URBAN SOLUTIONS

AND SUSTAINABILITY
R&D CONGRESS 2023

4TH - 5TH OCTOBER 2023




OVERVIEW OF CIRCULAR
» ECONOMY AND FUTURE TRENDS

Prof Seeram Ramakrishna

FRENg, Everest Chair
National University of Singapore (NUS)

M)




URBAN SOLUTIONS

AND SUSTAINABILITY
Urban Food Circular "

resource efficiency and safety considerations

William Chen

Michael Fam Endowed Professor
E E Director, Food Science & Technology Programme

mE Nanyang Technological University

& ﬂ.,m Oct, 2023 . \II/ Y
NI



Summary

Food waste reduction is an important step in building an efficient
food system. We have applied fermentation for nutrient recovery
from food processing side-streams, and reintegrate these nutrients
into food value chain. These include soybean residues, barley
spent grain among others. In such resource efficient system, food
safety assessment should be considered alongside nutrition profile
as potential hazards also remain in the circular model.
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Challenges for SG Food Security

Shrinking Farmland
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Food Waste

In 2016,

Singapore generated
791 million kg

of food waste!
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Solutions for Singapore Food URBAN SOLUTIONS
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URBAN SOLUTIONS

Innovations in Food Waste Reduction AND SUSTAINABILITY
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Adopt Existing Technology (Efficiency)
- Valorisation of food
processing waste-stream

Simple and Cost Effective (Scalability)

» Zero waste food processing

Platform Technology (Adaptability)

» Future Efficient Food System

Zero-waste Food Processing (End Point)
» Food Safety Sciences and
Innovation
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Nutrient Recovery and Efficient Urban
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NTU scientists’ plant-based
emulsifier could replace egg in mayo

Protein-rich product could even improve
plant-based meat, says profwho led project

Cheryl Tan

Finicky food lovers may soon not

ogy_programme, who led the
project, said Singapore produces
about 23,000 tonnes of spent bar
ley grains that end up in landfills.

from
plant-based ingredients - but
richerin protein and antioxidants
compared with the conventional

could become a reality
here.

entistsat Nanyang Technolog-
ical University (NTU) have devel-

Fantstopis ke myormate s

tion's
Globally, 39 million tonnes of
spent grains are produced by the
brewing industry.
“The spent grain, though rich in
protein, is not widely used in food
processing as the protein compo:
nent is difficult to extract” said
ProfChen.
Although the spent grain can be
usedin cattle feed or solid ul, the
NTU team felt that more could be

complicated, said Prof Chen.
Once the proteinsare extracted, | Nut

they are Freeze-dricd into a solid

ional details

PO student
Chin i Ling with
the plant-based

form 50 that they can be used for | Compared with store-bought mayonmaise,  emulsfisr snd
producing foods uch a3 Mayon |  Namang Technological Univensisplantbased  mayornase
naise. version has a light ntasic  made from spent
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ceved ineres [rom two compa- Universty
nies about its plant-based emulsi. | Taste: (45/5) STPHOTO
fiers. The first company s a start- ©  The plant-based mayo has a more distinctive NG SORLUA

up in the plant-based food space,
while the second is a household
brand looking to create a novel
typofsauce.

flavour compared with the conventional (ype,
and hasaslightlyyeasty taste.
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Emulsifiers are crucial in food
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To create the emulsifier, the
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forhuman consumption.

To produce the emulsifer, the

pent grain is fist fermented wit
.\ﬂmzm Rizopus oligosports, (0
processeasier.

“The fungus secretes enzymes to
break down the complex molects:
lar structure of the spent grain,
making t a simple and cost-¢

or instance, at present, for | fluffer texture.

maximum amountof protein that
each kilog in cont

;mmrcne
ichin protein, theemulsi-
fler could be beneficial for the  The emul

Totyetuptopar.”said Prof Chen.
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Using soya
waste in
new ways
for food

production

Two separate projects are under way (o use
okara for cell-cultured meat and abalone

Shabana Begum

The white, mushy and unpleasant-
smelling waste that remains after
making tofu and soya milk may rev-
olutionise the novel food space
and aquaculoure.

Researchers from Nanyang Tech-
nological University (NTU and Re-
public Polytechnic (RI') are work-
ing on separate projects to max-
imise the potential of the by-prod-
uct called okara, or soya pulp,
which is high in fibre and protein.

From fermenting the okara, NTU
scientists have been able to derive
a liquid extract that contains plant
growth hormones tharcan spuran-
imal cells to grow and multiply
into tissue, to form cell-colmred
meat.

