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W/ Food and Agriculture 57\ E KU

Organization Of the KASETSART UNIVERSITY UNIVERSITY
United Nations

“The Food and Agriculture Organization (FAO) is a specialized
agency of the United Nations that leads international efforts to
defeat hunger.

Our goaliis to achieve food security for all and make sure that
people have regular access to enough high-quality food to.lead
active, healthy lives. With over 194 member states, FAO worKs in
over 130 countries worldwide. We believe that everyone can
play a part in ending hunger.”

Source: http://www.fao.org/about/en/ Photo by Lothar Dieterich v1n Pixabay
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The Fertilizer Programme is established, under the umbrella
The Census creates guidelines to generate of the Freedom from Hunger Campaign “to improve crop
internationally comparable figures on production and farmers’ incomes through the efficient use of
fertilizers." The programme soon expands its scope to
include all aspects of efficient crop production, such as
improved varieties, better soil management and weed
control as well as more efficient plant protection.

variables defining the structure of agriculture.
This Census helps countries to carry out their national
agricultural censuses using standard international

concepts, definitions and methodology. ‘
1946: A 1961:
FAO is - The special 1950: The World - FAO & UNESCO Soil 1970:
born MECEEOn Census of Agri. Map - 2nd World Food
v urgent food - Fertiliser Congress
problems Programme ) -
Q\/\{ﬁ _ 1st World Food 1954: FAO Principles of _ Ereedom from 1966: World - Indicative World
Survey surplus disposal and Hunger Campaign Land Reform Plan for Agri.
V guiding lines Conference Development
1945 1952: I1957: World | 1963
- The Second World Seed Campaign | C?dex _ "food law" and its role as a
Food Survey v Cvlmlzn;a”gs coordinating mechanism for
- International Plant . L ) orid roo developing food standards is
_ This support comes mainly in the form Congress unquestioned. The published
Protection of international, regional and national - World Food Codex is set to' protect the
Convention (IPPC) ftlrlammhg cen'ieros', iourses adnd semtl.nar.s, II:rogramme is health of consumers and
- The Desert Locust ellowships, study tours and expertise in o ensure fair practices in food
Programme breeding, seed |mprov§m§nt, .cert|f|cat|on - 3rd World Food trade.
and distribution of seeds. Survey
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In the early 1970s, a time of global food crises, the
concept of food security initially focused on ensuring FAO recommends
food availability and the price stability of basic foods, = 5 number of

Food security ich was due to the extreme volatility of

appropriate

1974: agricultural commodity prices and turbulence in the sobroaches to
_ W.orld Food | currency and energy markets at that time. asspu e orderly
Conference trade of foodstuffs
- Committee on 1979: that might have
1971. World Food i W. Id 1982: International been accidentally
‘ Security or Seed Information contaminated with
Consultative Conferenced _ ,
. System radionuclides.
Group on ’ on Agrarian
International g 210 ThO's Reform 1985: 5th Wood
Agricultural TeChmcal_ - 16 Oct : World Food Survey 1987: Food Safety
Research (CGIAR) Cooperation Food Day in International
Programme Trade
1972: UN 1977: 1984: World 1986 : Launch
Conference on - The Global Info.rmatlon Conference on of FAOSTAT
the Human and Early Warning o
: Fisheries
Environment System (GIEWS)

- 4th World Food Survey

Concentrates on strengthening its
existing programmes in a wide range of
areas that includes forest resources,
genetic resources, wildlife, waste disposal
and recycling technologies and food
contamination control.
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1988: Africa Real-
Time Environmental
Monitoring System
(ARTEMIS)



1992: World
Declaration &
Plan of Action on
Nutrition

1994: Special
Programme
for Food
Security
(SOFS)

1993: World
Agriculture :
Towards 2010

A comprehensive
study of natural and
agricultural crop
resources and
livestock production.

