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Career highlights

❑ Vice Chair, IChemE Palm Oil Processing Special Interest Group 

(POPSIG)

❑ Former University Roadshow Director, IChemE Palm Oil Processing 

Special Interest Group (POPSIG)



Who are We?
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Objectives
• share and promote best practices

• encourage innovation in processing oil palm products

• promote professional aspects of the palm oil industry

• act as a focal point for all those interested in the process aspects of oil palm 

processing.

Activities
• technical seminars, workshops, site visits, webinars and physical evening 

talks 

• quarterly newsletter

• yearly forum

• support for the annual IChemE Malaysia Palm Oil Industry Award
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IChemE Palm Oil Processing Special Interest Group

IChemEPOPSIG IChemEPOPSIGichemepopsig

facebook.com/ichemepopsig
twitter.com/ichemepopsig
instagram.com/ichemepopsig
https://www.linkedin.com/groups/8342382/
icheme.org/membership/communities/special-interest-groups/palm-oil-processing-sig
https://linktr.ee/ichemepopsig


Major achievements of the deal

• Re-visiting emissions-cutting plans next 

year to try to keep 1.5⁰C target reachable

• The first ever inclusion of a commitment to 

limit coal use

• Increased financial help for developing 

countries

https://theconversation.com/cop26-experts-react-to-the-un-climate-summit-and-glasgow-pact-171753

https://www.cnbc.com/2021/11/04/cop26-live-updates-from-climate-summit-in-glasgow.html
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https://unfccc.int/news/cop27-reaches-breakthrough-

agreement-on-new-loss-and-damage-fund-for-vulnerable-

countries

Introduction

https://theconversation.com/cop26-experts-react-to-the-un-climate-summit-and-glasgow-pact-171753
https://www.cnbc.com/2021/11/04/cop26-live-updates-from-climate-summit-in-glasgow.html


▪ Malaysia has stated commitment to achieve net zero emissions 

under the 12MP by 2050
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Introduction



Introduction

❑ To achieve net zero emissions, we need to look at:

❑ Low carbon technologies

❑ Emission removal technologies

❑ Energy efficiency improvement

https://ukcop26.org/focus-of-energy-transition-council-etc/

All these need to be addressed holistically! 
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https://ukcop26.org/focus-of-energy-transition-council-etc/


Introduction
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https://www.cspo-watch.com/towards-net-zero-palm-oil.html

https://www.theedgemarkets.com/article/my-say-palm-oil-industry-can-be-netzero-carbon-2040

https://www.weforum.org/agenda/2021/08/how-palm-oil-industry-is-transitioning-to-net-zero/

The palm oil industry is a unique position - It is no 

stranger to implementing strategies to achieve emission 

reductions and circular economy 

By CSPO Watch

By Ir Hong Wai Onn

https://www.cspo-watch.com/towards-net-zero-palm-oil.html
https://www.theedgemarkets.com/article/my-say-palm-oil-industry-can-be-netzero-carbon-2040
https://www.weforum.org/agenda/2021/08/how-palm-oil-industry-is-transitioning-to-net-zero/


Palm Oil Industry

❑ The palm oil industry consists of the plantation, mills, refineries
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OIL PALM PLANTATION

▪ ESTATE / 

SMALLHOLDERS

▪ FRESH FRUIT BUNCH 

(FFB)

▪ INFLUENCE OF 

CLIMATIC REQ ON 

GEO’PIC DISTRBUTION

PALM OIL REFINERY

▪ IMPURTIES, ODOUR 

& FFA TO 

PRESCRIBED LIMITS

▪ REFINED PALM OIL

PALM OIL MILL

▪ PROCESS FFB TO 

PRODUCE CRUDE 

PALM OIL (CPO)

▪ BIOMASS WASTES

▪ EFFLUENT WASTE

PALM OIL 

▪ USED FOR 

DIFFERENT 

APPLICATIONS



Palm Oil Mills

❑ Palm oil milling process generates biomass waste such as PKS, PMF, EFB, 

and effluent such as POME
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Mill 60 t/h

EFB

PKS

PMFPOME

14 t/h

4 t/h

8 t/h

36 t/h

Great energy sources!