Cell-cultured  protein  allows
meat prodoces to be manofactured

The team’s fermented okara ex-
tract can cost 2 per litre. The main
costdriver for this novel food is the
growth serum.

The research team is now reach-
ing out to local coltivated meat
start-ups to test the liquid extrace.
Singapore became the first coun-
try to approve the sale of a cell-cul-
tured product last December.

Ower at RP, researchers have con-
cocted a cheaper feed for abalone,
u=ing okara as the main ingredient.
Juvenile abalone fed on the okara-
hased foed weighed about 25 per
cent heavier than those sustained
on commercial feed, and the
abalone shells were a more vibrant

2.

Dr Chiradip Chatterjee, senior
lecturer at the polytechnic’s
School of Applied Science, and his
team developed the food pellets us-
ing a technology thar included pre-
treating the okara under high tem-
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More firms reducing, recycling
food discards ahead of new law

They are also [orming tie-ups to fight rising
cost of farming and importing raw materials

Sophia-Ines Klein

Efforts to rec (Iun food waste have
picked up pace among food pro
Agapore. dhiven by the
n-m“m of firming and import
ing raw materials, and an upcom-
ing new

Some companies are forming

-products
S discards, expanding thei
cling capacities. Others are in-
vesting in

raw materials es:
al food production without pro-
ducing more by-products that are

A cireular food production
process ensures that
by-products or food waste
generated are repurposed.
With 40 million tonnes of
spent grains produced by
breweries every year,
equivalent to 80,000
Olympic-size swimming
pools and 20 million slices
of bread discarded daily

thrown away

Take artisanal bakery Baker &
Cook and Brewerkz brewery. Said
twhe Singapore’s first fully circular
food i th firms have partnered
t© make use of each other's food
surplus and Ivv products.

Specifically, Baker & Cook bs
its NEWGrain+ Sourdough
Brewerkzs spent grains, wl

Brewerkz brews its_Earthbrew
Sourdough Pale Ale with t
s sourdou
make circular food produc-

on ek, prtes have o tone
gether — it is impossible (o do it
alone” said Mr Tan Wee Tuck,
owner and managing director of
Brewerkz

Mr Dean Brettschneider, founder
of Baker & Cook, said the firm in-
vests i research and development
to ensure that the flavour and tex-
ture of its bread keep to a high
standard _despite _incorporating
spent grains i its doug]

Acircular food production proc-
ess ensures that by-products or
food waste generated are repur-

posed.

With 40 million tonnes of spent
grains produced by breweries ev-
ery year, equivalent to 50000
Olympic-size swimming pools and

shopping malls and other compa-
nies involved in food processing
segregate their food waste for
treament and recycling from

The new legislation under the
Renaeccs Susmiablly, At pes

the National Environment A

aims to reduce the amount of food

ertiliser, mon-potable water o
blogas for energy gene el
s legilation. compl
30 by 30" gou,which
outlines plans to have Singapore
produce 30 per cent of its nutri-
tional needs locally by 2030.

In Singapore, 813,000 tonnes of
edible food was wasted in 2022
with just I8 per cent being recy-
cled. This includes leftovers from
hotel buFfets, restaurants and in-
dustry manufacturers, s well 35
food left past

PHD student Tram Anh Ngoc Le and Professor William Chen, director of the Food

logical University (NTU) have also
contributed to the anti-food waste
movement by developing a new
way to produce lacticacid - crucial
inthe production of packagingma-
terials, cosmeties and foods suchas
kimchi, yogurt and bread - by fer-
menting jackiuit seeds.

ling
st wiS e dit

carded avoids the traditionally
used corn and potato starch - in-
gredients that ean instead be used
to meet food supply demands. In
2022, 15 million tonnes of lactic
acid ‘were manufactured  world-
wide,
Using a method developed by
Professor William Chen, director
ofthe Food Sclence ardl Technol
ogy Program U, and Ph
student mm mm Ngoe e

acid, while the equivalent amount
of potato starch produces just

. The researchers are seeking
to work with food and beverage

Globally, a third of food pro-
duced i discarded, with food

greenhouse gas emissions, accord-
ing to the World Wildlife Fund.
France-based food caterer So-

Scionce and Technology Programme at Nanyang Technological University, dex is one trailblazer in address-

produce lactic acid, which s crucial in the production of packaging materials,
as kimehi, PHOTO:NTU

Lol baed bloach cosipasy
Ento Industries is doubling the size
of its facilties to 10,000 sq ft, to in-
erease food waste intake by three
e

worked it Ioca oo
producers and farms such as res-
taurants, food manufacturers and
central kitchens, such as F&N

Mr Nathaniel Phua, Ento’s foun-
der and chief exccutive, said the
traditic

food alternative.

tice of “use and discard” is broken  Christopher Leow, CEO and co-

and camno keep
population growth

p with global founder of KPS,

ing this global issue.
Sodexo started addressing -
food waste problem in 2018
racking hws e food e iseard
in Singapore.
With this information, chefs

“Ihe circular approach is the ho-  then seek ways to reintroduce ed-
al linear economy prac- Iy grail of food production,"said Mr  ible food waste into new recipes.

