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James H. Clark

1.1.1
Introduction

“Green Chemistry” is the universally accepted term to describe the movement to-
wards more environmentally acceptable chemical processes and products [1]. It en-
compasses education, research, and commercial application across the entire sup-
ply chain for chemicals [2]. Green Chemistry can be achieved by applying environ-
mentally friendly technologies – some old and some new [3]. While Green Che-
mistry is widely accepted as an essential development in the way that we practice
chemistry, and is vital to sustainable development, its application is fragmented
and represents only a small fraction of actual chemistry. It is also important to re-
alize that Green Chemistry is not something that is only taken seriously in the de-
veloped countries. Some of the pioneering research in the area in the 1980s was in-
deed carried out in developed countries including the UK, France, and Japan, but
by the time the United States Environmental Protection Agency (US EPA) coined
the term “Green Chemistry” in the 1990s, there were good examples of relevant re-
search and some industrial application in many other countries including India
and China [4].

The Americans launched the high profile Presidential Green Chemistry Awards
in the mid-1990s and effectively disclosed some excellent case studies covering pro-
ducts and processes [5]. Again, however, it is important to realize that there were
many more good examples of Green Chemistry at work long before this – for exam-
ple, commercial, no-solvent processes were operating in Germany and renewable
catalysts were being used in processes in the UK but they did not get the same pu-
blicity as those in the United States [2, 4].

The developing countries that are rapidly constructing new chemical manufac-
turing facilities have an excellent opportunity to apply the catchphrase of Green
Chemistry “Benign by Design” from the ground upwards. It is much easier to bu-
ild a new, environmentally compatible plant from scratch than to have to decon-
struct before reconstructing, as is the case in the developed world.
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In this chapter I shall start by exploring the drivers behind the movement to-
wards Green and Sustainable Chemistry. These can all be considered to be “costs
of waste” that effectively penalize current industries and society as a whole. After a
description of Green Chemistry I will look at the techniques available to the che-
mical manufacturers. This leads naturally into a more detailed discussion about
methods of evaluating “greenness” and how we should apply sustainability con-
cepts across the supply chain. It is important that, while reading this, we see Green
Chemistry in the bigger picture of sustainable development as we seek to somehow
satisfy society’s needs without compromising the survival of future generations.

1.1.2
Objectives for Green Chemistry: The Costs of Waste

Hundreds of tonnes of hazardous waste are released to the air, water, and land by
industry every hour of every day. The chemical industry is the biggest source of
such waste [3]. Ten years ago less than 1% of commercial substances in use were
classified as hazardous, but it is now clear that a much higher proportion of che-
micals presents a danger to human health or to the environment. The relatively
small number of chemicals formally identified as being hazardous was due to very
limited testing regulations, which effectively allowed a large number of chemicals
to be used in everyday products without much knowledge of their toxicity and en-
vironmental impact. New legislation will dramatically change that situation. In Eu-
rope, REACH (Registration, Evaluation, Assessment of Chemicals) will come into
force in the first decade of the twenty-first century and whilst, at the time of wri-
ting, the final form of the legislation has yet to be decided, it is clear that it will be
the most important chemicals-related legislation in living memory and that it will
have a dramatic effect on chemical manufacturing and use [6]. REACH will consi-
derably extend the number of chemicals covered by regulations, notably those that
have been on market since 1981 (previously exempt), will place the responsibility
for chemicals testing with industry, and will require testing whether the chemical
is manufactured in Europe or imported for use there. Apart from the direct costs
to industry of testing, REACH is likely to result in some chemical substances be-
coming restricted, prohibitively expensive, or unavailable. This will have dramatic
effects on the supply chain for many consumer goods that rely on multiple chemi-
cal inputs.

Increased knowledge about chemicals, and the classification of an increasing
number of chemical substances as being in some way “hazardous”, will have he-
alth and safety implications, again making the use of those substances more cost-
ly and difficult. Furthermore, it will undoubtedly cause local authorities and go-
vernments to restrict and increase the costs of disposal of waste containing those
substances (or indeed waste simply coming from processes involving such sub-
stances). Thus, legislation will increasingly force industry and the users of chemi-
cals to change – both through substitution of hazardous substances in their pro-

1.1 Green Chemistry and Environmentally Friendly Technologies
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cesses or products and through the reduction in the volume and hazards of their
waste.

The costs of waste to a chemical manufacturing company are high and diverse
(Fig. 1.1-1) and, for the foreseeable future, they will get worse.

These costs and other pressures are now evident throughout the supply chain for
a chemical product – from the increasing costs of raw materials, as petroleum be-
comes more scarce and carbon taxes penalize their use, to a growing awareness
amongst end-users of the risks that chemicals are often associated with, and the
need to disassociate themselves from any chemical in their supply chain that is re-
cognized as being hazardous (e.g. phthalates, endocrine disrupters, polybromina-
ted compounds, heavy metals, etc.; Fig. 1.1-2)

1.1.3
Green Chemistry

The term Green Chemistry, coined by staff at the US EPA in the 1990s, helped to
bring focus to an increasing interest in developing more environmentally friendly
chemical processes and products. There were good examples of Green Chemistry
research in Europe in the 1980s, notably in the design of new catalytic systems to
replace hazardous and wasteful processes of long standing for generally important
synthetic transformations, including Friedel–Crafts reactions, oxidations, and va-
rious base-catalyzed carbon–carbon bond-forming reactions. Some of this research
had led to new commercial processes as early as the beginning of the 1990s [4].

In recent years Green Chemistry has become widely accepted as a concept me-
ant to inf luence education, research, and industrial practice. It is important to re-
alize that it is not a subject area in the way that organic chemistry is. Rather, Green
Chemistry is meant to inf luence the way that we practice chemistry – be it in tea-
ching children, researching a route to an interesting molecule, carrying out an ana-
lytical procedure, manufacturing a chemical or chemical formulation, or designing

1.1.3 Green Chemistry

Fig. 1.1-1 The costs of waste.
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a product [7]. Green Chemistry has been promoted worldwide by an increasing but
still small number of dedicated individuals and through the activities of some key
organizations. These include the Green Chemistry Network (GCN; established in
the UK in 1998 and now with about one thousand members worldwide) [8] and the
Green Chemistry Institute (established in the USA in the mid 1990s, now part of
the American Chemical Society and with “chapters” in several countries around
the world) [9]. Other Green Chemistry Networks or other focal points for national
or regional activities exist in other countries including Italy, Japan, Greece and Por-
tugal and new ones appear every year. The GCN was established to help promote
and encourage the application of Green Chemistry in all areas where chemistry
plays a significant role. (Fig. 1.1-3)

At about the same time as the establishment of the GCN, the Royal Society of
Chemistry (RSC) launched the journal “Green Chemistry”. The intention for this
journal was always to keep its readers aware of major events, initiatives, and edu-

1.1 Green Chemistry and Environmentally Friendly Technologies
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cational and industrial activities, as well as leading research from around the world.
The journal has gone from strength to strength and has a growing submission ra-
te and subscription numbers, as well as having achieved one of the highest impact
factors among the RSC journals (Fig. 1.1-4).

