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INTRODUCTION

The Studz

This final report presents the results of the first and second
stages of ERL's study of 'Cleaner Technologies in the Chemical
Industry', carried out for the Directorate for Environment and
Consumer Protection. While ERL received considerable cooperation
from the EEC chemical industry in the course of its investigationss$™
in particular from the Clean Technology Sub~Committee of CEFIC, the
conclusions and recommendations contained in the report are those
reached independently by the consultants, and do not necessarily
reflect the final view of DGXI of the European Chemical Industry.

\
Because of the differences in size, nature and the feedstocks of
their production processes, together with other key factors
including the economics of the industry, its organisation, etc.,
the two sectors of the industry deserve separate consideration.

Objectives of the Study

The principal purposes of the overall study are:

o to examine the extent to which cleaner technologies have
been introduced in the production of chemicals in response
to normal business and market forces and also to pollution
controls themselves;

o to note the contribution cleaner technologies have made to
reduced emissions, wastes, energy and raw material use in
the industry;

o to identify the principal factors which influence the
selection of process technologies in chemical production
and to point out potential conflicts with regard to the
adoption of cleaner technologies;

o to assess the scope for introducing cleaner technologies’
in future chemical production processes, and the
constraints to this process;

o to conclude what action on the part of the EEC Commission,
Member State Governments and the industry itself might
facilitate the adoption of cleaner technologies in this
industry.

Approach and Scope of the Study

The methodology adopted to examine the status and factors influenc-
ing the use of cleaner technologies in the chemical industry has
been a case study approach, However, because of the nature and
organisation of the sectors, a rather more rigorous case study
approach was possible with bulk chemicals than with fine chemicals.,
The approaches and scope of the study to the two sections are
therefore discussed separately.
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Bulk chemicals

Bulk chemicals for study have been selected according to certain
pollution/waste and resource use criteria, considered most likely
to illuminate the issues involved. These were described and the
chemicals identified in an earlier working paper.

In total some 14 products/sectors were selected from the different
parts of the bulk chemical industry:

Inorganics Petrochemicals

Chlor-alkali industry Halogenated hydrocarbons,
Aluminium production Acrylonitrile

Phosphoric acid Olefin oxides

Sulphur industry

Titanium dioxide Organics

Polymers ‘ Certain nylon intermediates
Nylon production : Methyl methacrylate

VCM/PVC ) Phthalic anhydride

Tolylene diisocyanate

Within some of these sectors, e.g. nylon production, an examination
of the production routes and the process technologies involving
intermediate manufacture were considered.

In addition, a broader examination of bulk chemical production in
general was undertaken, and the report draws upon other examples
where appropriate.

The consultants carried out an extensive literature research
supported by discussions held with chemical companies in the
following Member States:

Belgium

France

Germany

Italy
Netherlands
United Kingdom.

00 00CO0O0

A list of the companies consulted is given in Appendix 1.
Fine chemicals

The difficulty of adopting a similarly precise case study approach
for fine chemicals lies in the fact that because of its very
diverse structure, and the large number of small companies
operating, it was not possible to identify and compare the process
technologies/operations companies making precisely the same
product.

Nevertheless, the same general principal has been adopted whereby,
instead of examining selected individual chemicals for case
studies, sub-sectors or product areas were identified within the

-
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fine chemical industry. These comprised the following:

i. pharmaceutical intermediates and finished products.
ii. agrochemicals/pesticides,
iii. dyestuffs,
iv. food additives,
Ve fine inorganics (involving toxic metals),
vie fine inorganics (precious metals),

Within groups i and ii, being the largest sectors and with which
the majority of interviews were held, we attempted where possible
to focus discussions on processes involving the use or production
of toxic or environmentally problematic chemical groups. These
include products on the EEC black and grey list substances, such
as:

persistent organohalogens,

organo phosphorus compounds,

halogenated phenols,

lead, chromium, antimony and arsenic compounds.

In addition to discussions held with companies involved with the
production of these groups of compounds, ERL undertook more general
discussions with representatives of the industry on the development
of fine chemicals process technology. A list of the companies
visited in this part of the study is also given in Appendix One.

Definition of Cleaner Technologies in the Chemical Industries

In view of what are often varying and sometimes rather loose
references made to "cleaner" or "clean technologies", it is worth
defining exactly what were included in this study of the issue in
the chemical industry. In general terms, cleaner technologies
embrace the notion that "prevention is better than cure" and that
their adoption through change of manufacturing process reduces the
level of polluting emissions/wastes and/or energy and/or raw
material, catalyst, solvent requirements. In the chemical industry
this change in manufacturing process could involve one or more of
the following:

i. adoption of manufacturing process, involving different
feedstocks and /or significant change in reaction
conditions, catalyst, etc.:

ii. adoption of a different route to a final end product
involving either fewer stages with less pollution/energy/
wastes and/or less toxic intermediates/feedstocks;

iii. the recovery and recycling of by~product or uncoverted
feedstock from waste streams into the process itself:;

iv. the recovery, usually involving purification, and use of a
by-product as a feedstock in another chemical process or
as a final marketable product in its own right.
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There is a tendency for cleaner technologies to be considered
mainly in terms of (i) above. However, the potential importance of
the other forms that cleaner technologies can take in the chemical
industry should be recognised.

We would note that 'clean' in respect of process technologies has
been defined in terms of emissions rather than pollution. The
latter will of course also be a function of the local receiving
environment.

Organisation of the Report

Following Section 2, which summarises the findings and conclusions
of the overall study, the report is separated into two main
sections:

Section A covering Bulk Chemicals, contains:

Section 3: The use of cleaner technologies in EEC bulk chemical
manufacture.

Section 4: Factors influencing the selection of bulk chemical
process technology.

Section 5: The future scope for adoption of cleaner technologies
in EEC bulk chemical production.

The findings in Section 3 concerning past and current development
and use of cleaner technologies are supported by Appendix 2
containing case studies giving brief descriptions of basic process
technologies available, and their principal characteristics.
Section B on Fine Chemicals contains:

Section 6: Nature and structure of the fine chemicals industry.

Section 7: Process technology of the fine chemicals industry.

Section 8: The environmental significance of the Fine Chemicals
industry.

Section 9: Factors influencing the selection of fine chemical
process technology.

Section 10: The use and development of cleaner technologies in
EEC fine chemicals production.

A list of the principal reference material examined during the
course of the study is shown at the end of the report.
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2. CONCLUSTIONS

2.1 Principal Pindings of the Study on Bulk Chemicals

2.1.1 Past

i.

ii.

iii.

ive.

development and use of cleaner technologies

The hypothesis that the adoption of cleaner technologies
by the bulk chemical industry is coincident with the -
economic and operational interests of the industry is too
simplistic and cannot always be supported by the facts,

However, the development of new basic bulk chemical
processes has more often than not also involved
significant reductions in associated emissions/wastes *
and/or reduced energy/raw material use. In some
instances, the rationale for the new process development
has been precisely to achieve such results.

Improvements in product yield and energy efficiency have
been achieved as a matter of steady refinements and
modifications to process technologies over many years, 'as
well as by major change in process technology.

There can be conflicts or trade~offs in the emission and
resource benefits to be realised in the introduction of
new process technology. For example, less toxic by-
products/wastes may be achieved at the expense of a fall
in overall product yield. It is also important to
recognise that apparent environmental gain in one
production process achieved by a change in feedstock, may
be offset by increased emission/wastes in producing that
feedstock. Perhaps the most common cleaner technology
trade~off occurs in the recovery and recycle of by-
products/unconverted feedstock, which usually involves
additional energy expenditure per unit of product for that
process. This may be compensated by the reduction in
energy required to produce less of the original feedstock.

The adoption of available cleaner basic bulk chemical
processes has occurred to a considerable extent in the
development of many sectors of the bulk chemical industry.
Particular progress has been made with recovery and
recycle of certain toxic micro-pollutants (including hlack
list substances). However, it should be noted that:

o there is considerable variation in the situation
within the main sectors of the industry's inorganic,
petrochemical, polymer and organics production; .

o development and use of cleaner technologies is less
widespread in inorganic bulk chemicals than in other
sectors, probably a function of the inherent chemistry
and more limited feedstock options, the somewhat
slower economic growth and of the less integrated :
nature of the industry; in some inorganic processes,
of course, very considerable cleaner technology '
development has taken place.
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Selection of process technology is principally determined
by direct considerations of capital and operating costs.
However, local and intra-company factors are often of
paramount importance in determining the selection of
process technologies, particularly for organics. Major
influences can include size/configuration of plant,
availability of feedstock, familiarity with processes,
waste/effluent disposal options and integration with
existing operations.

2.1.2 Future Scope

vii.

viii.

ixe.

In theory, there is considerable scope for the development
and further use of cleaner technologies in many sectors of
bulk chemical production. The potential varies from sector
to sector, and also among countries and companies. There
are good economic and operational reasons to believe that
cleaner technologies will continue to be adopted in the
future developmeﬁt of the industry, although again the
degree of application will vary among sectors, countries
and companies.

However, the changed economic circumstances and outlook

for the bulk chemical industry from that prevailing up to
1975 are likely to slow or restrict this process,
particularly with respect to the adoption of new basic
process technologies. The following points may be made:

o The requirement for additional capacity over the next
10-15 years will be small (and in some cases zero) in
many bulk chemical sectors. New capacity built will
therefore largely be replacement capacity or small
additions achieved through debottlenecking on existing
plants. In these cirumstances, local factors and
existing plant configurations will tend to have a
strong and rather conservative influence on process
type adopted.

o Research and development of new basic bulk chemical
processes will generally be less than that of the
past. One can also note that an increasing share of
new cleaner basic process technologies is being
developed outside the EEC, particularly Japan, where
economic, raw material and emission/waste control
circumstances are more conducive to such development.

o Research and development funds are being steered into
the expanding and more profitable sectors of the
industry. This includes fine chemical development.

Taking account of both the economic circumstances noted
above, and the potential benefit to be derived from
cleaner technologies, particular focus in further
application should be given to:
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(a) recovery/recycle of by-products/wastes within plants
and for reuse/sale. outside plant; ’

(b) cleaner technology applications (including (a)) to
reduce the quantities of relatively insoluble
inorganic wastes and weak acid effluents.

In making these remarks, it is recognised that in some
plants, a great deal has already been achieved and further
scope is limited. Also, there are very real economic and
sometimes technical constraints to recovery and resale of
by-products to a third party industry. Nevertheless there
is undoubtedly also scope for further refinement and
improvement of existing technologies, a particularly
important aspect in a period of low investment new plant
capacity.

2.2 Principal Findings relating to Fine Chemicals Industry !

2.2.1 Structure and nature of the industry

il

-
-
]

The industry is made up of very many (some 350-450
companies producing active ingredients) usually small
companies. Most are highly product oriented, geared to
supplying a particular market. Others specialise in
producing certain kinds of intermediates or inorganic fine
chemicals. Quantities produced mostly vary from less than
one tonne to 1,000 tonnes/year produced in batch
processes. Some pesticide products and certain other fine
chemicals are produced in larger quantities (up to 20,000
tonnes/year), often in continuous or semi-continuous
processes. Many of the market sectors for fine chemicals,
particularly pharmaceuticals, certain pesticides, photo-
graphic chemicals, food additives/perfumes are still
growing quite strongly. These faster growing and larger
markets are mostly organic chemicals.

The principal environmental problems of fine chemicals
plants tend to involve toxic micro-pollutants rather than
heavy pollutant load. Most of the EEC Black and Grey List
substances are included in the feedstocks, products and
sometimes by-products of the fine chemicals industry.

This is inevitable and integral to the nature of an
industry specialising in the production of fine chemicals.
As a result, the industry's plant and operations are
specifically designed to cope with this fact. However,
many fine chemical plants do not give rise to significant
pollution effects, and impacts tend to be site specific.

The production of fine organics involves multi-stage
(3-20), usually liquid phase, reactions , using a very
wide selection of bulk or semi-bulk organic chemicals as
feedstocks. Many of the processes are similar in type
using common inorganic/organic reagents. Yields for
individual stages are generally high, in the 80-95% range,
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but can sometimes be much lower with large yields of by-
products. Use of catalysts is growing but can give rise
to metal pollution problems. Production of fine inorgan-
ics generally involves only 1-3 stages, often fairly
simple solid/gaseous phase chemistry.

2.,2.2 The use and future scope for cleaner technologies in fine chemical
production
iv The principal thrust of the industry is towards

development of new products rather than new production
processes. However, there is increasing emphasis on
improving yields/reducing production costs of existing
fine chemicals, and this process is generally, but not
always, consistent with lower waste technologies. Also
emission/waste questions are being given increasing
emphasis in design of new processes, and sometimes force
changes in existing ones. Conflicts can arise, such as
the drive to higher purity products in some sectors and
increasing use of catalysts can produce more contaminated
effluent streams. In the latter case, catalytic processes
have sometimes been prevented because of this problem.

Ve Given the number of reaction processes and the diversity
of the fine organics industry, the theoretical scope for
introduction of cleaner technologies is considerable. The
process is likely to be gradual, bearing in mind the
product orientation of the industry and the allocation of
R&D resources, but should slowly increase, particularly as
more resources are directed to production processes. This
is partly a function of growing attention on fine
chemicals from large multi-national companies. The scope
for introduction of cleaner technologies in the fine
inorganics industry, containing most of the Black/Grey
List substances is much more limited.

vi. However, by the nature of the industry, most production
technologies in manufacturing fine chemicals are
commercial secrets and unique to the companies that
develop them.

vii. Recovery of by-products is limited by the generally small
quantities produced, and possibly contaminati~n by other
toxic compounds. Nevertheless, there is considerable
scope in this respect and the fine chemicals industry in
total recovers and reuses inore by-products from waste
streams than does the bulk chemical industry, mostly
because product value is generally much higher. A very
high level of waste recovery exists in production of
precious metals/rare earth compounds.

viii. The scope for reducing energy consumption is rather
limited. For most processes energy is usually used in a
number of relatively low temperature applications where
the cost of waste heat recovery is high. Exceptions are
some of the rare metal/inorganic solid/gaseous phase
reactions, which take place at higher concentrations.
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Conclusions and Recommendations for Action

Here we draw certain conclusions and make suggestions on areas for
possible action on the part of the Commission, Member State
Governments and the chemical industry. Most suggestions for
positive action envisage collaboration between the parties
mentioned above.

Bulk chemicals

i. It does seem justified for the Commission or Member State
Governments not to make grants/fiscal incentives available
to chemical companies to encourage the adoption of cleaner
technologies, except in respect of demonstration projects
- see iv. BApart from the difficulty of devising an
equitable scheme, the size of the fund required to have
any impact would have to be very large.

ii. Nor do we recommend that funds be made available for
supporting research and development of new basic process
technologies for bulk chemical manufacture. The principal
reasons are: :

a. again, there would be difficulties in drawing up
criteria for selecting R&D projects for support which
were eqguitable;

b. the amounts of money would again have to be large to
have a significant impact;

c. without prior and independent financial commitment
from industry there is less choice that the
technologies would be developed to the point of
commercialisation.

iii. However, it is possible that some R&D support could be
justified to encourage development of clean technologies
aimed at:

- recycle/reuse of by-products/unconverted feedstocks
within plants;

- purification processes of by-products to be used in
outside plants or other industries;

- use of by-products as alternative feedstocks.

Sometimes there will be no distinction between these
recovery technologies and the basic production technolo-
gies. These technologies have probably received less
attention in the past than the development of new produc-
tion processes, and certain recovery processes may have
wider application than to one particular by-product/waste
stream. We would suggest further study is needed to
examine the scope for these applications, particularly in
organic chemicals production, and the case for financial
support. Also see vii. below.
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ive However it is suggested that the principal funding
initiative of the Commission in respect of chemicals
should be directed to support suitable demonstration
projects, where the basic R&D has already been carried
out. We believe support may be justified for certain
kinds of demonstration projects, particularly in the
recycle/reuse applications identified in iii. above, where
the technology could be of wider application than being
confined to specific chemicals.

