
Food Health
Natural, Environmental

& Political Challenges

Present day challenges

http://rds.yahoo.com/_ylt=A9gnMiC.xmJF42IAsPmJzbkF;_ylu=X3oDMTBkYzBxNmRrBHBvcwMyNgRzZWMDc3I-/SIG=1fd9758ru/EXP=1164187710/**http://images.search.yahoo.com/search/images/view?back=http://images.search.yahoo.com/search/images?p=Rice+Field&ei=UTF-8&fr=yfp-t-501&b=21&w=532&h=800&imgurl=i1.trekearth.com/photos/6007/rice_field.jpg&rurl=http://www.trekearth.com/gallery/photo88930.htm&size=147.4kB&name=rice_field.jpg&p=Rice+Field&type=jpeg&no=26&tt=20,741&oid=7b6ada580b6f7846&ei=UTF-8


Land & population
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RUNNING OUT OF USEFULL GENES

Species population indices from 1970 to 2000 for forest, marine, and freshwater ecosystems, as 
included in the 2002 WWF Living Planet Index



Biotech can provide some answers

Biotech uses scientific and technological innovation to: 

ωcapture the latent value in biological processes and 
renewable bioresources

ωutilise these resources, processes and eco-industrial 
clusters to produce sustainable bioproducts, jobs and 
income

ωreduce dependence on imports, fossil-based energy and 
industrial feedstocks 



Biotech in Industry
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UNIDO core services

ÅAgro-industries

ÅCleaner industrial production

ÅEnergy

ÅSME development

ÅTrade facilitation
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White Biotech: Product Streams



White Biotech

ÅEfficiency

ÅLess energy

ÅEnvironmental footprint



The bio-based economy

ñEncapsulates the vision of a future society no longer wholly 

dependent on fossil fuels for energy & industrial materialsò 

Bio- vs. hydrocarbon-based 
economies

Exploitable sources

Greater compositional variety Energy crops

Greater range of technologies 
to add value

Food and feed grains; 
Forestry; Algae

Greater geographical 
distribution of raw materials 
and refineries

Crop and forestry residues



1920 2000 Forecast (2030)

30%

1%

33%

Fossile feedstock (coal, petroleum)
Bio-based feedstock (algae, plants, etc.)



Generating economic value from 
biodiversity

Linking conservation with income generation



Supporting services
Soil formation, nutrient cycling, primary production.

Provisioning services

Food, medicine, fuel, construction, 
clothing, etc.

Regulating services

Climate moderation, disease 
regulation, flood regulation

Cultural services

Spiritual, recreational, aesthetic, 
inspirational, educational

PLANT BIODIVERSITY AS AN ECOSYSTEM SERVICE

Millennium Ecosystem 

Assessment (MEA)



.

SOCIAL, ECONOMIC AND FINANCIAL 

RELEVANCE:
the valuing of biodiversity

Economic value of 

Ecosystem Services is 

$30-40 trillion per annum

TEEB I (2008)

$2 trillion reDevelopment;  revitalising 

economies; rebuilding communities; 

restoring structures; replenishing natural 

resources and degraded lands



Economic Value-Addition to 

Biodiversity through Biotech

Technological complexity
Cost of investment



Biodiversity conservation: the virtuous 

circle



Benefits beyond conservation

ÅTechnology transfer through partnerships (public & 

private)

ÅSME development & job creation through product 

development, marketing & distribution

ÅIncome generation though licensing agreements, 

royalties, etc.

ÅUpgrading of institutional capacities (regulatory 

oversight, management of intellectual assets, etc.)



Technologies



Technology: Bioinformatics & 

Biotechnology





Meta-analyses of abiotic stress-related transcriptome data identified new genes

that improve yield during drought stress

Technology: Enhanced candidate gene 

identification



Technology: Systems biology can facilitate 

the transition from traditional to modern 

medicine

The role of Systems Biology

Å Systems Biology studies the 

interactions of different 

components within an 

organism to elucidate relevant 

physiological functions and 

behavior. 

Å It may help decipher

V How a herbal mixture may display 

diverse activities by interacting with 

more than one molecular target, or

V How multiple active ingredients in a 

botanical preparation might act 

together synergistically

Modern 
medicine

Systems 
biology

Traditional 
knowledge

Science & 
Technology



Technology: Metabolic engineering

Rischer et al., PNAS (2006)

ω Catharanthus roseus produces 

vinblastine & vincristine

ω Use: Hodgkin's disease, acute 

leukemia, breast cancer

ω Content in plants: In leaves ~ 

0.0003 %  (500 kg plant material 

is needed to obtain 1 g 

vincristine)

ω Price: ~13 000 ú/ g
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Technology adoption potential depends on 
level of development

ÅAdvanced developing countries: 
Innovation potential: /ǳōŀ ŘŜǾŜƭƻǇŜŘ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ŀƴŘ 
only meningitis B vaccine, South Africa a maize streak virus 
resistant corn variety

ÅDeveloping countries:
Adaptation of imported technology: Imported genetic stock 
to improve domestic crops (e.g. Papaya, oil palms and other 
crops), licensed technology to develop vaccines

ÅLeast developing countries: 
Import of embodied technology: Rely on imports of 
pharmaceuticals, agricultural seeds, etc.



IIBN 

Which way to go?



Biotech Adoption Considerations 
for Industry

1. Technical / cost improvement potential of industrial 
biotechnology options

2. Adoption implications: need to change entire production lines 
or only distinct steps?

3. Technical maturity of biotech solutions

4. Genetic modification involved: issue of public acceptance

5. Life Cycle assessment

Adaptedfrom: Alan T. Bull, Biotechnologyfor Industrial Sustainability. KoreanJ ChemEng 18(2) 137-148 (2001)



What are requirements for 
investment in biochemical assets?

1. Further feedstock price differential needed for sustainable 
cost advantage

2. Location match of bio-feedstock supply markets and 
distribution markets necessary

3. Strategic priorities need to be competitive with China and the 
Middle East

4. Large network site investments need to be captured

5. Uncertainty about cellulose converting technology needs to 
resolve

Source: Dr. Rainer Brosch, TheBoston ConsultingGroup (Dec2007)



Available options

Large-scale 
biomass 

processing

Small-scale high-
added value 

niche markets

ÅBiofuels, chemical 

feedstock, 

forestry and food 

crops

ÅFine chemicals; 

herbal medicine; 

nutriceuticals



Promising areas of biotech 

commercialisation

Pros Cons

V Chemical feedstock from agro-industrial 
residues

V Biofuel for rural or local industrial use

V Botanicals and nutriceuticals

Rationale:

Å Using technologies/products which do not 

require stringent regulatory scrutiny

Å Adapting technologies available in the 

public domain

Å Using technology solutions which no not 

interfere with food security concerns (waste 

material)

Å Instead on final products, focus on high-

added value product components, 

commercialisation via partnerships



NICHE APPLICATIONS

The potential



New markets for neglected crops: 

the example of Quinoa

ωHighly drought tolerant;

ωHealth-conscious market emerging;

ωDoctors recommend diet switch to 

Quinoa in cases of IBS;

ωI in 5 Americans have IBS;

ωPossible > $billion market if quality 

seed were available;

ωGreat investment opportunity!



Cacao-medical food?

Theobroma
cacao

Am J Clin Nutr, 88, 58-63 (2008)

Nature, 424 (28 aug.), 1013, 
(2003)