Green Chemistry can be considered as a series of reductions (Fig. 1.1-5). These
reductions lead to the goal of triple bottom-line benefits of economic, environ-
mental, and social improvements [11]. Costs are saved by reducing waste (which is
becoming increasingly expensive to dispose of, especially when hazardous) and
energy use (likely to represent a larger proportion of process costs in the future) as

1.1.3 Green Chemistry

Fig. 1.1-3 The roles of the Green Chemistry Network.

Fig. 1.1-4 The first issue of Green Chemistry.
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well as making processes more efficient by reducing materials consumption. The-
se reductions also lead to environmental benefit in terms of both feedstock con-
sumption and end-of-life disposal. Furthermore, an increasing use of renewable re-
sources will render the manufacturing industry more sustainable[12]. The reduc-
tion in hazardous incidents and the handling of dangerous substances provides ad-
ditional social benefit – not only to plant operators but also to local communities
and through to the users of chemical-related products.

It is particularly important to seek to apply Green Chemistry throughout the li-
fecycle of a chemical product (Fig. 1.1-6) [13, 14].

Scientists and technologists need to routinely consider lifecycles when planning
new synthetic routes, when changing feedstocks or process components, and, fun-
damentally, when designing new products. Many of the chemical products in com-
mon use today were not constructed for end-of-life nor were full supply-chain is-
sues of resource and energy consumption and waste production necessarily consi-
dered. The Green Chemistry approach of “benign by design” should, when applied
at the design stage, help assure the sustainability of new products across their full
lifecycle and minimize the number of mistakes we make.

1.1 Green Chemistry and Environmentally Friendly Technologies

Fig. 1.1-6 Green Chemistry in the lifecycle of a product.

Fig. 1.1-5 “Reducing”: The heart of Green Chemistry.
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Much of the research effort relevant to Green Chemistry has focused on chemi-
cal manufacturing processes. Here we can think of Green Chemistry as directing
us towards the “ideal synthesis” (Fig. 1.1-7) [3, 15].

Yield is the universally accepted metric in chemistry research for measuring the
efficiency of a chemical synthesis. It provides a simple and understandable way of
measuring the success of a synthetic route and of comparing it to others. Green
Chemistry teaches us that yield is not enough. It fails to allow for reagents that ha-
ve been consumed, solvents and catalysts that will not be fully recovered, and, most
importantly, the often laborious and invariably resource- and energy-consuming
separation stages such as water quenches, solvent separations, distillations, and re-
crystallizations. Green Chemistry metrics [16] are now available and commonly are
based on “atom efficiency” whereby we seek to maximize the number of atoms in-
troduced into a process into the final product. These are discussed in more detail
later in this chapter. As indicated, simple separation with minimal input and addi-
tional outputs is an important target. An ideal reaction from a separation standpo-
int would be one where the substrates are soluble in the reaction solvent but the
product is insoluble. The process would, of course, be further improved if no sol-
vent was involved at all! Some of the worst examples of atom inefficiency and rela-
tive quantities of waste are to be found in the pharmaceutical industry. The so-cal-
led E factor (total waste/product by weight) is a simple but quite comprehensive
measure of process efficiency and commonly shows values of 100+ in drug manu-
facture [17]. This can be largely attributed to the complex, multistep nature of the-
se processes. Typically, each step in the process is carried out separately with work-
up, isolation, and purification all adding to the inputs and amount of waste pro-
duced. Simplicity in chemical processes is vital to good Green Chemistry. Steps can
be “telescoped” together for example, reducing the number of discrete stages in the
process [18].

1.1.3 Green Chemistry

Fig. 1.1-7 Features of the “ideal synthesis”.
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To achieve greener chemical processes we will need to make increasing use of
technologies, some old and some new, which are becoming proven as clean tech-
nologies.

1.1.4
Environmentally Friendly Technologies [3]

There is a pool of technologies that are becoming the most widely studied or used
in seeking to achieve the goals of Green Chemistry. The major “clean technologies”
are summarized in Fig. 1.1-8. They range from well-established and proven tech-
nologies through to new and largely unproven technologies.

Catalysis is truly a well-established technology, well proven at the largest volume
end of the chemicals industry. In petroleum refineries, catalysts are absolutely
fundamental to the success of many processes and have been repeatedly improved
over more than 50 years. Acid catalysts, for example, have been used in alkylations,
isomerizations and other reactions for many years and have progressively impro-
ved from traditional soluble or liquid systems, through solid acids such as clay, to
structurally precise zeolite materials, which not only give excellent selectivity in re-
actions but are also highly robust, with modern catalysts having lifetimes of up to
2 years! In contrast, the lower volume but higher value end of chemical manufac-
turing – specialties and pharmaceutical intermediates – still relies on hazardous
and difficult routes to separate soluble acid catalysts such as H2SO4 and AlCl3 and
is only now beginning to apply modern solid acids. Cross-sector technology trans-
fer can greatly accelerate the greening of many highly wasteful chemical processes
[19]. A good, if sadly rare, example of this is the use of a zeolite to catalyze the Frie-
del–Crafts reaction of anisole with acetic anhydride (Scheme 1.1-1).

1.1 Green Chemistry and Environmentally Friendly Technologies

Fig. 1.1-8 The major clean technologies.
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In comparison to the traditional route using AlCl3, the zeolite-based method is
more selective. However, anisole is highly activated and the method is not applica-
ble to most substrates – zeolites tend to be considerably less reactive than conven-
tional catalysts such as AlCl3.

Many specialty chemical processes continue to operate using traditional and pro-
blematic stoichiometric reagents (e.g. in oxidations), which we should aim to re-
place with catalytic systems. Even when catalysts are used, they often have low tur-
nover numbers due to rapid poisoning or decomposition, or cannot be easily reco-
vered at the end of the reaction. Here we need to develop new longer-lifetime cata-
lysts and make better use of heterogenized catalysts, as well as considering
alternative catalyst technologies (e.g. catalytic membranes), and to continue to im-
prove catalyst design so as to make reactions entirely selective to one product [20].

Another good example of greener chemistry through the use of heterogeneous
catalysis is the use of TS1, a titanium silicate catalyst for selective oxidation reac-
tions [21] such as the 4-hydroxylation of phenol to the commercially important
hydroquinone (Scheme 1.1-2).

TS1 has also been used in commercial epoxidations of small alkenes. A major li-
mitation with this catalyst is its small pore size, typical of many zeolite materials.
This makes it unsuitable for larger substrates and products. Again like many zeo-
lites, it is also less active than some homogeneous metal catalysts and this prevents
it from being used in what would be a highly desirable example of a green chemis-
try process – the direct hydroxylation of benzene to phenol. At the time of writing,
commercial routes to this continue to be based on atom-inefficient and wasteful
processes such as decomposition of cumene hydroperoxide, or via sulfonation
(Scheme 1.1-3).

Of course, the direct reaction of oxygen with benzene to give phenol would be
100% atom efficient and based on the most sustainable oxidant – truly an ideal syn-
thesis if we can only devise a good enough catalyst to make it viable!