Ve We support the education initiatives being adopted by the
UN Economic Commission for Europe, by the French
government and by industry itself in publishing
compendiums of cleaner or low waste/low energy process
technologies in the chemical industry. More emphasis by
the Commission could be placed on recycle/reuse cleaner
technology processes, rather than on basic process
technology itself, which is more adequately covered by
technical publications and probably better known to the
industry itself.

vi,. The study has indicated that familiarity with process
technology can considerably influence industry decisions
to adopt cleaner technologies or not. Education may not
be sufficient in its own right. Support and encouragement
could therefore be usefully given to appropriate chemical
industry seminars/ symposiums, where experience and
problems with using certain cleaner technologies could be
discussed among technical experts. Every effort should be
made to invite participation of process engineers from
countries outside the EEC, including Japan.

Priorities in v. and vi should be given to areas where
current production processes:

- have wide application;

- give rise to major pollutant load or Black/Grey list
micro-pollutant problems;

- have associated wastes in large quantity but
potentially usable, or of high value.

2.3.2 Fine chemicals

viii. The involvement of the Commission in promoting the use of
cleaner technology applications in fine chemicals is
by and large hard to justify for the following
reasons:

- Support for a demonstration project on a particular
reaction stage, even if subsequently commercialised,
would have only limited application in the industry -
see 2,2.2 vi. above,
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- Because of the commercial confidence bound up in
production process technology, attempts to share,
distribute and discuss information in this respect are
unlikely to be successful.

ix. Nevertheless, there are probably a few production
processes, relatively well known, which give rise to
particular emission wastes problems. It is suggested that
the Commission should explore possibilities in this
respect further, with particular emphasis on the fast
growing sectors of the industry.

X. Again, the most cost/beneficial area for possible support
in demonstration projects is likely to be in technologies
that could be widely applied in recovering by-products,
and slightly contaminated products from waste streams,
where by-product value is high. Emphasis should be given
to areas where high pollutant load or, more particularly,
Black and Grey List substances are involved. It may be
that waste disposal/solvent recovery contractors have a
role to play in the development and commericalisation of
such technologies.

Final remarks

From the conclusions above and the analysis in the text, any action
on the part of the Commission with respect to promoting use of
cleaner technologies in the chemical industry, should, we believe,
emphasise the bulk rather than the fine chemicals sector. This
conclusion is the opposite of what was foreseeen at the start of
the project.

We would, however, strongly suggest that examination of the scope
for cleaner technologies in semi-bulk organics sector should be
pursued, as we believe that cleaner technologies, of quite wide
application, might play an important role in reducing wastes/
emissions in this sector.
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SECTION A: BULK CHEMICALS
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THE USE OF CLEANER TECHNOLOGIES IN EEC BULK CHEMICAL MANUFACTURE

Introduction

This section of the report supported by Appendix 2 examines:

i. the historical development of process technologies adopted
by the bulk chemical industry, their environmental/
resource characteristics and presents comments upon the
chief rationale for their adoption;

ii. growth in production of the bulk chemicals examined and,
where possible, the share of total production taken by
cleaner technologies.,

In Section 5, the report discusses the extent to which the cleaner
technologies available to the industry are likely to be adopted
over the next 10-15 years.

However, before describing the development and use of process
technologies for various bulk chemicals, brief comment is given
upon the nature of bulk chemical production and the nature of
emissions/wastes that may be associated with them.

The Nature of Bulk Chemical Production

The development of the bulk chemical industry and its production
processes

Bulk chemical manufacture is almost by definition the initial or
early stages of the production process in the chemical industry.
However, sometimes, as is particularly the case with certain
inorganics and polymers, bulk chemicals can be the finished
products of the industry sold for application in other industrial
processes. Most bulk chemicals experienced enormous growth from the
1950's to the early to mid-1970's. The consequences of this growth
were:

i. Average plant capacities increased many times in size and
became large unit consumers of raw materials and energy.

ii. The economic incentive for minimising production costs
resulted in considerable R&D effort being devoted to
improving process technology, search for new feedstocks,
etc. This was an innovative era for the development and
introduction of new process technologies.

iii. A high proportion of petrochemical, bulk organic and
polymer production processes became continuous (often in
the gas phase), utilising selective catalysts.
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iv. Final product yields have in most cases showed steady
improvement although this has slowed over the 1960~1980
period as obviously a situation of diminishing returns on
investment applies as yields exceed 85-90%.

Ve Changed feedstock availability/cost has had a considerable
influence on process technology development, most markedly
with the development of petroleum based ethylene chemistry
away from coal based acetylene chemistry.

vi. Even before the 1974 and 1979 rise in energy production
prices, energy costs have contributed a large share of
total production costs; the bulk chemical industry has
devoted considerable process research effort to improve
energy efficiency.

Changes in economic situation

A radical change in the economic situation and outlook for the bulk
chemical industry has occurred since the mid-1970s, induced
principally, either directly or indirectly by the oil/energy
crisis. Another contributing factor may be the fact that large
volume substitution opportunities for bulk chemical synthetic
materials/fibres had also been considerably exploited by this time.
The result for the bulk chemical industry in the European Commuity
has been:

o excess production capacity in many sectors of the industry
since 1975-78;

o market growth rates much reduced and growth sometimes
eliminated altogether;

o low or negative profit margins;

o less R&D funds being devoted to the development of new
process technology for bulk chemicals production.

Emissions and wastes

Given the nature of bulk chemical manufacturing, the following
observations may be made with respect to their assoc.ated emissions
and wastes and their treatment.

o While certain sectors of the industry do produce emissions
of high toxicity, including 'black' and 'grey' list
substances (some of these are examined), environmental
problems mainly arise from the large effluent load for
which adequate dispersal in certain environments may be
difficult.

-
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o Emissions/wastes from continuous processes are likely to
be more amenable to economic pollution control treatment
than those from small scale usually batch processes. Large
plants by definition can offer the opportunity for
realising economies of scale in gaseous emission scrubbers
or effluent treatment plant.

o A particular environmental problem of certain bulk
chemical manufacture is the production of large quantities
of rather inert solid inorganic wastes/by-products.

o Large quantities of aqueous weak acid effluent can also be
associated with certain bulk chemical production
processes.

Use of Cleaner Basic Process Technologies

In the following sub-sections we determine the extent to which
cleaner process technologies, where they can be identified, have
been adopted in the natural evolution and expansion of the bulk
chemical industry. In later sub-sections, we consider the incidence
of other forms of cleaner technologies, such as recycling/reuse of
waste streams, recovery of by-products, etc. However, the concept
of cleaner technologies is in reality not always readily apparent.
There can be trade-offs between processes. For example, one
process may have less overall wastes/by-products associated with
it, i.e. higher yield, but may produce a more toxic waste stream
than the alternative. The report will only identify a cleaner
technology where one process has a clear overall advantage in terms
of emissions/wastes judged by its potential impact, or by the
measures necessary to ameliorate any consequent impacts. Clearly
there is room for argument in assigning the label of cleaner
technologies., Nevertheless, such potential controversy is inherent
in the notion of cleaner technologies and no attempt to understand
and examine the issues can completely avoid them. What of course
must be emphasised, is the actual impact of emissions/wastes from a
particular process will depend upon the receiving environment. 1In
other words, the identification of a cleaner technology should not
necessarily imply that other process technologies are 'dirty' or
unacceptable.

A more interesting conflict in selection of a cleaner technology
arises when one bulk chemical process has significantly lower
associated emissions/wastes but a higher enerqgy consumption per
unit of product. The analysis will point out such conflicts, by
showing where the lower emissions/waste technology (cleaner) has a
higher energy use than alternative processes.
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Historical Development of Process Technologies

In this section we identify the extent to which cleaner basic
process technologies have been adopted in the natural development
and expansion of each bulk chemical in the case studies, taking
account of remarks in the preceeding section defining and
qualifying the term 'cleaner’'.

Appendix 2 describes in summary form for some 17 bulk chemicals the
principal process technologies that have been used, their
characteristics and the rationale for their adoption. 1In Tables
3.4(a), 3.4(b) and 3.4(c) below we identify where such basic
process development and adoption has resulted in significant
improvements in either reduced emissions/wastes or energy/feedstock
use. They will not point out the gradual and continuous small
improvements in yields and/or energy gained throughout the chemical

- industry through plant design, refinement of operating

conditions/catalysts, heat recovery/insulation, process control,
good housekeeping, etc. Increases in energy efficiency achieved in
this manner range from 15-40%. The importance of such improvements
should be recognized but such developments are not the principal
focus of this study.

Inorganics

In Table 3.4(a) overleaf, we summarise the extent to which the
introduction of cleaner technologies has taken place in the
manufacturing development of these bulk inorganics, and what the
principal environment/resource gains have been.

Further comment:

i. Aluminium. Basic Hall Heroult process has not been
replaced. Gradual refinement and improvements to process
have reduced energy regularly. A lower energy chloride
process exists which avoids hydrogen fluoride emissions,
but higher capital and maintenance costs result because of
the construction materials required.

ii, Chlorine. The requirment for high purity caustic (NaOH),
not obtainable from diaphragm cell (widely adopted in the
USA) has to a considerable extent, constrained replacement
of mercury cell chlor-alkali production. Continual
improvements to mercury cell design, recycling of mercury
(recovered in end-of-pipe treatment) has allowed mercury
emissions to be reduced from 250-500g/tonne Cl, produced
to <50g/tonne Cl, produced. New materials, improved design
of anode have contributed to reduced energy use. Cleaner
membrane cell technology has been developed, avoiding
mercury and asbestos use, and offering at least comparable
energy efficiency.

Here, cleaner technologies were developed at least in part
in response to environmental regulations.
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Sulphuric acid. The industry converted from the lead

chamber to the cleaner contact process principally to
realise economies of scale. Further conversion to the
double contact process, which recovers additional SO, in
gaseous emissions and so increases yield, cannot be
justified on economic grounds alone, but is usually the
most cost-effective means of meeting the stricter SO,
regulations now usually required. However, it may be
noted that one sulphuric acid manufacturer opted for
ammonia scrubbing equipment rather than a double contact
(cleaner technology) solution to reduce SO, emissions.

The double contact process is also a cleaner technology
which offers the means to recover SO, emissions from metal
pyrites smelters and uses them as a sulphuric acid
feedstock. To be economic, the SO, concentration must be
of a certain level.

Phosphoric acid. Industry has largely adopted the wet

process for fertiliser grade phosphoric acid production,
with its associated production of gypsum (5 tonnes

CaS04 . 2H_O to one tonne product P205). However, it is
cheaper than the energy intensive electric furnace process
which is still used for high purity phosphoric acid
production. High purity product can now also be
manufactured by an improved (solvent extraction) wet
process, and may be used in future.

A cleaner wet process (hemi-hydrate/double stage
recrystallisation), offering the means to higher purity
gypsum by-product has been built in the EEC. Only one
plant using the ‘'cleaner' nitrophosphate process, has so
far been installed in EEC Member States.

Titanium dioxide. Raw material constraint (decreasing

availability of rutile ore) has limited the use of cleaner
technology. Some economic penalty in using more expensive
imported slag feedstock process to reduce wastes. Also,
because of its situation, one German chemical plant
recovers sulphuric acid from weak acid waste stream as
this is cheaper than alternative disposal option. However,
this concentrating process is energy intensiv.:.

Japanese and certain East European Ti0, plants are
required to recover/reuse weak sulphuric acid and
precipitate and recover ammonium sulphate from waste
streams as well as recover ferrous sulphate/oxide from
copperas sludge. The FeSO, in turn is used for pigment
production on site or purified and sold as water treatment
chemical. The use of copperas derivatives for water
purification is being actively developed in France,
Germany (FDR) and the UK. The recovery of ferrous iron is
estimated to add 25% to titanium dioxide production
capital and operating costs.
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3.4.3 Petrochemicals

Table 3.4(b) overleaf shows the extent of historical adoption of
cleaner basic process technology in the production of selected
petrochemicals and polymers.

i. Ethylene oxide. Process development resulted from the
desire for scale economics to reduce costs. Use of 0,5 vs.
air avoids large volume of contaminated nitrogen emissions
oxidation motivated by economies of scale/ capital costs
reductions in large plant.

ii. Chloromethanes/perchlorethylene. Process development has
offered greater flexibility in petrochemical/chlorination
plants by optimising use of by-products/raw materials.

iii. Acrylonitrile. 1950/60's development of process was if
anything a dirtier process. However, cost of feedstocks
and problems with by-products stimulated improved
ammoxidation process - complex catalyst.

ive. VCM, Once acetylene based process replaced, newer
processes also offered some advantages as in (ii) above.

3.4.4 Polymers/Intermediates

Table 3.4(c) overleaf shows significant changes in emissions/wastes
and in energy/raw material use arising from past changes in basic
process technology or in the intermediate route to certain
polymers. In the case of nylon:

Nylon 66 - is manufactured from the hexamethylene diamine
(HMD) /adipic acid route

Nylon 6 - from polymerised caprolactam.
i. PVC.

The improvement in yield in the 1970s from around 95% to
97% through additional VCM stripping stage, although
initiated by environmental/health and pressures from food
packaging industry, turned out also to be economically
justified.

For further VCM recovery, up to 99.8% PVC yield in some
plants facing very stringent controls, the costs of
recovery are greater than the value of additional PVC
yield. The additional recovery has an energy use penalty.

The VCM/PVC suspension process which avoids use of water
(therefore avoids evaporation energy use) has been adopted
to some extent, but cannot meet certain grade specs and
has certain other operational disadvantages.
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The move to larger continuous process autoclaves also
reduces gaseous releases inside plant (subsequently vented
to the outside environment) inherent by avoiding opening
of batch autoclaves.

ii. Nylon 66

In so far as avoidance of phenol feedstock for adipic acid
manufacture is considered environmentally desirable (a
marginal and arguable issue), the increased availability
of cyclohexane has resulted in less use of the phenol
route. However, local circumstances, including plant,
confiquration, feedstock availability, type of existing
capacity) dictates which route is adopted.

In the case of HMD manufacture, there is an enviromental
trade-off. The lower toxic emission/waste acrylonitrile
route is cleaner than the more widely and traditionally
used butadiene feedstock route, but involves a toxic/.
carcinogenic feedstock, whose production has awkward by-
products, including hydrogen cyanide. Again local
considerations are paramount in determining process route.

iii. Nzlon 6

The nitration and benzoic acid routes to caprolactam were
developed specifically to avoid production of large
quantities of ammonium sulphate by-product. The cleaner
(less (NH4),>SO4 and lower cost) photonitrosation route to
cyclohexanone oxime final, the final intermediate before
caprolactam, has been used in Japan but not yet adopted in
Europe.

Bulk Organic Chemicals

Finally, in Table 3.4(d), we show significant changes in
emissions/waste and/or energy use in the production of bulk
organics, which have resulted from changes in basic process
technology.

i, Phthalic anyhidride. A cleaner o-xylene oxidation process :
has been developed, using a lower air to o-xylene ratio,
resulting in less aquecus effluent and energy use, This
process has yet been installed in the EEC.

ii. Methyl methacrylate. The acetone cyanhydrin process is
still the only process used in the EEC. Little of the
ammonium sulphate by-product (3 tonnes (NHy4),SO4 to 1
tonne product) is currently recovered, and this aspect
will be discussed later in Section 3.6.3. The iso-butylene
process, using butadiene feedstock, has been used in the
USA but only yields around 55-65% yield. The direct
carboxylation of ethylene (Dow-Badische-Reppe process) has
not had any commercial application.
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iii. Tolylene diisocyanate. No other commercial process,
besides the 'dirty' phosgene/tolylene diiamine route, has
been developed as a full scale commercial process. The
product is the principal feedstock for polyurethane
elastomers, fibres and coatings.

Current Use of Cleaner Process Technologies

Share of Total 1980 Capacity/Rate of Demand Growth

In this section we identify where possible, the current share that
cleaner basic process technologies occupy of total 1980 capacity. A
process qualifies as "the cleaner technology" if it has been
commercially available since 1965.

