




PREFACE

INTRODUCTION    

OBJECTIVES    

SCOPE OF STUDY
 
DATA SOURCE
 
VALUE CREATION FROM POWER GENERATION 
 
VALUE CREATION FROM UTILIZATION OF WOOD WASTE 

VALUE CREATION FROM UTILIZATION OF OTHER TYPES OF 
BIOMASS 

CONCLUSION 

Table of Contents
02

04

05

05

06

07

11

12

13



B I O M A S S  B e n c h m a r k i n g  S t u d y

4

MIGHT promotes an integrated 
360-degree approach based on 
strong private-public partnership 
driven by market-led solutions, 
connecting talents, funding 
institutions, SMEs, technology 
providers and offtakers as an 
innovative approach in achieving 
our national target towards a 
greener economy

Dr. Mohd Yusoff Sulaiman
President and Chief Executive Officer,
Malaysian Industry-Government Group for High Technolgy (MIGHT)

“
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Dato’ Leong Kin Mun
President,

Malaysia Biomass Industries Confederation (MBIC)

“
“

PREFACE

Participation of SMEs is an integral 
part of the biomass industry 
development in Malaysia. Accurate 
facts, figures, and case studies 
will be useful in SMEs business 
decision-making when it comes 
to optimising biomass utilisation. 
As the backbone of the national 
economy, the participation of SMEs 
can be crucial to move the industry 
towards higher value chain
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Introduction
The need for sustainable sources of energy and materials coupled with technologicals 
advancements has created many potential uses for biomass that used to be discarded 
as agricultural waste just less than two decades ago. In the contemporary global 
scenario; the depletion of fossil-based energy resources, climate change and the 
politics of oil have all contributed to the re-visit of biomass as an viable alternative 
source of energy.

The traditional use of biomass has been for generation of heat and power (via steam 
conversion to electricity). This is further encouraged by advancements in biomass 
liquefaction and gasification technologies, thereby unlocking the energy in the 
solid biomass into easily transportable forms to power factories, vehicles and small 
machines. Commercialization of these technologies holds the promise to break allow 
many countries and communities to break free from their addiction to depleting fossil-
based energy resources. 

Furthermore, rapid market and technological developments have resulted in many 
possible uses of biomass. A good example is in Malaysia where just less than a decade 
ago, biomass was generally promoted as a potential source for renewable power 
generation. In the last five years, however increasing global demand for ‘green’ 
materials such as bio-plastics, bio-composites and eco-products have resulted in 
the commercialization of conversion technologies that are able to convert biomass 
components such as lignin, cellulose, hemicellulose etc. 
into feedstock for these ‘green’ materials.

In a 2011 report by Frost and 
Sullivan, the demand for 
‘green’ chemicals in Europe 
and North America has 
brought attention to the 
availability of biomass in 
South East Asia as ‘green’ 
feedstock to meet this 
demand. It is estimated 
that revenue from this 
demand is expected to 
reach USD34.8 billion by 
2016.

Global bioplastics 
capacity is expected 
to be 1,709,700 
million tonnes 

by 2015

8 million 
tonnes of 
bioethanol and 
biobutanol are 
expected to be 
consumed in 
Asia by 2013

USD34.8 
billion

Potential revenue 
from demand of 
green chemicals 

by 2016

By 2020, more 
than 50% of 
renewable energy 
demand in the EU 
will be met by 

biomass

South Korea set 
the goal to 

consume 5 million 
tonnes pellets by 
2020, 75-80% of 
which will be 
imported
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Objectives
The main objective of the Biomass Benchmarking Study is to provide a quantitative 
perspective of the potential economic value that can be generated from the various 
commercial utilizations of the different types of biomass available in Malaysia. This will 
provide additional data and information to the Malaysian government, policy makers 
and researchers to determine the most optimum ways to utilize the biomass, as well 
as to formulate the right and effective policies to promote it.