The increased use of catalysis in the manufacture of low volume, high value che-
micals will surely extend to biotechnology and, in particular, the use of enzymes

1.1.4 Environmentally Friendly Technologies [3]

Scheme 1.1-1

Scheme 1.1-2
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[3, 22]. Enzymes provide highly selective routes to chemical products, often under
mild conditions and usually in environmentally benign aqueous media. Drawbacks
to their more widespread introduction include slow reactions, low space–time
yields and, perhaps most importantly, a lack of familiarity with and even suspicions
of the technology from many chemical compounds.

The replacement of hazardous volatile organic compounds (VOCs) as solvents is
one of the most important targets for countless process companies including those
operating in chemical manufacturing, cleaning, and formulation [23]. Some VOCs
such as carbon tetrachloride and benzene have been widely prohibited and re-
placed but other problematic solvents, notably dichloromethane (DCM), continue
in widespread use. While in many cases other, less harmful, VOCs are used to re-
move the immediate problems (e.g. ozone depletion) due to such compounds as
DCM, more fundamental technology changes have included the use of non-orga-
nic compounds such as supercritical carbon dioxide or water, the use of non-vola-
tile solvents such as ionic liquids (molten salts), and the total avoidance of solvent
(e.g. through using a surface-wetting catalyst in a reaction, or simply relying on
interfacial reaction occurring between solids). All of these alternative technologies
have been demonstrated in numerous organic reactions such as those examples
shown in Scheme 1.1-4.

Carbon dioxide has also been successfully introduced into some dry-cleaning
processes and various consumer formulations now no longer contain a VOC sol-
vent.

Green Chemistry needs to be combined with more environmentally friendly
technologies if step-change improvements are to be made in chemical manufac-
turing processes. Synthetic chemists have traditionally not been adventurous in
their choice of reactors – the familiar round-bottomed f lask with a magnetic stirrer
remains the automatic choice for most, even when the chemistry they plan to use
is innovative e.g. the use of a non-volatile ionic liquid solvent or a heterogeneous
catalyst as an alternative to a soluble reagent. However, an increasing number of re-
search articles describing green chemical reactions are based on alternative reac-
tors including, [3, 24].

1.1 Green Chemistry and Environmentally Friendly Technologies

Scheme 1.1-3
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– continuous f low reactors (a technology that dominates the petrochemical indus-
try but is little utilized in specialty chemical manufacturing)

– microchannel reactors whereby reaction volumes are kept small and scale is
highly f lexible thus reducing hazards and risk

– intensive processing systems such as spinning disc reactors which combine the
benefits of low reaction volumes with excellent heat transfer and mixing charac-
teristics

– membrane reactors that can maintain separation of aqueous and non-aqueous
phases, hence simplifying the normally waste-intensive separation stages of a
process

These alternative reactor technologies can be combined with Green Chemistry
methods including, for example, catalytic membrane reactions and continuous
f low supercritical f luid reactions.

Energy has often been somewhat neglected in the calculations of resource uti-
lization for a chemical process. Batch processes based on scaled-up reaction pots
can run for many hours or even days to maximize yield and often suffer from poor
mixing and heat transfer characteristics. As the cost of energy increases and greater
efforts are made to control emissions associated with generating energy, energy
use will become an increasingly important part of Green Chemistry metrics cal-
culations. This will open the door not only to better designed reactors such as those
described earlier but also to the use of alternative energy sources. Of these, two of
the more interesting are:

– ultrasonic reactors
– microwave reactors[25].

1.1.4 Environmentally Friendly Technologies [3]

Scheme 1.1-4
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Both are based on the use of intensive directed radiation that can lead to very
short reaction times or increased product yields and also to more selective reac-
tions [3]. Examples of the use of these reactors are shown in Scheme 1.1-5.

A lifecycle approach to the environmental performance and sustainability of che-
mical products demands a proper consideration of pre-manufacturing and specifi-
cally the choice of feedstocks. Today’s chemical industry is largely based on petro-
leum-derived starting materials, a consequence of the rapid growth in the new pe-
troleum-based energy industry in the early twentieth century. This industry was ba-
sed on an apparently inexhaustible supply of cheap oil, which we could afford to
use on a once-only basis for burning to produce energy. Petrochemicals was a rela-
tively small (around 10%) part of the business, generating a disproportionately
high income and helping to keep energy costs down, which in turn maintained
ultra-high demand for the raw material even when extraction became more diffi-
cult and transportation more controversial. The parallel and mutually supportive
growth in petro-energy and petrochemicals from the petro-refineries of the Middle
East, Americas, Africa, and elsewhere is surely past its peak. It now seems likely
that as we try to tackle the inevitable decline of oil as an energy source, so shall we
attempt to seek alternatives for the manufacture of at least some of the many che-
micals we use today. While forecasts seem to change every day and political parties
can selectively use bits of the overwhelming amount of conf licting data to suit their
own agenda, no one will argue that these changes must occur in the twenty-first
century – “one hundred years of petroleum” is beginning to look about right.

The use of sustainable, plant-based chemicals for future manufacturing can in-
volve several approaches (Fig. 1.1-9), [3, 7 14].

Many of the earlier plans in this area were based on the bulk conversion of large
quantities of biomass into the type of starting materials that the chemical industry
has grown up on (CO, H2, C2H4, C6H6, etc.). On one hand the logic behind this ap-
proach is clear – the manufacturing industries are equipped to work with such sim-
ple small molecules. On the other hand, it is perverse to consume resources and
generate waste in removing functionality from albeit a soup of molecules, just so
that we can then apply our chemical technology toolkit to consume more resources
and generate more waste in converting the intermediate simpler molecules into
ones we can use in the many industries that use chemicals. The scale of operation,

1.1 Green Chemistry and Environmentally Friendly Technologies
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and the added costs of the extra steps, will always make this technology expensive
and of limited appeal except in those situations where a large volume of waste bio-
mass is in close proximity to suitable industrial plant.

Nature manufacturers an enormous array of chemicals to perform the many
functions that its creatures need to survive, grow, and propagate. A tree contains
some 30 000 different molecules ranging from simple hydrocarbons to polyfunc-
tional organics and high molecular weight polymers. Many of these molecules ha-
ve immediate and sometimes very high value, for example as pharmaceutical inter-
mediates. The selective extraction of compounds from such complex mixtures is,
however, often impractical and uneconomic and may lead to a very high environ-
mental impact product as a result of enormous inputs of energy and outputs of
waste. The extraction of families of compounds with high value themselves or
through Green Chemistry modification is a more likely approach to take advanta-
ge of some of nature’s gifts of sustainable and interesting molecular entities.

The third approach of using a large proportion of biomass to produce so-called
“platform molecules” is worth close consideration. Here, we need to learn how to
make best use of a number of medium-sized, usually multifunctional, organic mo-
lecules that can be obtained relatively easily by controlled enzymatic fermentation
or chemical hydrolysis. The simplest of these is (bio) ethanol; others include levu-
linic acid, vanillin, and lactic acid. These are chemically interesting molecules in
the sense that they can be used themselves or can quite easily be converted into ot-
her useful molecules – building on rather than removing functionality – as can be
seen, for example, with lactic acid (Scheme 1.1-6).

One of these products, polylactic acid, has become the basis of one of the best re-
cent commercial illustrations of the potential value of this approach. Cargill-Dow
now manufacture polylactic acid polymer materials using a starch feedstock. The
materials are finding widespread use as versatile, sustainable, and (importantly)
biodegradable alternatives to petro-plastics. [14, 26].