Suwanna Sayruamyat
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. 2014:
il(l):r?z; Cerrlrs;I:nt - Blue Growth Initiative for the o ETeART UNivERsiTy ASETSART
1999: Fisheries 8 , Seas |
Centre for Animals : The main outcomes of
1995: Agreement Register - 2nd International Conference the high-level
Emergency (FARISIS) ol L ministerial conference
Preveriith _ - Principles for Responsible are the Rome
Systamaior 2008: Climate Investment in Agriculture and Declaration on
Transboundary 2000: Strategy for Eha?ge Food Systems Nutrition and the
Animal and the Horn of Africa onierence Global Soil Partnership Framework for Action.
Plant Pests and
Diseases 2001: International 2009: 2016: UN
(EMPRES) treaty on Plant World @ B‘E’\?Efé'éﬁ'éﬁ “f.i‘ALS
- The Code of Genetic Resources Summit on
conduct.;)r for E&A Food @'
responsible Security T 12-"-'
fisheries 2002: World & 2020: Plant health

Food Summit

1998: Rotterdam

s beyond 2020

GOALS

: 2004: Guideline 2016: Port State 2019:
Convention on the TﬁliEGHT Measure Agreement - Urban Food Agenda
Prior Informed _ Un Decade of Famil
Consent Procedure TO 2015: UN Millenium Farm(ierfa 2‘3;9 23)28y
- FOOD Development Goals ) 'g e
1997: TeleFood Campaign (MDGs) Hand-inHand Initiative
1996: 2012: Voluntary Guidelines on the
- World Food Summit Responsible Governance of
- Rome Declaration on World Tenure of Land, Fisheries and
Food Security Forests
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1974 World Food Summit

Availability

* The concept of food security was defined then at the World Food Conference in 1974 as “the availability at
all times of adequate world food supplies of basic foodstuffs to sustain a steady expansion of food
consumption and to offset fluctuations in production and prices”.

1983 FAO expanded the concept

* A deeper grasp of the functioning of agricultural markets under stress conditions, and how at-risk "
populations found themselves unable to access food. Then, a revised definition of food security evolved Accessibility
to “ensuring that all people at all times have both physical and economic access to the basic food that
they need”.

1986 World Bank

* World Bank published its seminal report Poverty and Hunger. This introduced a time scale for food "
security by distinguishing between chronic food insecurity, associated with poverty, and acute, transient Stabll'ty
food insecurity, caused by natural or man-made disasters. These were reflected in a further extension of
the concept of food security to include: “access of all people at all times to enough food for an active,
healthy life”.

1996 World Food Summit:

*  “Food security, at the individual, household, national, regional and global levels [is achieved] when all
people, at all times, have physical and economic access to sufficient, safe and nutritious food to meet

. . H Q ”
Suwanna Say'.t!]?.!tdletary needs and food preferences:.fgfwanvﬁfﬁ.lxg .au[‘bdvhdeﬁ.ljb.yvl.lts.¢ulturaland Food Business https://www.fao.org/3/y4671e/y4671e06.htm#fn32 6



World Food Summit in 1996

“Food security exists when all people, at all times, have

physical and economic access to sufficient, safe and

nutritious food that meets their dietary needs and food

-
preferences for an active a anc
L. Y

Photo by . i Ry chétékpn Unslaﬁh
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The 1996 WFS
exemplified this direction
of policy by making the
primary objective of
international action on
food security halving of
the number of hungry or

undernourished people
by 2015.


https://unsplash.com/@raphaelfyi?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/collections/3502314/food-security?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

Definition of food security - KU
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2001 The State of Food Insecurity in the World

* “Food security [is] a situation that exists when all people, at all times, have
physical, social and economic access to sufficient, safe and nutritious food that

meets their dietary needs and food preferences for an active and healthy life”

Individuals and Households

https://www.fao.org/3/y4671e/y4671e06.htm#fn32
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Food Utilization

The availability of sufficient quantities of food of Utilization of food through adequate diet, clean water,
appropriate quality, supplied through domestic sanitation and health care to reach a state of nutritional
production or imports (including food aid). well-being where all physiological needs are met. This
brings out the importance of non-food inputs in food
security.
Access by individuals to adequate resources To be food secure, a population, household or individual
(entitlements) for acquiring appropriate foods for a must have access to adequate food at all times. They
nutritious diet. Entitlements are defined as the set of all should not risk losing access to food as a consequence of
commodity bundles over which a person can establish sudden shocks (e.g. an economic or climatic crisis) or
command given the legal, political, economic and social cyclical events (e.g. seasonal food insecurity). The concept
arrangements of the community in which they live of stability can therefore refer to both the availability and
(including traditional rights such as access to common access dimensions of food security.
resources).

