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industries, individuals and research institutions in support of bioenergy technologies by
providing a platform for networking, communication, collaboration and information
exchange. These goals shall be achieved through workshops, training sessions and
conferences.
The Society also intends to raise public awareness regarding all forms of bioenergy and
the positive contributions they can make to our economy and environment, and engage
relevant policy makers and government agencies to support research, development and
implementation of all forms of bioenergy technologies.
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Conference Program
PROGRAM OVERVIEW
Date

14 Dec 2020
th

Time

Zoom Webinar

10:00 am – 12:00 pm

Session I: Waste to resources

12:00 am – 13:00 pm

Lunch break

13:00 pm – 14:30 pm

Session II: Young scientist session:

9:00 am – 10:00 am

Opening remarks and keynote speech

Sustainable Chemicals
14:30 pm – 15:15 pm

Afternoon break

15:15 pm – 17:45 pm

Session III: Food technology innovation

18:00 pm

End of Day 1

10:00 am – 12:00 pm

Session IV: Sustainable chemicals

12:00 am – 13:00 pm

Lunch break

13:00 pm – 14:30 pm

Session V: Young scientist session:

15th Dec 2020

Valorization of food waste
14:30 pm – 15:15 pm

Afternoon break

15:15 pm – 17:15 pm

Session VI: Synthetic biology

17:30 pm

BESS AGM 2020

18:00 pm

End of Day 2
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Day 1 – 14th Dec 2020
9:00 am – 10:00 am

Keynote Speech
Moderator – Dr. GENG Anli, President, BioEnergy Society of Singapore
Akihiko KONDO, PhD
Graduate School of Science, Technology and Innovation /
Engineering Biology Research Center / Department of Chemical
Science and Engineering, Graduate School of Engineering, Kobe
University
Deputy director/ Team Leader of Cell Factory Research Team, RIKEN
Center for Sustainable Resource Science (Yokohama)

A. Kondo got his Ph.D. in Chemical Engineering, Kyoto University in 1988. He started his
academic career at Department of Applied Chemistry, Kyushu Institute of Technology in Japan
as an associate professor. Then he moved to Kobe University in 1995 and became a full professor
in 2003. In 2016, He was appointed as dean of school of Science, technology and Innovation,
Kobe University. He also became team leader of RIKEN Center of Sustainable Resource Science
in 2012 and appointed as deputy director in 2020. He is a member of Science Council Japan.
A. Kondo developed several biomass pretreatment technologies, cell surface display
systems for yeast, bacteria and fungus, metabolic pathway design methods, metabolic analysis
technologies, novel genome editing and genome synthesis technologies. He integrated these
technologies to establish biofoundry platform and applied it for construction of microbial cell
factories for production of biofuels and various chemicals from biomass, cyanobacteria for
production of starch, oil and chemicals from CO2. He also developed bio-nanoparticles for drug
delivery and G-protein signalling and protein-protein interaction assay systems in yeast for drug
discovery.
A. Kondo was appointed as editor or editorial board members of many journals such as
Journal of Biotechnology, Metabolic Engineering, Biotechnology for Biofuels, Bioresource
Technology, Microbial Cell Factories, FEMS Yeast Research, Metabolic Engineering
Communications, etc.
He has published 680 peer reviewed international papers.
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Technical talks
Day 1 – 14th Dec 2020
10:00 am – 12:00 pm
Session I: Waste to Resources

Moderator: Prof. TONG Yen Wah, Department of Chemical and
Biomolecular Engineering, National University of Singapore.
10:00 am – 10:30 am: Lignin valorization through tandem chemical catalysis
and biological funnelling, by Dr. Gregg BECKHAM, National Renewable
Energy Laboratory, USA
10:30 am – 11:00 am: Sustainable techniques for butanol generation from
organic waste, by Prof. HE Jianzhong, Department of Civil and
Environmental Engineering, National University of Singapore
11:00 am – 11:30 am: Lignin valorization by integrating microbial aromatic
bioconversion and polymer-structural biomodification, by Prof. XIE
Shangxian, College of Life Science & Technology, Huazhong University
of Science and Technology, China
11:30 am – 12:00 pm: Sophorolipid production from food waste, by Prof.
Carol Sze Ki LIN, School of Energy and Environment, City University of
Hong Kong
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Lignin valorization through tandem chemical catalysis and biological
funnelling
Dr. Gregg BECKHAM, National Renewable Energy Laboratory, USA

