palm oil and its price. 
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2.3.2 The Determinant of the Biodiesel Demand Factors 

 

 Global demand for biofuels has grown substantially since 2007/08, 

following the rise in crude oil prices and the creation of mandates in the US. 

Demand is expected to continue to grow in the near future because of continued 

mandates in key consuming markets for renewable energy, blending biofuels 

with transport fuels, and rising crude oil prices. This section will discuss the 

determinant of the demand model commonly used in the past literature (for 

instance, Tokgoz & Bhandary, 2011; Kochaphum, Gheewala & Vinithantharat, 

2013; Maeda, Tokimatsu & Mori, 2015; Chanthawong et al., 2016; Trypolska, 

2024). This is significant and helpful in choosing a variable to represent the 

biodiesel demand in Malaysia. Since the studies on capturing biodiesel demand 

are very limited in the literature, some other studies that capture the demand 

have been discussed. Based on the reviews, the most commonly used determines 

are listed and discussed in the sub-section below. 

 

 2.3.2.1 The Determinant of the Biofuel Demand: Investment 

 

 Numerous studies, such as Cho, Lee, and Kim (2007), Flug and 

Hercowits (1998), and Lanclos, Devadoss, and Guenhner (1997), used 

investment values as a determinant of demand. Cho, Lee, and Kim (2007) argued 

that investment in information and communication technology (ICT) 

enormously impacts productivity. Furthermore, the authors added that the 

investment has a substitution effect and compensation effect on the energy 

demand. In this case, the substitution effect of investment will reduce the 
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demand due to the innovation process created from the investment. On the other 

side, equipment needs energy to operate, increasing the energy demand. In this 

situation, the compensation effect occurs. However, the study's finding indicates 

that the investments increase the demand for electricity in the service sector and 

decrease the demand in the manufacturing industry in South Korea. 

 

 Consequently, the earliest study of Flug and Hercowitz (1998) supported 

the statement of Cho, Lee, and Kim (2007) by indicating that the investment will 

make the equipment more advanced. In this case, the workers will become more 

skilled and increase their wages. On the other hand, Lanclos, Devadoss, and 

Guenthner (1997) studied the effect of Foreign Direct Investment (FDI) on the 

export demand of US frozen potatoes. They argued that the FDI could expand 

the market, increasing the demand for the potato, and the finding indicates a 

positive relationship between investment and demand. Thus, the study of Kerdan 

et al. (2020) supported this argument by indicating that investment is essential 

for energy demand. The authors argued that investment improves the 

technologies and reduces the capital cost.  

  

 2.3.2.2 The Determinant of the Biofuel Demand: Biofuel Policy 

 

 Debates on the possible influences of higher demand for crops on 

changing land use and food production are due to government policies to bring 

biofuel into the energy mix. Accordingly, Peri and Baldi (2013) argued that the 

rapid increase in biofuel production is due to the legislative framework. Those 

authors added that a series of policies implemented helps expand the bioenergy 
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sectors. Findings indicate that the biofuel policies strengthened the relationship 

between diesel and agricultural crop prices in the long run. It shows that biofuel 

policies are considered a primary determinant of the development of the 

bioenergy sector since favourable policies help develop the industry and sectors.  

 

 Thus, Chen and Khanna (2012) supported this statement by adding that 

in the U.S., government policies such as the Renewable Fuel Standard (RFS), 

volumetric ethanol excise tax credit (VEETC), and tariffs that restrict the 

imports of sugarcane ethanol rushed the production of biofuel. Furthermore, 

their study's finding indicates that biofuel policies are harming the food crops in 

the US. Besides, Gorter and Drabik (2014) studied the effect of the biofuel 

policies on the food grain commodity prices in the US. Those authors indicated 

that a 25 per cent increase in the biofuel contribution on price increase is due to 

the biofuel policies. Their study has considered ten policy scenarios: Tax Credit 

and Mandate Alone, Mandate and ethanol, corn, production subsidy, etc. 

Interestingly, the recent research of Cardoso et al. (2019) highlighted that every 

policy that potentially changes ethanol prices would have spillover effects in 

demand for gasoline and impact on the fuel market could indeed affect the 

markets for other fuels. This is supported by Usmani et al., 2023 by investigating 

the impact of biofuel policy on the biofuel demand from a global perceptive. The 

study further highlighted that policy changes will significantly influence biofuel 

production and utilization.  
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 2.3.2.3 The Determinant of the Biofuel Demand: Biofuel and Crude Oil 

Price 

 

 The own price and the substitute price are essential determinants of the 

demand model. Accordingly, Kouris's (1976) pioneer study indicates that price 

and income are the main determinants of energy demand. The author argued that 

this would increase demand for more efficient fuel when the price increases. 

This is how the price factor influences the demand. This statement is supported 

by the earliest study of Robinson (1973), who indicated that the price changes 

are incorporated with the supply and demand of all competing commodities. 

This statement stresses that the commodities and goods' price directly influences 

that particular commodity and goods' demand and supply (Sun et al., 2023; 

Alnour et al., 2023). 

 

 Besides, Applanaidu et al. 's (2011) study indicates that the biodiesel 

export demand function is determined by its own price and soybean price 

(substitute price). However, the finding shows that the price is significant in 

determining the biodiesel demand, and soybean is not substantial in Malaysia. 

The authors indicate that a 30 per cent increase in biodiesel export demand may 

increase palm oil prices by 13 per cent. Furthermore, they suggest that crude oil 

price has a significant positive relationship with biodiesel demands in Malaysia. 

This finding indicated that biodiesel exports would increase when crude oil 

prices rise. In contradiction, Cardoso et al. (2019) identified that the price and 

substitute price significantly influence fuel demand in the Brazilian market. 
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Thus, the authors used the oil price to represent the gasoline demand and sugar 

price for ethanol demand. 

 

 Furthermore, Tokgoz and Bhandary (2011) studied the biofuel demand 

based on vehicle fleets and prices. Biofuel's price concerning gasoline and diesel 

has been considered in capturing transportation. The authors argued that biofuel 

is considered price competitive compared to traditional fuels since the miles 

driven for ethanol and biofuel are less than the miles driven per gallon diesel. 

Hence, they argued that biofuel prices are considered more expensive than 

diesel. Finally, Tokgoz and Bhandary (2011) concluded that the cost of biofuel 

and traditional transportation fuel are the most critical factors determining 

consumer demand. This finding is supported by Uchoa et al. (2021) by indicating 

that the price ratio affects both fuels’ demand.  

   

 2.3.2.4 The Determinant of the Biodiesel Demand: Population 

 

 Robinson (1973) argued that population tends to be the primary 

determinant of movement in the total demand. Increasing the population rate can 

increase the consumption level, leading to the demand for goods rising. Hence, 

Robinson (1973) studied the determinant of demand for fish. Based on the 

findings, the world population has a significant positive relationship with the 

demand for fish in the world.  

 

 However, most energy demands studies, such as Belhaj (2002) and 

Tokgoz and Bhandary (2011), Chanthawong et al. (2016), used vehicle 
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populations compared to humans.  Since fuel is mainly used in transportation, 

the vehicles' populations are more significant in capturing fuel demand than 

humans. This could be why the populations of vehicles are considered in the 

energy demand model compared to the human population. Furthermore, 

Cardoso et al., (2019) argued that using people in the fuel model is not a good 

measure since highly populated countries' vehicles per person are relatively 

higher than low populated countries18.   

  

 Accordingly, Belhaj (2002) studied the fuel demand in Morocco. The 

fuel is divided into gasoline demand and diesel demand and is linked to three 

types of population vehicles, i.e., light, heavy, and diesel. The study's findings 

reveal that diesel vehicles positively correlate with diesel demand. It indicates 

that vehicle pollution similarly affects the human population in capturing certain 

goods' demand. Interestingly, the study of Maaouane et al., (2021) identified 

some mixed results of people towards the industrial energy demand. The 

relationship is different based on various sub-sectors investigated in that study.  

  

 Accordingly, Table 2.2 summarises all the demand model findings. 

Commonly used variables in the demand model and their relationship to the 

previous studies' dependent variables are organised in Table 2.2. 

 
18 Cardoso et al., (2019) highlighted that, in year 2000 there were 8.4 people/vehicle; 11 years 

later this ratio was around 4 people/vehicle in Brazil compare, to U.S. has a ratio of 

approximately 1.25 people/vehicle. 
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Table 42.2: The Summary of Literature Reviews on the Demand Model 

Author (year) Demand Model Determinants of Demand 

Model 

Major Findings 

Maaouane et al., (2021) • Industrial energy 

demand model 

• Population 

 

• Price index 

 

• Purchasing Power Parity 

• GDP 

• Household Final 

Consumption 

Expenditure 

• Mixed results were found 

based on various sub-industries 

• Mixed results found 

 

• Mixed results found 

• Mixed results found 

• Mixed results found 

 

Murshed (2021) • Energy and electricity 

demand model 

• Per capita real GDP 

• Real household final 

consumption 

expenditure 

• Industrial value-added 

• Imported energy 

• Rural-to-urban 

migration 

• Positive relationship found  

• Positive relationship found  

 

 

• Positive relationship found  

• Positive relationship found  

• Positive relationship found  

 

Sharimakin (2021) • The industrial energy 

demand model 

• Energy consumption 

• Real outputs 

• Real energy price 

• Industrial energy demand is 

characterised by endogenous 

factors embedded in the 

asymmetric price effects. 

   

 

 

 



93 

 

Table 2.2: The Summary of Literature Reviews on the Demand Model (Continued) 

Author (year) Demand Model Determinants of Demand 

Model 

Major Findings 

Kerdan et al., (2020) • Forecast energy demand • Investment (advanced 

technologies) 

• Land 

• Agricultural and land-use 

models are set to play a 

significant role 

Maeda, Tokimatsu, and Mori 

(2015) 
• Biofuel demand model 

for woody biofuel 

• Income 

• Price 

• Production (cultivated 

land)  

• Demand for all main crops is 

increasing, especially that of 

soybeans. The most significant 

increase in demand is occurring 

in China and South America. 

Kochaphum, Gheewala, and 

Vinitnantharat (2013) 
• Biofuel demand • Commodity price 

• Farmer income 

• Commodity production 

• Socio-economic impact 

• Positive relationship found  

• Positive relationship found  

• Negative relationship found 

• Negative relationship found 

Sherif and Shaairi (2013) • Demand model for 

family takaful  

• Income • Positive relationship found 

• Inflation rate • Negative relationship found 

 • Real interest rate • Negative relationship found 

 • Financial sector 

development 

• Positive relationship found 

 

 • Education • Positive relationship found 

 • Muslim population • Positive relationship found 

Ashford, Hall, and Ashford 

(2012) 
• Consumer demand 

model 

• Financial crisis 2008 • Negative relationship found 
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Table 2.2: The Summary of Literature Reviews on the Demand Model (Continued) 

Author (year) Demand Model Determinants of Demand 

Model 

Major Findings 

Tokgoz and Bhandary (2011) • Biofuel Demand model • Population of vehicles • Positive relationship found 

• Prices  • Positive relationship found 

Algieri and Kanellopoulou 

(2008) 
• Demand for export of 

tourism 

• Income (real GDP) • Positive relationship found 

• Price (cost of living and  

cost of travel) 

• Negative relationship found 

Cho, Lee, and Kim (2007) • The industrial electricity 

demand model 

• Investment in ICT 

 

 

 

 

• A positive relationship was 

found in the servicing sector. 

• The negative relationship 

found towards the 

manufacturing sector 

Goh (2005) 

 
• Contraction demand 

model 

• Financial crisis 2008 • Negative relationship found 

Belhaj (2002) • Vehicle and fuel demand 

model 

• Population of vehicles • Positive relationship found 

• Income (real GDP per 

capita) 

• Positive relationship found 

 • Price • Negative relationship found 

Kulshreshtha and Parikh 

(2000) 
• Demand model for coal • Income  • Positive relationship found 

Flug and Hercowitz (1998) • Demand model for 

skilled labour 

• Equipment investment • Positive relationship found 

• Non-equipment 

investment 

• Negative relationship found 
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Table 2.2: The Summary of Literature Reviews on the Demand Model (Continued) 

Author (year) Demand Model Determinants of Demand 

Model 

Major Findings 

Lanclos, Devadoss and 

Guenthner (1997) 
• Export demand model 

for U.S. Frozen Potatoes 

• Income (per capita) • Positive relationship found 

• Price • Negative relationship found 

 • Investment (FDI) • Positive relationship found 

Jones (1997) • Consumer demand 

model for carbohydrates 

• Income • Positive relationship found 

• Own price and Cross-

price 

 

• Substitute effect found 

between own price and cross-

price 

Wohlgemuth (1997) • Transport energy 

demand model 

• Income  

• Price 

• Positive relationship found 

• Positive relationship found 

Khan (1995) • Demand for 

transportation and 

communication 

• Income (gross family 

income) 

 

• Positive relationship found 

Uysal and Crompton (1984) • Demand model for 

international tourist 

flows 

• Income (per capita) • Mixed relationship found 

• Relative price (weighted 

ratio of price) 

• Negative relationship found 

 

 • Exchange rate  • Positive relationship found 

 • Promotional expenditure • Mixed relationship found 
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Table 2.2: The Summary of Literature Reviews on the Demand Model (Continued) 

Author (year) Demand Model Determinants of Demand 

Model 

Major Findings 

Kouris (1976)  • Energy demand model • Income (nominal GDP) • Positive relationship found 

• Price (index) 

 

 

 

 

 

• A positive relationship was 

found between Italy, France, 

Germany, Belgium, and the 

UK. 

• A negative relationship was 

found between the 

Netherlands, France, and 

Denmark. 

• Temperature • Negative relationship found 

Robinson (1973) • Demand model for fish • Income (per capita) • Positive relationship found 

 • World population • Positive relationship found 
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2.4 Literature Gaps 

 

This section summarises the gaps in the literature highlighted in previous 

sections. Studies on energy-biofuel-food have gotten attention from researchers 

recently. This is due to its importance towards sustainability and the economy. 

The concepts of bioenergy are relatively new to the energy-food relationship in 

Malaysia. This is because the significant usage of biodiesel in Malaysia's 

economic sectors is still premature compared to our neighbouring countries. The 

studies that cover the food price in the scope of bioenergy in Malaysia are 

limited.  

 

Bioenergy direction to the food price interlinked the scope of palm oil 

and biodiesel to the food price in Malaysia. Based on the literature, palm oil is 

actively investigated with the financial variables such as exchange rate and crude 

oil price due to palm oil is a highly tradeable oil globally (Nazlioglu & Soytas, 

2012; Balesen & Demirer, 2019; Butt et al., 2021; Go & Lau, 2024). 

Interestingly, some studies used to capture the palm oil effect on the price index, 

understanding its role in economic growth and overall price impact (Sharma, 

2020; Sayyed and Issa, 2021).  However, the specific impact of palm oil on food 

prices remains largely unexplored within the Malaysian context. Despite palm 

oil's significant role as the primary household cooking oil and a key input in food 

manufacturing, there is a notable gap in understanding how fluctuations in palm 

oil prices influence broader food market dynamics. Given its centrality to both 

household consumption and industrial food production, a more comprehensive 

assessment of palm oil’s effect on food price behaviour is essential to inform 
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evidence-based policy interventions related to food security and commodity 

market stability in Malaysia. 

 

 Furthermore, researchers such as Khatun et al. (2017) and Ghani et al. 

(2019) suggest that biodiesel could impact food prices in Malaysia; however, 

they did not attempt to provide empirical evidence on the potential impact. 

Ibrahim (2015) pointed out that biodiesel is essential in food price hikes, but he 

does not provide any empirical proof of biodiesel production's impact on food 

prices. The same argument comes from Johari et al. (2015) and Abdullah (2015), 

indicating that biodiesel production could lead to food price competition in 

Malaysia. This is because some of the food production goes into biofuel 

production (Subramaniam et al., 2019). However, those studies also failed to 

provide empirical proof of this statement. At the same time, based on the 

literature review, there is a clear lack of significant empirical studies that address 

this issue within the Malaysian context. Accordingly, there remains substantial 

room to further explore the relationship between biodiesel demand and food 

prices in Malaysia, particularly in light of the country’s expanding biofuel 

policies and growing energy–agriculture interlinkages. Thus, this is an exciting 

gap to be explored. Therefore, this study intends to tackle this matter and better 

understand the nature of the relationship between biodiesel, the commodity 

market, and food prices in Malaysia’s context.  

 

 On the other hand, most biofuel-food studies focus on the production 

side (supply side), and the demand side seems to be neglected (Cabrera-Jiménez 
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et al., 2022; Rodionova et al., 2017; Mele et al., 2009)19. Demand-side analysis 

plays a significant role in facilitating the forecasting and decision-making 

process. Furthermore, the market economy theory argues that supply and 

demand drive economic decisions, such as goods and services, investments, 

pricing, and distribution. However, unbalanced exploration can be identified in 

the biofuel studies, whereby limited literature covers the demand side. Limited 

studies on the demand side could be due to the complexity of consumer 

behaviour since it involves various factors such as preferences, price sensitivity, 

and willingness to adopt biofuel. On the other hand, data limitations and policy 

challenges such as carbon pricing, tax incentives, or public awareness 

campaigns minimise biofuel exploration on the demand side.  

 

 For instance, most studies used biofuel price (refer to Taghizadeh-

Hesary, Rasoulinezhad, & Yoshino, 2019) and production (refer to Santos & 

Szklo, 2016; Larsen, Jepsen & Frederiksen, 2013) to solely represent the proxy 

of demand for biofuel. Thus, the creditability of those studies in capturing the 

biofuel demand effect needs more validation. Biofuel price or production is 

more related to the internal factors of the biofuel industry. Thus, external 

development may also impact biofuel demand, such as investment, vehicle 

population, and biofuel policy. Those factors can be treated as the push factors 

of the biofuel demand. Thus, this is another interesting viewpoint. Besides, there 

is much room for the effect of the biofuel demand factor to be explored. In 

addition, biodiesel production in Malaysia is still at the beginning level. In this 

 
19 Chakravorty et al., (2016) indicates that the demand side of biofuel is less explored and there 

is more room for the investigation can be carried out on the demand side of biofuel. The author 

used the biofuel policy as the demand factor and found that biofuel policy will impact the food 

price in US and EU positively.   
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case, it is not rational to see the impact of biodiesel production on the food price. 

This is because the effects could be minimal on the food market. Accordingly, 

the viewpoint of the demand side is much more rational for the case of Malaysia 

since the potential impact of the growing demand for biodiesel on the food price 

can be captured. Therefore, picturing the demand factors to capture biodiesel 

demand in Malaysia is one of the advantages and value of this study. 

 

  Finally, based on the review, it is noted that the theoretical development 

in biofuel and food prices is still at the beginning level and can be enhanced in 

various ways, as argued by Serra and Zilberman (2013) and Janda and 

Kristoufek (2019). Based on the bioenergy model proposed by Ciaian and Kancs 

(2011), the price input of aggregated fuel affects the production cost of 

agricultural outputs and indirectly affects the food and byproduct production 

through the industrial sectors and transportation. Even at the conceptual level, 

industrial production is influenced by oil prices and biofuel blending mandates; 

however, this relationship remains largely unsupported by empirical evidence in 

the existing literature. This presents a novel and timely research gap, offering an 

opportunity to generate deeper insights into the role of industrial activity as both 

a driver of biodiesel demand and a contributor to food price dynamics in the 

Malaysian context. 

 

  Although many studies have investigated the impact of energy prices or 

palm oil prices on food inflation, few have examined how structural biodiesel 

demand factors, when combined with industrial development, affect food prices 

in a major palm oil-producing country like Malaysia. In particular, the existing 
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literature lacks an integrated model that incorporates both linear and non-linear 

effects and explores dynamic interactions over time using methods like ARDL, 

NARDL, and IRF. This study fills that gap by providing a multi-dimensional 

and country-specific analysis. 

 

  

2.5 Theoretical Foundation of the Study 

 

Based on the above literature review and the identified gap, this section 

discusses the theoretical foundation of the study. Notably, the interlinkage of 

bioenergy to the food price model has been absent in previous literature on food 

prices in Malaysia. Thus, to fill this gap, bioenergy and food price relationships 

have been investigated in this study. This section is crucial for theoretically 

justifying the proposed relationship between food prices, biodiesel demand, 

commodity market prices, industrial growth, and selected control variables in 

Malaysia. Biodiesel serves as an alternative renewable energy to replace crude 

oil in transportation and industrial production in Malaysia. This circumstance is 

visually depicted in the study by Ciaian and Kanc (2011) as a bioenergy model. 

However, their model primarily focuses on the commodity's production side 

impacting the food market, neglecting the influence of the demand side on food 

prices. Therefore, in this study, the bioenergy model has been enhanced by 

incorporating the demand factors of biodiesel. Figure 2.5 represents the 

conceptual framework of this study. This flow aims to improve the 

understanding of the effects of the biodiesel commodity market on food prices, 

addressing the identified gap in the literature. This enhancement provides a more 
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comprehensive insight into the relationship, which is valuable for policymaking 

purposes. 

 

Figure 2.5: The Conceptual Framework of the Study 

 
Source: Developed by researcher 

 

  This study conceptualizes a multi-stage price and demand transmission 

process rooted in economic theory. Based on Figure 2.5, conceptually, three 

different impact channels are drafted on Malaysia's food prices. The first impact 

is from the palm oil price, representing the commodity market's effect on food 

prices. Since palm oil is a cash commodity which generates income for Malaysia 

through exports, its role in the food market is not well established in the 

literature. The second impact will be from the biodiesel demand factors, the 

downstream palm oil industry, towards the food price. Rising crude oil prices 

incentivize a shift toward alternative fuels like biodiesel, increasing biodiesel 

demand. Since Malaysia’s biodiesel is palm oil-based, this intensifies demand 

for palm oil, exerting upward pressure on its price. Through the price 



103 

 

transmission mechanism, palm oil price increases are then reflected in higher 

food prices, particularly for edible oils and processed goods. Lastly, the 

industrial production in Malaysia towards the food price is transmitted through 

biodiesel and fuel usage in the industry. The underlined relationship between the 

variables will be discussed based on the theoretical justification in the next 

section.  

 

2.5.1 Law of Demand and Supply in Commodity Market 

 

The conceptual relationships between palm oil prices and food prices in 

Malaysia are intricately explained by the foundational economic principle 

known as the law of demand and supply. This principle, widely employed in 

commodity studies, has been extensively explored by researchers such as Zhang 

et al. (2009), Koizumi (2015), Al-Maadid et al. (2016), Tadesse et al. (2016), 

Chen et al. (2019) and Tanaka et al., (2024). It asserts that the production and 

price of a product are fundamentally shaped by the dynamics of demand and 

supply levels in the real market. This economic axiom, supported by Moore 

(1919), Hendry & Morgan (1929), Kargbo (2005), and Weyl (2019), plays a 

pivotal role in understanding market behaviour. Chen et al. (2019) underscored 

that the behaviour of food prices, whether at a global, regional, or domestic 

scale, is intimately tied to the forces of demand and supply. In this context, the 

growing significance of palm oil in the Malaysian food industry, particularly its 

widespread use as a cooking oil and a primary ingredient in food production, is 

noteworthy. 
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Looking from the demand perspective, the price of palm oil is intricately 

linked to the price of biofuels, a relationship explained by the law of demand, as 

discussed by Murshed (2021). While a higher palm oil price may positively 

impact the economy and the palm oil industry by boosting income, it may 

concurrently exert a negative influence on food prices. The decision to either 

export palm oil as edible oil or allocate it for the industrial production of 

biodiesels hinges on palm oil price levels. When palm oil prices are elevated, 

the biodiesel industry may experience diminished profit margins due to 

heightened production costs, potentially affecting export levels. Studies by 

Palacio-Ciro and Vasco-Correa (2020) and Cali (2018) validate this argument, 

demonstrating how ethanol production in Colombia has supplanted sugar 

exports in response to evolving market demands.  

 

The production rate of palm oil not only influences crop stock but also 

shapes government decisions on biodiesel mandates. Furthermore, the price 

factor plays a crucial role in determining whether palm oil is earmarked for 

biodiesel production or export, contingent on the prevailing government policy 

direction. Considering input costs and the pass-through effect, the palm oil price 

is anticipated to wield an influence on food prices in Malaysia. Intriguingly, the 

exploration of this relationship within the Malaysian context appears to be 

underexplored, presenting a compelling avenue for further research. 

 

 

 

 



105 

 

2.5.2 Unified Growth Theory to Represent the Income Effect. 

 

Malaysia's industrial growth is anticipated to have a direct impact on 

both food prices and the demand for biodiesels, primarily driven by the 

escalating energy demand, as highlighted by research conducted by Fleiter et al. 

(2011), Fais et al. (2016), and Marouane et al. (2021). This novel insight into the 

interplay between energy, biodiesels, and food prices can be elucidated by the 

unified growth theory, as outlined by Rahman (2016). According to this theory, 

industrial growth contributes to an increase in the population's income, 

subsequently driving up food demand. The surge in demand, coupled with 

limited supply, is poised to influence food prices. Industrial growth is intricately 

linked to oil prices, which are essential for production and influential in 

transportation costs. Furthermore, the ongoing trend of incorporating blended 

biodiesels in production plants is expected to enhance the integration of 

biodiesels and industrial output growth. 

 

Simultaneously, the industrial sector in Malaysia is positioned as both a 

competitor and collaborator with the palm oil industry. Competition arises 

concerning land and labour supply, as indicated by Subramaniam et al. (2020), 

while collaboration is fostered through the creation of demand for biodiesel 

production. The dynamic interplay between industrial development and 

agriculture is expected to find synergy, especially in light of the National Agro-

Food Policy 2.0 (2021-2030). This government policy envisions a harmonious 

growth trajectory for both sectors. This perspective introduces a fascinating 

viewpoint on their relationship. The bioenergy model underscores the 
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significance of the industrial sector as a by-product market, as evident in Figures 

2.1 and 2.2. According to the model, the energy market holds sway over the by-

product market. 

 

Conversely, the energy market is intricately connected to commodity and 

food prices. In this scenario, industrial growth is expected to exert a positive 

impact on food prices in Malaysia. This newfound relationship structure serves 

as a valuable addition to the bioenergy model. Remarkably, the review reveals 

a limited exploration of the direct and indirect effects of industrial growth on 

food prices in this specific manner within the Malaysian context. 

 

2.5.3 Cost of Production Theory of Value to Explain the Expansion of 

Biodiesel Industry. 

 

Ciaian and Kanc (2011) claimed that the fuel and agricultural markets 

are interconnected through price inputs20. While the bioenergy model proposed 

by Ciaian and Kanc (2011) simplifies the analysis by considering food crop 

production and biomass crop production as mutually exclusive, the inclusion of 

palm oil in this study introduces a dual-use scenario. Unlike the model's 

assumption of exclusivity, palm oil is not limited to either biodiesel or food 

production, allowing it to be utilized for both simultaneously. This introduces 

complexities in the pricing dynamics, as the dual use of palm oil may lead to 

competition for crucial resources, affecting overall supply and demand. 

 
20 This relationship is supported by the "cost-of-production theory of value," which indicates 

that the price of the object (outputs) is determined by the cost of resources that were used in 

produces it (Gordon, 1959). 
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Nevertheless, the viewpoint of the authors is based on the supply side. More 

demand will create pressure on the commodity market from the demand side of 

biodiesel and lead to food crops' limitations21.  

 

The amount of feedstock used in biodiesel production and biodiesel's 

domestic consumption shows an increasing trend in Malaysia due to the 

favourable biofuel policy that consents to environmental sustainability. 

Biodiesel usage in the transportation and manufacturing sectors shows 

significant growth from a 2 per cent mandate of blended diesel to 10 per cent in 

2008. Furthermore, biodiesel usage is expected to increase by about 15 per cent 

on blended diesel for road transportation by 2020, as proposed in the 11th 

Malaysia Plan (USDA Foreign Agricultural Service, 2016)22. Based on the law 

of demand and supply, the increasing biodiesel demand and production using 

palm oil will create additional demand in the palm oil industry as it is highly 

tradable vegetable oil (edible oil) (Applanaidu et al., 2011)23.  

 

Consequently, the additional demand will increase the pressure on the 

palm oil commodity. This could influence the production rate, price level, and 

palm oil stock decision-making. This statement is strongly proved by studies 

 
21 Ciaian and Kanc (2011) developed the bioenergy model by dividing the agricultural 

production into two components i.e., food commodity production (grains, vegetables, fruits, and 

other crops grown to meet the global demand for food) and biomass commodity production 

(switchgrass, wood, sugarcane bagasse and others source of renewable energy). However, this 

is not relevant to this study since the palm oil is used in the food production and for the biodiesel 

production as well.  
22 Further discussion on the biodiesel industry in Malaysia is in the Section 1.1.1, Chapter 1. 
23 According to Abdullah, Hasan and Yosoff (2013), about 40 per cent of the total production of 

palm oil is used in producing cooking oil, margarine, specialist fats and oleochemicals in 

Malaysia. Furthermore, the report of the European Union Delegation to Malaysia (2012) 

indicates that roughly three-quarters of the total palm oil production go into foodstuffs 

production. 
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such as Chen et al. (2010), Busse et al. (2011), Nazlioglu and Soytas (2012), and 

Kapusuzoglu and Ulusoy (2015). Those studies stated that oil prices 

substantially impact agricultural commodity prices using various sample 

countries. Accordingly, the biodiesel demand is expected to directly affect the 

food price of the additional demand created by the biodiesel on the agricultural 

outputs (Applanaidu et al., 2014; Ibrahim, 2015; Johari et al., 2015; Wong & 

Shamsudin, 2017; Dutta et al., 2021; Szulczyk et al., 2021; and Karkowska & 

Urjasz, 2024). 

 

Due to the strong impact of biodiesel production on the palm oil supply 

and demand, this is expected to influence the food price in Malaysia (Harri et 

al., 2009; Ghani et al., 2019). Besides, Rajcaniova et al., (2013) supported this 

statement by indicating that the feedstock prices have become more dependable 

due to the feedstock's share for biodiesel production increasing. Founded on the 

cost of production theory of value theory and the financialisation concept, palm 

oil's price could directly influence Malaysia's food price. In addition, the 

integration is getting strong due to the fuel market, which strongly influences 

food prices (Tadesse et al., 2016; Dutta et al., 2021).  

 

The effect of biodiesel on the food price is viewed based on the demand 

perspectives. The main reason is to better understand the structured relationship 

between the growing demand for biodiesel due to global sustainability consent 

on food prices. In addition, biodiesel production in Malaysia is still at the 

beginning level. In this case, it is not rational to see the impact of biodiesel 

production on the food price. This is because the effects could be minimal on 
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the food market. Accordingly, the viewpoint of the demand side is much more 

rational for the case of Malaysia since the potential impact of the growing 

demand for biodiesel on the food price can be captured, which is relevant to the 

sustainability of the food and biodiesel industry in Malaysia.  Hence, four 

different variables have been used to represent the biodiesel demand in 

Malaysia. The variables are the number of registered diesel vehicles on the road, 

the price of biodiesel, investment received in Malaysia's biodiesel industries, and 

the biodiesel blended mandate policy. 

 

2.5.3.1 Demand-pull Theory to Explain the Effect of the Number of 

Registered Diesel Vehicles on the Road to Food Price in 

Malaysia. 

 

The first demand factor in the model is the number of registered diesel 

vehicles on the road in Malaysia. Studies such as Robinson (1973) and Sherif 

and Shaairi (2013) capturing the demand factors used populations as one of the 

demand factors. Thus, this factor is very famous in the demand model's literature 

since population growth will increase the demand for products and services. This 

is in line with Malthusian Theory, whereby population growth outpaced the 

ability to produce enough food, leading to a situation where demand for food 

exceeds supply, causing food prices to rise. In Malaysia’s context, technically, 

the elasticity of demand and supply can better explain this situation. The 

elasticity of demand and supply for food products influences how changes in 

population affect food prices in Malaysia. Naturally, demand for food is 

relatively inelastic, meaning people will continue to buy food even as prices rise, 
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and supply is inelastic, prices may increase more significantly in response to 

population growth with the limited supply and increasing demand for food and 

non-food products.  

 

However, in this study context, registered diesel vehicles on the road 

have been used to represent the population. The number of vehicles is expected 

to reflect the actual biodiesel demand in Malaysia compared to the total human 

population. An increasing number of diesel vehicles on the road will increase 

biofuel usage and demand. This is favourable to the blended mandate 

requirement set by the Malaysian government as well. This is common practice 

in energy demand studies such as Tokgoz and Bhandary (2011) and 

Chanthawong et al., (2016). The authors indicate that the vehicle fleet 

determines the US biofuel demand. Besides, Belhaj (2002) specifies that 

increasing vehicles will increase petroleum usage in the country.  

 

At the same time, an increasing number of diesel vehicles will be 

favourable to industrial growth (Maaouane et al., 2021). Transportation is a 

critical value chain in the production process from the demand side. Wang et al. 

(2020) argued that transportation infrastructure is highly associated with 

industrial groups due to China's excessive energy consumption. Besides, the oil 

used in the production plants will create demand for biofuel, with the favourable 

government policy on the blended requirement for industrial use in Malaysia. 

Accordingly, the vehicle population is highly associated with industrial growth. 

Due to this reason, similar to the effect of industrial growth on food prices, a 

positive relationship is expected between the registered number of diesel 
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vehicles on the road and food prices in Malaysia. This interconnected 

relationship underscores the multifaceted impact of transportation dynamics on 

both biofuel demand and broader economic factors. 

 

2.5.3.2 Price Transmission Effect to Explain the Effect of Biodiesel 

Price on Food Price in Malaysia. 

 

The second demand factor used in the model is the price of biofuel. The 

price factor is an essential indicator of the demand function (Robinson, 1973; 

Kouris, 1976; Uysal & Crompton, 1981; Uchoa, De Jesus et al., 2021; Tanaka 

et al., 2024). The price of the goods and the substitute goods determines the 

buyer's decision to purchase the product. You and Hsieh (2007) highlighted that 

pricing is an obvious strategy to influence demand. The authors added demand 

with price dependence and multiplicative, additive, and multiplicative demand24. 

Under additive demand, the demand is determined by the stock quantity and the 

selling price. 

 

Furthermore, biodiesel is treated as a substitute for crude oil in Malaysia 

since biofuel is a renewable energy source that replaces crude oil usage 

(Nazlioglu & Soytas, 2011; Ji & Fan, 2012). The price of both fuels will 

determine the consumers’ purchasing whereby, if the biofuel is expensive, 

consumers and vice versa will prefer the crude oil. This can theoretically be 

explained by the price transmission effect, whereby changes in the prices of 

 
24 The pioneer study of Petruzzi and Dada (1997) explained the additive and multiplicative 

demand in detail. 
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crops used for biofuel production can be transmitted to other related markets, 

including food markets. This is proved by Tokgoz and Bhandary (2011). The 

authors identified that the price of biofuel relative to crude oil (transportation 

fuel) is the most important factor of the consumer’s determinant in choosing the 

fuel for their transportation in the U.S. and Brazil. In addition, Chong et al. 

(2021) found that crop quality and crude oil price are the main factors for biofuel 

production. However, regarding the effect on food prices, biofuel and crude oil 

prices are expected to be positively impacted. This is due to the price input in 

production and transportation. Due to this, a positive impact is expected.  

 

2.5.3.3 Demand Pull Impact Explain the Biodiesel Investment on Food 

Price in Malaysia.  

 

The next demand factor for biodiesel is an investment in the biodiesel 

industry in Malaysia. Opening a new project or expanding the existing project's 

capacities is one way to increase biodiesel production capacity in Malaysia. This 

is because the infrastructure investment could overestimate the demand and 

underestimate the cost (Proost & Loo, 2010; Kerdan et al., 2020). Besides, 

Csomos (2014) indicates that a plan to promote renewable energy investment 

changes the current dependence on fossil fuels. Due to the growing demand for 

biodiesel in Malaysia, the demand will remain costly in Malaysia due to the 

overcrowding costs that will increase the demand-over-capacity ratio (Proost & 

Loo, 2010). This explains the demand-pull impact of the biodiesel investment 

on the food price in Malaysia. This statement strongly justified that renewable 

energy investment could increase production and reduce crude oil usage.  
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Accordingly, the biodiesel industry's investment will increase the 

number of biodiesel plants, increasing Malaysia's biodiesel productivity. In 

addition, Lanclos et al. (1997) indicate that foreign direct investment will 

increase the import demand. This is known as the compensation effect (income 

effect) of investment in the biodiesel industry. Thus, investment plays a vital role 

in this case, whereby enhancement in technological advancement can increase 

the productivity of the biodiesel industries. This could increase the demand for 

raw materials, i.e., palm oil crops. Accordingly, a positive relationship is 

expected between investments in the biodiesel industry and food prices in 

Malaysia.  

 

Furthermore, the investment towards the biodiesel industry indirectly 

complements industrial growth. Besides, industrial development positively 

influences people's income levels as employment providers. Studies such as 

Mehic (2018) and Rodrik (2016) indicate that advanced automation industries 

demand high-skilled workers, which increases the wage differential between 

high and low-skilled workers. Moreover, the industrial growth will improve 

energy usage, boosting Malaysia's biodiesel industry. Due to the consistent 

demand domestically and internationally, more investment can attract the 

biodiesel industry. Maaoane et al. (2021) argued that the energy industry's 

demand depends on the tremendous technical diversity of machinery. In this 

case, industrial growth is expected to influence Malaysia's income per capita and 

investment. Thus, more investment could increase the biodiesel supply and be 

projected to impact food prices.  
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 2.5.3.4 Biodiesel Demand: Biodiesel Policy 

 

Finally, biofuel policies, such as the biofuel industry's promotion, the 

blending mandate, and the tax reliefs, are expected to influence biofuel's 

domestic demand in Malaysia. The biofuel policy may create a good platform 

for the biofuel industry to grow in Malaysia. This statement is supported by the 

study of Peri and Baldi (2013) and Usmani et al. (2023). Those authors argued 

that the rapid and steady increase in biofuel production in the EU is due to the 

legislative framework favouring expansion of the bioenergy sector in the EU. 

Besides, Peri and Baldi (2013) reveal that biofuel policies can strengthen the 

agricultural and energy markets link. In addition, Gorter and Drabik (2015) and 

Chen and Khanna (2012) indicate that the biofuel policies will increase the food 

grain commodity prices due to the demand factor. 

 

Furthermore, Markel et al. (2018) found that uncertainty in the biofuel 

policy will discourage investment in biofuels. As a result, biofuel policies, 

especially the mandate policy, can influence the demand for biofuel. Thus, a 

positive relationship is expected between biofuel policy and food prices. 

 

2.5.4 Financialisation of Commodity Integrated the Commodity, Energy 

Market to Financial Instruments.  

 

The relationship is channelled through biofuel production and the global 

oil price, which is highly correlated with the agriculture commodity prices due 

to the financialisation of the commodities. Thus, due to this ideology, the co-
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movement of the commodities highly correlated to the financial instruments 

such as exchange rate and crude oil price (Ordu-Akkaya & Soytas, 2020). 

Adammer et al. (2012) indicate that the increasing financialisation of the 

agricultural market contributes to food price increases. This could indirectly link 

palm oil prices to food prices, which are highly integrated with the financial 

variables (Wong & Shamsudin, 2017). Wong and Shamsudin (2017) found that 

crude oil prices and the exchange rate have a long-run relationship with food 

prices in Malaysia. On the other hand, Butt et al. (2021) found a long-run 

relationship between the exchange rate and palm oil prices in Malaysia.  

 

Since international trade has a relationship with food prices and palm oil 

prices in Malaysia, palm oil price is also expected to influence the food prices 

in Malaysia. Kalkuhl (2016) found that international price shock will translate 

to domestic price shock in the short term (within three months) in developing 

countries. Thus, a direct connection between the palm oil price and the food 

price in Malaysia to understand the nature of the relationship between them. 

Besides, the relationship can be explained through biofuel production, as 

illustrated by the bioenergy model (Dutta et al., 2021) (refer to Figure 2.1). This 

is an interesting viewpoint and value-added to the bioenergy model. Thus, the 

palm oil price is used as one of the independent variables in this framework.  

 

Furthermore, palm oil price represents the demand side of palm oil in 

Malaysia. Mitchell (2008) stressed that the sudden increase in the feedstock 

demand for biofuel production from the biofuel industry leads to speculation, 

export restrictions, and stock effects on the food price. The palm oil production 
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represented by the stock, land availability, and harvest area may influence these 

crops' price levels. From the supply side, palm oil production and stock represent 

the availability of palm oil crops for food and industrial usage (non-energy and 

energy usage). The higher availability of palm oil can increase the obtainability 

of biofuel in the market and influence fuel usage in vehicles and industries. 

 

Furthermore, the higher availability of palm oil may lead the government 

to introduce a more advanced blended mandate in the fuel market to protect the 

palm oil commodity price and increase the export earnings. On the other hand, 

reduced production and stock may increase the price due to the global demand 

for edible oil (Murshed, 2021). It may affect exports and indirectly affect 

Malaysia’s food prices. Besides, higher production could expand the biofuel 

industry by attracting more investment due to resource availability (Markel et 

al., 2018; McCarty & Sesmero, 2014). Markel, Sims, and English (2018) argued 

that uncertainty in biofuel production leads to low investment in the biofuel 

industry.  

 

2.5.5 Selection of Control Variables for the Study 

 

Regarding control variables, the commonly used variables in the food 

price studies in Malaysia have been included in the framework. This is mainly 

to overcome the bias in the model. Based on the review, variables such as oil 

price, income, and exchange rate play a vital role in explaining food prices and 

inflation globally and in Malaysia, following the study of Wong and Shamsudin 

(2017). Besides, those factors are essential in terms of interlinked biodiesel, 
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commodity market, and industrial growth towards the food prices in Malaysia. 

Accordingly, the crude oil price is the fundamental factor influencing food 

prices. This is due to the influence of crude oil on the production factor (Ibrahim, 

2015). This has been strongly acknowledged in the literature. At the same time, 

other components under the model, such as biodiesel, agricultural commodity 

market, and industrial growth, are linked to the food price interlinked by the oil 

price. This is due to crude oil used in crop harvesting and by-product production 

(Ibrahim, 2015; Wong & Shamsudin, 2017). Thus, the price of crude oil will 

replicate the cost of production of the crops and products following the theory 

of production cost of value. 

 

Wong and Shamsudin (2017) point out that exchange rate and income 

affect food inflation in Malaysia. Accordingly, they added that exchange rate 

and income are considered in the model since income captures the purchasing 

power and exchange rate for international trade since Malaysia is a net food 

importing country. Besides, the exchange rates could also explain the link 

between oil prices and agricultural commodity prices due to oil trade being 

conducted mainly in U.S. dollars and may have an impact on local currencies of 

all influences the agricultural commodity prices in turn of imports or exports and 

regional prices of the commodities (Akram; 2009; Harri et al., 2009; Go & Lau, 

2024). The existing relationship between the exchange rate, biofuel, agricultural 

commodity, and food price can be explained by the law of one price and the 

concept of financialisation of the commodities. However, this study has only 

used crude oil and exchange rate as the control variable. This is because the 

income factor has been replicated in industrial growth, whereby it is used as one 



118 

 

of the dependent variables in the model. Accordingly, crude oil price and 

exchange rate have remained in the model as control variables, not to overlook 

those effects on Malaysia's food price.  

 

 

2.6 Concluding Remarks 

 

 In conclusion, with the help of earlier literary works, the study's scope 

has been narrowed by highlighting the gap. The theories underlining the 

relationship between the variables understudied have been further explored. 

Based on the empirical evidence for the previous studies, the study's gap is 

identified and helps in value-adding to this study. Finally, the theoretical 

foundation among the variables understudied was discussed at the end of this 

chapter. The justification of the variables included in the food price model is 

based on the literature's strong theoretical and empirical evidence in this 

chapter's earlier part. Thus, the discussion on the methodology will be carried 

out in the next chapter.  
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CHAPTER THREE 

 

RESEARCH METHODOLOGY 

 

 

3.1 Introduction 

 

The role of this chapter is to discuss in detail the theoretical and empirical 

modelling of the structured relationship between the examining variables and 

the methodologies that will be used in this study to accomplish the objectives. 

This chapter is divided into four sections. The first two sections discussed the 

developed theoretical and empirical models. The following section will discuss 

the empirical testing procedures adopted in this study. Each method will be 

discussed in detail on the role of the technique in achieving the objectives and 

the advantages of the method. The final section is the description of the data and 

its sources. The descriptions focus on choosing the variables to be analysed, 

types of data collected, sources of the data, and lastly, the time frame of the data. 

 

This study's idea is developed based on the positivism philosophy 

whereby knowledge is gained through observation and purely based on logic 

and pure mathematics (Crowther & Lancaster, 2008). Positivists believe in a 

reasonably clear distinction between facts and values and between what is and 

should be. Due to the factors of food hiking that have been well acknowledged 

in the past literature (for instance, Rosegrant, 2008; Mueller et al., 2011; 

Subramaniam et al., 2019) based on theoretical and empirical evidence, it is 
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appropriate to stick with the positivism philosophy for this segment rather than 

other philosophies such as post-positivism, postmodernism, and others. 

 

 

3.2 Theoretical Modelling 

 

The fundamental idea to interlink the commodity market price, biofuel 

demand and the growth in food price are developed from Ricardo’s classical 

theory known as the “cost of production theory of value” and other theories such 

as “Unified Growth Theory” and “Marshallian Demand Function”. As 

discussed in Section 2.5.3, Ricardo’s classical theory argued that the value of 

the cost of production determines the value of a commodity, which is a 

proportion between supply and demand (Shiozawa, 2014). From the supply 

perspective, the quantity supply depends on the commodity’s productivity. 