Making more direct use of the chemicals in biomass and the functionality
they contain, rather than reducing them to simpler, smaller starting materials
for synthesis, makes sense from a lifecycle point of view as well as economically
(Fig. 1.1-10).

1.1.4 Environmentally Friendly Technologies [3]

Fig. 1.1-9 Approaches to the use of plant-based chemicals.
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1.1.5
Green Chemistry Metrics

In its short history, Green Chemistry has been heavily focused on developing new,
cleaner, chemical processes using the technologies described earlier in this chap-
ter. Increasing legislation will force an increasing emphasis on products but it is
important that these in turn are manufactured by green chemical methods. Indus-
try is becoming more aware of these issues and some companies can see the busi-
ness edge and competitive advantage that Green Chemistry can bring. However,
the rate of uptake of Green Chemistry into commercial application remains very
small. While the reasons for this are understandably complex, and also dependent
on the economic vitality of the industry, it is important that the advantages offered
by Green Chemistry can be quantified. Legislation or supply-chain pressures may
persuade a company that the use of a chlorinated organic solvent is undesirable,

1.1 Green Chemistry and Environmentally Friendly Technologies

Fig. 1.1-10 The use of biomass chemicals in traditional chemical
industry processes.

Scheme 1.1-6
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but how can they select a genuinely “greener” alternative? How can a company add
environmental data to simple cost and production factors when comparing routes
to a particular compound? Can the environmental advantages of using a renewable
feedstock compared to a petro-chemical be quantified? In order to make Green
Chemistry happen, we need to see the concept mature from an almost philosophi-
cal belief that it is the “right thing to do” to one that can give hard, reliable data to
prove its merits.

These needs and “reality checks” have led to the emergence of Green Chemistry-
related metrics, although they are very new and by no means widely applied or tes-
ted. The ultimate metric can be considered to be lifecycle assessment (LCA), but
full LCA studies for any particular chemical product are difficult and time consu-
ming.[13, 14]. Nonetheless we should always “think LCA”, if only qualitatively, whe-
never we are comparing routes or considering a significant change in any product
supply chain. Green Chemistry metrics [16, 25] are most widely considered in com-
paring chemical process routes, including limited, if easy-to-understand, metrics
such as atom efficiency and attempts to measure overall process efficiency such as
E factors, mass intensities, and mass efficiency [27]. As with LCA, these metrics ha-
ve to be applied with definite system boundaries, and it is interesting to note that
for process metrics these boundaries generally do not include feedstock sources or
product fate. Energy costs and water consumption are also normally not included,
although given the increasing concerns over both of these it is difficult to believe
that they can be ignored for much longer. At the product end of the lifecycle we are
used to testing for human toxicity and this will become much more prevalent
through REACH [6]. We will also need to pay more attention to environmental im-
pact, and here measures of biodegradability, environmental persistence, ozone de-
pletion, and global-warming potential are all important metrics. Last, but not least,
we are moving towards applying Green Chemistry metrics to feedstock issues. As
we seek “sustainable solutions” to our healthcare, housing, food, clothes, and li-
festyle needs, so we must be sensitive to the long-term availability of the inputs that
go into the supply chain for a product [14]. With increasing pressures from the
feedstock and product ends, and increasing restrictions and controls on the inter-
mediate processing steps, chemistry must get greener!

1.1.5 Green Chemistry Metrics



18

References

1 P.T. Anastas and J.C. Warner, Green Che-
mistry, Theory and Practice, Oxford Univer-
sity Press, Oxford, 1998.

2 P.T. Anastas and R.L. Lankey, Green
Chem., 2000, 2, 289.

3 J.H. Clark and D.J. Macquarrie, Handbook
of Green Chemistry & Technology, Blackwell,
Oxford, 2002.

4 J.H. Clark, The Chemistry of Waste Minimi-
sation, Blackie Academic, London, 1995.

5 www.epa-gov/greenchemistry
6 A.M. Warhurst, Green Chem., 2002, 4,

G20; and see also www.europa.eu.int/
comm./enterprise/chemicals/chempol/
reach/explanatory-note.pdf and
www.pond.org/downloads/eurge/
wwfreebreachnewopforindustry.pdf

7 M. Lancaster, Green Chemistry, an Intro-
ductory Text, Royal Society of Chemistry,
Cambridge, 2002.

8 www.chemsoc.org/gcn
9 www.gci.org

10 www.rsc.org/greenchem
11 J. Elkington, Australia CPA, 1999, 69, 18.
12 C.V. Stevens and R.G. Vertie, eds., Renewa-

ble Resources, J. Wiley & Sons, Chichester,
2004.

13 T.E. Graedel, Streamlined Life-Cycle Assess-
ment, Prentice Hall, New Jersey, 1998.

14 A. Azapagic, S. Perdan and R. Clift, Sustai-
nable Development in Practice, J. Wiley &
Sons, Chichester, 2004.

15 J.H. Clark, Green Chem., 1998, 1, 1.
16 D.J.C. Constable, A.D. Curzons and V.L.

Cunningham, Green Chem., 2002, 4, 521.
17 R.A. Sheldon, Chemistry and Industry,

1997, 1, 12.
18 See, for example, G.D. McAllister, C.D.

Wilfred and R.J.K. Taylor, Syn. Lett, 2002,
2, 1291 and C.W.G. Fishwick, R.E. Grigg,
V. Sridharan and J. Virica, Tetrahedron,
2003, 4451.

19 R.A. Sheldon and H. van Bekkum, eds.,
Fine Chemicals through Heterogeneous Cata-
lysis, Wiley-VCH, Weinheim, 2001.

20 P.M. Price, J.H. Clark and D.J. Macquar-
rie, J.Chem. Soc., Dalton Trans., 2000, 101.

21 US Patent, 4,410,501 (1983) and F. Mas-
pero and U. Romano, J. Catal., 1994, 146,
476.

22 www.europabio.org/upload/docu-
ments/150104/becas_report_en.pdf

23 D.J. Adams, P.J. Dyson and S.J. Tavener,
Chemistry in Alternative Reaction Media, J.
Wiley & Sons, Chichester, 2004.

24 S.J. Haswell, Green Chem., 2003, 5, 240.
25 M. Nüchter, B. Ondruschka, W. Bonra-

thard and A. Gurn, Green Chem., 2004, 6,
128.

26 E.S. Stevens, Green Plastics, Princeton
University Press, Princeton, NJ, 2002.

27 M. Eissen, K. Hungerbühler, S. Dirks and
J. Metzger, Green Chem., 2004, 6, G25.

1.1 Green Chemistry and Environmentally Friendly Technologies



19

Diana Cook and Kevin Prior

1.2.1
Introduction

Sustainable development has become the accepted orthodoxy for global economic
development and environmental protection since the end of the twentieth century.

Sustainable development means many things to many people and the range of
actions and their implications is as varied. This work uses the most often quoted
and accepted definition from the report Our Common Future [1] (also know as the
Brundtland Report): “Sustainable Development is development that meets the
needs of the present without compromising the ability of future generations to
meet their own needs.”