Speaker’s biography
Dr. Gregg T. Beckham is a Senior Research Fellow and Group Leader at NREL.
He received his PhD in Chemical Engineering at MIT. He currently leads and
works with an interdisciplinary team at NREL on the development of green
processes and products in the areas of biomass conversion and plastics
upcycling
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Sustainable Techniques for Butanol Generation from Organic Waste
Inggang Li, and Jianzhong He*
Department of Civil and Environmental Engineering
National University of Singapore
*Email: Jianzhong.he@nus.edu.sg
Abstract
Production of biobutanol from sustainable lignocellulosic materials has drawn increasing
attention. However, currently few microorganisms can produce biofuels, particularly butanol,
from lignocellulosic biomass via simultaneous saccharification and fermentation. We discovered
wild-type, mesophilic Clostridium species that is capable of fermenting xylan to produce butanol
(up to 3.2 g/L) without the addition of saccharolytic enzymes and without any chemical
pretreatments. The Clostridium species show excellent properties in directly converting
oligosugars and starch to butanol up to 18 g/L in the fermentation broth. When fed with a
combination of glucose (30 g/L), xylose (15 g/L), and arabinose (15 g/L), it simultaneously
ferments the mixture to produce 11.9 g/L of butanol. This Clostridium species possess several
unique features: (i) non-sporulating, (ii) complete hemicellulose-binding enzymatic domain, and
(iii) absence of carbon catabolite repression. These unique characteristics demonstrate its
industrial potential for cost-effective biofuel generation from lignocellulosic biomass in a single
bioreactor.
Speaker’s biography
Dr. Jianzhong He is an Associate Professor in the Department of Civil and
Environmental Engineering at the National University of Singapore. She received
her Ph.D. degree at the Georgia Institute of Technology in 2003 from Professor
Frank Löffler’s lab. Prior to that, she obtained her M.S. and B.S. degrees from
Tsinghua University and Harbin Institute of Technology in 1998 and 1995,
respectively. She was a postdoctoral researcher in Professor Lisa Alvarez-Cohen’s
lab at the University of California Berkeley for two years before joining the National
University of Singapore as an assistant professor in 2005. Dr. He’s research focuses
on discovering novel microorganisms to transform and detoxify environmental contaminants, enhancing
biodegradation by optimizing the growth of functional microbes, biomass to bioenergy/biochemicals,
nutrients removal from wastewater, and applying nucleic acid-based approach in laboratory cultures and
in situ.
During her tenure at NUS, Dr. He has generated more than 90 peer-reviewed publications while securing
significant amount of external funding from diverse funding agencies (>17million in the past 10 years). So
far, her publications have been cited for more than 3300 times (Web of Science) and an H-Index of 28.
She holds several patents and collaborates widely with industrial, governmental and scientific partners.
She is also the editorial board member of the Journal of Scientific Reports, the ISME Journal, Applied and
Environmental Microbiology, and Frontiers in Microbiology.
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Lignin valorization by integrating microbial aromatic bioconversion
and polymer-structural biomodification
Shangxian Xie
Institute of Environmental Microbiology and Bioresource Science
College of Life Science & Technolgy
Huazhong University of Science & Technology, Wuhan, China
Email: shangxian_xie@hust.edu.cn
Abstract
Lignin is one of the most abundant renewable resource on the earth. The lignin biodegradation
and valorization are the key challenges for the utilization of lignocellulosic biomass. The
heterogeneity of lignin is one of the major obstacles for its efficient utilization and commercial
valorization. Without fully utilization, many lignin streams were burned or even discharged
directly, which not only causes waste of resource, but also causes many serious environment
problems. The produced aromatic compounds were often heterogeneous streams, for the
intrinsic heterogeneity of lignin, which in turn present significant technical challenges when
attempting to produce lignin-derived chemicals where purity is often a concern. To overcome
this challenge, a microbial bioconversion system was established by fully using the capacity of
the microbe in aromatic compounds catabolism in a funnelling-like approach. With the tools of
synthetic biology and metabolic engineering, a lignin bioconversion microbial system was
synthesized in gram-positive bacteria Rhodococcus opacus PD630 by integrating the lignin
depolymerization module and lipid biosynthesis module. The engineered strains have led to
significantly increased cell growth and bioproduct yield on lignin substrates and achieved high
lipid yield > 10g/L. Even though the synthesized bacteria could convert lignin into lipid, it is still
hard to completely utilize all of the lignin. However, we found that the left-over lignin which
cannot be conversed by the microbe was structurally modified. When we used the biomodified
lignin to produce asphalt binder modifier and carbon fiber, we found that the biologically
modified lignin could significantly improved the quality of asphalt binder and carbon fiber.
Overall, the biological and chemical design of lignin conversion has opened new avenues for
lignin conversion toward various bioproducts, and will reduce ethanol production cost through
the creation of high value bioproducts from lignin.
Speaker’s biography
Prof. Xie, the Director of Institute of Environmental Microbiology &
Bioresource Science, Huazhong Outstanding Scholar, joined Huazhong
University of Science and Technology as a professor in 2018. He received
Ph. D degree from Texas A&M University in 2016. His research interest
focuses on microbiology, synthetic biology and biorefinery, especially
focus on lignin biodegradation and valorization to multiple products for
bioenergy, biomedicine and biomaterial. He has published more than ten
papers about lignin bioconversion in high impact journals including
Advanced Science, Green Chemistry, Current Opinion in Biotechnology.• Comparative
Evaluation of Phytochemicals, and Antidiabetic and Antioxidant Activities of Cuscuta reflexa
Grown on Different Hosts in Northern Thailand, Natural product communications, 2017
12(1):51-54
10

Sophorolipid production from food waste
Huaimin Wanga, Guneet Kaurb,c, Ming Ho Toa, Sophie L.K.W. Roelantsd,e, Chi-Wing Tsangf, Raffel Dharma Patriaa,
Wim Soetaertd,e, Carol Sze Ki Lina,*
a School of Energy and Environment, City University of Hong Kong, Kowloon, Hong Kong
b Department of Biology, Hong Kong Baptist University, Hong Kong
c Sino-Forest Applied Research Centre for Pearl River Delta Environment, Hong Kong Baptist University, Hong Kong
d Centre for Industrial Biotechnology and Biocatalysis (InBio.be), Faculty of Bioscience Engineering, Ghent
University, Ghent, Belgium
e Bio Base Europe Pilot Plant, Ghent, Belgium
f Faculty of Science and Technology, Technological and Higher Education Institute of Hong Kong, Tsing Yi, Hong Kong