It is then of interest to show this share in relation to the growth
in production experienced [1] for the bulk chemicals over the 1970~
80 and 1960-70 peridds. Such comparisons are made for the
inorganic, petrochemical, polymer and organic case studies, in
Figures 3.5(a) and 3.5(b) overleaf.

General Conclusions

From the previous examination of historical development and use of
basic process technologies, the following general observations may
be made:

i. In the 17 case studies selected, the development and use
to date of essentially different [2] cleaner process
technologies in the EEC may be summarised as:

Table 3.6(e)
LEVEL OF HISTORICAL ADOPTION OF CLEANER TECHNOLOGIES
IN PRODUCTION OF SELECTED BULK CHEMICALS

High Some Little or None Total

8 4 5 17

A more definitive assessment of the share of 1980
production capacity taken by cleaner basic process
technologies is given in Section 3.5.

"

[1] Not the same as production capacity, although the two are
related over a long enough period. Growth in production capacity
was generally faster in this period by some 2-3.5% per annum.

[2] We have already commented that there is a general trend over
time to improve product yields and reduce energy requirements for
any one given technology.
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SHARE (%) CLEANER TECHNOLOGY OF SELECTED

Chlorine

INORGANIC 1980 EEC PRODUCTION CAPACITY

Sulphuric Acid!l

Phosphoric

b

Titanium
Dioxide
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8o
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. 40
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Diaphragm Double gezt;ggdizteoj Chloride or
Cell Contact Ni trophosphat Slag/Sulphatel
Process Processes
Processes
3.9% 0.5% 2.2% 5.4%
9.8% 4.0% 27.4% n.a.

1 . . .
dotted line implies very approximate estimate.
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ii. There would appear to be a higher proportion of cleaner
technologies adopted in petrochemical/organic production
capacity than for inorganic. This probably reflects
partially the faster growth of organics over the past 10~
25 years, more alternative feedstock and process options
and also the greater opportunity for recycling/re-
use of by-products in these sectors of the industry. The
latter is particularly well demonstrated in the
manufacture of chlorinated lower aliphatic compounds.

iii. Even so, it can be seen that there is considerable
variation in the manufacture of petrochemicals and bulk
organic intermediates with respect to the use of cleaner
technologies. The more downstream the organic product
involved, the more likely it is that local plant factors
will limit the use of modern cleaner technologies - see
Section 4.5.

iv. Generally the development and adoption of new process
technologies has been accompanied by increased yield (e.g.
phthalic anhydride, PVC and sulphuric acid, but not always
(e.g. HMD and ethylene oxide).

Ve The development of new basic process technologies has
usually tended to improve the energy efficiency of
production, in some cases significantly. However, where
the cleaner technology involves recovery and recycle of a
feedstock or by-product from a waste stream, this process
will almost always require increased energy input, i.e.
there is a conflict in such situations between reducing
wastes and reducing energy use.

vi. There has been greater use of catalytic processes
(sometimes precious metals); catalyst efficiency has in
many cases also been increased - longer life times. The
replacement of liquid phase (often batch processing) by
often higher yield continuous gaseous phase processes has
occurred in several sectors of the petrochemicals
industry. This has usually ameliorated the emission load.

vii, The relationship between the adoption of cleaner
technologies available and the rate of production growth
would appear not to be close. Even so, the faster the rate
at which new capacity has been added, the more likely it
is for the majority of bulk chemicals that cleaner
technologies will have been adopted and contribute to a
larger share of current production capacity.

viii, With inorganics, although the overall share occupied by
cleaner technologies is not very high, the proportion that
cleaner technologies takes of production capacity
commissioned since 1970 is substantially higher.
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ix. Cleaner technologies are more readily taken up when they
involve add-on or modification features to process plant,
e.g., double contact sulphuric acid process, additional VCM
recovery in PVC production, change from naphthalene to o-
xylene feedstock in phthalic anhydride.

3.7 Other Cleaner Process Technology Application

3.7.1 Cleaner alternative routes involving less toxic/fewer intermediates
and/or waste streams

Such examples can be found, e.g. use of cyclohexane rather than
phenol in adipic acid, HMD or caprolactam production en route to
nylon, but their incidence is mostly coincidental since other
factors are likely to have a stronger influence in selection of
process technology routes/feedstocks. However, if a process stage
can be avoided, e.g. the photo-oxidation cyclohexane to ;
cyclohexanone oxime en route to caprolactam {(nylon 6 mohomér)} it
is likely that there will be an economic incentive as well. For
certain bulk chemical production processes have been specifically
developed to avoid use of a certain toxic feedstock or production
of a significant effluent/waste producton, e.g. the tolulene/
benzoic acid feedstock en route to caprolatam, which avoids
production of ammonium sulphate by-product.

There can, however, be conflicts or trade-offs between the
cleanliness of a process and that of the feedstock. For example,
acrylonitrile feedstock offers a cleaner route to the production of
hexamethylenediamine (key intermediate for Nylon 66) than that from
butadiene. Another case is the cleaner chloride process for
titanium dioxide manufacture which can be undertaken with synthetic
rutile, thus overcoming the natural scarcity of this raw material.
However, acrylonitrile manufacture involves the by-product hydrogen
cyanide; and in the second example, the production of synthetic
rutile itself involves certain effluent and waste problems in the
beneficiation process (there have been developments to reduce these
effects). In other words, one should be aware that the adoption of
an apparently much cleaner process technology may involve shifting
environmental problems elsewhere [1].

[1] This phenomenon is particularly significant in fine chemical
production and will be discussed more fully in the final report.
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The Recovery/Recycle of a By-Product/Unconverted Feedstock from
Waste Streams Into the Process Itself

Examples of this process in the case studies are:

Table 3.6(a)

EXAMPLES OF PRODUCT/FEEDSTOCK RECOVERY FROM WASTE STREAMS AND
RECYCLE TO PROCESS

Production Process Feedstock/Chemical Recovered
Chlorine/NaOH Mercury cell Mercury

Sulphuric acid Double contact S0,

Titanium dioxide Chloride Cl,

PVC Polymerisation VCM (feedstock)
Aluminium Cryolite electrolysis HF

It can be seen that this cleaner technology is of particular
significance where the chemicals being recovered are considered as
posing a particular potential impact as micropollutants upon human
health or the environment, rather than a general problem because of
the overall effluent load involved.

With the exception of chlorine recovery and recycle as HCl in the
chloride Ti0_ production process, the other recovery/recycle
processes identified above were introduced in response to
environmental controls, i.e. they were not seen as being
economically justified investments. However, as noted previously,
a certain level of VCM recovery (PVC yield 95-97%) was in fact
found to be economically justified in its own right. The double
contact process recovery of S0, from gaseous emissions can show an
economic return if the gaseous waste stream is concentrated enough
and the value obtained for the sulphuric acid obtained is
sufficiently high.

Also, wherever solvent extraction processes are employed, it has
been normal practice to recover as much solvent as economically
justified from waste streams.

The recovery and reuse/sale of by-products
In this instance we are concerned with the recovery of by-product
and its reuse as a feedstock in other industrial or chemical

processes, or for sale as a final product.

A principal example of such cleaner technology, currently practised
widely in the petrochemical industry, is the recovery and reuse of:
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o hydrogen chloride
o chlorinated aliphatic by-products
o chlorinated organic residues.

These products/wastes are all produced as by-products in the
manufacture of various chloromethanes and chlorinated C, compounds
(see Appendix 2) and used as feedstocks in other chloro-aliphatic
hydrocarbon manufacturing processes. The introduction of these
cleaner technology processes was motivated by economic reasons -
free chlorine, the alternative feedstock, has a high value as well
as being a high energy content product.

The recovery of SO, from gaseous emissions of metal ore smelting
processes is possible in new (non-reverberatory) pyrolytic furnaces
through application of the double contact process. The by-product
is sold as HySO4 (70%), or reconverted to 802/5 depending upon the
proximity of the market.

The recovery and sale (or reuse in another plant) of liquid wastes
is not widely practised. At one time acetonitrile was recovered as
by-product in the manufacture of acrylonitrile and used as a
specialised solvent. However, production has far outstripped demand
with the result that producion of this by-product is usually
minimised. Most organic liquid wastes are recovered and burnt as
fuel, thus saving energy, and avoiding the costs of purification.
Maleic anhydride produced as 5% by-product in the manufacture of
phthalic anhydride from o-xylene, is theoretically recoverable for
reuse or sale, though the economics are marginal. Little other
recovery of liquid organic solvents takes place other than solvent
recovery which is widely practised.

The recovery and reuse/sale of other liquid wastes is relatively
limited in the EEC. Weak sulphuric acid wastes are generated in
large quantities from the bulk chemical industry. In the case
studies examined, ferrous sulphate/weak acid sludges have been the
subject of a good deal of study on the recovery/reuse. Only in the

Federal Republic of Germany is weak sulphuric acid recovered
through a concentrating process estimated to cost 4-5 times the
normal H,_SO, manufacturing process from roasting sulpnur, but is
cheaper %haﬁ alternative disposal options. In Japaa and several
Eastern European countries sulphuric acid is regenerated from these
wastes and ferrous sulphate recovered; the latter either for uses
as a water treatment chemical or as in Japan and Czechoslovakia for
manufacture of iron oxide pigments. Normally, these processes
would undoubtedly be seen as increasing overall TiO_ manufacturing
costs. However, acid reutilisation is often economiC in these
countries as an input to an adjacent fertiliser/super phosphate
plant where the costs of alternative sulphuric acid feedstock are
seen to be higher (or involve foreign exchange expenditure).

Large quantities of solid waste by-products are produced in the
following processes examined.
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Gypsum/ammonium sulphate, these salts, gypsum being insoluble white
solid, are produced in several inorganic but many organic chemical
processes, particularly where control of acid effluent is
undertaken through lime dosing. In the case studies examined:

- (e} a limited amount of gypsum (less than 10% that produced)

is recovered from phospho~-gypsum wastes in certain Member
States; gypsum available in natural form is used chiefly
in the construction (building block, plaster board) and

- cement industries;

w o in the past ammonium sulphate for sale as a compound
fertiliser ingredient has been recovered from methyl
methacrylate wastes, and it is currently recovered from
some caprolatam and acrylonitrile process wastes, however
overall only limited reuse of ammonium sulphate by=-product
takes place in the EEC.

The potential for further recovery, and constraints limiting this
process will be reviewed in Section 5.4.

Table 3.6(b)
- SOLID BY-~-PRODUCTS IN CERTAIN BULK CHEMICAL PROCESSES
Product Process By-Product

Phosphoric acid Wet process Gypsum (CaSO .2H20)

4
Titanium dioxide Sulphate FeSO K /Other sulphates,
- silicates

Methyl methacrylate Acetone/ Ammonium sulphate
cyanhydrin

Caprolactam Oxidation/ Ammonium sulphate
- hydroxylamine route

3.7.4 General comment on by-products

- The total quantity of by-product production in EEC chemical
manufacture is very large indeed (see Section 5.4.1). A proportion
is recovered, recycled or reused in other processes, and as a
result of stricter environmental controls, further introduction of
such recycling technologies is taking place. However it should be

- recognised that a consequence of the Second Law of Thermodynamics

- is that the free energy/entropy loss involved in chemical reactions
inevitably means that by-products are likely to have less chemical

. reactivity than the products from which they were derived. 1In
other words, the majority of chemical by-products have fairly
limited chemical applications and are relatively unreactive
chemically - but not necessarily biochemically. The final result

- of recycling waste streams in various processes is a relatively
inert solid residue (see Figure 3.6(a)).
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Figure 3.6(a): SCHEMATIC REPRESENTATION OF DEGRADATION OF
BY-PRODUCT REACTIVITY

Highly
Reactive P| Process A » Product(s)
Feedstocks

By-product

v

Feedstock(s) » Process B » Product(s)
Energy/catalysts ~—-———~———}

By-product
Feedstock(s) Process C » Product (s)

Energy/catalysts |

Inert Residue



4.1.2

35. Environmental Resources Limited

FACTORS INFLUENCING THE SELECTION OF BULK CHEMICAL PROCESS
TECHNOLOGY

General Comment

Any attempt to understand the likelihood, or otherwise of availabte
cleaner technologies being adopted in the future, regquires an
appreciation of the principal factors likely to influence the
chemical industry.

The principal factors that enter into process investment decision-
making are shown in Figure 4.1(a) overleaf.

We have seen from Section 3 that the adoption of cleaner basic
process technologies - assuming they exist - can vary appreciably
from product to product.

The chart indicates that while the net effect of economic factors
is almost certainly the principal influence on process technology
selection, other factors also directly influence the decision [1].
The particular situation, the bulk chemical involved and the
process options available will determine the relative weight of the
influencing factors, including environmental considerations. As
the chart shows, environmental factors more often influence the
decision indirectly because of their capital/operating cost
implications, rather than directly. It can often be the case that
this indirect influence is not very strong.

The following sub-sections discuss the manner in which the factors

identified can bear upon the selection of the basic process
technology.

Capital Costs

The relative importance of capital costs to overall manufacturing
costs will depend, among other things, upon:

o plant size

o sophistication/type of plant
o new or existing site

o environmental controls.

[1] Several of them also indirectly affect plant capital and
operating costs. ' L
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Figure 4.1(a): FACTORS INFLUENCING BULK CHEMICAL PROCESS DECISION MAKING <
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‘Plant size

A crucial factor in influencing the development of process
technologies has been the desire to achieve economies of scale,
although it has been recognised that optimum sizes for plant
capacity exist. Some process technologies, usually gaseous rather
than liquid phase, lend themselves more easily to scale up (or
expansion at a future date). These may be cleaner technologies, but
not necessarily.

Another point is the importance of plant size with respect to the
economies of scale, of emission/effluent treatment plant. This, in
turn, will influence the apparent need to install cleaner
technologies.

Type of plant

The type of plant, the number of stages, sophistication, etc. will
determine the overall cost of bulk chemical manufacture.

Location

The location of the plant will affect its capital cost in terms of
local construction costs, and the level of grants/fiscal incentives
available. But probably even more cost influential is whether
construction takes place on a new or existing site. The usually
higher costs of building process plant on greenfield sites tends to
favour construction of new process plant on existing sites, where
this is possible. This, in turn, introduces the important factor
of the existing plant configuration, which will be discussed in
Section 4.5.

Environmental controls
Stricter environmental controls normally tend to increase the

capital cost of process plant, and in this way can indirectly
influence the selection of process technology.

Operating Costs

Figure 4.1(a) indicated how energy requirements and the control and
disposal of emissions/wastes influence operating costs. Such costs
can vary considerably between process options. The cost of
environmental controls or waste disposal can sometimes be
sufficient to influence the selection of process technology. Other
elements of operating costs are discussed in the following sub- .
sections.
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Labour

Although a capital intensive industry, the influence of labour
costs on total bulk chemical production costs should not be
underestimated. Indeed, during the course of discussions with the
chemical industry, two companies mentioned that future selection of
titanium dioxide process technology was likely to be heavily
influenced by the fact that the chloride process ~ a continuous
gaseous process - (happily, also the cleaner technology), had
considerably lower labour costs than the batch liquid sulphate
process. The sulphate process also could not benefit from economics
of scale to the same extent.

Catalyst costs

The consumption of catalysts by the bulk chemical industry is in
itself an issue within the ‘ambit of clean technologies,
particularly where the material is a rare/precious metal, e.q.
silver, platinum. The rarity of the catalyst raw material is of
course reflected in its price.

Generally speaking, the benefit of increased yield/reduced
operating costs conferred by catalysts considerably outweighs their
costs, even when catalyst costs are high and life times are
relatively short. In other words, normal chemical industry
response to economic forces is unlikely to lead to adoption of
process technologies using less rare catalyst raw materials.
Nevertheless, where economically justified, operating practices
will be geared to prolonging catalyst life, which will include
protection from catalyst poisons.

