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Chemicals are everywhere 
and vital for a growing 

population seeking higher 
living standards 



Benefits of the Chemical Industry 
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But chemicals are unpopular with 

the public and government pressure  

through legislation is growing 

- especially in the EU…… 
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Pressures on Chemicals across the Lifecycle 
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Background to Green Chemistry 
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We need Green Chemistry 
to make safe products using 

cleaner manufacturing  
based  on renewable 

resources 
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Making your raw material  

more sustainable 

The chemical industry is too dependent on traditional 

virgin sources of raw materials - sources that 

are becoming scarce, expensive and unreliable, and often  

from regions with uncertain social and political conditions 
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Resource demands of chemical manufacturing 

Chemical industry 
needs numerous raw  

materials (P, Zn, Sb,In, As..) 
which are becoming rare 

Pre-
manufacturing Manufacturing End of Life Product 

Use 
Product 
Delivery 

10% of oil used 
as raw material 

for making chemicals 

10% of oil for 
chemical manufacturing 

Disposal of chemicals 
can use resources 

and cause environmental 
harm 

Chemical use 
may have high 
energy costs 

and CO2 production 
High resource demands 
for disposal of waste 

Long global supply  
chains add to  
chemical environmental 
footprints 

Chemical 
Manufacturing 
produces 4%  
of global CO2 
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Elemental unsustainability 

…and this is not up-to-date…… 
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We turn carbon and other elements  

from a resource to a product  

and then to a waste…. 

 

We have to remove waste from  

our elemental cycles……. 

and move towards closed-loop manufacturing 



www.greenchemistry.net 

What do we do with our waste? 

We treat our waste….like  a waste….what a waste!!! 
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Waste is tomorrows resource 

We need to encourage the greater use of 

 chemically rich waste as a resource 
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A world of possibilities… 

Palm oil waste 
15.8 Mt/y 

Unripe coconut 
husks 5 Mt/y 

Cassava starch 
228 Mt/y 

30 Mt/y of  
Agro-residues 
382 t/y coffee 

husks 

1 Mt/y of  
food waste 

Agro-residues 
46 Mt/y 

Spent coffee 
grounds 3 Mt/y 

Orange peels 
12 Mt/y 

Food supply chain waste: 
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Food supply 
chain residues 

sugars 
phenols 

collagen 

starch 

natural dyes 

chitosan 

cellulose 

pectin 

hemicellulose 
waxes 

films 
bio-adhesives 

hydrogels 

natural chelants 

bio-solvents 

chemical 
monomers 

nanocomposites 
bio-surfactants 

PVC replacements 

Chemicals from food waste 

Liquid fuels 

cosmetic waxes 

solid fuels 

hydrophobes 

lignin 

Benign extraction 
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Sustainable sources  

of 

Carbon 

Over 90% of organic chemicals are based on petroleum feedstocks 

- this is not sustainable 
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Petroleum 
feedstock 

Fuels 

Solvent 

Bulk chemicals 

Plastics 

Fibres 

Fine chemicals 

Oils 

Petroleum Refinery 
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Fuels 

Solvent 

Bulk chemicals 

Plastics 

Fibres 

Fine chemicals 

Oils 

Bio-refinery 

Biomass 

Don’t use food quality feedstocks!! 
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Renewable Resources & Biorefineries  
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• Research 

• Industry collaboration  

• Education, including 

development of  teaching and 

promotional materials 

• Networking with all chemical 

stakeholders 

Activity Areas
 

The Centre’s Activities can be groups into 4 areas: 

Green Chemistry at York 
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Microwave 

Processing 

Clean Synthesis 
&  

Platform 
Molecules 

Natural Solvents 
&  

Biolubricants 

Training, 

Education 

and 

Networks 
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Plant waxes (surface chemicals) 

      Sterols/ Steryl esters 
OH

O

O

Esters 

Resin acids 

OH

O

 Fatty acids 

Glycerides 

O
O

O

O

O
O

COOH

Agro residues/wastes……. 

 

They need to be extracted using green solvents… 



Surface Area < 1 m2g-1 
Pore Volume < 0.002 cm3g-1 

Food waste…. 
  Porous polysaccharide-derived materials 

Native Starch Expanded Starch 

10 µm 
2 µm 

Surface Area > 180 m2g-1 
Pore Volume > 0.5 cm3g-1 
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        STARBONS
® 

An exciting new class of carbonaceous materials 

 Adjustable surface 
energies and polarities 

 High mesoporocity and 
surface areas  

 Readily functionalisable 
with acid/base/metal 
functionality 

 Excellent solvent stability  
 Good chemical and heat 

resistance 
 Controllable electrical 

conductivity 
 Formation of composites  

and blends 
 Particulate/ monolithic 

forms 

Properties 

 Separation media  
 Catalysis  
 Absorbency 
 Water purification 
 Fuel cells 

Applications 

0.07 g/cm3 

200C-0.12g/cm3 
550C - 0.29 g/cm3 
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Making your process 

greener 

Chemical manufacturing is largely based on chemistry that  

is complex, energy- , solvent-, and water-intensive and produces  

a lot of CO2 and considerably more  

(often hazardous) waste than product 
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    STARBON
® 

