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a case of concern
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an abstract concept?

sustainability means:

a society and thus an economy

that can be sustained

i.e.: on the long term maintained on a level

that is, in principle, enjoyable

for every person in this world

NB ‘sustainability’ can therefore never be seen isolated

from this economic context, it is a ‘system characteristic’
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reckoning with

 growing world population

 need for more balanced spread of wealth and wellbeing

 economic growth and increase in consumption of goods

 economic activities are based on physical resources,

which are or might be stressed beyond their possibilities

 large scale environmental problems do occur, and will

increase if no drastic measures are taken

 regional factors as aging population,

population decrease, super cities, inequity

 political and social problems exist and will grow due to

the above factors and destabilise world economy
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‘sustainable’..
what are we talking about?

the major issues concern therefore:

Planet (‘physical and ecological aspects’)
lasting availability of means and resources ánd sufficient access for

everyone, a healthy environment for people and ecology

People (‘social, cultural and political’)
health, wealth and wellbeing as an employee and as citizen

equal and stable social, political and political rights

Profit (‘economic and broader profit oriented’)
improving the goals of the (own) organisation

a balanced strategy for short and long term goals and profits

and sometimes is added

Pleasure
is it indeed worth to live in and work for!
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“the resource issue”

in the next 2 generations

world population : 1,4 – 1,8 x larger !

prosperity per head : 3 - 5 x higher !

present resource use: 2 – 3 x too high !

resource use: 10 - 30 x more efficient

we need innovative technologies

ánd other approaches to use technology
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system approach

systems form the means by which we satisfy our

needs as a society

those are a coherent complex consisting of

technological, organisational and economical

‘parts’

cultural and personal preferences are important

for the way we use those systems and the way

we select parts for those systems
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system approach

some examples

food: what we eat and how we eat
involving agricultural practices, fertilizer and pesticides, eating

habits / fast food culture, food producers, world market

organisation / subsidies and tariff barriers, bio-ethics,

transport: why and how we like to drive
involving car production, roads and infrastructure, type of

engines and fuels, status and convenience, transport oriented

society and economy (everywhere and anytime)

communication: need and hype
involving fast evolving technological options and infrastructure,

social implications / isolation / expectation, youth culture and

business ‘needs’, insatiable appetite for infotainment
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sustainable development

sustainable development is only possible when

systems as a whole change

not when only parts of it become ‘more

sustainable’

such changes involving technology, economic

and cultural aspects are called transitions

they constitute a major change in society

sustainable development needs transitions

towards more sustainable systems
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transitions

fundamental changes in many components of

a system and their interaction / use altering

the total economic, technological and social/cultural structure

 from stone to iron

 from horses to automotive

 from wind to steam
(industry first and shipping later on)

 household heating from wood, coal to gas

 from fixed to mobile phones

 from pencil to PC
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the challenge for society

shaping the socio-economic systems

that we use to fulfil our needs

based on a view and awareness of the

constraints and requirements

which make up ‘sustainability’

 leading to ‘focussed transitions’

instead of the ‘random’ development

that has formed society as it is now
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perspectives
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chemistry is a generic function
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the role of chemistry

chemistry and chemical engineering concerns

itself with supplying the substances,

materials and physical products

human society and the present economic

system is based on

so it has a crucial role to play in taking care

that the resources for those will stay

available in the future

and in sufficient amount
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level of a system change
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a new focus for chemical industry

a threefold focus on sustainable development

society:
produce the innovative compounds, materials,
products and equipment fit for effective and ‘oriented’
sustainable growth and leading to transitions

supplier
concerted production and supplying the means others
can use for ‘sustainable production’ to close material
cycles

production
produce in a sustainable manner meaning drastic
reduction in resource use (eco-efficiency) during
production and application
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added challenges
for chemical industry

 fundamental changes in the way it operates

 shift from bulk to fine chemicals

 specialized compounds for specific applications

 shortening of time to market

 smaller facilities and customer site production

asking for

 fundamental changes in product and process
development

 and e.g. other methods of scale-up
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engineering challenges

fundamental innovation is needed in all fields

process oriented

 extremely efficient, clean and flexible processes

 pathways to shift to renewable resources, biomass and
recycled materials

product oriented

 new substances, products and materials essential for
more sustainable systems

 new research, design and testing methods for
substances, materials and production processes
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towards a closed production chain!