Abstract

Sophorolipids (SLs) are among the most extensively studied microbial biosurfactants.
Starmerella bombicola is the most productive strain known for SL production, with a volumetric
productivity of up to 3.7 g/L.h. Recent sustainable development goals of food security,
environmental protection, material and energy efficiency are the key drivers for the valorization
of food waste. In the present work, the production of biosurfactant SLs from several (food) waste
streams was investigated. Food waste obtained from a local restaurant was subjected to
enzymatic hydrolysis for 16 h, yielding a hydrolysate containing about 100 g/L glucose and 2.4
g/L free amino nitrogen. The hydrolysate was subsequently used for SLs fed-batch fermentation
and reached titer of 115.2 g/L in 92 h with an overall volumetric productivity of 1.25 g/L.h.
Further improvement of fermentation system and strategy has been developed using a semicontinuous integrated production-separation system. An average volumetric productivity of
2.43 g/L.h and an overall SLs yield of 0.73 g/g was achieved within 240 h. Moreover, the potential
of sustaining high production efficiency during long-term fermentation times (480 h) was
investigated and an overall productivity and SLs yield of 2.39 g/L.h and 0.73 g/g were obtained,
respectively. This laboratory experiment was further evaluated with TEA simulation. It was
found that the most profitable option led to high NPV (US$183,598,000), IRR (36.17%), ROI
(43.87%) and payback years (2.28 years). It should be stressed that SLs price need to lower to
allow SLs to penetrate the market.
Speaker’s biography
Dr. Lin is current an Associate Professor at School of Energy and Environment in
City University of Hong Kong. Her academic background covers waste
management, with special focus on development of integrated biorefineries
utilising renewable resources including food and beverage wastes and byproduct streams (e.g. waste streams from bakeries and mixed food waste from
restaurant, textile waste). Dr. Lin also has experience in biochemical
engineering, industrial (white) biotechnology, bioprocess design and technoeconomic evaluation. Together with graduate students and colleagues, Dr. Lin
has published over 133 research papers and 16 book chapters. She maintains a
worldwide professional network through her service as an Associate Editor of the Biochemical Engineering
Journal; Special Guest Editor for Green Chemistry, Topics in Current Chemistry, Process Safety and
Environmental Protection, Current Opinion in Green and Sustainable Chemistry, Bioresource Technology,
Journal of Hazardous Materials. Dr. Carol Lin has served as an Invited Professor in Division of
Environmental Science and Biotechnology, College of Life Sciences and Biotechnology, Korea University.
She has served as steering committee members of numerous major conferences such as Engineering
Sustainable Development 2019 & 2020, organized by the APRU and the Institute for Sustainability of the
American Institute of Chemical Engineers (AIChE)..
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Day 1 – 14th Dec 2020
13:00 pm – 14:30 pm
Session II: Young Scientist Session - Sustainable Chemicals
Moderator – Assoc/Prof. LI Chuanzhao, Programme Director in
Chemical Engineering, Singapore Institute of Technology
13:00 pm – 13:30 pm: Orange peel enhanced biobutanol production from
starchy waste, by Mr. SU Guandong, Department of Civil and
Environmental Engineering, National University of Singapore,
13:30 pm – 14:00 pm: A clostridial co-culture strategy for producing esters
and value-added chemicals, by Mr. CUI Yonghao, Department of
Chemical and Biomolecular Engineering, National University of
Singapore,
14:00 pm – 14:30 pm: A simple biosystem for the high-yield cascade
conversion of racemic alcohols to enantiopure amines, by Dr. TIAN
Kaiyuan, Department of Chemical and Biomolecular Engineering, National
University of Singapore,
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Orange peel enhanced biobutanol production from starchy waste
Guandong Su*, and Jianzhong He
*Ph.D. Student
Department of Civil and Environmental Engineering
National University of Singapore, Singapore 117411
guandong.su@u.nus.edu

Abstract
Food waste is a promising low-cost feedstock for fermenting to biobutanol. To enhance the yield
of the fermentation, certain chemicals can serve as cofactors to make the process economically
and environmentally sustainable. In this study, orange peel was used as a cofactor to stimulate
biobutanol production from starchy rice waste via acetone-butanol-ethanol fermentation by
Clostridium species strain BOH3. Results showed that orange peel at a dosage of 4g/L could
enhance biobutanol production from rice waste by 72.2~101.7%. Additionally, orange peel could
shorten the fermentation duration by enabling earlier phase shift from acidogenesis to
solventogenesis. Co-fermentation of orange peel and starchy rice waste exhibited synergy to
enhance the efficiency of energy conversion from biowaste to bio-solvents by 82.8%. The
inhibition of antibacterial limonene usually present in orange peel was negligible when 4 g/L of
orange peel was applied to the fermentation process. In conclusion, co-fermentation of rice
waste and orange peel is an effective strategy for enhanced biobutanol production.

Speaker’s biography
Mr. Guandong Su is a Ph.D. student advised by Prof. Jianzhong He at
the National University of Singapore. Prior to joining Prof. He's Lab, he
received his bachelor’s degree in Petroleum Engineering from China
University of Petroleum (Beijing) in 2018. His current research interests
are related to the environment and energy, especially to produce
butanol and other value-added chemicals from biowaste.
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Improving Clostridium fermentation through co-culture
Cui Yonghao
PhD student
National University of Singapore
Department of Chemical and Biomolecular Engineering, National University of Singapore, 4
Engineering Drive 4, Singapore 117585, Singapore
cuiyonghao@u.nus.edu

Clostridium is regaining attention in this new era of bioenergy due to its superior capability to
produce biofuels such as biobutanol from renewable resources (lignocellulosic biomass etc.)
through a process known as acetone-butanol-ethanol (ABE) fermentation. However,
conventional ABE fermentation is facing problems including by-product formation, butanol
toxicity, and oxygen sensitivity that incur high operating cost.
Therefore, we have developed different Clostridium co-culture systems to solve these problems.
For example, by expressing a secondary alcohol dehydrogenase in aerobic Bacillus and coculturing it with an ABE-producing Clostridium, by-product acetone could be converted into
more useful isopropanol (can be used as a biofuel) aerobically.
Butanol toxicity was alleviated by converting butanol into more hydrophobic butyl butyrate that
is regarded as a potential biofuel and extracting butyl butyrate simultaneously. One way to
achieve this was co-culturing a butyrate-producing Clostridium strain and a butanol-producing
Clostridium strain in the presence of a lipase. Another solution is introducing a facultative
Escherichia coli expressing a CoA-transferase and an alcohol acyltransferase into ABE
fermentation. In this case, E. coli could not only convert the butanol and butyrate produced by
Clostridium into butyl butyrate but also consume oxygen to protect anaerobic Clostridium at
aerobic conditions.
By harnessing the advantages of both strains, these co-culture systems we have developed are
of great potential to upgrade the conventional ABE fermentation for the production of biofuels
and therefore will contribute to the bioenergy community.

Speaker’s biography
Cui Yonghao is a PhD student from National University of Singapore
(NUS). He has been working in the field of research ever since,
specializing in using metabolic engineering strategies to improve
traditional Clostridium fermentation. His works have been published in
many journals.
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A simple biosystem for the high-yielding cascade conversion of
racemic alcohols to enantiopure amines
Kaiyuan Tian
Senior Research Fellow
Department of Chemical and Biomolecular Engineering, National University of
Singapore
4 Engineering Drive 4, Singapore 117585
chetian@nus.edu.sg

Abstract
The amination of racemic alcohols to produce enantiopure amines is an important green
chemistry reaction for pharmaceutical manufacturing, requiring simple and efficient solutions.
Here we developed a novel concept for an ADH-TA-catalyzed cascade reaction to aminate
racemic alcohols, which utilizes an ambidextrous ADH to oxidize a racemic alcohol, an
enantioselective transaminase to convert the ketone intermediate to a chiral amine, and
isopropylamine to recycle PMP and NAD+ cofactors via the reversed cascade reactions. The
concept was proven by using an ambidextrous CpSADH-W286A engineered from (S)enantioselective CpSADH as the first example of evolving ambidextrous ADHs, an
enantioselective BmTA, and isopropylamine. A biosystem containing isopropylamine and the
cells of E. coli (CpSADH-W286A/BmTA) expressing the two enzymes was developed for the
amination of racemic alcohols to produce eight useful and high-value (S)-amines in 72-99% yield
and 98-99% ee, providing with a simple and practical solution to this type of reaction.