ACIDS as catalysts 

 direct downstream chemistry on fermentation broths
 

R-COOH R-COOCH2-CH3
EtOH

R-OH

HAc

R-OAc

Starbon 
  Acid® 

R

CH2Cl

R

A 
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S 

ESTERIFICATIONS 

A 

L 
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S 

RCO2H  RCONH2 

AMIDATIONS 
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Major platform molecules via fermentation 
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A very wide range of useful products 

  Clean 

Synthesis 

methods 
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29 
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Starbons- a new generation of water-tolerant 

catalysts 

-Acid catalysis directly on fermentation broths 

Esterification of 
succinic acid.   
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Starbon® is sustainable, reusable and environmentally benign. 

Visit us at the CIA Stand at ChemSpec 
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    Inorganic 
Petroleum                                          Biomass 

Conventional 
+ 

Neoteric 
(e.g. Ionic 
Liquids) 

‘Natural’ solvents 

CO2 + Water 

Ethanol 
Ethyl acetate 
Ethyl lactate 

2-MeTHF 
limonene 

Solvents 

Greener Solvents 
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D-Limonene          p-Cymene 

scCO2 extraction      O2 + Pd-γ-Al2O3 

Orange peel        Eucalyptus oil 

Amidation and Esterification in Bio-Solvents 

100 °C R

O

OH

Ph NH2

R

O

N
H

Ph

R = 4-Phenylbutyl

50 °C 

Pr

O

O

O

Pr

OHBu
Pr

O

O
Bu

R = 4-Phenylpropyl 



www.greenchemistry.net 

Solvent Polarity Map (Aprotic) 
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Sustainable Solvent Polarity Map (Aprotic) 

1 2 

9 8 

4 

7 

5 6 
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EtOAc 

2-MeTHF 

p-Cymene 

Glutamic 
acid 

derivatives 

Limonene 

Acetone 

NEt3 ? 

Bio-nitro ? 

New from the GCCE: 

Sustainable Solvents Selection Service- S4 
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Microwave activation of biomass 

development of an alternative method of 

decomposing biomass 
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Solid char 
35 % of total mass 

58% of total energy

Biomass 

Microwave Processing  

Aqueous fraction 
31% of total mass  

5% of total energy 

Market: 
Bio-alcohol 

Transport fuel 

Gas fraction 
14% of total energy 

Market: 
PowerStation 

Co-firing 

Power generation 
10% of total energy 

Microwave Biorefinery Flow Chart 

Sugars and Bio-oil 
22 % of total mass 

23% of total energy

Market: 
Chemicals 
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Making your product 

greener 

Social, environmental, legislative, supply chain and worldwide political  

pressures make the introduction of greener products  imperative  
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Eco-waxes 

Charles Jackson Farms - Botanix - Croda - L’Oreal - Processum 

 

Wheat straw ScCO2 extraction Wax products 

Cosmetic Products 

Health Products 

Semiochemicals 

(Rothamsted) 

“Natural” products are very desirable…they need to be: 

- derived from natural resources 

 - extracted using “natural” solvents (H2O, EtOH, CO2) 

- modified only be “natural” methods (biocatalysis) 

Using plant extracts…. 
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Green Office 

  Velcourt-Bical-BCC-PQ-B&Q-Compak 
Bio-based composite materials for structural and furniture applications  
 

and for the residues……… 

 Overall good metrics for sustainability, greener products,  

waste avoidance and low environmental impact manufacturing 
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Recyclable 

York-Interface-Itac-Contract Chemicals  

Fire-resistant switchable adhesives for carpet tiles…and more… 

and waste starches……. 
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One type of  future biorefinery 

based on single large volume feedstock 

and using green chemical technologies  

to make a range of products 
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Integrated wheatstraw biorefinery 
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A new OPEC-  

Orange Peel Exploitation Company  

50% juice 50% waste 

Valorisation of a million ton scale pre-consumer waste  
to bio-chemicals, bio-materials and bio-fuels. 

BIO-CHEMICALS 
 

100 million MT oranges  

(Brazil, USA, China, India, 

Africa, Mexico, Spain….) 