https://www.fao.org/fileadmin/templates/faoitaly/documents/pdf/pdf_Food_Security Cocept_Note.pdf

Suwanna Sayruamyat 01119563 Economics of Food Consumption for Agricultural and Food Business 9
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AFFORDABILITY € >

OF HEALTHY DIETS

FOOD ENVIRONMENTS

: CLIMATE ECONOMIC :
SEB VARIABILITY AND SLOWDOWNS AND CONFLICT PI?“E%TJTXL‘I‘T"{(D :
‘o EXTREMES DOWNTURNS :
S BIO-PHYSICALAND TECHNOLOGY ECONOMIC AND POLITICAL AND ECONOMIC AND DEMOGRAPHIC
©° ENVIRONMENTAL AND INNOVATION MARKET DRIVERS INSTITUTIONAL SOCIOCULTURAL DRIVERS :
s DRIVERS DRIVERS DRIVERS DRIVERS :
FOOD SYSTEMS
: SYSTEMS SUPPORTING FOOD SUPPLY CONSUMER NUTRITION [
: AND :
5 FOOD PRODUCTION ~ €2 CHAINS A 4 BEHAVIOUR > HeALTH B

B P e

ceccecffacacacacacccccsananacacecdls

POLICY AND GOVERNANCE

CCODNOCOC FOOD SECURITY: AVAILABILITY - ACCESS - UTILIZATION - STABILITY - AGENCY - SUSTAINABILITY PDDOCCOCCCIDOEE

HLPE. 2020. Food security and nutrition: building a global narrative towards 2030. A report by the High Level Panel of Experts on Food Security and Nutrition of the Committee on World Food Security. Rome.
Source: FAO, IFAD, UNICEF, WFP and WHO. 2021. (P53)
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| otal population

7 794 million Source: FAO, IFAD, UNICEF, WFP and WHO. 2021. (P20)

Fhre KU

Total population KASETSART
4 641 million KASETSART UNIVERSITY UNIVERSITY
Total popqlqtion Total population FOOd I n Sec u rlty
At o 1117 million Total population o
=mn  Concentration and
2 368 = = =
1199 799 Distribution
928 471 93

NUMBER (MILLIONS) IN 2020

WORLD ASIA AFRICA NORTHERN AMERICA LATIN AMERICA
AND EUROPE AND THE CARIBBEAN
@ Total population (" Moderate or severe food insecurity @ Severe food insecurity

Food Insecurity Experience Scale (FIES)

During the last 12 months, was there a time when, because of lack of money or other resources:

You were worried

you would not have You ate only a few You ate less than you You were hungry
enough food to eat? kinds of foods? thought you should? but did not eat?
You were unable to You had to Your household You went without
eat healthy and skip a meal? ran out of food? eating for a whole day?

nutritious food?

http://www.fao.org/policy-support/tools-and-
Suwanna Sayruamyat 01119563 Economics of Food Consumption for Agricultural and Food Business publications/resources-details/en/c/1236494/



Food security policy : ag KU

Six pathWayS to address major drivers behind recent crver waray SRR
food security and nutrition trends

One or more possible pathways towards transformation of food systems:

Integrating humanitarian, development and peacebuilding policies in
conflict-affected areas

COUNTRY CONTEXT
Major drivers of food
insecurity and malnutrition: Scaling up climate resilience across food systems
= conflict Transformation of
. I food systems for
= climate variability food security,
and extremes . o
, Strengthening resilience of the most vulnerable to economic adversity improved nutrition
= economic slowdowns and access to
and downturns affordable healthy
o diets for all
= unaffordability of Intervening along the food supply chains to lower the
healthy diets cost of nutritious foods
- underlying poverty
and inequality

Tackling poverty and structural inequalities,
ensuring interventions are pro-poor and inclusive

Strengthening food environments and changing consumer behaviour to promote
dietary patterns with positive impacts on human health and the environment