environment

production product use

base
materials

discarding

solar &
renewables

chain management

dematerialization

recycling

super efficient and clean
production and services

reduction / optimisation cleaning and prevention

process
intensification

product-service
technology
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perspectives

 concepts
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 paradoxes
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main programs and agendas

 chemistry as key area for innovation

 chemistry as transition area

specific agendas, programs and roadmaps

 new products and materials

 process intensification / green process technology /

catalysis / separation technology

 biomass as resource

 the energy - chemistry connection
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sectors involved

 major

 involved

 future
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1. functionality    ()

2. closed material chain    ()

3. biomass based     

4. clean fossil   

5. ultra efficient    
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the Dutch agenda

sustainable products,

energy and applications

based on ICES-KIS
proposal DCO-ACTS

systems and conversion chains

green bio-based process technology

conversion and

upgrading

system

analysis

micro-systems

technology

biotechnology

and genomics

bio-inspired catalysis
and conversion

sustainable

feedstock

conversion to energy,

fuels, materials and

food
sun
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functional and sustainable

 nanotechnology and micro-electronics

 conductive and semi conductive organic polymers e.g.

for flexible and integrated electronics,

 energy: PV, H2 technology, energy storage, fuels

 sensors and micro-monitoring devices for medicine,

agriculture, smart processes and products

 new high strength, low weight, ‘self-reparable’ materials

 improved functionality and performance by tailored

molecules for pharmaceuticals and formulated products
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an agenda for catalysis

nr of chemical bonds manipulated simultaneously
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stoichiometric
chemistry

present
bio- & chemo
catalysis

bio-trans-

formations

bio-redox
conversions

full fermentation

using genomics

cascade

catalysis

one-pot step-by-step

one-pot stoichiometric
reactions

cascade catalysis

(concerted)
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an agenda for biomass

improving the feasibility of biomass as resource

sufficiently available in the form of residues

 new process routes: genomics
also aiming at bulk production on the long run

 handling complexity of the materials:

o biocascading, biorefinery

o thermal of biological reduction to ‘base chemicals’

 better economics also in relation to ‘food use’ and other
‘sustainability factors’

 handling the logistics
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2001 2010 2030

100

200

300

unrestrained growth

targeted energy consumption

remaining nonrenewable energy

transition

efficiency

the energy transition

renewables

clean
production

reduction
in use
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perspectives

 concepts

 levels

 areas and programs

paradoxes
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innovation paradox

innovation is not ‘inventing something new’

but ‘doing something new’

most of the technology and knowledge is

available but not used

so what is the matter?
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innovation paradox

the dynamics of (sustainable) innovation

are complex, governed by
 enablers

 drivers

 barriers

 dilemmas

these form issues working at different level

- the society as a whole

- in a production chain and system

- a company or parts of it
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the issue arena for innovation

enablers
technology development, market demand,

cultural changes, changing focus of agriculture in Europe

drivers
public opinion, laws, subsidies, profits from reduced use of

resources, scarcity / unreliability of resources,

barriers
costs, missing standardisation for reuse, low risk investments,

‘technology lock-in’, short term oriented subsidies and laws, fear

for ‘biotechnology’, real concept of sustainability is unknown

dilemmas
precautionary principle, biomass versus food, conflict between

sustainable requirements
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the age of chemistry ?

sustainable chemical engineering is essential to make

growth possible in a sustainable manner

based on ‘doing more with less’

furthermore

all innovative technology development

society wants for future, sustainable, prosperity:

microelectronics, pharmaceuticals, nanotechnology,

are based on new and better molecules

chemical engineering plays therefore an essential role, now

and in decades to come !






