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%g@%;g%m W{{Er industrial model, the circular economy is restorative and regenerative by

%DE%E &B’J;&E‘}‘E"j , design. Relying on system-wide innovation, it aims to redefine products
and services to design waste out, while minimising negative impacts
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OUTLINE OF A CIRCULAR ECONOMY
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Circular Economy

Where everything is valued and nothing is wasted.
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m Green Chemistry (3, 9.125)
m Clean Production (2, 5.715)
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) - . Circular Economy Design Considerations
&) = <G for Research and Process Development
in the Chemical Sciences

*  NATIONAL TSING HUA UNIVERSITY

m GREEN CHEMISTRY, 2016, 18(14), 3914-3934, #3|FAREl: 16

m A circular economy will look to chemistry to provide
the basis of innovative products, made from
renewable feedstocks and designed to be reused,
recycled, or the feedstock renewed through natural
processes. The substances that products are made
of will increasingly be treated as a resource equal to
the raw materials, and not just disposed of. This
perspective discusses the role of chemists in a
world without waste.
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!?2\} = h%f ;%4 x M- The E factor 25 years on: the Rise of
NATIONAL TSING HUA UNIVERSITY Green Chemistry and Sustainability

m GREEN CHEMISTRY 2017, 19(1), 18-43. #&5|FHR#: 26

m The global impact, over the last 25 years, of the principles of
green chemistry and sustainability, and the pivotal role of the E
factor concept in driving resource efficiency and waste
minimisation, in the chemical and allied industries, is reviewed.
Following an introduction to the origins of green chemistry and the E
factor concept, the various metrics for measuring greenness are
discussed. It is emphasised that mass-based metrics such as
atom economy, E factors and process mass intensity (PMI) need to
be supplemented by metrics, in particular life cycle assessment,
which measure the environmental impact of waste and, in order
to assess sustainability, by metrics which measure economic
viability.
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I-f'- h%f ;ﬁ_ K Y- The E factor 25 years on: the Rise of
NATIONAL TSING HUA UNIVERSITY Green Chemistry and Sustainability

m GREEN CHEMISTRY 2017, 19(1), 18-43. #2|FAREL: 26

m The role of catalysis in waste minimisation is discussed and illustrated with
examples of green catalytic processes such as aerobic oxidations of alcohols,
catalytic C-C bond formation and olefin metathesis. Solvent losses are a major
source of waste in the pharmaceutical and fine chemical industries and solvent
reduction and replacement strategies, including the possible use of neoteric
solvents, such as ionic liquids and deep eutectic solvents, are reviewed.
Biocatalysis has many benefits in the context of green and
sustainable chemistry and this is illustrated with recent examples in the
synthesis of active pharmaceutical ingredients. The importance of the
transition from an unsustainable economy based on fossil resources to a
sustainable bio-based economy is delineated, as part of the overarching
transition from an unsustainable linear economy to a truly green and
sustainable circular economy based on resource efficiency and waste
minimisation by design.

n ERMERCNREH/MERIERE

10




Oxidation of Secondary Alcohols

NATIONAL TSING HUA UNIVERSITY
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Urban Mining Process: Reclamation of valuable

i Th ER TS

Nanjo Michio, Tohoku University, 1988

raw materials and metals from urban waste streams.
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Landfill Car, Truck,
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Energy
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Waste-to-
Material

Urban Mining Goal: Monetize urban waste streams
in order to produce revenue, businesses and jobs.

Restore

Rubber Products

Metal, Plastic, Rubber
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