Market Factors

Apart from having some, but by no means overriding, influence on
the location of new bulk chemical process plant capacity, market
factors can occasionally influence the choice of process technology
in other respects. This may be a force acting either for or against
the adoption of cleaner process technologies. For example:

o Chlor-alkali industry. The continued use of mercury cell
technology has undoubtedly been influenced by the
requirement to produce pure concentrated ccastic.

o PVC. The lower energy VCM suspension process cannot meet
all market specifications required for the product.

o PVC. The food industry required PVC producers to lower
the VCM content of certain PVC packaging materials.

Indeed, the purity issue is undoubtedly a constraint to the market
saleability of certain by~products, an issue which will be
discussed further in Section 5.4.
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Existing Plant Configuration

It has already been noted that chemical companies experience
considerable economic advantages in expanding or building new
chemical production capacity on existing rather than greenfield
sites. These advantages stem from:

o lower site preparation/off-site costs;
o lower overheads, cost of support infrastructure/services;
o often local availability of feedstocks.

The process plant already installed on the site usually exerts
strong direct as well as indirect (see Figure 4.1(a)) influence on
the process technology selected in the building of new bulk
chemical capacity. This may derive from one or more of the
following reasons:

i, type of feedstock available;

ii. local outlets for by-products;

iii. existing spare capacity for by-product/waste/effluent
treatment;

iv. size of new plant defined by other process capacities.

With regard to the last point, the design of existing plant may be
such as to allow increased capacity to be gained through a de~
bottlenecking operation rather than the building of a new train of
process plants.

The net result of these factors on the selection of new process
plant is a tendency to go on using the process technology already
employed, unless there are other overriding economic, or possibly
environmental determinants. This tendency may be reinforced, as
shown in Figure 4.1(a) by operational factors whereby a company's
successful working experience with one process technology will
naturally incline it towards persisting with the same technology.
There may also be saving on process license fees.

The factors i-iv noted in 4.5.1 above do not only influence
selection of process technologies for new capacity within a single
plant. Because of the size of new plant capacities, large chemical
companies plan their manufacturing operations on a national and
usually an international level. Therefore, although feedstocks for
one process may not be available in the same plant, it could
be/will be imported from another plant within the group. The same
point can occasionally apply to the use of by-products as well.
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The influence of existing process plant configurations and
capacities is very much more significant with respect to selection
of petrochemical and bulk organic process technologies than for
bulk inorganics.
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THE FUTURE SCOPE FOR CLEANER TECHNOLOGIES IN THE EEC BULK CHEMICAL
INDUSTRY

Introduction

In Section 3 we examined the extent to which cleaner technologies
had been adopted during the development of the bulk chemical
industry. In this final section on bulk chemicals we assess the
future scope for the development and adoption of cleaner
technologies in bulk chemical production and the constraints to
this process. In this evaluation, we shall refer to the case
studies and also to the more general situation applying in the EEC
bulk chemical industry.

We consider separately the future use of cleaner technologies with
respect to:

o basic process technologies;

o recovery and recycle of unconverted feedstock and by-
products;

o recovery and reuse/sale of by-products.

Basic Process Technologies

Theoretical Scope for Cleaner Process Technologies

In the seventeen bulk chemical products examined, all but 3 could
be said to have developed cleaner process options, although clearly
the degree of reduction in emissions/wastes or energy/raw material
requirements realised by these options varied considerably. So did
the level of their adoption. It has also been pointed out that
certain cleaner process options involved environmental trade-offs;
for example reduction in difficult/toxic emissions may be
achievable but sometimes at the expense of lower product yield.

Of the 14 or so case studies having cleaner technology options,
there would appear to be scope for significantly increasing the
share held by such process technologies in about 9 of the case
studies. Taking the EEC bulk chemical industry as a whole,
considerable theoretical scope exists for further adoption of
cleaner technologies, particularly in inorganics. The practical and
economic reality may be different and, as will be seen, is likely
to vary considerably among bulk chemicals.

Before assessing the likelihood for future adoption of cleaner
basic process technologies in the case studies, some more general
issues are worth discussing.
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The development of new processes

For certain bulk chemicals studied in Section 3.4, it was noted
that cleaner process technologies had been become commercially
available since 1270 but had not been so far taken up. As will be
discussed in Section 5.2.5, other new cleaner process technologies
have since been made commercially available or are being developed
in certain other sectors.

However, taking the EEC bulk chemical industry as a whole, and
there are obviously exceptions among companies, the amount of R&D
funds being directed to new process technology development in bulk
chemicals is significantly less than it used to be. The reasons
are:

i. the much lower profitability of the bulk chemical industry
caused by the prevailing excess capacity and by the
slowing and sometimes even fall in demand over the last 7
or 8 years;

ii. the expected requirement for new process capacity over the
next 10-15 years is very much less than that commissioned
over the 1960-1975 period; this is a result partly of the
much lower market growth currently anticipated for bulk
chemicals and also of the current excess manufacturing
capacity in many sectors.

Indeed, this situation has prevailed for some while, and it is
noticeable that a much higher proportion of new process
technologies is now being developed and introduced in countries
outside the EEC, particularly Japan. The reasons can probably be
found in the fact that they have experienced higher market growth
than the EEC bulk chemical industry. But in some cases this has
also been a response to stricter environmental controls. For the
development of cleaner technologies in the chemical industry, there
is some truth in the saying that "necessity is the mother of
invention". It is also the case that their introduction cannot
always be achieved without higher production costs.

Future expansion bulk chemical process capacity

The point has already been made that the introduction of new
process capacity in the bulk chemical industrxry to .et a higher
level of demand is likely to be slow, and for several sectors over
the next five years, negligible. The reduced expansion prospects
are also a result of the fact tinat new process capacity is now
being built where the raw materials e.g. phosphates, are produced
and/or where energy is cheap. This applies to aluminium and certain
petrochemicals. Over the next 10-15 years therefore a considerable
proportion of new process capacity built in the EEC Member States
will be replacement capacity for old plant. Premature closure of
existing plant is not very likely. Also a proportion of expanded
capacity will be achieved through de-bottlenecking existing plant
rather than the construction of large new increments of process



5.2.5

5.3

5.3.1

473, Environmental Resourees Limited

capacity. In both these situations, the influence of existing plant
configurations discussed in Section 4.5, is likely to be
considerable. In many sectors this will act as a constraint to the
future adoption of new cleaner technologies.

Effluent treatment vs cleaner technologies

In several of the larger chemical industry plants in the EEC,
particularly those in more sensitive environmental situations,
large and relatively sophisticated effluent treatment plants have
been designed to receive emissions from several plant processes.
The existence of these treatment plants could well have some
influence on whether or not cleaner technologies were selected in
the future.

Future adoption of cleaner technologies for certain bulk chemicals.

Here we consider those case study bulk chemicals, for which both
cleaner basic process technologies exist and where there is
considerable theoretical scope in the EEC for increasing the
contribution of such processes to overall future plant production
capacity. Overlaying the assessments made in Table 5.2(a) (next
page) are the comments made in the previous Sections 5.2.2 to 5.2.4
with regard to economic and other factors constraining the future
adoption of cleaner basic process technologies in EEC bulk
chemicals.

Recovery and Recycle of By-Products or Unconverted Feedstock

Scope

In the last 10 years or so the degree of recovery and recycle of
by-products and unconverted feedstock, whether to the original
process or to other processes in the same plant, has increased
significantly in certain bulk chemical processes, mostly
petrochemical, polymer and organics production {1]. Furthermore,
in some large complex organic plants of the EEC there has been an
increase in the recycle of by-products.

Although the situation varies between the bulk chemicals, it can be
seen that for the case studies examined where future new capacity
is being installed, overall there is a reasonable likelihood that
cleaner technologies will be adopted. However, as already stressed,
local factors will play a strongly influencing role in the
particular process investment decision.

There is, however, undoubtedly considerable scope for further
recovery/recycle of by-products and unconverted feedstocks,
particularly in the organic chemicals industry.

[1] In this sense the recycle of aqueous effluent can be
considered a cleaner technology, although as certain contaminants
build up in the recycle stream, they have to be bled off and
disposed of from time to time.
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Tabile 5.2(a)

FUTURE LIKLLIHOOD OF CLLANER PROCESS TRCHHNOLOGIES

PO CERTAIN BULK CHEMICAL PRODUCTIOH

BEING ADOMIED IN THE EEC

T R

Bulk Chemical Cleaner Technology Process 5 Likelihood of being Adopted i

[
1. Inorganics | i
Aluminium Chloride process, i Small. Not yet fully commercially proven.
| CI2 uxpensive in EEC, Little or no tuture
| expansion of Al capacity in ELC.
1
Chlorine Membrane process {lower energy | Reasonable. Already used in Jupan. Lcoromically
use; avolds Mercury cells), P competitive. However, as yet cinly ore jlant i
, operating in Europe. }
Sulphuric Double contact process. Good. It is expected that ncarly all new ‘
Acld capacity will use this process. |
i
Phosphoric a. Two stage crystallisation Fairly small. Little new P205 capacity likely
Acid - hemi-hydrate wet process; to be built in EEC. Soume modificaticn ot exist- |
b. Nitro phosphate procuss, ing wet process capacity to double staye {
crystallisation process,
Titanium Chloride process. Quite qood. Environmental pressures cocbined
Oxide with economic advantages of continucus gasceous
process plus improvements in synthetic rutile
beneficiation process.

2. Petrochemicals/] !
Polymers and !
Organics i
Ethylene Pure X0 oxidation of ethylene. Quite good. Economies of scale advantuyes, '
Dioxide though local factors important.

EDC‘/Vinyl Akzo lower energy route, avoiding | Small. Complex process and local plant |
Chloride electrolysis of brine (NaCl), confiqurations very important in organic ;
Monomer with I2, trimethyl ammonia and chlorinations. HNot yet commercially !

CuClz2.

demonstrated.

Adipic Acid

Single stage high pressure route
from butadiene with CO and water,

Some. However, opportunities for dumonstration
ol projuct few, Local rfactors tmportant.

Hexamethylene~- | via acrylonitrile. Some but note previous remarks on HCN/

diamine acrylonitrile manufacture.

Caprolactam Photo-oximation (with Cl2 with Reasonable. Pressure from restrictions on
NO), single stage to cyclo=~ (NH4},S04 di1sposal; vconomics good; but local
hexanone oxime. factors particularly important.

Methyl Isobutylene/butadiene process. Reasonable but see later comments on a.monium

methacrylate sulphuate recovery.

Acrylonitrile | Sohio improved ammoxidation Good. Improved economics of this process

process.

established.

'Ethylene Dichloride.
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The introduction of cleaner technologies in this form will take
place:

i. since they can be shown to be economic in terms of
increased yields for given input of feedstock(s);

ii. because they offer lower cost alternatives to other waste
disposal, emission treatment options;

iii. to comply with environmental controls when no other
alternative exists.

Constraints

However, even when the conditions listed in i and ii in the
preceding sub-section are potentially applicable, there may well be
reluctance on the part of chemical companies to introduce such
recovery/recycle systems for one or more of the following reasons:

o) they may be seen as a high capital cost solution;

o uncertainty over whether potential increased yields will
actually be achieved;

o general unfamiliarity with the processes;
o concern over contamination of desired end products with

by-product derived impurities.

Recovery and Reuse/Sale of By-Products

Scope
The theoretical scope for recovery and reuse/sale of by-products
from the bulk chemical industry is very large indeed. 1In
quantitative terms these are principally made up of:

i. certain inorganic salts;

ii. aqueous weak acids.
The quantities involved are very large. Taking the case studies

alone, the production of these by-products/acids are approximately
as follows: '

By-Product/Waste Process Approx. Quantity
- Million tonnes
Gypsum (CaS0O,4 2H50) Phosphoric acid 12
Ammonium sulphate Methyl methacrylate 0.5-1
Ammonium sulphate Acrylonitrile 0.1
Ammonium sulphate Caprolactam 1-1.5
Mixed acids HMD manufacture 0.1-0.3
FeS0, slurry Titanium dioxide 1-1.5
Sulphuric acid (15%) Titanium dioxide 9-11



46, Environmental Resources Limited

Of these by-products:

o Relatively little gypsum is currently recovered (10% of
production) - gypsum plaster and combined phosphoric
acid/cement plants utilising waste gypsum have in fact
been closed down in Member States either for economic or
technical reasons.

o A proportion, approx. 25-35%, of ammonium sulphate is
recovered and sold as compound fertiliser from methyl
methacrylate and caprolactam by-product.

o Little or no FeS®4 or FeO/Fej;03 is currently recovered
from TiO, coperas wastes.

o About 15-20% of acid wastes produced in TiO; production
are recovered in a concentrating process.

This very approximate survey of the current position would indicate
that the theoretical scope for additional recovery and reuse/sale
of inorganic wastes is very substantial. This subject has received
a great deal of attention in its own right, particularly phospo-
gypsum and TiO,by-product recovery. The factors constraining to the
recovery/re-use of by-products is discussed in 5.4.2.

The theoretical scope for recovery and re-use or sale (outside the
plant) of organic by-products is also very considerable. Solvent
recovery is the most widely practised non-in-house recycle recovery
method. The increase in energy costs has tipped the economic
balance in favour of in-house combustion of impure organic wastes
vis-a-vis purification/recovery of the organic by-product itself.
The potential for in-house recycle of organic wastes was discussed
in Section 5.3.

Constraints to Recovery/Resale

These are made of technical and economic factors and may be
summarised as follows:

i. By~-product purity. A major constraint to recovery and
reuse/sale of by-products has been in several instances
the difficulty and associated costs of obtaining a product
pure enough for the market. Such problems exist in certain
plaster applications, for phospho-gypsum, and for ammonium
sulphate when recovered from acrylonitrilie/methyl
methacrylate wastes to le used as a compound fertiliser
ingredient.

ii. Recovery costs. These may sometimes be very significant,
as in acid concentration and certain recrystallisation
processes.
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Cost of alternative raw material. The fact is that the

cost of the alternative raw material is often not high
enough for recovered by~product to be competitive. This
is the situation with calcium sulphate (anhydrite and
gypsum) and to a considerable extent, ammonium sulphate in
most parts of the EEC, and can be the case with sulphur
(vis-a-vis double contact SO, recovery). 1In the last few
years, ammoniuim sulphate recovery economics have
improved. The fluctuation in alternative raw material
prices adds to the uncertainty of sufficient economic
return being achieved in by-product recovery.

Location of plant in relation to market. Transport costs

of the by-product to market outlets can be a critical
element in influencing the economics of recovery/reuse of
by-products.

Shortage of capital funds. Investment in plant capacity

for by-product recovery often assumes low priority in
competing for limited available investment funds.

In spite of the fact that recovery of many by-products for reuse is
already a much studied subject, and the chemical industry is mostly
well aware of the potential opportunities (and constraints) to this
application of cleaner technologies, its significance in relation
to reducing waste emissions is such as to warrant continual review.
In particular, the following aspects should be borne in mind:

[}

the location of new plant in relation to market outlets
for by-products;

improvement of purification processes for by-products;

the need to alter consumer insistence upon unnecessrily
high purity standards, where such attitudes exist.
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NATURE AND STRUCTURE OF FINE CHEMICALS INDUSTRY

Definition of Fine Chemicals

¥

Before any description of the nature of the fine chemicals industry
can take place it is necessary to define what is meant by fine or
specialty chemicals. There is no rigid definition by the industry.
For the purposes of this study it is not helpful to apply one,
however it will be assumed that fine chemicals generally conform to
the following:

o chemicals produced in production units ranging approxima-
tely in size from 1-5,000 tonnes/year, the majority being
below 1,000 tonnes/year;

o chemicals produced in batch or sometimes semi-continuous
processes.,

There are of course certain categories of what may be thought of as
fine chemicals which lie outside these guidelines. Some agro-~
chemicals, for example the drins and thiocarbamate pesticides are
produced in continuous processes up to 20,000 tonnes/year. Also,
1,000 tonnes/year fine chemicals are produced in continuous
processes.

By contrast, bulk chemicals are produced in continuous processes
from plant sizes of 10,000-200,000 tonnes/year.