BIO-FUELS 
 

BIO-MATERIALS 
 

bio-ethanol 

Bio-solvents 

chars 

liquid fuels sugars 

water purification separations 

Natural fragrance chemicals 

Chemical intermediates 

acid catalysts 

catalysis 
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8,069,705 T/y 

 of waste 
orange peels 
available  in 

Brazil for 
example 

Chemicals & 
solvents 

Waxes, alkanes, 
surface 

hydrophobes, 
insect repellant 

Personal care 
product 

additives 

Flavours & 
fragrances 

Bio d-limonene 

Bio-plastics  

(i.e. PET) 

Bio p-cymene 

Bio p-cymene 
sulphonic acid: 

organic acid 
catalyst 

Bio p-cresol & bio-
acetone: 

commodity 
chemicals 

Sugars 

Bio-ethanol 

Other platform 
molecules  i.e. HMF 

Pectin 

Pectin thickening 
agent in food 

products 

Mesoporous carbonaceous 
material for catalysis, metal 
support, water purification 

and separation 

OH OH
O

SO3H

Bio α-terpineol 

p-α-dimethyl 
styrene 

Juicing  
process 

Oranges 

Orange 
juice 

Cellulose 
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Biorefinery 
R&D Centres 

  Green Chemistry Centre 
Ideas 

Commercial 
Products 

Laboratory & 

Desk-top 

Studies 
Training for 

industry 

partners 

 Proving routes 

& technologies 

Scale-up & 

Application 

Studies 

Environmental 

Impact 

Assessments 

Speculative  
Research 

Discovery 

Focussed 
Research 

Industrial 
Collaboration 

Applied 
Research 

Green Chemistry at York: from research bench to semi-scale 
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A collaboration between the Green Chemistry Centre 

CNAP, FERA and Science City York 

www.biorenewables.org 
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Facilities 

• A range of pre-treatment equipment including a granulator, hammer mill, pelletizer and 

macerator all scaled to handle up to 100kg batches of biomass. 

• A 30kg/h continuous flow, low temperature, microwave pyrolysis system. 

• A 10 litre sub- and super-critical CO2 extraction and fractionation capability. 

• A 100 litre high pressure and temperature fibre explosion system. 

• A microbiological suite including fermentation capacity up to 42 litres. 
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• Biorenewables Feedstock Development Unit will 

source, evaluate and develop plants, algae and fungi as 

production systems for high value chemicals and 

materials.  

• Biorenewables Process Development Unit will allow 

pre-treatment, extraction, processing and separation of 

biorenewable feedstocks on an industrial scale. 

• Biorenewables Business Development Unit will engage 

with relevant industrial organisations to identify 

business opportunities and help companies develop 

new economically viable products and processes. 

 
 Official launch by UK Government Minister 

           July 5, York 
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NORSC 

Combining the expertise of the  

leading Northern England Universities 

to provide sustainable chemistry 

solutions to industry 

MUSC 

The Chemical Industries Association 

and the Green Chemistry Centre 

working together to create new  

green and sustainable supply chains 

for chemical products 

Anglo-French 

collaboration 

chemicals from biomass 

using green chemistry 

and white biotechnology 

 

Green Chemistry 

and the Consumer 

Green chemistry 

solutions for 

the retailer and 

producer 

 

Green Chemistry networks 

worldwide 

Greece, Portugal, Cyprus, 

Japan, USA, Mexico,India 

Korea, Brazil…….. 

 

 

Promoting awareness 

and  

facilitating, education, 

training and practice 

of green chemistry 

worldwide 
 

 
SUSTOIL 

The international 

Network for 

alternatives to  

petroleum 

 

 

The 

BIS 
Biowaste Industrial Symbiosis 

www.sustoil.org/bis.html 
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 because we need to cross traditional 

disciplinary boundaries 

because we need to employ better technologies 
 because we need to work across national 

boundaries 

because we need to overcome legal obstacles 

and other barriers 

We need the BIS to help us better valorize bio-wastes into chemicals, fuels and materials 

Join us at www.sustoil.org/bis.html 

And at the launch in Santa Clara (June 21) 

NOW A NEW EUROPEAN COST ACTION 
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Early Education and Outreach  
Aims 
• To excite young people about chemistry and the 
positive impact it can have. 
• To enable young people to critically engage with 
ideas and solutions  

 

Impacts/areas of work 

• lots of projects and funding at key stage 2 

- Discovery Days, Countryside  
Days, Science Days in Primary  
Schools 

- High awareness about  
environment at young age,  
interest and enthusiasm 

• opportunities at GCSE/A  
level stage 

We work at all stages from young children to professional (re)training… 



www.greenchemistry.net 

MSc in Green Chemistry  
& Sustainable Industrial Technology 

 

Principles & Technologies                                                           
Principles, Environmental Impact, Chemical Engineering,  

Catalysis for Green Chemistry, 
Alternative Reaction Media, Energy,  

Clean Synthesis, Renewable Resources,  
Greener Products 

Supporting Courses 
IP, Business Opportunities, Green Chemistry Presentations, 

Legislation Presentations and Literature Research 

Research Project & Oral Presentation 
In collaboration with Industry 
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Training the next generation….. 
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Research 

Industry 

Networking 

Education 

www.greenchemistry.net 
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RSC Green Chemistry Book Series 

Series Editor in chief :James Clark (UK),  

Associate editors: George Kraus (USA), Andrzej Stankiewicz (EU); 

Peter Seidl (Brazil); Yuan Kou (China) 

Concise digest of the latest research and thinking in Green Chemistry 

     Accessible handbooks to both those entering and established in the field 

Latest titles: 

http://www.rsc.org/green 


