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About the Speaker

Career highlights

❑ Assistant Professor (Chemical Engineering) 

❑ MEng Chem Eng, PhD Eng (Uni of Nott. Malaysia)

❑ 50+ publications and h-index = 13 (Scopus) 

❑ CEng (Engineering Council UK), MIChemE (IChemE) 

❑ IBAE Young Research of the Year 2020 (Engineering)

❑ Finalist for IChemE Young Researcher Awards Malaysia 2018, 2019.

❑ Member of Editorial Board for Process Integration & Optimization for Sustainability

(Springer Nature)

❑ Guest Editor for Special Issue in Process Integration & Optimization for Sustainability

(Springer Nature) - Process Systems Engineering for Decarbonisation Strategies and 

Systems

❑ Review editor for Frontiers in Sustainability, Sustainable Chemical Process Design 

(Frontiers)



Heriot-Watt University 
Putrajaya, Malaysia

❑ Founded in 1821 – as School of Arts of 

Edinburgh and world’s first mechanics’ institute 

❑ Granted university status in 1966

❑ Dubai campus 2005

❑ Malaysia campus 2014

❑ THE World Ranking Top 300

❑ QS World Ranking Top 300

❑ QS Subject Ranking (Chem. Eng.) 150+

❑ THE Golden Age University Rankings 60+

❑ Top 10 universities in UK (Chem. & Eng.)

❑ Ranked 1st in Scotland for research impact

“Founded in 1821, Heriot-Watt has a rich heritage and 

is valued for its pioneering research informed by the 

global needs of business and industry”



About the Speaker

Career highlights

❑ Deputy Chair, IChemE Palm Oil Processing Special 

Interest Group (POPSIG)

❑ Former University Roadshow Director, IChemE Palm 

Oil Processing Special Interest Group (POPSIG)



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


About the Speaker

Research Area

❑ Process systems engineering (PSE) and process 

integration (PI) – develop mathematical models for 

optimising processes, systems and supply chains



Outline of Presentation

❑ Objective

❑ Current Issues

❑ What are Mathematical Models? 

❑ How can Mathematical Models help? 

❑ Are Models Reliable and Trusted? 

❑ Opportunities for Mathematical Models

❑ Conclusions
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Objective

• To understand: 

o What mathematical models are

o How mathematical models can be used for decision-making in 

the energy sector.

o The opportunities for mathematical models in energy planning 

and decision-making.
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Current Issues
Current Policy and Required Targets

▪ CO2 emissions still rising

▪ Need for effective carbon reduction 

strategies

(IEA, 2020; IPCC, 2018)

Lockdown
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Background Problem
Current Policy and Required Targets

▪ IPCC - Net zero by 2055 required

▪ Large scale deployment of renewables 

required

(IEA, 2020; IPCC, 2018)
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Current Issues
Current Policy and Required Targets

Chemical engineers are needed! 
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Current Issues
Current Policy and Required Targets

Major Push towards Sustainability/ Sustainable Development
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SDGs 7 and 13 directly link to the energy sector



Current Issues
Potential Solution and its Challenges

Potential Solution:

▪ Integrate renewables and low carbon energy resources into energy 

sector

▪ Improve energy efficiency 
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Current Issues
Potential Solution and its Challenges
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High Investment Costs
Burden to Developing Countries

Clear Targets
Set reduction target of CO2

emission

Finite Resources      
Land, feedstock, transportation

Need Policy Support
Incentivise decarbonisation

Operational Issues
Intermittency to meet demands

Decision-making
Complex large-scale problem



Current Issues
Potential Solution and its Challenges
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How can we 

solve these 

issues?

Policy Support

Finite Resources 

Decision-making

High Investment Costs

Clear Targets

Operational Issues



Current Issues
Potential Solution and its Challenges
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How can we 

solve these 

issues?
Mathematical 

Models
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❑ Describe/represent the behaviour of a system for

❑ Further analysis and optimisation

❑ Supporting decision-making

❑ Optimisation - “Identification of the best solution from among a set of 

candidate solutions” (El-Halwagi, 2011)

What are Mathematical Models? 
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What are Mathematical Models? 
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What are Mathematical Models? 
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What are Mathematical Models? 
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GT GE SB



23

Develop equations based on behaviour of 

technologies

Understand operations/behaviour of 

technologies

Coded on various commercial software platforms

What are Mathematical Models? 
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Based on a objective

What are Mathematical Models? 
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Generate optimal networks

SB

What are Mathematical Models? 
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Mathematical 

Models

Processes Supply Chains
Policy & Economic 

Systems

Used to Optimise and Aid 

Decision-making

How can Mathematical Models help?

As long as there are 

NETWORKS
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Generate

Generate

Used 

for

Combined Heat and 

Power

Fuel

Palm Oil Biomass

Coal

Wood Waste

Heavy Oil

Kerosene

Natural Gas

Petrol

Diesel

Biodiesel

Boilers/

Gasifiers
Steam

Turbines

Gas

Turbines

Gas

Engines

Use wide range 

of fuels
Generate heat

Generate 

electricity
For usage

Efficient energy 

generation

BUILDINGS

RESIDENTIAL 

AREAS

PROCESSING 

PLANTS

Processes

How can Mathematical Models help?
Previous Work

(Lok et al, 2020. PSEP. 137)
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Challenge

Boilers/

Gasifiers

Steam

Turbines

Gas

Turbines

Gas

Engines

Affects

Affects

Choice of 

Technology

Variation in 

Energy Demands

❑ Flexibility in adjusting operations

❑ Cost to adjust operations

▪ Start-up & shutdown costs

❑ Emissions related to fuel choice when adjusting

operations

Processes

How can Mathematical Models help?
Previous Work

(Lok et al, 2020. PSEP. 137)
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Which fuel? How much fuel?