Greiff (2015) indicated that in the neoclassical theory, marginal productivities 

of inputs would determine the commodity’s price. Accordingly, the food 

production input can be defined based on labour input into the production (L), 

capital (K) and the energy used in the production (E). thus, the food production 

function can be derived as Eq. (1) below: 

 

𝑄𝑠 = 𝑓(𝐿, 𝐾, 𝐸)       (1) 

  

Interestingly, Sraffa (1960) critiqued the Neoclassical theory of value 

and price by indicating that the cost of the capital used in the production factor 

should be measured based on the prices, not the quantity. This is mainly because 
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the value of the capital depends on the capital itself, whereby machinery usage 

costs are higher; however, its contribution towards production is also higher. 

Furthermore, Sraffa (1960) indicates that the cost is the same as the profit rate 

in the perfect market condition. So, to capture the cost for each of the production 

factors in food production, Eq. (2) derived as below: 

 

𝑇𝐶 = 𝑢𝐿 + ℎ𝑘 + 𝑏𝐸        (2)

  

Whereby 𝑢 represents the labour cost in the various levels of the food production 

chain, ℎ represents the rental rate or the interest rate for the capital utilised, and 

𝑏 is defined as the energy price, which represents the oil price in this study. 

Accordingly, the total revenue can be defined as the quantity of food production 

(Y) multiplied by the price (P). So, the profit function (𝜋) for the food can be 

defined as Eq. (3): 

 

𝜋 = 𝑃𝑌 − (𝑢𝐿 + ℎ𝑘 + 𝑏𝐸)      (3) 

 

Accordingly, profit maximisation can be achieved when the marginal cost 

(MC)= marginal revenue (MR) or, in other words, marginal profit equals zero. 

Thus, Eq. (3) transformed into the first difference condition as below. 

 

𝛿𝜋

𝛿𝑌
=

𝛿𝑃

𝛿𝑌
𝑌 + 𝑃

𝛿𝑌

𝛿𝑌
− (𝑢

𝛿𝐿

𝛿𝑌
+ ℎ

𝛿𝐾

𝛿𝑌
+ 𝑏

𝛿𝐸

𝛿𝑌
)      (4) 

 

when 
𝛿𝜋

𝛿𝑌
= 0, the Eq. (4) can be rewritten Eq. (5), 

 



122 

 

0 = −
1

𝑑
𝑌 + 𝑃 − (𝑢

𝛿𝐿

𝛿𝑌
+ ℎ

𝛿𝐾

𝛿𝑌
+ 𝑏

𝛿𝐸

𝛿𝑌
)   (5) 

 

whereby, 
𝛿𝑌

𝛿𝑃
 is represents the price elasticity of demand for the food. In this case, 

𝛿𝑃

𝛿𝑌
 in Eq. (4) is illustrated as −

1

𝑑
 in Eq. (5). Besides, the MC of food production 

is represented by (𝑢
𝛿𝐿

𝛿𝑌
+ ℎ

𝛿𝐾

𝛿𝑌
+ 𝑏

𝛿𝐸

𝛿𝑌
). So, the Eq. (5) can be transformed into 

the term of price as below: 

 

𝑃 =
1

𝑑
𝑌 + 𝑢

𝛿𝐿

𝛿𝑌
+ ℎ

𝛿𝐾

𝛿𝑌
+ 𝑏

𝛿𝐸

𝛿𝑌
 

𝑃 =
1

𝑑
𝑌 + 𝑀𝐶        (6) 

 

Based on Eq. (6), the food price in the supply perspective is determined by the 

quantity produced and MC representing the cost of labour, capital and energy 

used. Besides, as Shiozawa (2014) urged, the theory of value cannot be complete 

without value theory and international value theory. Shiozawa (2014) 

questioned how the cost of labour and capital in the production function is 

determined when different workers’ wages and qualifications are not uniform. 

This is the case; the labour cost does not reflect the cost of the product, and the 

markup principle of the firms mainly determines it.  

 

Accordingly, the foreign exchange market was introduced into the 

production function of the marginal cost of the labour and capital market. The 

relationship between the exchange and productivity is well discussed in the 

study of Leung and Yuen (2005). The authors stress that the exchange rate can 
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affect labour productivity through changes in the relative input price by 

changing the cost of imported capital. Hence, this idea can be further explained 

using the law of one price, whereby the asset price will be the same across the 

global market (Haskel & Wolf, 2001; Miljkovic, 1999). So, arbitrage 

profitability can be ratified with the same value of the assets and commodities 

across the market due to the exchange rate's involvement. For instance, if the 

real exchange rate depreciates, making the local currency weaker, the cost of 

imported capital increases. This could potentially raise the cost of acquiring 

foreign machinery and equipment, impacting businesses and commodities that 

rely on imported capital goods (Aziz & Applanaidu, 2017). This will directly 

impact the total factor productivity (labour and capital).  

 

Therefore, applying the idea to Malaysia’s context, Malaysia depends on 

imported food, whereby the exchange rate is assumed to impact the food supply 

significantly. Accordingly, appreciation of the dollar value may increase the cost 

of food by increasing imported food prices.  So, in Malaysia's case, the labour 

and capital costs are captured in the monetary value using the exchange rate 

(Leung & Yuen, 2005; Shiozawa, 2014). So, the capital and labour costs are 

replaced with exchange rate value. Accordingly, the supply function of the food 

in Malaysia can be derived as below: 

 

𝑄𝑆𝑡 = 𝑓(𝐹𝑃𝑡, 𝐸𝑋𝐶𝑡, 𝐶𝑂𝑡)      (7) 

 

Based on Eq. (7), the supply side of food (𝑄𝑆𝑡) in Malaysia is defined as the real 

price of food (𝐹𝑃𝑓𝑡), an exchange rate (𝐸𝑋𝐶𝑡) and crude oil prices (𝐶𝑂𝑡). 
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 On the other hand, the demand for food in Malaysia can be defined as 

the price, income level, and other factors that influence the demand following 

the Marshallian demand function (Zaratiegui, 2002). Utility maximisation 

concepts play critical roles in the consumer’s demand. The consumer theory 

illustrates that consumers maximise the utility based on their preference for 

goods, changes in the income and price of the good. Thus, the food demand 

function for Malaysia can be written as below, following Kargbo (2005). 

 

𝑄𝑑𝑡 = 𝑓(𝐹𝑃𝑡, 𝑌𝑡, 𝑍𝑡)       (8) 

 

Accordingly, based on Eq. (8), the income (𝑌𝑡) and price (𝑃𝑡) play an important 

role towards the food demand (𝑄𝑑𝑡) in Malaysia, income increase will increase 

the demand for food, following the unified growth theory. This has been 

discussed in detail in Section 2.5.2. Besides, other variables that influence food 

demand are illustrated by 𝑍𝑡 

 

Accordingly, at the equilibrium level, the demand and supply equations 

can be expressed as price as below: 

 

𝑄𝑑𝑡 = 𝑄𝑠𝑡 = 𝐹𝑃𝑡       (9) 

 

Thus, according to Chen et al. (2019), the equilibrium equation can be 

stated as follows: 

 

𝐹𝑃𝑡 = 𝑓(𝑌𝑡, 𝐶𝑂𝑡, 𝐸𝑋𝐶𝑡, 𝑍𝑡)      (10) 
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Hence, Eq. (10) accommodates the transmission mechanisms that affect 

the food price and demand directly or indirectly in Malaysia. The food price in 

Malaysia is defined as the function of income (𝑌𝑡), crude oil price (𝐶𝑂𝑡), 

exchange rate (𝐸𝑋𝐶𝑡), and other relevant variables (𝑍𝑡) that can influence the 

food prices in Malaysia.  

 

So, to achieve the first and fourth objectives of this study, the food price 

model in Eq. (10) will be used by including the role of the commodity market 

representing palm oil price and industrial growth using the linear model.  

 

Model 1: 𝐹𝑃𝑡 = 𝑓(𝐼𝑃𝐼𝑡, 𝐶𝑂𝑡, 𝐸𝑋𝐶𝑡, 𝑃𝑂𝑡)    (11) 

 

Eq. (11) represents the food price (𝐹𝑃𝑡) model whereby commodity 

market impact, i.e., palm oil price (𝑃𝑂𝑡) incorporated in the basic model. Palm 

oil price is expected to play an essential role in the food price in Malaysia. The 

cost-of-production theory of value illustrates that food prices are determined by 

the resources used in production, such as labour, raw materials, fuels and capital 

(Ruan, 2019). Thus, the raw materials here are represented by agricultural 

commodities. The importance of the commodities may differ based on the 

country. In Malaysia, since palm oil plays a very significant role as one of the 

major commodities in the food industry and production, the palm oil price is 

added to the model. This model helps quantify the impact of changes in palm oil 

prices on food prices. This is crucial for policymakers, economists, and 

businesses to understand how fluctuations in the palm oil market may ripple 

through the broader economy, affecting food costs for consumers. 
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Secondly, industrial growth added to the model one to quantify the effect 

of industrial growth on the food price in Malaysia. Based on the bioenergy model 

and Unified Growth Theory the integration between the food market and 

industrial growth increases due to the usage of crude oil and biodiesel blended 

mandate requirements. Thus, to understand this relationship, industrial growth 

is added to the food price model in Malaysia25. Understanding the statistical 

relationship allows for a nuanced assessment of how variations in industrial 

activities may influence the broader economy, particularly the cost of food for 

Malaysian.  

 

Furthermore, the agricultural sector, including the palm oil industry in 

Malaysia, is susceptible to asymmetric dynamics due to fluctuations in crop 

yields, weather events, and global economic conditions, which can directly 

impact crop prices. The close link between industrial growth and economic 

development, as explained by Guo et al. (2022), suggests a potential asymmetric 

relationship with food prices in Malaysia, as noted by Almalki et al. (2022). This 

asymmetry is driven by economic shocks such as increased investments or 

economic downturns. The intricate connection between industrial growth and 

economic conditions adds complexity, manifesting asymmetrically in the 

relationship with food prices. This emphasizes the need for a nuanced 

understanding of potential asymmetries within the dynamics of the agricultural 

 
25 Industrial growth which is captured using the production growth often used in the economic 

model to capture the income effect (Dogru et al., 2017; Chi, 2018). This is because, industrial 

production is a component of overall economic activity which can be explain by the Keynesian 

Economic Theory. Expansion of the industry will increase the economic by increasing the 

employment and income. In this case, to reduce the model misspecification issue, industrial 

growth used as a proxy of income in this model.  
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sector, especially regarding how industrial growth and economic fluctuations 

collectively influence food prices. 

 

 Based on the theory of Nonlinear Supply and Demand Dynamics there 

is an assumption on asymmetric effect between the palm oil price and industrial 

growth on the food price in Malaysia. To test the asymmetric effect between 

these variables, model two has been developed. Thus, this model helps in 

achieving the second objective of this study.  

 

Model 2: 𝐹𝑃𝑡 = 𝑓(𝐼𝑃𝐼𝑡
(+)

, 𝐼𝑃𝐼𝑡
(−)

, 𝐶𝑂𝑡
(+)

, 𝐶𝑂𝑡
(−)

, 𝐸𝑋𝐶𝑡
(+)

, 𝐸𝑋𝐶𝑡
(−)

, 𝑃𝑂𝑡
(+)

,

𝑃𝑂𝑡
(−)

 )              (12) 

 

Based on Eq. (12), the asymmetric linear model is developed to extend 

a better understanding of the positive and negative changes in the palm oil price 

and industrial growth on the food price in Malaysia. The crude oil price and 

exchange rate have been disaggregated into positive and negative changes as 

well. Since the study by Wong and Shamsudin (2017) has confirmed the 

asymmetric effect of both variables on the food price in Malaysia. Thus, it is 

rational to convert those variables into asymmetric form.  

 

Lastly, model three is the extended version of model one. In this model, 

the palm oil price is replaced by the biodiesel demand factors. Based on the 

bioenergy model proposed by Ciaian and Kanc (2011), biofuel plays an essential 

role by creating additional demand for agricultural commodities. Thus, this 

could impact the price level of the commodities in the equilibrium level in the 
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demand-supply framework. Accordingly, this model is developed to test for the 

relationship and effect of biodiesel demand on food prices in Malaysia, which is 

relevant to objectives three and four of the study, respectively. The rationale for 

not including both of these components in the same model is that biodiesel 

production is a downstream activity of the palm oil industry. In this case, they 

are not mutually exclusive by nature. Including both variables in the model can 

lead to model specification bias. Thus, the model three of this study is listed 

below:  

 

Model 3: 𝐹𝑃𝑡 = 𝑓(𝐼𝑃𝐼𝑡, 𝐶𝑂𝑡, 𝐸𝑋𝐶𝑡, 𝐵𝐷𝑘𝑡)   (13) 

 

Based on Eq. (13), all the variables included in the model are the same 

as model one. However, palm oil price is replaced with biodiesel demand factors 

(𝐵𝐷𝑘𝑡). Appropriately, 𝐵𝐷𝑘𝑡 represent the biodiesel demand factors in Malaysia 

whereby (𝑘 = biodiesel price, number of registered diesel vehicles on the road, 

blended biofuel mandate, investment in the biodiesel industry). Quantifying this 

model is able to provide better insight into the effect of the energy market, i.e., 

biodiesel demand, on the food price in Malaysia. This is a significant gap that is 

missing in the literature on food prices in Malaysia.     

 

 

3.3 Empirical Modelling 

 

This section discussed the empirical model developed based on the 

developed theoretical model in the previous section. Accordingly, three 
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extended models have been developed in the earlier section. This section will 

further discuss the list of the variables in each model and their expected 

relationship to the food price. Hence, the empirical model of the first model 

presented by Eq. (14). Eq. (14) is a linear model developed to test this study's 

first and fourth hypotheses.  

 

𝐹𝑃𝑡 = 𝛽0 + 𝛽1𝐸𝑋𝐶𝑡 + 𝛽2𝐼𝑃𝐼𝑡 + 𝛽3𝐶𝑂𝑡 + 𝛽4𝑃𝑂𝑡 + 𝜀𝑡            (14) 

 

Based on Eq. (14), 𝐹𝑃𝑡 this study's dependent variable represents the 

food price over time in Malaysia. Furthermore, 𝑃𝑂𝑡 is an exploratory variable 

added to Malaysia's food price model that represents the price of palm oil over 

time in Malaysia. Including the palm oil price in the food price model could 

explain and enhance the understanding of the potential impact of the agriculture 

commodity market on the food price in Malaysia. More production and stock 

availability on palm oil will motivate the government and the industry to 

increase the palm oil industry downstream activities, such as introducing a more 

aggressive biofuel blended mandate requirement to protect the local price of 

palm oil (Markel et al., 2018). This may increase palm oil's price and positively 

influence Malaysia's food prices26.  Accordingly, based on the literature, there is 

a strong argument for the positive impact of the agriculture commodity market 

on the food price hike (Samal, 2022; Hung, 2021). Thus, a positive relationship 

is expected from palm oil to food prices in Malaysia.  

 

 
26 Theoretically, more production may reduce the price of the product/commodities. However, 

since the palm oil industry has additional demand for various usage in the downstream activities 

such as edible application, non-food product, and animal feeds, price of palm oil remain high in 

the Malaysian context (Murphy et al., 2021).  
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On the other hand, based on Eq. (14), 𝐼𝑃𝐼𝑡 represent the industrial growth 

in Malaysia, whereby it captures the effect of income in the model. Income 

should be a control variable in the model. However, since this study intended to 

identify the effect of industrial growth on food prices, the income effect is 

replaced with industrial growth (Yang et al., 2023). The Industrial Production 

Index (IPI) serves as a gauge for tracking changes in the production levels across 

various sectors in Malaysia, including manufacturing, mining, construction, and 

the utilities of electricity, gas, and water. This index accounts for both domestic 

sales and exports of goods and power, making it a reliable proxy for assessing 

Malaysia's overall output or GDP (Sek, 2017). Thus, increasing income among 

Malaysians due to industrial growth will create demand for food. Since Malaysia 

is a net food importing country, the limited food availability could increase the 

price of the food. Thus, a positive relationship between industrial growth and 

food prices is expected in Malaysia. Other control variables, such as crude oil 

price (𝐶𝑂𝑡) and exchange rate (𝐸𝑋𝐶𝑡), which is theoretically justified and a 

standard indicator of food prices in Malaysia, are also listed in the model.  

 

The effect of the crude oil price on the food price is well acknowledged 

in the literature. Ibrahim (2015) indicated that crude oil prices are essential to 

production. Accordingly, crude oil prices are the fundamental factors 

influencing food prices. This is due to the influence of crude oil on the 

production factor (Ibrahim, 2015). Thus, the price of crude oil will replicate the 

cost of production of the crops and products following the theory of production 

cost of value. This has been strongly acknowledged in the literature. Thus, a 

positive relationship between crude oil prices and food prices is expected in 
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Malaysia. Besides, Wong and Shamsudin (2017) argued that the exchange rate 

is an essential component in the food price since Malaysia depends on imported 

food traded in the international currency. Accordingly, in a good market, when 

there is an appreciation in the exchange rate, the imports tend to be cheaper. This 

may lead to the overall price level going down. Thus, a negative relationship is 

expected between Malaysia's exchange rate and food prices. Besides, 𝛽1, 𝛽2, 𝛽3, 

and 𝛽4 represent the parameters of the independent variables. Finally, 𝜀𝑡 

represent the error term for Eq. (14).  

 

Accordingly, Eq. (15) represents the asymmetric linear model for the 

food price in Malaysia, which helps in testing the asymmetric effect of palm oil 

prices and industrial growth towards the food price in Malaysia. Asymmetric 

effects refer to situations where economic variables or relationships do not 

respond equally or symmetrically to changes in certain conditions or factors. 

These asymmetric effects are often observed in various economic contexts and 

have significant implications for economic analysis and policy. The advantages 

of the method will be discussed in the coming section.  

 

𝐹𝑃𝑡 = 𝛽5 + 𝛽6𝐸𝑋𝐶𝑡
(+)

+ 𝛽7𝐸𝑋𝐶𝑡
(−)

+ 𝛽8𝐶𝑂𝑡
(+)

+ 𝛽9𝐶𝑂𝑡
(−)

+

𝛽10𝐼𝑃𝐼𝑡
(+)

+ 𝛽11𝐼𝑃𝐼𝑡
(−)

+ 𝛽12𝑃𝑂𝑡
(+)

+ 𝛽13𝑃𝑂𝑡
(−)

+ 𝜙𝑡      (15) 

 

Based on Eq. (15), 𝐹𝑃𝑡 is the dependent variable of this study, 

representing the food price over time in Malaysia. Furthermore 𝐸𝑋𝐶𝑡
(+)

, 𝐶𝑂𝑡
(+)

, 

𝐼𝑃𝐼𝑡
(+)

 and 𝑃𝑂𝑡
(+)

 represent the positive exchange rate changes, crude oil, 

industrial growth, and palm oil prices, respectively. On the other hand, 𝐸𝑋𝐶𝑡
(−)

, 
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𝐶𝑂𝑡
(−)

, 𝐼𝑃𝐼𝑡
(−)

 and 𝑃𝑂𝑡
(−)

 represent the negative exchange rate changes, crude 

oil, industrial growth, and palm oil prices, respectively. Besides, 𝛽6, 𝛽7, 𝛽8, 𝛽9, 

𝛽10, 𝛽11, 𝛽12, and 𝛽13 represent the parameters of the independent variables. 

Finally, 𝜙𝑡 represent the error term for Eq. (15). The analysis using this model 

strengthened the understanding of how the positive and negative changes in the 

independent variables influenced the food price in Malaysia.  

 

Lastly, Eq. (16) represent the extended version of Eq. (14) by including 

biodiesel demand's effect on Malaysia's food prices. Since the biodiesel demand 

is disaggregated into four sub-components, four independent variables are added 

to the extended model. The disaggregation of the biodiesel demand factors 

allows for a more nuanced and precise analysis of trends, patterns, and 

relationships within the data. Accordingly, the study produced deeper insights 

into biodiesel demand on the food price in Malaysia. However, it is understood 

that disaggregation of the data is more vulnerable to statistical issues and sample 

size (Asian Development Bank, 2021, pp. 10-12). However, it fits better to this 

study whereby the sub-components selected to capture the biodiesel demand are 

not highly associated with each other and have a big sample size, which could 

eliminate the low statistical power of the regression.  

 

𝐹𝑃𝑡 = 𝛽14 + 𝛽15𝐸𝑋𝐶𝑡 + 𝛽16𝐼𝑃𝐼𝑡 + 𝛽17𝐶𝑂𝑡 + 𝛽18𝐵𝑃𝑡 + 𝛽19𝐼𝑛𝑣𝑡 +

𝛽20𝑃𝑜𝑙𝑖𝑐𝑦𝑡 + 𝛽21𝑉𝑃𝑡 + 𝜚𝑡   (16) 

 

Since Eq. (16) is an extended version of Eq. (14), the variables such as 

exchange rate, industrial growth, crude oil price and palm oil price are expected 
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to have a similar effect on the food price in Malaysia, as discussed earlier (Eq. 

14). 𝜀3𝑡 represent the error term for Eq.(16) and with common control variables 

remaining as Eq. (14), 𝐵𝑃𝑡 represent the biodiesel price whereby Uysal and 

Crompton (1981), Algieri and Kanellopoulou (2008) and Dumortier et al. (2020) 

argued that the price of biofuel is expected to have a negative relationship with 

the demand for biofuel.  

 

This is because if the price of biofuel increases, consumption of 

substitute products such as gasoline and diesel increases to protect the cost 

efficiency in the production. Cost competitiveness is always crucial in the 

consumers’ decision-making (Hanaysha, 2018). Furthermore, biofuel prices 

indicate market penetration whereby economies of scale and efficiency 

improvements help lower production costs and increase demand. In this case, 

biodiesel prices are expected to influence Malaysia's demand negatively. Since 

this study hypothesised that biodiesel demand positively impacts the food price 

in Malaysia, biodiesel price is expected to have a negative relationship with food 

price. 

 

The next demand factor is 𝐼𝑛𝑣𝑡, represent the investment received in the 

biodiesel industry over time in Malaysia. Investment can improve the biodiesel 

industry's development and boost biodiesel production facilities in Malaysia. 

Markel, Sim and English (2018) indicated that producing the raw material could 

expand the biodiesel industry by attracting more investment due to resource 

availability. In addition, high investment can upgrade the technology in the 

production field, which could increase the production and export earnings to 
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Malaysia. At the same time, investment contributes to the industry's Research 

and Development (R&D) to improve cost competitiveness. The cost of 

producing and delivering biodiesels is crucial in determining their demand.  

 

Investments in cost-reduction strategies, such as scale economies, energy 

efficiency, and waste reduction, can make biodiesels more competitive with 

conventional fossil fuels, thereby boosting demand. Increasing demand to fulfil 

the production requirement, more palm oil feedstocks are needed. Investments 

help in the biodiesel market growth in domestic and foreign countries. This 

could indirectly impact the food price in Malaysia. Due to this, a positive 

relationship between investment in the biodiesel industry and food prices is 

expected. Due to the young biodiesel industry in Malaysia, technical data such 

as investment value is limited. In this case, to understand the effect of the 

investment on the food price, the production value of biodiesel has been used in 

this study follows Hasan et al. (2023), Noriega and Narvaez (2020) and Hartley 

et al. (2019). The investment effect indirectly can be transmitted to increasing 

the production level of biofuel by developing new production facilities and 

boosting the R&D and marketing strategies (OECD-FAO Agricultural Outlook 

2000-2029).   

 

Subsequently, biofuel policy (𝑃𝑜𝑙𝑖𝑐𝑦𝑡) used as another demand factor in 

Eq. (16), representing the effect of the biofuel blended mandate implemented in 

Malaysia over time. Biofuel/biofuel policies are closely related to its demand in 

the market. Policies such as RFS and mandates, flexibility and market 

integration and subsidies and taxations provide the regulatory framework, 
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economic incentives, and market conditions that can either encourage or 

constrain the production and consumption of biofuel. As governments 

worldwide continue to set and revise their biofuel/biofuel policies, these 

regulations will play a vital role in shaping the future of the biofuel industry and 

its level of demand in the market domestically and internationally. Accordingly, 

to capture the effect of the biofuel policy on food prices, a blended mandate of 

B7 implemented by Malaysia in the transportation sector will be used, covering 

January 2016 to January 201927. Since the biofuel blended mandate is expected 

to increase the demand in the market, a positive relationship is expected between 

biofuel policy and food prices in Malaysia. 

 

The last biodiesel demand factor used in the model is the number of 

diesel vehicles registered on the road over time (𝑉𝑃𝑡). These variables are used 

as the population proxy, an essential indicator of the demand model (Gao et al., 

2023; Rahman et al., 2019). As argued by Tokgoz and Bhandary (2011), fuel is 

mainly used in transportation, and the vehicles' populations are more significant 

in capturing fuel demand than humans. Government policies and regulations on 

the increasing blended mandate due to global trend requirement on alternative 

energy usage, the vehicles and the economic sectors started to demand more 

biodiesel. As the number of vehicles on the road continues to increase, 

particularly in urban areas and developing economies, the demand for biodiesel 

in Malaysia and other importing countries is likely to rise, provided that 

supportive policies and infrastructure are in place. When the population 

 
27 Since the blended mandate in manufacturing sector is still not largely implemented, thus, 

blended mandate in transportation sector has been used to capture the effect of biodiesel policy 

in Malaysia.  
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increases, the food demand and prices increase due to limited offers, which is 

the demand-pull effect, where increased industrial and transportation-related 

demand pulls limited agricultural resources away from the food supply chain. 

Thus, a positive relationship is expected between the number of registered diesel 

vehicles and food prices in Malaysia. Finally, 𝜚𝑡 represent the error term for Eq. 

(16).  

 

 

3.4 Econometrics Methodology 

 

This section discussed in detail the methodologies employed in this study 

to achieve the study's objectives. A quantitative approach has been proposed to 

achieve this study's four objectives. In the beginning, the unit root test will be 

employed to check for the stationarity of the variables understudied. Next, the 

variables' short- and long-run relationship will be identified using the Auto 

Regressive Distributive Lag (ARDL) model approach. Followed by the Toda 

Yamamoto non-causality test will be carried out. The causality direction is 

essential to show the structural impact between the palm oil price, domestic 

biodiesel demand factors, industrial growth, and other control variables on the 

food price in Malaysia (Engle & Granger, 1987). These two methods are 

important to achieve the first and third objectives of this study. 

 

Besides, to achieve the second objective of this study, the non-linear 

ARDL method has been utilized. The advantages and the reason for the chosen 

method for this study will be discussed in detail in the following section. Since 
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the study’s motif on addressing sustainability, the result should be robust and 

reliable for solid policy implications. Thus, tests such as Dynamic Ordinary 

Least Squares (DOLS) and Fully Modified Ordinary Least Squares (FMOL) are 

used to test for the robustness of the ARDL and NARDL analysis. Lastly, the 

impulse response function (IRF) and forecast error variance decomposition 

(FEVD) were added to the package to test for the shock effect of the food price 

in Malaysia. With additional advantages from both analyses, better insight can 

be generated into the effect and response between the variables under study, 

which is very important for sustainable policy making.  

 

3.4.1 Unit Root Tests 

 

Checking for the stationarity of the variables is essential in the time 

series data analysis. Since this study uses the ARDL method to investigate the 

short- and long-run relationship, it is necessary to make sure the variables are 

non-stationary in I(2) and the dependent variable is integrated with I(1) 

(Narayan, 2005; Ozturk et al., 2010). Accordingly, stationarity indicates that the 

mean and variance of the dataset are constant over time, and the covariance 

depends only on the gap between two time periods (Gujarati & Porter, 2009). 

So, if the mean and variance are not constant over the period, the sample data 

series will be generalized to another period of the same variable. This type of 

time-series data is known as non-stationarity time series (Gujarati & Porter, 

2009).  
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Due to this importance, most of the time series analysis in literature will 

pass through the unit root test to check for the stationarity (non-stationarity) of 

the data series. By the way, there are two other ways to check for the stationarity 

of the time series, i.e. (1) Graphical analysis and (2) Autocorrelation Function 

(ACF) and correlogram (Gujarati & Porter, 2009). To check for the unit root 

problem in the series, the Random Walk Model (RWM) is used, as below:- 

 

𝑃𝑂𝑡 = 𝜌𝑃𝑂𝑡−1 + 𝑢𝑡                                  − 1 ≤ 𝜌 ≤ 1               (17) 

 

whereby, based on Eq. (17), 𝑃𝑂𝑡 and 𝑢𝑡 are Malaysia's palm oil price over time 

and the white noise error term, respectively. 𝜌 is used to check for the unit root 

problem in the data series, where if 𝜌 = 1, there is a unit root problem in the 

series, which indicates that 𝑃𝑂𝑡 is non-stationarity. To check for the stationarity 

of the series, Eq. (18) was modified by subtracting 𝑃𝑂𝑡−1 both sides, as below:- 

 

𝑃𝑂𝑡 − 𝑃𝑂𝑡−1 = 𝜌𝑃𝑂𝑡−1 − 𝑃𝑂𝑡−1 + 𝑢𝑡               (18) 

 

Eq. (18) can be simplified as below:- 

 

∆𝑃𝑂𝑡 = (𝜌 − 1)𝑃𝑂𝑡−1 + 𝑢𝑡                 (19) 

Which can be derived as below:- 

  

∆𝑃𝑂𝑡 = 𝛿𝑃𝑂𝑡−1 + 𝑢𝑡                 (20) 

Where ∆ is the first difference and 𝛿 = 𝜌 − 1. To check for the stationarity, Eq. 

(20) will be estimated using the null hypothesis of 𝛿 = 0 and the alternative 
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hypothesis of 𝛿 < 0 since 𝛿 is equal to 𝜌 − 1, if 𝛿 = 0, then 𝜌 = 1, which 

indicates that the time series is not stationary. To make the series stationary, the 

𝜌 must be less than 1. Alternatively, 𝛿 must be in negative value. 

 

Let's say 𝛿 = 0, then based on Eq. (20), the time series will become non-

stationary in level (since the 𝜌 = 1, refer to Eq. (19)). But the random walk time 

series become stationary in first differences since ∆𝑃𝑂𝑡 = 𝑢𝑡 , where 𝑢𝑡 white 

noise error term, which is stationary. So, according to Gujarati and Porter 

(2009), the basic idea behind the unit root test is to take the first difference of 

𝑃𝑂𝑡 and regress on 𝑃𝑂𝑡−1. Furthermore, check for the slope coefficient (𝛿). If 

the slope coefficient is zero, then the price of palm oil is non-stationary, and if 

it is a negative value, then the price is stationary.  

 

Unit roots tests have become popular over the past several years. Chebbi 

and Boujelbene (2008) indicate that the unit root test will have low power for 

the small observation dataset. Due to this reason, the authors applied two 

different tests in their study, i.e., Augmented Dickey-Fuller (ADF) (to test the 

null of the unit root) and Kwiatkowski–Phillips–Schmidt–Shin (KPSS) (to test 

the null of stationary). Furthermore, Tang and Lau (2008) added that univariate 

unit root tests like ADF and Phillips-Perron (PP) are sensitive to small sample 

data. This statement is supported by Costantini and Martini (2010). However, 

this could not be an issue in this study since this study employed high-frequency 

sample data. However, this study will use Dickey-Fuller Generalized Least 

Squares (DF-GLS) and Phillips-Perron (PP) as a precaution. The difference 

between DF-GLS and PP tests is how both tests deal with serial correlation and 
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heteroskedasticity in the errors; the PP test overlooks any serial correlation in 

the test regression. The selected unit root test will be further discussed in the 

following sub-section. 

 

3.4.1.1 Dickey-Fuller GLS (DF-GLS) Unit Root Test 

 

The DF-GLS test has advantages compared to ADF since DF-GLS is 

more powerful in testing the stationarity compared to ADF, whereby the ADF 

test argued to over-reject the null hypothesis (Shahbaz et al., 2009; Haug & 

Basher, 2007). In this case, the modified DF-GLS has the best overall 

performance in the small sample and improved power when an unknown mean 

or trend is present (Shahbaz et al., 2009). Thus, the general regression of the DF-

GLS test is as follows: 

 

 ∆𝑃𝑂𝑡 = ∝ +𝛿𝑡 + 𝛽𝑃𝑂𝑡−1 + ∑ 𝑃𝑂∆𝑃𝑂𝑡−1
𝑘
𝑖=1 + 𝜀𝑡   (21) 

 

Based on Eq. (21), t and k are the time trend term and the number of lags, 

respectively. Those terms are included in the model to ensure that the residuals. 

𝜀𝑡 are white noise. This means εt has zero mean and constant variance 

uncorrelated with εt for t≠s. The null and alternative hypotheses for a unit root 

for palm oil price (𝑃𝑂𝑡) are:  

 

            H0: β = 0,              H1: β< 0              (22) 
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The null hypothesis was added into the order of one, I(1), indicating the variable 

as stationary in order one. The optimum lag length selection will be based on the 

Schwarz Information Criterion (SIC).  

 

3.4.1.2 Phillips-Perron (PP) Unit Root Tests 

 

The advantage of the PP tests over the ADF tests is that the PP tests are 

robust to general manifestations of heteroskedasticity in the error term 𝑢𝑡 . An 

alternate preference is that the client does not need to tag a lag length for the test 

regression (Gujarati & Porter, 2009). The general regression for the PP test is as 

follows: 

 

∆𝑃𝑂𝑡 = 𝜇 + 𝛽 [𝑡 −
𝑛

2
] + 𝛿𝑃𝑂𝑡−1 + 𝜀𝑡                 (23) 

 

Eq. (23) is the general model for the PP test. This test is an alternative 

unit root test for the ADF test, which had to solve serial correlation in error term 

using nonparametric statistical methods without adding lagged difference term 

in the dependent variable (Gujarati & Porter, 2009, p.758). The number of lags 

in the nonparametric tests will not impact the estimated parameters, as if the 

autocorrelation coefficients tend towards zero, they are at best with little impact 

on the estimated variance (Kirchgassner & Wolters, 2007).  

 

Meanwhile, these PP test features can solve the reduction power in the 

ADF test aroused from too many lagged differences. The too-small number of 

lags also affects the ADF test's accuracy because of the autocorrelation in 
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estimated residuals (Kirchgassner & Wolters, 2007). On top of that, the PP test 

also performs an additional function by solving heteroscedasticity in the error 

terms (Phillips & Perron, 1988). PP test has the same null hypothesis as DF-

GLS. The optimum lag length for PP tests was automatically selected based on 

the Newey-West Bandwidth. Accordingly, each variable in this study will be 

tested for the unit root using the DF-GLS and PP test before investigating the 

cointegration relationship among the variables. The unit root test results revealed 

the stationarity level of the variables to confirm that there is no I(2) and that the 

dependent variable is integrated with I(1), which fulfilled the requirement of the 

ARDL method. 

 

3.4.2 Co-integration Test (Auto-Regressive Distributive Lag (ARDL) Bound 

Testing) 

 

After checking the stationarity properties of the variables, the analysis 

can be further extended to identify the short- and long-run relationship. The 

concept of co-integration states that if a long-run relationship exists between two 

variables, then deviations from the long-run equilibrium path should be 

bounded. If this is the case, the variables are said to be co-integrated. 

Traditionally, if the variables are to be co-integrated, two conditions must be 

satisfied: (1) the series for the individual variables must have the same statistical 

properties, and (2) the variables must be integrated in the same order. So, if the 

variables have mixed results of I (0) and I (1), the commonly used Johansen and 

Juselius (1990) cointegrating procedure cannot be employed in finding the co-

integration relationship (Baharumshah et al., 2009, and Ghatak & Siddiki, 2010). 
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Accordingly, ARDL-bound testing is widely used in empirical testing to 

tackle this limitation. This testing approach is developed by Pesaran and Shin 

(1999) and Pesaran et al., (2001). Thus, this approach is widely used in energy-

related studies. Lee (2010) argued that many previous studies used this method 

in examining the co-integration relationship with less than 30 observations. This 

method is fit for short sample data as well as large. It is a general dynamic 

specification model which includes the lags of the endogenous variable and the 

lags of exogenous variables to directly estimate the short-run effects and the 

long-run equilibrium relationship (Royfaizal, 2009). In addition, Yusof and 

Usman (2015) indicated that the ARDL model is robust against the simultaneous 

equation bias. Thus, the autocorrelation problem in the model can be ratified 

based on the proper model selection based on the Akaike Information Criterion 

(AIC) or Schwarz-Bayesion Criterion (SBC). This is mainly due to ARDL being 

the most general dynamic unrestricted model, as Ghouse et al. argued (2018). 

Accordingly, the authors claimed this method could tackle misspecification and 

autocorrelation issues and generate the most fitting interpretable model28.  

 

With many advantages and flexibility available in the ARDL, it is 

appropriate to adopt this method to test for cointegration in this study since 

financial and economic variables are highly demonstrations of nonstationary or 

trending behaviour (Ghouse et al., 2018). Accordingly, the general ARDL model 

specification is given as follows: 

 
28 The lag selection plays a significant role in the econometric analysis whereby short lag length 

may lead to the serial correlation errors in the model and large lag can reduce the power of the 

test, both could affect the co-integration result (Agunloye et al., 2014; Carrasco et al., 2009). 

Thus, ARDL deals better with this issue because the variable in the model is expressed based on 

lag and current value. 
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𝜙(𝐿, 𝑝)𝑦𝑡 = ∑ 𝛽𝑖
𝑛
𝑖=1 (𝐿, 𝑞𝑖)𝑥𝑖𝑡+𝛿′𝑤𝑡 + 𝜇𝑡                (24) 

where, 

𝜙(𝐿, 𝑝) = 1 − 𝜙1𝐿 − 𝜙2𝐿
2 − ⋯− 𝜙𝑝𝐿𝑝; 

𝛽𝑖(𝐿, 𝑞𝑖) = 1 − 𝛽𝑖1𝐿 − 𝛽𝑖2𝐿
2 − ⋯− 𝛽𝑞𝑖𝐿

𝑞𝑖    

 

Based on Eq. (24), L refers to the lag operator where 𝐿1𝑦𝑡 = 𝑦𝑡−1; 𝑤𝑡 indicates 

a 𝑠 × 1 vector of deterministic variables, including the intercept term, seasonal 

dummies, time trends or exogenous variables with fixed lags. Meanwhile, all 

available values of 𝑝 = 0,1,2, … ,𝑚; 𝑞𝑖 = 0,1,2, … ,𝑚; 𝑖 = 1,2, … , 𝑛 with a total 

of (𝑚 + 1)𝑛+1 OLS can estimate ARDL models. An optimal lag selection is 

based on information criteria such as the AIC, SBC, or the Hannan-Quinn 

criterion (HQC)29. With an appropriate lag length and asymptotic inferences, the 

long-run and short-run parameters can be obtained through OLS regardless of 

whether the independent variables studied in this study are exogenous. 

 

Thus, the ARDL model approach for the cointegration testing of models 

one and three is presented in Eq. (25) and Eq. (26), respectively30. The details of 

the variables included in the ARDL model have been discussed in the previous 

section: 

 

∆𝐹𝑃𝑡 = 𝛼0 + ∑ 𝛽0∆𝐹𝑃𝑡−1
𝑛1
𝑖=1 + ∑ 𝛽1

𝑛2
𝑖=1 ∆𝑃𝑂𝑡−𝑖 + ∑ 𝛽2

𝑛3
𝑖=1 ∆𝐼𝑃𝐼(𝑡−𝑖) +

∑ 𝛽3
𝑛4
𝑖=1 ∆𝐸𝑋𝐶(𝑡−𝑖) + ∑ 𝛽4

𝑛5
𝑖=1 ∆𝐶𝑂(𝑡−𝑖) + 𝛿0𝐹𝑃𝑡−1 +

 
29 The lag selection criterion will be chosen later, based on outcomes of the ARDL model.  
30 There is another one more model which is modified from the model one will be presented in 

chapter 4. This is to check for the sensitivity of the model one by palm oil price will be replace 

with domination value of the palm oil price towards the USD. This is mainly to check for the 

robustness of the model one.  
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𝛿1𝑃𝑂𝑡−1 + 𝛿2𝐼𝑃𝐼(𝑡−1)+ 𝛿3𝐸𝑋𝐶(𝑡−1) + 𝛿4𝐶𝑂(𝑡−1) +  𝜀𝑡 

  (25) 

 

∆𝐹𝑃𝑡 = 𝛼1 + ∑ 𝛽5∆𝐹𝑃𝑡−1
𝑛1
𝑖=1 + ∑ 𝛽6

𝑛2
𝑖=1 ∆𝐸𝑋𝐶(𝑡−𝑖) +

∑ 𝛽7
𝑛3
𝑖=1 ∆𝐶𝑂(𝑡−𝑖) + ∑ 𝛽8

𝑛4
𝑖=1 ∆𝐵𝑃𝑡−𝑖 + ∑ 𝛽9

𝑛5
𝑖=1 ∆𝐼𝑛𝑣(𝑡−𝑖) +

∑ 𝛽10
𝑛6
𝑖=1 ∆𝑃𝑜𝑙𝑖𝑐𝑦(𝑡−𝑖) + ∑ 𝛽11

𝑛7
𝑖=1 ∆𝑉𝑃(𝑡−𝑖) + 𝛿5𝐹𝑃𝑡−1 +

 𝛿6𝐸𝑋𝐶(𝑡−1) + 𝛿7𝐶𝑂(𝑡−1) + 𝛿8𝐵𝑃𝑡−1 +

𝛿9𝐼𝑛𝑣(𝑡−1)+ 𝛿10𝑙𝑛𝑃𝑜𝑙𝑖𝑐𝑦(𝑡−1) + 𝛿11𝑉𝑃(𝑡−1) +  𝜚𝑡   (26) 

 

Based on Eq. (25) and Eq. (26), ∆ is the first-difference operator; 𝑛1, 𝑛2, 𝑛3, 𝑛4, 

and 𝑛5 (Eq. 25) and  𝑛1, 𝑛2, 𝑛3, 𝑛4, 𝑛5, 𝑛6, and 𝑛7(Eq. 26) are the lag lengths; 𝛽0, 

𝛽1, 𝛽2, 𝛽3, and 𝛽4 (Eq. 25) and 𝛽5, 𝛽6, 𝛽7, 𝛽8, 𝛽9, 𝛽10, 𝛽11(Eq. 26)  represent the 

short-run dynamics of the model; 𝛿0, 𝛿1, 𝛿2, 𝛿3, and 𝛿4 (Eq. 25) and 𝛿5, 𝛿6, 𝛿7, 

𝛿8, 𝛿9 𝛿10, 𝛿11, and 𝛿12 (Eq. 26) represent the long-run relationship, respectively. 

𝜀𝑡 and 𝜚𝑡 is a white noise error term for Eq. (25) and Eq. (26), respectively.  

 

The F-test will be used to test the long-run cointegration relationship 

between the variables under study. The null and alternative hypotheses to test 

for the long-run relationship among the variables in model one are as follows: 

 

𝐻0: 𝛿0 = 𝛿1 = 𝛿2 = 𝛿3 = 𝛿4 = 0                (27) 

𝐻0: 𝛿0 ≠ 𝛿1 ≠ 𝛿2 ≠ 𝛿3 ≠ 𝛿4 ≠ 0                 (28) 

 

The null and alternative hypotheses to test for the long-run relationship among 

the variables in model three are as follows: 
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𝐻0: 𝛿5 = 𝛿6 = 𝛿7 = 𝛿8 = 𝛿9 = 𝛿10 = 𝛿11 = 𝛿12 = 0  (29) 

𝐻0: 𝛿5 ≠ 𝛿6 ≠ 𝛿7 ≠ 𝛿8 ≠ 𝛿9 ≠ 𝛿10 ≠ 𝛿11 ≠ 𝛿12 ≠ 0   (30) 

 

Accordingly, the computed F-test value generated by the OLS technique will be 

compared with the critical value in the table. By comparing, the null hypothesis 

(Eq. 27 and Eq. 29) will be rejected if the computed F-test value exceeds the 

critical value's upper bound. This rejection can conclude that there is a long-run 

relationship between the food price and the independent variables. On the other 

hand, non-rejection of the null hypothesis indicates no co-integration 

relationship among the variables. Another possibility is that the computed F-test 

may fall in lower and upper bound test critical values, concluding it inconclusive 

(Pesaran et al., 2001).  

 

Furthermore, the error correction factors are integrated into the ARDL 

model. Wang (2009) indicates that the error correction terms (𝐸𝐶𝑡) and lag 

difference terms can be used to test the model's short-term and long-term 

relationships. By recalling Eq. (25) and Eq. (26), the general error correction 

model (ECM) formulated is as follows: 

 

∆𝐹𝑃𝑡 = 𝛼0 + ∑ 𝛽0∆𝐹𝑃𝑡−1
𝑛1
𝑖=1 + ∑ 𝛽1

𝑛2
𝑖=1 ∆𝑃𝑂𝑡−𝑖 + ∑ 𝛽2

𝑛3
𝑖=1 ∆𝐼𝑃𝐼(𝑡−𝑖) +

∑ 𝛽3
𝑛4
𝑖=1 ∆𝐸𝑋𝐶(𝑡−𝑖) + ∑ 𝛽4

𝑛5
𝑖=1 ∆𝐶𝑂(𝑡−𝑖) +  𝜕𝐸𝐶𝑡 + 𝜇1𝑡 (31) 

 

∆𝐹𝑃𝑡 = 𝛼1 + ∑ 𝛽5∆𝐹𝑃𝑡−1
𝑛1
𝑖=1 + ∑ 𝛽6

𝑛3
𝑖=1 ∆𝐼𝑃𝐼(𝑡−𝑖) +

∑ 𝛽7
𝑛4
𝑖=1 ∆𝐸𝑋𝐶(𝑡−𝑖) + ∑ 𝛽8

𝑛5
𝑖=1 ∆𝐶𝑂(𝑡−𝑖) + ∑ 𝛽9

𝑛6
𝑖=1 ∆𝐵𝑃𝑡−𝑖 +



147 

 

∑ 𝛽10
𝑛7
𝑖=1 ∆𝐼𝑛𝑣(𝑡−𝑖) + ∑ 𝛽11

𝑛8
𝑖=1 ∆𝑃𝑜𝑙𝑖𝑐𝑦(𝑡−𝑖) +

∑ 𝛽12
𝑛9
𝑖=1 ∆𝑉𝑃(𝑡−𝑖)+ 𝜗𝐸𝐶𝑡 + 𝜇2𝑡                (32) 

 

Where 𝜕 and 𝜗 is the speeds of the adjustment parameter for Eq. (31) and Eq. 