This definition leads to the consideration of three major aspects of sustainable
development: environment, economy, and community. The UK’s headline indica-
tors (see Appendix to this chapter) adopted as part of the country’s Sustainable De-
velopment Strategy in 1999 [2] give a good indication of the breadth of the scope of
sustainable development.

This sets global society a number of challenges as to how to balance the compe-
ting needs of feeding, clothing, and housing a growing global population, whilst
managing limited resources efficiently and generating sufficient wealth to meet
the reasonable economic aspirations of the societies at large. This must all be done
without damaging the earth’s eco-system. There is overall consensus on the objec-
tives, with passionate debate [3] about the actual steps that are needed to achieve
them.

The achievement of sustainable development will require action by the interna-
tional community, national governments, commercial and non-commercial orga-
nisations, plus individual action by citizens. The international community has pas-
sed a number of milestones in moving forward the sustainable development agen-
da. The most notable are:

1987: The World Commission on Environment and Development (The Brundt-
land Commission chaired by Gro Harlem Brundtland) produced the report Our
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Common Future. That report produced and popularized the current sustainable de-
velopment definition that is quoted above.

1992: The Earth Summit, also known as the UN Conference on Environment
and Development (UNCED), was held in Rio de Janeiro to reconcile worldwide eco-
nomic development with protecting the environment. The Summit brought toget-
her 117 heads of states and representatives of 178 nations, who agreed to work to-
wards the sustainable development of the planet.

2002: A further meeting, The World Summit on Sustainable Development, was
held in Johannesburg (South Africa) to review progress in the ten years since UN-
CED.

These meetings produced statements of intent from the world’s political leaders
and other stakeholders. The basic questions still remain:

– How to create wealth without permanently damaging the environment?
– How to enable a fair distribution of wealth, with equality of access to health and

education?

The outcome of each society’s response to these questions is its laws, regulations
and other government interventions.

This chapter examines whether regulation is aiding or hindering the goal of sus-
tainable development in relation to its environmental aspects. It focuses primarily
on the European Union (EU), whilst also drawing on examples from the other are-
as of the world.

1.2.1.1
Sustainable Development and the European Union

The prime function of the EU was to create a common market for goods and ser-
vices. This role has grown as the necessary rules to enable a common market to
operate have developed. The EU has well-developed economic, social, and environ-
mental policies, which require that environmental protection must be integrated
into other EU policies. This is with the overt objective of promoting sustainable de-
velopment. The economics and corresponding policies of the EU are described el-
sewhere [4].

The inclusion of environmental protection is particularly relevant when consi-
dering a common market or identifying potential conf lict between environmental
protection and economic growth. In fact one of the objectives of the EU’s Sixth En-
vironmental Action Programme is the decoupling of economic growth from re-
source usage.

1.2.1.2
Why Regulation is Required to Achieve Sustainable Development

In order to appreciate the need for regulations in relation to achieving sustainable
development, it is necessary to explore brief ly the link between the environment

1.2 Sustainable Development and Regulation
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and some of the basic features of the operation of a market economy. This section
highlights the main features that underpin the need for regulation, and explores so-
me of the instruments that governments use to achieve the goals of sustainable de-
velopment. Other authors discuss this topic more fully [5]. Later sections comment
on how different approaches can aid or hinder sustainable development.

The underlying principle behind the operation of a market economy is that the
market provides all the incentives to the participants to operate as efficiently and
effectively as possible. However, this is not always the case; a market can be “im-
perfect” and this is particularly so for the environment. Externalities (where the full
costs of an operation are not included in the price of the goods or services) are of-
ten viewed as the most widespread cause of market failures in relation to the envi-
ronment. In such situations market prices often do not ref lect the full cost of the
environmental resources. Such externalities can be either negative or positive.

A typical example of a negative externality is the situation where the discharge of
industrial wastewater from a manufacturing operation into a watercourse results
in a downstream user incurring extra costs for a situation that is beyond his con-
trol. Unless there is government intervention, the upstream manufacturer does
not have to pay the full costs of his operation.

This is the basis of the “polluter pays principle”, which was incorporated into the
Maastricht Treaty and states that those who are responsible for environmental pol-
lution, resource depletion, and social cost should pay the full cost of their activities.
If these costs are ultimately passed on to the consumer, then there is an incentive
to reduce the levels of environmental damage and resource depletion.

It thus becomes essential to internalize the full environmental cost into the pri-
ce of goods and services in order to achieve sustainable development. Government
intervention, in the form of regulations, and a variety of economic instruments
aim to enable this process by ensuring that the social costs and benefits are inclu-
ded in the prices that are charged.

The environment also has many of the features of a “common” or “public good”
in economic terms. Overall, society would be better off with clean air and water and
abundant natural resources, but in a market economy this does not occur without
some form of intervention. In most situations in a market economy, people who
have not paid for goods do not receive them; it is not possible to exclude people
from the benefits of clean air because they have not paid for it.

Governments may also intervene by supplying information on the better use of
environmental resources in situations where producers lack the knowledge to ma-
ke the best business decisions in relation to the environment. The UK govern-
ment’s “Envirowise” scheme is a typical example.

1.2.1.3
Environmental Policy and Innovation

One of the most serious implications of the fact that goods and services frequent-
ly do not bear the full environmental costs of their production is the effect on in-
novation in environmental technologies that could contribute to sustainable deve-
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lopment. There is less incentive for firms to undertake research and development
into technologies, process improvements, or systems that could contribute to sus-
tainable development if the rate of return on the investment does not ref lect fully
the costs involved i.e. the costs are still externalized. This can result in a vicious cir-
cle of under-investment that market forces alone cannot resolve. A related argu-
ment is that dischargers will do the minimum to meet the enforced standards rat-
her than look further to see what else could be done to reduce their environmental
impact.

Conversely, there are also situations where tight environmental regulation has
forced the development of new technology to enable the standards to be met; for in-
stance fuel additives and water-treatment processes.

There is also a view that regulation stif les innovation in general. However the au-
thors of a report [6] to the UK Royal Commission on Environmental Pollution re-
cently explored the claim that EU legislation put the European chemical industry
at a disadvantage compared with the US and Japanese industries. The report con-
cluded that in most cases regulation plays a “modulating role” and can both inhi-
bit and stimulate innovation. It is thus the rate of innovation rather than the quan-
tity of innovation that appears to be affected.

As well as the investment in the innovation activity itself, there is also the issue
that even when new environmental technologies are launched, their uptake is slow
[7]. The European Commission feels that economic barriers are a particular pro-
blem unless true environmental costs are taken into account. They also cite poor
access to finance, long investment cycles, and poor dissemination of new techno-
logies as issues. The Commission has now adopted an action plan [8] to overcome
the perceived barriers, including utilizing financial instruments to share the risks
of investing in environmental technologies.

1.2.2
Environmental Policy Instruments

This section brief ly examines the range of policy instruments that might be used
to achieve a particular objective or counterbalance a perceived market failure.