One of the main questions to be answered in the promotion of competing uses 
for biomass is the optimum proportions needed to divert for renewable power 
generation; as feedstock for ‘green’ chemicals production; as well as for utilization 
by small & medium enterprises, entrepreneurs and rural communities to produce 
innovative products from the biomass material. This study thus hopes to provide more 
quantitative data for further studies on this subject matter.

Scope of Study
This Benchmarking Study will focus on the comparison of potential value creation 
between the use of biomass for power generation (whether via direct burning or 
conversion to fuel pellets); and conversion of biomass to various products such as bio-
sugars, pulp, bio-char, activated carbon, bio-composites and green chemicals. 

The types of biomass covered in the scope of this study include:

• Palm Empty Fruit Bunches (EFB)
• Palm Kernel Shell (PKS)
• Oil Palm Trunks (OPT)
• Wood Saw Dust 
• Rice Husk
• Municipal Solid Waste (MSW)

However, this study will only look at the value creation of the final products in terms of 
volume and revenue generation. Due to a limitation in terms of reliable data, this study 
did not made comparisons between the capital investments required for each type of 
utilization nor financial parameters such as returns-on-investments (ROIs) or payback 
period. It is hoped that this study will be the first of many subsequent studies to get a 
better objective perspective of this topic.
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Data Source
Data compiled for this study consists of both primary and secondary data. Primary data 
is obtained from interviews with owners of small & medium enterprises undertaking 
ventures in biomass utilization as well as biomass researchers from local universities 
and research institutions. Secondary data is obtained from literature review of various 
studies on biomass utilization in Malaysia. Similar data from these two sources are also 
compared and triangulated to generate more accurate data for this study. One of the 
main challenges of compiling data for biomass in Malaysia is the variability in many of 
these numbers such as pricing, cost of transportation, moisture content and calorific 
value as the geographical origin and handling of the biomass plays an important factor 
in this variability.
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Value Creation from Power Generation
In the first part of the study, comparisons were made between the potential value creations 
between various types of biomass when they are utilized for power generation via direct 
combustion. The types of biomass include EFB, OPT, rice husks, PKS, saw dust and MSW.

The value was determined based on the following factors:

1. Calorific value 
2. Moisture content
3. Revenue generation from sale to grid electricity based on Feed-in Tariffs (FiT) rate 

under the Renewable Energy (RE) Act 2011

Chart 1 below provides the graphical summary of the value creation for the types of 
biomass studies.
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Value Generation from Electricity RM/MT (wet) Value Generation from Electricity RM/MT (dry)
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Chart 1 : Value Creation Generated from Utilization of Various Raw 
Biomass for Grid Electricity Generation (RM/MT feedstock) 

Source: Refer Appendix A
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From Chart 1, it is clear that there is significant difference in the potential revenue 
generation between different biomass when used for power generation; palm EFB and 
OPT give the lowest value in wet forms while rice husk, PKS, and saw dust gives larger 
but comparable value for electricity generation. The major factor is the difference in 
calorific values between these biomass in wet and dry forms. EFB and OPT have high 
moisture content; therefore require extensive drying process for efficient conversion 
to energy.

On the other hand, MSW shows a significantly high value generation from electricity 
due to its high calorific value (21,671 MJ/MT). This could be due to the presence of 
high calorific contents such as plastics, paper, leather, textiles and wood in the MSW. 

Chart 1 provides only one perspective of the value creation i.e. revenue generation 
from the sale of electricity to grid based on FiT rates under the RE Act 2011 with 
biomass-based power generation. Another important factor that needs to be taken 
into consideration is the costs incurred to acquire and transport the biomass material 
from their source to the point of utilization. The addition of this factor is developed in 
Chart 2 and Chart 3.