Speaker’s biography
Dr. Tian Kaiyuan is a Senior Research Fellow in the Department of Chemical
and Biomolecular Engineering, National University of Singapore. He received
his Ph.D. (2016) in Chemical Engineering from the National University of
Singapore. His research interests involve directed evolution, enzyme
engineering, and cascade biocatalysis for the production of biofuels and
pharmaceuticals.
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Day 1 – 14th Dec 2020
15:15 pm – 17:45 pm
Session III: Food Technology Innovation
Moderator: Dr. JI Lianghui, Program Director and Senior Principal
Investigator, Temasek Life Science Laboratory, Singapore
15:15 pm – 15:45 pm: Novel Food Safety Assessment – general safety &
regulatory considerations, by Prof. Benjamin Paul Chapman SMITH,
Singapore Institute of Food and Biotechnology Innovation (SIFBI),
A*star, Singapore
15:45 pm – 16:15 pm: Driving sustainability in food and biomedical
application with a triple technology platform, by Ms. Florence LEONG,
Co-founder and Director, Kosmode Health Singapore
16:15 pm – 16:45 pm: Urban farming and future food in Singapore, by Mr.
Allan LIM, Founder and Chairman, ComCrop
16:45 pm – 17:15 pm: Mycelium-based fermentation as an alternative
protein solution, by Mr. Shiva SUSARLA, Cofounder and Director,
Mycovation
17:15 pm – 17:45 pm: Effects of sugarcane fiber on reducing the in vitro
glycemic response of white bread, by Assist Prof. DU Juan, Singapore
Institute of Technology
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Novel Food Safety Assessment – general safety & regulatory
considerations
Prof. Benjamin Paul Chapman SMITH
Director, Future Ready Food Safety Hub (a joint initiative between A*STAR, SFA and NTU
supporting the Singapore Food Story).
Director, A*STAR Innovations in Food and Chemical Safety Programme and Human Safety
Group, Singapore Institute of Food and Biotechnology Innovation
Abstract
This talk will provide a general overview of the safety and regulatory considerations for bringing
novel foods to market with a focus on the requirements for alternative protein sources from
biotechnology as well as give a brief overview of some of the support platforms and capabilities
being developed to support novel food development in Singapore.

Speaker’s biography
As a risk assessor and toxicologist who has worked across industry,
academia and government, Ben is a strong proponent of collaborative
research and the importance of embedding safety across the entire food
chain. He is particularly interested in the development of risk-benefit
frameworks and the integration of human relevant and socially responsible
safety methodologies into the regulatory approval processes for new
ingredients and novel foods.

17

Driving sustainability in food and biomedical application
with a triple technology platform
Florence Leong
Founder, Director
Kosmode Health Singapore Pte Ltd
Industry Mentor,
National University of Singapore, Singapore Biodesign
Medtech Track Instructor,
Lean LaunchPad Singapore
Abstract
The world population is exploding, demand for food is outstripping supply and Covid
19 has further heighten concerns of food security. The issues are even greater in Asia,
a region that is hit by additional whammies of a fast aging population and the diabetic
epidemic.
This presentation will give an overview on how one start-up, anchored on her triple
technology platform, aspire to expand access to health from nature. KosmodeHealth’s
1st & core technology is a sustainable, halal certifiable plant extraction technology. The
technology has been used to up-value by-products as a source of sustainable protein
& fibre for formulation into a Starchless Protein Fibre noodle - an Asian staple food
that will not contribute to blood sugar and weight issues, and yet address underconsumption of protein and fibre in the silver population. Plant Protein, up-valued
from by-products, is also formulated into Plant Protein Composite (PPCTM) bio-ink (the
2nd Technology) and printed into 3D PPCTM bioscaffold with our 3rd technology - a
precise, controllable 3D bioscaffold methodology. The PPCTM bioscaffold addresses the
issues associated with animal protein as scaffold materials for 3D cell culture. As the
scaffold can be customize printed, it also addresses the issue of limited range of 3D
bioscaffold – too limited to meet the growth specifications of diverse cell types.

Speaker’s biography
Florence Leong joined the big pharmas after leaving business school in the
National University of Singapore. After, almost two decades of horning her
business & general management skills in the world of big, Florence left for
the world of med & biotech startup. She has since been involved in the
startup ecosystem as a venture capitalist, business consultancy, start-up
founder, industry mentor and instructor. Her latest venture is
KosmodeHealth, a startup which she co-founded with A/P Huang Dejian,
Deputy Head of Food Science Technology Department, National University of Singapore
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Urban farming and future food in Singapore
Allan LIM
Founder and Chairman, ComCrop

Speaker’s biography
Mr Allan Lim is the Chairman and Founder of Comcrop, established in 2014
Singapore’s first rooftop farm producing leafy green vegetables for local
supermarket. As a pioneer of urban agriculture in singapore, he had worked
with Ministry of National Development and other agencies such as SFA, URA
and ESG to establish regulatory and promotion efforts for emerging
agriculture industry in Singapore.
He is the founder of of Alpha Biofuels and Comcrop , 2 local companies that are in the forefront
of urban sustainability. Alpha biofuels produces low carbon biodiesel from waste cooking oil
while Comcrop grows fresh pesticide free leafy greens on a rooftop farm in an industrial estate.
In 2020 , Mr Lim Co Chaired the Task Force for opportunities in agriculture.
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Mycelium-based fermentation as an alternative protein solution
Shiva Susarla
Co-Founder
Mycovation Asia
Shiva.susarla@renergii.com
Abstract
Mycovation is an alternative protein startup in Singapore transforming mycelium into exciting
analogues that delivery sensory and functional experiences similar to dairy and meat.
We are an early stage startup in Singapore who are passionate about transforming food systems
and make them climate-friendly, resilient and affordable despite the increased demand by 2030.
We believe in the prospects of fermentation as an important alternative protein technology that
meets the trifecta of new consumer needs in the future.