These include reusing vegetable
els to make stock, or carrot peels

‘With economies of scale, reusing {0 add natural colour to food.
y, local start-up Future food discards and by-products will
Solutions (kPS) uses in- _become more financially sustaina- _ed producing 2,700 tonnes of car-

In Singapore, Sodexo has avoid-
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Novel Foods
And Alternative
Proteins For

A Sustainable
Urban Food
System

With the world's population projectad to reach

€ bilion In 2050, food security IS becoming

an Increasingly Impartant giobal Issue, The
Increase In population, ever-changing consumer
taste, climate change, water scarcity and
COVID-19 pandemic make meeting the potential
60% increase In demand for food even more
challenging.

Professor William Chen,
The Michael Fam Chair Professor

Director, NTU Food Science and Technology
Co-Director, Future Ready Food Safety Hub@NTU
Director, Singapore Agri-food Innavation Lab
Nanyang Technological University (NTU)
Singapors

Climate change, COVID-19
pandemic and food security

he demand for food by the growing
population would have a direct

mpact on the environment at

vels. The increase in production
d from traditional farming would

be transl station, higher
water usage, higher energy consumption
in storage and transportation, thus
contributing to global warming. The
increase in global warming would in turn
affect the prod yield of

from the ficld to the consumer. The points

of impact include the restricted movement

of workers, changes in consumer ds
closure of food production facilities,
financial
nd a

restricted food trade policies

pressures in the food supply chain
serious threat for public health. The overall

impact has been scen across the entire food
value chain (i.c. from food production to
processing to distribution to consumer
demand).

This interlinkage demands an

farming and with the extreme weather
condition, even genctically modifi
(GM) crops would not be able to cope.
agricultural countries in Southeast
with large coastal farming areas, traditional
farming land may well disappear when
global sea levels rise as predicted in the
recent intergovernmental panel on climate
change (IPCC) report. Over time, the
intensified demand in production yield and
increased use of chemicals in farming would
lead to the deterioration of soil condition
and poorer nutritional quality of erops.
The added burden on traditional
farming practices to feed the growing
population would nat be sustainable. It has
been estimated that to feed 9 billion people

d approach in dealing with food,
public health and climate change to harness
synergies and minimize trade-offs between
food production, public health and climate
mitigation.

Urban farming and efficient
food system

With the increasing trend in urbanisation
around the world, urban farming
would provide a sustainable solution to
complement traditional farming. Urban
farming is resilient to climate change and
other environmental hazards. It is also
closer to consumers hence when compared
with food produce from traditional farming,
food loss would be lower and the nutritional
value and freshness of food would be higher.




Food Safety Considerations for Urban RS

BUILDING SUSTAINABLE, RESILIENT, AND LIVEABLE CITIES OF TOMORROW

Fg?d%ir§l¥rsétc%lo‘r1ny (circular safety hazards?) R == i ==

High Yield, High Nutrition (Higher Safety)
Plant-based Proteins (allergenicity?)

Insect Farming Substrate (quality?)

Medium for Cultivated Meat (safety hazards of replacement?)

Upcycling of Processing Side-streams (mycotoxins?)

Enabling Platforms (FRESH, SAIL)

Forward Looking Strategy:




B B — URBAN SOLUTIONS
Conclusions and Future Directions A SRS
= Urban Food Systems are strong drivers of future food production s, ESan Sieet a5
* Food Circular Economy makes Urban Food Systems more efficient 2: '! Fﬁ,--ﬂl.
= Alternative foods from Urban Food Systems enhance Food Security im g
ol
* Food Safety is integral part of Urban Food Systems Eiisigiiigissiiessin Faod wataty
o 0 o A health talk by Prof William Chen, Dr Steve Wearne, Dr Vittorio
* Tech innovations improve Urban Food Systems, and make Food Safety =~ rwiomnres
assessment more progressive
(FAO) and Maastricht University
I UN report says
FO®D SAFETY ASPECTS OF lszlzegzﬁgsns?:fgl;gr .
CEL@BASED FOOD as case study
| ‘
f
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