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Introduction
¢ Palm Oil Statistics

Peanut Oil 5
Palm Kernel Oil 296% ,Cottonseed Oil
4.09% 2'35%t :
: oconut Oil
Sunflo;/v 1e ;/(:ed OII\ / 1.77% (Statista.com, 2021)
: Olive Oil
Soybean Oil\ Production @ Share of global production
28.61%
Indonesia ™ 42.50 ‘ 58%
@ia & 19.00 é 6%
Thailand == = 2.80 ¢ 4%
e 1.53 ¢ 2%

Palm oil contribute more than RM70 billion in 2020
(~3.7% of Malaysia’s GDP)

Honduras & | 0.58 ¢ 1%

(McCarthy, 2020) ' 2PY2 NeW @ | .55 C1%



Introduction

* Palm Oil Debates/Misconception

Palm oil-derived biodiesel no longer a
“green fuel” in the EU




Introduction

Go to www.menti.com and use the code 27 08 40 6

Palm oil creates more environmental damages as
compared to other oil crops
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Introduction
* Palm Oil Facts-Sustainability

Veg eia ble Oil Yields Major Qilseeds: Area in 2015 Global production of oils and fats in 2015

(Total is 274.4 million hectares) {0Qil Warld 2016) (Total is 179.6 million tons) (Qil World 2016)

Per Ha Per Year ' “

374 047 048 038

Rapeseed Soybean
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Cottonseed Rapesesd
Sunflower Sunflower
! a E ! Palm Oil [ Cottonseed
. Others: . Groun dnut
Copra. Linseca, M oters
Sesameseed

and Castorseed

The argument that ...
oil palm cultivation contributes to
deforestation is not only untrue

the palm oil ban may accelerate
deforestation!

Falm Oil Rapeseed Sunflower Soybean

(Source: GreenPalm)



Introduction
¢ Palm Oil Facts- MSPO Implementation

\ \ Iz CERTIFYING MALAYSIAN
. Srore PALM OIL FOR THE WORLD / mpocc.org.my

THE LARGEST ENGLISH NEWS SITE IN BORNEO

YOU ARE AT: Home

Principle 3
Compliance to legal
requirements

Principle 2
Transparency

HOME SARAWAK SABAH NATION WORLD
News MNation
Principle 1 8 4
Toam::t‘ A Sodaslmrens:zi:s?bllily.
Can the MSPO Enforcall ... | ==

| MPOA: Malz:
since 1985

employment

and Deforestation? i

Malaysia's Federal Minister for Primary Industries, Tereg f Principle 5 of
- = . X Principle 7 - Environment,
palm oil in Malaysia. Dm,';pf,':m,, natural resources,

new plantings o biodiversity and
ecosystem services

Local media reports including one from The Rakyat Pos :

Capping of the total oil palm cultivated area to 6.5 milli ‘ n::(";'::;:"
Stopping planting of oil palm in peatland areas o
Strengthening regulations concerning existing oil palr
Banning conversion of forest reserve areas for oil palr
Pledged to make oil palm plantation maps available for public access
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Concept of Circular Economy

Linear 4%
Economy

Circular
Economy
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Palm Oil Value Chain

Oil Palm Plantation

Oil Refinery
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(Yeo et al., 2020)
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Conversion Technology

{ Thermochemical J { Biological }

¢ Combustion * Pyrolysis ¢ Gasification
— s
Equivalent Ratio 0.25-0.50
Temperature (°C) 700-1400 380-530 500-1300
Catalysts Not required Not essential Not essential
(Demirbas, 2009)
k S <7 /

Thermal Power Bio-char
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Conversion Technology

[ Biological 1
EEA s ¢ Sequential Dark-
* Anaerobic Digestion Photo Fermentation

-0

CoH1,06 + 2H,0 -
BN 2C1.COOH + 4H, + 2C0,

—= Microbe:
Clostridium and Enterobacter

CH5;COOH + 2H,0 —
4H, + 2CO0,

Microbe:
Rhodobacter sphaeroides
Methane

13



Modelling approach
* Mathematical Modelling

14

Enhancing the Way, We Make Decisions
in Energy Planning with Mathematical
Models

A Perspective on Important Tools for the Future

4
AIMMS

.-GAMS
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Graph-theoretic
* P-graph

