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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

(IEA, 2020; IPCC, 2018)

Global energy-related CO2 emissions, 1900-2020
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= CO, emissions still rising

= Need for effective carbon reduction
strategies
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Background Problem

Current Policy and Required Targets

(IEA, 2020; IPCC, 2018)

Global energy-related CO2 emissions, 1900-2020
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Current Issues

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

Engineers have a role to play in minimizing climate

Engineering plays crucial role in Call for engineers to act on climate change
climate change

In a bid to highlight the importance of engineering in sustainable
development and climate change, the Institute of Engineers in
Singapore has launched a competition to recognise the most innovative
engineering achievements in the city-state.

Eﬁ%m .

Credit: University of Leeds

Discussion around limiting climate change primarily focusses on whether the best
results can be gained by individuals changing how they act, or governments
introducing new legislation.

12




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
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Current Issues

Potential Solution and its Challenges

Potential Solution:

* Integrate renewables and low carbon energy resources into energy
sector
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= Improve energy efficiency

|

ENERGY DEMAND MANAGEMENT ENERGY STORAGE 14



Current Issues

Potential Solution and its Challenges

High Investment Costs
Burden to Developing Countries

Need Policy Support
Incentivise decarbonisation

a Operational Issues

a Intermittency to meet demands ¢ \
’ )
.

Finite Resources
Land, feedstock, transportation

-

emission

Clear Targets -CO.\
Set reduction target of CO, & y
B_ Decision-making

Complex large-scale problem ,

v
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Current Issues

Potential Solution and its Challenges

Operational Issues Decision-making

O

) How can we
solve these
- Issues?

Finite Resources

High Investment Costs

i S

Policy Support Clear Targets 16



How can we
solve these
iIssues?

Current Issues

Potential Solution and its Challenges

Mathematical 4 2\
Models (:(:)2
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L What are Mathematical Models?

Outline of Presentation
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What are Mathematical Models?

Mathematical
Models

 Describe/represent the behaviour of a system for
O Further analysis and optimisation
L Supporting decision-making

O Optimisation - “Identification of the best solution from among a set of
candidate solutions” (EI-Halwagi, 2011)

Let’s see how models are developed to
understand them further

19




What are Mathematical Models?

Energy Resources
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What are Mathematical Models?

Collect Data




Collect Data

What are Mathematical Models?
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What are Mathematical Models?

Developing Model @ =
g i
el

Develop equations based on behaviour of
technologies

[cams] g\ MATLAB

Understand operations/behaviour of
technologies

Coded on various commercial software platforms
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Solve Model @

Based on a objective

What are Mathematical Models?
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Solve Model

©

Generate optimal networks

ATATAT

) ieahivdh of
fetinteltiokl AL/ LAV
e e TN
TAGATA De A et W
2 NG AT
R A

3

7

i

A\

What are Mathematical Models?

T



Outline of Presentation

O How can Mathematical Models help?
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How can Mathematical Models help?

Mathematical

Models

Used to Optimise and Aid

Decision-making

Policy & Economic

Processes Supply Chains

Systems

As long as there are

NETWORKS
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Processes

How can Mathematical Models help?

Previous Work

(Lok et al, 2020. PSEP. 137)

Combined Heat and

Efficient energy Use wide range R rate heat For usage
generation of fuels I i

Palm Oil Biomass Boilers/ Steam H E
COC]' GqSifierS Turbines BUILDINGS
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Wood Waste

Heavy Oil
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Gas
Turbines Engines

Kerosene
Natural Gas
Petrol

Diesel
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Processes

How can Mathematical Models help?

Previous Work

S —

A Challenge (Lok et al, 2020. PSEP. 137)
Variation in Choice of
Energy Demands Technology

1
5 g e
Affects )
HH ﬁ Gas Boilers/
l Turbines Gasifiers

e o

U Flexibility in adjusting operations ﬂ-@ 5(;@

Steam

Turbines Engines

0 Cost to adjust operations
=  Start-up & shutdown costs

Affects

O Emissions related to fuel choice when adjusting
operations
29



Processes
- How can Mathematical Models help?

Previous Work

(Lok et al, 2020. PSEP. 137)

Which fuel? How much fuel?
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Can it meet the |
demands? (
)\
Carbon Dioxide Coste

Emissions?
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Processes
- How can Mathematical Models help?