Which 

equipment?

Cost?Carbon Dioxide 

Emissions?

Can it meet the 

demands? DECISIONS

Processes

How can Mathematical Models help?
Previous Work

(Lok et al, 2020. PSEP. 137)
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OBJECTIVE

FUNCTIONS

MINIMISING COST

MINIMISING CO2 EMISSIONS

MAXIMISING FLEXIBILITY

Processes

How can Mathematical Models help?
Previous Work

(Lok et al, 2020. PSEP. 137)
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100%

MINIMISING

COST

100%

72%

88%

13 MW
ELECTRICITY

30.1 KG/S
LOW PRESSURE STEAM

2.57 MYR/S
COST

14.1 KG/S
CO2 EMISSIONS

0
FLEXIBILITY INDEX
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100%
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MINIMISING

CO2

EMISSIONS

100%

81%

100%

72%

88%100%

13 MW
ELECTRICITY

30.1 KG/S
LOW PRESSURE STEAM

3.80 MYR/S
COST

13.3 KG/S
CO2 EMISSIONS

0
FLEXIBILITY INDEX
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MAXIMISING

FLEXIBILITY

53%

100%

100%

91%

52%

100%

100%

58%

100%

32%

20.8 MW
ELECTRICITY

45.2 KG/S
LOW PRESSURE STEAM

4.15 MYR/S
COST

22.1 KG/S
CO2 EMISSIONS

1
FLEXIBILITY INDEX
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100%

100%

24%

26%

100%

100%

14%

100%

10%

Trade Off

100%

16.8 MW
ELECTRICITY

37.5 KG/S
LOW PRESSURE STEAM

3.37 MYR/S
COST

17.8 KG/S
CO2 EMISSIONS

0.49
FLEXIBILITY INDEX



▪ Mathematical prog. 

determines optimal:

▪ Transport routes

▪ Processing routes

▪ Locations 

▪ Advantages:

▪ Detailed account of 

supply chain

▪ Determine centralised or 

decentralised

(Ling et al, 2019. Energy. 178: 554)
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Supply Chains How can Mathematical Models help?
Previous Work



▪ Mathematical prog. 

determines optimal:

▪ Transport routes

▪ Processing routes

▪ Locations

▪ Plant Capacity 

▪ Advantages:

▪ Detailed account of 

supply chain

▪ Determine practicality of 

carbon reduction targets

(Leong et al, 2019. SPC. 18)
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Supply Chains How can Mathematical Models help?
Previous Work



How can Mathematical Models help?
Previous Work
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Biochar

Fine-grained Charcoal

Supply Chains

(Ong et al, 2020. CTEP)



How can Mathematical Models help?
Previous Work
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Biochar

As Soil Amendment

Carbon Storage

Store Carbon at Stable Form

Supply Chains

(Ong et al, 2020. CTEP)



How can Mathematical Models help?
Previous Work
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As Soil Amendment

Plant Growth

Nutrients

Store Carbon at Stable Form

Retention

Water

Supply Chains

(Ong et al, 2020. CTEP)
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▪ Mathematical prog. 

determines optimal:

▪ Transport routes

▪ Processing routes

▪ Locations 

▪ Advantages:

▪ Detailed account of 

supply chain

▪ Determine practicality of 

carbon reduction targets

(Ong et al, 2020. CTEP)

Supply Chains How can Mathematical Models help?
Previous Work
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YouTube

Policy & Economic 

Systems How can Mathematical Models help?
Previous Work
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Policy & Economic 

Systems How can Mathematical Models help?
Previous Work



How can Mathematical Models help?

❑ Design of processes, supply chains, policies – basically anything 

that has a network!

❑ Avoids pilot-scale testing experiments that cost large sums of 

funding – catastrophic if done wrong!

45

Processes Supply Chains
Policy & Economic 

Systems
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Are Models Reliable and Trusted? 

Important Principles: 
❑ Not Numbers, But Insights (Geoffrion, 1976)

❑ Look for the estimates, understand trends, impacts of changes, 

patterns and behaviour

❑ Aids decision-making, BUT does not make the decision for you
47
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Opportunities

❑ Set and analyse targets for carbon emission reductions

❑ Determine subsidies and incentives required to encourage buy-in

❑ Develop strategies for deployment

❑ Analyse impact of technology learning rates (i.e., cost and maturity)
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Conclusion

❑ What are Mathematical Models

❑ How can Mathematical Models help 

❑ Are Models Reliable and Trusted

❑ Insights – aid decision-making

❑ Estimates, understand trends, impacts of changes, patterns and behaviour

❑ Opportunities for Mathematical Models
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Thanks for your attention

Comments and questions are welcomed

Like to know more? Or Collaborate? 

Just get in touch!

Viknesh Andiappan, PhD CEng MIChemE

Assistant Professor

E-mail: v.murugappan@hw.ac.uk
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