Source: FAO, IFAD, UNICEF, WFP and WHO. 2021. The State of Food Security and Nutrition in the World 2021. Transforming food systems for food security, improved nutrition and affordable healthy diets for
all. Rome, FAO. https://doi.org/10.4060/cb4474en
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Steps towards food systems transformation for more affordable healthy diets

N
CONRE
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Situation analysis:
food systems performance,
food security and nutrition

situation

6 possible pathways towards
transformation

Major drivers drivers impacting on
food systems (driving recent food
security and nutrition trends)

SITUATION ANALYSIS

Source: FAOQ, IFAD, UNICEF, WFP and WHO. 2021. Th
food security, improved nutrition and affordable hea

Suwanna Sayruamyat

Ensure coherence with other

i Identify win-win
systems: agri-food, opportunities and
environmental, health, social i
protection and others
Formulate
portfolios of
policies,
investments and
legislation for
food systems
transformation
Identify actions to Identify
address drivers accelerators to
along alternative support and speed
pathways up transformative
(best practices) processes
BUILDING PORTFOLIOS

thy diets for all. Rome, FA ttps://doi.org/10. n

Scale up and re-evaluate
food systems performance
and food security and
nutrition situation

Transformation of
food systems for
food security,

improved nutrition
and access
to affordable
healthy diets

Implementation:
monitoring and
evaluation,
accountability

IMPLEMENTATION

f Food Securi yang [:utrition in the World %021 Transforming food systems for
ﬁ%’?&&% conﬁmcso Foo ‘ onsuwgnon or Eﬂ(%t crghar_}%eoodngugmess

KU

KASETSART
KASETSART UNIVERSITY UNIVERSITY

FOOD SYSTEMS TRANSFORMATION
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Key elements of a portfolio of policies and investments [SH\E KU
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--------------------------------------------------------------------------------------------------

COMBINATION OF TRANSFORMATION ~ : :
: PATHWAYS (TPs) DEPENDING ON DRIVERS : PORTFOLIO of POLICIES, : ,Nvggﬁﬁgﬂg Kgrligggi\%nems
. (supported by an in-depth : INVESTMENTS and LEGISLATION :
context-specific situation analysis ) to transform food systems with

resilience to drivers . AGRI-FOOD SYSTEMS

humanitarian-development-
TP1

.
.
.
.
.
.
.
.
.
.

peace nexus . () ENVIRONMENTAL SYSTEMS

TP2 : - HEALTH SYSTEMS
: scale up climate resilience

SOCIAL PROTECTION SYSTEMS

TP3 strengthen economic resilience
: OTHER RELEVANT SYSTEMS

seessssegeesssnsssessese se e

lower the cost of nutritious

TP4 foods along food supply chains

-------------------------------------------------

ACCELERATORS

= Governance and institutions
= Technology, data and innovation

. ) .
---------------------------------------------------------------------------------------------------

Source: FAO, IFAD, UNICEF, WFP and WHO. 2021. The State of Food Security and Nutrition in the World 2021. Transforming food systems for food security, improved nutrition and affordable healthy diets for
all. Rome, FAO. https://doi.org/10.4060/cb4474en
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The Economic Times (16.07.2020) : Pandemic, supply disruptions pose risk to food security; urgent

actions needed says World Bank led joint statement D NIRE E—

Citing World Food Programme data, the joint
statement said the number of acute food
insecure people increased to 345 million in 82
countries. "Making matters worse, around 25
countries have reacted to higher food prices
by adopting export restrictions affecting over
8 percent of global food trade,"

https://economictimes.indiatimes.com/small-
biz/trade/exports/insights/pandemic-supply-disruptions-pose-risk-
to-food-security-urgent-actions-needed-says-world-bank-led-joint-
statement/articleshow/92912679.cms?from=mdr

Suwanna Sayruamyat

KASETSART UNIVERSITY UNIVERSITY

WASHINGTON: The Covid-19 pandemic, its resultant interruption in international supply chains, the
ongoing conflict in Ukraine severely disrupting food, fuel and fertilizer markets, countries across the
world now need to strengthen safety nets, facilitate trade, boost food production, and invest in
resilient agriculture to avert any food security crisis.