Previous Work

(Lok et al, 2020. PSEP. 137)

MINIMISING COST

' ] MINIMISING CO, EMISSIONS

MAXIMISING FLEXIBILITY

’ )

/

OBJECTIVE \
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How can Mathematical Models help?

Previous Work

(Ling et al, 2019. Energy. 178: 554)

Supply Chains

Contents lists available at ScienceDirect = u Mathematical prog.
Energy determines optimal:

journal homepage: www.elsevier.com/locate/energy

= Transport routes

An integrated mathematical optimisation approach to synthesise and | mw) " Processing routes
analyse a bioelectricity supply chain network |
Wen Choong Ling ?, Arati Banu Verasingham ®, Viknesh Andiappan ¢, Yoke Kin Wan ¢, [ Location S

Irene M.L. Chew 2, Denny K.S. Ng >¢

+ School of Engineering Monash University Malaysia, Jalan Lageon Selatan, 47500, Bandar Sunway. Selangor, Malaysia

" Department of Chemical and Environmental Engineering/Centre of Sustainable Palm 0il Research (CESPOR), University of Nottingham, Malaysia, Broga
Road, Semenyih, 43500, Malaysia
< School of Engineering and Physical 5| = e o o o e e e e o — — — — — — — |
9 school of Engineering. Taylor's Unives I I

| ¢ |
i 'L(; ----- > | = Advantages:

& » Detailed account of
supply chain

ARTICLE INFO

Article history:
Received 13 November 2018
Received in revised form

13 April 2019

Accepted 21 April 2019
Available online 26 April 2019

Keywords:

Bioelectricity supply chain network
Palm oil

Feasible operating range analysis
Input-output modelling
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e How can Mathematical Models help?

Contents lists available at ScienceDirect
. . X [
Sustainable Production and Consumption ChemE
journal homepage: www.elsevier.com/locate/spc
Research article
Hybrid approach for carbon-constrained planning of bioenergy supply
chain network
Huini Leong ?, Huiyi Leong *, Dominic C.Y. Foo ", Lik Yin Ng*, Viknesh Andiappan **
2 School of Legend Malaysia
® Departmen| —» FFB PLI-Ba im Malaysia, Jalan
Broga Road, — EFB PL2E
= —> PMF }:['
—> PKS g
POM1 :: tii[’? Eif- :;] :\‘l::mI:Inr‘;’l“:[:n‘nmn
POM — Palm oil mill
— —» Export
pL2 | | o n
POM 2 I { > | l POM 6
— _

poM3 |

POM
PL3
POM4
| PL4

(x1000 t/y)

Electricity (TJ)

Previous Work

(Leong et al, 2019. SPC. 18)

Mathematical prog.
determines optimal:

= Transport routes
= Processing routes
= Locations

= Plant Capacity

Advantages:

= Detailed account of
supply chain

= Determine practicality of
carbon reduction targets
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How can Mathematical Models help?

Previous Work

(Ong et al, 2020. CTEP)

Supply Chains

Biochar

Fine-grained Charcoal
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e How can Mathematical Models help?
Previous Work

(Ong et al, 2020. CTEP)

Gtore Carbon at Stable Fo@
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How can Mathematical Models help?

Previous Work

(Ong et al, 2020. CTEP)

@ore Carbon at Stable For@

(As Soil Amendment )

Supply Chains
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Supply Chains

Clean Technologies and Environmental Policy
https://doi.org/10.1007/510098-020-01990-0

ORIGINAL PAPER

Optimisation of biochar-based supply chains for negative emissions

and resource savings in carbon management networks

Shi Hui Ong' - Raymond R. Tan? - Viknesh Andiappan’
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How can Mathematical Models help?

Previous Work

(Ong et al, 2020. CTEP)

Mathematical prog.
determines optimal:

= Transport routes
= Processing routes

= | ocations

Advantages:

= Detailed account of
supply chain

= Determine practicality of
carbon reduction targets
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Policy & Economic

Systems

UK > News > Noticeboard >

Malaysia team lead GCRF project for
recovery of agro-industry in Malaysia and
the Philippines

Published: 17 Jun 2020

The COVID-19 pandemic has pushed governments and policymakers worldwide, including Malaysia and
the Philippines, to implement drastic lockdown periods since 18 March 2020 and 15 March 2020
respectively. The shocks caused by the pandemic have led to several disruptions to agro-industry supply
chains in Malaysia and the Philippines. In order to maintain the stability of the agriculture sector, it is
essential to develop strategies for post-pandemic recovery. Such “exit strategies” need to be calibrated to
allow maximum economic gain from minimal inputs. Both governments will need to be shrewd in allocating
limited resources for such purposes.