Speaker’s biography
Shiva Susarla is the Chief Innovation Officer at RENERGii and the
Co-Founder of Mycovation. Shiva has many years of experience in
cleantech innovation and consulting. Through the work at
RENERGii, Shiva has also co-founded Urban Tiller, INSECTIFii,
FeedWerkz and Xircular.IO
Shiva has an undergraduate degree in Computer Science
Engineering from VTU, India, an MBA from the Asian Institute of Management, Philippines and
has completed his coursework for the M. Eng program at NUS, Singapore.
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Effects of sugarcane fiber on reducing the in vitro glycemic response
of white bread.
Du Juan
Assistant Professor
Singapore Institute of Technology
10 Dover Drive, 138683
Singapore
du.juan@singaporetech.edu.sg
Abstract
Sugarcane fibres are a type of lignocellulosic material classified as an insoluble dietary fibre.
They are main byproducts derived from sugarcane processing, and these fibrous residues are
claimed to be one of the world’s largest agriculture residues. Due to its low fabricating costs and
abundancy, which makes them a sustainable material. Sugarcane fibre wastes are ideal raw
material with multiple utilities, especially in the manufacturing of polymeric composite materials.
Sugarcane fibres are ideal candidate to be utilized in food formulations due to its dietary fibre
components which comprises mainly cellulose, hemi-cellulose and lignin. However, the
unprocessed lignocellulose materials in sugarcane fibre were reported to cause problems when
formulating into baked goods as they do not soften or incorporate well with the dough or batter
due to their poor hydration properties. In our study, impacts of the addition of different levels
of sugarcane fibre in texture and in vitro glycemic response in white breads were measured.
Findings from this study will help promote the application of sugarcane fibre in future food
products.

Speaker’s biography
Dr. Du Juan obtained her Ph. D in Food Science from Purdue University,
USA. She has been working in Nestlé Product Technology Centre –
Bakersfield on developing patentable technologies in frozen desserts.
Du Juan is currently working in SIT an assistant professor in Food
Technology program with an industrial project on developing low GI
bread.
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Day 2 – 15th Dec 2020

10:00 am – 12:00 pm
Session IV: Sustainable Chemicals
Moderator: Assoc/Prof. YANG Kun-Lin, Department of Chemical and
Biomolecular Engineering, National University of Singapore
10:00 am – 10:30 pm: Production of bio-based fine chemicals via cascade
biotransformations, by Prof. LI Zhi, Department of Chemical and
Biomolecular Engineering, National University of Singapore
10:30 am – 11:00 am: Chemical synthesis of amino acids from biomass, by
Prof. YAN Ning, Department of Chemical and Biomolecular Engineering,
National University of Singapore
11:00 am-11:30 am: Microbial production of xanthan gum and medium chain
fatty acids, by Prof. HE Ya-Wen, School of Life Sciences and
Biotechnology, Shanghai Jiao Tong University, China.
11:30 am-12:00 am: Solidified natural gas (SNG) technology for gas
storage, by Prof. Praveen Linga, Department of Chemical and
Biomolecular Engineering, National University of Singapore
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Production of bio-based fine chemicals via cascade biotransformations
Zhi Li
Department of Chemical and Biomolecular Engineering, National University of Singapore,
4 Engineering Drive 4, Singapore 117585
chelz@nus.edu.sg

Abstract

Sustainable manufacturing of fine chemicals from renewable feedstocks is attracting increasing
attention due to the oil depletion and global climate change. We have been working on a feasible
and potentially general approach for green, efficient, and sustainable production of high-value
fine chemicals from the easily available biobased bulk chemical by developing novel one-pot
cascade biotransformations. We recently established several new types of regio- and stereoselective cascade transformations, engineered recombinant Escherichia coli strains expressing
the necessary enzymes as simple and active whole-cell biocatalysts for these reactions, and
demonstrated the synthetic potential of the developed whole-cell based cascade
biotransformations to prepare several useful and high-value fine chemicals from the easily
available bio-derived chemicals such as L-phenyl alanine or glucose. Some representative
examples will be presented, including the conversion of L-phenyl alanine to a) (S)-styrene
oxide;[1] b) (S)- and (R)-1-phenylethane-1,2-diol;[1-2] c) (S)-mandelic acid;[1-2] d) (S)- and (R)-phenyl
glycine;[1-3] e) 2-phenylethanol, 2-phenylethylamine, and phenyl acetic acid,[4-6] and f)
benzylamine;[7] as well as the conversion of glucose and glycerol to g) (S)-mandelic acid,[8] h) 2phenylethanol,[9] and i) (S)- and (R)-2-Phenylglycinols.[10]
References: [1] Zhou, Y.; Wu, S.; Li, Z. Angew. Chem. Int. Ed., 2016, 55, 11647 –11650; [2] Wu, S.; Zhou, Y.;
Wang, T.; Too, H.-P.; Wang, D. I. C.; Li, Z. Nat. Commun., 2016, 7, 11917; [3] Zhou, Y.; Wu, S.; Li, Z. Adv.
Synth. Catal. 2017, 359, 4305-4316. (Very important publication and Journal’s front cover); [4] Wu, S.: Liu,
J.: Li, Z. ACS Catalysis, 2017, 7, 5225-5233; [5] Lukito, B. R.; Wu, S.; Saw J. H. J., Li, Z. ChemCatChem 2019,
11, 831-840, doi: 10.1002/cctc.201801613.; [6] Wu, S.; Zhou, Y.; Seet, D.; Li, Z. Adv. Synth. Catal. 2017,
359, 2132-2141. (Very Important Publication); [7] Zhou, Y.; Wu, S.; Mao, J.; Li, Z. ChemSusChem, 2018, 11,
2221-2228; [8] Lukito, B. R., Wu, S., Sundara Sekar, B., Li, Z. Adv. Synth. & Catal., 2019, 361, 3560-3568;
[9] Sundara Sekar, B., Lukito, B. R., Li, Z. ACS Sustainable Chem. & Eng., 2019, 7, 12231-12239; [10] Sundara
Sekar, B., Mao, J.; Lukito, B. R., Wang, Z.; Li, Z. Adv. Synth. Catal. 2020, accepted (Very Important
Publication).