(32), respectively. This parameter should be negative and statistically 

significant. It indicates how fast the current differences independent variable 

responds to the 𝐸𝐶𝑡  in disequilibrium in the previous period, which is derived 

from the estimated co-integration model of Eq. (25) and Eq. (26), respectively 

(Wang, 2009). 

 

3.4.3 Asymmetric Test [Non-linear Autoregressive Distributive Lag Bound 

Testing]. 

 

The role of the ARDL method is to measure the long and short-run 

cointegration relationship between the variables under study. However, this 

method ignores the asymmetric effect investigation in the model (Malik et al., 

2020). An asymmetric effect refers to a situation where the impact of a variable 

or an event on a time series is not the same for both positive and negative 

changes. In other words, the effect of an increase in the variable differs from that 

of a decrease in the same variable on the time series data. This is important for 

understanding the real-world dynamics of various economic and financial 

phenomena. This analysis is common in the financial markets, among economic 

indicators and commodity market volatility. Thus, the effect of asymmetric 

should not be ignored for the food price study of Malaysia as well. 

Understanding and modelling asymmetric effects in time series data is important 
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for accurate forecasting and decision-making. However, traditional linear 

models may not adequately address asymmetric effects. Therefore, more 

complex models such as GARCH models (Fathian et al., 2019), threshold 

models (Benito et al., 2023), and other nonlinear models are often employed to 

represent the data better. Accordingly, this study uses the non-linear ARDL 

(NARDL) method to understand the asymmetric linear relationship between the 

understudied variables.  

 

Thus, the NARDL test proposed by Shin et al. (2014) will be used to test 

for the asymmetric relationship between the variables under study. This method 

helps in achieving the second objective of this study. Studying the asymmetric 

effect in the model creates better insight and a deeper understanding of the 

relationship. There are several advantages of NARDL; for instance, similar to 

the ARDL model, the NARDL model does not require all variables to be 

integrated in the same order (Malik et al., 2020). Furthermore, NARDL models 

can be robust against misspecification of functional form assumptions (Nsor-

Ambala & Amewu, 2023). This makes them valuable when there is uncertainty 

about the exact nature of the relationship between variables. Finally, this method 

is flexible in dealing with data that does not conform to linear assumptions, 

which is common in economics and finance. 

 

Accordingly, NARDL is developed by considering an asymmetric long-

run regression as below:  

𝐹𝑃𝑡 = 𝛽1
+𝐼𝑃𝐼𝑡 + 𝛽1

−𝐼𝑃𝐼𝑡 + 𝛽2
+𝐸𝑋𝐶𝑡 + 𝛽2

−𝐸𝑋𝐶𝑡 + 𝛽3
+𝐶𝑂 + 𝛽3

−𝐶𝑂𝑡 +

𝛽4
+𝑃𝑂𝑡 + 𝛽4

−𝑃𝑂𝑡 + 𝜙𝑡      (33) 
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whereby industrial growth (𝑌𝑡), exchange rate (𝐸𝑋𝐶𝑡), crude oil price (𝐶𝑂𝑡) and 

palm oil price (𝑃𝑂𝑡), are decomposed as 𝐼𝑃𝐼𝑡 = 𝐼𝑃𝐼0 + 𝐼𝑃𝐼𝑡
+ + 𝐼𝑃𝐼𝑡

−, 𝐸𝑋𝐶𝑡 =

𝐸𝑋𝐶0 + 𝐸𝑋𝐶𝑡
+ + 𝐸𝑋𝐶𝑡

−, 𝐶𝑂𝑡 = 𝐶𝑂0 + 𝐶𝑂𝑡
+ + 𝐶𝑂𝑡

−, and 𝑃𝑂𝑡 = 𝑃𝑂0 + 𝑃𝑂𝑡
+ +

𝑃𝑂𝑡
−, respectively. The partial sum components of the asymmetric cointegration 

of each variable are as follows: 

 

𝐼𝑃𝐼𝑡
+ = ∑ ∆𝐼𝑃𝐼𝑗

+ =𝑡
𝑗=1 ∑ max(∆𝐼𝑃𝐼𝑗 , 0) ; 𝑡

𝑗=1 𝐼𝑃𝐼𝑡
− =

∑ ∆𝐼𝑃𝐼𝑗
− =𝑡

𝑗=1 ∑ max (∆𝐼𝑃𝐼𝑗, 0)𝑡
𝑗=1     (34) 

𝐸𝑋𝐶𝑡
+ = ∑ ∆𝐸𝑋𝐶𝑗

+ =𝑡
𝑗=1 ∑ max(∆𝐸𝑋𝐶𝑗, 0) ; 𝑡

𝑗=1 𝐸𝑋𝐶𝑡
− =

∑ ∆𝐸𝑋𝐶𝑗
− =𝑡

𝑗=1 ∑ max (∆𝐸𝑋𝐶𝑗, 0)𝑡
𝑗=1    (35) 

𝐶𝑂𝑡
+ = ∑ ∆𝐶𝑂𝑗

+ =𝑡
𝑗=1 ∑ max(∆𝐶𝑂𝑗, 0) ; 𝑡

𝑗=1 𝐶𝑂𝑡
− =

∑ ∆𝐶𝑂𝑗
− =𝑡

𝑗=1 ∑ max (∆𝐶𝑂𝑗, 0)𝑡
𝑗=1     (36) 

𝑃𝑂𝑡
+ = ∑ ∆𝑃𝑂𝑗

+ =𝑡
𝑗=1 ∑ max(∆𝑃𝑂𝑗, 0) ; 𝑡

𝑗=1 𝑃𝑂𝑡
− =

∑ ∆𝑃𝑂𝑗
− =𝑡

𝑗=1 ∑ max (∆𝑃𝑂𝑗, 0)𝑡
𝑗=1     (37) 

 

The positive and negative partial sums (Eq. 34-37) are incorporated into the 

linear ARDL model (recalled Eq. 25) to capture the short- and long-run 

asymmetric effect of the independent variables on the food price in Malaysia.  

 

∆𝐹𝑃𝑡 = 𝛼0 + 𝛽0𝐹𝑃𝑡−1 + 𝛽1𝐼𝑃𝐼𝑡−1
+ + 𝛽2𝐼𝑃𝐼𝑡−1

− + 𝛽3𝐸𝑋𝐶𝑡−1
+ +

𝛽4𝐸𝑋𝐶𝑡−1
− + 𝛽5𝐶𝑂𝑡−1

+ + 𝛽6𝐶𝑂𝑡−1
− + 𝛽7𝑃𝑂𝑡−1

+ + 𝛽8𝑃𝑂𝑡−1
− +

∑ 𝛿1∆𝐹𝑃𝑡−𝑖
𝑛1
𝑖=1 + ∑ 𝛿2

+𝑛2
𝑖=0 ∆𝐼𝑃𝐼𝑡−𝑖

+ + ∑ 𝛿3
−𝑛3

𝑖=0 ∆𝐼𝑃𝐼𝑡−𝑖
− +

∑ 𝛿4
+𝑛4

𝑖=0 ∆𝐸𝑋𝐶𝑡−𝑖
+ + ∑ 𝛿5

−5
𝑖=0 ∆𝐸𝑋𝐶𝑡−𝑖

− + ∑ 𝛿6
+𝑛6

𝑖=0 ∆𝐶𝑂𝑡−𝑖
+ +
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∑ 𝛿7
−𝑛7

𝑖=0 ∆𝐶𝑂𝑡−𝑖
− + ∑ 𝛿8

+𝑛8
𝑖=0 ∆𝑃𝑂𝑡−𝑖

+ + ∑ 𝛿9
−𝑛9

𝑖=0 ∆𝑃𝑂𝑡−𝑖
− + 𝜙𝑡 

        (38) 

 

Based on Eq. (38), 𝑛1, 𝑛2, 𝑛3, 𝑛4, 𝑛5, 𝑛6, 𝑛7, 𝑛8 and 𝑛9 are the lag orders. 

Besides, 𝛿1, 𝛿2, 𝛿3, 𝛿4, 𝛿5, 𝛿6, 𝛿7, 𝛿8, and 𝛿9 represent the short-run influence of 

increase and decrease of the industrial growth, exchange rate, crude oil price and 

palm oil price on the food price, respectively. Besides, 𝛽0, 𝛽1, 𝛽2, 𝛽3 𝛽4, 𝛽5, 𝛽6, 

𝛽7, 𝛽8 represent the long-run parameters. Based on Eq. (38), the cointegration 

among the variables will be captured using the bound test approach similar to 

the ARDL method discussed earlier.  

 

Furthermore, to check for the asymmetric short- and long-run effect of 

palm oil price, crude oil price, exchange rate and industrial growth on food price 

in Malaysia, the standard Wald test is used based on the assumption below: 

 

 Based on Eq. (38), short-run assumption: 

 𝐻0: (𝛿𝑖
(+)

= 𝛿𝑖
(−)

= 0); 𝑖 = 2, 3, 4, . . . . .9 absence of asymmetric,

          (39) 

𝐻1: (𝛿𝑖
(+)

≠ 𝛿𝑖
(−)

≠ 0); 𝑖 = 2, 3, 4, . . . . .9 presence of asymmetric

          (40) 

 

Based on Eq. (38), long run assumption: 

 𝐻0: (𝛽𝑖
(+)

= 𝛽𝑖
(−)

= 0); 𝑖 = 1, 2, 3, 4, . . . . .9 absence of asymmetric,

          (41) 
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𝐻1: (𝛽𝑖
(+)

≠ 𝛽𝑖
(−)

≠ 0); 𝑖 = 1, 2, 3, 4, . . . . .9 presence of asymmetric

          (42) 

 

The asymmetric effect in the short- and long-run is confirmed by the rejection 

of the null hypothesis, which is rejected when the calculated probability is 

greater than 10 per cent. This process will be tested for each of the independent 

variables under investigation. After the confirmation of the asymmetric 

cointegration relationship using the NARDL, the long-run and short-run 

asymmetries between the independent variables and food price can be explored 

in the final stage using the cumulative dynamic multipliers as follows: 

 

𝑚𝑌,ℎ
+ = ∑

𝜗𝐹𝑃𝑡+𝑗

𝜗𝐼𝑃𝐼𝑡
+

ℎ
𝑗=0  , and  𝑚𝑌,ℎ

− = ∑
𝜗𝐹𝑃𝑡+𝑗

𝜗𝐼𝑃𝐼𝑡
−

ℎ
𝑗=0  , whereby ℎ =

0,1,2, …… ..        (43) 

  

Based on Eq. (43), when ℎ →  ∞, then 𝑚𝑌,ℎ
+ → 𝜑𝑌+ and 𝑚𝑌,ℎ

− → 𝜑𝑌−, where 

𝜑𝑌+= 
−𝛽1

+

𝛽0
 and 𝜑𝑌−= 

−𝛽2
−

𝛽0
 are the positive and negative asymmetric long-run 

coefficients of industrial growth on Malaysia's food prices, respectively.  

 

𝑚𝐸𝑋𝐶,ℎ
+ = ∑

𝜗𝐹𝑃𝑡+𝑗

𝜗𝐸𝑋𝐶𝑡
+

ℎ
𝑗=0  , and  𝑚𝐸𝑋𝐶,ℎ

− = ∑
𝜗𝐹𝑃𝑡+𝑗

𝜗𝐸𝑋𝐶𝑡
−

ℎ
𝑗=0  , whereby ℎ =

0,1,2, …… ..        (44)
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Based on Eq. (44), when ℎ →  ∞, then 𝑚𝐸𝑋𝐶,ℎ
+ → 𝜑𝐸𝑋𝐶+  and 𝑚𝐸𝑋𝐶,ℎ

− → 𝜑𝐸𝑋𝐶− , 

where 𝜑𝐸𝑋𝐶+= 
−𝛽3

+

𝛽0
 and 𝜑𝐸𝑋𝐶−= 

−𝛽4
−

𝛽0
 are the positive and negative asymmetric 

long-run exchange rate coefficients on Malaysia's food prices, respectively.  

 

𝑚𝐶𝑂,ℎ
+ = ∑

𝜗𝐹𝑃𝑡+𝑗

𝜗𝐶𝑂𝑡
+

ℎ
𝑗=0  , and  𝑚𝐶𝑂,ℎ

− = ∑
𝜗𝐹𝑃𝑡+𝑗

𝜗𝐶𝑂𝑡
−

ℎ
𝑗=0  , whereby ℎ =

0,1,2, …… ..        (45) 

 

Based on Eq. (45), when ℎ →  ∞, then 𝑚𝐶𝑂,ℎ
+ → 𝜑𝐶𝑂+ and 𝑚𝐶𝑂,ℎ

− → 𝜑𝐶𝑂−, where 

𝜑𝐶𝑂+= 
−𝛽5

+

𝛽0
 and 𝜑𝐶𝑂−= 

−𝛽6
−

𝛽0
 are the positive and negative asymmetric long-run 

coefficients of crude oil price on Malaysia's food price, respectively.  

 

𝑚𝑃𝑂,ℎ
+ = ∑

𝜗𝐹𝑃𝑡+𝑗

𝜗𝑃𝑂𝑡
+

ℎ
𝑗=0  , and  𝑚𝑃𝑂,ℎ

− = ∑
𝜗𝐹𝑃𝑡+𝑗

𝜗𝑃𝑂𝑡
−

ℎ
𝑗=0  , whereby ℎ =

0,1,2, …… ..        (46) 

 

Based on Eq. (46), when ℎ →  ∞, then 𝑚𝑃𝑂,ℎ
+ → 𝜑𝑃𝑂+ and 𝑚𝑃𝑂,ℎ

− → 𝜑𝐶𝑂−, where 

𝜑𝑃𝑂+= 
−𝛽7

+

𝛽0
 and 𝜑𝑃𝑂−= 

−𝛽8
−

𝛽0
 are the positive and negative asymmetric long-run 

coefficients of palm oil prices on Malaysia's food prices, respectively.  

 

3.4.4 Diagnostic Testing for Model Stability and Validity 

 

After the Short- and long run analysis for the food price models 

proposed, the diagnostic testing should be further proceeded. This is to ensure 

the validity and reliability of the ARDL model. Thus, few diagnostic tests have 
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been conducted to assess its appropriateness and effectiveness in capturing the 

dynamics of the variables under investigation. Diagnostic tests play a crucial 

role in identifying potential issues or violations of model assumptions, allowing 

for a more robust and accurate interpretation of the results. In total, three 

diagnostic tests, i.e., autocorrelation, heteroscedasticity, and normality test, and 

one stability test, i.e., Cumulative Sum (CUSUM) and Cumulative Sum of 

Squares (CUSUMSQ) tests have been conducted to make sure the model is well 

fitted to be interpreted.  

 

At first, the autocorrelation test is a diagnostic tool employed to assess 

the presence of autocorrelation in the residuals of a time series model. 

Autocorrelation refers to the correlation between the residuals at different lags. 

In the context of time series analysis, the assumption is often that the residuals 

are independent and do not exhibit any systematic patterns over time. To conduct 

the autocorrelation test, the residuals from the estimated model are examined for 

any discernible correlation at different lag intervals. The absence of 

autocorrelation is crucial for the validity of the model, as the presence of 

systematic patterns in the residuals can lead to biased parameter estimates and 

inflated standard errors (Gaspard et al., 2019; Dormann, 2007). 

 

Addressing autocorrelation is important as it ensures that the model 

captures the underlying patterns in the data accurately, leading to more reliable 

and efficient parameter estimates. If autocorrelation is detected, corrective 

measures such as adjusting the model specification or incorporating lagged 

variables may be necessary to improve the model's performance and overall 
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validity (Gaspard et al., 2019). Following this, we conducted tests for serial 

correlation in the residuals, including the Breusch-Godfrey Lagrange Multiplier 

(LM) test.  

 

Following the autocorrelation test, the next diagnostic step involves 

conducting a heteroscedasticity test to assess the homogeneity of variance across 

observations. Homoscedasticity is a crucial assumption in regression analysis, 

signifying consistent variability in the residuals. To examine whether the 

variance of the residuals is constant across observations, the White's test is 

employed. This test is a statistical procedure that evaluates whether there are 

significant differences in the variances of the residuals. A rejection of the null 

hypothesis in White's test suggests the presence of heteroscedasticity, indicating 

that the variability of residuals varies across observations. Addressing 

heteroscedasticity is crucial for obtaining unbiased and efficient parameter 

estimates (Caudill & Jackson, 1993; Scott et al., 2000). Failure to account for 

varying variances in the residuals may lead to incorrect standard errors and, 

consequently, inaccurate hypothesis testing. By conducting the 

heteroscedasticity test, employing White's test, and implementing robust 

standard errors, we enhance the reliability and validity of our model, 

contributing to the overall robustness of the empirical findings. 

 

Next, the normality test will be conducted to check for the normality of 

residuals, which is a crucial assumption in regression analysis, as it plays a 

pivotal role in ensuring unbiased and efficient parameter estimation (Barker & 

Shaw, 2015; Ghasemi & Zahediasl, 2011). When residuals follow a normal 



155 

 

distribution, it implies that the errors or unobserved factors influencing the 

model are symmetrically and randomly distributed around zero. A normal 

distribution of residuals is essential for unbiased estimation because it indicates 

that, on average, the model's predictions are equally likely to overestimate or 

underestimate the actual values. This symmetry is fundamental for the accuracy 

of parameter estimates, contributing to the overall reliability of the model 

(Barker & Shaw, 2015). 

 

Efficient parameter estimation is facilitated when residuals are normally 

distributed. In a normal distribution, the majority of observations cluster around 

the mean, and extreme values are less likely. This characteristic allows for more 

precise and efficient estimation of the model parameters, leading to narrower 

confidence intervals and more reliable hypothesis testing. While normality is a 

desirable assumption, it is important to note that some regression models can 

tolerate departures from normality, especially with large sample sizes (Jarantow 

et al., 2023). In summary, the normality of residuals is a critical assumption that 

contributes to the unbiased and efficient estimation of model parameters, 

ultimately enhancing the overall statistical validity and reliability of the 

regression analysis. 

 

Lastly, in order to evaluate the temporal stability of our model, we 

implemented the Cumulative Sum (CUSUM) and Cumulative Sum of Squares 

(CUSUMSQ) tests. These statistical tools play a pivotal role in detecting 

structural breaks or shifts in the relationship between variables over the sample 

period (Bani-Mustafa et al., 2019). The CUSUM test involves the cumulative 
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summation of the estimated residuals or changes in parameter values. Large 

deviations from zero in the CUSUM graph can signal structural changes in the 

model. The CUSUMSQ test, an extension of the CUSUM test, incorporates the 

squares of these cumulative sums, providing additional sensitivity to subtle 

shifts in the data. 

 

Detecting structural breaks is crucial as it helps identify points in time 

where the relationship between variables undergoes significant changes. 

Structural breaks can result from various factors, such as policy interventions, 

economic shocks, or changes in underlying dynamics (Kapetanios & Tzavalis, 

2010). By employing the CUSUM and CUSUMSQ tests, we gain insights into 

the stability of the estimated coefficients and the overall integrity of the model 

over the entire sample period. A stable model is characterized by consistent and 

reliable parameter estimates that remain robust over time. Ensuring stability is 

essential for valid inference and reliable predictions, particularly in the presence 

of changing economic conditions. The use of CUSUM and CUSUMSQ tests 

enhances our ability to detect and account for structural breaks, contributing to 

the credibility and robustness of our empirical analysis. 

 

The results from these diagnostic tests collectively contribute to the 

reliability of our ARDL and NARDL models, assuring that the estimated 

coefficients are unbiased and efficient. Any identified issues were appropriately 

addressed, ensuring the validity and robustness of our empirical analysis. 
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3.4.5 Robustness Test: Dynamic Ordinary Least Squares (DOLS) and Fully 

Modified Ordinary Least Squares (FMOL) 

 

 In order to assess the robustness of the findings, a series of robustness 

tests are conducted to ensure the reliability and consistency of the results 

obtained in the primary analysis. These tests are crucial in validating the 

robustness of the food price model and confirming the stability of the key 

findings in the face of alternative specifications and methodologies. 

 

 Firstly, the sensitivity analysis is performed by varying key model 

parameters and assumptions to assess the impact on the primary results based on 

the food price model. For instance, the denomination value of palm oil price in 

terms of USD is used to replace the local palm oil price in models one and two. 

This conversion to USD provides a standardized benchmark that facilitates 

communication and transactions in the global palm oil market. Anyhow, the 

ARDL and NARDL models will be used similarly to models one and two. The 

main objective is to examine whether the primary conclusions of palm oil prices 

on food prices have remained consistent under different scenarios and 

parameterizations (Ibrahim, 2015). 

 

 Additionally, the study used the DOLS and FMOLS to perform 

alternative model specifications analysis to ARDL and NARDL (Olorogun, 

2023). Employing different econometric techniques and statistical models to 

examine the resilience of the results to different modelling approaches. This 

helped to ascertain the robustness of the primary findings and whether they are 
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sensitive to the specific modelling choices made in the primary analysis of food 

prices in Malaysia. The robustness tests not only confirmed the consistency of 

the primary findings but also provided additional insights into the reliability of 

the food price model. These tests contribute to the overall validity of the research 

and enhance the confidence in the robustness of the relationships identified in 

this study. 

 

 Accordingly, DOLS was used as one of the robustness test analyses. 

DOLS is an econometric technique designed to address issues related to non-

stationarity and endogeneity in time-series data. It is particularly valuable in 

estimating cointegrating relationships among variables, allowing for a more 

accurate representation of long-run dynamics (Kamalu & Ibrahim, 2021; 

Yshyaoui et al., 2019; Tursoy, 2019). This is well fitted for this study, which has 

combined I(0) and I(1) variables in the model. One key feature of DOLS is its 

ability to incorporate lagged values of variables, offering a dynamic perspective 

on the relationships under investigation. This is especially beneficial when 

dealing with economic time series data where variables may exhibit persistence 

over time (Merlin & Chen, 2021). The inclusion of lagged terms allows DOLS 

to capture the evolving nature of relationships, providing a more nuanced 

understanding of the underlying economic mechanisms. 

 

 While the ARDL model effectively addresses endogeneity concerns and 

captures both short- and long-run dynamics, incorporating DOLS as a 

supplementary analysis provides a complementary approach. This is essential 

for obtaining unbiased and efficient parameter estimates in the presence of 
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correlated errors (Hamit-Haggar, 2012). DOLS is particularly advantageous in 

situations where variables are cointegrated, implying a stable long-term 

relationship. By estimating the cointegrating vector consistently, DOLS allows 

researchers to uncover the equilibrium relationships among variables, offering 

valuable insights into their long-run dynamics (Othman & Masih, 2015; Tugcu, 

2018). Utilizing both ARDL and DOLS ensures the consistency of the results 

and strengthens the overall validity of the econometric approach. 

 

 Similar to DOLS, the FMOLS is an advanced econometric technique 

specifically designed to handle the challenges associated with non-stationary 

time-series data. The ARDL model inherently addresses potential endogeneity 

issues and captures the short- and long-run dynamics among the variables. 

However, to fortify the primary results on food price, the FMOLS is 

implemented, which extends the analysis by considering additional factors such 

as the endogeneity of regressors and cointegration. FMOLS extends the 

Ordinary Least Squares (OLS) method by incorporating the lagged levels of 

variables in the model. This allows FMOLS to capture the evolving nature of 

economic relationships over time, providing a more accurate representation of 

the underlying dynamics (Philips & Hansen, 1990). The inclusion of lagged 

terms is especially crucial when dealing with persistent time-series data, where 

the history of variables influences their current values. 

 

 One of the key advantages of FMOLS is its ability to estimate the 

cointegrating vector consistently. This is important when studying variables that 

are cointegrated, indicating a long-term equilibrium relationship (Himansu, 
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2007; Pedroni, 2000). By ensuring the consistent estimation of the cointegrating 

vector, FMOLS helps researchers uncover the stable long-term relationships 

among variables, contributing to a more comprehensive understanding of 

economic phenomena. Moreover, FMOLS addresses endogeneity concerns by 

transforming the model in a way that the estimated coefficients remain 

consistent in the presence of correlated errors (Olorogun, 2023; Rukhsana & 

Shahbaz, 2008). This feature enhances the reliability of parameter estimates, 

making FMOLS a valuable tool for researchers dealing with potentially 

endogenous variables. This dual-method approach not only ensures the 

robustness of our primary ARDL model but also enriches the depth of our 

analysis, providing a more comprehensive perspective on the economic 

relationships under investigation. 

 

3.4.6  Non-Granger Causality Test (Toda Yamamoto Procedure) 

 

 After the long-run relationship had been identified, the Toda Yamamoto 

causality test was used to investigate the causal relationships among the 

variables. This is because the co-integration test can only detect the long-run 

relationship, not the direction of causality (Ozturk & Acaravci, 2010). 

According to Engle and Granger (1987), the basic concept of Granger Causality 

is if the past value of 𝑋𝑡 can predict the 𝑌𝑡 value, which is defined as 𝑋𝑡 Granger 

cause 𝑌𝑡 or 𝑌𝑡 can Granger cause the future value of 𝑋𝑡. The null hypothesis of 

the Granger causality test is that 𝑋𝑡 does not Granger cause 𝑌𝑡 and vice versa. 
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 New advances in econometrics offer the error correction model (because 

of Engle & Granger, 1987) and the vector autoregression error-correction model 

(because of Johansen & Jesulius, 1990) as options for testing non-causality 

between economic time series. Shockingly, these tests are lumbering and 

delicate to the ideas of the aggravation parameters in limited samples and in this 

way, their results are problematic (Toda & Yamamoto, 1995; Zapata & 

Rambaldi, 1997). Due to this reason, Toda and Yamamoto (1995) proposed a 

basic methodology obliging the estimation of an ‘augmented’ VAR when there 

is co-integration, which ensures the asymptotic dissemination of the MWald 

statistic. The advantage of this procedure is that the co-integration test is not 

essential, and transforming VAR into ECM is unnecessary. It makes the Granger 

causality tests easier by building into a Seemingly Unrelated Regression (SUR), 

as proven by Rambaldi and Doren (1996) in the previous study. Thus, the SUR 

form for model one can be written as below: 

 

[
 
 
 
 
𝐹𝑃𝑡

𝐶𝑂𝑡

𝑌𝑡

𝐸𝑋𝐶𝑡

𝑃𝑂𝑡 ]
 
 
 
 

= 𝐴0 + 𝐴1

[
 
 
 
 
𝐹𝑃𝑡−1

𝐶𝑂𝑡−1

𝑌𝑡−1

𝐸𝑋𝐶𝑡−1

𝑃𝑂𝑡−1 ]
 
 
 
 

+. . . +𝐴𝑘

[
 
 
 
 
𝐹𝑃𝑡−𝑘

𝐶𝑂𝑡−𝑘

𝑌𝑡−𝑘

𝐸𝑋𝐶𝑡−𝑘

𝑃𝑂𝑡−𝑘 ]
 
 
 
 

+ 𝐴𝑘+1

[
 
 
 
 
𝐹𝑃𝑡−𝑘−1

𝐶𝑂𝑡−𝑘−1

𝑌𝑡−𝑘−1

𝐸𝑋𝐶𝑡−𝑘−1

𝑃𝑂𝑡−𝑘−1 ]
 
 
 
 

+

⋯+ 𝐴𝑘+𝑑

[
 
 
 
 
𝐹𝑃𝑡−𝑘−𝑑

𝐶𝑂𝑡−𝑘−𝑑

𝑌𝑡−𝑘−𝑑

𝐸𝑋𝐶𝑡−𝑘−𝑑

𝑃𝑂𝑡−𝑘−𝑑 ]
 
 
 
 

                 (47) 

 

Accordingly, the SUR form for model three can be written as below: 
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[
 
 
 
 
 
 
 
 

𝐹𝑃𝑡

𝐶𝑂𝑡

𝑌𝑡

𝐸𝑋𝐶𝑡

𝑃𝑂𝑡

𝐵𝑃𝑡

𝐼𝑛𝑣𝑡

𝑃𝑜𝑙𝑖𝑐𝑦𝑡

𝑉𝑃𝑡 ]
 
 
 
 
 
 
 
 

= 𝐴0 + 𝐴1

[
 
 
 
 
 
 
 
 

𝐹𝑃𝑡−1

𝐶𝑂𝑡−1

𝑌𝑡−1

𝐸𝑋𝐶𝑡−1

𝑃𝑂𝑡−1

𝐵𝑃𝑡−1

𝐼𝑛𝑣𝑡−1

𝑃𝑜𝑙𝑖𝑐𝑦𝑡−1

𝑉𝑃𝑡−1 ]
 
 
 
 
 
 
 
 

+. . . +𝐴𝑘

[
 
 
 
 
 
 
 
 

𝐹𝑃𝑡−𝑘

𝐶𝑂𝑡−𝑘

𝑌𝑡−𝑘

𝐸𝑋𝐶𝑡−𝑘

𝑃𝑂𝑡−𝑘

𝐵𝑃𝑡−𝑘

𝐼𝑛𝑣𝑡−𝑘

𝑃𝑜𝑙𝑖𝑐𝑦𝑡−𝑘

𝑉𝑃𝑡−𝑘 ]
 
 
 
 
 
 
 
 

+

𝐴𝑘+1

[
 
 
 
 
 
 
 
 

𝐹𝑃𝑡−𝑘−1

𝐶𝑂𝑡−𝑘−1

𝑌𝑡−𝑘−1

𝐸𝑋𝐶𝑡−𝑘−1

𝑃𝑂𝑡−𝑘−1

𝐵𝑃𝑡−𝑘−1

𝐼𝑛𝑣𝑡−𝑘−1

𝑃𝑜𝑙𝑖𝑐𝑦𝑡−𝑘−1

𝑉𝑃𝑡−𝑘−1 ]
 
 
 
 
 
 
 
 

+ ⋯+ 𝐴𝑘+𝑑

[
 
 
 
 
 
 
 
 

𝐹𝑃𝑡−𝑘−𝑑

𝐶𝑂𝑡−𝑘−𝑑

𝑌𝑡−𝑘−𝑑

𝐸𝑋𝐶𝑡−𝑘−𝑑

𝑃𝑂𝑡−𝑘−𝑑

𝐵𝑃𝑡−𝑘−𝑑

𝐼𝑛𝑣𝑡−𝑘−𝑑

𝑃𝑜𝑙𝑖𝑐𝑦𝑡−𝑘−𝑑

𝑉𝑃𝑡−𝑘−𝑑 ]
 
 
 
 
 
 
 
 

     (48) 

 

Eq. (47) and Eq. (48) represent the variables investigated in this study. 𝑘 is the 

optimum lag length, and 𝑑 represents the order of integration of the variable. 

SUR form in Eq. (47) and Eq. (48) can identify the causality relationship among 

any two variables. Let's say we want to see if food price affects the price of palm 

oil. The null hypothesis with the chi-square statistics is as below: 

 

𝐻0: 𝛿1
(1 2)

= 𝛿2
(1 2)

= ⋯ = 𝛿𝑘
(1 2)

= 0     (49) 

 

where 𝛿(1 2) are the coefficients of food price. If the null hypothesis is rejected, 

then a one-way causality effect exists from food prices towards palm oil prices.  

The alternative hypothesis test reverses the precise direction as below: 

 

𝐻0: 𝛿1
(2  1)

= 𝛿2
(2  1)

= ⋯ = 𝛿𝑘
(2  1)

= 0    (50) 
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where 𝛿(2 1) are the coefficients of palm oil prices. If the hypothesis is rejected, 

it shows two-way causality among the variables. Everything one needs to do is 

to focus on the maximal integration 𝑑max, which hopes to happen in the model 

and build a VAR in their levels with a sum of (𝑘 + dmax) lags. Toda and 

Yamamoto call attention to the fact that, for 𝑑=1, the lag selection process is 

continuously valid, at least asymptotically; subsequently, 𝑘> =1= 𝑑. If 𝑑=2, then 

the procedure is valid unless 𝑘=1. Furthermore, according to Toda and 

Yamamoto, the MWald statistic is valid regardless of whether a series is I(0), 

I(1) or I(2), non-co-integrated or co-integrated of a random order.  

 

3.4.7 Impulse Response Function (IRF) and Forecast Error Variance 

Decomposition (FEVD). 

 

The Impulse Response Function emerges as a powerful analytical tool, 

providing a nuanced understanding of dynamic system responses to shocks, 

particularly within the framework of VAR. In contrast to cointegration tests that 

focus on establishing long-run equilibrium relationships, IRF stands out for its 

capability to unravel the intricate ways in which variables respond to shocks, 

offering invaluable insights into both short and long-term dynamics (Usman et 

al., 2022). Abed et al. (2016) emphasized that IRF enhances the predictive 

capacity of a time series system. This test is very important to achieve the last 

objective of this study.  

 

The incorporation of IRF analysis into this study is justified by its 

multifaceted advantages. Firstly, its ability to visually represent the short and 
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long-term effects of shocks proves instrumental, facilitating clear 

communication of results to both technical and non-technical audiences. 

Secondly, the role of IRF extends beyond visualization; it serves as a crucial tool 

for unravelling causal relationships between variables, thus reinforcing the 

robustness of the earlier proposed Toda-Yamamoto analysis (Uddin, 2023). 

Lastly, its dynamic nature empowers researchers and policymakers with 

forecasting capabilities, simulating the potential impacts of future shocks. Duasa 

(2007) underscores the significance of IRF in tracing directional responses to 

standard deviation shocks, enriching the understanding of the variables under 

scrutiny. 

 

With the aim of the study in addressing the sustainable growth in the 

palm oil industry, environment, economics and food, the application of IRF in 

observing the persistence and directional impact of these variables on food 

prices in Malaysia assumes paramount importance. IRF's capacity to assess 

forecasting performance becomes a cornerstone and is able to provide valuable 

insight into the scope of shaping sustainable policy under this study (Uddin, 

2023). IRF analysis not only provides insights but also empowers researchers 

and policymakers to craft effective responses by comprehending how changes 

in one variable reverberate across the system. For instance, it is assessing the 

impact of a policy shock, such as a heightened blended mandate in transportation 

and industry, on food prices, or gauging the long-term efficacy of policies, IRFs 

serve as invaluable guides.  
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Furthermore, this analysis aids in predicting potential unintended 

consequences, allowing policymakers to design interventions with foresight, 

steering clear of short-sighted solutions with negative long-term repercussions. 

This can create a situation whereby sustainable policies under palm oil industries 

and the food market can be developed without harming any parties. The intricate 

understanding of dynamic interactions facilitated by IRFs informs a strategic 

approach to policy sequencing, crucial for achieving enduring sustainability 

goals in the bioenergy model in Malaysia31. 

 

Forecast Error Variance Decomposition (FEVD) serves as a pivotal 

component in structural analysis, providing a robust method to gauge the 

resilience of a model against shocks. Employing Cholesky decomposition, this 

analysis dissects the strength of shocks within the overall model, shedding light 

on the percentage of forecast error attributed to specific shocks over time. In 

essence, it reveals the extent to which the variability in a dependent variable is 

driven by its shocks in comparison to those of other variables. In the context of 

Malaysia's economic landscape, the significance of FEVD is particularly 

highlighted as it delves into the repercussions of sudden fluctuations caused by 

supply and demand constraints, policy influences, and monetary policy shocks 

on food prices. This analysis not only discerns the nuanced reactions of variables 

within the model but also quantifies their contributions to forecast errors. 

 
31 Usman et al., (2022) study the Effects of domestic material consumption, renewable energy, 

and financial development on environmental sustainability using the IRF. Based on the findings 

sustainable consumption and production is suggestion as policy insight for EU countries. 

Furthermore, study of Zhang and An (2018) proposed a sustainable policy to enforce innovations 

in the energy production process in Shanxi to manage the industrial pollution using the IRF as 

main method in their analysis. 
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The inherent advantage of FEVD lies in its ability to elucidate how 

variables respond to distinct shocks, especially those related to the complex 

interplay of supply and demand dynamics, policy interventions, and monetary 

influences on food prices in Malaysia. Beyond this, FEVD emerges as an 

invaluable tool for policy analysis and risk assessment, providing a roadmap for 

policymakers to craft sustainable policies that safeguard economic interests 

without unduly harming any sector. This analytical approach proves 

indispensable in the examination of the impact of palm oil prices, industrial 

growth, and biodiesel demand on the fluctuation of food prices in Malaysia. By 

undertaking such a meticulous analysis, one can unravel the intricate web of 

influences and determine the extent to which these variables contribute to the 

fluctuations in food prices, offering crucial insights for informed decision-

making and the formulation of effective, sustainable economic strategies. 

 

 

3.5 Data Description 

 

This section will discuss the dataset used to represent the variables in the 

model. Table 3.1 shows the list of data sets that are used in this study. The 

frequency of the monthly data collected from 2013 (January) until 2022 (May). 

The time frame is selected based on the availability of the data32. Accordingly, 

113 observations will be available for each series. The data used in this study 

 
32 The MPOB only able to supply the data of biodiesel price from 2013 only. Due to this the 

starting point of the data is fix at 2013 January.  
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were sourced from a range of official and reliable government and institutional 

sources to ensure accuracy, consistency, and credibility. The food price index 

(FP) is collected from the DOSM, which is a primary source of the national 

economy. This index represents Malaysia's food prices. The food price index in 

Malaysia measures the average change over time in the prices of a basket of food 

and non-alcoholic beverage items purchased by Malaysian households. The food 

price index is calculated using the Laspeyres formula, a weighted average price 

index. The formula's weights are based on Malaysian households' expenditure 

patterns on food and non-alcoholic beverages in a base year. The base year for 

the Malaysian food price index in this study is set at 2010.  

 

Furthermore, for the palm oil price and biodiesel price (export price), 

data is gathered from the MPOB which is the main agency in charge of palm oil 

and biodiesel in Malaysia. Both variables are measured in MYR million. The 

palm oil price is the average price of crude palm oil (PO) traded in Malaysia on 

a given day. The MPOB calculates it based on the prices of PO transactions 

reported to the MPOB by licensed traders. The CPO is updated on the MPOB 

website daily. At the same time, the average price of biodiesel exports from 

Malaysia is calculated by the MPOB based on the prices of biodiesel 

transactions reported to the MPOB by licensed exporters. This is updated on the 

MPOB webpage daily as well.  

 

The data on the control variables, such as crude oil price and real 

exchange rate (MYR/USD), is gathered from the World Bank database and 

Refinitiv, respectively. The Brent crude oil price was used as the representative 
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measure of international oil prices which is measured based on US Dollars per 

Metric Tonne. Brent is used as the global pricing benchmark and is relevant for 

Malaysia’s fuel pricing structure and international trade (Ministry of Finance 

Malaysia, 2022). The real exchange rate used in this study for better 

comparability with the FPI and better reflects the impact of trade on the economy 

(Ekanayake & Dissanayake, 2022). The real exchange rate (EXC) of Malaysia 

is the ratio of the nominal exchange rate to the price level differential between 

Malaysia and its trading partners. It measures the Malaysian ringgit (MYR)'s 

purchasing power relative to its trading partners' currencies. The EXC is 

calculated using the following formula: 

 

𝐸𝑋𝐶 = 𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒 x (
𝑃𝑟𝑖𝑐𝑒 𝑙𝑒𝑣𝑒𝑙 𝑖𝑛 𝑀𝑎𝑙𝑎𝑦𝑠𝑖𝑎

𝑃𝑟𝑖𝑐𝑒 𝑙𝑒𝑣𝑒𝑙 𝑖𝑛 𝑡𝑟𝑎𝑑𝑖𝑛𝑔 𝑝𝑎𝑟𝑡𝑛𝑒𝑟𝑠
)()/

          (47) 

 

Next, the Industrial production index (IPI) is gathered from the DOSM, 

representing the effect of income in this study. IPI is measured based on the 

volume of industrial production in Malaysia using the weighted average of 

producing a basket of industrial products. IPI is calculated using the following 

formula: 

 

𝐼𝑃𝐼 =  
𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠∗∗

𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑏𝑎𝑠𝑒 𝑦𝑒𝑎𝑟
 x 100 (48) 

** The weights used in the formula are based on the importance of each 

industrial product to the Malaysian economy. 
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The IPI is an important economic indicator because it can be used to 

track the manufacturing sector's performance, a significant contributor to the 

Malaysian economy. A rising IPI indicates that the manufacturing sector is 

growing, while a falling IPI indicates that the manufacturing sector is shrinking. 

Thus, it justifies the usage of IPI in this study to capture the income effect 

(similar to Yang et al., 2023), and the base year was fixed in 2010. 

 

Investment in the biodiesel industry is one of the demand factors for 

biodiesel. However, the exact investment data is limited and unavailable in 

Malaysia. Accordingly, to capture the effect of biodiesel investment, the 

production level of biodiesel in Malaysia is used (Noriega & Narvaez, 2020; 

Mohd & Mohd, 2019; Budi & Agus, 2018). Production is a measure of the 

output of a firm, and it is assumed that investment will lead to increased 

production (Noriega & Narvaez, 2020). The data on biodiesel production is 

gathered from the MPOB and measured in metric tonnes.  

 

Besides, the monthly number of newly registered diesel vehicles in 

Malaysia is gathered from the Road and Transport Department of Malaysia 

(JPJ). The data is converted into cumulative value to capture the overall vehicle 

population on the road. Later on, the data is converted into the index, based year 

2010, for comparability purposes. It is acknowledged that this cumulative proxy 

may overstate the actual number of active vehicles on the road, as data on vehicle 

de-registration or inactivity is not publicly available. Despite this limitation, the 

approach provides a useful approximation of biodiesel-related transport demand 

trends in Malaysia. 
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Lastly, the biofuel policy is captured using the blended mandate 

requirement implemented in Malaysia. The dummy effect represents the effect 

of the Blended mandate (B7) on the food price. A dummy variable is a binary 

variable that takes on a value of 1 if a particular condition is met and zero if it is 

not. In policy analysis, a dummy variable can represent the presence or absence 

of a policy intervention (Bevilacqua et al., 2023; Borozan & Cipcic, 2022). The 

period covered for the B7 implementation is from 2015 (January) to 2018 

(December) based on the report from the USDA Foreign Agricultural Service, 

Biofuel Annual Report (2020).  

 

In this analysis, the choice to represent variables as index values, 

normalized to a 0 to 100 scale, is driven by the necessity to create a unitless 

framework that facilitates visual comparison across diverse data sets. This 

approach aligns with the study’s primary objective of examining the influence 

of the selected independent variables on the FPI, which serves as the dependent 

variable. This is common practice in food price studies (Norazman et al., 2018; 

Shrestha et al., 2019; Al-Rousan et al., 2024). Utilizing index values allows for 

the integration of disparate data types, which originally vary in units and scales, 

into a cohesive analysis. This is particularly critical given the diverse nature of 

the independent variables involved. By transforming these variables into relative 

values, we normalize the data, thereby enabling a direct comparison of relative 

changes over time. Such a transformation is crucial for maintaining consistency 

in visual data comparisons and enhancing the interpretability of the economic 

relationships under study. 
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Moreover, indexing simplifies the comparison of economic indicators 

across different periods or datasets. It converts absolute values into a relative 

scale, which is particularly useful in economic analyses where understanding 

growth rates and proportional changes is essential. This method provides a clear, 

intuitive means of assessing economic trends without the complications 

introduced by varying units of measurement. Additionally, the use of index 

values circumvents the complexities associated with logarithmic 

transformations, especially when dealing with dummy variables. Logarithmic 

transformations, while useful in certain contexts, can complicate the 

interpretation of results when dummy variables are included. This is because the 

logarithm of zero (often representing the absence of a condition in dummy 

variables) is undefined, which can lead to analytical difficulties (Young & 

Young, 1975). 

 

Supporting the selected methodology, Banerjee et al. (2008) suggest that 

indexing may be more appropriate in scenarios where understanding relative 

changes is paramount. Given that the primary aim of this study is to explore 

relative changes and their impacts, the indexing method is not only suitable but 

essential. It provides a robust framework for analyzing how shifts in the 

independent variables influence the FPI, thereby offering valuable insights into 

economic dynamics. A standard Min-Max scaling formula method is used to 

normalise the variables’ scaling, following Shrestha et al., (2019). The Min-Max 

formula is as follows: 
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𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑖𝑛𝑑𝑒𝑥 𝑣𝑎𝑙𝑢𝑒 =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒−𝑀𝑖𝑛.  𝑣𝑎𝑙𝑢𝑒

𝑀𝑎𝑥.  𝑣𝑎𝑙𝑢𝑒−𝑀𝑖𝑛.  𝑣𝑎𝑙𝑢𝑒
 x 100   (49) 

 

Based on the normalization model in Eq. (49), all the variables in this 

study have been converted into an index for comparability except the variables 

which are already in index form, such as FPI, IPI, and real exchange rate. This 

crucial step contributes to the model's stability, accuracy, and interpretability, 

ensuring that the model is better equipped to handle variables with different units 

and scales. Thus, Table 3.1 summarises the variables used in the study. 

 

Table 53.1: List of Variables in Details 

Variables Unit measurement Source 

• Food Price (FP) Food Price Index 

(2010=100) 

Department of Statistics 

Malaysia 

• Palm oil price (PO) MYR Million Economic and Industry 

Development Division, 

Malaysian Palm Oil Board 

(MPOB). 

  

• Investment in the 

biodiesel industry 

(INV) 

Metric Tonnes Ministry of International 

Trade and Industry 

• Numbers of 

registered diesel 

vehicles on the 

road (VP) 

Number of active 

vehicles on the road 

(diesel vehicles). 