1.2.2.1
“Command and Control” Regulation

Environmental policy instruments in the Organization for Economic Co-operation
and Development (OECD) countries have, historically, been typified by “command
and control” regulation, such as the European Union’s Integrated Pollution Pre-
vention and Control Directive (IPPC) regulations. Under such regulations, poten-
tial polluters are “commanded” to comply with particular standards and then “con-
trolled” by tight monitoring and enforcement activity. Such approaches have been
successful in reducing air and water pollution: for instance in greenhouse gas and
sulfur dioxide emissions and in the improvement in the level of treatment and the
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proportion of the population connected to wastewater treatment plants [9]. Howe-
ver, concerns have been raised about their effectiveness in other areas.

As well as the concerns discussed above in relation to the effect on innovative ac-
tivity, the OECD [10] comments that such regulations are costly to implement and
enforce. Typically, they also do not take into account the broader environmental im-
pacts that result from general patterns of production and consumption and how
these change.

They are also relatively ineffective in controlling diffuse sources of pollution
(such as the effect of agricultural fertilizers on surface water quality and conse-
quently drinking water quality). Some regulations are perceived to work well and
in a cost-effective manner. The Montreal Protocol, aimed at phasing out all the
main ozone-depleting chemicals, has achieved nearly a 90% reduction in the pro-
duction of ozone-depleting substances in Western Europe and also reductions in
their production and use in Central and Eastern Europe. These achievements are
ref lected in a gradual fall in the concentration of chlorine-containing ozone-deple-
ting substances in the troposphere [9].

IPPC addresses the effects of pollution once a manufacturing process has been
carried out. However, sustainable development also needs to address the control of
substances in the overall supply chain. These are both the substances that are used
as raw materials for the manufacture of other substances and the resulting pro-
ducts themselves. Controlling the input and use of chemicals in the environment
is a central theme of a holistic view of sustainable development and has key impli-
cations for the social aspects of sustainable development.

The EU is, at the time of writing, reviewing its regulatory control of chemicals
with its REACH (Registration, Evaluation, Authorization and Restriction of Che-
mical) proposals [11]. Although the current EU system is often seen as fragmented
and cumbersome, even the amended proposals published in October 2003 have
prompted vigorous debate. Arguments on the one hand center again on the per-
ception that the proposals will have a negative impact on innovation, will be costly
to implement, and damage the competitiveness of the European chemical indus-
try. Environmental organizations, however, counter that REACH will result in sig-
nificant environmental and health benefits and encourage innovation. UK retailers
[12] also welcome the REACH proposals, despite the imperfections in the regula-
tions, because they see that they could provide a single robust system that both sup-
pliers and customers can use and that will share the burden of the costs involved.

1.2.2.2
Government Subsidies

Government intervention in the form of subsidies to particular industries and the
impact of such subsidies on sustainable development is contentious. The OECD
[10] highlights subsidy policies such as those to agriculture, fisheries, and peat and
coal production as having a particularly harmful environmental impact. Similarly,
if subsidies are used instead of taxes to try to reduce a particular pollution, then the-
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se can distort the polluting industry by attracting an inefficient high level of new
entrants.

However, in some situations the source of pollution is so diffuse and comes from
such a wide variety of sources that the “polluter pays” principle is not practical and
therefore society at large has to pay. On a related aspect, although subsidies are not
allowed for pollution abatement technologies in general in the EU, there are ex-
ceptions. A positive use of subsidies permits assistance to encourage Small and
Medium Size Enterprises (SMEs) in particular to go beyond mandatory standards,
use renewable energy and/or install energy-saving equipment.

1.2.2.3
Alternative Approaches

As well as regulations, governments are now using and developing more innovati-
ve and effective means of intervention to achieve environmental policy require-
ments. Economic instruments such as taxes and trading schemes are designed to
change behavior by giving industrialists a financial incentive to operate differently
and more f lexibility in how they achieve the required environmental objectives. Ta-
ble 1.2-1 summarizes some examples of the tools available to governments and
their relationship to the market failures discussed above.

Taxes and trading schemes These are designed to internalize environmental costs
and send the message that if sustainable development is to be achieved then the
polluter and ultimately the user of the products and services concerned must pay
the full cost of the goods or services. These include those associated with the pre-
viously hidden environmental costs. It would be unreasonable to implement the
full environmental costs through such systems immediately, principally because of

1.2 Sustainable Development and Regulation

Table 1.2-1 Examples of policies to address market failures.

Market failure Tax Trading Tax credits/ Voluntary Regulation
schemes Public spending agreements

Negative Climate- Emissions Reduced rate of VAT Pesticides Integrated 
Externalities change levy trading on grant-funded EU CO2 from pollution 

Landfill tax scheme installation of central cars agreement prevention and 
Fuel duty Landfill heating and heating control

permits appliances Water quality 
legislation

Positive Tax relief for cleaning Habitats and 
Externalities up contaminated land species pro-
or Public Good tection legis-

lation
Information Differential Environmental 
Failures rates of fuel impact assess-

duty ment directive
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costs sunk into existing capital equipment. Hence the timescale for adjustment is
likely to be lengthy. The phasing in of the Climate Change levy and Landfill Tax in
the UK are examples of this approach.

Although environmental taxes and trading schemes are similar in many re-
spects, there are some key differences:

– Taxes fix the value assigned to pollution, but do not specify the amount.
– Trading schemes operate the other way round by fixing the amount that can be

discharged, but enable the market to put a value on the pollution load.

Both approaches should allow the market to find the cheapest way of meeting the
environmental objectives. The EU will be ready to implement trading schemes in
2005.

The perception of environmental taxes and trading schemes amongst industria-
lists is often that they are simply more measures imposed by governments to raise
revenue rather than to achieve particular environmental policy objectives or repla-
ce inefficient regulations with more effective alternatives. They thus need to be ac-
companied by appropriate targeted information to ensure industrialists under-
stand the reasons behind the schemes.

The OECD [10] feel that there is little evidence that such taxes reduce internatio-
nal competitiveness, although they qualify their view with the comment that the
sectors most exposed to competition often receive exemptions and reductions.

Tax credits and public spending Schemes utilizing tax credits typically offer tax in-
centives to industrialists to invest in sustainable and resource-efficient technolo-
gies. Public spending is often used to encourage directly specific environmental in-
novation and to promote relevant research and development. Another facet of this
is the deliberate utilization of green procurement policies by local and national gov-
ernments to drive the market towards sustainable development.

Voluntary agreements These are agreements between industry and public au-
thorities to meet environmental objectives. They often contain an element of coer-
cion in the form of a threat of tax or regulation, and the OECD [10] regards volun-
tary agreements as ineffective on their own and recommends reassessing such
practices. The UK government has a voluntary agreement with the pesticides sec-
tor to reduce the impact of pesticides on the environment, and feels that good
progress is being made against the targets. However, the UK government has con-
tinued to investigate the use of economic instruments that could be used if the vol-
untary agreement fails or takes too long.

Another aspect of voluntary agreements is the voluntary action undertaken by in-
dividuals, typically in the recycling of household waste. Voluntary actions by indi-
viduals are also more successful in solving significant environmental problems
when they are backed up by a cost implication. The recent introduction of a pilot
program in the Republic of Ireland that involves householders paying for the dis-
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posal of household waste by weight has seen a 50% reduction in the weight of hou-
sehold refuse to be disposed of.

There is thus a balance to be achieved between intervention and non-interven-
tion and the type of intervention to be used. There is no single solution and the op-
timum approach aims to mix and balance the tools available to match the econo-
mies and circumstances of the country in question.