In view of this, a research team led by Assistant Professor Dr Viknesh Andiappan and Professor Ir. Denny
Ng at the School of Engineering and Physical Sciences in Malaysia, were recently awarded Heriot-Watt's

Global Challenge Research Fund (GCRF) for a project titled ‘Post-Pandemic Recovery Strategies for the

Agro-Industry Sector in Malaysia and the Philippines’.

The project team consists of well-established researchers from Malaysia and the Philippines. The team is
working to identify critical sectors impacted by the reduction in the revenue, specially affecting the
agriculture sector in Malaysia and Philippines. The project is expected to provide insights on strategies to
efficiently allocate government resources such as incentives, subsidies, financial aid and manpower, for
post-pandemic recovery. The team includes Associate Professor Dr Nishanth Chemmangattuvalappil from
the University of Nottingham, Malaysia, and Professor Raymond Tan, Professor Kathleen Aviso and
Associate Professor Dr Krista Danielle Yu from De La Salle University, Philippines.

How can Mathematical Models help?

Previous Work
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Policy & Economic

Systems How can Mathematical Models help?

MANUFACTURING AND HERIOT

WHOLESALE-RETAIL TRADE ARE WATT
CRITICAL SECTORS DURING L NV ERSTTY
PANDEMIC, STUDY SAYS

—
)

The other manufacturing, retail-wholesale trade, and government services are the top

three economic sectors th
“Mitigating Economic Los

Analysis,"which was pres @IJB ﬁlan[[a @[meg
Where We Want To Be.”

the Philippines.

Analyzing the five fact
multiplier, and employm
economies of both count
network effects, where ¢ Q
sectors of the economy.

Manufacturing, wholesale-retail sectors
critical during pandemic

m By The Manila Times October 5, 2020

THE manufacturing, retail-wholesale trade and government services are the top three economic

I sectors that are critical during the pandemic, based on a study on “Mitigating economic losses
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How can Mathematical Models help?

O Design of processes, supply chains, policies — basically anything
that has a network!

Policy & E i

O Avoids pilot-scale testing experiments that cost large sums of
funding — catastrophic if done wrong!
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Outline of Presentation

J Are Models Reliable and Trusted?
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Are Models Reliable and Trusted?

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

INTERFACES
Vol. 7, No. 1
November 1976

THE PURPOSE OF MATHEMATICAL PROGRAMMING
IS INSIGHT, NOT NUMBERS”

ARTHUR M. GEOFFRION

Graduate School of Management
University of California
Los Angeles

ABSTRACT. The ostensible purpose of a mathematical programming
model is to optimize a stipulated objective function subject to stipulated
constraints. But its ¢rue purpose, at least in strategic applications as
every experienced practitioner should know, is to help develop insights
into system behavior which in turn can be used to guide the develop-
ment of effective plans and decisions. Such insights are seldom evident
from the output of an optimization run. One must know not only
what thie vptimal sulutivn is fur a given set of input dawg, Lue also why.
The desired insights usually have more to do with the “why” than the
“what.” This paper advocates the use of highly simplified analytic
models to help explain the “whys” behind the solutions of conventional
wathcwatical  prograuuning wodels. A wethiodolugical apprvads s des-
cribed which permits the development of richer insights than would
otherwise be possible. This approach is illustrated with reference to
a facility location study carried out recently for a consumer products
manufacturer.

O Look for the estimates, understand trends, impacts of changes,
patterns and behaviour

O Aids decision-making, BUT does not make the decision for you



Outline of Presentation

O Opportunities for Mathematical Models
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Opportunities

L Set and analyse targets for carbon emission reductions
L Determine subsidies and incentives required to encourage buy-in
L Develop strategies for deployment

O Analyse impact of technology learning rates (i.e., cost and maturity)
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O Conclusions

Outline of Presentation
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Conclusion

O What are Mathematical Models
O How can Mathematical Models help

J Are Models Reliable and Trusted

O Insights — aid decision-making
O Estimates, understand trends, impacts of changes, patterns and behaviour

L Opportunities for Mathematical Models
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Thanks for your attention

Comments and guestions 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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