Road and Transport 

Department of Malaysia 

(JPJ) 

• Price of Biodiesel 

(BP) 

Export value of the 

biodiesel (MYR 

million). 

MPOB 

• Biofuel Blended 

Mandate (Policy) 

Dummy 1 (blend 

mandate B7). 

USDA Foreign 

Agricultural Service, 

Biofuel Annual Report, 

2020 

• Industrial 

production (IPI) 

Industrial Production 

Index (2010=100) 

Department of Statistics 

Malaysia 

• Price of Crude Oil 

(CO) 

US Dollars per Metric 

Tonnes (Brent Oil 

Price) 

World Bank Database 

• Real Exchange 

Rate (EXC) 

MYR/USD (2010=100) Refinitiv Database 
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CHAPTER FOUR 

 

FINDINGS AND INTERPRETATIONS 

 

 

4.1 Introduction 

 

This chapter presents the empirical findings and detailed interpretations 

of the results. There will be nine sections in this chapter. The first section 

(current section) is the introduction of this chapter. Followed by section 4.2 

represents the results of descriptive statistics and the correlation analysis results. 

This section helps understand the nature of the study’s secondary data, followed 

by unit root test results in section 4.3. The motif of this section is to confirm the 

stationary of the variables. The following sections will discuss the bound testing 

results (in section 4.4) and short- and long-run relationships (in section 4.5) 

among the variables understudied for models one and three.  

 

Accordingly, section 4.6 will present the findings on asymmetric results 

for model two. A detailed discussion of the short- and long-run asymmetric and 

symmetric effects of the selected variables on food prices will be discussed in 

this section. Subsequent, section 4.7 presents a robustness test for all three 

models. Next, under section 4.8, the granger causality test results, followed by 

impulse response function and variance decomposition analysis results in 

section 4.9. The final sections of the chapter represent the concluding remarks.  
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4.2 Descriptive Statistics and the Correlation Test Results 

 

The descriptive statistics and the correlation test among the variables 

understudied are presented in Table 4.1. The role of descriptive statistics is to 

show the data summary and the variables' statistical behaviour. Thus, before 

estimating the model for the food price in Malaysia, the summary of statistics 

for all the variables used in the food price model will be described in this section. 

Table 4.1 is divided into two panels, i.e., panel A to demonstrate the descriptive 

statistics analysis results and panel B to present the correlation analysis results.  

  

 The descriptive statistic results are presented in Panel A. The mean value 

of food price in Malaysia is 126.76, whereby the minimum value and maximum 

value for the food price are 109.90 and 143.40, respectively. The data shows that 

the gap between the mean, minimum, and maximum values is not huge. This is 

mainly due to the food price index in Malaysia showing consistent gradual 

increments in the price level, and there are no higher fluctuations or structural 

breaks in the dataset for the period covered by this study33. Interestingly, 

Malaysia's economic shutdown in 2010 due to the pandemic did not create a 

considerable break in the food price data series, which is evidenced by the study 

of Ibrahim (2015). This could be due to proper government policy management, 

such as subsidy allocation for food and cooking oil in controlling Malaysia's 

food prices (Ibrahim, 2015). As a result, the standard deviation value seems 

small, i.e., 9.07.  

 
33 Structural break analysis has been conducted and found there is not any significant structural 

break in the food price index of Malaysia for the period understudied.  
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At the same time, Malaysia’s industrial growth and exchange rate have 

a more minor standard deviation than food prices. The industrial growth 

standard deviation is 11.17, given that the mean value is 127.51 and the 

minimum and maximum values are 100.46 and 153.32, respectively. The 

exchange rate mean value is 88.90; the minimum (81.70) and maximum 

(103.45) values are very near the mean value. This led to the standard deviation 

value of the exchange rate tending to be the lowest, i.e., 5.72, among other 

variables in the study34. This is reasonable due to Malaysia having low 

variability or volatility in the exchange rate. This is mainly due to the Central 

Bank's intervention in controlling and stabilising the exchange rate by buying 

and selling the MYR in the foreign exchange market (Bank Negara Malaysia, 

2021). This shows evidence of Malaysia’s solid industrial growth and stable 

economic progress for the period covered by this study.    

 

 On the other hand, crude oil’s average price is 61.39, and the maximum 

and minimum values are 100.00 and 18.50. The gap between the mean value and 

the maximum value is small. However, there is a considerable gap in the 

minimum value. This dataset makes the standard deviation big, i.e., 21.76. the 

same data structure can be observed for Malaysia’s palm oil and biodiesel prices. 

The standard deviation value for palm oil and biodiesel prices is 15.37 and 14.03, 

respectively. This indicates that the dataset has a high spread as well. This could 

be due to the global crude oil price fluctuation due to various factors and 

incidents. Accordingly, the similar trend between crude oil prices and palm oil 

 
34 The biofuel policy shows the lowest standard deviation value i.e., 0.50. However, the biofuel 

policy in this study is captured using the dummy variable. This led to the smaller standard 

deviation value whereby exchange rate is represent the real statistical values. Thus, the standard 

deviation of biofuel policy is not considered as lowest in this situation.  
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prices due to the “financialisation of commodities” whereby the commodity 

market and energy market are highly associated with each other, as proven by 

studies such as Natoli (2021), Nazlioglu and Soytas (2011), Harri, Nally and 

Hudson (2009). 

   

The average investment value in the biodiesel industry is 69.43, with a 

minimum value of 34.93 and a maximum value of 100.00. The standard 

deviation value is 15.29. The high standard deviation in the investment in the 

biodiesel industry could be due to the instability among the investors in the 

biodiesel industry in Malaysia because this industry is still young, and the 

potential growth of the biodiesel industry in Malaysia is still not stressed well. 

Next, the vehicle population shows the highest standard deviation, i.e., 29.13. 

This is the highest standard deviation value among all the series. This is due to 

the minimum value for the vehicle population in Malaysia having dramatic drops 

to a minimum of 0.98 during the COVID-19 lockdown period due to the 

enormous impact of the transportation sector due to the economic shutdown. 

Lastly, the biodiesel policy is captured using the blended mandate requirement, 

which covers a certain period of the overall sample period. This effect is 

captured using the dummy variable, so there is not much variation in the dataset 

of biodiesel policy. To summarise, all the variables’ understudies had lower 

standard deviations compared to the mean value for the period covered by this 

study. This indicates that the observations seem to be normally distributed.  

 

 Besides, Panel B in Table 4.1 presents the correlation test results among 

the variables understudied. Correlation analysis shows the association of the 
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variables understudied to each other. Since the disaggregated data has been used 

to capture the biodiesel demand effect in the model, it is essential to ensure the 

variables are not highly correlated to avoid unnecessary statistical issues in the 

regressions. Accordingly, Table 4.1 shows that most variables are not highly 

correlated (< 80%) with independent variables in the models. However, 

biodiesel and palm oil prices have a strong positive correlation, i.e., 89.08 per 

cent. This high positive correlation is due to biodiesel production, one of the 

palm oil industry’s downstream activities. Thus, the price fluctuation will 

positively influence the product’s price in both industries. Another high positive 

correlation is found between industrial growth and the diesel vehicle population 

on the road, which is reported at 88.43 per cent. This high correlation is 

reasonable since logistics is an essential segment of industrial growth. Industrial 

activities will also increase transportation (Ina et al., 2022).  

 

Next, followed by a moderate correlation from the exchange rate towards 

industrial growth (-69.55%), crude oil (66.89%), and vehicle population (-

61.27). This indicates the strong influence of the Malaysian currency’s value on 

the economic activities of Malaysia. The remaining variables correlating less 

than 60 per cent can be considered low. Hence, the variance inflation factor 

(VIF) value has been estimated to validate the multicollinearity issue among the 

independent variables. The VIF value for the crude oil price is 4.8022; the 

exchange rate is 9.1219; industrial growth is 5.9680; palm oil price is 13.0888; 

biodiesel price is 9.6046; biofuel policy is 2.6046; vehicle population is 13.3295; 

and finally, investment in biodiesel industry is 1.1213. The results indicate that 

there is a severe multicollinearity issue among some variables. This is because 
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the VIF value for vehicle population and palm oil price seems higher than 10, 

indicating multicollinearity among the variables (Vu & Agalgaonkar, 2015). 

 

 Serious multicollinearity issues exist when the model’s selected 

independent variables are highly correlated. Even though the model with serious 

multicollinearity does not affect its coefficient estimation, it will overestimate 

the standard error, contributing to a significant P-value (Wooldridge, 2012; 

Bento & Moutinho, 2016). Thus, this issue can be minimised using the ARDL 

model (Koop, 2009; Bento & Moutinho, 2016). According to Bento and 

Moutinho (2016), including sufficient lags in the dependent and independent 

variables in the modelling approach minimised the multicollinearity issue in the 

model. Thus, this justified the adoption of the ARDL model in this study.  

 

However, the ARDL model is robust to multicollinearity but not immune 

to it. If the multicollinearity is severe, it can still lead to unreliable coefficient 

estimates and difficulties interpreting the model (Nkoro et al., 2017). Thus, one 

of the highly correlated variables should be removed from the model to tackle 

this issue. Based on the model specification, palm oil price and biodiesel price 

will not be used simultaneously in the model. Palm oil price will be used in 

model one to capture the commodity price effect on food price, whereby 

biodiesel price will be used in model three to determine the biodiesel demand 

on food price. So, this does not create any statistical issues in both models. 

However, in model three, industrial growth has been removed from the model, 

whereby vehicle population can capture the effect of industrial growth in model 
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three35. The removal of the industrial growth from model three is reasonable 

since this model is mainly used to capture the effect of biodiesel demand on the 

food price in Malaysia and overcome the issue of multicollinearity whereby the 

estimated VIF become smaller than 10. With this justification, the analysis will 

proceed further to the stationary testing in the next section.    

 

 
35 Removing palm oil price and industrial growth will not impact the model significantly since 

the model three is mainly form to capture the biodiesel demand effect on the food price. In 

addition, the removal of these two variables from the model, overcome the issue of 

multicollinearity whereby the estimated VIF become smaller than 10.  
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Table 4.1: Descriptive Statistics and the Correlation Test Results 

 Food Price Industrial 

Growth 

Crude Oil 

Price 

Exchange 

Rate 

Palm Oil 

Price 

Biodiesel 

price 

Biodiesel 

Investment 

Biofuel 

Policy 

Vehicle 

Population 

Panel A: Descriptive Statistics of the Variables 

Mean  126.7584  127.5128  61.3924  88.8967  40.9278  52.7767  69.42721  0.4248  53.1402 

Maximum  143.4000  153.3150  100.0000  103.4490  100.0000  100.0000  100.0000  1.0000  103.5410 

Minimum  109.9000  100.4630  18.4957  81.6950  26.2992  29.9501  34.93042  0.0000  0.9896 

Std. Dev.   9.0693  11.1673  21.7640  5.7193  15.3719  14.0250  15.29050  0.4965  29.1296 

Obs.  113 113 113 113 113 113 113 113 113 

Panel B: Correlation Test 

Food price 1.0000 0.8966 -0.3902 -0.8436 0.5518 0.3016 -0.0176 -0.0968 0.8867 

Industrial 

Growth 
- 1.0000 -0.2182 -0.6955 0.5592 0.3437 -0.0061 -0.0912 0.8843 

Crude Oil 

Price 
- - 1.0000 0.6689 0.2245 0.4305 -0.0382 -0.4778 -0.3577 

Exchange 

Rate 
- - - 1.0000 -0.4150 -0.1020 0.0646 -0.2095 -0.6127 

Palm Oil 

Price 
- - - - 1.0000 0.8908 -0.1931 -0.2988 0.5751 

Biodiesel 

price 
- - - - - 1.0000 -0.2065 -0.4678 0.3520 

Biodiesel 

Investment 
- - - - - - 1.0000 0.0.214 0.0140 

Biofuel 

Policy 
- - - - - - - 1.0000 -0.2026 

Vehicle 

Population 
- - - - - - - - 1.0000 

Source: Various institutions, see Table 3.1, calculated by the author using EViews 12. 

Note: Std. Dev. and Obs. are the standard deviation value and Observation, respectively.   



181 

 

4.3 Unit Root Test Results 

 

Tables 4.2 and 4.3 demonstrate the unit root test results of DF-GLS and 

PP. The tests aim to investigate the stationarity properties of the variables 

understudied. The detailed discussion on the unit root test has been discussed in 

Chapter 3, section 3.4. Thus, the investigation of unit roots is essential to check 

for the ability and forecasting power of the variables in the model to capture the 

future food price changes in Malaysia. Accordingly, it is crucial for the policy 

suggestion and implications. The consistency of the parameters in the regression 

model is validated when the variables are stationary, which will help forecast 

accurately (Mahadeva & Robinson, 2004).  

 

 In testing for the unit root among the variables, the variables were 

individually tested for the level and first difference. At first, the series will be 

analysed using the constant with a trend in level to check for a significant trend 

value. If the trend value is insignificant, this shows that the series does not have 

a significant trend. So, the series will be examined with constant terms only, in 

level form.  Accordingly, the first difference will examine the series in constant 

and non-form (Long & Luo, 2022)36. This practice will reduce the overfitting in the 

series. Using this practice, the DF-GLS and PP unit root tests have been analysed, 

and the results are reported in Tables 4.2 and 4.3. 

  

 
36 The DF-GLS test not able to be test with the none of constant term. In this case, the series will 

be tested only with constant in first difference. However, PP test is examined the series in both 

constant and none.  
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 The DF-GLS unit root test results are presented in Table 4.2, whereby 

all the variables are stationary in the first difference except for investment in the 

biodiesel industry. For instance, the food price index of Malaysia is tested for a 

unit root in level form with constant and no trend values due to insignificant 

trend values in the series37. The t-statistic value of food price is 2.9596 in level. 

This value is lower than the critical value of ten, five and one per cent. In this 

case, the null hypothesis that the series has a unit root cannot be rejected. 

Accordingly, the series tested with the first differences under the constant term. 

The t-statistic value is -8.3604, higher than the critical value of one per cent. As 

a result, the null hypothesis can be rejected and concluded that food prices in 

Malaysia are stationary in the first difference. All other variables were tested for 

unit root using a similar process.   

    

The biodiesel price, vehicle population, crude oil price and industrial 

growth in Malaysia were examined using the constant with trend value, and the 

rest of the variables were examined only with constant due to the non-significant 

trend value in the series. The results of DF-GLS summarised that all the 

variables rejected the null hypothesis of non-stationary properties in their first 

difference at a one per cent significant level, except for the investment in the 

biodiesel industry and industrial growth. This indicates that all the variables are 

stationary in the first difference, indicating that the regressors can forecast future 

food price changes in Malaysia. However, Malaysia’s investment in the 

biodiesel industry and industrial growth are stationary at a five per cent and one 

 
37 The result of the trend value is not reported. The process undergoes manually while doing the 

analysis.  
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per cent significance level, respectively. Thus, the DF-GLS unit root test results 

confirm that all the variables, including the dependent variable, i.e., Malaysia’s 

food price index, are integrated with I(1) except for investment in the biodiesel 

industry and industrial growth, which is integrated with I(0). 

   

Besides, to validate the DF-GLS unit root test results, the PP unit root 

test was used, and the results of the PP test are presented in Table 4.3. The same 

practice as DF-GLS in examining the variables using the constant and trend 

values has been adopted here. Accordingly, the PP unit root test suggests crude 

oil price, industrial growth, biodiesel price, and vehicle population to be 

examined using the constant and trend values. However, the remaining variables 

are examined using the constant only due to the insignificant trend value in the 

series. The PP unit root test findings confirm the DF-GLS test results whereby 

all the variables reject the null hypothesis of non-stationary in the first difference 

at a one per cent significance level. However, the investment in the biodiesel 

industry and industrial growth is rejecting the non-stationary in the level form. 

This indicates that all the variables are integrated with I(1), except for 

investment in the biodiesel industry and industrial growth, which is integrated 

with I(0).    
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Table 4.2: Unit Root Test Results for DF-GLS 

Dickey-Fuller Generalized Least Squares ( DF-GLS ) Test 

Variables 

In Level In First Difference 

Conclusion 
Constant 

Constant with 

trend 
None Constant 

Food pricet  2.9596 (1) - - -8.3604 (0)*** I(1) 

Crude oil pricet - -1.0949 (1) - -6.8414 (0)*** I(1) 

Industrial growtht - -4.1975 (2)*** - - I(0) 

Palm oil pricet  3.1036 (0) - - -7.7118 (0)*** I(1) 

Exchange ratet -0.6420 (1) - - -6.0055 (0)*** I(1) 

Biodiesel Demand Factors 

Biodiesel pricet - -0.5512 (0) - -7.9042 (0)*** I(1) 

Biofuel policyt -1.2249 (0) - - -10.4881 (0)*** I(1) 

Investmentt    -1.8665 (12)** - - - I(0) 

Vehicles populationt - -1.6456 (1) - -5.2859 (0)*** I(1) 

Source: Author’s calculations using EViews 12. 

Note: (***) and (**) represent significance at 1 and 5 per cent levels, respectively. The lag length auto-selection is based on the AIC for the ADF test. 

The maximum lag is auto-fixed by EViews at 12. The value in ( ) represents the optimum lag selection. I(1) indicate that the series is integrated with 

the first difference, and I(0) indicates that the series is integrated with the level form.   
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To conclude, the findings of the unit root test, the DF-GLS and the PP 

test indicate that the variables understudied in this research are integrated with 

I(1), except for the investment in the biodiesel industry and industrial growth, 

which is I(0). This shows the models’ mixed I(1) and I(0) variables. However, 

the unit root test confirms that no variable is integrated with I(2). Most 

importantly, the food price, which is this study's dependent variable, is 

integrated with I(1) (Ozturk et al., 2010). Thus, the unit root test fulfilled the 

essential requirement of integration level for the ARDL method to undergo 

testing for short- and long-run relationships. Accordingly, the following section 

will conduct a cointegration analysis using the bound testing approach.     

 

 

4.4 ARDL Bound Testing (Cointegration Results) 

 

This section will present the results of the cointegration relationship 

among the variables under investigation. Accordingly, the ARDL bound testing 

approach has been utilised to confirm the existence of cointegration in the 

models. The adoption of the ARDL method in this study is justifiable due to the 

mixed integration of the variables in I(1) and I(0) based on the unit root test in 

the previous section. Testing for the cointegration relationship is crucial since it 

indicates that the food price index in Malaysia and the explanatory variable in 

this study have a long-run association. The existence of a long-run relationship 

between the variables possesses the explanatory variable’s ability to predict 

future changes in the food price in Malaysia. Thus, this contributes well to better 

policy measurement. The detailed discussion of the ARDL model is explained 

in Chapter 3, section 3.5.  
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Table 4.3: Unit Root Test Results for PP 

Phillips-Perron (PP) Test 

Variables 

In Level In First Difference 

Conclusion 
Constant 

Constant with 

trend 
None Constant 

Food pricet      -0.3673 (8) -  -6.2151 (2)*** -8.2730 (13)*** I(1) 

Crude oil pricet - -0.7929 (5) -7.4814 (7)*** -7.4438 (7)*** I(1) 

Industrial growtht - -5.0255 (8)*** - - I(0) 

Palm oil pricet       3.0974 (4) -  -8.6005 (4)*** -8.7977 (4)*** I(1) 

Exchange ratet -2.1106 (5) -  -8.1434 (8)*** -8.1200 (8)*** I(1) 

Biodiesel Demand Factors 

Biodiesel pricet - -0.1879 (0) -9.1631 (2)*** -9.2096 (2)*** I(1) 

Biofuel policyt  -1.4535 (2) - -10.4881 (0)*** -10.4403 (0)*** I(1) 

Investmentt    -3.4827 (8)** - - - I(0) 

Vehicles populationt - -2.2753 (5) -5.6892 (2)*** -5.7187 (2)*** I(1) 
Source: Author’s calculations using EViews 12. 

Note: (***) and (**) represent significance at the 1 and 5 per cent levels, respectively. The bandwidth is auto-selection based on the Newey-West for 

the PP test. The value in ( ) represents the optimum lag selection. I(1) indicate that the series is integrated with the first difference, and I(0) indicates 

that the series is integrated with the level form.   
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To achieve the objectives of this study, three models have been 

developed. The first model is to test for the cointegration of the factors 

influencing the food price in Malaysia in linear form. This model can 

demonstrate the significant role of palm oil price, crude oil price, exchange rate 

and industrial growth on the food price in Malaysia. After confirming the 

existence of cointegration in the linear model, the asymmetric model, which is 

the extension of the linear ARDL model, will be tested for cointegration in 

model two. The non-linear model advances the linear ARDL model by 

incorporating the asymmetric effect of positive and negative changes in the 

explanatory variables on food prices in Malaysia (Shin et al., 2013). In other 

words, it enhanced the understanding of the independent variables of the food 

price in Malaysia. Lastly, the third model extends the first model by capturing 

the effect of the biodiesel demand factors on the food price in Malaysia.  

 

Table 4.4: Optimum Lag Selection Structure using AIC Lag Selection 

Criterion  

Lag Model 1 Model 2 Model 3 

0 33.4780 54.3867  53.7450 

1 22.2803 32.0271  31.9790 

2  22.0831 31.9818  31.3084 

3 22.3218 32.3031  31.6410 

4 22.5346 32.6040           31.0888 

5 22.7885 32.5812  31.1370 

6 22.0131 32.1190  30.9671 

7 22.0071 30.6916  30.1399 

8 22.2490 29.2548  29.5894 

9 22.2937 25.0511  25.4279 

10 21.9186   15.3252*   17.4753* 

11 21.6537 NA NA 

12  21.4135* NA NA 
Source: Author’s calculations using EViews 12. 

Note: Akaike information criterion (AIC). (*) indicates lag order selected by the criterion. 

NA stands for “not available”. 
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Besides, lag selection plays an essential role in the ARDL method, and 

Table 4.4 shows the optimum lag selection structure for the three models. The 

lag selection for the models in this study is based on the Akaike information 

criterion (AIC). This study’s extensive sample data (113 observations) justified 

the adoption of the AIC lag section criterion, whereby AIC is better in the 

extensive sample dataset38 (Ozturk et al., 2010; Nkoro et al., 2017). The lag 

selection for models 1-3 will be based on the VAR model framework. Based on 

the AIC criterion, the optimum lag suggested for model one is 12, followed by 

lag ten for model two and model three, respectively39.  

 

Accordingly, Table 4.5 demonstrates the results of the bound test for the 

three models. Table 4.5 is divided into two panels, i.e., Panel A represents the 

bound testing results for each model, and Panel B represents the models’ 

diagnostic test results. The decision on whether the model has cointegration or 

not will be determined by the bound testing value (F-statistics) generated. If the 

bound test value is higher than the critical value at one, five or ten per cent, then 

the model can be concluded to have cointegration. Furthermore, the diagnostic 

test results illustrated the fitness of the models. The short- and long-run results 

cannot be interpreted when the model suffers from a statistical issue such as 

autocorrelation model specification bias and is not normally distributed.     

 

 
38 AIC lag section criterion penalizes more heavily for additional lag orders compare to other lag 

selection criteria such as SIC and HQC, which can lead to overfitting in extensive sample 

datasets. 
39 Due to higher explanatory variables in the model two and three, the maximum lag to consider 

in those models are ten. More than lag ten is not allowed to be estimated by EViews 12.  
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 For model one, food price in Malaysia is the dependent variable, 

whereby industrial growth, exchange rate, crude oil price and palm oil price are 

the independent variables projected to influence the food price in Malaysia. 

Based on the AIC lag selection criterion, the optimum lag selection is (11, 7, 11, 

12, 1), respectively. The calculated F-statistics value for model one is 7.9613, 

which is significant at a one per cent level. This is because the computed F-

statistics value is higher than the upper critical value of one per cent significance 

level (7.96 > 5.06). As a result, a cointegration relationship exists between the 

variables in model one.  

 

Besides, the R-squared and adjusted R-squared values for model one are 

0.9487 and 0.9477, respectively. This indicates that the independent variables 

can explain about 94.87 per cent of the food price variability in Malaysia in 

model one. However, due to the multiple regression, the adjusted R-square is 

valuable (Fox, 2016). After adjusting for the degree of freedom, the independent 

variables could explain Malaysia’s food price variation by 94.77 per cent40. 

Besides, the one per cent significant level of F-statistic value, i.e., 930.7062, 

indicates the overall model is significant in explaining the food price in 

Malaysia.  

 

In Panel B, the diagnostic test results are reported. Based on Panel B, 

model one does not suffer from any statistical issues since the null hypothesis of 

all the diagnostic tests cannot be rejected at ten per cent. An insignificant F-

 
40 There is a possibility for model with a higher R-squared to be overfitting the data depending 

on the complexity of the model. Overfitting can lead to inaccurate predictions. Thus, the residual 

should be randomly distributed around zero. The evidence from the serial correlation and 

heteroskedasticity test confirming that models are not suffering from the overfitting issue. 
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statistic value of the serial correlation test indicates that the model is not 

suffering from collinearity. Thus, these results are validated by the Durbin-

Watson statistic, which is 2.3075. The value shows that the model has low 

multicollinearity. Besides, the insignificant F-statistic value in the model 

specification shows that the model is correctly specified. This indicates that 

valid independent variables are added to the model explaining Malaysia’s food 

prices. At the same time, the model is normally distributed since the probability 

value is more than a ten per cent significant level, resulting in non-rejection of 

the model’s null hypothesis. Finally, model one does not suffer from the 

heteroskedasticity issue since the F-statistic value (1.1000) is insignificant, 

indicating that the error terms are normally distributed.    

 

Accordingly, Model Two represents the asymmetric linear form of 

Model One. Food price in Malaysia is the dependent variable, whereby industrial 

growth, exchange rate, crude oil price and palm oil price are the independent 

variables decomposed into positive and negative partial sums that validate the 

asymmetric effect on the food price in Malaysia. Based on the AIC, the optimum 

lag selection is (2, 0, 0, 4, 1, 0, 0, 1, 4). The calculated F-statistics value for 

model two is 6.8636, which is significant at a one per cent level. This is because 

the computed F-statistics value is higher than the upper critical value (6.86 > 

4.10) of one per cent significance level. These results confirm the cointegration 

relationship between the variables in model two.  

 

Besides, model two's R-squared and adjusted R-squared values are 

0.9485 and 0.9482, respectively. This indicates that the independent variables 
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can explain about 94.85 per cent of the variation in model two. Furthermore, 

after adjusting for the degree of freedom, the independent variables could 

explain the food price variation by 94.82 per cent. The one per cent significant 

level of F-statistic value, i.e., 2961.512, indicates the overall model is significant 

in explaining the food price in Malaysia.  

 

In Panel B, the diagnostic test results for model two are reported. Based 

on Panel B, model two does not suffer from any statistical issues since the null 

hypothesis of all the diagnostic tests cannot be rejected at ten per cent lower. An 

insignificant F-statistic value of the serial correlation test indicates that the 

model is not suffering from collinearity. Thus, these results are validated by the 

Durbin-Watson statistic, 2.0130. The value shows that the model has low 

multicollinearity. Besides, the insignificant F-statistic value in the model 

specification shows that the model is correctly specified. This indicates that 

valid independent variables are added to the model explaining Malaysia’s food 

prices. At the same time, the model is normally distributed since the probability 

value is more than a ten per cent significant level, resulting in non-rejection of 

the model’s null hypothesis. Finally, model one does not suffer from the 

heteroskedasticity issue since the F-statistic value (0.5986) is insignificant, 

indicating that the error terms are normally distributed for model two.    

 

Besides, model three is an extension of model one, whereby food price 

in Malaysia is the dependent variable. Other than the control variables from the 

model, factors of biodiesel demand are included in this model. Those factors are 

the biodiesel price, investment in the biodiesel industry, biofuel policy and 
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finally, the vehicle population in Malaysia. Noticeably, the palm oil price is 

replaced with the biodiesel price, and the vehicle population replaces industrial 

growth to remedy the dataset's multicollinearity issue. Thus, model three is 

essential in answering the question of biodiesel demand’s role in Malaysia’s 

food price. Based on the AIC, the optimum lag selection is (2, 4, 0, 1, 2, 1, 4). 

The calculated F-statistics value for model three is 5.5298, which is significant 

at a one per cent level. This is because the computed F-statistics value is higher 

than the upper critical value of one per cent significance level. These results 

confirm the cointegration relationship between the variables in model three.  

 

Besides, the R-squared and adjusted R-squared values in model three are 

0.9487 and 0.9483, respectively. This indicates that the independent variables 

can explain about 94.87 per cent of the variation in model three. However, the 

adjusted R-square is valuable due to the multiple regression. In this case, after 

adjusting for the degree of freedom, the independent variables could explain the 

food price variation by 94.83 per cent. Comparing the adjusted R-square value 

in models one and two, the adjusted R-square of model three increases after 

biodiesel demand factors are included. The increased value of the adjusted R-

square indicates that the biodiesel demand factors added to the model could 

capture the food price trend in Malaysia. Thus, including biodiesel demand 

factors in the model helps explain Malaysia's food price variation. The one per 

cent significant level of F-statistic value, i.e., 2394.882, indicates the overall 

model is significant in explaining the food price in Malaysia.  
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In Panel B, the diagnostic test results for model three are reported. Based 

on Panel B, the model is not suffering from any statistical issues since the null 

hypothesis of all the diagnostic tests cannot be rejected at ten per cent lower. An 

insignificant F-statistic value of the serial correlation test indicates that the 

model is not suffering from collinearity. Thus, these results are validated by the 

Durbin-Watson statistic, 2.0825. The value shows that the model has low 

multicollinearity. Besides, the insignificant F-statistic value in the model 

specification shows that the model is correctly specified. This indicates that 

valid independent variables are added to the model explaining Malaysia’s food 

prices. At the same time, the model is normally distributed since the probability 

value is more than a ten per cent significant level, resulting in non-rejection of 

the model’s null hypothesis. Finally, model one does not suffer from the 

heteroskedasticity issue since the F-statistic value (0.8458) is insignificant, 

indicating that model three’s error terms are normally distributed.    

 

 Figure 4.1 shows the Cumulative Sum (CUSUM) and CUSUM of 

Squared analysis results. This result is in graphical form to show the stability of 

the ARDL models in this study. This analysis detects changes in a process, such 

as changes in the mean, variance, trend and seasonal pattern of the data over 

time. Figure 4.1 shows that all three models are stable, whereby the CUSUM 

and CUSUM of Squared lines for models one, two and three are overtly in 

between the five per cent significant level over time. The findings of CUSUM 

and CUSUM of Squared analysis demonstrated that the selected independent 

variables could control the food price in Malaysia. In addition,  the stable lines 

indicate an absence of evidence of a structural break in the data. After 
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confirming the long-run relationship among the variables understudied, the 

short- and long-run analysis will be carried out in the coming section.     

 

 

4.5 Short and Long-run Relationship 

 

This section will discuss the short-run and error correction model. The 

value explained the speed of adjustment for the proportion of shock or imbalance 

of food price towards the long-run equilibrium. After that, the long-run 

relationship among the three models will be interpreted. After bound testing 

results in the earlier section confirmed the existence of cointegration among the 

variables in all the models, the short- and long-run relationship can be analysed 

and discussed. Accordingly, Table 4.6 demonstrates the short-run relationship 

for the three models proposed. In addition, the error correction term (𝐸𝐶𝑇𝑡−1) is 

reported for each model in Table 4.6, which explains the short-term effect of the 

selected independent variables on food prices in Malaysia.    
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Table 4.5: Results of the Bounds Test (F-Tests) 

 Model 1 Model 2 Model 3 

Panel A: Bound Test Results 

Estimated Model  𝐹𝑃𝑡 = 𝑓(𝑌𝑡 , 𝐸𝑋𝐶𝑡, 𝐶𝑂𝑡 , 𝑃𝑂𝑡) 
𝐹𝑃𝑡 = 𝑓(𝑌𝑡

(+)
, 𝑌𝑡

(−)
, 𝐸𝑋𝐶𝑡

(+)
, 𝐸𝑋𝐶𝑡

(−)
, 

            𝐶𝑂𝑡
(+)

, 𝐶𝑂𝑡
(−)

, 𝑃𝑂𝑡
(+)

, 𝑃𝑂𝑡
(−)

)  

𝐹𝑃𝑡

= 𝑓(𝐸𝑋𝐶𝑡 , 𝐶𝑂𝑡, 𝑉𝑃𝑡 , 𝐵𝑃𝑡 , 𝐼𝑁𝑉𝑡, 𝑃𝑂𝐿𝐼𝐶𝑌𝑡) 

Optimal Lag Length 

(AIC) 
(11, 7, 11, 12, 1) (2, 0, 0, 4, 1, 0, 0, 1, 4) (2, 4, 0, 1, 2, 1, 4) 

F-Statistics  

(Bound Test) 
7.9613*** 6.8636*** 5.5298*** 

Significance Level 

Pesaran et al., (2001)a 

Critical Values 

Lower 

Band 

Upper Band Lower Band Upper Band Lower Band Upper Band 

1% 3.74 5.06 2.79 4.10 2.79 4.10 

5% 2.86 4.01 2.22 3.39 2.22 3.39 

10% 2.45 3.52 1.95 3.06 1.95 3.06 

R-squared 0.9487 0.9485 0.9487 

Adjusted R-squared 0.9477 0.9482 0.9483 

Durbin-Watson statistics 2.3075 2.0130 2.0825 

F-Statistics    930.7062***  2961.5120***   2394.882*** 

Panel B: Diagnostic Test Results 

Serial correlation  1.1975 (0.3164) 0.2780 (0.7579) 1.2110 (0.3033) 

Model specification 0.0547 (0.8160) 1.1247 (0.2658) 0.0721 (0.7890) 

Normality 0.6291 (0.7301) 0.0312 (0.9845) 1.8703 (0.3925) 

Heteroskedasticity 1.1000 (0.3727) 0.5986 (0.4409) 0.8458 (0.4995) 

Source: Author’s calculations using EViews 12. 

Note: Critical values are obtained from Pesaran et al. (2001), Table CI (iii) Case III: Unrestricted intercept and no trend, p. 300. (***) represents significance at 1%. 

The lag length is auto-selected based on the Akaike info criterion (AIC), and the maximum lag (K) is set at 12 (Model 1) and 4 (Model 2 & 3). The LM, ARCH and 

Ramsey RESET test statistics are based on F-statistics. 
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Figure 4.1: CUSUM and CUSUM of Squares Analysis Results 

Model 1: 𝐹𝑃𝑡 = 𝑓(𝑌𝑡, 𝐸𝑋𝐶𝑡, 𝐶𝑂𝑡, 𝑃𝑂𝑡) 

  

Model 2: 𝐹𝑃𝑡 = 𝑓(𝑌𝑡
(+)

, 𝑌𝑡
(−)

, 𝐸𝑋𝐶𝑡
(+)

, 𝐸𝑋𝐶𝑡
(−)

, 𝐶𝑂𝑡
(+)

, 𝐶𝑂𝑡
(−)

, 𝑃𝑂𝑡
(+)

, 𝑃𝑂𝑡
(−)

) 

  

Model 3: 𝐹𝑃𝑡 = 𝑓(𝐸𝑋𝐶𝑡, 𝐶𝑂𝑡, 𝑉𝑃𝑡, 𝐵𝑃𝑡, 𝐼𝑁𝑉𝑡, 𝑃𝑂𝐿𝐼𝐶𝑌𝑡) 

  

Source: Illustration by EViews 12.  
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Thus, the coefficient value of 𝐸𝐶𝑇𝑡−1 for all the models are significant 

and have negative signs, as expected. These 𝐸𝐶𝑇𝑡−1 values validate the bound 

testing cointegration results in the previous section. The coefficient of 𝐸𝐶𝑇𝑡−1 

for model one is -0.2077 and significant at one per cent level indicates that about 

20.77 per cent of the previous period shock will be converted back to long-run 

in the current period. Thus, it has required about five months to return to 

equilibrium. Interestingly, palm oil prices do not significantly affect Malaysia’s 

food prices in the short run. Besides, the own lagged value for food prices, crude 

oil prices and industrial growth negatively affect the food prices, whereby the 

exchange rate positively influences the food price in the short-run. The error 

correction model’s R-squared and adjusted R-squared values are 0.6517 and 

0.3996, respectively. Hence, after adjusting for the degree of freedom, the 

independent variables can explain the food price variation by 39.96 per cent in 

the short run. The one per cent significant level of F-statistic value, i.e., 2.5844, 

indicates the overall model is significant in explaining the food price of Malaysia 

in the short term. 

 

Accordingly, model two tested the same model in an asymmetric linear 

form. The short-run results for model two are reported in Table 4.6. The 

coefficient of 𝐸𝐶𝑇𝑡−1 for model two is -0.5247 and significant at one per cent 

level indicates that about 52.47 per cent of the previous period shock will 

converge to long-run in the current period. Thus, it has required about two 

months to return to equilibrium. Accordingly, the 𝐸𝐶𝑇𝑡−1 for model two has a 

quicker adjustment to equilibrium, indicating that the asymmetric model 
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captures more complex dynamics that are possibly inherent in the data, such as 

different responses to increases versus decreases in prices, which a simple linear 

model might miss (Sek, 2017; Cheng & Cao, 2019; Zmani & Ben-Salha, 2019). 

Zmami and Ben-Salha (2019) highlight that this kind of asymmetry is 

particularly relevant in sectors like agriculture, where input costs (such as 

energy) can have varying effects on output prices depending on whether they 

are increasing or decreasing. 

 

The adjusted R-squared value confirms this in model two, whereby after 

adjusting for the degree of freedom, the independent variables can explain the 

short-run food price variation by 43.57 per cent. This figure is slightly higher 

than the adjusted R-squired value in model one, showing that the asymmetric 

linear model performs better than the linear model. The NARDL results for 

model two reveal distinct short-run dynamics. Positive changes in exchange rate, 

crude oil and palm oil prices contribute positively to food prices, while negative 

changes have the opposite effect, reducing food prices. Conversely, positive 

changes in industrial growth result in a decrease in food prices in Malaysia. 

Notably, the coefficient for industrial growth is found to be insignificant. 

Additionally, negative changes in industrial growth are associated with a 

reduction in food prices in the short run. It is essential to highlight that these 

findings provide valuable insights into the intricate relationships between key 

economic variables and food prices in the Malaysian context during the short 

term. 
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Lastly, model three is the extension of model one, whereby biodiesel 

demand factors are included in the model. The coefficient of 𝐸𝐶𝑇𝑡−1 for model 

three is -0.2303 and significant at one per cent level indicates that about 23.03 

per cent of the previous period shock will be converged back to the long-run in 

the current period. Thus, it has required about four months to return to 

equilibrium. Thus, the 𝐸𝐶𝑇𝑡−1 value of model three is comparatively higher than 

the 𝐸𝐶𝑇𝑡−1 value of model one. The same goes for the adjusted R-squared value, 

i.e., 0.4420. This indicates that, after adjusting for the degree of freedom, the 

independent variables can explain the food price variation by 44.20 per cent in 

the short run.  

 

This justifies the additional variable, i.e., biodiesel demand factors in the 

model increase the exploration power of the model. Accordingly, biodiesel 

prices and policy positively affect food prices in the short run, whereby 

investment in the biodiesel industry seems to impact the food prices in Malaysia 

negatively. The control variables, i.e., crude oil price and exchange rate, 

positively influence the food price in the short run. Interestingly, the diesel 

vehicle population, which replaced the industrial growth in model three, 

negatively affected the food price, similar to industrial growth in model one. 

However, the effect is not statistically significant in model three.     
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Table 4.6: Short run Results with Error Correction Model 

Variable Model 1 Model 2 Model 3 

Short run coefficients (dependent variable: ∆𝐹𝑃𝑡) 

∆𝐹𝑃𝑡(−1) 0.0585 [0.5619] 0.3328 [4.2378]***   0.1862 [2.0417]** 

∆𝐹𝑃𝑡(−2)  -0.2698 [-2.5786]** - - 

∆𝐹𝑃𝑡(−3)     -0.0986 [-0.9525] - - 

∆𝐹𝑃𝑡(−4)  -0.2397 [-2.3405]** - - 

∆𝐹𝑃𝑡(−5)     -0.1756 [-1.5910] - - 

∆𝐹𝑃𝑡(−6)     -0.0130 [-0.1180] - - 

∆𝐹𝑃𝑡(−7)  -0.2623 [-2.5706]** - - 

∆𝐹𝑃𝑡(−8)     -0.1702 [-1.5718] - - 

∆𝐹𝑃𝑡(−9)    -0.3053 [-2.8704]*** - - 

∆𝐹𝑃𝑡(−10)  -0.2451 [-2.3294]** - - 

∆𝐶𝑂𝑡 0.0044 [0.4862] -    0.0090 [2.0058]** 

∆𝐶𝑂𝑡(−1)    -0.0599 [-5.4953]*** - - 

∆𝐶𝑂𝑡(−2)    -0.0353 [-2.8506]*** - - 

∆𝐶𝑂𝑡(−3)    -0.0382 [-3.0071]*** - - 

∆𝐶𝑂𝑡(−4)     -0.0177 [-1.4682] - - 

∆𝐶𝑂𝑡(−5)    -0.0390 [-3.2314]*** - - 

∆𝐶𝑂𝑡(−6)    -0.0384 [-2.8867]*** - - 

∆𝐶𝑂𝑡(−7)    -0.0518 [-3.9375]*** - - 
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Table 4.6: Short-run Results with Error Correction Model (Continued) 

Variable Model 1 Model 2 Model 3 

∆𝐶𝑂𝑡(−8)      -0.0232 [-1.6985]* - - 

∆𝐶𝑂𝑡(−9)      -0.0471 [-4.0968]*** - - 

∆𝐶𝑂𝑡(−10)      -0.0197 [-1.5947] - - 

∆𝐶𝑂𝑡(−11)      -0.0277 [-2.4800]** - - 

∆𝐶𝑂_𝑃𝑜𝑠𝑡 -    -0.0064 [-0.6794] - 

∆𝐶𝑂_𝑁𝑒𝑔𝑡 -  0.0477 [5.0504]*** - 

∆𝑅𝐸𝐸𝑅𝑡      -0.0183 [-0.4289] -     -0.0121 [-0.3128] 

∆𝑅𝐸𝐸𝑅𝑡(−1)       0.2117 [3.6726]*** -     -0.0299 [-0.8411] 

∆𝑅𝐸𝐸𝑅𝑡(−2)       0.2288 [3.9677]*** - 0.0668 [2.0100]** 

∆𝑅𝐸𝐸𝑅𝑡(−3)       0.1598 [2.8633]*** -   0.0981 [2.9292]*** 

∆𝑅𝐸𝐸𝑅𝑡(−4)       0.1713 [3.3962]*** - - 

∆𝑅𝐸𝐸𝑅𝑡(−5)     0.0944 [2.0135]** - - 

∆𝑅𝐸𝐸𝑅𝑡(−6)     0.1067 [2.3499]** - - 

∆𝑅𝐸𝐸𝑅𝑡(−7)     0.1009 [2.5762]** - - 

∆𝑅𝐸𝐸𝑅𝑡(−8)        0.0317 [0.8242] - - 

∆𝑅𝐸𝐸𝑅𝑡(−9)        0.0749 [2.0611]** - - 

∆𝑅𝐸𝐸𝑅𝑡(−10)       0.1052 [2.9149]*** - - 

∆𝑅𝐸𝐸𝑅_𝑃𝑜𝑠𝑡 -       0.1241 [1.6708] - 

∆𝑅𝐸𝐸𝑅_𝑁𝑒𝑔𝑡 -       0.0120 [0.2441] - 
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Table 4.6: Short-run Results with Error Correction Model (Continued) 

Variable Model 1 Model 2 Model 3 

∆𝑅𝐸𝐸𝑅_𝑁𝑒𝑔𝑡(−1) - 0.0115 [0.2519] - 

∆𝑅𝐸𝐸𝑅_𝑁𝑒𝑔𝑡(−2) -       0.1438 [3.1714]*** - 

∆𝑅𝐸𝐸𝑅_𝑁𝑒𝑔𝑡(−3) -   0.0802 [1.7641]* - 

∆𝐼𝑃𝐼𝑡   0.0282 [2.5568]** - - 

∆𝐼𝑃𝐼𝑡(−1) -0.0328 [-2.4835]** - - 

∆𝐼𝑃𝐼𝑡(−2)   -0.0553 [-3.8744]*** - - 

∆𝐼𝑃𝐼𝑡(−3) -0.0313 [-2.1128]** - - 

∆𝐼𝑃𝐼𝑡(−4)   -0.0528 [-3.8428]*** - - 

∆𝐼𝑃𝐼𝑡(−5)     -0.0227 [-1.8444]* - - 

∆𝐼𝑃𝐼𝑡(−6)     -0.0252 [-2.0656] - - 

∆𝐼𝑃𝐼_𝑃𝑜𝑠𝑡 - -0.0064 [-0.6794] - 

∆𝐼𝑃𝐼_𝑁𝑒𝑔𝑡 -          0.0477 [5.0504]*** - 

∆𝑃𝑂𝑡     -0.0003 [-1.3153] - - 

∆𝑃𝑂_𝑃𝑜𝑠𝑡 -   0.0012 [0.0490] - 

∆𝑃𝑂_𝑃𝑜𝑠𝑡(−1) -       0.0625 [2.6018]** - 

∆𝑃𝑂_𝑃𝑜𝑠𝑡(−2) -   0.0141 [0.5393] - 

∆𝑃𝑂_𝑃𝑜𝑠𝑡(−3) -       0.0561 [2.0685]** - 

∆𝑃𝑂_𝑁𝑒𝑔𝑡 - -0.0322 [-1.1171] - 

∆𝑃𝑂𝐿𝐼𝐶𝑌𝑡 - - 0.3504 [1.1968] 
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Table 4.6: Short-run Results with Error Correction Model (Continued) 

Variable Model 1 Model 2 Model 3 

∆𝑃𝑂𝐿𝐼𝐶𝑌𝑡(−1) - - -0.4100 [-1.4361] 

∆𝑃𝑂𝐿𝐼𝐶𝑌𝑡(−2)  - -    0.1965 [0.6486] 

∆𝑃𝑂𝐿𝐼𝐶𝑌𝑡(−3) - -        0.6061 [2.0568]** 

∆𝐼𝑁𝑉𝐸𝑆𝑇𝑀𝐸𝑁𝑇𝑡 - -       -0.0117 [-4.2934]*** 

∆𝑉𝐸𝐻𝐼𝐶𝐿𝐸𝑆𝑡 - - -0.3335 [-1.4957] 

∆𝐵𝑃𝑡 - -        0.0357 [2.2515]** 

∆𝐵𝑃𝑡(−1) - -          0.0457 [2.7523]*** 

𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 45.7844 [6.5761]*** 58.3841 [8.2307]***          27.4440 [4.490]*** 

𝐸𝐶𝑇𝑡−1 -0.2077 [-6.5388]*** -0.5247 [-8.2130]***       -0.2303 [-7.3908]*** 

R-squared 0.6517 0.4990 0.5349 

Adjusted R-squared 0.3996 0.4357 0.4420 

Durbin-Watson stat 2.3075 2.0130 2.0824 

F-Statistics  2.5844 (0.0000)*** 7.8854 (0.0000)***           5.7503 (0.0000)*** 

Source: Author’s calculations using EViews 12. 