Size of Industry

The fine chemicals industry is also characterised by the following
features:

i. a large number of relatively small companies;
ii. low volume but generally high value output;
iii. companies are either single product market oriented or, in
some cases, specialists in certain types of process
reactions.

It is difficult to be at all precise about the total production of
the EEC fine chemicals industry. In most sectors of the industry,
output is measured in terms of the value of the final products
produced. But also, there are several stages and commercial trans-
actions involving intermediate products which take place along the
process to the marketed chemical. Very approximately it is
estimated that EEC production of fine chemical end-products amounts
to the order of 1 million tonnes/year, less than 1% of total
chemical production in the EEC (about 140-160 million tonnes).
However the consumption of initial feedstock to the fine chemicals
industry is probably some 2-3 times the output.
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The number of fine chemical plants operating in the EEC is
estimated to number something of the order of 350-450 [1]. This
excludes blenders or finished chemical formulaters and very small
units.

The diffuse nature and small size of the fine chemicals industry

can be seen therefore to contrast markedly with the bulk chemicals
industry.

Sectors of the Industry

While it is not always possible to be very specific, the fine
chemicals industry can be broken down into the categories shown in
Table 6.1 below. Where possible, we also show the relative size of
the sector in terms of turnover, although the figures shown for the
EEC should be considered as indicative only (some of them depend in
part on ERL's estimates [2]). Figures are also shown for Italy
since national statistics of that country are much the most
comprehensive in the fine chemicals sector, and by showing them,
some impression is given of the relative size of different sub-
sectors. While obviously the relative importance of different sub-
sectors varies from country to country, the situation in Italy does
nevertheless give a broad indication of the relative situation and
in particular shows the dominance of organic chemicals in the
industry relative to inorganics.

[1] This estimate was based on an examination of the numbers of
chemical or chemical producing companies in the Member States,
consideration of the total size of the industry and of plant sizes
within the fine chemical sectors.

[2] A more detailed study of individual sub-sectors would
undoubtedly improve the statistics, but this was beyond the scope
of the study.
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Table 6.1

PRINCIPAL CATEGORIES OF FINE CHEMICALS INDUSTRY

Industry Production (1980) $ x 10?ﬂ

Category EEC (v.approx.) Italy
1. Pharmaceuticals (1) 13.2 4.4
2. Agrochemicals 3.5-4.0 0.5
3. Industrial coatings/adhesives na (3) 0.4
4. Dyestuffs 0.5 0.2
5. Paints & wvarnishes 6.0(very approx) 1.6
6. Food additives (1) na na
7. Photographics na 0.5
8. Inorganics/metal oxides na 0.2
9, Detergents na 1.0
10. Cosmetics/perfumes na 1.3
11. Other fine chemicals (2) na 1.3

(1) Active ingredients plus final products.

(2) Includes fermentation products from cereal based starch and
glucose.

(3) Indicates insufficient data available to provide any reliable
estimates of category size.

Sources: UN (ECE) Annual Review of the Chemical Industry;
OECD, The Chemical Industry, 1979;
National Statistics of Netherlands, UK, France & Italy.

It can be seen that the pharmaceutical sector is by some way the
largest in terms of value and also in terms of the number of
companies and chemical processes involved. A sizeable proportion
(perhaps around half) of companies in this sector are involved in
the production of intermediates sold on to pharmaceutical
companies. Indeed the existence of a large number of small to
medium sized companies, employing 50-500 people producing fine
organic intermediates is also a feature of other sub-sectors, most
notably agrochemicals and food additives.

In volume terms agrochemicals, dyestuffs, coatings and paints are
the largest sub-sectors. These categories all involve fewer
process stages than pharmaceuticals as is discussed in Section 7.

Products

Apart from certain inorganics, metal oxides, salts and organo-
metallic compounds of relatively simple structure and production
chemistry, fine chemicals are mostly complex organic molecules.
Indeed the principal driving force of the fine chemicals industry
is the synthesis of highly selective compounds with a particular
application in mind. That is to say, much of the industry is very
market/product oriented, which, as will be discussed in later
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sections, has significant implications for the allocation of R&D
funds and the selection of process technologies. There is,
however, a smaller but growing section of the industry, mainly
producing organic intermediates, which is process oriented.

A consequence of the product orientation of the fine chemicals
industry and the complexity of many fine organics, is that its
products are generally high value. Most products sell in the range
$5-50/kilo ($5,000-50,000 per tonne), with the majority being in
the £20-40/kilo range. Some small quantity highly specialised
products command considerably higher prices still. This price
range compares to $500-1,000/tonne for the majority of bulk
chemicals. Again this feature has a bearing on the approach to
production of fine chemicals and the allocation of R&D funds.

Growth of the Industry

Another feature of fine chemicals, which now mark them in contrast
to bulk chemicals is the relatively high rate of growth experienced
in many sub-sectors. In Table 6.2 below we show average annual
production growth of EEC countries for pharmaceuticals. It is
probable that for many countries these rates underestimate the
overall growth of the industry since they were calculated using
production values deflated by the national Wholesale Price Indices.
In practice, it is known that the wvalue of many pharmaceutical
products fell in‘relation to industrial prices as a whole.

Table 6.2 -

APPROXIMATE AVERAGE ANNUAT. GROWTH OF PHARMACEUTICAL PRODUCTION

Annual Average Growth

Country 1970~76 1975~-80

Belgium 7.6% 8.5%

Denmark na 8.5% -
France 2.1% 6.5%

Germany 4,.6% 4.0%

Italy 4.0% 8.5%

Netherlands 3.5% na

UK 4.3% 3.5%

Source: UN(ECE) Annual Review of the Chemical Industrye.

Even so, it may be seen that the production growth of the industry,
particularly the 1975-80 period, considerably exceeded that of most
other manufacturing industry, including bulk chemicals.

Strong growth in the latter half of the 1970's also continued for

the agro-chemicals (particular herbicides) at around 3-5% per annum

and for food additives, photographics and certain coatings and -
other fine organic chemicals. The requirement for organic and most

inorganic chemicals generally grew less fast. And while for some
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of these fine chemical sectors some slow down in market growth is
now being experienced, in general they remain one of the fastest

growing sectors in the economy, and certainly in relation to bulk
chemicals.

The consequences of this is that fine chemicals companies,
particularly those with a strong product orientation, have
continued to attract R&D and investment funds, as well as
increasing atention from the multi-national major chemical
companies, who traditionally have been principally concerned with
bulk and semi-bulk chemical production.
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PROCESS TECHNOLOGY OF FINE CHEMICALS INDUSTRY

General Production Process

In order to understand the scope for and significance of cleaner
technologies in the context of fine chemicals, it is necessary to
understand the principal types and manner of production process -
within the industry.

Batch processes

The point has already been made that a distinguishing feature of
the fine chemicals industry is that the manufacture of both the
final and intermediate products usually involves several stages of
batch processes. A batch process in fine chemicals production
normally involves the following steps:

i. introduction of reactants into reaction vessel (usually
1,000-6,000 litres capacity), in aqueous phase and/or in

organic solvent;

ii, reaction under required conditions over set time duration
- usually 2-48 hours;

iii. extraction and often, purefication of products;

ive treatment/disposal of waste streams and, if applicable,
recovery of solvents;

Ve temporary storage of products before next batch process
reaction.

Continuous or semi-continuous processes tend to be adopted only

when production quantities of a particular chemical are
sufficiently large, as with certain pesticides for example, to
justify continuous utilisation of process plant. Even then, the
process technology has to be developed and it can be the case that
control of the reaction and/or extraction of the product inter-
mediate cannot be achieved on a continuous basis. Nevertheless
where continuous processes have been introduced, even on a small
scale, improvements in yields, quality control and reduction in
wastes have generally accompanied the development.

Numbers of reaction stages

The number of reaction stages involved in the production process of
fine chemicals of course varies depending on the nature of the
finished product involved. However, it is possible to give broad
indications for certain product categories:
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Table 7.1

NUMBER OF PRODUCTION STAGES IN FINE CHEMICAL PRODUCT CATEGORIES

Product Category

No. of Stages

Dyestuffs

Pharmaceuticals
Agrochemicals

Food additives/perfumes
Photographics
Inorganics/metal oxides

Coatings/pigments/adhesives

5-20
3- 6
4-10
3- 5
3-8
1- 3
2- 5

The complexity of the organic chemical to be produced is the
principal determinant of the number of stages, although roundabout
process routes, involving several stages, are sometimes necessary

to produce apparently fairly simple molecules.

This situation

usually arises when the desired active chemical is an isomer, whose

undesired co-isomer(s) are also produced in the straightforward

reaction route, often in higher yields.

The reaction stages not only take place in series but can also be
in parallel, as illustrated in Figure 7.1 below.

Figqure 7.1:

SCHEMATIC ILLUSTRATION OF STAGES OF FINE CHEMICAL

PRODUCTION PROCESS

A Stage Stage Stage Stage
Al A2 A3 A4
| Stage Stage D
Bl B2
FEEDSTOCKS COMPLEX
INTERMEDIATES

Stage
| G

The point should also be made that the separation/exntraction/
purification processes, particularly where liquid intermediates are
concerned, are themselves key stages in the production process, and

can, as will be discussed, involve the generation of wastes.

is well illustrated in Figure 7.3, page 60, which shows the

production process and stages for trifluralin.

tion, such as dissolving/suspending solids in solution and
distilling off excess solvents to achieve correct concentrations

can also be critical stages.

processes.
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It is to some extent arbitrary, where organic reactions are
concerned, to state exactly how many stages there are in a total
process, since this depends on what are considered to be the
starting points, i.e. the feedstocks for the fine chemical
industry. It is the organisation of the industry that is the
principal determining factor in this respect.

Feedstocks

Organics

For the organic fine chemicals industry the starting-point feed-
stocks are usually bulk organic chemicals and semi-bulk organics.
By the latter is meant that the fine chemicals production process
will quite often begin with chemicals, which although produced in
relatively large quantities, usually in continuous processes, are
themselves the result of several stages of synthesis. For example
alkylated, halogenated, or nitrated benzenes and pyridine are often
the starting point for several production processes in particular
sub-sectors of the fine chemical industry. Likewise chemicals such
as chloroacetic acid, chloral, chlorosulphuric acid etc., would not
necessarily be considered bulk chemicals. Thus it is the case that
the feedstocks themselves can be high value chemicals.

As already pointed out, fine chemicals themselves are feedstocks
traded as intermediates in the industry. Some fine chemicals,
although produced in relatively small quantities, are the starting
points for a range of final products within certain sectors of the
pharmaceutical, pesticide and dyestuffs industry.

Another important point in relation to feedstocks is that there is
normally a wider choice of feedstocks and reaction voutes available
to the fine chemicals producer than for bulk chemical manufact-
urers. However, in practice, the choice may not always be as wide
as the chemistry would suggest. Since the feedstock can have a
critical impact on the wastes and emissions produced in a process,
i.e. how "clean" is it, this feature is of obvious significance for
consideration of cleaner technologies in this industry. Nor is it
the case, as with bulk chemicals, that a company's up-stream plant
configuration and production process can determine its feedstock
for a given process {[1].

Inorganics

For most inorganic fine chemicals, including organo-metallic
compounds and salts of organic acids, the feedstock is often the
metal itself, but can also be the oxide and sometimes, as with
chromium derivative, for example the acid or its salts (dichromate,
chomic acid). 1Inevitably, the feedstocks options for a given
inorganic fine chemical product are more limited than with organic

[1] Sometimes, however, the availability of a by-product inter-
mediate within a plant will mean that its low cost will suggest
itself strongly as the most economic feedstock alternative.
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fine chemical production, although it is often possible to obtain
metal compounds in more and less toxic forms,

Chemical Processes - Organics

Principal characteristics

Because of the diversity of the industry, there are obvious dangers
of generalisation in fine chemicals production. Notwithstanding
this caveat, the principal characteristics of the chemical
processes applying in most fine chemical production may be
summarised as follows:

::?ézlgiz CHARACTERISTICS OF FINE ORGANICS PRODUCTION PROCESSES
Characteristics Comment

Mostly liquid phase Aqueous and organic solvents

Low/medium temperature Generally 40-~150°C

Low pressure Atmospheric - 100 psi

Some use of catalysts

Yields Usually 80-90% (see below) per stage
Biochemical procesess Fermentation technology particularly
in pharmaceuticals significant in anti-biotics and food
and starch industry additives

Yields

In the summary Table 7.3, yields from single stage organic process
are shown to be in the range 80-90%, and more often the figqure is
nearer to 90%. 1Indeed there are many fine chemical production
processes where the product yield is 90% plus. This applies
particularly in the final stages of a production where only minor
chemical changes, such as hydrolysis, esterification, formation of
salt etc., are being made to an active group of the intermediate.

However, yields on several fine chemical reaction st: jes can be as
low as 50-60%. The phenomenon of low yields may particularly apply
where a complex reaction is taking place involving major changes in
the base structure of the molecule(s) of the intermediate(s); or
when two or three isomers are formed in a chemical reaction and
only one isomer is suitable. As will be discussed, there is
usually a strong economic incentive to avoid reaction processes
with such low yields.

Reaction yields have generally been improving over the last 20
years or so, although perhaps not as markedly as with bulk
chemicals.
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It will however be appreciated that the overall yield on original
feedstocks of a finished fine chemical is significantly lower than
80-90%. For example in a 7-stage process averaging 85% product
yield for each stage, the final product yield on original, say,
phenol feedstock would be 32%. It also has to be recognised that
reactions may often have to take place in the presence of excess
reagents, e.g. nitric/sulphuric acid, or ammonia to maximise yield
of product on the feedstock. This will also contribute to the
volume of the waste streams.,

Reaction process

Although the final products of the fine organics industry are
remarkably diverse and complex, many of the process reactions in
the manufacturing process are similar in type, involving the same
reagents. The most common will now be mentioned:

i. Alkylations

The agents used are extremely varied but can involve chloro-
paraffins in the presence of alkali, the use of the toxic/explosive
dialkyl sulphates, methyl esters with sulphonic acids, methanol
with sulphuric acid (for alkylating anilines), and occasionally
Grignard's reagent. Grignard reactions are, if possible, avoided
because of their rather low product and high by-product/waste
yields associated with them.

ii. Halogenation

This process is used extensively as a chemical step in the manufac-
ture of various intermediates. The chlorine atom is often then
converted to another active group and the chloride ion appears in a
waste stream as dissolved salt. Both chlorine (in the presence of
FeClj catalysts) and hydrochloric acid (in the presence of oxygen)
are used as chlorinating agents. Brominations usually take place
in the liquid phase using HBr. Where the bromide is subsequently
replaced at a later stage, efforts are often made to recover HBr.

iii. Nitrations/Aminations

Nitration is often the first step to introducing N atoms into
benzene or other aromatic rings, before conversion to amino
compounds; this process is particularly prevalent in dyestuffs
industry. It is usually achieved with the use of concentrated
nitric/sulphuric acids in solution (usually in excess). Subsequent
amination is achieved by a number of processes either using iron
and an acid catalyst, zinc and an alkali, sodium sulphide or vapour
phase catalytic hydrogenations.

iv. Sulphonation

Excess chlorosulphuric acid is most widely employed in this
process.
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Ve Sulphuratiqn ;fi
Thio-compounis are wida;? produced for both pharmaceutical and
pesticide production. The highly toxic and reactive carbon
disulphide is probably the principal agent invelved, although
elemental sulphur itself is also used.

vi. Pho:sphorations

Organo-phosphorus compounds are important intermediate (and final)
products in the manufacture of certain pharmaceuticals. Elemental
yellow phosphorus and P30g are the principal reagents, although di-~
alkyl-dithiophosphoric acid as a second stage intermediate has a
wide number of uses in ﬁest;cide production processes.

vii. Oxidatinns

The conversion of alkyl groups to acids is sometimes necesgsary.
Air (or 0p) oxidation is‘normally the oxidising agent in the
presence of catalyste (e.g. vanadium pentoxide), although anodic
oxidation and potassium éermanganate have been used.

viii, Hydrogenation

Hydrogen in the presence”of 60pper catalysts is probably the most
usual method.

ix. Esterification

Esterification/alcoholysis can be realised in a number of ways, the
most common being the addition of the alcohol in the presence of
concentrated sulphuric acid,

X Condensations and cyclisation

The binding *ogether of geveral molecules by condensation or ring
closure, without splitting out a smaller molecule, is a very
important chemical conversion employed in the manufacture of a
considerable number of pharmaceutical products. Such reactions
involve bringing together molecules, often with an amino (N) group
in one, usually in the presence of various catalysts or sometimes
with concentrated sulphuric acid.

xi. Hydrolysis

This is usua’ly achieved by alkaline fusion, using caustic soda, to
replace —So3n group by -OH group. Some vapour phase reactions use
steam in the presence of AlCljy.