COUNTRY TYPE OF FOOD PRODUCT BAN END DATE
ARGENTINA Soybean oil, soybean meal, Dec 31, 2023
ALGERIA Pasta, wheat derivatives, vegetable oil, sugar Dec 31, 2022
EGYPT Vegetable oil, maize June 12, 2022
Wheat, flour, oils, lentils, pasta, beans June 10, 2022
INDIA Wheat Dec 31, 2022
INDONESIA Palm oil, palm kernel oil Dec 31, 2022
IRAN Potatoes, eggplant, tomatoes, onion Dec 31, 2022
KAZAKHSTAN Wheat, wheat flour June 15, 2022
KOSOVO Wheat, corn, flour, vegetable oil, salt, sugar, Dec 31, 2022
TURKEY Beef, mutton, goat meat, butter, cooking oils Dec 31, 2022
UKRAINE Wheat, oats, millet, sugar Dec 31, 2022
RUSSIA Sugar, sunflower seeds Aug 31, 2022
Wheat, meslin, rye, barley, maize June 30, 2022
SERBIA Wheat, corn, flour, oil Dec 31, 2022
TUNISIA Fruits, vegetables Dec 31, 2022
KUWAIT Chicken meat products, grains, vegetable oils Dec 31, 2022

https://www.cnbc.com/2022/05/18/countries-banning-food-exports-amid-rising-prices-inflation.html|

01119563 Economics of Food Consumption for Agricultural and Food Business 15
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AGRICULTURAL AND
D RESOURCE ECONOMICS

KASETSART UNIVERSITY

Food loss and
food waste

1
( Suwanna Sayruamyat
Department of Agricultural and Resource Economics
Faculty of Economics, Kasetsart University
-
/ Email: suwanna.s@ku.th FB: Suwanna Sayruamyat

’ Website: www.eatecon.com FB Page: EatEcon
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1. There is enough food produced in the world to feed everyone. https://www.worldhunger.org/world-hunger-and-

poverty-facts-and-statistics/

2. One third of all food produced is lost or wasted —around 1.3 billion tonnes of food — FAO Save Food Global Food Waste and Loss Initiative
costing the global economy close to $940 billion each year.

3. Up to 10% of global greenhouse gases comes from food that is produced, but not eaten.  United Nations Environment Program (UNEP) (2021).
Food Waste Index Report 2021.

4. Wasting food is worse than total emissions from flying (1.9%), plastic production (3.8%)  WRI: World GHG Emissions

and oil extraction (3.8%). 2016 & https://www.nature.com/articles/s41558-
019-0459-z

5. If food waste was a country, it would be the third biggest emitter of greenhouse gases FAO Food Wastage Footprint Report 2013

after USA and China.

6. Food rotting in landfill releases methane — 28x stronger than carbon dioxide. IPCC Special Report on Climate Change and Land

7. If one quarter of the food currently lost or wasted could be saved, it would be enough to  FAO The State of Food Insecurity in the World 2015
feed 870 million hungry people.

8. Almost half of all fruit and vegetables produced are wasted (that’s 3.7 trillion apples). FAO Infographic — Global Initiative on Food Loss and
Waste Reduction

Suwanna Sayruamyat 01119563 Economics of Food Consumption for Agricultural and Food Business 17
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FIAL (2021) -National Food Waste Strategy Feasibility Study report that

1. Australia waste 7.6 million tonnes of food each year, 70% of this is perfectly
edible and food waste cost the economy $36.6 billion a year.

2. Majority of food waste in Australia comes from our homes (2.5 million
tonnes)

3. Food waste costs households $2,000 - $2,500 per year.

4. More than 25 million hectares of land is wasted to grow food that is not
eaten.

5. The top five most wasted foods in Australia are vegetables, bread, fruit, *  https://www.ozharvest.org/food-waste-facts/
https://www.fial.com.au/sharing-knowledge/food-waste
bagged salad, and leftovers.

6. 1in 6 Australian’s experienced food insecurity in the last year and 1.2
million were children.

7. Demand for food relief is higher than ever. OzHarvest has experienced a
46% increase in new charities needing food since March 2020.

8. 1in 3 people who are food insecure have never experienced food insecurity
before and 64% of people who are seeking food relief are employed.