Speaker’s biography
Prof. Zhi Li received B.Sc. in chemistry from Nanjing University in 1982 and Ph.D.
in organic chemistry from the University of Vienna in 1991. He worked then at
the Swiss Federal Institute of Technology (ETH) Zurich in the Laboratory of
Organic Chemistry as a postdoc and in the Institute of Biotechnology as a group
leader. He joined National University of Singapore in 2006, as an associate
professor at the Department of Chemical and Biomolecular Engineering. His
research focuses on biocatalysis for chemical synthesis. He leads a NRF CRP program on ““Green
and Sustainable Pharmaceutical Manufacturing via Biocatalysis” and the biocatalysis
workstream of the Pharmaceutical Innovation Program Singapore (PIPS), severs as deputy
president of Singapore Catalysis Society, and received Singapore Award for Sustainable
Technology from IChemE (2013) and Achievement Award from Bioenergy Society of Singapore
(2018).
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Catalytic synthesis of amino acids from non-edible biomass
Ning Yan
Department of Chemical & Biomolecular Engineering, National University of
Singapore. Singapore 117576
Singapore
ning.yan@nus.edu.sg
Abstract
Today, amino acids are primarily manufactured via microbial cultivation processes, which are
costly, are time consuming, and require extensive separations processes. As an alternative,
chemocatalytic approaches to produce amino acids from renewable feedstocks such as biobased sugars could offer a rapid and potentially more efficient means of amino acid synthesis,
but efforts to date have been limited by the development of facile chemistry and associated
catalyst materials to selectively produce α-amino acids. In this presentation, we communicate
our recent efforts on the development of new catalytic methods to make amino acids from
biomass. Various α-amino acids, including alanine, leucine, aspartic acid, and tyrosine, were
obtained from both biomass-derived α-hydroxyl acids and glucose, by both thermal and photocatalytic pathways. Hemicellulose derived furfural and lipid derived glycerol are converted into
proline and alanine, respectively. These route bridges plant-based biomass and proteinogenic
α-amino acids, offering a chemical approach that is potentially superior to microbial cultivation
processes.

Speaker’s biography
Ning Yan obtained his bachelor and PhD degrees from Peking University in
2004 and 2009, respectively. Thereafter, he worked as a Marie-Curie
Research Fellow at Ecole Polytechnique Federale de Lausanne,
Switzerland. He joined the National University of Singapore (NUS) as an
Assistant Professor and established the Lab of Green Catalysis in 2012. He
was promoted to Associate Professor with tenure in 2018. His major
research interest includes catalytic biomass conversion, green chemistry
& engineering, and catalyst development. Recently, he received the RSC Environment,
Sustainability and Energy Division Early Career Award (2017), the ACS Sustainable Chemistry &
Engineering Lectureship Award (2018), and the Young Researcher Award at NUS (2019).
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Synthetic biology for high yield of pigmentless xanthan gum in
Xanthomonas campestris
Ya-Wen He
Professor
State Key Laboratory of Microbial Metabolism, Joint International Research
Laboratory of Metabolic and Developmental Sciences, School of Life Sciences and
Biotechnology, Shanghai Jiao Tong University
Dongchuan Road 800, Shanghai 200240
China
yawenhe@sjtu.edu.cn
Abstract
Xanthomonas campestris pv. campestris (Pammel) Dowson (Xcc) is the causal agent of black rot
in crucifers. It is also the industrial strain for fermentation production of xanthan gum, an
extracellular polysaccharide. Owing to its unique properties, xanthan has utility in a wide range
of applications in the food industry, pharmaceutical formulations, cosmetics, agricultural
products, and in the petroleum industry. The wide spread utility of xanthan has made it an
important industrial biopolymer and its global demand continues to increase each year. This talk
will tell a story of an engineered strain with high yield of “white gum” based on the quorum
sensing-dependent regulatory network and yellow pigment xanthomonadin biosynthetic
pathway in Xcc. The challenges in the commercialization of this type of white gum will be
discussed.

Speaker’s biography
Ya-Wen He received his BSc in Biology from Central China Normal University.
He obtained his Ph.D. from National University of Singapore in 2006, where
he studied the DSF-dependent quorum sensing of the phytopathogen
Xanthomonas campestris pv. campestris (Xcc). He then worked as a research
fellow at the Institute of Molecular and Cell Biology, Singapore, where he
extended his studies to hypoxia sensing in Xcc. In 2010, he joined Shanghai
Jiao Tong University as a principal investigator.
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Solidified Natural Gas (SNG) Technology for Gas Storage
Praveen Linga
Dean’s Chair Associate Professor and Vice Dean
Department of Chemical and Biomolecular Engineering, Faculty of Engineering,
National University of Singapore
Praveen.Linga@nus.edu.sg
Abstract
The clathrate hydrate process is a technology enabler for several innovative applications like
natural gas storage, carbon capture and storage, seawater desalination, cold storage etc. Some
challenges remain specific to each of these focus areas that needs to be overcome in order to
commercialize these applications. In this presentation, our recent advances on solidified natural
gas (SNG) via clathrate hydrates, a next generation technology for large-scale natural gas storage
will be presented. Our recent knowledge on enhancing the kinetics and patented innovation in
process design can be applied to efficiently store natural gas and can be extended for the
transport of biogas as well.

Speaker’s biography
Praveen Linga is Vice Dean in Engineering and Dean’s Chair Associate
Professor in the Department of Chemical and Biomolecular Engineering
at the National University of Singapore (NUS). His research interests are
in the areas of clathrate (gas) hydrates, fuel storage, carbon dioxide
capture and storage, seawater desalination, cold energy transport and
recovery of energy. He is named among the World’s Most Influential
Scientific Minds and Highly Cited Researcher in Engineering by Clarivate
Analytics. In 2020, he was recognised as 2019 Outstanding Asian
Researcher Award winner by Society of Chemical Engineers, Japan, and
was the winner of 2017 Donald W. Davidson Young Researcher Award for outstanding
contributions to gas hydrate research. He is a Fellow of Royal Society of Chemistry. He is an
associate editor of Energy & Fuels and serves in the editorial boards of Applied Energy, and Fluid
Phase Equilibria.
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Technical talks
Day 2 – 15th Dec 2020
13:00 pm – 14:30 pm
Session V: Young Scientist Session-Valorization of Food Waste