An example o! a complete process, one to manufacture the herbicide
trifluralin, is shown in Figure 7.3 overleaf. The figure shows how
what is essertially a 3-gtep process in fact involves 4 waste
streams because of the many extraction purefication processes
involved.

R

R R e I
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Chemicals used

From the

above it can be seen that the fine organics industry

generally uses as its reagents fairly common inorganic chemicals.

They can
Acids
Alkalis

Salts

Other

be summarised as:

: Nitric, sulphuric, hydrochloric, acetic, HCN.

Caustic soda, ammonia, lime and alkylamines.

Sodium chloride, sulphate, sulphide, cyanide, nitrate,
aluminium chloride, ferrous/ferric chloride.

Chlorine, bromine, hydrogen, phosphorus (P,0g),
alcohol, formaldehyde, alkyl halides, alkyl sulphates,
carbon disulphide.

The agueous stream by-products formed from the use of these

reagents
which in

will often be salts, excess acids/alkalis, compounds,
low concentrations usually pose no particular environ-

mental problems. The principal problem chemicals in these
reactions will be catalysts (e.g. copper,zinc and aluminium

chloride).

Nevertheless toxic or difficult by~-products can also be

formed whose control or disposal can present difficulties.

Chemical

Processes - Inorganics

Products

Most fine inorganic chemicals are based on metals and tend to be in
the following product groups:

i.

ii.

iii.

iv.

Ve

pigments/ corrosion inhibitors/coatings and fire
retardants;

high purity precious metal/rare earth production for
catalysts; coatings for electronics industry as metal-
lising platings and semi-conductors; and small quantity
fine chemicals;

special additives;
tanning chemicals and wood preservatives;

pesticides.

It is the first three which represent the strongest growing

sectors,
replaced

A good many inorganic based pesticides have been
by organic products.

Environmental Resources Limited
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It is manufactured as follows:

Environmental Resources Limited
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Description

wiermwdiate sntermediate

Charge the nitrator with cycle acid and fuming nitric acid
and heat to 40°cC.

Add the p~chlorobenzotrifluoride for mononitration,
maintaining the temperature at 40° during the course of
4 h. Raise the temperature and hold it at 75°C over 4 h.

Cool and settle out the spent acid from the "mono" on top.
Draw off the spent acid from the "mono" on top.
Draw off the spent acid to waste treatment.

Charge the dinitrator with 100% sulfuric acid, 20% oleum,
and fuming nitric acid. Raise the temperature to 120°C.

Run in the "mono" at 120°C over 6 h and hold at this
temperature over the course of 4 h to effect dinitration.
Cool to 20° and settle.

Filter off the solid "dinitro"™ on a closed Nutsch filter,
running the spent acid to cycle acid storage.

Wash with water, running the wash water to waste.
Dissolve in chloroform (from the recovery still).

Charge the amination reactor, water, soda ash, and the
dinitro derivative (in chloroform solution). Adjust the
temperature to 45°C.

Aminate with dipropylamine added at 45 to 50° over 4 h and
heat 4 h more at 45°C.

Add the rest of the water and pass through a filter press
and decanter to a vacuum still, the salte-water layer going

to waste.

In the vacuum still distill the chloroform overhead (for
recycle).

Add aromatic naptha and emulsifiers to the desired
formulation.
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In terms of quantity, it is probably the case that most fine
inorganics are produced as the metal, metal oxides and sulphides.
However, a large number of different salts and oxidised metal
anions are also produced, e.g. chromates, molybdates, arsenates
etc. P. de Reeder has pointed out [1] that for the 'black list'
metals alone there are some 475 industrially produced compounds.
Very many of these are produced in extremely small quantities (<10
tonnes).

Chemical processes

Metal and some metal oxide production usually takes place in the
solid or solid/gaseous phases, by electrochemical processes.
Solid/gaseous phase production of inorganic fine chemicals usually
involve high temperatures.

The various metal salts and oxidised anions are usually produced in
one or sometimes two stage processes, with the final product being
precipitated from solution.

Generally speaking the chemistry involved in inorganic fine
chemicals production technology is rather simple and yields can
vary from 50 to 99%. However, certain sectors such as the precious
metal catalyst, electronics coating and certain additives require
very high purity (>99.5%) products, and the production technology
in these situations can be quite sophisticated. Generally speaking
most process technology development is directed to improving waste
stream recovery rather than the basic processes themselves.

[1] 'Clean Technologies in the Chemical Industry', P.L. de Reeder.
Paper presented at the European Symposium "Clean Technologies”.
The Hague, 4-7 November, 1980,
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THE ENVIRONMENTAL SIGNIFICANCE OF THE FINE CHEMICALS INDUSTRY

Waste Streams

Liquid effluent

Because most of the reactions take place in the liquid phase,
liquid wastes generally represent the most significant pollution
load of the fine chemicals industry, although many production
processes will also have sludges associated with them.

From examination in the previous section of the reactions and
reagents employed, it can be seen that the larger part of aqueous
effluent from the fine chemical industry is not very different from
that of the bulk chemical industry. That is, it comprises, after
primary settlement, weak acids and dissolved salts. The acids
would usually be neutralised thus adding to the dissolved salts, or
if limed, to solid inert anhydrite for subsequent disposal. While
the concentrations of salts and BOD/solids may sometimes be quite
high in relation to the volume of the effluent, and possibly
relative to a local sewage treatment plant or confined local
environment, in absolute terms the pollution load is small compared
to the bulk chemical and to many other process industries.

However, because of the nature of certain reactants and the fact
that the overall yield on organic feedstock(s) can be quite low
(see Section 7.3.2), organic by~products, which may be difficult
(e.g. by being coloured) or toxic can be formed. Also the aqueous
effluent can contain concentrations of toxic metals such as copper
and zinc if, for example, they are being used as catalysts, or an
inorganic fine chemical operation is involved. Such by-products
will often require separation before treatment/disposz2l (or
recovery). Where organic solvents are in use, it is likely that
some organics contamination of the aqueous effluent stream will
take place. Also, it is inevitable that where extractions,
separations etc., are involved, some of the products themselves
will also contaminate the effluent.

Air pollutants

Air pollutants are generally not very significant in the fine
chemicals industry except where solid/gaseous phase reactions
involving metals or metal oxides are concerned. 1In these
situations, normally a high level of dust emission control is
installed. There is often have a strong economic incentive for
such solid particulates recovery.

Some fine chemical reactions also have air pollutant nuisances
associated with them, e.g. mercaptans (smell at very low concentra-
tions), where sulphuration is involvegd, NOZ (visible brown fumes at
low concentrations) with certain metal treatment etc.

Solid wastes

The principal solid wastes occur in the form of sludges, partly
from treatment of liquid effluent. These sludges can often be
contaminated with micro-pollutants and disposal may well involve
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incineration (which also leaves a residue for final disposal),
either by the plant operator or by a toxic waste contractor. The
actual volume of sludges can be quite small.

There are often particular difficulties with sludges/solid wastes
formed in fermentation processes for pharmaceuticals/vitamins

production, because of the nature of toxic contamination.

Overall Impact of the Fine Chemicals Industry

Location specific

Because of its relatively small size and dispersed nature (a large
number of small plants), the environmental impact of the fine
chemicals industry will tend to be location gpecific. That is to
say, its impact is very largely determined by the sensitivity of
its surrounding environment, including the capacity of the local
sewage treatment plant. Many fine chemicals plants operate closely
alongside other generally low-polluting factories on industrial
estates. It is also the case that fine chemicals plants operate
within or alongside large bulk chemical plants where their impact
is therefore relatively minor. In this situation, wastes from fine
chemical production can take advantage of the large capacity
emission treatment facilities of bulk chemical plants.

Product specific

Nevertheless, it would be wrong to convey the impression that the
fine chemicals industry gives rise to no significant environmental
impacts. The nature of the feedstocks used and products and by-
products manufactured are such that environmental concerns do arise
for fine organic producers and can, as will be discussed in the
next section, influence process technology and manufacturing
operations. It is a fact that most of the ‘black and grey list®
substances are either used or produced by the fine chemicals
industry. Also, with pharmaceuticals production, there can be
bioclogically active by-products and impure product wastes involved.

However, it is important to keep these observations on the toxic
nature of some fine chemical industry wastes/pollutants in perspec-
tive. The following points can be made:

i. Where such high toxicity substances are involved in
manufacturing operations, the quantities are often quite
small.

ii. Plants are specifically designed and operated for the

protection of the internal and external environment, with
careful separation of toxic micro-pollutants.

iii. The industry will locate difficult plant so as to minimise
impact.
iv. Often the use of the fine chemicals industry's toxic

products is likely to have more impact upon the
environment than their manufacture. This obviously
applies less to pharmaceuticals and to food additive
production.
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FACTORS INFLUENCING SELECTION OF PROCESS .

General Discussion

A considerable number of factors go towards influencing the
selection of process technologies in the fine chemicals industry.
Although they are essentially the same as those given in Figure
4.1(a), page 34, they do differ somewhat in substance but particu-
larly in emphasis from the bulk chemicals industry. Also,
'production or process route' is a somewhat better description than
'process technology' of the means of fine chemical manufacture,
since multi-stage processes are involved, using fairly similar and
well known chemical reactions. It is the selection of the
feedstock({s) and the subsequent reaction route which are critical.

The influencing factors will be discussed under the following
general headings:

i. Market factors
ii. Production economics
iii. Environmental factors
ive Operational experience
Ve Existing plant configurations.

In terms of priority the first two factors tend to be much the most
important in influencing the selection of fine chemical process
technology, although, as will be discussed, environmental factors
do receive significant attention in the development of a new
production process.

Market Factors

Emphasis on product vs. process

As already mentioned a distinguishing feature of the fine chemicals
industry, which applies to most but not all companies, is its
strong market orientation. Thus, after having developed at
laboratory scale a complex molecule found to exhibit particular
properties for a very specific application, and having devoted
considerable resources to its testing (in the case of pharma-
ceuticals and agrochemicals for side effects, human and eco-
toxicity effects etc.) over a quite long period, the funds and
time available for process technology development may be somewhat
limited. The analogy with cooking is quite a good one. The
finished product is what matters to the chef. He or she will not,
within reason, spend an enormous amount of time and concern over
analysing each step to the final product for its cost
effectiveness. Nevertheless, overall costs are not without
consideration,

To put this another way, the value of finished fine chemicals tends
to be high in relation to the production costs. The critical
management and resource considerations are therefore more likely to
be allocated in such a way as to ensure that the fine chemical
companies retain their competitive edge. For such fine chemicals
producers, the average allocation of R&D resouces, principally
manpower, is roughly as follows:
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Table 9.2
ALLOCATION OF R&D RESOURCES OF FINE CHEMICALS INDUSTRY

Product development 70-80%

Production process 20-30%

- of which pollution control ( 0-15%)
100%

Source: ERL based on industry discussions.

9.2.2 Purity considerations

In several sectors within pharmaceuticals, certain agrochemicals
and other fine organics sectors and with inorganic fine chemicals
involving precious metals and those produced for the electronics
industry, purity of product can be particularly important. This
can mean that a higher proportion of the final product can find its
way into the waste stream (e.g. from a solvent extraction/separa-
tion process) than would otherwise be the case.

9.2.3 Product activity

The key aspect of a fine chemical product, particularly in the
pharmaceuticals and agrochemicals sectors, is the degree of
'activity' of the active ingredients. There is therefore a strong
incentive to produce more active fine chemicals. These are, if
anything, likely to have a higher biological impact. So
consequently the effluent stream is likely to have more
environmentally damaging wastes. This environmentally unfortunate
tendency will be offset by the fact that less product is needed if
it is more active.

9.2.4 Process oriented fine chemicals producers

The remarks above regarding the high importance of market factors
giving rise to strong product rather than process orientation of

the fine chemicals industry, do not apply to the whole industry.

There are exceptions which arise in the following sitiuations:

i. Some fine chemical companies specialise in producing well
established intermediates for other fine chemical
companies; such companies are strongly process oriented.

ii. As products come out of patent, their production and
marketing becomes more cost competitive, with increasing
attention focused on production economics.

iii. Certain producers of fine inorganic intermediates are
concerned with manufacturing products whose chemistry is
relatively simple. Marginal improvements in yield and
process cost reductions are therefore of high priority.
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The implications for process technology/production routes of
concern with process costs are discussed in the following section.

-

Production Economics

Production costs

There are dangers in attempting to apportion production costs
between the principal categories, and many exceptions can be found
to generalisations in the fine chemicals industry. Nevertheless,
based on information provided by representatives from different
sectors of the fine chemicals industry, we present in Table 9.3 the
break-down of the average contribution to product costs.

Table 9.3

CONTRIBUTION TO PRODUCTION COSTS OF FINE CHEMICALS

Category Share of Total product Costs
Feedstock 50-60%

Capital , 5~15%

Labour 15~23%

Energy 5-20%
Pollution control 3-10%

Feedstock costs can, in certain circumstances, be significantly
less, most notably with fermentation processes where energy costs
and capital costs are correspondingly higher.

The most important feature of this cost breakdown is the relatively
much higher contribution of feedstock and labour costs of such
batch processes compared to the bulk chemicals industry, and the
lesser contribution of capital costs. Based on these contribu-
tions, it is probable that any drive to minimise production costs
is likely to focus principally upon feedstock and labour costs. It
is worth now explaining the process route implications of this.

Feedstock/process yield
There are two ways of effectively reducing feedstock costs:

i. by using less feedstock for a given product output,
i.e. by improving yield;

ii. by using a cheaper feedstock.

The incentive to maximise yield, and therefore reduce wastes, is
thus considerable in the fine chemicals industry. Coincidentally,
of course, it will also lead to improved output per labour and
capital employed.
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Means of improving yield on initial feedstock can be:

o

to reduce the number of stages involved in the process.
Such a change may or may not give rise to a more difficult
by-product waste, but it is more likely that such a
development would be environmentally benign, i.e. a
"cleaner technology";

substitution of a higher yield reaction stage for another,
Particular scope exists when the by~product yield is
higher, perhaps because of isomer formation;

conversion from batch to continuous or semi~continuous
process. Continuous processes nearly always offer
improved yields and less wastes (often with higher product
purity) as a result of better control; they also avoid
contaminated reaction vessel wash-down water/solven betwen
batches;

introduction of a catalyst. Such catalysts as have been
used are often metal ions, e.g. Fe, Cu and 2n; as a result
there is an environmental trade-off between reduced waste
production and metal ions in the effluent stream;

recovery of product from waste stream. Where product
value is high, the incentive for recovery improves.

Changing to a cheaper feedstock is likely to have major implica-
tions for the subsequent reaction stages. These may or may not
lead to wastes of potentially lesser environmental impact. On the
whole, unless a very much cheaper feedstock with a new reaction
process is developed, the consequent changes are unlikely to result
in much higher yields of by-products or more difficult wastes as
any such associated higher operating costs would offset the
advantages of cheaper feedstock(s).

Labour costs

Reduction in unit labour costs can be most readily achieved through
reduction in the number of process stages; or, if it is possible,
through introduction of continuous or semi-continuous processes.
Both of these process changes are, if anything, like.y to lead to
reduction in waste/by-products.