Notes: The significance at the 1, 5 and 10 per cent levels are denoted by the asterisks (***), (**) and (*). Value in [ 

] represents the t-statistic. 
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Accordingly, Table 4.7 shows the long-run relationship results for all 

three models. Based on model one, crude oil price, industrial growth and palm 

oil price positively impact Malaysia's food price, whereas the exchange rate has 

a negative impact. The coefficient of crude oil price is 0.1992 and significant at 

a one per cent level, showing that, on average, a one-point increase in crude oil 

price will increase the food price of Malaysia by approximately 0.20 points in 

the long run, holding all other variables constant. Besides, on average, a one-

point increase in the industrial growth and palm oil price will increase the food 

price by approximately 0.33 points and 0.06 points, respectively, in the long run, 

by holding other variables constant. The effect of Malaysia’s industrial growth 

on the food price is higher than the crude oil price. However, the palm oil price 

has the minimum effect on the food price in the long run. For the exchange rate, 

the appreciation of Malaysia’s currency value by one point, on average, will 

decrease the food price by 1.64 points in the long run, holding other variables 

constant. Thus, the exchange rate plays a powerful influence on the food price 

in Malaysia.  

 

 Model two shows the long-run results of the asymmetric model, which 

indicate that positive and negative changes in crude oil and palm oil prices 

statistically significantly impact Malaysia’s food prices in the long run. For 

instance, the coefficient of positive changes in the crude oil price is 0.0360. This 

indicates that when the price of crude oil, on average, increases by one point, 

Malaysia's food price will increase by 0.04 points in the long run, holding other 

variables constant. On the other hand, the coefficient of adverse changes in the 

crude oil price is -0.0209. Interestingly, this indicates that a one-point reduction 
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in crude oil price, on average, increased Malaysia’s food price by 0.02 points, 

holding other variables constant. The palm oil price has a similar finding to the 

crude oil price, whereby, on average, a one-point increase in the palm oil price 

will increase the food price by 0.07 points in the long run by holding other 

variables constant. On the other hand, on average, a one-point decrease in the 

palm oil price will increase Malaysia’s food price by 0.15 points in the long run 

by holding other variables constant.  

 

Furthermore, only the negative changes in the exchange rate and 

industrial growth significantly influence the food price, and there is no 

significant effect of positive changes in industrial growth and exchange rate on 

the food price in Malaysia in the long run. This indicates that, on average, a one-

point appreciation in the exchange rate will decrease the food price of Malaysia 

by 0.21 points in the long run, holding other variables constant. However, the 

exchange rate depreciation does not significantly influence the food price in the 

long run, even though a significant positive impact is found in the short run. This 

indicates that the depreciation of the MYR will immediately affect food prices 

in Malaysia, even though it is compromised in the long run. Lastly, 

deindustrialization in Malaysia seems to have a positive effect on the food price 

in Malaysia, where, on average, a one-point reduction in industrial growth will 

increase the food price by 0.09 points, holding other variables constant. 

However, industry growth does not significantly influence food prices in the 

long run.  
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 Besides, model three shows long-run results for the model with the 

additional biodiesel demand variables. Based on model three, crude oil price, 

vehicle population, biofuel policy and investment in the biodiesel industry 

significantly impact Malaysia's food price in the long run. The coefficient of 

crude oil price is 0.0390, and significant at a one per cent level shows that, on 

average, a one-point increase in crude oil will increase the food price of Malaysia 

by approximately 0.04 points in the long run, holding other variables constant. 

Besides, on average, an increase in the investment in the biodiesel industry and 

vehicle population by one point will increase the food price by approximately 

0.05 points and 0.27 points, respectively, in the long run, holding other variables 

constant. Notably, vehicle population in this model is substituting the effect of 

industrial growth in model one. The effect of vehicle population is similar to the 

effect of industrial growth, which is positive towards the food price in Malaysia. 

This finding validates the decision to use the diesel vehicle population in model 

three to represent the effect of industrial growth. 

 

As expected, Malaysia's biofuel policy significantly impacts the food 

price in the long run. A shift of higher blended mandate requirement, on average, 

will increase the food price by 1.15 points. Thus, this shows that the biofuel 

policy has a strong influence in increasing the food price in Malaysia. On the 

other hand, the exchange rate and biodiesel price significantly negatively impact 

the food price in the long run. By the way, the coefficient of exchange rate and 

biodiesel price is -0.2404 and -0.1769, and a significance at five per cent and 

one per cent levels, respectively. This indicates that, on average, a one-point 

increase in the exchange rate and biodiesel price will decrease the food price of 
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Malaysia by approximately 0.24 points and 0.18 points in the long run, holding 

other variables constant. The biodiesel price in model three is replaced with the 

effect of the palm oil price in model one. The negative relationship between 

biodiesel and food prices is justifiable due to the substitute effect of biodiesel 

with crude oil. The higher biodiesel prices are expected to reduce demand, 

easing pressure on palm oil and consequently reducing food price inflation. This 

is the case; the negative relationship between biodiesel and food prices in 

Malaysia is rational. This will be further discussed in chapter five in detail.   

 

 

4.6 Asymmetric and Symmetric Analysis  

 

This section will discuss the asymmetric and symmetric effects of the 

independent variables in the asymmetric linear form represented by model two. 

Besides, Table 4.8 presents the asymmetric and symmetric analysis results. The 

asymmetric and symmetric investigation is essential to understand better the 

effect of the exchange rate, crude oil price, industrial growth, and palm oil price 

on the food price in Malaysia. The existence of the asymmetric effect illustrated 

that positive and negative changes will have different effects on the food price 

in Malaysia depending on the direction of the change, whereby the symmetric 

effect tells the story another way round (Shin et al., 2014).  
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Table 4.7: Long-run Results 

Variable Model 1 Model 2 Model 3 

Long run coefficients (dependent variable: 𝐹𝑃𝑡) 

𝐶𝑂𝑡 0.1992 [4.9038]*** -          0.0390 [2.1618]** 

𝐶𝑂_𝑃𝑜𝑠𝑡 -   0.0360 [2.2052]** - 

𝐶𝑂_𝑁𝑒𝑔𝑡 - -0.0209 [-2.3415]** - 

𝑅𝐸𝐸𝑅𝑡 -1.6433 [-7.4323]*** -       -0.2404 [-2.0456]** 

𝑅𝐸𝐸𝑅_𝑃𝑜𝑠𝑡 -        -0.0411 [-0.5580] - 

𝑅𝐸𝐸𝑅_𝑁𝑒𝑔𝑡 -   -0.2057 [-4.9946]*** - 

𝐼𝑃𝐼𝑡 0.3317 [5.1481]*** - - 

𝐼𝑃𝐼_𝑃𝑜𝑠𝑡 -        -0.0123 [-0.6912] - 

𝐼𝑃𝐼_𝑁𝑒𝑔𝑡 -      0.0908 [5.7346]*** - 

𝑃𝑂𝑡        0.0618 [2.4000]** - - 

𝑃𝑂_𝑃𝑜𝑠𝑡 -      0.0724 [4.6000]*** - 

𝑃𝑂_𝑁𝑒𝑔𝑡 -    -0.1522 [-4.6522]*** - 

𝐵𝑃𝑡 - - -0.1769 [-3.6117]*** 

𝐼𝑁𝑉𝐸𝑆𝑇𝑀𝐸𝑁𝑇𝑡 - -    0.0510 [3.6251]*** 

𝑉𝐸𝐻𝐼𝐶𝐿𝐸𝑆𝑡 - -    0.2736 [12.035]*** 

𝑃𝑂𝐿𝐼𝐶𝑌𝑡 - - 1.1474 [1.8926]* 

Source: Author’s calculations using EViews 12. 

Notes: The significance at the 1, 5 and 10 per cent levels are denoted by the asterisks (***), (**) and (*). Value in [ ] 

represents the t-statistic. 
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Based on the Wald statistics probability value, the decision on whether 

the series has asymmetric or symmetric effects will be decided. Accordingly, 

exchange rate and industrial growth are asymmetric in Malaysia’s short- and 

long-run food prices. The F-statistic exchange rate value is 2.7090 and 10.8261 

for short- and long-run, respectively. It is statistically significant at ten per cent 

and one per cent level, respectively. The same finding is applied to industrial 

growth in Malaysia, whereby the F-statistic value is 6.1204 (short-run) and 

2.7440 (long-run), which is significant at a five per cent level. This indicates that 

asymmetric effect has existed between exchange rate and industrial growth 

towards food price in both short- and long-run. 

 

However, crude and palm oil prices seem to have an asymmetric effect 

in the long run only since the F-statistic values 2.04144 and 4.7626, respectively, 

are significant at ten and five per cent significant levels in the long run. On the 

other hand, a symmetrical effect exists in the short run for both variables. This 

is due to the F-statistic is not significant in the short run. The results show that 

changes in palm oil prices and crude oil prices have a similar effect on 

Malaysia’s food prices in the short run. This could be due to the lags in the 

transmission of variable changes. The delayed (lags) asymmetric effect could be 

due to the price control policies implemented by the Malaysian government, 

which protect food prices from energy market fluctuation. However, in the long 

run, changes in both variables have asymmetric impacts on Malaysia’s food 

prices.  
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Table 4.8: Asymmetric and Symmetric Analysis Results in Short- and 

Long-run for Model Two 

Variables 
Wald Statistics (F-statistics) Decision 

Short-run Long-run Short-run Long-run 

Crude Oil 

Price 

0.5873 

(0.4459) 

2.04144 

(0.0828)* 

Symmetric Asymmetric 

Exchange 

Rate 

2.7090 

(0.0513)* 

10.8261 

(0.0015)*** 

Asymmetric Asymmetric 

Palm Oil 

Price 

1.8496 

(0.1285) 

4.7626 

(0.0323)** 

Symmetric Asymmetric 

Industrial 

Growth 

6.1204 

(0.0157)** 

2.7440 

(0.0185)** 

Asymmetric Asymmetric 

Source: Author’s calculations using EViews 12. 

Notes: The significance at the 1 and 5 per cent levels is denoted by the asterisks 

(***) and (**). The value in ( ) represents the probability value.   

 

In Figure 4.2, the dynamic effects of industrial growth, exchange rate, 

palm oil, and crude oil prices on food prices in Malaysia are illustrated. Figure 

4.2(a) specifically portrays the dynamic multiplier plot of palm oil prices on food 

prices. The results confirm the presence of an asymmetric effect, indicating that 

a negative shock in palm oil prices exerts a more pronounced impact on food 

prices compared to a positive shock. Similar asymmetric effects are replicated 

in the cases of industrial growth (Figure 4.2(b)) and exchange rates (Figure 

4.2(c)), both demonstrating that negative shocks have a more substantial 

influence on food prices than positive shocks. 

 

However, the dynamic effects of crude oil prices (Figure 4.2(d)) reveal 

a different pattern. Positive shocks in crude oil prices are notably more 

prominent compared to negative shocks concerning their impact on food prices 

in Malaysia. The overall findings from the dynamics of the multiplier effect 

consistently affirm the asymmetric impact of all studied variables on food prices. 

These results reinforce the long-run relationship established by the asymmetric 
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model, as presented in the preceding section. The confirmation of these 

asymmetric effects provides valuable insights for understanding the nuanced 

dynamics influencing food prices in the Malaysian context. 

 

Figure 4.2: Dynamics of the Multiplier Effect of Industrial Growth, 

Exchange Rate, Palm Oil and Crude Oil Price on Food Price in Malaysia. 
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4.7 Robustness Checking 

 

 Since the study is concerned with sustainability, the robustness of the 

result is very important for the policy-making process. In this case, some 

sensitivity analysis has been conducted to make sure the results of the models 

are robust to the changes within the variables. Alternatively, the DOLS and 

FMOLS tests were used to reanalyse the models to ensure the results are reliable 

and consistent with the primary findings of this study.  

 

4.7.1 Robustness Checking for Model One 

 

To explore the international trade effect, a sensitivity analysis is 

conducted by replacing the local palm oil price with its denomination value. This 

involves multiplying the nominal exchange rate of Malaysia (USD/MYR) by the 

local palm oil price, resulting in the USD-denominated palm oil price. However, 

it is crucial to note that attributing changes in this price to palm oil alone may 

be erroneous, as exchange rate fluctuations can stem from non-oil factors. The 

results of the sensitivity analysis are reported in Table 4.9. Employing the ARDL 

method to assess co-integration, the F-statistic value of 7.9947 is observed, 

significant at the one percent level. This significant F-statistic indicates the 

presence of co-integration within the model, affirming the interconnectedness of 

the variables considered in the analysis. 
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Table 4.9: The Sensitivity Analysis for Model One 

Panel A: Bound Testing Results 

Model 𝐹𝑃𝑡 = 𝑓(𝐼𝑃𝐼𝑡, 𝐸𝑋𝐶𝑡, 𝐶𝑂𝑡, 𝑃𝑂𝑡
(𝑈𝑆𝐷)

) 

Optimal Lag Length (AIC) (11, 12, 11, 7, 1) 

F-Statistics (Bound Test) 7.9947*** 

Panel B: Long-run Relationship Results 

Variables Coefficient t-Statistic Probability 

𝐶𝑂𝑡 0.1953*** 4.8441 0.0000 

𝑅𝐸𝐸𝑅𝑡 -1.5748*** -7.0524 0.0000 

𝐼𝑃𝐼𝑡 0.3302*** 5.1156 0.0000 

𝑃𝑂𝑡
(𝑈𝑆𝐷)

 0.0168** 2.4834 0.0162 

R-squared                                     0.9987 
Adjusted R-squared                                     0.9977 
Durbin-Watson statistics                         2.3109 
F-Statistics                                   931.7481*** 
𝐸𝐶𝑇𝑡−1                                     -0.2059***  

Panel C: Diagnostic Testing Results 
Serial correlation  1.2543 (0.2808) 
Model specification 0.2300 (0.6335) 
Normality 0.5001 (0.7787) 
Heteroskedasticity 1.0904 (0.3804) 
Source: Author’s calculations using EViews 12. 

Note: Critical values are obtained from Pesaran et al. (2001), Table CI (iii) Case III: 

Unrestricted intercept and no trend, p. 300. (***) and (**) represent significance at 1% and 

5%. The lag length is auto-selected based on the Akaike info criterion (AIC), and the 

maximum lag (K) is set at 12. The LM, ARCH and Ramsey RESET test statistics are based 

on F-statistics. 

 

Figure 4.2: CUSUM and CUSUM of Squares Analysis Result for 

Sensitivity Analysis of Model One. 
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Source: Illustration by EViews 12. 

 

The long-run relationship results in Panel B align with the outcomes of 

the primary analysis (model 1). Notably, crude oil prices, industrial growth, and 

USD-denominated palm oil prices exert positive influences on food prices in 
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Malaysia. Conversely, the exchange rate exhibits a negative influence. All 

variables exhibit significance at the one per cent level, except for palm oil, which 

is significant at the five per cent level. Examining the coefficient of ECT(t−1) 

for the sensitivity model reveals a value of -0.2077, significant at the one per 

cent level. This indicates that approximately 20.77 per cent of the shock from 

the previous period converges back to the long-run equilibrium in the current 

period. The negative sign suggests a return to equilibrium, taking about five 

months. Diagnostic tests in panel c and CUSUM and CUSUM of Squares 

analysis (Figure 4.2) indicate the model's goodness of fit, further supporting its 

interpretability. 

 

These findings reconfirm the robustness of the primary analysis results. 

Whether considering local or denominated palm oil prices, the influence on food 

prices in Malaysia remains consistently robust, underscoring the reliability and 

stability of the reported outcomes. To further validate the resilience of the 

findings, the model is further analysed using the DOLS method. This approach 

serves as an alternative methodological perspective, offering a different lens 

through which to assess the relationship between our variables of interest. The 

detailed results of this analysis are comprehensively presented in Table 4.10. 

 

Intriguingly, the outcomes of the DOLS analysis are closely parallel to 

the primary findings (model one). The variables consistently exhibit positive 

associations with food prices in Malaysia, except for the exchange rate, which 

demonstrates a contrasting negative influence. Significantly, all variables 

maintain their impact at the one per cent level, underscoring their substantive 



215 

 

influence on food prices. While palm oil prices, in this case, show significance 

at the ten per cent level, the overall consistency in significance levels across 

variables further reinforces the robustness of our results. 

 

In essence, the reliability of our findings is affirmed not only through the 

consistency of outcomes in the sensitivity analysis but also by the corroborating 

evidence provided by the DOLS approach. This dual validation enhances the 

confidence in the reliability and credibility of the relationships elucidated in 

model one, demonstrating the robustness of the analytical framework. 

 

Table 4.10: Dynamic OLS (DOLS) Result for Model One 

Variable Coefficient t-Statistic Probability 

𝐶𝑂𝑡 0.4081*** 9.0094 0.0029 

𝑅𝐸𝐸𝑅𝑡 -2.7186*** 9.1165 0.0028 

𝐼𝑃𝐼𝑡 1.3954*** 20.286 0.0003 

𝑃𝑂𝑡     0.0272* 2.8963 0.0627 

R-squared                                     0.9461 

Adjusted R-squared                                     0.9063 
Source: Author’s calculations using EViews 12. 

Note: (***) and (*) represent significance at 1% and 10%. The lag length is auto-selected 

based on the Akaike info criterion (AIC), and the maximum lag (K) is set at 10. 

 

4.7.2 Robustness Checking for Model Two 

 

The robustness checking for the asymmetric model will be conducted in 

this section. Again, the USD-denominated palm oil price value will be used in 

the model, replacing the local palm oil price. This variable will be disaggregated 

into positive and negative changes, checking for the sensitivity of the primary 

analysis results. The results of the sensitivity analysis are reported in Table 4.11. 

Employing the NARDL method to assess co-integration, the F-statistic value of 

7.6109 is observed, significant at the one percent level. This significant F-
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statistic indicates the presence of co-integration within the model, affirming the 

interconnectedness of the variables considered in the analysis. 

 

The long-run relationship results in Panel B align consistently with the 

outcomes of the primary analysis (model 2). Notably, the impacts of positive 

and negative changes in exchange rates, crude oil prices, industrial growth, and 

USD-denominated palm oil prices on food prices in Malaysia mirror those 

observed in the primary analysis within model two. Particularly noteworthy is 

the USD-denominated palm oil price, demonstrating a similar impact on food 

prices, where both positive and negative changes in the denominated palm oil 

price contribute positively to food prices in Malaysia. An in-depth examination 

of the coefficient of ECT(t−1) for the sensitivity model reveals a value of -

0.5291, significant at the one per cent level. This suggests that approximately 

52.91 per cent of the shock from the previous period converges back to the long-

run equilibrium in the current period. The negative sign indicates a return to 

equilibrium, and this process takes about two months. 

 

Furthermore, the diagnostic tests presented in Panel C, along with the 

CUSUM and CUSUM of Squares analysis depicted in Figure 4.3, affirm the 

model's goodness of fit. These analyses provide additional support for the 

interpretability and reliability of the model, reinforcing the robustness of the 

findings in Panel B. The detailed examination of the sensitivity model within 

Panel B not only reinforces the primary analysis results (model 2) but also 

provides a nuanced understanding of the adjustment dynamics and the system's 

responsiveness to shocks. This multi-faceted approach to analysis ensures a 
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comprehensive evaluation of the relationships under consideration, further 

solidifying the credibility of the reported outcomes. 

 

Table 4.11: The Sensitivity Analysis for Model Two 

Panel A: Bound Testing Results 

Model 
𝐹𝑃𝑡 = 𝑓(𝐼𝑃𝐼𝑡

(+)
, 𝐼𝑃𝐼𝑡

(−)
, 𝐸𝑋𝐶𝑡

(+)
, 𝐸𝑋𝐶𝑡

(−)
, 

            𝐶𝑂𝑡
(+)

, 𝐶𝑂𝑡
(−)

, 𝑃𝑂𝑡
(𝑈𝑆𝐷)(+)

, 𝑃𝑂𝑡
(𝑈𝑆𝐷)(−)

)  

Optimal Lag Length (AIC) (11, 12, 11, 7, 1) 

F-Statistics (Bound Test) 7.6109*** 

Panel B: Long-run Relationship Results 

Variables Coefficient t-Statistic Probability 

𝐶𝑂_𝑃𝑜𝑠𝑡    0.0180* 3.0874 0.0797 

𝐶𝑂_𝑁𝑒𝑔𝑡   -0.0233** -2.4939 0.0145 

𝑅𝐸𝐸𝑅_𝑃𝑜𝑠𝑡  -0.0326 -0.4486 0.6548 

𝑅𝐸𝐸𝑅_𝑁𝑒𝑔𝑡 -0.2100*** -4.3216 0.0000 

𝐼𝑃𝐼_𝑃𝑜𝑠𝑡    0.0146 0.7584 0.4502 

𝐼𝑃𝐼_𝑁𝑒𝑔𝑡    0.1018*** 6.2883 0.0000 

𝑃𝑂(𝑈𝑆𝐷)_𝑃𝑜𝑠𝑡 0.0139*** 3.9367 0.0002 

𝑃𝑂(𝑈𝑆𝐷)_𝑁𝑒𝑔𝑡  -0.0398*** -5.9622 0.0000 

R-squared                                   0.9985 
Adjusted R-squared                                   0.9983 
Durbin-Watson statistics               2.1049 
F-Statistics                                  3638.11*** 
𝐸𝐶𝑇𝑡−1                                  -0.5291*** 

Panel C: Diagnostic Testing Results 
Serial correlation  1.5725 (0.2131) 
Model specification 0.3305 (0.5668) 
Normality 0.4212 (0.8101) 
Heteroskedasticity 1.1495 (0.3223) 
Source: Author’s calculations using EViews 12. 

Note: Critical values are obtained from Pesaran et al. (2001), Table CI (iii) Case III: 

Unrestricted intercept and no trend, p. 300. (***) and (**) represent significance at 1% and 5%. 

The lag length is auto-selected based on the Akaike info criterion (AIC), and the maximum lag 

(K) is set at 12. The LM, ARCH and Ramsey RESET test statistics are based on F-statistics. 

 

In the subsequent phase of the analysis, the short- and long-run dynamics 

using the sensitivity model will be conducted. The outcomes of this analysis 

strongly confirm the existence of an asymmetric relationship between the 

independent variables and food prices in Malaysia in the long run. This finding 

aligns with the conclusions drawn from the primary analysis. Specifically, in the 
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short run, both exchange rate and industrial growth continue to exhibit an 

asymmetric effect on food prices, consistent with the observations in the primary 

analysis.  

 

Figure 4.3: CUSUM and CUSUM of Squares Analysis Result for 

Sensitivity Analysis of Model Two. 
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Source: Illustration by EViews 12. 

 

However, a noteworthy departure emerges concerning USD-

denominated palm oil prices, where the sensitivity model reveals an asymmetric 

impact in the short run. This contrasts with the symmetric relationship identified 

in the primary analysis for this variable during the short run. Despite this 

divergence, it is crucial to note that the probability value associated with this 

finding is very close to the non-rejection threshold (0.0935). This proximity 

suggests that the difference between the results of the primary analysis and the 

sensitivity model is not substantial. As such, while a nuanced distinction is 

identified, it can be reasonably assumed that the overall impact of USD-

denominated palm oil prices on food prices in the short run remains relatively 

consistent across both analyses. In essence, the short- and long-run asymmetric 

analyses based on the sensitivity model provide a nuanced perspective on the 

relationships between independent variables and food prices in Malaysia. The 
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proximity of probability values underscores the overall similarity between the 

primary analysis and the sensitivity model, contributing to the robustness and 

reliability of the findings. 

 

Table 4.12: Asymmetric and Symmetric Analysis Results in Short- and 

Long-run for Model Two 

Variables 
Wald Statistics (F-statistics) Decision 

Short-run Long-run Short-run Long-run 

Crude Oil 

Price 

  0.4045 

(0.5267) 

      2.5048** 

(0.0494) 

Symmetric Asymmetric 

Exchange 

Rate 

      2.6479** 

(0.0453) 

      9.8689** 

(0.0024) 

Asymmetric Asymmetric 

Palm Oil 

Price 

    1.8338* 

(0.0935) 

    3.2852* 

(0.0740) 

Asymmetric Asymmetric 

Industrial 

Growth 

      2.3742** 

(0.1472) 

      4.5933*** 

(0.0354) 

Asymmetric Asymmetric 

Source: Author’s calculations using EViews 12. 

Notes: The significance at the 1, 5 and 10 per cent levels is denoted by the asterisks 

(***), (**) and (*). The value in ( ) represents the probability value.   

 

4.7.3 Robustness Test for Model Three 

 

In the final phase, a robustness check was performed for model three, an 

extended model that integrates biodiesel demand factors to assess their impact 

on food prices in Malaysia. Two alternative analyses, DOLS and FMOL, were 

employed to scrutinize the dynamic effects of the variables. The result is 

presented in Table 4.13. Both analyses yielded robust findings, consistently 

aligning with the outcomes of the primary analysis for model three. The 

variables incorporated into the extended model exhibited a clear and precise 

relationship with food prices in Malaysia, reinforcing the understanding of how 

biodiesel demand factors influence the economic landscape. While the 

parameter values and levels of significance may differ slightly, the overall 



220 

 

findings replicate those of the primary analysis, further validating the robustness 

of the results. 

 

This dual validation through alternative analyses not only strengthens the 

credibility of the extended model but also emphasizes the resilience of the 

reported outcomes. The replication of findings across diverse analytical 

approaches adds a layer of confidence in the understanding of the intricate 

relationships between biodiesel demand factors and food prices in the Malaysian 

context. 

 

Table 4.13: Dynamic OLS (DOLS) and Fully Modified OLS (FMOL) 

Result 

Variable DOLS Test Results FMOL Test Result 

𝐶𝑂𝑡       0.0424 [2.5323]***     0.0550 [2.5185]*** 

𝑅𝐸𝐸𝑅𝑡   -0.3680 [-2.2724]** -0.3274 [-2.6748]** 

𝐵𝑃𝑡     -0.1503 [-4.2562]***       -0.0515 [-1.9289]* 

𝐼𝑁𝑉𝐸𝑆𝑇𝑀𝐸𝑁𝑇𝑡       0.1967 [4.4398]***          0.0153 [0.8567] 

𝑉𝐸𝐻𝐼𝐶𝐿𝐸𝑆𝑡       0.3667 [17.970]***        0.2757 [13.185]*** 

𝑃𝑂𝐿𝐼𝐶𝑌𝑡     2.7663 [2.1805]**      1.6821 [2.2946]** 

R-squared 0.9995 0.9830 
Adjusted R-squared 0.9967 0.9820 
Source: Author’s calculations using EViews 12. 

Note: (***), (**) and (*) represent significance at 1%, 5% and 10%. The lag length is auto-

selected based on the Akaike info criterion (AIC), and the maximum lag (K) is set at 4. Value 

in [ ] represents the t-statistic.  

 

Besides, to comprehensively capture the impact of biodiesel demand in 

model three, which incorporates a select set of independent variables, the Wald 

test (F-statistic) analysis is conducted. This test, performed using the OLS 

model, aims to confirm the cumulative effect of the four biodiesel demand 

variables on food prices. The results of this test are reported in Table 4.14. 
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The F-statistic findings present compelling evidence, rejecting the null 

hypothesis and confirming the significant cumulative effect of biodiesel price, 

vehicle population, biodiesel policy, and investment in the biodiesel industry on 

food prices in Malaysia. This outcome solidifies the conclusion that the demand 

factors, taken together, exert a substantial and statistically significant influence 

on food prices in the Malaysian context. In essence, these results underscore the 

importance of considering the collective impact of biodiesel demand factors 

when evaluating their influence on the economic dynamics of food prices in 

Malaysia. The significant cumulative effect identified through the Wald test 

further reinforces the understanding that these demand factors play a noteworthy 

role in shaping the food price landscape in the country. Next, findings of the 

causality relationship between the variables will be reported. 

 

Table 4.14: The Cumulative Effect of Biodiesel Demand Factors on 

Food Price in Malaysia 

Test Statistic Value Probability 

F-statistic      495.2203*** 0.0000 
Source: Author’s calculations using EViews 12. 

Note: (***) represents significance at 1%. 
 

 

4.8 Toda–Yamamoto Causality Test Result 

 

These sections discussed the causality relationship between the variables 

understudied. Cointegration in the models indicates that a causality relationship 

exists at least in one direction (Granger, 1988). The causality relationship is 

essential to know whether the food price influences other independent variables 

or vice versa. This finding is essential for policy implementation. First, the value 
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of the lag length is chosen using the lag length criterion under the VAR model. 

The AIC criterion suggested a lag of 17 for model one and 12 for model three. 

Then, the VAR (k+d) model is constructed to test the causality using the chi-

squared value among the variables41. Accordingly, the causality test results are 

reported in Table 4.15. 

 

 For model one, a unidirectional relationship is found between crude oil, 

palm oil, and food prices. The null hypothesis of crude oil price, not granger 

caused food prices, will be rejected at a one per cent significance level. The same 

goes for the palm oil price, whereby the null hypothesis was rejected at a five 

per cent significance level. However, the null hypothesis of food price does not 

granger cause both crude oil and palm oil prices cannot be rejected since the 

significant value is more than ten per cent. Accordingly, a unidirectional 

relationship exists between crude oil prices and food prices. A similar 

relationship exists between palm oil prices and food prices. This result shows 

that price changes in crude and palm oil prices will affect Malaysia's food prices. 

Nevertheless, the food price changes in Malaysia will not impact the price of 

crude and palm oil.  

 

Besides, exchange rate and industrial growth have bidirectional causality 

towards food prices in Malaysia. The null hypothesis for industrial growth and 

exchange rate in both directions is rejected at a one per cent significance level. 

This demonstrated that food price is interdependent with the exchange rate and 

industrial growth, whereby changes in both parties will impact each other.  

 
41 Since majority of the variables integrated in I(1), the d value is set at one.  
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 On the other hand, for Model Three, the unidirectional relationship is 

found between crude oil price and food price, similar to model one. This result 

shows that price changes in the crude oil price will affect the food price in 

Malaysia. However, changes in the food price will not significantly impact the 

crude oil price since the null hypothesis cannot be rejected at a ten per cent 

significance level. This finding is justifiable since Malaysia is a crude oil price 

taker, and this country has no power to control the market price of crude oil 

(further discussed in Chapter 5). Besides, all the biodiesel demand factors have 

a bidirectional relationship with Malaysia's food prices.  

 

This finding shows that biodiesel demand and food prices complement 

each other in growth. Vehicle population on the road, which represents the 

industrial growth in model three, has a bidirectional relationship similar to 

industrial growth. The relationship between biodiesel and food prices in 

Malaysia is bidirectional, which differs from the effect of palm oil prices on food 

prices. This may be because palm oil production is mandatory in Malaysia, while 

biodiesel production is optional and depends on market demand and the need to 

protect palm oil prices. In addition, palm oil has endogenous power to influence 

food prices in Malaysia, while economic factors mainly drive the decision to 

biodiesel production in Malaysia. 
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Table 4.15: Toda–Yamamoto Causality Test Results 

Hypothesis Model 1 Direction Model 3 Direction 

 IPI does not Granger Cause FP 25.3183 (0.0014)*** 
Bidirectional 

- 
- 

 FP does not Granger Cause IPI 29.8696 (0.0000)*** - 

 PO does not Granger Cause FP 7.9267 (0.0190)** 
Unidirectional 

- 
- 

 FP does not Granger Cause PO       1.2571 (0.2650) - 

 REER does not Granger Cause FP 33.3699 (0.0008)*** 
Bidirectional 

15.5073 (0.0084)*** 
Bidirectional 

 FP does not Granger Cause REER 29.9599 (0.0016)***     11.9180 (0.0380)** 

 CO does not Granger Cause FP 34.2705 (0.0011)*** 
Unidirectional 

4.0232 (0.0449)** 
Unidirectional 

 FP does not Granger Cause CO       0.2476 (0.6188)       2.8744 (0.1900) 

 BP does not Granger Cause FP - 
- 

 22.4850 (0.0001)*** 
Bidirectional 

 FP does not Granger Cause BP -  11.0332 (0.0009)*** 

 INVESTMENT does not Granger Cause FP - 
- 

 26.7708 (0.0000)*** 
Bidirectional 

 FP does not Granger Cause INVESTMENT -  23.5422 (0.0001)*** 

 VEHICLES do not Granger Cause FP - 
- 

 22.7481 (0.0000)*** 
Bidirectional 

 FP does not Granger Cause VEHICLES -      29.9599 (0.0016)*** 

 POLICY does not Granger Cause FP - 
- 

     12.9413 (0.0239)** 
Bidirectional 

 FP does not Granger Cause POLICY - 10.3741 (0.0653)** 

Source: Author’s calculations using EViews 12. 

Notes: The significance at the 1, 5 and 10 per cent levels are denoted by the asterisks (***), (**) and (*). The optimum lag is fixed at 17 for model 1 and 

12 for model 3 based on AIC. 
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4.9 Impulse Response Function and Variance Decomposition Analysis 

Result 

 

Lastly, the impulse response function and the variance decomposition 

analysis results will be reported and discussed in this section. Figure 4.4 

represents the impulse response function analysis in the graphical figure for 

model one. This analysis is a fundamental aspect of time series. The findings of 

this analysis provide insights into how one variable responds to a shock or 

change in another variable over time. After identifying these effects, analysts 

can use this information to predict the behaviour of the system's variables. 

Accordingly, this study tried to demonstrate the shock effect for the period of 12 

using the VAR model framework. 

 

Based on Figure 4.4, one SD shock on the food price in Malaysia initially 

decreases the own price in the short run. The decline trend stops in period three 

and shows no noticeable impact until period seven. After that, it started to 

decline again until it reached steady in period eight to eleven, then remained in 

the positive region. Thus, food price seems to have an asymmetric impact on its 

price in response to the shock. On the other hand, one SD shock on crude oil 

price does not immediately affect the food price in Malaysia. This can be viewed 

from Figure 4.4, whereby food prices do not react significantly to the shortfall 

until the fourth period. This could be due to the subsidy program implemented 

by the Malaysian government to protect food prices. Accordingly, the shock of 

crude oil prices transmitted to food prices after period four. After period four, 

food prices increase as a response to the shock and decrease from period six to 
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eight before increasing back after the period. The responses remain in the 

positive region until period 12. This finding validates the short- and long-run 

relationship between crude oil prices and food prices generated using the ARDL 

model.  

 

Figure 4.4: Impulse Response Function of Food Price for Model 1 

 
Source: Figure is generated using EViews 12. 

 

Besides, food price decreases to the one SD shock of palm oil prices in 

the short run (until two periods). However, there was an immediate increase in 

the food price in response to the palm oil price shock from the second period 

onwards. Thus, it validates the positive long-run relationship presented in 
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section 4.5. Thus, palm oil price seems to have an asymmetric impact on the 

food price in Malaysia. Furthermore, food prices increase consistently to one SD 

shock of industrial growth for the 12 periods. This indicates that industrial 

growth positively impacts the food price in Malaysia in the long run. In 

contradiction, food price responds negatively to the shock of the exchange rate 

in the 12-period period. The food price decreases until period four, then slowly 

increases until period 12. However, the shock remained negative for the 

exchange rate one SD shock. Overall, the impulse response function verified the 

short- and long-run relationship since the projection is very consistent with the 

findings of the ARDL model.  

 

On the other hand, Figure 4.5 demonstrates the variance decomposition 

analysis results for model one. This analysis shows how much forecast error 

variance of the selected variables in the model can explain the exogenous 

shocks. Furthermore, these findings may extend the understanding of which 

independent variables influence the food price in Malaysia. Accordingly, to test 

the percentage of forecast error variance, 24 periods have been set, 

approximately two years into the future. The statistics have been generated 

graphically for a better view of the influences. Based on model one in Figure 

4.5, the variables explain 100 per cent of the forecast error variance of food 

prices in Malaysia in period one. Thus, other variables in the model have a 

substantial exogenous effect in period one. However, the exchange rate in 

periods four to ten strongly forecasts food prices in Malaysia, reaching up to 60 

per cent in periods four and five. The rest of the variables have a weak influence 
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in predicting the food price in Malaysia up to period ten. Interestingly, crude and 

palm oil prices slowly gained the forecasting power from period six onwards.  

 

However, in the long run, the food price shows low influence (less than 

10 per cent from period ten onwards). Remarkably, the forecast error variance 

of palm oil price and industrial growth is moderately explaining the food price 

whereby the influences gradually up to 37 per cent and 40 per cent, respectively, 

in the period of 24. The crude oil price shows the same trend but has low 

influence, up to 10 per cent in the long run. This justifies the impulse response 

function whereby the shock on the crude oil price does not immediately transmit 

to the food price in Malaysia. Lastly, even though the forecasting power of the 

exchange rate is substantial in a short period, the influences seem to be dissolved 

in the long run, and this variable can predict about 11 per cent of the food price 

variance in the long run.    

 

Figure 4.5: Variance Decomposition Analysis for Model 1 

 
Source: Figure is generated using EViews 12. 
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Furthermore, Figure 4.6 illustrates the impulse response function of 

model three, including biodiesel demand factors. One SD shock of food price 

has no noticeable impact on the price in the short run (up to period two). 

However, after the second period, it shows a decreasing trend in the long run 

until period 12, moving towards the equilibrium. This shows that stabilising any 

food price shock will take more than one year. Interestingly, one SD shock of 

biofuel policy, crude oil prices and investment in the biodiesel industry reduce 

the food price in a short period. However, food prices increase to those variables’ 

shocks in the long run and hit steady state value in periods two, four and seven, 

respectively. Thus, these three variables seem to have an asymmetric impact on 

the food price in Malaysia. This finding validates the short- and long-run 

relationship generated using the ARDL model.  

 

However, one SD shock on the exchange rate, food prices decreasing 

until period six before increasing from period seven onwards, approaching 

steady-state value. Besides, one SD shock in biodiesel price and vehicle 

population increases the food price in Malaysia consistently from the initial 

point until the period of 12. These findings verified the short- and long-run 

relationship presented earlier since the impulse response function is very 

consistent with the findings of the ARDL model. 

.
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Figure 4.6: Impulse Response Function of Food Price for Model 3 

 
Source: Figure is generated using EViews 12. 

 

Accordingly, Figure 4.7 demonstrates the variance decomposition 

information for model three. In period one, the variables explain 100 per cent of 

the forecast error variance of food prices in Malaysia. This influence slowly 

reduced to 30 per cent in two years. Thus, other variables in the model have a 

substantial exogenous effect in period one. Furthermore, in the short run, the 

variables have a weak influence in predicting the food price in Malaysia up to 

period ten, except for the exchange rate and biofuel policy, whereby very low 

forecast variance reported, i.e., about 13 per cent and 10 per cent, respectively. 

Exchange rates remain a critical component of forecasting the food price 
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variable in Malaysia, based on variance decomposition analysis in models one 

and three.  

 

In the long term, interestingly, the forecast error variance of biodiesel 

price, biofuel policy and vehicle population in explaining the food price 

increases gradually up to 32 per cent, 12 per cent, and 13 per cent in the periods 

of 24, respectively. The dominant forecasting role of palm oil in model one is 

ratified by the solid value of biodiesel price in model three. The exchange rate 

shows the same trend but has a low influence, up to 10 per cent in the long run. 

Similar to model one, crude oil prices remain exogenous in predicting Malaysia's 

food prices in the short- and long run. This variable can only predict the food 

price in Malaysia by about two per cent.          

  

Figure 4.7: Variance Decomposition Analysis for Model 3 

 
Source: Figure is generated using EViews 12. 
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4.10 Concluding Remarks 

 

This section concludes the overall chapter on results and interpretation. 

Thus, the discussion presents descriptive statistics and the correlation analysis 

results. Even though the VIF values of certain variables show severe 

multicollinearity issues, it is still justifiable based on adopting the ARDL 

method to analyse the cointegration among the variables in the model. To ratify 

the issue of multicollinearity, some adjustments have been made in model three 

by removing the industrial growth from the model. Accordingly, three models 

are presented in this chapter to answer the research questions of this study. 

Before proceeding with the cointegration analysis, the unit root has been tested 

among the variables. Based on the ADF and PP unit root test, it is confirmed 

that variables understudied are integrated with I(0) or I(1). No, I(2) variables 

have been used in the model, and the dependent variable, i.e., food price, is 

integrated in I(1). This validated one of the basic requirements of the ARDL 

model.    

 

 The analysis further progresses with the bound testing to identify the 

existing cointegration relationship among the variables using all three models. 

The results of the bound testing conclude that all three models have 

cointegration relationships. Remarkably, all the diagnostic tests are reasonable, 

and the models are stable based on CUSUM and CUSUM square tests. Thus, the 

analysis is further advanced to short- and long-run relationships using the ARDL 

model. The coefficient value of 𝐸𝐶𝑇𝑡−1 for all the models are significant and 

have negative signs, as expected. The short- and long-run relationship between 
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the variables in each model (models one and three) has been discussed in this 

chapter.  

 

The analysis proceeds with the asymmetric effect investigation based on 

model two. Accordingly, crude oil prices, palm oil prices, exchange rate and 

industrial growth are asymmetric in long-run food prices in Malaysia. 

Subsequently, the study undergoes a robustness test to confirm the reliability 

and consistency of the ARDL findings. The robustness test confirmed that the 

primary findings are consistent and reliable. After presenting the short- and 

long-run results for models one and three, the causality test undergoes. For 

model one, a unidirectional relationship is found between crude oil, palm oil, 

and food prices. Besides, exchange rate and industrial growth have bidirectional 

causality towards food prices in Malaysia. For Model Three, the unidirectional 

relationship is found between crude oil prices and food prices in Malaysia, while 

exchange rate and biodiesel demand factors have bidirectional causality towards 

food prices in Malaysia.  

 

Lastly, the impulse response function and the variance decomposition 

analysis results are reported and discussed. The impulse response function 

analysis is presented in the graphical figure for models one and three, validating 

the short- and long-run relationship that the ARDL model generates. Overall, 

the empirical findings presented in this chapter motivated to answer the study’s 

research questions. Accordingly, the next section will discuss the findings in 

detail, which the theories and relevant past studies will justify. Further 

discussion on how the findings explain the actual situation of food prices in 
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Malaysia will be presented in the next chapter. Hence, in the next chapter, each 

research question will be answered with the proper justification from the 

empirical findings from this chapter.   
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CHAPTER FIVE 

 

FINDINGS DISCUSSION 

 

 

5.1 Introduction 

 

This study's motif is to investigate the relationship and the effect of palm 

oil prices, industrial growth and biodiesel demand factors on food prices in 

Malaysia. Hence, four research questions were raised in the earlier chapter. 

Furthermore, secondary data has been gathered, and selected econometric 

analysis has been conducted in the previous chapter to answer the research 

questions of this study. Finally, the significant findings have been tabulated in a 

presentable way and interpreted in chapter four.  

 

This chapter will discuss how this study's results fit the existing empirical 

findings based on the literature. At the same time, the findings will be vindicated 

using theoretical/conceptual justification. This process is essential to ensure the 

current study's findings are well-admissible and valid for the context of 

Malaysia. Thus, the verified factual results of this study could help in the policy 

implication and making process later on. Thus, the current chapter is divided 

into six sections. The first section will be the introduction, followed by Section 

5.2, which discusses the relationship between palm oil prices and industrial 

growth on the food price in Malaysia. This section is important to answer the 

first research question of this study.  
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Subsequently, the asymmetric relationship between palm oil prices and 

industrial growth on the food price will be discussed in Section 5.3. This 

discussion helps in answering the second research question of this study. The 

next section discussed the relationship between biodiesel demand factors on 

food prices in Malaysia. Each of the biodiesel demand factors and its 

relationship with food price will be discussed in detail using the theoretical 

justification. This section is important to answer the third research question of 

this study. To answer the last research question of this study, the dynamic effect 

of the variables will be discussed in Section 5.5. Lastly, the concluding remark 

section will take place.  

 

 

5.2 The Nature of the Relationship between Palm Oil Price, Industrial 

Growth, Other Control Variables and Food Price in Malaysia. 

 

This section will discuss the findings of the short- and long-run 

relationship and the causality relationship between palm oil prices, industrial 

growth, control variables and food prices in Malaysia. The short- and long-run 

relationship is analysed using the  ARDL bound testing approach and the 

causality test using the Toda Yamamoto approach. The empirical findings are 

reported in Table 4.5, 4.6, 4.7 and Table 4.14, respectively, under the model one. 

Further discussion in this section helps in answering the first research question 

of this study.  
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5.2.1 The relationship between Crude oil price and food price in Malaysia. 