Powerful tool that is able to determine all combinatorially
feasible solutions and rank these solutions based on the
objective function.
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P-graph
* P-graph Utilization Track
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State of the Art in Global Optimization pp 609-626 | Cite as

. Combinatorially Accelerated Branch-and-Bound Method Y
‘ for Solving the MIP Model of Process Network Synthesis

5N \ Authors Authors and affiliations

F. Friedler, J. B. Varga, E. Fehér, L. T. Fan

Why “best” is best? e | (2 (2
Why “worse” is worse? e -
Identify the “must-have” an ’ |

Abstract

Process network synthesis (PNS) has enormous practical impact; however, its mixed integer
programming (MIP) model is tedious to solve because it usually involves a large number of

binary variables. The present work elucidates the recently proposed accelerated branch-and-

bound algorithm that exploits the unique feature of the MIP model of PNS. Implementation of

the algorithm is based on the so-called decision-mapping that consistently organizes the system

of complex decisions. The accelerated branch-and-bound algorithm of PNS reduces both the

number and size of the partial problems. The efficacy of the algorithm is demonstrated with a
y,

realistic example.
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Journal of Cleaner Production

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

Debottlenecking of sustainability performance for integrated biomass )

B ra nCh -‘ supply chain: P-graph approach

Bing Shen How, Tze Tin Yeoh, Tiong Kean Tan, Kok Hui Chong, Devi Ganga,
Hon Loong Lam”

Department of Chemical and Environmental Engineering, UK

Accelerated

ARTICLE INFO ABSTRACT

Article history Biomass supply chain has been extended to cope with the growing concern on sustainability develop
Received 29 November 2017 ment and cleaner production. Process network optimisation is no longer sufficient to improve the
Received in revised form biomass product life cycle. A comprehensive and systematic debottlenecking approach is required to
bt identify and remove the which hinder the biomass industry from

Accepted 26 April 2018

Amitde aniioc 27 fothi 2008 attainment of sustainable paradigm. Therefore, this paper introduced a novel debottlenecking approach

that incorporates P-graph framework and sustainability index (SI) to address the aforementioned issue.

[ J [ ] ~ In addition, analytical hierarchy process (AHP) is applied to determine the appropriate priority scale for
,,“:w"h each sustainability dimension. induding economic sustainability (annual revenue), environmental sus

- ‘ Dibaiiaiiig tainability (pollutants emission) and social sustainability (safety aspect). Three different scenarios (palm
Sustainability index oil mill effiuent (POME) valorisation. oil palm frond (OPF) valorisation and biomass selection for gasi

Safety evaluation fication) which obtained from a Malaysia case study, are used to demonstrate the effectiveness of the

Biomass supply chain proposed method. The results show that the proposed debottlenecking method is capable to identify the

AP bottlenecks of the research problem easily and efficiently (i.e., all three scenarios show positive outcome

since the satisfaction level of the given technology pathways or biomass option have been gradually
improved after debottlenecking). On top of that, the strengths and limitations of the proposed method
1 7 are also discussed in this paper. This research is expected to be beneficial to the nation’s biomass industry,
in the development of biomass industry.
© 2018 Published by Elsevier |




P-graph
* Energy Planning
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Synthesis of optimal and near-optimal biochar-based Carbon
Management Networks with P-graph

Kathleen B. Aviso *, Beatriz A. Belmonte °, Michael Francis D. Benjamin ”,
John Ismael A. Arogo *, Antonio Louis . Coronel *, Christian Marco . Janairo *,
Dominic CY. Foo ©, Raymond R. Tan ™
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¥ Chemical Engineering Deparimeni/Research Center for the Natural and Applied Sciences, University of Santo Tomas, Espana Blvd, 1006, Manila)
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ARTICLEINFO

Article history:

Received 1 November 2018
Received in revised form

29 December 2018

Accepted 1 January 2019
Awvailable online 4 January 2019

Keywords:

Biochar

Bioenergy with Carbon Capture and Storage
(BECCS)

Biochar-based Carbon Management
Network (BCMN)

Negative Emissions Technology (NET)
P-graph

The application of biochar to soil is a potentially significant way o J
Photosynthesis fixes carbon from the atmosphere during plant growth: s
the carbon in biomass into recalcitrant form, which results in long-ter
product is put in soil. However, effective planning of such Biochar-based

needed fo ensure that benefits are maximized, and that adverse col
objective of this work is to develop a P-graph methodology for planni
agement Networks, where pyrolysis plants act as sources, while the ag
biochar act as sinks. Two problem variants are considered. In the first cas
is constrained by the presence of contaminants that exist naturally in th
pyrolysis, such that only 72.5% of the available biochar is applied 1o soi
distribution of biochar is limited both by the ultimate soil carbon limit, a
at each site; 88.9% of the available biochar is used in the optimal soluti
generates near-optimal network topologies, which present alternative so
large-scale implementation of Biochar-based Carbon Management Net
@ 2019
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Transitioning of localized renewable energy system towards sustainable m
hydrogen development planning: P-graph approach i

Juin Yau Lim®, Bing Shen How®, Gahee Rhee®, Soonho Hwangho®', Chang Kyoo Yoo™

*Dept. of Environmental Science and Engineering, Callege of Engineering, Center for Enviroremental Studies, Kyung Hee University, Seocheon-dang 1, Gifeung-gu, Fangin-
Si, Greanggi-Do 446.701, Republic of Karea

b Chemical Fngineering Department, Faculty of Engineering, Computing and Science, Swinburne Unérersity of Technalogy, Jalan Simpang Tiga, 93350 Keching, Sarawak,
Malaysia

© Process and Systems Enginsering Centre (PROSYS), Department of Chermical and Biochersical Enginesring, Technical University of Denmark, Saltofts Plads 229, 2300
Kgs. Lymghy, Denmark

HIGHLIGHTS GRAPHICAL ABSTRACT

» Energy transition of microgrid system .
Into sustalnable hydrogen production.

® A mixed-integer linear programming
model was applied as debottlenecking 3
framework.

® A mathematically expressed optiml-
zatlon problem was solved with P-

graph.

= Feasible of ¥
network targeting Industrial hydrogen
demand.

® Sustalnabllity  enhancement by
adopting Pareto Frontler Analysis and
TOPSIS.

ARTICLE INFO ABSTRACT

This study almed to transition localized hybrid renewable energy microgrid system In multiple reglons by In-
tegrating excess renewable electriclty and carbon dioxide generated with blogas produced In wastewater
treatment plant. The integrated optimization network In this contribution addresses the following aspects: (1)
blogas supply-demand distribution network, {2) hydrogen production technology allocation Involving steam
Pareto Frantier Ansiysis methane reforming and electrolysls, (3) carbon dioxide allocation, and (4) utilization of external resources. The
TORSIS proposed Is expressed as a mixed-int linear problem to minimize
total annual cost which will be solved by graphical optimization approach, P-graph. A case study of the existing
petrochemical Industry complex In South Korea has been applied to the developed model. Feasible configuration
far meeting base hydrogen demand (7200 tons Hy/year) has been proposed with total annual cost of 75,772,460
US $year. Apart from base hydrogen demand, the developed model s verified with the Increase of hydrogen
demand for 100, 20%, 30%, and 40%. Nonetheless, scenario of tight environmental regulations enforcement has
been established among all cases where carbon dioxide emitted within the system will be captured and se-
questrated. Pareto Frontier Analysis and Technlque for Order of Preference by Similarity to Ideal Solution
(TOPSIS) have been iImplemented to enhance the overall susteinability by re-ranking the pool of near-optimal
solutlons to propose new sustalnable configuration with the consideration of both economic and environmental