This section has set the scene principally in the European arena on the rela-
tionship between the desire for sustainable development and the broad regulatory
means by which governments pursue their objectives for sustainable development
in a market economy. It has also highlighted the strengths and weaknesses of dif-
ferent tools and how these can help or hinder sustainable development. The next
section examines what these authors judge to be the likely challenges and trends in
the future for the environmental aspects of sustainable development and regula-
tion.

1.2.3
Future Trends and Challenges

This section summarizes some key areas in the future relationship between sus-
tainable development and regulation and their implications for producers, resear-
chers, and society as a whole.

There will be a continuing balance between the needs of the environment and the soci-
al and economic needs of society.

Although the OECD [10] stated that environmental performance in OECD coun-
tries had improved in several respects since 1990, it argued that this improvement
had come at the expense of the economic aspects of sustainable development. The
OECD also argued that the cost of achieving these improvements could have been
less (or the scale of improvements greater) if more cost-effective means of govern-
ment intervention had been used. Industrialists will increasingly be expected to of-
fer cost-effective proactive solutions to the environmental consequences of their
operations rather than simply minimizing the negative effects. Balanced against
this is the view that it is neither possible nor economically desirable to achieve zero
environmental impact.

Government intervention is likely to make use increasingly of a variety of economic in-
struments as well as “command and control” regulations.

The latter will probably principally be confined to controlling localized point
sources of pollution where it is important that emissions are kept below particular
levels. “Command and control” regulations, by relying on fixed emission stan-
dards, do not take account of the fact that the costs of reducing pollution are diffe-
rent for different firms. They are thus inefficient in achieving the overall aim of re-
ducing pollution whilst retaining economic and social development. Similarly, go-
vernments will need to resolve conf licts in some areas of environmental policy, ty-
pically for subsidies, and review other less-effective policy instruments such as
voluntary agreements.

1.2 Sustainable Development and Regulation
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There are price implications for both producers and consumers as environmental costs
continue to be included in the price of goods and services.

As government economic instruments and regulations force producers throug-
hout the supply chain to consider the environmental costs of their operations, pro-
ducers have to contend with several challenges. How do they cost these aspects in-
to goods and services using a traditional accounting system that is not designed to
cope with such costs? This basic problem is frequently the reason why projects with
an environmental benefit do not get taken up. Producers also have to contend with
the sunk costs of existing capital equipment, which means that investing in new
equipment needs to take place at the appropriate point in the investment cycle.

There is then the challenging issue of how much of these costs can be passed on
as a price rise in the supply chain, ultimately to the domestic consumer. The do-
mestic consumer may not appreciate the environmental implications or accept the
price rise as their contribution in overall responsibility for improving the environ-
ment. The implications here are for education throughout the supply chain.

Ultimately price elasticity comes into play. The fall in revenue of around 8% sin-
ce 1999 (OECD [10]) from environmental taxes is an interesting illustration of how
environmental taxes can result in a change in consumer behavior. The OECD at-
tribute about a third of this decrease to a decrease in the sale of petrol because of
higher prices.

The general public and NGOs tend to distrust the chemical industry and the use of che-
micals and this is likely to increase unless there is action by industries that use chemical
themselves.

In many parts of the world, the public perceive the chemical industry as pollu-
ting and are concerned about the impact of chemical products on health, safety, and
the environment [7]. This poor perception has become more significant since the
mid-1980s. This is despite the fact that measurable improvements have been achie-
ved in the reduction of emissions. There is thus a link between the public’s attitu-
de and their behavior as consumers. A further contributor here is the increase in
freedom of environmental information: for instance easier access to public regis-
ters of pollutants.

There is a complex set of issues here in relation to sustainable development. Sta-
keholder pressure could force the removal of some substances or products such
that the outcome is perceived overall as a positive contribution towards sustainable
development. Conversely, stakeholder behavior could force the continued use of
substances or practices that are not sustainable in the long term.

Similarly, pressures from retailers reacting to consumers could have an impact
on REACH and its implementation. This was summed up [12] by one retailer who,
although recognizing the economic success of the chemical industry, felt “it has
mismanaged the whole concept of trust in the last twenty years”.

There is a continuing need for the development of green metrics that demonstrate to all
where progress is being made and where further action is required.

Table 1.2-2 (in the Appendix to this chapter) describes the headline indicators
that the UK government uses to measure the country’s progress towards sustaina-
ble development. Whatever the merits or otherwise of these chosen indicators, they
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start to track and highlight the complexities of sustainable development. Although
the European Environment Agency measures numerous parameters to track envi-
ronmental performance, the European Commission is still developing a set of me-
trics comparable to those used by the UK to track sustainable development. Mea-
sures that are developed need to be based on outcomes, i.e. environmental quality
objectives. In the short and medium term, it may be necessary to control specifi-
cally some inputs: for example emissions of greenhouse gases.

Operators of industrial concerns in the European Union will shortly f ind themselves
specif ically liable under the “polluter pays principle” when the European Environmental
Liability Directive is implemented.

The EU Environmental Liability Directive [13] came into force in 2004 and mem-
ber states have three years to implement it into national law. This Directive holds
operators whose activities have caused environmental damage financially liable for
remedying the damage. It also has a preventative benefit as well in that operators
whose activities are deemed to have caused an imminent threat of environmental
damage are also liable to take preventative action.

Although existing policy instruments and some national civil liability laws alrea-
dy cover some aspects of this Directive, this is the first comprehensive approach
and one that in particular will cover damage to biodiversity that has not previously
had protection. It is wide ranging in its implications and is likely to result in grea-
ter involvement by citizens and NGOs, who will now be able to require the compe-
tent authorities to act.

Again, the underlying principle behind this Directive is to move the financial ex-
penditure associated with environmental protection and sustainable development
to the operator responsible rather than the costs being met by society in general. In
terms of a market economy, the costs have been internalized.

European Union industrialists will come under increasing pressure to consider the en-
vironmental lifecycle of their products “from cradle to grave”.

The EU is committed to introducing an Integrated Product Policy (IPP [14])
which aims to promote sustainable development by reducing the negative envi-
ronmental impacts of products throughout their lifecycle “from cradle to grave”.

Whereas until now much of the effort related to environmental policies has con-
centrated on large point sources of pollution either at the start of the product’s life
(manufacturing) or its end (waste disposal), IPP aims to integrate policies across
the whole lifecycle. It is market orientated and aims to use incentives to move the
market towards more sustainable options.

One of the first areas that the EU is working on is the provision of lifecycle in-
formation and a handbook (due 2005) on best practice in lifecycle analysis (LCA)
along with a gradual expansion of environmental labeling. At the moment there is
no commitment to create regulations for IPP. However, regulation is likely to re-
main a potential tool, in addition to the range of economic instruments discussed
above along with various guidelines.

The timescale for the implementation of IPP is long and the impact of the cur-
rent proposals reduced from the original intentions. However, the successes achie-
ved in dealing with major point sources of pollution have enabled the scope of en-
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vironmental policy to be broadened to cover the whole lifecycle of a product. This
introduces new challenges and opportunities to achieve sustainable development.