 

Crude oil price is a fundamental determinant of the food price, reflecting 

the demand side. Thus, there is a strong argument in the literature on the impact 

of crude oil prices on food prices based on various countries (Sun et al., 2023; 

Dutta et al., 2021; Wong & Shamsudin, 2017; Timilsina et al., 2011). 

Accordingly, the crude oil price is added to Malaysia's food price model as a 

control variable, whereby past works of literature (Dutta et al., 2021; Wong & 

Shamsudin, 2017; Ibrahim, 2015), verify a strong influence of the crude oil price 

on the food price in Malaysia. Hence, the empirical findings of the current study 

endorse the arguments whereby a positive and significant impact of crude oil 

price on the linear model (models one and three) of food price in Malaysia is 

found in the long run. The findings show that a one-point increase in crude oil 

price will increase the food price of Malaysia by approximately 0.20 points (for 

model one) and 0.04 points (for model three) in the long run. The current study's 

finding stressed that crude oil price is an essential determinant of the food price 

in Malaysia.  

 

The current study's finding is rational since crude oil is an essential input 

in the production process as raw materials and transportation. Various products 

are produced based on crude oil, such as gasoline, diesel fuel, lubricating oils, 

petrochemical feedstocks, and many more, mainly used in the industrial and 

transportation sectors. Hence, conceptually, an increase in the price of crude oil 

will increase the cost of production of products and services. This situation may 

increase the price of final goods and services, positively affecting the inflation 
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rate and real interest rate (OECD Economic Outlook, 2023). This can be 

evidenced by the recent Russian invasion of Ukraine, whereby the crude oil price 

increased due to various types of economic restrictions imposed on Russia. This 

situation led to most of the countries' inflation rate jumping up. For instance, the 

US recorded a 9.1 per cent inflation rate on June 23, and the UK was about 9.4 

per cent in the same period (World Bank, 2023). For Malaysia’s case, Lily et al. 

(2019) confirmed that positive changes in the crude oil price have a positive 

significant impact on the consumer price index of Malaysia.     

 

Interestingly, it is known that Malaysia is ranked second as a crude oil 

producer after Indonesia in Southeast Asia. Furthermore, according to the 

Central Intelligence Agency (CIA, 2020) report, Malaysia produced 647 

thousand barrels of oil daily and ranked 27th most significant globally in 2018. 

Therefore, even though Malaysia is a significant global crude oil producer, this 

country is not immune to the oil price hike. This is mainly because the price of 

crude oil is determined based on the market forces of demand and supply, and 

the competition between the giant economies in consuming crude oil determines 

the market price of crude oil globally42.  

 

Since Malaysia is not immune to the crude oil hike, it will significantly 

impact Malaysia since crude oil prices have a significant positive effect on food 

prices in Malaysia. This statement is confirmed by this study's empirical findings 

 
42 Organization of the Petroleum Exporting Countries (OPEC) is mainly in charged in 

influencing the crude oil price globally. This organisation is consisting of 13 members countries 

who managing the oil production, quotas, and reserves of the oil globally. OPEC is controlling 

about 71 per cent of the total global crude oil reserves.  Notably, Malaysia is not a member of 

the OPEC.  
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in the previous chapter. However, it is notable that Malaysia's government 

implemented the Automatic Pricing Mechanism (APM) in 1983 to regulate 

domestic oil prices. Thus, this move is expected to help stabilise petroleum 

prices domestically. Furthermore, the implementation of the Automatic Pricing 

Mechanism will monitor the price of the petroleum products of the current 

month, and it will determine the price of the following month's petroleum 

products. This process could make implementing the fuel subsidies more 

effective from the government side. In this case, when the global crude oil price 

in higher in the current month, the Malaysian government will provide more 

subsidies by setting the retailing price below the actual international petroleum 

price.  

 

For instance, with crude oil booming recently due to the war in Ukraine, 

the Malaysian government allocated fuel subsidies for petrol, diesel, and L.P. 

gas to about MYR 37.3 billion in 2022 to combat inflation in Malaysia (Ministry 

of Finance [MOF] 2022). Out of the total subsidies allocated by the Malaysian 

government, about 48 per cent covers the fuel subsidy itself. The formal 

financial minister, Tengku Datuk Seri Zafrul Tengku Abdul Aziz, added that the 

subsidy allocation for the year 2022 is the highest in the history of Malaysia, 

whereby the highest subsidy leads to the fuel price in Malaysia is relatively 

cheaper among the Association of Southeast Asian Nations (ASEAN) countries 

currently. The petrol price in Malaysia is somewhat lower than in Indonesia and 

Vietnam by 47.44 per cent and 54.24 per cent, respectively (Dermawan, 2022). 

This move may significantly help control the inflation rate in Malaysia, whereby 

in 2022, Malaysia is forecasted to have a second lower inflation rate in the 
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Southeast countries after Brunei. Malaysia's forecasted inflation rate in 2022 is 

3.23 per cent, which is lower than Indonesia's and Vietnam's; the inflation rate 

of both countries recorded at 7.24 per cent and 4.4 per cent, respectively43 

(International Monetary Funds, IMFa, 2023).            

 

Furthermore, the current study's finding is in line with the theory of 

production cost of value, which indicates that food prices are determined by the 

resources used in production, such as labour, raw materials used, fuels for the 

types of machinery and transportation, and capital (Ruan, 2018). The usage of 

fuels in the kinds of machinery for activities such as farming and harvesting, as 

well as for the transportation sector, is expected to influence the value chain 

activities for food production. Thus, the effect is higher for food-importing 

countries such as Malaysia. This could be mainly due to extending the value 

chain activities by including the trading process. Even though the Malaysian 

government is giving subsidies on fuel prices to control inflation, crude oil prices 

affect the commodity prices, which are imported from other countries to 

Malaysia, and cannot be denied. This is because the fuel price effect is already 

transmitted in the commodity prices, as illustrated by the production cost of 

value theory.  

 

For instance, studies such as Hung (2021) and Peersman et al. (2021) 

proved that crude oil price hike increases the price of crops such as corn, 

soybeans, and wheat. Accordingly, the import value of those commodities into 

 
43 However, the effect of the fuel subsidy by government on the food inflation is not explored in 

the current. Exploration of the role of subsidies in controlling the price of goods and services 

could be the future direction of this study.  
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the Malaysian market is already expensive, which will also increase the food 

price. Notably, Malaysia imported 2,050 and 3,800 thousand metric tonnes of 

wheat and corn in 2021, respectively (USDA, 2023). This creates an 

understanding that the subsidies on fuel and other relevant products could 

control domestic goods and services but not imported goods. In this case, the 

crude oil price influences the cost of production in the farm and production 

plants positively, and this will be reflected positively on the crops and food 

prices in the end. Thus, this argument is consistent with the bioenergy model 

proposed by Ciaian and Kancs (2011), whereby energy price increases the price 

of food crops by increasing the production cost of farm activities (Cao & Cheng, 

2021).   

 

On the other hand, the concept of "financialisation of commodity 

markets" further strengthens the current study's findings. Based on this concept, 

agriculture commodities are treated as another investable asset to overcome the 

heating and creating spillovers in the financial market (Wadud et al., 2023; 

Ordu-Akkaya & Soytas, 2020). As a result, agricultural commodities increased 

transmission stocks and commodities due to financialisation, increasing the 

integration between oil prices and agricultural commodities (Bossman et al., 

2023; Ordu-Akkava & Soytas, 2020). With the increasing integration between 

the crude oil price and the agricultural commodities, the price of the crops is 

having strong co-movement with the price of crude oil globally. This is an 

alternative direction of the crude oil price effect on the commodity prices rather 

than the traditional theory of production cost of value. Overall, a solid theoretical 
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and conceptual justification validates the current study's positive and significant 

findings between food prices and crude oil prices in Malaysia. 

 

Based on the empirical findings, the current study's findings are similar 

to Majuca (2020), Lily et al. (2019) and Applanaidu et al., (2016). Those studies 

found a positive relationship between food prices and crude oil prices in 

Malaysia. The positive relationship in the current study indicates that crude oil 

price hike directly impacts transportation and other relevant food production 

costs positively. This led to the food products and services increase. Besides, the 

crude oil price raises Malaysia's food import bill, as Ibrahim (2015) argues. This 

argument justifies the previous claim that the international price of the 

commodities increases Malaysia's food price even though the Malaysian 

government subsidises the fuel price. Finally, the financialisation of the 

commodities leads to the price of agricultural commodities closely correlating 

with the crude oil price. Thus, crude oil prices will increase agrarian commodity 

prices used as the raw material in food production. Conceptually, this argument 

justifies the significant positive relationships between crude oil prices and food 

prices in Malaysia.  

 

However, Norazman, Khalid and Ghani (2018) tell a different story 

whereby a negative relationship is found between crude oil prices and food 

prices in Malaysia. Even though Norazman et al. (2018) use monthly data 

similar to the current study, the sample period is only covered from 1991 to 

2013, whereas this study's sample period is from 2013 to 2022. There are some 

advantages to the current study's sample period whereby it can cover the 
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essential economic event which failed to be captured by Norazman et al., (2018). 

Those significant events are implementing the floating system for the fuel price, 

which started in 2014, and the Covid-19 pandemic affected Malaysia from 

March 2020. The effect of crude oil prices on food prices seems better reflected 

in these two economic events in Malaysia.  

 

The Malaysian government policy to peg the MYR value to 3.80 towards 

USD was implemented from 1998 to July 2005. Implementation of the fixed 

exchange rate by the Malaysian government mainly to tackle the Asian Financial 

crisis and to promote economic stability in Malaysia during the crisis period. 

Accordingly, one of the advantages of the fixed exchange rate is promoting trade 

and boosting economic growth. Malaysia is an oil exporting country, and the 

peg of the exchange rate is beneficial in increasing the country's income44. Thus, 

this could drive down the price of non-traded goods in the domestic market 

(Butzer, 2015). On the other hand, due to the exchange rate being fixed for seven 

years, the actual effect of the crude oil price on the domestic food price may be 

dissolved (Norazman et al., 2018). Therefore, this fixed exchange rate policy 

could be the reason for the negative relationship in the long run between crude 

oil and food prices in Malaysia, based on the study of Norazman et al. (2018).  

 

However, implementing the de-peg of the MYR value from July 2005 

onwards and executing the floating fuel price in 2014 can bring the actual effect 

of the exchange value into the picture. In this case, the impact of the crude oil 

 
44 Malaysia is recorded the export of crude petroleum at USD 5.18 billion in 2020 which make 

Malaysia is 21st largest exporter of the crude oil in the world. In the same year Malaysia imported 

USD 4.75 billion of crude petroleum into Malaysia. As overall, it is recorded the net export of 

USD 0.43 billion.   
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price is better reflected in the food price captured by the current study. On the 

other hand, the COVID-19 pandemic negatively affects the crude oil industries 

due to the decrease in global industrial production. This event led to a negative 

financial bubble in most fuel-exporting countries (Gharib et al., 2021). Thus, a 

drop in the crude oil price also influences the commodity prices, which is not 

captured by the study of Norazman et al. (2018).  

 

 Besides, the causality test findings show that the crude oil price has the 

power to influence the food price in Malaysia. However, there is no reverse 

effect from food price to crude oil. This finding is similar to Norazman et al. 

(2018), which validates unidirectional causality from crude oil prices to food 

prices in Malaysia. This finding is justifiable because Malaysia is one of the oil-

producing countries, earning solid income through oil trading. A report from the 

Federal Government revenue of Malaysia highlighted that Malaysia's petroleum 

income tax gain in 2022 is MYR 19,302 million, which is about 6.8 per cent of 

the overall revenue of Malaysia in 2022. However, Malaysia does not have the 

power to influence the international market price of crude oil, which is mainly 

controlled and monitored by OPEC member countries. Malaysia is known to be 

an energy price taker (Majuca, 2020). This argument validates the unidirectional 

causality of the current study, from crude oil prices to food prices in Malaysia. 

  

Overall, it is clear that the crude oil price plays a crucial role in positively 

affecting Malaysia's food prices. At the same time, unidirectional causality from 

crude oil price to food price indicates the strong dependency of the food market 

on energy. The findings align with the theoretical justification and the previous 
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studies. The effect of the exchange rate on the food price will be discussed in 

the coming section.  

 

5.2.2 The Relationship between Exchange Rate and Food Prices in Malaysia 

 

The effect of the exchange rate on the food price is highly complex since 

Malaysia is one of the net foods importing countries in the world. According to 

DOSMc (2021), Malaysia's import dependency on agricultural commodities 

increased from 7.3 per cent to 13.7 per cent from 1987 to 2015. The reliance on 

imported agricultural commodities increased by almost double in 28 years. 

Furthermore, the report highlighted that Malaysia's import of food products in 

2020 was MYR 55.5 billion compared to its exports of MYR 33.8 billion45. 

Accordingly, due to Malaysia's higher dependency on food imports, the 

exchange rate fluctuation could affect the availability of domestic food supply 

and create instability in Malaysia's food prices. Thus, this argument can be 

explained using the law of one price, whereby the asset price will be the same 

across the market globally (Haskel & Wolf, 2001; Miljkovic, 1999). Thus, this 

ability can be achieved considering the currency exchange between the countries 

involved in the trading activities. So, arbitrage profitability can be ratified with 

the same value of the assets and commodities across the market. Thus, it is 

understood that solid currency value stabilises the prices and can reduce a 

country's import bill. Therefore, this minimises Malaysia's food inflation (Aliyu 

& Ismail, 2017). 

 
45 The trade deficit for the food products in Malaysia is recorded as MYR 21.7 billion in 2020, 

which is increased 24.9 per cent compared to 2019 (DOSMc, 2021).  
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The weakened currency will negatively impact the open economy, such 

as Malaysia, by increasing imported food bills. Notably, Malaysia's dependency 

on imported foods is about 60 per cent due to industrial growth, whereby local 

agriculture production is being traded off (Business Today, 2022). Thus, the 

exchange rate is another crucial control variable that cannot be denied from the 

food price model in Malaysia. Accordingly, the exchange rate has been added to 

Malaysia's food price model to capture the effect of international trade on 

domestic food prices. The current study's finding shows that the exchange rate 

has a significant negative relationship with the food price in Malaysia, as 

expected. These findings are confirmed based on the linear models one and 

three. The results suggested that the appreciation of Malaysia's currency value 

by one per cent will decrease the food price by 1.64 per cent for model one and 

0.24 per cent for model three in the long run. Based on the concept, theory, and 

past empirical findings, the findings are solid and well-justifiable. 

 

Furthermore, most of the literature has similar findings in the case of 

Malaysia, for instance, Applanaidu et al. (2014), Norazman et al. (2018), and 

Hasan et al. (2018). Thus, the negative relationship indicates that the MYR 

depreciation will increase the domestic food price in Malaysia (Norazman et al., 

2018). This is rational; for instance, the devaluation of the MYR could increase 

the import bills of the goods and services traded at international prices (Alotaibi, 

2016; Kotil, 2019). This is because weakened currency value will lead to more 

budget allocated to import the same volume of commodities into Malaysia due 

to the food demand. This argument aligns with the law of one price whereby the 

trading activities use the USD for the commodities value standardisation. Thus, 
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the devaluation of the MYR in Malaysia will create two consequences. The first 

consequence is that the price of raw materials in food production will increase 

due to the relatively higher import value. For example, Business Today (2022) 

reported that Malaysia depends on 88.8 per cent of mutton and 76.4 per cent of 

beef imported from India using the international currency value. This situation 

will increase Malaysia's food prices when the exchange value weakens.  

 

The second consequence will be that the imported food supply will be 

reduced domestically due to higher import costs, which may increase the food 

price due to the demand and limited supply in the market. Thus, Ariff and 

Abubakar (1999) urged that Malaysia implement an expansionary fiscal policy 

to combat the Asian Financial Crisis in 1997/98. The import of luxury goods 

declined, mainly focusing on capital and intermediate goods46. Accordingly, 

based on the policy instrument, the effect of the exchange rate on the price of 

goods and services can be reduced by limiting the import quantities into 

Malaysia. This was practically done in 1997/98 when the Asian Financial Crisis 

impacted Malaysia. It is known that the Malaysian exchange rate plunged to a 

low of 4.88 in January 1988 against the USD in 1997 from 2.42 in April 1997 

(IMFb, 2023; Nambiar, 2009; Ariff & Abubakar, 1999). Due to the devaluation 

of the MYR, Malaysia undergoes various capital control strategies to reduce the 

import of goods and services into Malaysia to safeguard the MYR's value.  

 

 
46 The import of Malaysia drops from 27 per cent to 13 per cent and 16 per cent to 10 per cent 

for the period of 1995 to 2007, for Japan and US, respectively.  
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For instance, a ban on the offshore market trading of the local currency 

in September 1998 to curb speculation of the MYR, fixed the MYR exchange 

rate at 3.8 to the USD and introducing campaigns such as "buy Malaysian 

products" are policies that have been introduced to reduce the effect of the 

exchange rate on the imported products and services. Practically, these moves 

helped in the recovery process of Malaysia from the financial crisis during that 

period. However, these moves do not apply to importing food and food-related 

products into Malaysia. This is because food production in Malaysia is limited, 

and the majority of the food industry in Malaysia depends on raw materials from 

other countries. Thus, slacking the imports may negatively impact Malaysia's 

food processing industries. This will consequently lead to a food crisis in 

Malaysia. Therefore, it fixed the exchange rate to 3.8 against the US, minimising 

the effect in the crisis period in 1997/98. In this case, safeguarding the Malaysia 

MYR value is essential to control the food price in Malaysia since reducing food 

imports will not work for Malaysia in the current context.       

 

Besides, Afolabi et al. (2022) and Baltagi and Wang (2023) argued that 

the exchange rates could explain the link between oil prices and agricultural 

commodity prices because oil trade is conducted mainly in USD. The report of 

World Economic Outlook, April 2023 from IMF stated that a 10 per cent 

depreciation in the U.S. dollar leads to an increase in crude oil prices by about 

2-3 per cent and an increase in agricultural commodity prices of about 1-2 per 

cent (IMFb, 2023). Accordingly, the devaluation of the MYR will reduce the 

import of petroleum products, fertiliser and other relevant products used in food 

production. This argument is supported by Butt et al. (2020), which shows that 



250 

 

the exchange rate negatively impacts agricultural commodity prices such as 

palm oil, rubber and natural gas using monthly data similar to the current study. 

Accordingly, this will slow economic progress and lead to inflation in Malaysia. 

The finding is further strengthened by the recent decision by Indonesia to ban 

their export of palm oil in 2022 to alleviate the inflationary effect in that country 

due to the shortage of palm oil, which will increase the cost of vegetable oil 

(Business Today, 2022). Notably, with the solid international palm oil price 

(More than USD 6,653 per tonne), this decision was taken even though 

Indonesia lost about USD 3 billion a month in foreign revenues due to an 

unfavourable exchange rate in Indonesia. Thus, a firm currency value against 

the US will be very favourable towards trading activities. This justifies the 

negative relationship between Malaysia's exchange rate and food prices.  

 

The causal relationship between Malaysia's exchange rate and food price 

indicates a bidirectional relationship between them in models one and three. This 

suggests that the exchange rate is vital to Malaysia's food prices. This is very 

rational, especially for Malaysia, which is known to be the net food importing 

country. The findings are supported by Samal et al., (2022), which found that 

India has a bidirectional relationship between exchange rate and food price. 

Overall, it is clear that the exchange rate plays a crucial role in negatively 

affecting Malaysia's food prices, which aligns with the theoretical justification 

and the previous studies. Accordingly, the effect of the experimental variable, 

i.e., palm oil price, on the food price will be discussed in the coming section.  
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5.2.3 The Relationship between Palm Oil Prices and Food Prices in Malaysia 

 

Palm oil price is one of the essential experimental variables in this study. 

This study highlighted the assumption that palm oil prices will influence food 

prices in Malaysia since this commodity's oil is used in food production and as 

the primary cooking oil in Malaysia47. According to MPOC (2022), about 75.45 

million metric tonnes of Malaysian palm oil were used for food production 

globally in 2020. This is higher than 2015/06, recorded as 59.5 million metric 

tonnes globally. Furthermore, the FAO Statistical Corporate Database (2022) 

report highlighted that palm oil is the world's most significantly consumed 

vegetable oil for 2020, followed by soybean oil. Thus, with the growing 

influence of palm oil on food production, the fluctuation in the palm oil price is 

hypothesised to impact the food price in Malaysia. Accordingly, this variable is 

vital in answering this study's first and second research questions.  

 

The empirical findings of this study confirmed the hypothesis by 

indicating that palm oil price has a positive and significant impact on food prices 

in Malaysia in the long run. The findings suggested that a one-point increase in 

palm oil prices will increase the food price by approximately 0.06 points in the 

long run. Furthermore, the causality test findings indicate a unidirectional effect 

of palm oil prices towards Malaysia's food prices. Thus, this finding shows the 

palm oil price's significant role in Malaysia's food price hike.  

 

 
47 The palm oil produced in Malaysia is used globally as a cooking oil, margarine, vegetable 

ghee, ice cream, cheese analog, non-dairy products, and others (MPOC, 2022). Under the non-

edible sector, palm oil used to produce products such as soaps, shampoos, detergents, 

pharmaceuticals and others (Abdullah, 2013). 
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The present study's significant positive relationship between palm oil 

prices and food prices in Malaysia is justifiable with the cost-of-production 

theory of value. The theory indicates that the cost of production of those goods 

determines the final value of the goods and services. In this case, the agriculture 

commodity prices are one of the factors of production which determine the final 

price of the food since it is used as the raw material for food production (Nigatu 

et al., 2020). Thus, this concept is founded by the supply-demand framework, 

widely used in energy-food studies (Kusz et al., 2021; Peersman et al., 2021; 

Taghizadah-Hesary et al., 2019).  

 

Accordingly, various factors influence the price of palm oil in Malaysia. 

For instance, since palm oil is one of the highly tradeable commodities globally, 

supply and demand play a significant role in the price determined, which is 

agreed upon by both seller and buyer (Abdullah, 2013). In this case, the various 

factors affecting palm oil production will influence the availability of palm oil 

in the market. From the demand side, the higher the need for palm oil in the food 

and non-food industries, the higher the demand for this commodity from the 

national and international markets. For instance, Trading Economics (2023) 

reported that the local palm oil export increased by 27.7-33.1 per cent in 

February 2023 compared to the previous month. The increase in the export of 

Malaysian palm oil is mainly due to the export restrictions from Indonesia, 

which is known as the top producer of global palm oil (Tan & Lim, 2022). 

 

Furthermore, increasing mandatory biofuel in Indonesia increases the 

demand for palm oil for blenders and reduces the global supply of cooking oil. 
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Lastly, the drop in the production level of palm oil in Malaysia recently due to 

tropical storms and floods increased the price of this commodity as well. Thus, 

various internal and external factors contribute to the fluctuations in Malaysia's 

palm oil prices.  

 

Besides, the significant role of palm oil on the food price cannot be 

denied. This is because of the usage of palm oil in food production and 

preparation, i.e., as cooking and frying oil. Therefore, the cooking oil price is 

highly dependent on the price of local palm oil. This statement is further 

supported by Sarmidi et al., (2022), which found that palm oil prices strongly 

influence vegetable prices in Malaysia. Furthermore, the Malaysia Productivity 

Corporation (2022) indicates that Malaysian household spending on cooking oil 

is about 0.42 per cent of overall food expenditure. Thus, this is a small amount, 

but an increase in the cooking oil price may affect the "food away from home". 

 

Interestingly, the chief statistician under the Department of Statistics 

Malaysia, Dr Uzir Mahidin, highlighted that the price index of "food at home" 

and "food away from home" increased by about 6.1 per cent and 6.6 per cent, 

respectively, in 202248. Moreover, the Guardian (2022) highlighted that fast-

food prices might increase globally due to the rise of cooking affected by the 

Russia-Ukraine invasion. The report indicates that the price of vegetable oil 

jumps to 22 per cent on average compared to last year. Based on this statement, 

 
48 According to Dr. Uzir Mahidin, the higher increase in the food away from home are roti canai 

(10.5%), economy rice (9.7%), cooked beef (7.8%), and noodles (7.0%).   
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it is notable that the effect of the global recession is higher on food away from 

home than food at home.  

 

This is significant since most Malaysian working communities consume 

food away from home, such as stalls, restaurants, fast food centres, and morning 

and night markets, a trend and culture among Malaysians. Tan (2010) 

highlighted that about 91.2 per cent of Malaysian adolescents in the urban area 

preferred having family meals away from home at least once a week. 

Furthermore, Latimaah et al. (2018) highlighted that Malaysian income 

increases influence food intake away from home. The study found that an 

increased income of MYR 100 will increase the spending of Malaysians on food 

away from home by MYR 1. With Malaysia's focus on the industrial revolution 

and development, the population's income is increasing over time in Malaysia. 

For instance, implementing the minimum wage increase to MYR 1,500 in 2022. 

Thus, this will contribute to increasing spending on food away from home in 

Malaysia. Notably, food away from home covered the weightage of 9.6 per cent 

in the overall food price in Malaysia, representing a higher weightage than the 

other food components under the food at home category (DOSM, 2023)49.  

 

Thus, the effect of the cooking oil price on the food price cannot be 

denied here and is justifiable based on the current study's findings. To further 

strengthen the argument, Isa et al. (2020) found a significant positive 

relationship between palm oil prices and inflation in Malaysia. Even though Isa 

 
49 The overall food composition between food at home and food away from home is 27.3 per 

cent and 9.6 percent, respectively.   
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et al. (2021) use inflation overall, the current study explicitly uses the food price 

index. Food price is the most significant component of Malaysia's inflation rate, 

covering 33 per cent of overall inflation (DOSM, 2022). Interestingly, palm oil 

prices have a similar effect on both the inflation rate and the food price index in 

Malaysia, which is confirmed by Hameed et al. (2008), Peri and Baldi (2010), 

and Kang et al. (2019). These studies used vegetable oil as a proxy for food 

prices and inflation.  

 

At the same time, the effect of crude oil prices on palm oil can also be 

denied (Hameed & Arshad, 2009). The concept of financialisation of the 

commodities could be another possible explanation for the positive relationship 

between palm oil prices and food prices in Malaysia. The financialisation of the 

commodities indicates that the co-movement of the agricultural commodities is 

highly correlated to the financial instruments such as crude oil price (Ordu-

Akkaya & Soytas, 2020). Since palm oil price is highly integrated with the crude 

oil price, the effect of the palm oil price on the food price in Malaysia is similar 

to the impact of crude oil on food price. This is mainly due to the price effect of 

crude oil on the production cost of palm oil in Malaysia.  

 

Accordingly, when the price of crude oil is higher, this will increase the 

production cost of palm oil, such as the price of fertiliser and diesel usage (Butt 

et al., 2020). This situation can lead to the palm oil price to increase, which has 

a similar impact on Malaysia's food prices. In addition, the Edge Market report 

highlighted that only about five to seven per cent of the crude palm oil is used 

to produce cooking oil in Malaysia. Thus, 70-80 per cent of the cooking oil cost 



256 

 

structure statistically depends on Malaysia's crude palm oil price (Malaysia 

Productivity Corporation, 2022). Even though both crude oil and palm oil 

conceptually have a similar effect on food prices, the forecasting power of the 

palm oil price on the food price in Malaysia is higher which is 35 per cent, 

compared to the crude oil price, which can predict the food price variability 

about 10 per cent in two years. These findings proved that the direct effect of 

energy on the food price as a production cost is smaller than the agricultural 

commodity prices. Lastly, the impact of the industrial growth of Malaysia on 

food prices will be discussed in the following section. 

 

5.2.4 The relationship between Industrial growth and Food Prices in Malaysia 

 

Industrial production is the last experimental variable used in Malaysia's 

food price model. This variable is used as the proxy for income, which is the 

essential factor in the food demand in Malaysia. Income is added to Malaysia's 

food price model since it captures the people's purchasing power. Accordingly, 

aligned with 4IR, the National Policy on Industry 4.0 was launched in Malaysia 

in 2018. Thus, labour productivity growth and high-skilled jobs are some of the 

National goals under the 4IR, which focuses on improving the Malaysian 

standard of living and income. Accordingly, a positive relationship is 

hypothesised between industrial growth and food prices in Malaysia by 

confirming the hypothesis to answer this study's last research question. 

 

The current study's linear model (model one) suggested a significant 

positive relationship between food prices and industrial production in Malaysia. 
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The finding indicates that a one-point increase in industrial production will 

increase the food price by approximately 0.33 points and 0.04 per cent for 

models one and three, respectively, in the long run. This finding aligns with the 

unified growth theory, whereby an increase in income will increase the demand 

for food and services (Madsen & Strulik, 2020; Rahman, 2017). Thus, with the 

limited availability of food and growing demand, the price is expected to go up.  

 

Furthermore, Engel's Law illustrates that food demand increases with 

income increases in the initial stage. However, the proportion of food spending 

will be reduced at some point, whereby higher demand will be transferred to 

services such as better healthcare and education. Thus, the situation will be more 

practical for the developed nations, whereas in developing countries such as 

Malaysia, more priority will be on food accessibility, which is the basic need of 

citizens. Based on DOSM (2020), the average income of Malaysians in 2019 

was MYR 7,901, whereby about 80 per cent of the Malaysian population is 

trapped under middle-income (M40) and low-income (B40) categories. The 

absolute poverty rate is recorded as 5.6 per cent, and the hardcore poverty was 

0.4 per cent in 2019 (DOSM,2020). This survey shows that Malaysia is still 

ensnared under middle-income nations and that basic needs, such as food 

availability, are being prioritised.   

 

On the other hand, the growth model stressed that population growth 

leads to an economic transformation whereby industrial development will be 

focused on (Gocoglu & Goksu, 2023). Accordingly, the country's industrial 

growth leads to the population's income increase. Moreover, conceptually, 
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industrial growth may help develop a country's industrial base by creating more 

skilled job opportunities for citizens. For instance, Malaysia was known as an 

agriculture-based economy in the early stages of the 1950s and 1960s, the pillar 

of the Malaysian economy. However, Malaysia slowly progressed towards 

becoming an industrial nation from the 1970s onwards with the help of 

favourable industrial policy.  

 

With industrially oriented policies such as Import Substitute 

industrialisation, Look East Policy and heavy industrialisation introduction, 

Malaysia's industrial contribution to the GDP overtook the agriculture sector's 

contribution in the 1980s'. Accordingly, with more emphasis shifted from social 

equity to wealth creation, the industrial base of Malaysia started to expand due 

to more pro-market and outward-oriented measures from the 1980s. All these 

progressive moves significantly contributed to the outstanding absorption of FDI 

into Malaysia, leading it to become one of the world's major electronics 

exporters. In addition, the Industrial Master Plan 1 (IMP1, 1986-95), Industrial 

Master Plan 2 (IMP2, 1996-05), and Industrial Master Plan 3 (IMP3, 2006-20) 

created a proper direction for the industrial growth in Malaysia until the current 

stage of 4IR.  

 

Thus, the critical point here is the role of industrial growth in creating 

wealth among Malaysians. Expanding the industrial base in Malaysia from the 

1980s until now creates more job opportunities for Malaysians and helps 

increase the standard of living (Rahman, 2017). For instance, the recent increase 

in the minimum wage in Malaysia under the Wages Councils Act 1947 will 
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increase the price of goods and services in Malaysia. The minimum wage in 

Malaysia in 2013 was MYR 900 and MYR 800 per month in Peninsular and 

East Malaysia, respectively. Subsequently, the minimum wage increased to 

MYR 1,100 monthly in 2019 and MYR 1,500 in 2022. DOSM (2022)b stated 

the recent minimum wage increase in the manufacturing sector's productivity by 

6.8 per cent in 2022.  

 

Furthermore, Yeoh and Wen (2022) urged that an increase in the 

minimum wage may lead to Malaysia losing international competitiveness 

compared to neighbouring countries, resulting in a high cost of living and 

inflation. This is basically due to the labour cost of Malaysia being relatively 

higher than the neighbouring countries such as Thailand and Indonesia, which 

could lead to more FDI being shifted to neighbouring countries. Consequently, 

the lack of FDI affects business and market performance, leading to Malaysia's 

inflation, as Yeoh and Wen (2022) urged. Furthermore, studies such as Mustafa 

(2019) and Fama and Gibbons (1982) supported the argument by indicating that 

investment negatively affects the inflation rate. Thus, this argument justifies the 

present study's positive relationship between industrial production and food 

prices in Malaysia.    

  

Besides, Malaysia focuses more on industrial than agricultural 

production in line with Malaysia's objective to become a high-performing 

industrial nation by 2050. Agricultural production could make the food price 

less expensive due to the higher availability of the crops in the market and less 

import. However, Malaysia is a net food importing country focusing on 
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industrial growth, which may increase the population's income and living 

standards over time. Furthermore, agricultural production is limited by land, 

whereby industrial production is not subject to land availability. Thus, Malaysia 

is ranked 76 in agricultural land availability globally and 172 in the crop 

production index in 2020 (The World Bank, 2022; FAO, 2022). However, in the 

innovations index, Malaysia is ranked 36 and 37 globally in the economic 

globalisation index (WIPO, 2022; The Swiss Institute of Technology in Zurich, 

2022). This ranking clearly shows the economic interest of Malaysia. With 

limited food production in Malaysia and increasing demand for food due to 

industrial growth, the price will increase, as argued by Mahmood et al. (2022). 

Thus, this could be another rational explanation for Malaysia's positive and 

significant relationship between income and food prices.  

 

In addition, another model that can be used to validate the positive 

impact of industrial production on the food price in Malaysia is using the 

bioenergy model (Dutta et al., 2021). The alternative direction of Malaysia's 

industrial growth hypothesised to influence the food price directly is due to the 

energy demand (Fais et al., 2016; Marouane et al., 2021). Thus, the bioenergy 

model illustrated that integrating industrial growth and food prices could be a 

channel through the fuel market. This is due to fuel usage, and the increasing 

use of blended biofuel in industrial production increases the integration of the 

fuel market and industrial growth (Dutta et al., 2021; Ciaian & Kancs, 2011). 

Accordingly, both food industries and non-food industries are competing for 

fuel. At the same time, additional demand created in the biofuel market, which 

comes from industrial growth, could influence the food market by increasing the 
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price pressure on the food market's raw material, i.e., agricultural commodities. 

Thus, these phenomena explain the positive impact of industrial growth on food 

prices in Malaysia.   

 

In terms of empirical evidence, the study of Samal et al., (2022) has 

similar findings to models one and three of the current study. The study used 

monthly data for India and found that income has a significant and positive 

relationship with food prices. Samal et al., (2022) and Zimmermann and 

Rapsomanikis (2023) supported the argument that income increases the citizen's 

purchasing power, increasing food demand. Thus, increasing food demand will 

also increase the price of food. This explanation is reasonably fit for Malaysia 

as well. Even though India is a food exporter country compared to Malaysia, 

which is a food importer, the income effect seems similar to the food price in 

both countries. Besides, studies such as Carrasco and Mukhopadhyay (2012), 

Agrawal and Kumarasamy (2014), and Joiya and Shahzad (2014) have similar 

findings by using the sample countries such as India and Pakistan, which have 

industrial growth as a common objective as Malaysia.  

 

  Interestingly, most food price studies in Malaysia, for instance, 

Applanaidu et al. (2014) and Wong and Shamsudin (2017), show that income 

negatively affects the food price in Malaysia. Those findings align with 

Zimmermann & Rapsomaniki's (2023) argument, which indicates that economic 

growth will positively influence the food price in net food exporting countries 

and negatively influence the net food importing countries such as Malaysia. This 

is because better economic performance could affect the aggregate supply 
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positively by improving the supply chain performance (Gillman et al., 2023; 

Goel et al., 2021). Thus, more supply could control food price inflation in 

Malaysia. However, this argument is debatable in the case of Malaysia, and 

further validation is needed since studies in Malaysia suggest that GDP growth 

positively impacts the inflation rate (for instance, Munir, Mansur & Furuoka, 

2009; Munir & Mansur, 2009; Akter & Smith, 2021). In this case, GDP growth 

should increase inflation to increase the food price in Malaysia.  

 

However, the disproving findings in the current study could be due to the 

proxy usage in the model whereby Applanaidu et al. (2014) and Wong and 

Shamsudin (2017) use GDP growth as the proxy for income. However, the 

current study using the industrial production index as a proxy for income follows 

Noviyanti and Beik (2014), Hasan et al. (2018) and Kapusuzoglu et al. (2018). 

Notably, GDP captures the income effect overall, whereby industrial production 

is a more specific component of the production effect covering industrial 

growth. So, the impact of industrial growth on the food price is not similar to 

Malaysia's GDP growth. Interestingly, industrial production theoretically could 

better reflect the income effect on the food price justifiable by theory.   

 

Besides, the current study's causality test findings suggested a 

bidirectional effect between industrial growth and food prices in Malaysia. This 

finding illustrates that food price and industrial production are interdependent. 

This finding is well accepted since income growth and demand are highly 

integrated. Thus, the demand could influence the price of services and goods. At 

the same time, biodiesel production, which interlinks the palm oil industry and 
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the fuel market, leads to industrial growth, and food prices depend more on each 

other. This argument is further strengthened by the finding of Akter and Smith 

(2021), whereby the study found a bidirectional causality between income and 

the inflation rate in Malaysia. Furthermore, the results are similar to the study of 

Samal et al. (2022), which found a bidirectional relationship between income 

and food price and income in India. Notably, there is no evidence of the causality 

effect between income and food price in the case of Malaysia that can be 

compared due to insufficient exploration in past empirical studies.  

 

Overall, it is clear that industrial production and palm oil prices play a 

crucial role in positively affecting Malaysia's food prices, which is in line with 

the theoretical justification. Even though the empirical findings of some 

previous studies in Malaysia contradict the current study's findings, proper 

explanations and arguments are provided in the discussion to justify the findings. 

Besides, the results and arguments confirm the hypothesis that industrial growth 

and palm oil prices positively influence Malaysia's food prices. Accordingly, the 

study's first research question has also been answered.  
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5.3 The Asymmetric Relationship between Palm Oil Price, Industrial 

Growth, Other Control Variables and Food Price in Malaysia. 

 

This section will discuss the findings of the asymmetric relationship 

between palm oil prices, industrial growth, control variables and the food price 

in Malaysia. The asymmetric effect is analysed using the non-linear ARDL 

bound testing approach. The empirical findings are reported in Table 4.5, 4.6, 

4.7 and Table 4.8, respectively, under the model two. Further discussion in this 

section helps in answering the second research question of this study.  

 

5.3.1 Asymmetric Relationship between Crude Oil Price and Food Price in 

Malaysia. 

  

The asymmetric analysis confirmed that crude oil prices have an 

asymmetric effect on the food price in the long run and are symmetric in the 

short run. The NARDL findings suggest that when the price of crude oil 

increases by one point, the food price in Malaysia will increase by 0.04 points 

in the long run. On the other hand, a one-point reduction in crude oil increased 

Malaysia's food price by 0.02 points. The current study's findings supported the 

study of Ibrahim (2015), whereby crude oil's asymmetric effect on food prices 

was on hold in Malaysia. However, the study of Ibrahim (2015) revealed that 

only the positive changes in the crude oil price significantly influenced the food 

price in Malaysia, whereby the negative changes were not significant towards 

the food price in Malaysia. However, the current study shows that both positive 
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and negative changes significantly impact food prices positively in Malaysia, 

similar to the study of Wong and Shamsudin (2017).  

 

Thus, the variation in the findings between the current study and the 

study of Ibrahim (2015) could be due to two justifications. The first justification 

is the difference between the sample period usage in both studies, whereby the 

current research covers a more recent time frame. Thus, the COVID-19 

pandemic effect is surrounded by the current study's time frame contributes to 

positive and negative changes in the crude oil price, more responding to the food 

price in Malaysia due to supply and demand disruptions, and speculation 

(Kumeka et al., 2022). Another justification is the high-frequency data usage in 

the current study, which is monthly frequency data compared to Wong and 

Shamsudin (2017) and Ibrahim (2015), which uses the quarterly and annual data 

frequency. Notably, high-frequency data can capture the impact of precisely 

timed shocks compared to low-frequency data (Dalia & Smith, 2021). On the 

other hand, the asymmetric model findings of this study are more relevant to the 

study of Wong and Shamsudin (2017), whereby both positive and negative 

changes in the oil price impact the food price in Malaysia positively.  

 

It makes sense that when crude oil prices increase, food prices rise in 

Malaysia due to the increase in the cost of production, as discussed earlier. 

However, the decrease in the crude oil price positively impacts the food price in 

Malaysia, which is an interesting finding in the current study. The ratchet effect 

can be used to explain the asymmetric positive effect in this context (Jaen-

Garcia, 2021; David, 2018). In Malaysia, food prices are often more sensitive to 
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commodity price increases than price decreases. Consequently, businesses are 

more likely to pass on increases in costs to consumers than to pass on decreases 

in costs to consumers since profit-making is the priority for businesses. The 

ratchet effect can have a significant impact on consumers. For example, if the 

price of oil increases, this can lead to increases in transportation, food, and other 

goods. However, when oil prices decrease, consumers may not see the same 

level of decreases in the prices of goods and services. As a result, food prices 

can slowly decline even when there is downward pressure on prices. This 

justifies the positive asymmetric effect of the crude oil price on the food price in 

Malaysia. 

 

Furthermore, the subsidy effect from the government on the fuel price in 

Malaysia compromised the crude oil price effect on the food price. The floating 

fuel price system and the pricing cap set at MYR 2.05 per litre for petrol and 

MYR 2.15 per litre for diesel are mainly expected to control inflation in 

Malaysia (Hussain et al., 2018). Conceptually, this effort maintains the domestic 

retailing of petrol and diesel prices, which led to the influence of the crude oil 

fluctuation being minimized in the food price of Malaysia. This statement 

further strengthens the study of Hussain et al. (2018), whereby the study 

attempts to investigate the effect of petrol and diesel retail prices on food prices 

in Malaysia. The findings show no significant impact of the retail price of petrol 

and diesel on the food price in Malaysia. Thus, the study of Hussain et al. (2018) 

indicates that due to the subsidy effect, petrol and diesel do not strongly 

influence the food price in  Malaysia, which contradicts this study.   
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Due to the ratchet effect and fuel subsidy program by the Malaysian 

government, the global crude oil price increase and decline does not 

immediately transmit to Malaysia's domestic food price. Due to this, the negative 

changes in the crude oil price positively impact the food price in Malaysia, even 

though the effect is not as massive as the positive impact of crude oil on food 

prices. Further exploration of this issue could be another future direction of this 

research in creating better insight into the fuel subsidy effect on food prices in 

Malaysia.  

 

5.3.2 Asymmetric Relationship between Exchange Rate and Food Price in 

Malaysia. 

 

The asymmetric model (model two) of food prices in Malaysia suggested 

that the exchange rate is asymmetric on the food price in the short run and long 

run. The finding is similar to the study of Hong et al. (2022) and Hasan et al. 

(2018). The results illustrated that positive and negative exchange rate changes 

do not have similar effects on Malaysia's food prices in the short and long run. 

In detail, the current study's asymmetric linear model indicates that MYR's 

appreciation will decrease the food price in Malaysia.  

 

The empirical findings of the present study suggested that a one-point 

appreciation in the exchange rate will reduce the food price of Malaysia by 0.21 

points in the long run. However, the exchange rate depreciation does not 

significantly influence the food price in the long run, even though a negative 

impact is found, which indicates that a weakened MYR increases the food price 
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in Malaysia. Nevertheless, the model suggested that the effects of the 

appreciation of the MYR value are higher on the food price than the depreciation 

of the MYR value, similar to Gohar et al. (2023). This asymmetric relationship 

can be further explained by the “cost-push inflation” theory whereby 

appreciation of currency value will reduce the import bill for food commodities. 

Thus, consumers are able to fell less pressure on the food price.  

 

Thus, this finding strengthens the findings of linear models (model one), 

and a similar explanation is held. However, the current study's finding 

contradicts the analysis of Wong and Shamsudin (2017), whereby the authors 

identify that the appreciation of the MYR will increase food prices in Malaysia 

using the quarterly data. Thus, no proper theoretical justification can be used to 

support the evidence of this positive effect of the exchange rate on the food price 

in the asymmetric linear model of Wong and Shamsudin (2017). Conceptually, 

the cost of imported goods should not be favourable for the MYR value 

appreciation. In this case, the current study's findings are more convincing.  

 

5.3.3 Asymmetric Relationship between Palm Oil Price and Food Price in 

Malaysia. 

 

Model two was developed to understand the asymmetric impact of palm 

oil prices on Malaysia's food prices. Thus, it is hypothesised that palm oil price 

asymmetry affects Malaysia's food prices. Besides, the findings of the 

asymmetric linear model are essential to answer the second research question of 

this study. Accordingly, the empirical result confirms that palm oil price has an 
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asymmetric effect on food prices in the long run and is symmetrical in the short 

run, similar to the crude oil price on food prices. Furthermore, NARDL results 

show that both positive and negative changes in palm oil prices significantly 

impact food prices in Malaysia. Empirically, a one-point increase in the palm oil 

price will increase the food price by 0.07 points in the long run. Therefore, it 

makes sense that when the price of palm oil increases, the food price increases 

in Malaysia. The justifications are provided in the earlier discussion. On the 

other hand, a one-point decrease in the palm oil price will increase Malaysia's 

food price by 0.15 per cent in the long run. Therefore, the reduction in the palm 

oil price positively impacts Malaysia's food price, which is an exciting finding 

in the current study. 

 

Thus, the asymmetric linear model's finding of palm oil on food prices 

is similar to the impact of crude oil on the food price in Malaysia. It justifies the 

concept of financialisation of the commodities since there is a higher integration 

between the crude oil price and cooking oil. Thus, the similar effect of palm oil 

prices on the food price could be due to the cooking oil subsidy in Malaysia. 