Legend
. Biogas Demand Zone
[Mumeric Labelingl
. Biogas Supply Zone
[Alphabetical Labeling]
Biogas Dernand Zone
_Busan B Jeoniju
Cheongu NEm
. Daegu E) Puhang
. Gangneung J11. Seoul
5. Gunsan, |
- Gycangu 13 ¥angzan
7. Inchaon b.l’eanyu
Blogas Supply Zone
A Cheonghuk F. Gycongnam
B_Checngam & Jenll
© Gangwon L Jecnbuk
D Gyeonsbuk L Ulsay
E. Gyeongs
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* Hydrogen Supply Network
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A P-graph approach for the synthesis of national-
wide bio-hydrogen network from palm oil mill

Chee Hoong Lee °, Darren Yu Lun Chong “, Sadaf Hemmati °,
M. Mostafa Elnegihi °, Dominic C.Y. Foo ™", Bing Shen How b

* Department of Chemical md Environmental Engineering/Centre of Excellence for Green Technologies, Univer=ity af
Naottingham Malaysia, Broga Road, 43500, Semenyih, Selangar, Malaysia
® Research Centre for Sustainable Technaologies, Faculty of Engineering, Camputing and Seiene, Swinburne
Universzity of Tedmalogy, Jalan Simpang Tiga, 33350, Kudhing, Sarawalk, Malayzia
© Department of Enviranmental Science and Engineering, Center for Environmental Studies, Kyung Hee University,

HIGHLIGHTS

GREAFHICAL ABSTRACT

-

Bio-hydrogen
network in Sabah
(North Borneo)

+ A Pgraph approach to synthesiss
the bio-lydrogen network is
developead.

sBio-hydrogen  netwerk  ean be
mars sconomic fmsible comparsd
oy the existing one.

& Two case studies in Malay=ia are
used to illustmte the propased
method.

«The framework can be used to
armalyse supply chain uncertainty.

«The framework can be used to
benchmark the feasinbity of new
technalkgy.

AETICLE INFOQ

ABSTRACT

Article histary:

Receved 3 February 2020
Receved in revised form
8 April 200

The shift from comentional hydrogen production that utilised fo
a more sustainable practios iz essential, Recently, the inters

hydrogen sourees associated with bie-gas has risen. This work aims to |

methodalogy far bio- hydrogen network synthesis, where oil refineries an l

act as bio-hydrogen sinks, while palm ofl mille serve as the bio-hydn
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Case Study-Palm Biomass
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Optimization Result
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Optimization Result

¢ Scenario |—Price Inflation in

via Refurbishment

Resou rces of Energy Policy
MYR 1630/ MYR 0.590/10h
Final adjusted value MYR 4564/t MYR 0.708/kWh
Imported fertilizer, % 19.880 100
Imported steam, % 89.495 60.708
Imported electricity, % 80.120 86.531
Updated conversion pathway EFB — Fertilizer MF - Boiler (HPS)
Recycling pathway Fertilizer to plantation HPS = Turbine = MPS + Electricity

Biogas, biochar, bio-oil, syngas,

activated carbon Biogas, syngas, activated carbon

Exported product

Original rank in base case setting Outside of top 20 5th

23



Optimization Result

* Scenario |—Price Inflation in Imported
Resources e )

Renewable and Sustainable Energy Reviews
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Direct Indirect
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A hybrid approach to prioritize risk mitigation strategies for biomass G
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. Sue Lin Ngan 2, Bing Shen How ™", Sin Yong Teng“, Wei Dong Leong *, Adrian Chun Minh Loy .
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Optimization Result

* Scenario ll—Debottlenecking the Pathway
of Fertilizer Production

Fertilizer Prod.

&z

e

Gross profit, %
Imported fertilizer, %
Imported steam, %
Imported electricity, %

Updated conversion
pathway 2

Recycling pathway

Exported product

102.899
20.323
100
94.443

MF - Fertilizer

Fertilizer to plantation

Biogas, syngas, activated
carbon
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Take Away

¢ Misconception on palm oil: Always benchmark the
information received before

¢ Technologies are available to shift palm oil value chain to
circular economy

¢ Additional efforts in revising the policy and/or improving
the technology efficiency are still needed to ensure the
economic competitiveness of CE

¢ Debottlenecking sometime requires researchers/decision-
makaers to think-out-of-the box
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