Energy costs

The cost and level of use of energy in fine chemicals production
varies somewhat according to the process. In most liquid phase
batch processes, energy is as much {(or possibly more) applied in
the separation, extraction, purefication and drying processes as in
applying heat to reaction vessels. In all these applications the
process heat is normally of relatively low temperature and there-
fore heat recovery is likely to be uneconomic. The most likely
means of conserving energy in such processes is again by reducing
the number of process stages.
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In solid/gaseous phase processes used in producing certain metals/
metal oxides, energy use per unit output is likely to be higher
with greater opportunities for reduction in energy costs through
heat recovery or reduction through process change.

Environmental Factors

General comment

-
Before the 1270's, it is generally true to say that environmental
factors had not greatly influenced the development of production
processes in the fine chemicals industry. Since then such factors
have increasingly entered into process considerations, particularly
in the development of new products production. This is not to say
that the cleanest available technology route has always been
adopted. Market and economic factors will always predominate,
although waste treatment and disposal do of course affect capital
and operating costs of the process.

However, environmental considerations can directly (as opposed to
indirectly through impact on costs) influence the production
process through one or more of the following:

i. choice of feedstock(s),
ii. reagents and catalysts used in the process stages,
iii. recovery/reuse of by-products.

Choice of feedstocks

This is probably the most important manner in which the emissions
or "cleanliness" of a fine chemical production process can be
determined. The initial feedstock(s) is often likely to influence
significantly to subsequent 1-3 production stages at least. 1In
considering the design of the production process for a new fine
chemical, it is now unlikely that the industry would select a
feedstock/process which gives rise to particularly difficult/toxic
by-products unless there are no alternatives or these alternatives
involve considerably higher costs.

The industry has also been known to seek and introduce alternative
feedstocks to an existing process, where the introduction of
stricter emission/waste disposal regqulations has resulted in very
much higher operating costs. This change tends to be effected in
one of three ways:

i. the operator has developed an alternative himself;

ii. the operator has told his feedstock supplier(s) that he
requires a 'cleaner' feedstock which produces the same
intermediate at stage 'X';

iii. the operator asks the feedstock supplier to take over the
process himself because he may be in a better position to
recover/treat/dispose of the toxic by-products/wastes
involved.
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It will be noted that the second two processes are shifting the
environmental problem back to the bulk or semi-bulk chemical
industry. This development in response to economic forces, is
likely to be environmentally advantageous as it is probable that
the larger plant will have more treatment facilities and/or R&aD
resources to solve any wasste/emission problems.

Use of reagents

The industry will also give consideration to the environmental
impact of use of reagents/catalysts in the selection of particular
processes. Indeed during the course of its investigations, ERL
learnt of two or three instances when a new lower cost production
process, involving the use of metal catalysts, to particular fine
chemicals were not adopted because of environmental controls
(actual or anticipated) on the metal concentrations in the
effluent. 1Indeed it is a point of general note that unlike the use
of catalysts in bulk continuous (and usually gaseous phase)
processes, in the production of fine chemicals catalytic processes
offering lower cost/higher yield routes to a product, can often be
"less clean" processes.

Recovery/reuse of by-~products

This subject will be discussed at greater length in Section 10. 1In
the context of influencing process routes to a desired end-product,
we would just mention at this point that if a possible use is
foreseen for a by-product produced in large quantities in a
particular stage of the process, it is more likely that the
process will be adopted.

Operational Experience

It is certainly the case that fine chemical manufacturers, whether
large or small, tend to develop expertise in particular production
stage reactions. As already remarked, some small independent fine
chemical companies specialise in selling this expertise as contract
intermediate producers. This aspect of the industry's development
is generally likely to be consistent with the development of
cleaner technologies in fine chemicals production.

Existing Plant Configurations

This factor is of lesser consequence in influencing the production
route to a final chemical than in the bulk chemical industry.
While it is true that a certain feedstock may be available at a
cheaper price because it is produced "in-house”, product
considerations tend to come first in the development of new fine
chemicals., This is likely to reduce the influence of the availa-
bility of a particular bulk chemical or semi-bulk chemical in
influencing the process route adopted.



73. o« Environmental Resources Limited

However, fine chemicals production plant is multi-purpose, that is
to say it is usually designed with the aim of providing production
facilities for several fine chemicals. This design may constrain
the introduction of certain new process route options on fine
chemicals, if substantial new plant investment were required.

The development of a fine chemicals plant, juxtaposed to a bulk
chemicals plant, can have one significant influence in one other
respect., As mentioned above, it can often reduce the
treatment/disposal cost of difficult waste streams through access
to large capacity central treatment systems, whose level of
treatment would be quite uneconomic on a small scale.

Recent Developments in the Fine Chemicals Industry

In this final sub-section it is worth commenting upon more recent
developments in the market place which could have a gradual impact
on process technologies adopted in fine chemicals.

i. The rate is slowing at which new fine chemicals are
introduced. This is partly a function of the fact that
new technical 'breakthroughs' in chemistry do not now
occur so fast, but also because the costs of testing for
new products has risen so that large markets must be
guaranteed for new products. The impact of this is that
increased attention will be paid to lowering production
costs of existing fine chemicals and more R&D resources
will tend to be devoted to this end.

ii. Large multi-national chemical companies, traditionally
mostly bulk chemical producers, are becoming increasingly
involved in the fine chemicals industry. This is a result
of the relatively much faster growth prospects and profit
margins for many fine chemical sectors, and also because
they are looking for a means of utilising spare plant
and/or labour capacity. The first rationale is likely
generally to be beneficial as it will bring additional R&D
resources to process development in fine chemicals,
together with expertise in continuous process technology.
It is not to comment on whether the second development
will enhance the use of cleaner technologies in fine
chemicals production,

iii, In the longer term (10 years or more), increased applica-
tion of biotechnology to fine chemical production
processes is probable. At the moment this is cheifly
confined to pharmaceuticals and parts of the food
industry. Although these sectors will continue to
dominate in this respect, it is also likely that
fermentation processes will be more widely applied in
certain other organic sectors. Increased use of
fermentation processes and biotechnology is generally
considered as environmentally beneficial as it often
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provides means of utilising waste materials as feedstock.
However, fermentation reactions can also bring additionatl
waste problems, often of a more toxic variety. These can
present treatment and disposal difficulties.

In summary though, the structural and other developments taking
place in the fine chemicals sector are generally likely to be
consistent with the development and use of cleaner technologies.
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THE USE AND DEVELOPMENT OF CLEANER TECHNOLOGIES IN EEC FINE
CHEMICALS PRODUCTION

Introduction

In this final section of the report we comment upon the current use
and scope for future development of cleaner technologies in fine
chemicals production. We shall note the principal constraints to
this process, also referring to those identified in Section 5,
concerning constraints to use of cleaner technologies in bulk
chemicals production, where these are also of relevance to fine
chemicals.

Cleaner technologies in the context of fine chemicals will be
considered with respect to:

o basic production processes;

o recovery and reuse of by-products and solvents.

Cleaner Technologies in Production Processes

Current use and future scope

In Sections 9.3 and 9.4 means by which changes in process
technologies (or production routes, as they are better termed) can
lead to reduction in emissions/wastes were discussed. The most
significant of these included:

i. reduction in number of process stages;
ii. change from batch to continuous/semi-continuc1s process;
iii. substitution of high yield reaction stage(s) in production
route;
iv. recovery of product from waste stream;
Ve change to 'cleaner' feedstock, or feedstock giving rise to
less difficult/toxic by-products/wastes;
vi. use of reagents/catalysts giving rise to less or ‘cleaner’
by-products/wastes.

The first three 'cleaner technology' routes, i, ii and iii will all
tend to achieve the purpose of reducing wastes and energy consumed
per unit of product, as well as certain other efficiency improve-
ment, essentially by increasing yield on feedstock. Their adoption
is generally likely to follow from the normal response of the
industry to economic and market forces, although as will be noted
below, there can sometimes be a certain conservatism to making
major changes in the production process.

Recovery of product from waste stream (process iv); given that the
quantities/concentrations are likely to be small, is really only
likely to be technically and economically feasible when the product
is of very high value, e.g. as with precious metal/rare earths,
oxides and their compounds. This most particularly applies with
solid/gaseous phase smelting/oxidising processes where elaborate
metal dust/fume collecting systems are installed.
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With regard to process changes covered under v and vi above, we
commented in Section 9.4 that consideration of the environmental
consequences of alternative feedstock(s) and/or reactions did enter
into the decision making with regard to the design of process
routes for new products, and could sometimes rule out the use of
what would otherwise be acceptable lowest cost process routes to
the final product. It is also the case that existing production
lines have substituted 'cleaner' feedstocks when the wastes/
emissions produced by the previous process have become unacceptable.
The use of catalysts both contribute to cleaner technologies by
achieving improved yields and reduced water use, and present
additional effluent problems through metal ion contamination,

Most of the instances or means of achieving cleaner basic process
routes apply to fine organic chemicals. Given the:

i. . reasonable expansion prospects of the industry;

ii. fact that fine chemicals are mostly produced in multi-
stage batch processes; and

iii, increased resources likely to be made available for
reducing production costs through process routes i to iii
above;

it is reasonable to conclude that both the scope for use and the
prospects for development of cleaner process technologies are quite
considerable.

On the whole the situation with inorganic fine chemicals is much
less promising, and it will be noted that many of these are 'black’
and 'grey' list substances. This situation arises for the follow-
ing reasons:

o) inorganic fine chemicals normally involve only 1-3 stage
processes;

o the scope for using alternative chemical processes tends
to be much more limited;

o by their very nature, the feedstocks, the products and the
by~-products have to be metallic compounds, often on the
black and grey lists;

o in many sectors of inorganic fine chemicals, the growth
and investment prospects, and allocation of R&D resources
tend to be less than for fine organics [1].

Even so, the economic incentive to maximise yield on feedstock can
apply to inorganic fine chemicals in the same manner as it does for
organics. It is just that the scope for achieving improvement
through change of process is more limited.

[1] It is also true to say that the size of the fine inorganics
industry is considerably smaller than that of fine organics.
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Constraints

In certain important respects the constraints to development of
cleaner process routes in fine chemicals are less than in bulk
chemical production.

- Growth prospects. These are reasonable, certainly
compared to bulk chemicals.

- Finance. There is a reasonable prospect that the funds
available for process R&D will if anything improve in the
future, even though profit margins become squeezed (as
they already have) as competition increases.

- Technical factors. Technical know-how in fine chemicals
will continue to grow and should benefit from the
increased attention and expertise in continuous process
technology of the major chemical companies. The number of
small chemical firms specialising in particular process
technologies has also been growing.

However two important market constraints to the spread of cleaner
process technologies in fine chemicals must be noted.

The first, which has been referred to previously, is that
the fine chemicals industry has been and will continue to
be primarily product oriented both with respect to
decision making on production process design and
operation. For example the stress on purity of product is
likely to increase and can conflict with yield improvement
objectives, and to the allocation of R&D resources to
development of cleaner technologies.

The second point relates to the very nature of competition
within the industry. Unlike the situation in bulk
chemicals, if a new cleaner (and lower cost) process route
is developed by a company, it is not likely to advertise
the means nor sell the process to others. The know-how
bound up in the production route is and integral part of
the commercial advantage of the new product. This tends
to mean that when a new and cleaner technology is
developed for a fine chemical, it is likely to remain the
property of the company concerned and not become widely
applied in the industry. This is perhaps somewhat less
the case as the product becomes well established and
increases in volume.

Recovery and Reuse of By-Products and Solvents

Current practice and future scope

As a generalisation it is true to say that the extent of recovery
of by-products produced in the fine chemicals industry is not very
high. This is largely a matter of economics, in that usually the
unit cost of recovery, given the lowish yield and/or concentration
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of the by-product(s) involved, are more than the value of the
recovered product [1]. Solid wastes, such as gypsum and ammonium
sulphate, theoretically recoverable, also arise from the treatment
of acid wastes.

However, having said that, many instances of by-product recovery do
occur in the fine chemicals industry, particularly where the yield
is reasonably large or the unit value is high, as with precious
metal/rare earth compounds. Indeed over half of the 17 companies
interviewed regarding fine chemicals were able to give examples in
their own company operations where recovery of by-product/wastes
was taking place. Some of these are mentioned below:

Halogenated aromatics

Precious metals, oxides and their compounds

Lzad compounds (from bag filters)

Sulphur

Hydrogen sulphide

Sodium sulphate

Sodium acetate

Sulphonamic acid

Certain alkyl and benzo-phosphorus intermediates.

This could be considered at least as good a performance record as
was found in the examination of bulk chemical production
operations. Nevertheless it is true to say that considerable scope
exists for further recovery of by-products, even recognising the
aim of the industry to minimise production of by-products.

The situation with solvents is quite different. The very large
majority of solvents used in fine chemicals production, and which
become contaminated, are recovered. Recovery either takes place
in-house, when the operation is relatively straightforward; of if a
high level of contamination has taken place, the solvent is sold/
given to a special contractor for recovery.

10.3.2 Constraints

Many of the same economic and technical constraints to by-product
recovery noted in Section 5.4.2 for bulk chemicals apply also to
fine chemicals. Attention is drawn to the following principal
aspects which will tend to worsen the economic feasibility of by-
product recovery:

o Economies of scale. Because of the quantities in which
they are produced, fine chemical by-product recovery tends
to be more costly.

o Purity. The need for high purity in recovered by-product
(and recovered product for that matter) is usually greater
than that with bulk chemicals, which again will raise the
costs of technically acceptable by-product.

[1] Even though sometimes this value can be relatively high,
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o Batch processing. This tends to complicate the design and
efficiency of recovery operations.

o Toxicity. The recovery and reuse of some solid wastes is
made more difficult by contamination with high toxicity
materials. This applies to, for example, fermentation
wastes,

On the other hand, when the by-product has a higher value, as is
more often the case than with bulk chemicals, then this can offset
the cost constraints. In one respect this is particularly import-
ant in that it reduces the relative importance of transport costs,
thus making resale of by=-products to a third party a much more
likely possibility than with by-product recovery from bulk
chemicals. Even so, it is more probable that by-product recovery
will take place if an 'in-house' use can be found.
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CHEMICAL. COMPANIES INTERVIEWED

Bulk Chemicals

Akzo

BASF

Bayer

BTP Tioxide Limited

Chem Systems International
Fisons

Hoechst /Uhde

ICI

Montedison

Produit Chimique Ugine Kuhlman
Rhone-Poulenc

Rio Tinto Zinc

Shell Chemicals International
Solvay

FPine Chemicals

Akzo

Albright and Wilson

Bayer

Cheminova A/S

Farmoplant SpA

Farmitalia SpA

Fine Organics

Glaxochem

Grinsted Products A/S

ICT

Johnson Mathey Chemicals

Lead Industries Group

NL Chemicals

Oce-Andeno BV

Produit Chimique Ugine Kuhlman
Rhone-Poulenc

Shell Chemicals International
UcCB
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Appendix Two

SUMMARY OF CASE STUDY
BULK CHEMICAL PROCESS TECHNOLOGIES AND
THEIR PRINCIPAL CHARACTERISTICS
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Aluminium

Chlorine

Sulphuric Acid/SO3
Phosphoric Acid
Titanium Dioxide
Ethylene Oxide
Acrylonitrile
Chlorcmethanes
Perchlorethylene

Vinyl Chloride (VCM)

PVC

Nylon 66 - intermediates
Nylon 6 - intermediates
Phthalic Anhydride
Methyl methacrylate

- Tolylene diisocyanate



92.

Environmental Resources Limited



=
L

93.