Producers will see more end-of-life Directives such as The Waste Electrical and
Electronic Equipment Directive (2002/96/EC) plus the End of Life Vehicles Direc-
tive (2000/53/EC). There will be mounting pressure for LCAs to be carried out on
all new products and substances. Not only will the manufacturing process have to
be green but also the use and disposal of the product or substance will have to be
benign. As a result of this, the growing science of green product design is likely to
spread from overtly consumer goods to all aspects of the supply chain.

1.2.3 Future Trends and Challenges

Table 1.2-2 UK headline indicators for sustainable development.

Indicator Description

Economic output GDP per head (UK) measured against an index based
on 1970 figures

Investment Total (measured against an index based on 1970
figures) and social (railways, hospitals schools, etc.)
investment (UK)

Employment Percentage of people of working age in work meas-
ured against an index based on 1970 figures (UK)

Poverty and social exclusion Selected indicators of poverty and social exclusion

Education NVQ Level 2 qualifications measured as percentage
of population at age 19 (UK)

Health Life expectancy (years) and expectancy of good or
fairly good health (GB)

Housing conditions Percentage of households in non-decent housing both
social and private sector (England)

Crime – robbery, vehicle and burglary Number of recorded crimes (England and Wales)

Climate change Emission of greenhouse gases measured in million
tonnes C both as a basket of six gases and carbon
dioxide (UK)

Air quality Days when pollution is moderate or higher (UK),
measured for both rural and urban sites

Road traffic – total traffic volumes – Measured in billion vehicle kilometers

Traffic per unit of GDP – Vehicle kilometers per unit of GDP

River-water quality Rivers of good or fair chemical quality

Wildlife – farmland birds Population of wild birds (UK) measured against an 
– woodland birds index based on 1970 figures

Land use Percentage of homes built on previously developed
land (England)

Waste – Household waste Measured in kg per person
– All arisings and management
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1.2.4
The Implications for Green Separation Processes

The European Commission takes a broad view of what constitutes “environmental
technologies”. It includes integrated technologies that prevent pollutants being ge-
nerated in the production process as well as new materials, energy- and resource-
efficient processes, environmental know-how, and new ways of working. The pre-
ceding sections in this chapter have identified that environmental policy instru-
ments in OECD countries and Europe are moving in the future towards a greater
use of economic instruments and less reliance on “command and control” regula-
tion that specify the use of a particular technique. Thus green separation processes
that enable a greater degree of environmental control to take place as part of the
manufacturing process are likely to be more attractive.

As producers start to realize the financial implications of green taxes such as tho-
se aimed at reducing the amount of waste that goes to landfill, separation proces-
ses that enable producers to reduce, recycle, or not produce the waste in the first
place, become more viable.

Separation processes that enable valuable materials to be recovered from waste
streams, especially as fossil fuels and primary ores are exhausted, are also likely to
be in increasing demand. A similar logic applies to technologies that maximize
yields and recoveries of target materials for minimum input of fossil fuels and ot-
her utilities or can lead to the use of renewable or alternative feedstocks.

In the short and medium term, industry will still require end-of-pipe processes,
but IPPC and IPP will encourage the use of in-pipe, in-process technologies and
techniques along with appropriate management systems.

1.2.5
Conclusion

The way that regulation contributes to sustainable development is changing signi-
ficantly. Europe and the OECD countries are moving towards a regulatory system
that combines the historic “command and control” with a system that makes grea-
ter use of economic instruments. The debate is more about what economic instru-
ments will be used for what pollution load and how quickly rather than whether it
happens.

These regulatory strategies have the potential to help sustainable development by
encouraging industrialists to take proactive steps to prevent pollution before it
happens rather than by policing the pollution that has already occurred. This is li-
kely to be balanced with a greater use of consumer-based environmental taxes to
encourage individual citizens to appreciate the real costs of sustainable develop-
ment.

Whether or not one signs up to sustainable development as a politically desira-
ble policy, there is a belief among the G7 countries that the global demand for oil
will increase by 50% between 2004 and 2025. Those same commentators believe
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that the perceived gap between oil supplies and demand will be met by technology,
some of which has not yet been invented!

These technologies might fall within the definition of “Green Chemical Techno-
logies”. They may use alternative feedstocks to synthesize existing desirable mole-
cules, make more efficient use of fossil-fuel (oil) derived materials, and/or, finally,
create substances which give the same effect (utility) than those used currently but
with less environmental or public health impact.

Whatever the consequences of regulation, stakeholder pressure driven by rising
oil prices, will create a greater demand for green product design. Manufacturers
will seek greater resource efficiency, reuse/recyclability and alternative feedstocks.
This is likely to happen long before any regulation on IPP is enshrined in legisla-
tion.

References

1 World Commission on the Environment
and Development (WCED), Our Common
Future Oxford, Oxford University Press,
1987, p. 43.

2 Quality of Life Counts: Indicators for a Stra-
tegy for Sustainable Development in the UK
2004 Update, Department for Environ-
ment, Food and Rural Affairs, London,
March 2004.

3 Bjørn Lomborg, The Skeptical Environmen-
talist, Measuring the Real State of the World,
Cambridge University Press, Cambridge,
2001.

4 Ali M. El-Agraa, The European Union: Eco-
nomics and Policies, 7th edition, Prentice
Hall Financial Times, 2004.

5 Richard G. Lipsey, K. Alec Crystal, Econo-
mics, 10th edition, Oxford University
Press, Oxford, 2004.

6 Surya Mahdi, Paul Nightingale, and Frans
Berkhout, A Review of the Impact of Regula-
tion on the Chemical Industry, Executive
Summary of the final report to the Royal
Commission on Environmental Pollution,
SPRU-Science and Technology Policy Re-
search, University of Sussex, November
2002.

7 Diana Cook and Kevin Prior, eds., Facilita-
ting the Uptake of Green Chemical Technolo-
gies, Crystal Faraday Partnership Ltd, Rug-
by, 2003.

8 Stimulating Technologies for Sustainable De-
velopment: An Environmental Technologies

Action Plan for the European Union,
Com(2004) 38 final, Brussels, 28 January
2004.

9 European Environment Agency, Europe’s
Environment: the third assessment,
summary, Office for Official Publications
of the European Communities, Luxem-
bourg, 2003.

10 OECD, Implementing Sustainable Develop-
ment: Key Results 2001–2004, OECD, Paris,
2004.

11 European Commission White Paper, Stra-
tegy for a Future Chemicals Policy, February
2001 as amended October 2003; See also
ENDS, REACH caught up in EU’s competi-
tiveness agenda, November 2003, 346, 51.

12 ENDS, Retailers voice support for REACH
chemicals reform, January 2004, 348, 31.

13 European Parliament and of the Council
of 21st April 2004, Directive 2004/35/EC
on “Environmental Liability with regard to
the Prevention and Remedying of Environ-
mental Damage”, published in the Official
Journal L 143, 30 April 2004.

14 Communication from the Commission to
the Council and the European Parliament,
Integrated Product Policy: Building on Envi-
ronmental Life-Cycle Thinking, Commission
of the European Communities, June 2003;
ENDS, The wheels of integrated product poli-
cy grind slow, July 2003, 342, 28.

References