Suwanna Sayruamyat 01119563 Economics of Food Consumption for Agricultural and Food Business 18
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End poverty and hunger

in all forms and ensure

dignity and equality
SOCIAL
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1
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PARTNERSHIP il

Protect our planet’s

Ensure prosperous

| .
Wl Sustainable ROSPERITY G
Development /51 3]

future generations

ENVIRONMENTAL 7 i ECONOMIC
@ O ﬁ/
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PA RTNERSHIP
Implement the agenda PEACE

through a solid global ~ Foster peaceful, just and
partnership inclusive societies

http://www.teachsdgs.org/resources.html

. Photo courtesy of United Nations System Staff College
https://twitter.com/unep/status/639574897501577217

https://blog.entrepreneurship.asu.edu/2021/04/20/engaging-middle-schoolers-with-sustainable-development-goals/
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12amra, | ENSURE SUSTAINABLE CONSUMPTION
QO | AND PRODUCTION PATTERNS

BEFORE COVID-19

THE WORLD CONTINUES TO
USE NATURAL RESOURCES

— UNSUSTAINABLY

1k

GL[IBAI. MATERIAL BL[IBM MATERIAL
FOOTPRINT FOOTPRINT
73.2 BILLION TONS —— 85.9 BILLION TONS

g ELECTRONIC
WASTE
— GREW BY

l 38%

(& A tess o
=] 20%

IS RECYCLED

[2010-2019)

COVID-19 IMPLICATIONS

THE PANDEMIC OFFERS AN OPPORTUNITY TO

RISING
THAT BUILD A MORE SUSTAINABLE FUTURE ARE CONTRIBUTING TO
THE CLIMATE CRISIS
—— | 79 counTRiES AND THE
* EUROPEAN UNION REPORTED BfITI%N B?EI?IEN
&2 | rieastone pouicy 1o
PROMOTE SUSTAINABLE il i
CONSUMPTION AND PRODUCTION
AAG )
Y g @ %@aﬁ
HARVESTING  TRANSPORT  STORAGE  PROCESSING 13.8%

OF FOOD IS LOST IN SUPPLY CHAINS [2016)
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COUNTRIES AND MORE THAN

IS RAPIDLY GROWING,  [RERI

OUTPACING POPULATIONAND ™" e TEREC A

IIIIIIIIIIIIIIIII

ECONOMIC GROWTH /\ NEARLY 100
COUNTRIES ARE
ACTIVELY

METRE ADOPTING

TOKS

POLICIES AND
ESTRATE DEVELOPED COUNTRIES MEASURES

......................................... Iu PH“““TE

USE ONE FIFTH e

or NATURAL RESOURCES PRODUCTION
TO PRODUCE THE SAME AMOUNT S @

1890 2000 2017 2060 OF ECONOMIC DUTPUT AS .l
DEVELOPING COUNTRIES
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1 2 OO 84127 11.6%
Publications Compound Annual
in period Growth Rate in the period

Responsible 61.7%  2.0%
consum pt ion Publications from Academic corporate
an d p rodu ct ion high-income locations collaboration

2015-2019 0.2% 1.36

Output, Impact, Collaboration

Publications from Field-Weighted Number of
low-income locations Citation Impact publications
Research supporting SDG12 has grown since 2015, = 10000+
with a compound annual growth rate of 11.6% 24 2 0/ What is FWCI? = 3000109999
compared to nearly 3.5% for research in all fields. 0 Fiold-weightad citation impact is = 1000102999
. . e . an indicator of schelarly impact bazed >
China produces the most research supporting Pu'bllcaﬂor_'ls with  enth e b l;:Hmms th i = 500 1o 999 >
SDB12, followed by the US, United Kingdom, India international o obes T knboalas (e bapact e B 10010459
and ltaly. Seven of the 10 most prolific locations collaboration abowa the normalised average ® Fowar than 100
are high income locations [accounting for more
than 37,400 publications]; twao are upper-middle
incomne locations [China and Brazill and one
i a lower-middle incoma lacation {Indial.
No low income locations featured in the top 50. Key the iR 5 :;P 1:l|i°°:|“°"’ Top 10 locations by RAI Volume I°f P;l;g:lzthﬂ’
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Percentage of food loss by region, 2016 (TARE KU
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Sub-indicator 12.3.1.a - Food Loss Index from post-harvest to distribution, 2016
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Large quantity Below criteria/satisfaction Poor quality