Sources: MIGHT - Biomass-SP Interviews with small & medium enterprises in biomass ventures

Chart 2 : Range of Acquisition Costs of Various Types of Biomass 

CHART 1 - ASSUMPTIONS:
• Value creation of power generation from biomass is calculated based on FiT rate 

under the RE Act 2011
• Power generation is all for conversion to grid electricity
• FiT rate under the Renewable Energy Act 2011 is assumed to be RM0.31 per kWhr for 

biomass and RM0.41 per kWhr for MSW
• National cost savings from fossil fuel subsidies not included 
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CHART 2 - ASSUMPTIONS:
• Biomass acquisition costs include feedstock purchase, transportation & collection 

costs

Chart 2 provides an overview of the range of the acquisition costs that consist of cost 
to purchase the biomass and the transportation cost. It can be seen from the chart 
that some biomass such as PKS and rice husk shows larger cost variance as compared 
to others. In general, large cost variance for biomass is present due to the fact that the 
supply and demand market of biomass is still at its infancy; hence there is no generally 
accepted price in the buying and selling of biomass. Combining the data from Chart 1 
and 2 arithmetically yields Chart 3; where Net Value Creation is determined to give a 
better picture of the potential value creation of each type of biomass.

-1,000.00 1,000.00 1,500.00-500.00 0.00 500.00

EFB

OPT

MSW

Rice Husk

PKS

Sawdust

Net  Value Gain RM/MT (dry) Net  Value Gain RM/MT (wet) Acquisition Cost RM/MT

Value Generation from Electricity RM/MT (dry) Value Generation from Electricity RM/MT (wet)

(RM/MT)

Chart 3 : Benchmarking of Value Creation Generated from Utilization 
of Various Raw Biomass for Grid Electricity Generation in Relation To 

Acquisition Costs of Biomass

Based on Chart 3, MSW came out first in the net value creation followed by OPT, EFB 
and saw dust. Conversely, rice husk and PKS has fallen behind to give negative net 
value creation. The main factor is that other competing uses of rice husk and PKS have 
driven up their acquisition costs, well beyond the value that can be created by power 
generation. Conversely, there are currently not many competing uses of MSW. In the 
case of saw dust, the net value creation remains positive despite the high acquisition 
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cost due to its high calorific value. Meanwhile, EFB and OPT generally have low calorific 
value; it is expected that with more commercial ventures coming up to exploit these 
two forms of biomass and drive up the acquisition costs, the net value creation will 
drop further to the negative region.

It ought to be noted here that these values are extremely dynamic due to constant 
change in the demand and supply market. Technologies and government policies also 
play important roles in influencing the dynamics. The net value creation calculated 
here can only give a momentary capture of the situation based on data from limited 
sources. Users of these results should exercise caution in projecting assumptions from 
this study.
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Value Creation from Utilization of 
Wood Waste

Chart 4 makes another similar comparison for the potential value creation from various 
commercial utilization of wood waste, saw dust being the main source. The major 
components of wood and EFB are quite similar i.e. cellulose, hemicellulose and lignin. It 
also highlights the general trend that increasingly higher value can be created as more 
technological know-how is exploited in utilizing the biomass.

Chart 4: Benchmarking of the potential value creation from various possible 
utilizations of saw dust
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Source: Refer Appendix A
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Value Creation from Utilization of 
Other Types of Biomass

A final benchmarking comparison was made between the remaining types of biomass 
available in Malaysia; namely PKS, OPT and Rice Husk. The results are provided in Chart 5.

The highest value creation is the utilization of rice husk for the manufacturing of 
engineered bio-composites as substitute to the use of timber in construction. This is 
followed by the use of the same biomass resource to produce high quality silica for 
industrial applications. The high ranking of these two end products reinforces similar 
observations from the utilization of palm biomass i.e. the use of technologies in the 
form of advanced processing and engineering know-how has the potential to greatly 
enhance the value of the original biomass feedstock.