▪ Mill typically requires 1.5 

MW for internal 

consumption

▪ But the biomass and 

effluent wastes contain 

excess energy larger than 

1.5 MW 

▪ Steam to power ratio 20:1 

typically
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Low Carbon Technologies 

and Energy Efficiency  

Current Strategies Future Opportunities 



Current Strategies
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Mill

EFB

PKS

PMFPOME

Let’s take a closer look at the main biomass and effluents



Current Strategies
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Mill POME

Raw

biogas

electricity

Gas engineAnaerobic 

Digester Scrubber

Boiler

Steam

Power grid

POME – biogas capture and utilization for electricity production  

Reduces the reliance on fossil fuel power plants, achieving emission reductions

≤ 2,000 

ppm H2S

≤ 200 

ppm H2S

≤ 10 

ppm H2S



Current Strategies
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EFB

PKS

PMF Boiler

Steam

Power grid

Mill
electricity

Mulching

Reduces the use of fresh fertilizer 

≤ 40% 

moisture



Current Strategies
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EFB

PKS

PMF Boiler

Steam

Power grid

Mill

Lowest quality for boiler fuel 

due to high moisture (i.e., 

60%) but could be used 

when dried / pelletized
electricity

Mulching

≤ 40% 

moisture



Current Strategies
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EFB

PKS

PMF Boiler

Steam

Power grid

Mill

Best quality (i.e., <15%) 

for boiler fuel but often 

sold to other industries

electricity

Mulching

Reduces usage of fossil 

fuel in other industries

≤ 40% 

moisture



Future Opportunities

❑ Biochar from palm oil biomass 

for plantations 

© Copyright of Viknesh Andiappan 18
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Biochar

Fine-grained Charcoal

Applied to soil



Future Opportunities

❑ Biochar from palm oil biomass 

for plantations 

© Copyright of Viknesh Andiappan 19
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As Soil Amendment

Carbon Storage

Nutrients

Store Carbon at Stable Form

Retention

Water



Future Opportunities

❑ Biochar from palm oil biomass 

for plantations 

❑ Negative emission technology -

reduces carbon emissions 

further

© Copyright of Viknesh Andiappan 20
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As Soil Amendment

Carbon Storage
Plant Growth

Nutrients

Store Carbon at Stable Form

Retention

Water



Future Opportunities
❑ Enzymatic processes vs FFB 

sterilization - to improve oil yield and 

reduce emissions

❑ Sterilization: 

❑ Microwave sterilization technology (FFB) –

eliminates POME and reduces moisture in 

EFB

❑ New sterilizer designs to reduce moisture 

content in EFB

❑ Frees up other biomass for higher value-added 

applications – able to reduce emissions for other 

industries while keeping mills to low carbon
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https://www.thechemicalengineer.com/features/palm-oil-better-with-enzymes/

http://gofbonline.com/4378-2/

https://www.thechemicalengineer.com/features/palm-oil-better-with-enzymes/
http://gofbonline.com/4378-2/


Future Opportunities

❑ POME evaporation / elimination  

❑ Large scale biomass power plants vs Co-firing biomass with 

existing power plants – transportation vs grid lines? 

❑ Industrial symbiosis – processing complex or co-located plants 

sharing energy and materials – to utilize excess energy potential

22



What’s Next?

❑ Significant precedence available on low carbon technologies and energy 

efficiency in palm oil industry for net zero emissions

❑ Which is the best? Optimisation studies are required!
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What’s Next?
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Developing Strategies for the Malaysian Oil Palm Estates 
and Mills for Net-Zero Carbon Emissions
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What’s Next?
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❑ Optimisation studies: 
❑ Optimising oil palm plantation expansion for management of carbon emissions



What’s Next?

❑ Optimisation studies: 
❑ Optimising operations of palm oil mill process
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What’s Next?

❑ Optimisation studies: 
❑ Optimising palm oil processing complex
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Concluding Remarks

❑ Promising for current and future low carbon technologies

❑ Need to start quantifying and assessing the emissions – life cycle 

assessments or optimisation?

❑ To provide clear proof of achievements

❑ To identify areas for further improvement

❑ To set reasonable targets and policies 

❑ To prove to the world – scientific-based evidence 

❑ Determine net zero targets for a plantation? Mill? Refinery? or for entire 

industry?  
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Thanks for your attention

Questions are welcomed

Like to know more? 

Just get in touch!

Ir Viknesh Andiappan, PhD 

CEng MIChemE, PEng

Associate Professor, Swinburne University

Vice Chair, IChemE POPSIG

E-mail: vmurugappan@swinburne.edu.my
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