Poor gualityhttp://www.tei.or.th/en/blog_detail.php?blog id=72
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qualityhttp://www.tei.or.th/en/blog_detail.php?blog_id=72

Food and drink material hierarchy Most preferable option

Prevention

* Waste of raw materials, ingredients
and product arising is reduced -
measured in overall reduction in waste.

e Redistribution to people.

v
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o
<
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e Sentto animal feed

e Waste sent to anaerobic digestion; or

e Waste composted

Recovery
¢ Incineration of waste
with energy recovery.

Disposal

e Waste incinerated without
energy recovery.

o Waste sent to landfill.

* Waste ingredient/product
going to sewer.

Least preferable option
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Bio-Economy
Product, Fuel and Energy Market

Biobased Products
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Fig. 5.1 Fossil sources of industrial organic chemicals [1].
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Fig. 2.2 Life cycle overview of biobased products [9].
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Building blocks
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chemical

Intermediates

Products / uses

Fig. 1.8 Model of a biobased product flow-chart for biomass feedstock [3%]:

Suwanna Sayruamyat

> Ether Fuel additives
Carbohydrates > Methanol .
Solvents Industrial
4 Starch SynGas —»|  Ethanol Olefins Green solvents Transportation
Chemical .
I Sugar Glycerol Diacids, Esters ntarmadiates Textiles
hiemiceliuios - Glucose e Lactic acid Dilactid
- Fructose EITIU|SIerI’S Safe FOOd
- Xylose Pl'opi_onic Acrylate
Cellulose = <X acid \ Environment
— 1,3-PDO
_— Levulinic Polyacrylate -
<l acid Communicatio
Liqnin Lignin Furane
gn N Furfural :
Housing
— : Lipids/Oi E Lysine . Caprolactam Recreation
Lipids, Qil _ \‘1 Nylons
N Aro- Gallic acid Carnitine Health a.
- matics Polyurethanes
Protein Protein Phenolics Resins

direct
Polymers

q Polysaccharides

KASETSART

RsiTY UNIVERSITY

Source: Kamm, Gruber and Kamm. 2006. Biorefineries - Industrial Processes and Products :

01119563 Economics of Food Consumption for Agricultural and Food Business

s Quo and Future Directions Volume 1. Weinheim: Wiley-VCH

32



Cultivation —

Harvest, Storage, mechanical Pre-Treatment

v v v
Corn Grain Straw ( Stalks, Nodes) Foliage, Chalff etc.
v v v
Steep Tank Straw Chipping ——» Straw Meal
\ 2 I L4 A 2 )
Corn Steep Liquor Degermination Cellulose and — Feed,
; [ . Paper — Fuels,
Industry — Chemical Industry
Endosperm Germ + Hydrolyzate
v v [ Sugar, Levulinic Acid ]
Grind and Wash Expel and Extract * Fermentation Products
| |
v 4 v v
Hull Centrifuge Edible Qil Germ Meal (Feed)
(animal feed, chemicals) J
v v Fatty Acids Dextrose
Gluten Meal Starch (Industry)
(amino acids) | *
A Fermentation Products
S » Corn Starch * Ethanol
v (Industry & Cosmetics, Food) « Organic Acids,

Industry, Pharmacia, Food

Dextrins (Industry)

* Biochemicals

Fig. 1.15 Products from a whole-crop wet mill-based biorefinery.
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Sugar cane agro-industry in Brazil 57\[ KU
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Source: Kamm, Gruber and Kamm. 2006. Biorefineries - Industrial Processes and Products :
Status Quo and Future Directions Volume 1. Weinheim: Wiley-VCH
Fig. 10.1 Sugar cane processing to sucrose, ethanol, by-products, and new products.
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Tackling Thailand's food-waste crisis 57\ E KU
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Fig. Shoppers select fresh produce at a supermarket. (Photo by Patipat Janthong)

Source: https://www.bangkokpost.com/opinion/opinion/1778159/tackling-thailands-food-waste-crisis
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