MOF (2022) announced that a subsidy of MYR 4 billion had been allocated for 

the one kg packets of cooking oil in 2022, which is expected to subsidise 60 

thousand metric tonnes per month. Thus, this subsidy will help control the one 

kg packets of cooking oil price to MYR 2.50 each, whereby the initial price of 

the cooking oil without subsidy will be MYR 9 each. Furthermore, based on the 

report from the MOF (2022), it is notable that the subsidy value is increasing by 

the year. In 2020, the subsidy allocated by the Malaysian government for 
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cooking oil was MYR 500 million only, whereby MYR 2.2 billion was spent in 

the year 2021.  

 

The cooking oil subsidy allocation in Malaysia is following the growing 

vegetable oil price trend globally, which is expected to control inflation in 

Malaysia. Yahoo et al. (2017) confirmed that the subsidy removal on cooking 

oil would increase the price of cooking oil and the consumer price index (CPI) 

by 0.04 per cent in the short-run and 0.02 per cent in the long-run, respectively, 

in Malaysia. Thus, the growing subsidy allocation is expected to minimise or 

liquefy the actual effect of the palm oil price on cooking oil in Malaysia. Due to 

this, the drop in the palm oil price seems to be not immediately transmitted into 

the domestic food price in Malaysia since the subsidies cooking oil price is set 

at MYR 2.50 per packet and not floating based on the market price of palm oil. 

Thus, this cooking oil subsidy effect could justify the positive impact of both 

positive and negative changes in palm oil prices on food prices in Malaysia. 

Besides, further exploration of this area as future research could create better 

insight and understanding of the impact of the cooking oil subsidy on the food 

price in Malaysia. 

 

5.3.4 Asymmetric Relationship between Industrial Growth and Food Price in 

Malaysia. 

 

For the asymmetric linear relationship, this study shows that industrial 

growth has an asymmetric effect on the food price in the short- and long-run. 

The findings indicate that negative changes in industrial development affect 
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Malaysia's food prices positively in the long-run. There is no significant impact 

of positive changes in industrial growth on food prices. Empirically, a one-point 

increase in industrial growth will decrease the food price by 0.09 points in the 

long run. The results are similar to the study of Wong and Shamsudin (2017), 

whereby using the quarterly data from 2000Q1 to 2016Q2, the authors found 

that an asymmetric effect exists between income and food prices in the long run. 

The current study revealed that in the long run, the negative growth in industrial 

production is decreasing the food price in Malaysia. Even though this finding 

aligns with the theoretical justification, reducing income will decrease 

purchasing power and lead the food price to drop due to the limited demand for 

food. The findings contradict Wong and Shamsudin's (2017) findings, whereby 

the authors found the opposite effect between income and food prices in 

Malaysia. This could be mainly due to the different proxy usage between the 

studies, as argued earlier.  

 

Overall, this study's theoretical and empirical evidence can justify the 

significant role of palm oil prices and industrial growth in Malaysia's food 

prices. Accordingly, the hypothesis of the significant asymmetric impact of palm 

oil prices and industrial growth on the food price in Malaysia is accepted. Thus, 

this study's second research question has been answered. The effect of biodiesel 

demand factors on the food price will be discussed further in the next section.     
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5.4 The Relationship between Biodiesel Demand Factors on Food Prices 

in Malaysia. 

 

Since the first and second hypotheses of the significant relationship 

between palm oil prices on Malaysia's food prices are confirmed, biodiesel 

demand will also come into the picture. This is mainly due to the downstream 

activities of the palm oil industry in producing biodiesel for industrial and 

transportation sector usage. Thus, theoretically, additional demand created by 

the biodiesel industry could make the palm oil price more competitive, which 

will lead to some spillover effect to other elements related to the palm oil 

industry, for instance, cooking oil. This study focuses on biodiesel demand 

rather than current production or price levels, recognizing that while biodiesel’s 

scale in Malaysia is modest today, the growing structural demand, which is 

driven by vehicle growth, investment, and policy mandates, presents potential 

long-term pressure points on the food sector. Therefore, the findings provide 

anticipatory insights rather than immediate impact assessments. 

 

Hence, former financial minister Lim Guan Eng indicates that 

implementing B20 biodiesel in Malaysia is expected to increase the palm oil 

demand by 500 thousand tonnes per annum (Ying, 2019). Furthermore, the 

international export demand for biodiesel from countries such as Canada, India, 

Vietnam, and the European Union is increasing over time due to the upward 

trend of petroleum (USDA, 2022). Accordingly, this study hypothesised that 

biodiesel demand could impact the food price positively. The empirical findings 

are reported in Tables 4.5, 4.6, 4.7 and Table 4.14, respectively, under the model 
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three. Further discussion in this section helps in answering the third research 

question of this study.  

 

The idea to incorporate the biodiesel demand in the food price model is 

founded on the supply and demand framework, further illustrated by the 

bioenergy model by Kalogiannidis et al. (2023) and Ciaian and Kanc (2011). 

The additional demand created by the alternative energy market on crops 

increases the price of the crops. This is expected to be reflected in the food price 

in the end due to the usage of crops in food processing and production. This 

phenomenon can also be explained by the concept of financialisation of the 

commodity, as argued by Ordu-Akkaya and Soytas (2020), whereby the close 

co-movement between the international price of crude oil and palm oil expected 

to influence the biodiesel demand as well. Accordingly, four different biodiesel 

demand factors have been included in the food price model to capture the 

biodiesel demand's effect and confirm the hypothesis of the positive impact of 

biodiesel demand on Malaysia's food price. The effect of each factor has been 

discussed in the sub-section below.  

 

5.4.1  The Relationship of Biodiesel Price on the Food Price in Malaysia 

 

The first biodiesel demand factor used in this study is the biodiesel price. 

According to the law of demand, price plays an essential role in the need for the 

product in a perfectly competitive market. The decision to consume a product or 

service depends on the competitiveness of the products and services compared 

to the competitive products. On the other hand, the product's price determines 
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the producers' decision on the production level. This decision is significant since 

it reflects the producers' profit margin. Thus, biodiesel is an alternative energy 

replacing crude oil usage in industry and transportation. The higher price of 

biodiesel will make the demand for it drop, whereby the producer has to stick 

with the traditional fuel for production. In this case, the price factor will 

determine the energy demand. Accordingly, the law of demand stresses that 

there is a negative relationship between demand and the price of products and 

services.  

 

Accordingly, this study's empirical findings align with the law of 

demand, whereby a significant negative relationship has been identified between 

biodiesel prices and food prices in Malaysia in the long run. The findings 

suggested that a one-point increase in biodiesel price will reduce the food price 

in Malaysia by approximately 0.18 points in the long run. Thus, from the 

biodiesel demand perspective, the increases in the price of biodiesel are expected 

to reduce the demand for biodiesel in the industry. A higher energy price will 

increase the production cost and minimise the firms' profit margin. In this case, 

reducing the demand for biodiesel will increase the availability of crops in the 

market since limited crops will be demanded in the biodiesel industry. 

Consequently, the high availability of the crops in the market will push down 

the palm oil price because the price pressure is compromised, leading to reduced 

food prices, as argued by Murshed (2021).  

 

It is well acknowledged that agricultural commodities positively 

correlate to food prices (for instance, Adammer, Bohl, & Stephan, 2012; Ordu-
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Akkaya & Soytas, 2020). The justification is rational since the palm oil price 

has a significant positive relationship with food prices in the long run, which has 

been proved by the empirical findings of the current study and discussed earlier. 

Furthermore, Uddin et al. (2021) found that uncertainty in the Malaysian palm 

oil price negatively affects the biodiesel price. Thus, the argument of Uddin et 

al. (2021) supports the significant negative relationship between biodiesel prices 

and food prices in Malaysia. Thus, the current finding confirms the hypothesis 

that biodiesel demand positively affects Malaysia's food prices.  

 

Interestingly, with the global awareness of environmental sustainability 

and favourable global policies towards renewable and alternative energies, the 

use of alternative energies in industries and transportation is growing slowly. 

According to the report USDA (2021), biodiesel usage in Malaysian industries 

started in 2019, whereby 120 million litres were used in that particular year and 

is forecasted to grow to 143 million litres in 2021. On the other hand, biodiesel 

usage in the transportation sector started in 2008. With the blended mandate 

requirement, the use slowly increased by 665 million litres in 2020 and was 

forecasted to increase to 720 million litres in 2021. Based on the report, biodiesel 

usage in the transportation sector is six times higher than in the Malaysian 

industries. This situation is occurring even though the market price of alternative 

energies is relatively higher than traditional fuel due to global awareness and 

focus on reducing the dependency on crude oil.  

 

This can be viewed in Table 5.1, whereby the average price of diesel in 

the market from January to August 2021 is 0.51 USD/barrel. On the other hand, 
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biodiesel is much more expensive than diesel, recorded as 0.56 USD/litre on 

average from January 2021 to August 2021. This evidence is supported by the 

report of IEA (2022) and Energy Efficiency and Renewable Energy (2022) by 

indicating that the biodiesel price is 70 – 130 per cent higher than the diesel price 

globally, depending on the crop used. Theoretically, this is not favourable 

towards biodiesel usage and production. However, due to the implementation of 

the APM system in Malaysia, the B10 biodiesel price is subsidised by the 

government and sold at the subsidised price of 0.52-0.54 USD/litre in the local 

petrol station. Thus, the subsidies for biodiesel prices make the B10 biodiesel 

price more stable and competitive compared to the international diesel price, 

which is highly fluctuated.  

 

Table 5.1: The Market Price of Diesel and Biodiesel in Malaysia for the 

Year 2021 

Period Estimated 

Diesel Price 

(USD/Barrel) 

Estimated B10 

Biodiesel Price 

(USD/Liter) 

B10 Biodiesel price 

(Sold at local Petrol 

Station) (USD/Liter) 

January 0.42 0.47 0.52 

February 0.48 0.52 0.52 

March 0.50 0.55 0.52 

April 0.50 0.54 0.52 

May 0.52 0.58 0.54 

June 0.56 0.60 0.54 

July 0.57 0.61 0.54 

August 0.56 0.60 0.52 
Source: United States Department of Agriculture (2021) 

 

Hanafi et al. (2011) highlighted that in 2010, about MYR 4 billion 

needed to be allocated as a subsidy for biodiesel to ensure the price remained 

competitive. However, in the current situation, with the increasing usage of 

biodiesel in industries and transportation, the subsidy amount could be much 
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higher50. Thus, this subsidy is essential to ensure biodiesel prices are competitive 

in the fuel market so that biodiesel usage will increase in the industry and 

transportation sector. Furthermore, this aligns with Malaysia's National Biofuel 

Policy, which aims to reduce Malaysia's dependency on non-renewable fossil 

fuels. Thus, without the subsidy, the biodiesel price will be relatively high 

compared to diesel, leading to higher demand for diesel in transportation and 

industry. Furthermore, based on the USDA (2021) report, the Malaysian 

government have capped the maximum price of blended biofuel at a fixed rate 

of MYR 2.18 per litre. Accordingly, competitive prices are essential to ensure 

Malaysia's biofuel policy is booming.  

 

Besides, the causality finding shows a bidirectional relationship between 

biodiesel prices and food prices in Malaysia. The results indicate that both 

biodiesel and food prices are interdependent. This evidence is well justified by 

the bioenergy model, whereby agricultural commodities are interconnected to 

the food and energy markets (Kalogiannidis et al., 2023). In Malaysia's case, 

palm oil interconnects the biodiesel industry and the food industry. The findings 

stressed the integration of the energy market into the food industry. The price-

setting mechanism plays a significant role in determining the growth of 

Malaysia's bioenergy market and food. Accordingly, the price setting of the 

commodities is decided based on the demand and supply of the commodities in 

the local and international markets. Thus, the higher palm oil price will 

negatively impact Malaysia's food and bioenergy industries, which is confirmed 

by the empirical findings of the present study.   

 
50 The current subsidy value is not able to be gathered due to the limitation for the data provider.  
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Growing demand for essential commodities such as crude oil and palm 

oil in Malaysia increases the price and leads to inflation and food price hikes 

(Isa et al., 2021). Thus, to control inflation, the government implements various 

policy instruments such as tax preference, spending subsidies and environmental 

regulation. For instance, under the Petroleum (Income Tax) Act 1967 ("PITA"), 

the income tax for the marginal oil field under the petroleum industry has been 

reduced to 25 per cent compared to 38 per cent previously51. These moves 

benefit Malaysian oil and gas industries and help increase petroleum production 

capacity in the future (MOF, 2015). Notably, petroleum-related revenue is MYR 

77.8 million, with a share of 27.3 per cent of the overall revenue to Malaysia in 

2022 (MOF, 2022). 

 

Furthermore, formal finance minister Tengku Datuk Seri Zafrul 

highlighted that additional tax revenue of MYR 10 billion due to increases in the 

price of crude oil palm and crude oil would help cover the subsidy spent by the 

government in controlling the prices (Khalid, 2022). These type of policy 

instruments helps in maintaining the commodities demand, trade, and price. 

Thus, competitive palm oil prices benefit Malaysia's food and bioenergy 

industrial growth. Accordingly, this justifies the bidirectional relationship 

between food and biodiesel prices in Malaysia.  

 

 

 

 
51 Marginal oil field referring to the uneconomical and smaller oil field plants which is remain 

unexploited due to their limited reserves and productions. 
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5.4.2 The Relationship Between Biofuel Policy on the Food Prices in Malaysia 

 

The biofuel policy is the second biodiesel demand factor used in 

Malaysia's food price model. The effect of the biofuel policy is captured using 

the blended mandate requirement set by the government in the transportation 

sector in Malaysia, following Shri Dewi and Alias (2014) and Zulqarnain et al. 

(2020). The blended mandate requirement indicates how much the government 

is favourable to alternative energy usage in the economic activities in Malaysia. 

Under the 12th Malaysia Plan (2021-2025), the Malaysian government indicates 

its commitment towards green fuel by implementing the B20 biofuel programme 

in Malaysia in stages. Furthermore, the government committed to introducing 

B30 at the end of the plan, i.e., by 2025. Thus, the higher blended requirement 

proposed by the government in the industrial and transportation sectors is 

expected to increase the demand for biodiesel in Malaysia. In this case, a positive 

relationship is hypothesised between biofuel policy and food prices in Malaysia. 

Accordingly, the empirical findings of the current study identified a significant 

positive relationship between biofuel policy and food prices in Malaysia in the 

long run. The empirical results suggested that a one-point increase in blended 

mandate requirement will increase the food price in Malaysia by approximately 

1.15 points in the long run.  

 

The findings align with the microeconomic theory illustrated that derived 

demand for crops influences the good intermediate quantity. Hence, the 

increased demand for fuel (traditional and biofuel/biodiesel) translates into an 

associated higher price, directly impacting crops' prices, as explained by the 
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bioenergy model. Thus, it is reflected in the food prices at the end, as it increases 

the food production cost (Janda et al., 2022; Malode et al., 2021). In the case of 

Malaysia, implementing the biofuel blended mandate requirement mainly 

depends on the palm oil price, as urged by Shri Dewi and Alias (2014). Thus, 

biodiesel was introduced in Malaysia to reduce the impact of subsidy spending 

and the high impact of petroleum prices and reduce the import of diesel into 

Malaysia. A piece of news reported in The Malaysian Reserve highlighted that 

Indonesia could reduce diesel imports by MYR 16.3 billion annually by 

adopting the B30 blended mandate from B20 (Azman, 2022). Even though 

biodiesel is known as the "Golden Egg" of palm oil downstream activity, 

Malaysia's government is highly conscious of the sudden increase in the blended 

mandate requirements since it may negatively impact the inflation rate in 

Malaysia.  

 

The high consciousness of environmental sustainability will increase the 

blended mandate requirement, increasing biodiesel production in Malaysia. This 

is because more biodiesel will be required in the energy sector to fulfil the 

demand of Malaysia's industry and transportation sector. In addition, there is 

ongoing discussion and assessments from the government and stakeholders to 

address issues regarding the acceptance of B30 biodiesel in manufacturing 

plants in Malaysia (Azman, 2022). Thus, the evaluation covers the gaps and the 

costs required for the B30 implementation to ensure the program is cost-

efficient. According to the biofuel report, with various blended mandate 

requirements, biodiesel production in Malaysia is increasing from 0.51 million 
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litres in 2013 to 1.150 million litres in 2022, whereby the number of biorefineries 

increases from 13 to 18 in this particular period52 (USDA, 2022).  

 

Accordingly, increasing biodiesel production required more palm oil as 

the raw material. This situation will increase the demand for palm oil in the 

market, which has a significant role in food and non-food products. USDA 

(2022) further indicates that the usage of palm oil feedstock for biodiesel 

production increased from 469,000 metric tonnes in 2013 to 1,059,000 metric 

tonnes in 2022. The increased use of palm oil feedstock on biodiesel has doubled 

in less than ten years in Malaysia. Even though a talk on electric vehicles for 

heavy vehicles is ongoing, it may take about 8-10 years to become mainstream 

in Malaysia, as urged by Sharan Raj, the infrastructure policy analyst and 

environmentalist (Azman, 2022). This is mainly because such technology in the 

current stage will not be cost-efficient in Malaysia. In this case, biodiesel is still 

relevant to the economic activities of Malaysia in the short term. The growth 

trend is expected to remain with the increased blended requirement mandate 

planned to follow Malaysia's biodiesel policy. 

 

Thus, following the ideology of the bioenergy model, the additional 

demand created by the biodiesel industry could increase the food price in 

Malaysia. However, this argument remained undiscovered in Malaysia's case 

until now, whereby the present study provided empirical proof to confirm the 

effect. This statement is supported by Janda and Kristoufek (2019) by indicating 

 
52 The highest biodiesel production is recorded in 2019 with the production amount of 1.778 

million liters. 
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that biofuel policies have significant roles in the price transmission between the 

food and fuel markets. In addition, the positive relationship between the 

implementation of biofuel policy and vegetable oil prices is validated by some 

previous studies, such as Cui and Martin (2017), indicating that the imported 

palm oil demand increases with the biofuel production in the US.  

 

This situation increases the global vegetable oil price due to the 

additional demand created by biofuel production, supported by the current 

study's empirical evidence. In the case of Malaysia's study, Shri Dewi and Alias 

(2014) confirmed the arguments by identifying that the blended biofuel mandate 

requirement will increase the domestic consumption of palm oil by 23.31 per 

cent and its price by 0.07 per cent, which strongly validates this study's findings. 

Interestingly, the present study advances understanding by regressing the palm 

oil/biodiesel price and biofuel policy to the food price. A positive relationship 

was found between palm oil prices and food prices in the earlier section, 

justifying the role of palm oil prices and the biofuel policy on the food price in 

Malaysia.  

 

Besides, the biofuel policy not only positively affects the palm oil price, 

as argued by Shri Dewi and Alias (2014), but it also has a spillover effect on the 

food market and prices in Malaysia. In reality, based on the report from USDA 

(2022), after the full reopening of the economic activity and business sectors in 

2022, the usage of B10 blended biofuel increased by 11 per cent in the 

transportation sector. Furthermore, in the industrial sector, with the 

implementation of B7 blended mandate requirements from July 2019, biodiesel 
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usage will increase by 10 per cent in 2022. Accordingly, biodiesel use favours 

Malaysia's economic activities and industrial progress. This rationalises the 

positive relationship between industrial production and food price, confirmed by 

the present study. Thus, this supported the positive relationship between the 

biofuel policy and food prices in Malaysia, whereby an increase in the blended 

mandate requirement increases the demand for biodiesel usage in Malaysia. 

Accordingly, the biodiesel demand positively affects Malaysia's food prices, as 

confirmed by the empirical evidence of the current study.  

 

Due to the awareness of the possible impact of the biofuel blended 

mandate on the prices, the intention to roll out the B20 mandate in Malaysia is 

still pending, even though it is already proposed for implementation in 2020. 

Varies factors are linked to the delay in implementing the B20 blended mandate 

requirement in transportation, such as the COVID-19 pandemic, the 

government's fiscal budget constraints and the political instability in Malaysia 

during that period. Further exploration into this matter will give better insight 

into the delay in Malaysia's biofuel blended mandate requirement, whereby 

Indonesia seems more advanced in biofuel policy effectiveness. Interestingly, 

data supplied by USDA (2022) indicates that the capacity usage of the 

biorefineries in Malaysia reaches the maximum use in the 40-76 per cent range 

only. This shows that in terms of capacity, Malaysia can still increase biodiesel 

production in the future. The high level of biodiesel acceptance in industries and 

the transportation sector will soon change Malaysia's biodiesel scenario 

(Malaysian Investment Development Authority, MIDAa, 2021).    
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The annual biofuel report suggested that the palm oil price will decrease 

further in 2023, so the Malaysian government may consider launching the B20 

mandate this year (USDA, 2022). This statement stressed the price factor's role 

in implementing Malaysia's biofuel policy. This statement is justifiable based on 

the causality test results of the current study as well. The causality test shows 

that the biofuel policy is interdependent with food prices in Malaysia since a 

bidirectional relationship is identified. In this case, the development of blended 

mandate requirements and food price considerations will complement each 

other. The critical matter here is the price of palm oil, the raw material for 

biodiesel and the food industry. The success of the biofuel policy in Malaysia is 

mainly determined by the competitive price of biodiesel in the market and 

minimising inflation. The biofuel policy confirms the hypothesis that biodiesel 

demand positively affects Malaysia's food prices. 

 

5.4.3 The relationship between Biodiesel Investment on the Food Price in 

Malaysia. 

 

Investment in the biodiesel industry is the third biodiesel demand factor 

used in Malaysia's food price model. Biodiesel production has been used as a 

proxy for investment in the biodiesel industry, following Liu et al. (2018), 

Noriega and Narvaez (2020) and Zulqarnain et al. (2020). Conceptually, the 

demand curve for agricultural commodities is inelastic to price change 

(Koizumi, 2015). In this case, the demand for agricultural commodities is 

consistent mainly, even if the price fluctuates over time. It is understood that the 

agricultural commodities' price fluctuation is due to various factors, as discussed 
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earlier. The consistent demand for crops is mainly due to food consumption, 

which is the basic need of humans.  

 

Accordingly, with the limited alternative for food, the additional demand 

in the energy market for biofuel/biodiesel production could double the crop 

demand and, consequently, the price of the crops (Janda et al., 2022). The price 

increases benefit the producers, who will be motivated to improve their crop 

production to maximise profit. It could indirectly influence the plantation areas 

and agricultural investment positively. Subsequently, the supply curve's 

elasticity is critical in determining the agricultural commodity price and the 

increase in supply resulting from the price change resulting from an increase in 

biodiesel demand.  

 

 At the same time, the relationship is channelled through biofuel 

production and the global oil price, which is highly correlated with the 

agriculture commodity prices due to the financialisation of the commodities. The 

phenomena lead towards integrating palm oil supply and demand into the food 

price. Thus, the empirical finding of the current study suggested that biodiesel 

investments have a similar effect as biofuel policy on the food price in Malaysia. 

This could be mainly because both demand factors will positively influence 

biodiesel demand. The empirical findings suggested that a one-point increase in 

biodiesel industry investment will increase Malaysia's food price by 

approximately 0.05 points in the long run. Thus, the positive effect of the 

biodiesel investment is not huge towards Malaysia's food price; it is still 

significant. The current finding is well justifiable, whereby increasing 
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investment in the biodiesel industry will expand the sector, whereby more 

biodiesel-producing firms will be set up, or more refineries will be added to the 

existing industries.   

 

In Malaysia, with the Malaysian Biofuel Industry Act 2007 regulating 

and licensing biofuel firms, more than 20 active biodiesel companies are 

currently operating (MIDA, 2021). Those companies could produce biodiesel 

with a capacity of 2.1 million tonnes annually in Malaysia53. Thus, the number 

of current active biodiesel firms in Malaysia has recorded growth compared to 

2012, which reported only 13 active biodiesel industries with an overall 

production capacity of 1.5 million tonnes (USDA, 2013). Interestingly, the 

recorded growth of the biodiesel industries in Malaysia is in line with the Biofuel 

Industry Act 2007 and is very favourable as a potential investment portfolio for 

investors looking for investment opportunities in Malaysia. This argument is 

supported by the MIDAb (2021), whereby more and more companies are 

interested in new projects in Malaysia's biodiesel industry as they view it as a 

potential investment destination. In addition, MIDAb (2021) expected heavily 

pour-in investments in the biodiesel industry from 2022 to 202554.     

 

Accordingly, the significant development in the biodiesel industry in 

Malaysia is favourable to the government's role and policy, which attached more 

investors to Malaysia. For instance, investors are eligible for consideration in 

the Pioneer Status and Investment Tax Allowance under the Promotion of 

 
53 The biofuel annual report of USDA (2022) reported the biodiesel production capacity of 

Malaysia’s firm is 2.54 million tonnes with reported processing plants of 18. There is a small 

variation in the data supplied by both agencies.   
54 The official data on the investment under the biodiesel industries are not available publicly.  
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Investment Act (PIA) 1986 if they invest in a product or activities related to the 

biodiesel industry (MIDAb, 2021). These policies re-energised Malaysia's 

biodiesel industries and contributed to increasing more active biodiesel firms in 

Malaysia. Interestingly, this led to an increase in the production level of 

biodiesel domestically, even though total capacity in the production is not 

achieved in Malaysia. Based on the report of USDA (2013; 2022), biodiesel 

production in Malaysia increased from 0.35 million litres in 2013 to 1.150 

million litres in 2022. Furthermore, based on overall biodiesel production in 

Malaysia in 2023, 36 per cent of biodiesel is exported to other countries, and the 

rest is used domestically.  

 

Notably, biodiesel in Malaysia is produced using vegetable oil, animal 

fat, algae, and recycled cooking oil (MIDAb, 2021). In this case, biodiesel 

production is increasing due to the rise in investment in using palm oil feedstock 

in biodiesel production in Malaysia. However, the growth of the biodiesel 

industries in Malaysia still depends on the price of palm oil as well. Therefore, 

the high price of palm oil may make biodiesel expensive compared to traditional 

diesel fuel. This may lead to the market demand for biodiesel shifting to diesel 

fuel. In this case, the biodiesel industry in Malaysia is interdependent with the 

palm oil price and also the food price. This justifies the bidirectional relationship 

between biodiesel investment and food prices in Malaysia. The palm oil 

feedstock used in the biodiesel industry increased by 125.80 per cent from 2013 

to 2023 (USDA, 2023). Thus, with the significant role of palm oil in the food 

and non-food industries, additional demand for palm oil creates price pressure 

for this commodity. This argument is supported by the study of Jafari and 
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Othman (2016), whereby the authors indicate that biodiesel development 

increases the demand and price of palm oil in Malaysia. Thus, this led to the 

reverse effect on the outputs of competing products such as food and 

biochemicals.  

 

Furthermore, Jafari and Othman (2016) argued that the higher price of 

palm oil would reduce the production of the goods related to palm oil due to the 

relatively higher costs of inputs. With the significant positive relationship 

between the palm oil price and food prices in Malaysia, this situation could also 

have a similar impact on the food prices in Malaysia. Accordingly, this argument 

is supported by Subramaniam et al. (2019; 2020), indicating that biodiesel 

production worsens food security in developing countries, including Malaysia. 

The authors suggest that biodiesel production will negatively affect crops' 

availability. Thus, the reverse effect of the findings from biodiesel production to 

food production strengthens the positive relationship of the current study 

between biodiesel production and the food price in Malaysia. This reverse effect 

can be explained by the microeconomic theory whereby food production 

negatively affects the food price. In this case, with biodiesel production, more 

palm oil has been used for biodiesel production, and the price of palm oil will 

increase due to the demand. Accordingly, the positive impact of biodiesel 

investment on the food price is well justified in this case. 

 

  The empirical finding of the current study is further strengthened by 

Brikman et al., (2020) study indicating that biodiesel production shares the land 

resources with food production and energy, positively affecting food prices. 
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Other than that, various studies confirm the current study's findings, such as 

Martinez-Jaramillo et al. (2019), Paris (2018) and Koizumi (2015). These 

arguments validate the significant positive long-run relationship between 

biodiesel investment and food prices in Malaysia. The biodiesel investment 

confirms the hypothesis that biodiesel demand positively affects Malaysia's food 

prices. 

 

5.4.4 The Relationship between vehicle population and the food price in 

Malaysia 

 

Lastly, vehicle population on the road has been used in Malaysia's food 

price model to capture the population effect on the food price, an essential 

component of the demand model (United Nations, 2021; Dijk et al., 2021). 

Interestingly, since the study covers the scope of biodiesel and palm oil price 

effect on the food price, vehicle population has been used as the operationalised 

variable to capture the impact of the population in the model. Furthermore, based 

on the Malthusian growth theory, the population is urged to grow much faster 

than food production and availability. Thus, the rising global population and 

urbanisation increase the demand for cereals, putting pressure on the world 

supply's downward trend (United Nations, 2021). United Nations reported that 

the global population reached eight billion in mid-November 2022; about 690 

million people (8.9 per cent of the overall population) were undernourished in 

2019. These phenomena justify the Malthusian and neo-Malthusian models and 

the demand-supply framework on food availability.  
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In addition, the crops for feed and food are directed to food production 

and supply (supported by a study such as Mitchell, 2008; Subramaniam et al., 

2019; 2020). However, crops for fuel are directed to the biodiesel/biofuel 

producers who supply biodiesels for transportation and industrial usage by 

blending with crude oil. In Malaysia, biodiesel is used in various industries such 

as automotive, power generation, marine and machinery. Thus, biodiesel usage 

in transportation is relatively higher than in Malaysia's industrial use. USDA 

(2022) report forecasted that biodiesel usage in the transportation sector would 

be 798 million litres compared to industrial usage of 157 million litres in 2022. 

In this case, biodiesel usage in the transportation sector is about five times higher 

than industrial usage in Malaysia. In other words, the agricultural industry, 

which has supplied food and feed for livestock, is now providing biodiesel for 

transportation and industrial production purposes. Due to the significant role of 

biodiesel in transportation, the vehicle population has been used as an indicator 

to capture biodiesel demand in Malaysia's food prices. Accordingly, a positive 

relationship was hypothesised between the registered vehicles on the road and 

Malaysia's biodiesel demand. At the same time, this will also positively impact 

the food prices in Malaysia.  

 

 The current study's findings provided sufficient evidence to show that 

the vehicle population is positive and significantly impacts Malaysia's food 

prices. The empirical results suggested that a one-point increase in the registered 

vehicles on the road will increase the food price in Malaysia by approximately 

0.27 points in the long run. Furthermore, a bidirectional relationship was found 

between the vehicle population and the food price in Malaysia. The bidirectional 
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relationship between registered vehicle population and food price stresses that 

both are interdependent in Malaysia. This is rational since more diesel vehicles 

on the road will increase biodiesel usage in Malaysia. Thus, this will increase 

the demand for palm oil. On the other hand, increasing diesel vehicles on the 

road indicates that industrial growth may impact food prices by increasing 

income levels (Yang et al., 2023). Furthermore, the finding is in line with the 

Malthusian growth theory, which indicates that population positively impacts 

the demand for food, whereby the growing demand for the crops for food and 

biofuel/biodiesel productions with limited supply will increase the price of the 

crops which will contribute to the increase of the food price.  

 

The current study's findings show that increasing the number of vehicles 

on the road will demand more fuel55. In Malaysia, diesel fuel on-road 

transportation usage is expanding, recorded at 7.6 billion litres in 2022. This 

amount is 0.4 billion litres higher than in 2021 (Statista, 2023). At the same time, 

with the government's consent on environmental sustainability, the usage and 

blended requirement mandates looked more favourable in Malaysia, which has 

been discussed in the earlier sub-section in detail. Accordingly, with the 

increasing trend in the blended requirement from B5 up to B15 and the potential 

of B20 soon, the biodiesel demand will also increase over time. Thus, biodiesel 

demand will boost Malaysia's food prices by increasing the price of local palm 

oil. This argument is justifiable based on the positive relationship identified 

between crude oil and palm oil prices towards the food price in Malaysia. 

 
55 For current study, due to the data limitation, the overall new registered vehicles have been 

used the capture the population effect of the vehicles on the road. This covered the gasoline-

powered vehicles and diesel-powered vehicles in Malaysia. The data on only diesel-powered 

vehicles population able to give more accurate findings in the context of current study.  
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Furthermore, the positive relationship between registered vehicle 

population and food price justifies the effect of income on the food price. 

Therefore, income growth in Malaysia directly affects food prices positively in 

the long run (will be discussed in detail in the next section). At the same time, 

studies such as Lescaroux (2010) and Dargay (1999; 2001) have confirmed that 

increasing income will increase vehicle ownership. Thus, these studies indicate 

that more people prefer to purchase cars when income rises. Therefore, this 

could be an alternative view of the positive relationship between the vehicle 

population and food prices in Malaysia. This is supported by a study by Azhar 

and Zahari (2022), which found that income significantly influences car 

ownership in Malaysia. Furthermore, the study used the sample from Kuala 

Lumpur and found that automobiles are ordinary consumer goods people will 

get when their income increases.  

 

The causality test results further strengthen the above arguments by 

indicating a bidirectional relationship between the vehicle population and food 

prices in Malaysia. In this case, food prices and the number of vehicles on the 

road complement each other in growth, in line with the Malthusian growth 

theory. Thus, favourable GDP growth due to industrial activities contributes to 

Malaysia's economic and social activity growth. Increasing income in Malaysia 

increases the demand for food, increasing the food price in Malaysia 

(Shamsudin, 2022).  

 

At the same time, using the blended mandate requirement of biodiesel in 

the transportation sector further strengthens the vehicle's two-way causal effect 
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from vehicle population to food price in Malaysia. Accordingly, increasing the 

number of cars on the road increases the demand for fuel and biodiesel, thus 

increasing food prices (Yusoff et al., 2021). Overall, the vehicle population 

confirms the hypothesis that biodiesel demand positively affects Malaysia's food 

prices. However, even though the initial idea has been statistically proven, due 

to data limitations, the actual effect of vehicle ownership on the food price in 

Malaysia is still not strong. Therefore, more work needs to be done to measure 

better the actual impact of the vehicle's population on the biodiesel industry and 

food-related outcomes. 

 

On the other hand, Malaysia is looking into green and sustainable 

mobility in the transportation sector as an agenda of environmental 

sustainability. For instance, introducing electric vehicles for personal and 

commercial use in Malaysia can reduce the country's dependency on crude oil. 

The favourable policy move encourages the utilisation of electric vehicles in the 

economy undertaken by the Malaysian government. For instance, Malaysia 

excises the import duty exemption for electric vehicles, which can last until 2025 

(Hiew, 2023). The current tablet budget of 2023 proposed to extend the import 

duty exemption to encourage more electrical vehicles into Malaysia.  

 

However, the news for TheStar highlighted that electric vehicles could 

not become mainstream in Malaysia for timing due to electric vehicles are not 

cost-efficient and lack of infrastructure (Hiew, 2023). Due to this, Malaysia's 

take-up rate remains low; only 274 EVs were sold in 2021 out of 508,911 units. 

Furthermore, until May 2023, only 390 electric vehicles were sold in Malaysia 
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(MITI, 2021). Even though it shows an increasing trend, the take-up rate is still 

about 0.05 per cent. In this case, the role of electric vehicles as the mainstream 

in the transportation sector is not significant for the near future. Thus, biodiesel 

adoption is more relevant in Malaysia since most commercial vehicles are 

diesel-engine-based. Hence, it shows the significance of the current study.    

 

Overall, this study's theoretical and empirical evidence justifies the 

significant role of biodiesel demand in Malaysia's food prices. Accordingly, the 

hypothesis of biodiesel demand's significant relationship with Malaysia's food 

prices is accepted. Thus, based on the overall demand factors used in this study, 

the third research question of this study has also been answered.  

 

 

5.5 The Dynamic Effect of Variables Understudied on Food Prices in 

Malaysia 

 

This section will discuss the findings of the dynamic effect of palm oil 

prices, industrial growth, biodiesel demand and control variables on the food 

price in Malaysia. The dynamic effect is explored using the impulse response 

function and variance decomposition using the VAR model. The empirical 

findings are reported in Figures 4.4, 4.5, 4.6 and 4.7, respectively. Further 

discussion in this section helps in answering the fourth research question of this 

study.  
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5.5.1 The Dynamic Effect of Control Variables on Food Price in Malaysia 

 

The impulse response function and variance decomposition analysis are 

conducted in the previous chapter to capture the emotional shock of the food 

price in Malaysia. The current study's finding illustrated that the crude oil price 

very moderately influences the food price in the long run, whereby this variable 

can predict the food price of about 10 per cent in two years from the current 

period. The finding strengthens the findings of Norazman et al. (2018), which 

indicates that crude oil prices recorded a more negligible impact on food prices 

in Malaysia. These supportive findings could be due to the fuel subsidy program 

from the Malaysia government, whereby the effect of crude oil on the food price 

was compromised by controlling the cost of production. On the other hand, the 

recent study by Taghizadeh-Hesary et al. (2019) indicates that crude oil prices 

can explain the food prices in ASEAN countries by about 64 per cent using the 

panel data, which contradicts based on the individual country-based study due 

to various subsidy programs by ASEAN countries.      

 

Interestingly, the variance decomposition analysis proves that the 

exchange rate strongly forecasts short-run influence on the food price, whereby 

it can forecast nearly 60 per cent of food prices in Malaysia. However, the effect 

slowly dissolved after ten months, which can predict about 15 per cent in a two-

year forecasting time. This is mainly due to the significant influence on the 

exchange rate in the trading activities whereby Malaysia is a net food importing 

country. Thus, fluctuation in the exchange value will immediately affect the food 

price. However, the effect slowly dissolves over time due to the subsidies on the 
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food price the Malaysian government gives to control food inflation. Thus, this 

possibly reduces the influence of international food trade on local food prices in 

the long run. Taghizadah-Hesary et al. (2019) validate the current study findings 

whereby the panel study using Asian economies such as Thailand and Vietnam 

found that the long-run exchange rate furcating effect is statically small on the 

food price.   

 

5.5.2 The Dynamic Effect of palm oil price on food price in Malaysia 

 

The impulse response function analysis provides valuable insights into 

the dynamic relationship between palm oil prices and food prices. The positive 

impact revealed by this function signifies that any sudden change or shock in 

palm oil prices leads to a subsequent positive response in food prices within the 

Malaysian context. This suggests a direct and significant connection between 

the two variables, where fluctuations in palm oil prices play a crucial role in 

influencing the overall food price dynamics. The theoretical underpinning of this 

observed phenomenon finds resonance in the context of commodity price 

transmission theory. According to this theory, changes in the prices of key 

commodities, such as palm oil, can transmit across related markets, influencing 

the pricing dynamics of interconnected goods like food (Goodwin, 2021; Rose 

& Paparas, 2023).  

 

This finding is strengthened by the study of Solaymani (2022), whereby 

palm oil prices were positively response to the food price crisis in Malaysia 

using the IRF. The author sub-grouped the data into before food prices (before 
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April 2006) and after the food crisis (after April 2006) and found that palm oil 

prices were very responsive to the food prices after the food crisis, which is 

supportive towards the findings of this study.   

 

Additionally, the examination of forecast error variance sheds light on 

the predictive power of local palm oil prices in relation to food prices. In the 

short run, the influence appears to be relatively weak, indicating that short-term 

variations in local palm oil prices may not strongly predict immediate changes 

in food prices. However, the scenario shifts when considering the long run. Over 

an extended period, the impact gradually strengthens, reaching a substantial 35% 

within two years. This implies that, while short-term predictions may be less 

pronounced, the influence of local palm oil prices on food prices becomes more 

prominent and enduring over time. 

 

In summary, the empirical findings underscore the significance of palm 

oil prices as a key determinant of food prices in Malaysia, showcasing both the 

immediate response to shocks and the evolving impact over an extended 

timeframe. 

 

5.5.3 The Dynamic Effect of Industrial Growth on Food Prices in Malaysia 

 

The observed positive response of food prices to industrial growth 

shocks in Malaysia aligns with the findings of Kapusuzoglu et al. (2018), who 

conducted a study on Turkey using monthly data and identified a similar positive 

reaction of food prices to income shocks. This consistency provides robust 
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support for the existence of a positive long-term relationship between food 

prices and industrial production in the Malaysian context. 

 

While industrial growth demonstrates a reasonably impactful role in 

predicting food prices in Malaysia, these findings find resonance in previous 

research. Hasan et al. (2018) and Applanaidu et al. (2014) have explored similar 

dynamics. Hasan et al. (2018) revealed that industrial production can account 

for approximately 12.57% of Malaysia's food prices over 24 months. Although 

this prediction effect is somewhat smaller compared to the model one finding of 

this study, where industrial production contributes about a quarter of the overall 

effect over 24 months, it emphasizes the increasing influence of industrial 

production on food prices as time progresses in Malaysia. Moreover, the study 

by Applanaidu et al. (2014) adds another layer of insight. Their findings indicate 

that income alone explained approximately 4.95% of food prices in Malaysia 

over a decade, a longer timeframe than the current study and Hasan et al. (2018). 

This highlights the evolving importance of industrial production in shaping food 

prices over time in Malaysia, surpassing the explanatory power of income alone. 

 

In conclusion, the study provides robust evidence for a positive long-

term relationship between industrial growth and food prices in Malaysia. The 

nuanced exploration of time frames and predictive effects emphasizes the 

growing significance of industrial production in influencing the dynamics of 

food prices over extended periods in the Malaysian context. 
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5.5.4 The Dynamic Effect of Biodiesel Demand on Food Prices in Malaysia 

 

This section particularly explores the intricate dynamic effects of 

biodiesel demand factors on food prices in Malaysia, drawing upon theoretical 

foundations to provide a comprehensive understanding by employing the IRF 

methodology to illuminate the connection between biodiesel market dynamics 

and the fluctuations in food prices. From a theoretical standpoint, the 

responsiveness observed in Malaysia's food prices to shocks in biodiesel price, 

vehicle population, and biofuel policy aligns with the bioenergy model. This 

model suggests that energy and food markets are fundamentally interconnected, 

with changes in one sector cascading into the other. The IRF analysis 

substantiates this theoretical framework, revealing a positive response in food 

prices to fluctuations in biodiesel-related factors. This coherence with the 

bioenergy model lends robust theoretical support to the empirical findings. The 

findings resonate with the arguments put forth by Rashidi et al. (2022) and Tan 

and Yap (2019), underscoring the significance of the energy market in 

influencing the food market in Malaysia. 

 

Investigating deeper into the Variance Decomposition analysis, the 

prominent role played by biodiesel prices in explaining approximately 25% of 

the forecast error variance in food prices over a two-year horizon finds resonance 

in the energy-price transmission theory. According to this theory, changes in 

energy prices can significantly influence the prices of related commodities, such 

as food (Zhang et al., 2021). The empirical evidence, mirroring the theoretical 

expectations, underscores the considerable impact of biodiesel prices on shaping 
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food prices in the Malaysian market. Moreover, the gradual rise in the 

explanatory power of biofuel policy and vehicle population, collectively 

explaining about 12% and 13% of the variance in food prices, aligns with the 

assumptions of energy policy theory (David, 2021). This theory suggests that 

government policies in the energy sector can have far-reaching implications on 

related markets, including food. In the Malaysian context, the findings suggest 

that biofuel policies and the proliferation of vehicles powered by biodiesel 

contribute progressively to the dynamics of food prices, offering empirical 

support to energy policy theory. 

 

The synthesized empirical and theoretical insights not only contribute to 

the scholarly discourse but also enrich our understanding of the food-energy 

market dynamics in Malaysia. The bioenergy model, energy-price transmission 

theory, and energy policy theory collectively provide a robust theoretical 

framework that aligns seamlessly with the observed empirical patterns. This 

alignment fortifies the hypothesis that biodiesel demand factors exert a positive 

influence on Malaysia's food prices, emphasizing the multifaceted relationship 

between the energy and food markets in the country. 

 

 

5.6 Concluding Remarks 

 

In this chapter, the study's empirical findings have been discussed in 

detail. In addition, the detailed discussion of each independent variable used in 

Malaysia's food price model has been addressed with proper theoretical and 
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conceptual justification. Past empirical studies were also used to strengthen the 

arguments for the study's findings. Accordingly, the present chapter and 

empirical evidence from the earlier chapter have answered all four research 

questions. Besides, the coming chapter will discuss the policy implications and 

suggestions which can improve and lead Malaysia to more sustainable 

progressive economics in future.      
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CHAPTER SIX 

 

CONCLUSION AND RECOMMENDATIONS 

 

 

6.0  Introduction 

 

In this concluding chapter, the focus turns towards the future, directing 

attention to outlining a roadmap for future research and drawing overarching 

conclusions. Throughout the preceding chapters, the research embarked on a 

journey to interpret the complex relationships that underpin Malaysia's energy, 

economic, and food security landscape. Food price dynamics hold paramount 

significance for a nation's populace and the stability of its economy. This is 

especially pertinent in the context of Malaysia, a country where a diverse array 

of factors influences food price fluctuations.  

 

The empirical analyses have shed light on the significant impacts these 

variables have on each other and, by extension, on the well-being of the nation's 

populace. As the multifaceted relationships between palm oil prices, biodiesel 

demand, industrial growth, and food prices in Malaysia are navigated, this 

chapter will synthesize the findings and offer comprehensive recommendations 

for future research endeavours. These recommendations are crafted to guide 

scholars, policymakers, and stakeholders in further unravelling the complexities 

of this critical nexus and devising strategies that foster sustainable development, 

resilience, and equitable prosperity in the case of Malaysia. 
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6.1  Summary of the Major Findings of the Study Based on Research 

Questions 

 

This research explores the relationships between palm oil prices, biodiesel 

demand, industrial growth, and food prices in Malaysia. Furthermore, the 

dynamic effect of the variables on the food price in explored as well. Using a 

rigorous empirical approach and considering the unique dynamics of the 

Malaysian economy, this study sheds light on the key findings regarding these 

factors' impacts on food prices. The demand for biodiesel production grows and 

its notable influence on palm oil prices becomes apparent, this issue gains 

prominence in Malaysia. The research landscape concerning bioenergy and food 

prices in Malaysia remains underexplored, with minimal studies dedicated to 

this intersection.  