Moderator: Dr. Simon ZHANG Congqiang, Scientist, Singapore Institute
of Food and Biotechnology Innovation (SIFBI), A*star, Singapore
13:00 pm – 13:30 pm: Conversion of food waste into bioenergy/bioresource
via anaerobic digestion and acidogenic fermentation, by Dr. ZHANG Le,
Department of Chemical and Biomolecular Engineering, National
University of Singapore,
13:30 pm – 14:00 pm: Life cycle assessment in supporting sustainable food
waste management, Dr. TIAN Hailin, Department of Chemical and
Biomolecular Engineering, National University of Singapore,
14:00 pm – 14:30 pm: Food waste-derived medical textiles for healthcare
apparel and personal protective equipment, by Mr. Johnny Sik Chun LO,
School of Energy and Environment, City University of Hong Kong,
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Conversion of food waste into bioenergy/bioresource via anaerobic
digestion and acidogenic fermentation
Le ZHANG
Research Fellow
NUS Environmental Research Institute
1 Create Way, CREATE Tower, #15-02, E2S2 Office, National University of
Singapore. Singapore 138602
Singapore
erizle@nus.edu.sg
Abstract
Food waste is currently a global issue. Conversion of food waste into bioenergy and bioresource
through microbial fermentation is a promising technology. In this talk, principal of anaerobic
digestion technology, targeted problems and proposed solutions will be first introduced.
Following that, three experimental studies will be presented, including (1) biochar enhanced
thermophilic anaerobic digestion of food waste for methane production, (2) algal biochar
enhanced mesophilic & thermophilic co-digestion of food waste and algal biomass for methane
production, and (3) acidogenic fermentation of food waste for production of volatile fatty acids
using a two-phase bioreactor. Finally, the experimental conclusions will be given while the
limitations will also be discussed.

Speaker’s biography
Dr. Le ZHANG received his PhD degree of Chemical and Biomolecular
Engineering from the National University of Singapore (NUS). Dr. Zhang
currently works at the NUS Environmental Research Institute (NERI) as a
Research Fellow. He works in the fields of waste-to-resource, environmental
microbial technology, and biomass energy engineering. His current research
interests include microbial fermentation of organic wastes (e.g. food waste)
for production of bioenergy/bioresource and green chemicals, and for plastic
biodegradation, as well as bioinformatic analysis of microbial community
structure
in
the
bioreactors.
https://www.researchgate.net/profile/Le_Zhang63
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Life cycle assessment in supporting sustainable food waste management
Tian Hailin
Research Fellow
Environmental Research Institute, National University of Singapore
1 CREATE Way, #15-02 CREATE Tower, Singapore 138602
Singapore
eritian@nus.edu.sg
Abstract
Food waste (FW) is becoming a big challenge to many cities, including Singapore, a highpopulated city. To explore a sustainable FW treatment method, life cycle assessment (LCA) of
different FW disposal technologies have been reported and anaerobic digestion (AD), as a waste
to energy and resource technology, showed its advantages. However, different AD
configurations together with different downstream biogas utilization exist widely, while a
comprehensive comparison within AD technology itself has not been reported. This study, taking
Singapore as an example, attempted to compare the environmental impacts of business-asusual technology, i.e., incineration, to centralized and decentralized AD with different biogas
utilization: to generate heat and electricity, to use as cooking fuel, and to use as transportation
fuel.
The results confirmed better environmental benefits of using AD to dispose FW compared to AD,
supported by the better performance of at least 13 out of the 17 impact categories. From
slowing down global warming potential and decreasing fossil fuel usage perspective,
decentralized AD with biogas as cooking fuel obtained the highest credits, followed by
centralized AD with biogas as transportation fuel. Sensitivity analysis was also analyzed with
several interesting parameters, including FW transportation distance, different methane
production efficiency, different biogas upgrading technologies, etc.

Speaker’s biography
Tian Hailin completed his bachelor and master study at China Agricultural
University. Then he finished his PhD study in Environmental Engineering at
Technical University of Denmark in 2018, where he got his expertise in
waste management including technology development, process design
and control, system sustainability evaluation, microbiology, etc. After that,
he joint NUS and has been working as a Research Fellow since December
2018.
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Food waste-derived medical textiles for healthcare apparel and personal
protective equipment
Johnny Sik Chun Lo, Bhaskar Jyoti Deka, Shauhrat Chopra, Chi Yan Tso, Walid Daoud,
Carol Sze Ki Lin*
Nano and Advanced Materials Institute Limited
608-609, 10W, Hong Kong Science Park, Hong Kong
E-mail addresses: johnnylo@nami.org.hk; carollin@cityu.edu.hk
Abstract
Given hygiene and medical concerns, non-woven medical textiles for healthcare apparel and
personal protective equipment (PPE) are destined for disposal after single use. The demand for
research on production of PPE from bio-based and biodegradable resources is high.
Fermentative Polylactic Acid (PLA) and Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV)
which are derived from food waste hydrolysate for the production of non-woven medical textiles
via electrospinning and electrospraying. The new materials were synthesized to achieve
superhydrophobicity and high conductivity to offer protection higher than the FFP3 standard,
that is >99% protection not only for submicroscopic particles or virus (UNI EN 149:2009 standard)
but also nanoscopic (up to 5-10nm), therefore usable as medical textile in a highly aggressive
infectious environment.
PLA/PHBV solution with a known concentration and with different blend ratios will be prepared
for subsequent electrospinning under the optimized setting (i.e. voltage, feed rate, needle tip to
collector distance) to obtain uniform fibres with optimized properties for medical textile such as
porosity, fibre diameter and thickness. Different concentrations of aerogel incorporated in
polydimethylsiloxane (PDMS), polyvinylidene fluoride (PVDF) will be electrosprayed over a
supporting scaffold layer of electrospun PLA/PHBV fabric. The dual-layer membrane is optimized
for enhanced surface properties, hydrophobicity, pore size, porosity, surface roughness and
membrane performance. The challenges in electrospinning and electrospraying will be discussed.