Chart 5 : Benchmarking of the Potential Value Creation from Various Utilizations of 
Other Biomass Resources
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Conclusion
The benchmarking above has yielded a number of interesting results that will provide 
a starting point for further value creation studies as well as point government 
agencies and policy makers towards the directions that need to be considered in the 
development of policies and strategies in optimizing the value of biomass in Malaysia. 
Among the important findings are:

1. The importance of the application of advanced technologies and engineering 
know-how to turn biomass into high-value differentiated products (e.g. engineered 
fibre mat, silica, biocomposites) instead of commodity-based products (fuel 
pellets, fibres, low quality plywood);

2. While some end products such as pulp, biosugars and activated carbon currently 
command high prices in the market, it has to be emphasized that these are still 
commodity-based products. As such, the long-term demand and supply of these 
materials will need to be carefully studied and considered so that long-term 
capital investments can be recouped in the shortest time possible;

3. The price movement of the raw biomass feedstock will also need to be studied 
and considered as the charts have shown that value creation and net value gain 
can provide a totally different picture of the situation. In general, the more ways a 
certain type of biomass can be utilized; the higher will be the risk of elevated cost 
of acquisition and hence the higher will be the risk of low net value gain;

Based on the above findings, some recommendations are listed here to enhance the 
value creation potential of the biomass resources in Malaysia:

1. Measures should be directed to encourage and enhance the capacities of SMEs 
to venture into the production of differentiated biomass-based products in order 
to create technical and market barriers against competition and future market 
entrants;

2. SMEs that choose to venture into the production of commodity-based biomass 
products should setup their production and enter the market quickly in order to 
gain first-mover advantage in the market. Investors and financiers should also be 
well-aware of this fact and work to speed up their financing decision;

3. The relevant agencies and government bodies should include into their portfolio 
the study of economics of each type of major biomass in terms of supply, actual 
availability, demand and pricing of the biomass. These studies should be made 
publicly available and updated at least annually to give stakeholders in the 
industry such as companies, investors, bankers and financiers the most current 
and accurate information to lower their risk in decision making.
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TYPE OF BIOMASS SOURCE

Empty Fruit Bunch (EFB) Wet: Singh, G. et al (2009) Sustainable Production 
of Palm Oil: A Malaysian Perspective. Malaysian 
Palm Oil Association (MPOA)
Dry: United Nations Environment Programme 
(UNEP) (2012) Converting Waste Oil Palm Trees 
into A Resource

Oil Palm Trunk (OPT) Dry: R.R.R. Deris et al (2006) Pyrolysis of oil palm 
trunk. Proceedings of the 20th Symposium of 
Malaysian Chemical Engineers (SOMChE 2006), 
19 - 21 December 2006, UiTM Shah Alam, 
Selangor. pp 245 – 250. Shah Alam: University 
Publication Center (UPENA). 

Rice Husk Wet: I Mohamad Yusof et al (2008) 
Characterization of rice husk for cyclone gasifier. 
Journal of Applied Sciences 8 (4): 622-628

Palm Kernel Shell (PKS) Wet: Singh, G. et al (2009) Sustainable Production 
of Palm Oil: A Malaysian Perspective. Malaysian 
Palm Oil Association (MPOA)

Saw Dust Wet: A. Miskam et al (2009) Characterization of 
sawdust residues for cyclone gasifier. Journal of 
Applied Science 9 (12): 2294-2300

Municipal Solid Waste (MSW) Wet: National Waste Characterization Study, 
JPSPN

PRODUCT SOURCE

Pellet Exus Biomass Sdn. Bhd.

Charcoal Matrix PLC Manufacturing Sdn. Bhd.

Activated Carbon Borneo Carbon Sdn. Bhd.

Biochar Matrix PLC Manufacturing Sdn. Bhd.

Particle Board Subur Tiasa Holdings Bhd.

CHART 1

CHART 4

Appendix A
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PRODUCT SOURCE

Rice Husk Biocomposite Composite Technology Wood Sdn. Bhd.

Rice Husk Silica 8th Biomass-Asia Workshop/Alibaba Group

OPT Particle Board Malaysian Palm Oil Board (MPOB)

PKS Activated Carbon Borneo Carbon Sdn. Bhd.

PKS Biochar Matrix PLC Manufacturing Sdn. Bhd.

PKS (raw) ST Biomass Sdn. Bhd.

CHART 5



Notes