 

This observation underscores the relatively recent and emerging nature of 

studies examining the relationship between biodiesels and food in the Malaysian 

context. This serves as a motivation for conducting the present study within 

Malaysia. Through an in-depth analysis of economic variables and their 

interactions, the study provides valuable insights into the mechanisms driving 

food price fluctuations in the country based on the bioenergy model. These 

insights are intended to provide policymakers and stakeholders with invaluable 

knowledge. Accordingly, this section delves into the discussion of the major 

findings of this study based on the research questions.  
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RQ1: How do palm oil prices and industrial growth affect food prices in 

Malaysia? 

 

The first research question of this study centres on the relationship 

between palm oil prices, industrial growth, and food prices in Malaysia. The 

ARDL analysis indicates a statistically significant positive relationship between 

palm oil prices, industrial growth, and food prices in Malaysia. Furthermore, the 

causality test findings indicate a unidirectional effect of palm oil prices towards 

Malaysia's food prices.  This result aligns with the notion that palm oil is a 

crucial commodity in the Malaysian food industry, and variations in its price can 

have cascading effects on food prices throughout the country. The positive 

correlation and cointegration between palm oil and food prices highlight the 

interdependence of these variables and underscore the importance of monitoring 

palm oil price fluctuations for policymakers concerned with food affordability 

and inflation. 

 

The estimated relationship also underscores the vulnerability of 

Malaysia's food security to fluctuations in palm oil prices, given the country's 

dependence on palm oil as a primary cooking oil and ingredient in numerous 

food products. Furthermore, the increased use of palm oil as a feedstock for 

biodiesel production has driven up the price of this commodity. This price 

pressure can have a cascading effect on food prices, given the significant role of 

palm oil in the food and non-food industries. Thus, this study provided some 

significant fresh findings on this relationship in Malaysia. This study 

convincingly establishes that the demand for agricultural commodities remains 
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relatively inelastic due to price fluctuations, primarily due to the fundamental 

necessity of food consumption. These findings are consistent with Kalogiannidis 

et al. (2023) and Ciaian and Kanc's (2011) argument that increased demand for 

biodiesel feedstocks, such as palm oil, can lead to speculative behaviour and 

export restrictions, affecting food prices.  

 

Besides, industrial production serves as a proxy for income, reflecting 

the growth of high-skilled jobs and increased labour productivity associated with 

industrial growth. Malaysia's industrial growth efforts, aligned with the 4IR, 

drive economic development and improved income levels, which should not 

ignored in the food price model. The overall empirical analysis provides a 

statistically significant positive relationship between industrial growth and food 

prices in Malaysia.  

 

This result highlights a novel insight into the interplay between industrial 

growth and food affordability, suggesting that as industrial growth in Malaysia 

expands, it exerts upward pressure on food prices. This finding aligns with the 

unified growth theory, suggesting that rising income levels increase demand for 

food and services, resulting in higher prices due to limited supply. This 

relationship is attributed to several factors. Industrial growth, which often leads 

to increased urbanization and higher incomes, drives greater demand for food 

products. Additionally, industrial development can compete with the 

agricultural sector for resources, such as land and labour, limiting agricultural 

production and increasing food prices. The income effect of industrial growth, 
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leading to higher wages and disposable incomes, can also stimulate food 

consumption, further influencing food prices. 

 

The research acknowledges Malaysia's income growth, population 

dynamics, and industrial growth complexities. While some studies have 

suggested a negative relationship between income and food prices in net food-

exporting countries, Malaysia's status as a net food importer necessitates a 

different perspective. With limited food production and a growing population, 

the increasing demand for food driven by industrial growth can lead to higher 

food prices. The study highlights the bidirectional causality between industrial 

production and food prices, underscoring their interdependence. The demand 

created by industrial growth can influence food prices by exerting price pressure 

on agricultural commodities, leading to a positive feedback loop. 

 

These findings underscore the need for comprehensive and integrated 

policies that balance palm oil prices, industrial growth and food security 

objectives. Policymakers must consider the potential inflationary effects of palm 

oil prices and industrial growth on food prices and implement measures to 

ensure food affordability for the population. 

 

RQ2: Do changes in palm oil prices and industrial growth have asymmetric 

effects on food prices in Malaysia? 

 

The second research question introduces an element of asymmetry in the 

relationship between palm oil prices, industrial growth, and food prices in 
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Malaysia. The empirical results reveal an asymmetric effect of palm oil prices 

and industrial growth on food prices in Malaysia in the long run. This finding 

suggests that positive and negative changes in palm oil prices impact the food 

price positively. The asymmetric linear model's finding of palm oil on food 

prices is similar to the impact of crude oil on the food price in Malaysia. It 

justifies the concept of financialisation of commodities since there is a higher 

integration between the crude oil price and cooking oil. 

 

For industrial growth, the empirical analysis revealed that in the long 

run, the negative growth in industrial production is decreasing the food price in 

Malaysia, whereas positive changes do not significantly influence the food price. 

This finding aligns with the theoretical justification, reducing income will 

decrease purchasing power and lead the food price to drop due to the limited 

demand for food. The asymmetry in this relationship between palm oil prices 

and industrial growth holds significant implications for policymakers and 

market participants. It implies that measures to stabilize palm oil prices and 

reduce its influence in the food market are important in mitigating the 

inflationary pressures on food prices. Furthermore, it underscores the need for 

adaptive and responsive policy strategies to address the differentiated impacts 

of palm oil price fluctuations and industrial growth on food affordability in 

Malaysia, further discussed in the upcoming section. 
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RQ3: What is the impact of biodiesel demand on food prices in Malaysia? 

 

The third research question delves into the relationship between 

biodiesel demand and food prices in Malaysia. The summary of the empirical 

analysis provides evidence of a statistically significant positive relationship 

between biodiesel demand factors and food prices in Malaysia. This finding 

underscores the significant influence of biodiesel production and consumption 

on food affordability within the country. As Malaysia continues to promote 

biodiesel and advance its biofuel policy, the demand for biodiesel has increased, 

leading to substantial implications for the food market. This influence is 

complexly linked to the expansion of biodiesel production, often accompanied 

by investments and blended biofuel mandate requirements in the biodiesel 

industry. 

 

The research thoroughly analysed factors contributing to domestic 

biodiesel demand in Malaysia, shedding light on the intricate web of influences 

that affect food prices in Malaysia. The estimated results align with the global 

consensus that biodiesel demand, often derived from agricultural feedstocks like 

palm oil, can directly and positively impact food prices. This relationship is 

characterized by increased competition for agricultural resources, such as land 

and labour, and the potential for higher production costs, which are eventually 

passed on to consumers.  

 

One of the pivotal factors examined is the impact of biodiesel industry 

investment, a basis of the domestic biodiesel demand framework. The empirical 
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findings demonstrate a noteworthy relationship between investment in the 

biodiesel industry and food prices in Malaysia. Even though the magnitude of 

this relationship may not be immense, it assumes great significance within the 

broader economic context. This relationship signifies that investment in the 

biodiesel sector directly contributes to food price inflation positively in 

Malaysia. As the biodiesel sector expands, more firms emerge, and existing 

refineries undergo expansion, exerting pressure on the demand for local palm 

oil for biodiesel production. The research underscores the conducive 

environment for biodiesel investment in Malaysia, with government regulations 

like the Malaysian Biofuel Industry Act 2007 and incentives like Pioneer Status 

and Investment Tax Allowance driving an increase in active biodiesel 

companies. Interestingly, based on empirical evidence from this study, biofuel 

policy positively impacted the food price as well. Consequently, biodiesel 

production has experienced substantial growth, resulting in increased production 

capacity and exports. 

 

Additionally, the study delves into another critical facet of domestic 

biodiesel demand: the impact of vehicle population on food prices in Malaysia. 

The vehicle population serves as a proxy for population growth and economic 

development (industrial growth), reflecting the evolving mobility landscape of 

the country. Empirical results confirm a significant and positive relationship 

between the number of registered vehicles on the road and food prices in 

Malaysia. In addition, the bidirectional relationship underscores the influence of 

vehicle population on food prices, mirroring established economic theories like 
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the Malthusian growth theory, which posits that population growth places 

upward pressure on food demand. 

 

To provide a deeper understanding of this relationship, the study 

highlights the nexus between rising income levels, increased vehicle ownership, 

and heightened demand for food. As income levels increase, more individuals 

opt for car ownership, amplifying the demand for fuel and biodiesels and, in 

turn, impacting food prices through the elevated demand for palm oil. These 

findings harmonize with Malaysia's governmental efforts to encourage 

sustainable mobility and diminish dependence on crude oil. While the country 

has introduced policies to promote electric vehicle adoption, the research 

underscores that biodiesel adoption remains more substantial, particularly in the 

commercial vehicle sector. 

 

The positive impact of biodiesel demand on food prices highlights the 

importance of a balanced approach to biofuel policy, considering both 

environmental sustainability and food security concerns. Moreover, the findings 

reinforce the notion that energy and food markets are intricately connected, and 

changes in energy demand, such as the growth in biodiesel consumption, can 

have far-reaching consequences on food markets. Policymakers need to consider 

these interdependencies when crafting energy and agricultural policies. 

 

 

 



311 

 

RQ4: How do dynamic fluctuations in palm oil prices, industrial growth, and 

biodiesel demand impact food prices in Malaysia? 

 

Understanding the dynamic impact of independent variables on food 

prices is crucial for sustainable policymaking in Malaysia. Empirical evidence 

gleaned from IRF analysis affirms that abrupt changes or shocks in palm oil 

prices lead to subsequent positive responses in food prices within the Malaysian 

context. These findings underscore the pivotal role of palm oil price fluctuations 

in influencing the overall dynamics of food prices. Similarly, a positive response 

of food prices to shocks in industrial growth in Malaysia is observed. This 

highlights the growing influence of industrial production on food prices as time 

progresses in the Malaysian context. 

 

Conversely, biodiesel demand factors reveal a positive response of food 

prices to fluctuations in biodiesel-related elements. The observed 

responsiveness of Malaysia's food prices to shocks in biodiesel prices, vehicle 

population, and biofuel policy aligns with the bioenergy model. According to 

this model, energy and food markets are fundamentally interconnected, with 

changes in one sector cascading into the other. This consistency with the 

bioenergy model provides robust theoretical support to the empirical findings. 

 

In addition to the four primary research questions, control variables such 

as crude oil prices and exchange rates were included in the analysis. Crude oil 

prices are pivotal in shaping food prices, impacting production and 

transportation costs. The estimated results support the notion that fluctuations in 
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crude oil prices can significantly and positively impact food prices in Malaysia, 

emphasizing the importance of monitoring global oil market dynamics. 

Exchange rates, which affect international trade and the cost of imported goods, 

were also examined. The analysis demonstrates that exchange rates exert a 

statistically significant influence on food prices in Malaysia, further highlighting 

the country's vulnerability to external economic factors. Hence, the empirical 

analysis provides robust support for the four research questions explored in this 

study: 

 

1. The linear relationship between palm oil prices, industrial growth 

and food prices is statistically significant and positive, highlighting 

the importance of monitoring palm oil price fluctuations and 

industrial growth to address food affordability concerns. 

 

2. An asymmetric effect is observed in the relationship between palm 

oil prices, industrial growth, and food prices, with both positive and 

negative changes in palm oil prices having a positive impact on food 

prices in Malaysia. 

 

3. Biodiesel demand factors positively impact food prices in Malaysia, 

emphasizing the need for a balanced approach to biofuel policy that 

considers environmental, economic sustainability and food security 

in Malaysia. 

 

4. The dynamic effect of the shock in palm oil price, industrial growth 

and biodiesel demand led to the food price response, positively 
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enriching our understanding of the food-energy market dynamics in 

Malaysia based on the bioenergy model.  

 

In summary, this study effectively integrates the elements of domestic 

biodiesel demand, considering the price of biodiesel, the number of registered 

diesel vehicles, investment in the biodiesel industry, and biofuel policies. 

Furthermore, the significant gap between the palm oil price to food price has 

been fulfilled. They underscore the importance of evidence-based policymaking 

that accounts for the multifaceted relationships in this complex system. These 

findings have important implications for policymakers and stakeholders in 

Malaysia, emphasizing the need for a comprehensive approach to address food 

price dynamics. Sustainable policies that balance economic development with 

food security are essential to ensure the population's well-being and economic 

stability. Accordingly, policy implementation will be further discussed in the 

next section.  

 

 

6.2 Theoretical Implications of the Study 

 

This study advances and contextualizes several established economic 

theories by offering new insights into how the interactions between palm oil 

prices, biodiesel demand, and industrial development shape food prices in 

Malaysia. While this study does not propose a new theory, it contributes to the 

theoretical literature by expanding the bioenergy–food price model to include 

palm oil and biodiesel demand dynamics in Malaysia. This refinement reflects 
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the unique economic structure of Malaysia, where palm oil serves both the 

energy and food sectors. By applying established economic theories, such as 

price transmission, cost of production, and the food–fuel nexus, within a 

Malaysia-specific framework, the study offers a contextually grounded 

extension that enhances the applicability of these theories in biofuel-producing 

countries. This section consolidates the key theoretical implications of the 

findings. 

 

First, the findings of this study support Ricardo’s Cost of Production 

Theory of Value by showing that increased demand for biodiesel-related inputs, 

particularly palm oil, will raise input costs, which in turn inflates food prices. 

Since palm oil is used in both food and fuel markets, a cost increase in one sector 

inevitably affects the other. This finding extends Ricardo’s classical theory into 

the context of the modern bioeconomy/bioenergy, illustrating how the diversion 

of resources toward biodiesel production can trigger indirect inflation in food 

prices in a biodiesel-producing country like Malaysia. 

 

Secondly, the study validates the Price Transmission Theory by 

demonstrating that price shocks in energy and agricultural input markets, such 

as crude oil and palm oil, ripple through to food prices via interconnected 

commodity supply chains. This is well supported by the concept of 

“Financialization of the Commodities” as well. The presence of both linear and 

asymmetric transmission effects reveals that these linkages are not only direct 

but can also be amplified under specific structural or policy conditions. This 
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enhances the relevance of the theory in emerging economies where energy and 

food markets are increasingly interdependent. 

 

Next, the research builds on the Food–Fuel Nexus Framework by 

shifting focus from the conventional emphasis on biodiesel prices or output to a 

more comprehensive view of demand-side dynamics. By incorporating factors 

such as diesel vehicle population, blending mandates, investment in biodiesel 

infrastructure, and biodiesel pricing, the study captures structural demand 

pressures that shape long-term food price trends. This approach broadens the 

traditional model of the Food-Fuel Nexus Framework, highlighting how non-

price variables can drive sustained effects on food markets. 

 

Finally, the integration of industrial activity, which is measured via the 

IPI, provides empirical support for Unified Growth Theory. This theory suggests 

that as economies develop and undergo structural transformation, imbalances 

can arise that affect basic commodity markets. In Malaysia’s case, industrial 

expansion contributes to higher demand for both energy and agricultural inputs, 

indirectly fueling food price inflation. This connection underscores the trade-

offs that may emerge between industrial growth and food affordability. 

Importantly, this study moves beyond using broad indicators such as GDP to 

represent income or development effects. By adopting a disaggregated indicator 

(IPI), the model captures sector-specific dynamics that are more closely tied to 

resource use and demand pressures. This refinement allows for a more nuanced 

theoretical interpretation and supports targeted policy formulation, especially in 

contexts where industrial policies intersect with food and energy markets. 
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In summary, this study not only confirms the validity of multiple 

economic theories but also extends their applicability by embedding them within 

a Malaysian context. Through the use of linear, nonlinear, and dynamic 

modelling approaches, the research delivers a deeper understanding of food 

price determinants in economies that produce biofuels.  

 

 

6.3  Policy Implications of the Research Findings 

 

The findings of this research have significant policy implications for 

Malaysia, offering guidance on navigating the intricate relationships between 

critical factors such as the palm oil industry, biodiesel industry, industrial 

growth, and food prices. These implications are essential for sustaining food 

security, ensuring economic growth, and promoting energy security. In this 

section, this research will present three key policy areas with in-depth 

discussions, addressing the strengths and weaknesses of current policies and 

offering a path forward. 

 

6.3.1 Palm Oil Industry and Its Impact on Food Prices 

 

The palm oil industry is pivotal in Malaysia's economy, contributing 

significantly to export earnings. However, it also exerts pressure on food prices 

due to its influence on cooking oil costs, indirectly affecting the prices of various 

food items. While current policies such as The Malaysian Palm Oil Industry 

Transformation Plan (MPIT2030) and The Malaysian Sustainable Palm Oil 
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(MSPO) certification scheme aimed to promote efficiency and sustainability 

within the palm oil sector, challenges remain, particularly concerning land use 

and deforestation. To tackle these challenges, world organisations such as the 

EU introduced various regulations, such as the EU Deforestation-Free 

Regulation (EUDR), to promote good agricultural practices (GAPs) under the 

commodity markets. Thus, policies such as MPIT2030 and MSPO have 

succeeded in elevating Malaysia's image as a responsible palm oil producer but 

fall short in addressing its impact on food prices. The empirical finding of this 

study confirms the significant positive role of palm oil prices on the food price 

in Malaysia. A revised policy framework should emphasize a balance between 

palm oil industry growth and food price stability. The palm oil pricing strategy 

is the key measurement here. The framework should include the following 

measures: 

 

1. Encourage sustainable practices in palm oil cultivation and 

production level by compliance with the GAPs. This is fundamental 

for the palm oil pricing strategy to stabilize the market ensuring 

affordability for consumers and supporting long-term market 

resilience. As the World Bank (2023)b report highlighted, higher 

volatility in the palm oil price is mainly due to the supply-demand 

imbalance, changes in weather patterns, biofuel policy and 

speculation. To mitigate these fluctuations, continuous monitoring 

of oversupply and undersupply conditions is necessary. This can be 

strategically complemented by aligning biodiesel production levels 

with palm oil inventory trends. Such integration would allow 
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Malaysia to use biodiesel production as a buffer mechanism, helping 

to absorb excess supply during periods of surplus and reduce 

pressure during shortages, thereby regulating price swings more 

effectively. 

 

Interestingly, the EU Deforestation-Free Regulation may 

create some challenges to the palm oil industry. Regulation will 

require palm oil producers to prove that their products are 

deforestation-free before selling to the European Union's 27 member 

states (Reuters, 2022). This may create some issues for the 

Malaysian palm oil industry, such as increased cost of compliance, 

reduced market access and reputation risks. However, the Malaysian 

palm oil industry's move towards preparing the industry for the 

regulation is noticed as a positive signal. For instance, forming a 

joint task force with the EU to implement the regulation and 

providing financial assistance (RM 100 million) to small farmers to 

help them comply with the regulation by adopting sustainable 

practices and improving their traceability systems are well-deserved 

steps forward under the palm oil industry. Furthermore, the 

Malaysian government’s intention to promote sustainable palm oil 

production by introducing a mandatory Malaysian Sustainable Palm 

Oil (MSPO) certification scheme and increasing the forest cover by 

50 per cent by 2023 is the value added to the EUDR (Tan, 2023).  
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Another critical policy implication is the need to improve the 

transparency and efficiency of the palm oil market. This can be done 

by improving the collection and dissemination of market data and 

promoting fair trade and ethical practices throughout the supply 

chain. Even though the Malaysian government is taking the initiative 

to make some of the palm oil industry-related data such as 

production, market price and exports available publicly, land 

ownership, supply chains, and labour practices remain far from 

transparent in Malaysia. This may complicate the intention of 

addressing the sustainability challenges in this industry. In this 

regard, the government’s commitment under the Malaysian Palm 

Oil Industry Transformation 2030 (MPIT2030) to establish a public 

palm oil traceability system is a welcome initiative. Such a system 

would promote greater accountability, transparency, and compliance 

with environmental and social standards, ultimately encouraging 

producers to adopt responsible and sustainable practices across the 

value chain. 

    

Furthermore, stabilising palm oil prices can be achieved by 

minimising the market power of a monopolistic producer by forming 

a producer cartel or through international commodity agreements 

between buyers and sellers. The issue of cartels in the Malaysian 

palm oil industry is complex and sensitive. While the formation of 

producer cartels or coordinated pricing mechanisms may offer short-

term price stability, they also raise concerns related to market 
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fairness and consumer welfare. Malaysian Competition Commission 

(MyCC) was launched in Malaysia in 2011 under the Ministry of 

Domestic Trade and Consumer Affairs to protect consumers and 

businesses from anti-competitive practices. This agency, in 2019, 

fined a few palm oil companies for engaging in price-fixing 

(Gimino, 2022). The MyCC's action against the palm oil companies 

is a positive step towards improving transparency and competition 

in the Malaysian palm oil industry. However, for such efforts to be 

effective and sustained, greater enforcement authority and 

independence should be granted to MyCC. Empowering the 

Commission with enhanced investigative tools, legal authority, and 

inter-agency cooperation can strengthen its ability to detect, prevent, 

and penalize anti-competitive behaviours, thereby contributing to a 

more transparent and competitive palm oil market. 

 

Besides, an alliance between Indonesia and Malaysia (over 

85% of the palm oil producers globally) could boost the bargaining 

power of both countries in setting the CPO price and control output, 

thereby reducing the volatility of all palm oil products in the future. 

This is mainly due to both countries having the market power and 

bilateral understanding and agreement between these two countries 

able to use their combined weight to influence the market and 

promote their interests. For instance, the Council of Palm Oil 

Producing Countries (CPOPC) was formed in 2019 to promote palm 

oil producers' interests and address the industry's challenges in both 
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countries. Under CPOPC, the two countries have agreed to 

cooperate on developing palm oil biodiesel and promoting certified 

sustainable palm oil. This is a welcoming move towards the 

sustainability of this industry. This kind of bilateral agreement 

between both countries is essential in the current situation.  

 

Malaysia's biodiesel industry has grown significantly, driven 

by government support and incentives. However, as highlighted in 

this study, biodiesel prices, investments, and policies can impact 

food prices, necessitating careful management. While current 

policies on the blended mandate requirements in the transportation 

and industry have successfully stimulated biodiesel production, 

contributing to energy diversification, there is a need to address the 

potential inflationary effects on food prices. A more integrated 

policy framework is required, one that balances the goals of energy 

security and environmental sustainability with food price stability 

and consumer welfare. To this end, future policy measures should 

incorporate regular impact assessments, stakeholder consultations, 

and market-based adjustment mechanisms that ensure biodiesel 

expansion does not come at the expense of food affordability. This 

will strengthen the long-term resilience and inclusivity of 

Malaysia’s green energy transition. 

 

This framework should include measures to implement 

mechanisms for monitoring and regulating biodiesel prices, 
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investments and policies concerning their impact on food prices to 

promote research and innovation in sustainable biodiesel production 

practices that minimize the use of land and resources. Using waste 

and non-food feedstocks (for instance, waste cooking oil, animal 

fats, and algae), improving the efficiency of biodiesel production 

(for instance, higher production with minimum resources) and 

promoting sustainable farming practices such as agroforestry, 

precision agriculture, and intercropping, to enhance land-use 

efficiency and reduce environmental degradation. 

 

Overall, there are several ways that the palm oil framework can be revised 

to benefit food prices. By taking these steps, the government can help to ensure 

that food is affordable for consumers. In addition to these specific measures, 

developing comprehensive policies promoting sustainable palm oil and 

biodiesel production in Malaysia is essential. These policies should be 

developed in consultation with all stakeholders, including farmers, biodiesel 

producers, and environmental groups. By implementing these policies, we can 

help to ensure that palm oil and biodiesel are truly sustainable commodities and 

fuels that can help to reduce greenhouse gas emissions and improve air quality 

without driving up food prices in Malaysia. 

 

Other than focusing on enhancing the palm oil market framework, some 

other strategies can also be used to reduce the domination of palm oil in the food 

market in Malaysia. The proposed strategies are as follows: 
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1. Promote the diversification of cooking oil sources to reduce 

dependence on palm oil-based cooking oil in Malaysia. This could 

be ambiguous at this stage as palm oil remains the most affordable 

edible oil, and promoting diversification needs major structural 

changes in the agricultural sector. While this transformation may not 

be immediately feasible, it is not unrealistic. Rather, it should be 

viewed as a long-term strategic initiative aimed at strengthening the 

resilience and sustainability of Malaysia’s food system. The close 

integration of palm oil in food prices is mainly due to the usage of 

this commodity in the food processing industry and as the leading 

cooking oil in Malaysia and most Asian countries. The cooking oil 

subsidies are a good move to control food prices, whereby Malaysia 

allocated about MYR 4 billion in 2023 for subsidizing cooking oil 

in 1kg packets. The Malaysian government introduced the subsidy 

in February 2022 to help Malaysians cope with the rising cost of 

living. The subsidy was initially set at MYR 2.50 per 1 kg of cooking 

oil but increased to RM4.00 per 1 kg in March 2022. This subsidy 

program should continue in Malaysia since Malaysia benefits from 

this program, especially the B40.  

 

However, this move is not sustainable, and it is highly 

debatable. Some economists argue that the subsidy is not sustainable 

and could lead to cooking oil shortages in the future, and it also 

depends on the government's financial position. Therefore, 

promoting alternative cooking oil with a competitive price could be 
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a long-term sustainable move to reduce the dependency on palm oil. 

Varies replacements of cooking oil available in the Malaysian 

market, i.e., corn, canola, sunflower, and many more. Among these, 

corn oil has potential due to Malaysia's ongoing efforts to expand 

corn production for feed and food security. With proper support, 

including R&D investment, agro-extension services, and oil 

processing infrastructure, corn could serve as a feasible alternative 

in the medium to long term in Malaysia. 

 

Corn oil presents a viable long-term diversification pathway, 

supported by Malaysia’s current efforts to expand grain corn 

cultivation under the National Agrofood Policy 2.0 (2021-2030). 

Under this policy framework, grain corn is given priority to reduce 

the import dependency as Malaysia currently imports over 90 per 

cent of the grain corn. Although primarily focused on animal feed, 

increased domestic production of corn opens opportunities for 

downstream processing into food products such as corn oil. This 

provides a foundation for upstream investments, including local 

processing of corn, which may include edible oil extraction if 

economic feasibility supports it. 

  

2. Encouragement of the diversification of crop plantations among the 

farmers in Malaysia could improve food availability and minimise 

the role of palm oil in the food industry. Countries such as Indonesia, 

Thailand, and Vietnam have initiated or expanded programs to 
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promote alternative oil crops like soybean, sunflower, and sesame 

alongside existing palm oil production. These initiatives aim to 

enhance edible oil security, diversify farmer income, and reduce 

market vulnerability from over-dependence on a single crop. For 

instance, Indonesia is seeking to reduce its reliance on imported 

cooking oils and increase local soybean production (Harsono et al., 

2022).  

 

In Malaysia, multiple pilot programs and state-level projects 

(e.g., in Perlis, Kedah, and Sabah) have been launched to promote 

grain corn farming using local cooperatives and contract farming 

models. These initiatives aim to expand corn cultivation from under 

20,000 ha to over 80,000 ha by 2033 (The Star, 2022). This will be 

the key movement towards reducing the food import of Malaysia 

and is highly significant for food sustainability in Malaysia. This 

crop can be promoted as a new source of national wealth, as 

announced by the formal financial minister in the 2018 budget 

(Rosali et al., 2019). With its significant effect on the food industry, 

as grains, animal feeds and cooking oil, it helps in the diversification 

of crop plantations and reduces the dependency on palm oil as the 

main cooking oil in Malaysia. On the other hand, increasing the 

production of corn can reduce the import of corn and increase its 

SSR in Malaysia.   
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However, the major challenge of corn cultivation in Malaysia 

is the higher cost of production, low productivity and low return on 

investment (ROI) (Nazmi et al., 2021). Thus, the cooperation 

between government and private sectors could make this proposed 

initiative more successful. For instance, educate farmers about crop 

diversification's economic, environmental, and social benefits, 

support research and development into new diversified crops, help 

identify crops well-suited to Malaysia's climate and soil conditions, 

and develop value-added products from diversified crops. 

Promoting the food crop industry as a potentially profitable venture 

among farmers and youth entrepreneurs could help reduce the 

influence of palm oil crops in the food market and reduce its reliance 

on imported food in Malaysia. Subsidies to the farmers for 

producing other food crops and R&D implications for the new food 

crop production improve the situation as well. Statistics indicate a 

worrying situation whereby the average age of paddy farmers in 

Malaysia is 60 years old, and farmers below 40 years are only about 

15 per cent (Azuar, 2021). This is a warning alarm towards food 

sustainability in Malaysia. A very holistic measure is needed to 

increase the young entrepreneurs’ interest in the food production 

businesses.   

 

While the proposal does not suggest an immediate 

replacement of palm oil, it aims to create pricing competition, 

enhance market resilience, and provide a buffer against supply-side 
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shocks stemming from the biofuel or export markets. Over time, a 

more diversified cooking oil market will reduce the systemic risk 

associated with Malaysia’s current heavy reliance on palm oil, both 

for food and fuel. 

 

6.3.2 Industrial Growth and Its Impact on Food Prices in Malaysia 

 

On the other hand, Malaysia's industrial growth efforts have been a 

driving force behind economic development. However, the growth of industries 

can exert pressure on food prices, mainly due to increased energy demands and 

resource competition. The Malaysian government has implemented several 

industrial growth policies over the years. These policies have been designed to 

promote the development of the manufacturing sector, create jobs, and boost the 

economy. For instance, the most recent policy is the National Policy on Industry 

4.0 (Industry4WRD), which focuses on promoting the use of advanced 

technologies, such as artificial intelligence, robotics, and the Internet of Things, 

in the manufacturing sector.  

 

Current policies have been effective in attracting investments and 

fostering industrial growth. However, this policy paid limited attention to 

managing the impact on food prices. However, the National Agrofood Policy 

(NAP 2.0) was launched in 2021 to develop the agro-food sector by focusing on 

developing Malaysia's agriculture, livestock, fisheries, and food processing 

industries. Thus, it indicates that Malaysia's industrial policies are in the proper 

direction to help Malaysia become a more competitive and sustainable agro-food 
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producer. Furthermore, a holistic policy framework should aim to harmonize 

industrial growth with food price stability. This framework should include 

measures to promote energy-efficient practices within industries to reduce 

pressure on biodiesel resources, monitor and address energy-related impacts on 

food production and prices, and encourage the diversification of energy sources, 

including renewable and sustainable options. 

 

Interestingly, this study found that the effect of the crude oil price on 

food prices is minimal. This is mainly due to the subsidy allocation by the 

Malaysian government on petrol and diesel. The subsidy program looks pretty 

progressive in the short term since it can dissolve the effect of crude oil on food 

prices and help stabilise Malaysia's food prices. On the negative side, subsidies 

can discourage innovation where the industries invest in new technologies and 

practices that could improve efficiency and reduce costs. Furthermore, it can 

lead industries to depend highly on government support, making it difficult for 

them to become self-sufficient. Regarding sustainability, the subsidy program is 

not an effective long-term solution in Malaysia (Heuvelen, 2023). Instead of 

relying on subsidy programs, the focus should be on developing and investing 

in sustainable solutions such as producing alternative energy to reduce crude oil 

dependence. These solutions may be more expensive in the short term but will 

be more sustainable and beneficial in the long term. 

 

In conclusion, Malaysia faces the critical challenge of balancing 

economic development, energy security, and food affordability. These three key 

policy areas: oil industry, biodiesel industry, and industrial growth—require 
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thoughtful and coordinated policies that take into account their impacts on food 

prices. Strengthening and adapting these policies can ensure sustainable growth, 

energy security, and food access for the nation's citizens. It is essential to 

acknowledge that the success of these policy frameworks will depend on 

effective implementation, continuous monitoring, and a commitment to 

addressing emerging challenges. Policymakers must remain vigilant, open to 

adjustments, and responsive to changing circumstances to secure Malaysia's 

prosperous and food-secure future. 

 

 

6.4  Limitations of the Research 

 

While this study has made significant contributions to understanding the 

intricate interactions among palm oil prices, biodiesel demand, industrial growth 

trends, and food price dynamics in Malaysia, it is essential to acknowledge the 

limitations that affect the interpretation and generalization of the findings. This 

section comprehensively discusses these limitations to guide future research and 

policymaking. 

 

One of the primary limitations of this research is the availability and 

quality of data. The study relies on existing datasets from various government 

agencies and organizations, which may have inconsistencies, gaps, or limitations 

in terms of coverage and accuracy. For instance, data on biodiesel is very limited 

in Malaysia since this industry is still young. One of the biodiesel demand 

indicators is the investment in the biodiesel industry. The lack of data on 
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biodiesel investment hinders a comprehensive assessment of its impact on food 

prices in Malaysia. Furthermore, this study's reliance on historical data means it 

captures relationships and trends up to the data cutoff point. The dynamics 

between the variables may evolve, and the research does not account for 

potential changes or shocks that occurred after the last available data point. 

Theoretically, the usage of biodiesel production justifies the investment effect, 

yet the actual effect is still unascertainable. Enhancing the quality and 

availability of data is crucial for conducting more robust analyses in the future. 

 

Furthermore, another limitation in this study relates to the use of newly 

registered diesel vehicles as a proxy for biodiesel-related transportation demand. 

While this dataset reflects annual vehicle additions, it does not capture 

deregistered or inactive vehicles, which may no longer be operational or present 

on the road. As such, the variable may overstate the actual number of active 

diesel vehicles, especially over a multi-year period where some vehicles would 

naturally exit the fleet. This limitation is due to the unavailability of 

comprehensive vehicle de-registration or retirement data in Malaysia’s public 

data repositories. Nevertheless, newly registered vehicles are used in many 

empirical studies as a practical indicator of fuel-related transportation demand 

and sectoral growth trends. 

 

Another standard limitation in economics studies is the simplification of 

complex interaction. This research simplifies the intricate interactions among 

palm oil price, biodiesel demand, industrial growth, and other control variables 

towards food prices into linear and asymmetric linear relationships. These 
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relationships are multifaceted and subject to various external factors and 

feedback loops that the study does not fully capture. This may limit the overview 

of the food price framework of Malaysia and the policy implications proposed 

in this study.  For instance, this study does not delve deeply into the social and 

cultural factors that can influence food consumption and preferences. These 

factors can significantly influence food price inflation and should not be 

overlooked (Landes et al., 2016). This effect is not explored in this study because 

this is not the primary consideration of the aim of this study. This can be the 

future direction which engages communities and stakeholders to develop 

culturally sensitive strategies. 

 

Furthermore, this research does not explicitly account for the broader 

policy context and political considerations that can affect the implementation 

and effectiveness of policies related to palm oil prices, biodiesel demand, 

industrial growth, and food security. The policy implications and direction 

proposed in this study are guided by the empirical analysis conducted in this 

study based on the control of the environment. Thus, it is highlighted as a 

limitation in this study since a comprehensive policy analysis was not provided. 

Policymakers should conduct comprehensive policy assessments that 

incorporate political and contextual factors. Develop strategies for policy 

communication and stakeholder engagement to ensure successful policy 

implementation. This study's empirical findings offer policymakers a glimpse 

into the intricate connections between the variables examined. However, a more 

comprehensive understanding is crucial for implementing broad and effective 

policies. 
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Lastly, the study does not account for external factors or shocks that can 

influence the relationships examined. For instance, global economic crises, 

natural disasters, or sudden changes in global oil prices can significantly impact 

biodiesel investment, industrial growth, and food prices. In the time frame of 

this study, the COVID-19 pandemic also took part, significantly impacting 

Malaysia's economy. The exclusion of the effect in the model is justifiable based 

on the empirical statistics, whereby no significant structural breaks are found in 

the food price in Malaysia. However, including those impacts may create more 

complex and better insight into the understudied relationship. This may 

contribute to better policymaking by developing contingency plans to mitigate 

the effects of unforeseen events. 

     

Overall, while offering valuable insights into the intricate interplay 

among palm oil price, biodiesel demand, industrial growth, and food price 

dynamics in Malaysia, this research is subject to several limitations that should 

be acknowledged and addressed in future studies and policymaking efforts. 

Understanding these limitations is crucial for accurately interpreting the research 

findings and designing policies that effectively navigate the complex challenges 

at the intersection of energy, industry, and food security. Policymakers should 

adopt a flexible and adaptive approach, considering the evolving nature of these 

relationships and the potential influence of external factors. Thus, the next 

section will give some recommendations for the future research direction of this 

study.  
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6.5  Future Recommendations for Research 

 

While this study has made significant strides in unravelling the intricate 

relationships between palm oil price, biodiesel demand, industrial growth and 

food price dynamics in Malaysia, there remain ample opportunities for future 

research to expand upon and enhance understanding of these complex dynamics. 

This is because the biodiesel industry is still young, and the study relevant to the 

biodiesel industry in Malaysia is still at the pre-mature level.  

 

First, biodiesel investment growth's sustainability dimension merits 

further exploration. Future research should assess the environmental impacts of 

biodiesel production and consumption, including greenhouse gas emissions and 

land-use changes, particularly in biodiesel-producing regions such as Malaysia, 

Indonesia, and Latin America. Understanding the trade-offs between biodiesel 

expansion and environmental sustainability is vital in the context of global 

climate change. Life cycle assessments and environmental impact assessments 

can be employed to quantify the environmental footprint of biodiesel production 

and its implications for sustainability. Researchers can also explore the potential 

for sustainable biodiesel production practices, such as emissions reduction, 

biodiversity conservation, and soil health. Additionally, comparative studies 

using spatial analysis and remote sensing data can help track land-use 

conversion over time, while policy scenario modelling (e.g., using CGE or 

system dynamics models) can explore alternative investment pathways that 

promote sustainable biodiesel production practices (e.g., use of waste oil 

feedstocks, agroforestry integration, or yield-enhancing technologies). 
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Furthermore, interdisciplinary research teams can offer diverse 

perspectives and expertise in energy, economics, and food security in Malaysia. 

Complex issues at the intersection of energy, industry, and food security require 

interdisciplinary collaboration across economics, environmental science, 

agricultural studies, and public policy. Future research in the biodiesel industry 

should encourage collaborations between economists, environmental scientists, 

social scientists, and policymakers to address these multifaceted challenges 

comprehensively. Specifically, researchers could integrate mixed-method 

approaches, such as combining econometric modelling (e.g., ARDL/NARDL) 

with qualitative case studies or stakeholder interviews to capture both 

macroeconomic patterns and on-the-ground realities. Tools like system 

dynamics modelling or multi-criteria decision analysis (MCDA) can help 

explore trade-offs and synergies across sectors. In the Malaysian context, 

collaboration between institutions such as Universiti Malaya, MPOB, SEDA 

Malaysia, and international partners could yield robust, policy-relevant insights. 

Funding agencies, including MOSTI, FRGS, or APEC, can further support such 

initiatives by earmarking grants for cross-disciplinary research on sustainable 

energy transitions. 

 

Besides, food prices are a regional and global issue. Future research 

should extend beyond the confines of Malaysia to encompass a broader spectrum 

of countries, each with its unique socio-economic context, policies, and 

industrial structures. Future research may consider applying this study’s 

modelling framework in other biofuel-producing countries to explore the extent 

to which food–fuel–differing institutional and market settings shape industrial 
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interactions. Comparative studies across different regions and nations can 

provide valuable insights into how the alternative energy sector and industrial 

growth may influence food prices in varying environments. For instance, studies 

could focus on Southeast Asia (e.g., Indonesia, Thailand, Vietnam) and extend 

to Latin America (e.g., Colombia, Brazil) regions where biodiesel industries are 

also expanding. Such research can help identify common trends, regional 

disparities, and best practices on the regional base. Researchers can employ 

panel data analysis (e.g., panel ARDL, dynamic panel GMM), meta-analytic 

techniques, or case studies that involve multiple countries to compare the 

relationships under investigation. Such approaches allow for robust 

generalizations while respecting country-specific heterogeneity, thus 

strengthening policy recommendations that are both context-aware and globally 

informed. 

 

 The current model can be further enhanced by involving mediation 

factors such as political influences, social and cultural factors and policy 

interventions. This entails identifying mediating factors and pathways through 

which these variables affect one another. Investigating how policies across these 

domains can be harmonized to achieve multiple objectives simultaneously is 

essential for sustainable development. Researchers can conduct policy analysis 

and scenario modelling to explore integrated policy frameworks. Besides, 

investigating the mechanisms can help policymakers develop more targeted and 

effective interventions. For instance, understanding how cultural preferences, 

dietary habits, and social norms intersect with food prices and availability can 

provide valuable insights for policymakers seeking to promote food security. 
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Engaging with communities and stakeholders can facilitate a comprehensive 

understanding of these factors. Qualitative research methods such as 

ethnographic studies, interviews, surveys, and case studies can be employed to 

uncover the intricate mechanisms and mediating factors rather than solely 

depending on the secondary data analysis. 

 

 Furthermore, given the practical implications of this research, future 

studies should focus on policy analysis and evaluation. Researchers can assess 

the effectiveness of existing policies, considering their impact on food prices. 

Investigating the potential trade-offs and synergies between policy objectives is 

crucial for informed decision-making. Researchers can employ policy 

evaluation techniques such as cost-benefit analysis, impact assessments, and 

scenario modelling to assess the outcomes of various policy interventions. In 

addition, researchers can utilize time series analysis and event studies to explore 

short-term variations in palm oil and biodiesel growth. Analyzing policy 

changes and their immediate consequences can be particularly informative. This 

can guide policymakers in designing more effective and balanced policies. 

 

The complex relationships studied here call for advanced modelling and 

simulation techniques. Future research can leverage agent-based modelling, 

system dynamics, and other computational approaches to simulate the 

interactions among biodiesel prices, policies, investment, industrial growth, 

vehicle population, and food prices. These models can offer a dynamic and 

nuanced perspective on the dynamics at play. Researchers can collaborate with 

experts in computational modelling to develop and validate models that capture 
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the system's complexity. Sensitivity analyses and scenario simulations can help 

identify critical tipping points and potential policy implications. 

 

Overall, while this research has significantly advanced our 

understanding of the relationships between palm oil prices, biodiesel demand, 

industrial growth and food price dynamics in Malaysia, there are numerous 

avenues for future research to explore. These recommendations span various 

dimensions, from methodological enhancements to policy analysis, and 

emphasize the importance of interdisciplinary collaboration and a holistic 

approach to addressing the complex challenges at the nexus of energy, industry, 

and food security. Future research endeavours guided by these recommendations 

can contribute to more informed policymaking and sustainable development 

strategies not only in Malaysia but also in a global context. 

 

 

6.6  Chapter Summary 

 

In this chapter, this research presents a comprehensive analysis of the 

intricate relationships between palm oil prices, biodiesel demand factors, 

industrial growth, and food prices in the context of Malaysia. Our study tackles 

a critical concern rooted in the multifaceted relationships between these vital 

variables, offering valuable insights into the broader implications for Malaysia's 

energy sector, economic development, and food security landscape. Guided by 

research objectives focused on these critical elements, this chapter encapsulates 
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key findings, hypothesis summaries, the central conclusion, policy implications, 

future research recommendations, and acknowledged limitations. 

 

This study's main findings shed light on the significant impact of palm 

oil prices and biodiesel demand factors on food prices within the Malaysian 

landscape. Furthermore, this research elucidates the complex connections 

between these elements and industrial growth, highlighting their pivotal roles in 

shaping Malaysia's energy landscape, economic trajectory, and food security. 

This study systematically evaluated hypotheses centered around palm oil prices, 

biodiesel demand factors, industrial growth, and food prices. These hypotheses 

received empirical support, underscoring the intricate interdependencies among 

these variables. As Malaysia continues promoting biodiesel utilisation and 

fostering industrial expansion, vigilance regarding potential food price inflation 

remains paramount. These findings underscore these elements' fundamental role 

in influencing Malaysia's energy security, economic growth, and food 

affordability. 

 

This chapter's conclusion reaffirms this research objectives and problem 

statement while summarizing the estimated results. This research emphasizes 

the need for a balanced approach to palm oil prices, biodiesel demand, industrial 

growth, and food security. This offers a holistic perspective on Malaysia's 

complex challenges in these vital domains. The policy implications section 

discusses how these research findings can inform policymaking in Malaysia. It 

underscores the importance of considering the ramifications of palm oil prices, 

biodiesel demand, and industrial growth on food prices. This study suggests the 
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necessity for integrated policies that harmonize these critical sectors. 

Policymakers are encouraged to evaluate potential trade-offs and synergies 

among various policy objectives, prioritizing sustainability and affordability. 

 

The future research recommendations emphasize the need for regional 

and cross-country comparative studies, a focus on temporal dynamics and short-

term effects, and an exploration of causal mechanisms and mediating factors. 

This research also suggests analyzing policy effectiveness, considering 

environmental and sustainability aspects, examining social and cultural factors 

in food security, employing advanced modelling techniques, and promoting 

interdisciplinary collaboration. While this research constitutes a significant step 

in understanding these complex dynamics, it is essential to acknowledge its 

inherent limitations. Acknowledging this study's limitations, this chapter 

underscores the importance of addressing these gaps in future research. 

Limitations include data constraints, the intricacy of causal relationships, and 

the need for more nuanced analyses in specific areas. These limitations offer 

valuable insights for researchers seeking to build upon this foundational 

research.  

 

This conclusion summarizes the main findings of the thesis, argues for 

the significance of the research, restates the thesis statement, and reflects on the 

research process. This research lays the foundation for addressing the 

multifaceted challenges at the intersection of energy, industry, and food security. 

It serves as a stepping stone for future investigations and evidence-based 

policymaking, offering a compelling basis for navigating the intricate terrain of 
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Malaysia's economic and energy landscape. It also makes a call to action by 

recommending that policymakers carefully consider bioenergy's potential 

benefits and drawbacks before developing and implementing bioenergy policies 

to protect the food price in Malaysia. 
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