Speaker’s biography
Johnny LO completed his master studies and undergraduate studies from
the University of Hong Kong in 2013 and 2010 respectively. He has been
working as a senior research engineer in Nano and Advanced Materials
Institute where he gained experience in developing and commercializing
industrial biotechnology and environmental technologies. Currently, he is
a part time PhD student at the City University of Hong Kong and furthers
his research on deriving biodegradable medical textile from food waste.
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Day 2 – 15th Dec 2020
15:15 pm – 17:15 pm
Session VI: Synthetic Biology

Moderator – Team Leader, Singapore Institute of Food and
Biotechnology Innovation (SIFBI), A*star, Singapore
15:15 pm – 15:45 pm: Develop Zymomonas mobilis as a synthetic chassis for
economic bioproducts, by Prof. YANG Shihui, College of Life Sciences,
Hubei University, China.
15:45 pm – 16:15 pm: CHO cell pathway engineering for biologics, by Dr.
YANG Yuansheng, Senior Scientist, Bioprocess Technology Institute,
A*Star,
16:15 pm – 16:45 pm: Genetic circuits to automate directed evolution at the
cellular level, by Prof. Adison WONG Choon Kit, Chemical Engineering
and Food Technology Cluster, Singapore Institute of Technology,
16:45 pm – 17:15 pm: Fermatics - A Singapore biotech start-up story, by Dr.
Stefan BAHNMUELLER, CEO, Fermatics (Pte.) Ltd.
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Develop Zymomonas mobilis as a
synthetic chassis for economic bioproducts
Yang Shihui
Professor
College of Life Sciences, Hubei University, China.
Abstract
Zymomonas mobilis is a natural ethanologen with many unique physiology characteristics, which
makes it an ideal microbial cell factory. I will briefly discuss our efforts to develop Z. mobilis as a
robust biocatalyst for diverse bioproducts such as cellulosic ethanol, 2,3-butanediol, isobutanol,
lactate, and polyhydroxybutyrate (PHB) through systems metabolic engineering using economic
materials such as lignocellulosic hydrolysate and molasses. I will also present our current effort
to develop Z. mobilis as a chassis for synthetic biology practices and industry applications
including the establishment and optimization of FACS-based dual reporter system for
identification and characterization of biological parts with different strength such as inducible
promoters, RBS, sRNA and 5’ UTR, the development and application of exogenous and native
CRISPR-Cas genome editing toolbox for genome modification and metabolic engineering, as well
as the construction and optimization of genome-minimized synthetic chasses.
Speaker’s biography
Prof. YANG is Chutian Distinguished Professor of Microbiology and
Associate Director of State Key Laboratory of Biocatalysis and Enzyme
Engineering at Hubei University, Wuhan, China. He received Ph.D.
degree in microbiology from University of California at Riverside in
2005. He joined Oak Ridge National Laboratory as a Research
Associate in 2007, and then National Renewable Energy Laboratory as
a staff Scientist in 2011. He joined Hubei University as a Chutian
Distinguished Professor of Microbiology since 2016. His research
interest focuses on metabolic engineering, synthetic biology, and
renewable bioproducts. He has published more than 60 papers in
prestigious journals including Nature Biotechnology and PNAS with a citation more than 2700
and H-index of 30. He also serves the scientific community as an editor of international journals
such as PLoS ONE, Frontiers in Bioengineering and Biotechnology, and Frontiers in Energy
Research; and a reviewer for journals like Science, PNAS, PLoS Genetics, and Biotechnology for
Biofuels.

32

CHO cell pathway
engineering for biologics
Yang Yuansheng
Senior Staff Scientist, Bioprocessing Technology Institute
Email: yang_yuansheng@bti.a-star.edu.sg

Biography
Dr. Yuansheng Yang received his doctorate degree from Vanderbilt
University’s Department of Chemical Engineering in 2005. Upon graduation,
he joined the Animal Cell Technology group, Bioprocessing Technology
Institute (BTI) in Singapore. He has been an adjunct assistant professor of
Nanyang Technological University from 2012 to 2015. He is currently a senior
scientist and leading a group working on vector design, cell line
development, cell engineering, and bioprocess optimization to enhance the
yield and quality of biopharmaceutical drugs produced using CHO cells. He has published 53 peer
reviewed papers and filed several patents related to developing cell lines for high level
expression of monoclonal antibodies. His cell line development technologies have been licensed
to a few companies.
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Genetic Circuit for Autonomous Directed Evolution of Cell Phenotype
Adison Wong
Assistant Professor
Singapore Institute of Technology
10 Dover Drive, Singapore Institute of Technology. Singapore 138683
Singapore
adison.wong@singaporetech.edu.sg
Abstract
Environmental pH is a fundamental signal continuously directing the metabolism and behavior
of living cells. Programming the precise cellular response toward environmental pH is, therefore,
crucial for engineering cells for increasingly sophisticated functions. Herein, we engineer a set
of riboswitch-based pH-sensing genetic devices to enable the control of gene expression
according to differential environmental pH. We next develop a digital pH-sensing system to
utilize the analogue-sensing behavior of these devices for high-resolution recording of host cell
exposure to discrete external pH levels. The application of this digital pH-sensing system is
demonstrated in a genetic program that autonomously regulated the evolutionary engineering
of host cells for improved tolerance to a broad spectrum of organic acids, a valuable phenotype
for metabolic engineering and bioremediation applications.

Speaker’s biography
Adison Wong is a synthetic biologist in the Chemical Engineering and Food
Technology Cluster, Singapore Institute of Technology. He has received
awards from both European Molecular Biology Organization and Singapore
Straits Times for his seminal work on the reprogramming of commensal
bacteria for disease treatment. His research has been published in flagship
biology journals, including Molecular Systems Biology, Nature
Communication and BMC Biology. His current research involves the
development of epidemiological models, biosensors, nutraceuticals, and functional foods.
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Fermatics - A Singapore BioTech Start-up Story
Dr. Stefan Bahnmüller
CEO
Fermatics Pt. Ltd.
stefan.bahnmueller@fermatics.com
Abstract
Fermatics (Pte.) Ltd. is a Singapore-based biotechnology company and a co-venture
between A*Star and Hafnium Venture Capital Pte. Ltd. that researches and sustainably
produces nature identical molecules through fermentation of E.coli bacteria and sugar.
Fermatics is devoted to providing high-value ingredients to unlock the market demands
in the flavours & fragrances, cosmetics and food additive industries.
Speaker’s biography
15 years and more global management experience in senior positions
in the Specialty Chemicals industry in Bayer AG and LANXESS AG in
Germany and Asia.
Experience in leading New Business in different growth sectors like
nanotechnology and polymer products with proven success in
introducing products into new markets.
Managing the setup of specialty businesses in Asia (China and Singapore) focussing on
high margin products for regional markets e.g. Electro/Electronics.
Co-founded Hafnium in 2017 which is a Venture Capital company and focusing on
Specialty Chemicals, Materials and Biotech. One of the spin-offs in Fermatics which was
founded in 2019 and where he is currently the CEO of.
Early career with A*Star, Singapore and a chemical start-up which was sold to Merck in
2008.
Received his Dr. rer. nat. at the RWTH Aachen, Germany in 2001 and published since
then numerous patents throughout his business career.
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