Environmental Resources Limited

*ssaooxd

-oTwouooa aq o3 C10
,deayo, saxtnbsy

"STeTI93ell UOTIONIISUOD
uo buipueuwep Axo9A
‘Yieq SpTIOTYD POXTW UT

(%4

H
Faud
~

Kbasus I9MOT ['9sn Abgaus TTexsao s1sk106x309T pue E£T1OTY ¥sn ul ssanoxd
1eYMOWOS IDURITD IIMOT JIeUMDUOS *SUOTSSTWS JH SPTOAY 03 pPeO3lEUTIOTYD eUTUMTY S,0L61 spTIOoTYD
*sassaooxd msu ut
‘qr xad ymy 9 o3 *sathorouyoel
*§3s00 pazamo1 uotlrdunsuoco putyeq sapoue pasoxdur 3TNOISH TTeH
Abasus paonpsy K31oTa309T1H *dH Jo ©T1oKkodx 9IOW *ss9001d snonuTlUCD 8IOR | S,0./S,096T paaoxdur
-pasqepos xo0 Hutieq-I[9S °*q s59001d
poyegeoad ‘e sodiy epoue oMl 3Tnoxag-TTeH
*s9pour uoqied JO suesm Aq *331T0kI10
uotaraodeas ¥ 4aI1 posATOa309719 ST (£JTV" dBNE) ut eurunie
1Y ptoae O3 xod UMM ZI-6 @Sh *apraIonT3 531 TT0AID0 pasnjut Jo uotionpax
sueaw SI9I30 K31oTI309T® UbBTH usabpoaphH JO suoTssTulg peaTossTp ‘E0lTVY eutuniy S,0681 0T34A10x3031d
NOILJOQV ¥0d dOvsSn TYIVIALYH QIONAOUINI
i TYLNIRNNOY SOILSTUALOVIVHD IVdIONIYd
TATYNOILVH MY/ XDYANT SIOHASY TULNARNONTANE aorydd S$5350ud
1 TI¢ WNINIWOTY SONTYNLOVANNYHW NI SHIDOTONHOWAL SSADOUd TY4dIODNIUd




1R
[

Environmental Resoarces Limited

&

94.

- AboTouyoal
[1oUea () " pouTelqo
Fpos oT3sned aand
5 paatnbax weails
Esa1 2ours wbeayd
-eTp 01 poaasiaad

PpOUS Or3sned
93P IJUSDUOD

03 ¢1o uoy aad
psatnbaax weails
3 G0 ATuo -butr
-aoxdut pue C1D 23
/AU MY 00ZE-008¢2

*sI9
—anjoejnueu auraquel Ag
383w ®q Aew (SurxonTy)
sweTqoad Tejusul
~UOITAUT °DPSATOAUT ST
so3jsagse Jo0 Aanoxauw OpN|

"31T7Tes 32°0-1°0

SuTePluUOd 3T %05 O3 UoTlex]

-udduUod I933V¥ ‘peonpoad ST

epOS 5TISNED %0b-0f -Sausu

-3axedwoDn Spoyjzed pue spoue

sojexedss aourIqUSW UTSdI ¥

- OL6T SdUTS

1180
suexquey ¢

-adoang

ut ueyl zxadeayo
‘epos oT3ISNED
93PI3U9DUO0D 03
paxinbsax ‘wesals
‘¥sSn % epeur) ut
pauTWl SO31SaQSy

“HO®BN
93eI3U8DdUOD O3
boxtnbax osTe CT1D

uol a=ad ureals
suoyz ¢ -sjuetd
uxspouw ut C1D
uol /Iy MY 00LT
3noge S3UMSUOD

sTSATox3091d

sojsaqse woij pajoajzoxad
9q 3ISnum JUSWUOITAUD
9yl pue jjels jueld
*peATOAUT ST Kanoxsw ON

*3TeS &T Y3ir s
pPe3RUTWR3IUOD ST 33B'IJUSOUCD
$0G 9yJg ‘uoTijeaodeas Aqg
P83eIUSDUOD PPOS OTIShed
30T "CTD Y3Tm 3DejU0D O3UT
butwos woxy BPOS OT3ISNRD
juanaad o3 sjusugxeduwod
apoyled pue Ipour SS9
-eaxedss wbeaydeTp S031S8QSy

“¥sn ut
JueUTWOPSId

55,0681

1120
ubeayde1q

*3oedut asmol
suot3dunsuod
ki110Ta309T3 I9MOT

€10°3 /3y MY OOfLE
3jnoge SsuUMsuod
sTsA1ox3oa1d

"wesaxls a3sem
woxI Axsaooax bH pue
aT0koex z9338q ybnoays

ssol Lxnoxsu I9MOT

*uot3esTroInduo)
o3tydeab 3o peajsurt
sopoue paseq wnIuelTl
‘s1qels AfTeuoTsuswrq

096T ®duls

adoang
ut 1nyTaustd

£fTeTOoI8UmOD 3TES
¥I708 aang "Arear

5 uteds Ul pauTW
KxnoasWw *A11R
-utbrao 3onpoad
utew aY3} SeM
{epos o13sSned
A3tand ybtH

«C1p uoy zad
paumsuod A3I0oTI}

=09T3 aymy OO0O¥
noqe A1reutbrao

[rnd

"QUTIOTYD
uol x2d HOG ueyl saou
30U 03 padupex 9 MOou
BD s9ssoy AandiaW °*peon
-poad sutxoTyo uol /bHoog
noqe 03 pajunowe ATTeUuT
-bTI0 ‘EpPOS OT3SNhED pue
oboapAy ‘sSUTIOTYD S3Oonp
-oxd |ayy UT pue ‘sa3sem
pITos ‘s3jusni3ye pInbrl
pue snoaseb ut pue abe
~-T111ds &q 3so7 LAanoasy

g

*peleTNOATOSI pUR pPOIRIJUSD
-uood1 ¥sTa8 I0 ybnoayz souo
JI92U3To 9uUTIg -Spoue Yyl 3e
pPaATOAS SUTIOTYD ‘uebieuwr

umTpos /Aanoxaw ayi Jo
s1sA10apAy Aq paATasp seb
uaborpiy pue epos DT3ISNEd
$0G 92and -apoyzed Aindoxsp

-sepoue yoo1q 93Tydeas

*duUTIq JO STISATOI309TH

*adoang ut
jueuTWOPdAd
$,0681

1190 Axnoasum
paaoxdur

Sopoa}Yd|Te
a3tydeab

{7190
KAinoaoW 7T

NOILJOA¥ d0d
JTYNOILYY

FOYSN TYIYILEW
MY /XDOYINT

S103dSY TYLNIWNOYIANA

SOILSTUILOVIVHO 'TYdIONTYd

aIONAOCHLNI
ao1ydid

SSHO0¥d

4

10 ANTYOTHD

SONTANLOVANNYW SISATOYLOATI NI

SHIDOTONHDAL SSHI0Yd TY4dIONI¥d




Environmental Resources Limited

95.

Kbzous eijxe puef

*paarnbax

JUSWISSAUT BIFXKD
2outs me7 Aq pet
Tox3zuod AT10Ta3s

30e3uU0D I¥THUTS ueyl
juatoT3yye Lbaxsus
sso7 c*aanssaxd
saasydsoule §

* (30e3u0D 8T1buUTS UITAM

*€0s 9aow wrIOF 03 3IsATejzed
SOCA 3Y3 ISA0 BWTY PUOIIS

sT abaeyosip| I 368°66 UDAD pue paxeduod SQOH\H ueyl v pessed pue pajeaysix ssaooxd

<os uaym poadope €05 o031 pojasauod ssaT) 9asydsoue o3 a1e soseb ayjz ‘xsjem UuTt 3o0e]3uc)
A1uo ATteunsq Cos ¥5L°66 o3 dn abaeyosTp C0S peonpay £0s jo uotraidaosqe 1933V S,0961 afqnodg “y

NOILdOAa¥ ¥OJd FOUSn TYTIALYW aaIDdNAOULNI
« ,
TTYNOT LV MY/ KOUUNE SIDAJSV TYINIWNOYIANT | SOILSTYILOVEVHD TYJIONIY¥A qoTHAA $8A00dd
‘€ (PPNUTIUOD)  ppgZH IOV OIMAHATINS  ONIVALOVANNYW NI SHIDOTONHOIL S$SED0¥d TYLIONIN¥d
} L) ! J ) ) )




ted

imi

.

Environmental Resources L

96.

(*xX/3000'0p
Jnoqe Atuo
ssaocoxd xaqueyd)
X /3000’ 00L

aq ueo X3r1oeded
jueld "91qeiTeae
saseb Z0s 2ST1-9
usym ssasoxd
Isqureyp syl

ueyy 23exado o3
¥adeoyp - poonpoad

-uotadiosqe £og

axo03oq aburyoxa

jeay Aq psastyoe
Awouooa eaH

-axaydsouge

*proe otanydins

Yyesm UT pagiosqe ST £0S
.UOOO@:OOv 3e aprxojuad
unipeura I2A0 possed pue
suostod 3sA{e3zeo saowsx o3
pet3Tand axe usbAxo zZT1-8

unato 1o YoglH €os o3 20s 3O ay3 o3 psabaeyo pue Z0S %GT1-9 A1reotrdia ssaooxd
pe3ex3usouo)| UOTSIDAUOD %86-96 -s1p Cps pejoeazupn |buTuTelUcO SBsEH UOTISNQUOD 0z6T 30v3U0) ‘g
peopoau PoslH w08
*Xew I0J 3ISNIAPK
-a1qgeijdsooe
ATTe3usuuoataug
. . i
pesn peaT -pT9TX yBTH pogsem sxsqureys ueyl
SS87 9x0323I9U3l ou sy st oS I9vYlex sSISMOJ, °*TOIJUOD ssascoad
jueTd I91TRWS um:& .mcameOM *Ppo3lRUTWITD 3IsouwTe ssaooad @3jexnode pue Noz Iaqueyd pesT
wox3y 3ndino swog 510 opTydTns wWoLy ON Jo sabaeyosta I03 STSATePUR SNONUTIUCD 86T paaoxdur g
Z °
0S (%T 03 umop) "PaYTe3go UOT3IRIJUSIOUOD 308 " Xel
23NTIpP 9sn ued go YoslH pue peaTokosx axe
*s39sdn ssaooad butanp S9PTX0 USHOAITIN " IdqUeyo ssaooad
uotaniiod ITe sasaes peaT ' UT 30®3X1 SOSPTIXO Iaqureyd
posneo SapIXo UShoIITN usborlTu 3 wesys’‘ite’los OSLT pesT °T1
NOILJOQ¥ ¥04 J9VYSN TYIYILYNW AIONAOAILNT
LOAJSY SOILSTHIALD O TYJIDNI¥d SsaD0Ud
TTYNOILYVY MY/ ADUANT SLOFdSY IV.LNIWNOYIANT STHILOVHVH o) qoT¥ad

vOmNm dIdv OIY¥NHJTINS

SONTHALOVANNYI NI SHIDOTONHOAL SSIO0Yd TVdIINIVd



Environmental Resources Limited

97.

*K13soo
st VYosly juads * 208 pIoe
Jo fesodstp 3IT *aouesTnU sonpoad o3 pa3oead‘%08-S1 otanydins
OTWOUOD3 Ssawodag TelUSTUOITAUD Ue sSsacuPy {anoqe ‘pioe otanydins juadg jquads woxa3 °¢
*sCy 3onpoxdAq -aouesTnu <205 o3 apTudins
Jo R3tiIgERITRAY TejusuuoITAUS Ue saaoumy [usyy pue anydins 03 3STIPIXO S,056T1 usboapiy *H
*seb s 1TO woiz adoang
anydins ‘odoana uT s,066T1
S,0661 "Sexa pue ysn
pue euelsTIno’] 9yl Ut 006T
PrgeiTeae anydins *anydns uojx aad ut utrebe
yosexd uaygm poonpoad aq ued TonpTsax prios *ITe JO wWeaxls e UT juang {pue Aanjusd anydns
¥SN sUY3l Ut 0061 wes3s suolg Inoqy ou yatm ssaooid y sT anydins uajjow UesId 4yag1 Jo butuang °g
s anydns *{anydins uojl aad
URTITTIOIS JO| SuUolg° § *oT) ‘931akd *3onpoad
A3TTIqRTTRAR 343 uo3 T butiseox -Aq e stT bers 8prTxO “Spaq pasSTPTNnII UT 10 spTudins
paddtaysano Fostu Aq psutejzqo aq uoxT 3YJ, °PpoATOAD sxafeT ut 0,058-008 3® Kanjuao uoxy
I03J puewep Syl upd wWealsS SUol9-I 3snp Jo junowre sbxeT 931xAd uoxr Jo bHuryseoy UaeT PIH Jo butiseoy ‘7
o389
ny ‘IN ‘ad
-jonpoxadiq e st ¢0S ‘uz jo saixo
*STe3lsw SNOIAAST *apTX0 8ayj3 sonpoad o3 Kanjuao aptydns
-uou I03J puruRQd poaseox ST axo apruydins ayg yieT Jo butasvoy g
NOIL4Oa¥ ¥0d dOVsSn TYITAALYRW .QNUDOOM.H_ZH
LOH LSTY VIYHD TV I4d 2t
TTYNOT LYY M\ / ROUENT SLOHEJSY TYLNIWNOIIANI SO1 dLD o} dIDN goTyad SSED0Yd
XS Z0Ss FAIXOIA ¥NHATINS ONTUNLOVANNYW NI SEIDOTONHOAL SSAD0Hd TYJIONINd
) J ? ) ) ) > ) ) 3



imited

.

98.

-jue1d etuoCWWE
po3eTIoOosse
woxJ }0031S

*SUOTSSTU® _J JXIMOT

* sjonpoad

I9STITII®F 4 % N pPoOXTU
03 uorsiaauod jusanbasqgns
uy3ta C(€ON)®D 3FO UOTI

ssasoad-JdaN

Environmental Resources L

~-paaz 20D saxtnboy -unsdAH6 jonpoadAq | -e3tdroead !3yoox sjzeydsoyd a3eydsoyd
ssadoxd xaueaTd rosn Abasue I9MOT - Jo uotjonpoad sptoay 3O uoT3sebTp pIO® OTAITN ot6T ~OX3TIN °§
*s3oadsy * peI2A0DDI ssaosoad
Te3jusuUocITAUF JT aTqel9dyaRW BDI0W cuot3zeaodeas Jom abeas g
29s - axozexayy ‘jonpoadiq wes3s sproar abejs uoljes o3eapiy
ssaooad asues1d -osn Abixsus aomoT] (3 sso1) wnsdkb zsang | —~TtTTRISLAIDST Ing T Se Bduwes | S,096T 23e] -TWaH °*p
-ssaooxd aowvuangy ‘pIoe jeam Teuibrao
ay3 zo uoT3idumsuod ay3y woxy saTjitandur
Abrous 10 3500 ay3 butuTtejuoo 3onpoad
) Teatdep ybTy °Y3 -Aq proe 8pnid> ® puk pPIoP
1S00 XaMOT ® 3B INOYITM pdutTelqo %00T po13Tand swos saaTb
A3TTenb aoevuang sT proe AjrTenb-jutreunx swatqoad autrioniI| ssaooxad 38m ay3z woxj VYoatH ssaooxd jam
Jo uoT3idnpoad @ovUINI OTAIOOTH pue unsdXb-ouydsoyd ayy, %G9 JO UOTJOBRIIXD JUSATOS oL6T poaoxdmy °¢
*I93eM U3TM po3eaxl ST
*saxo apexb qssaooad 3am JOo 3ISOD yotym SOZTd 03 pouang uayl ST
IomoT 3¥sn o3 |oTgnop 3sodo Teztde)d *‘swaTqoad Te3jusBuW sTYl, °*snaoydsoyd sonpoad
AITTTIQY "SpIoe *snxoydsoyd | <uoatAaus axe saseb TTE] 03 9orUINI OTIJDDTO uUe ssanoxd
otxoydsoyd sand aeak xsd suol 000T ut spunodwoo suUTIONTI | UT pPa3TdW ST 3OO pue pues sovuangy
aonpoad 03 pesSN T1od sjjemebouw /°T aya pue bHels onpoadAigiyoox o3eydsoyd yo sanaxTw ¥ 006T OTx309Td 7
SISSTTTIIDF
203 ybnoud *jonpoaxdAq prToS
poos *(Sol4 swoTqoad TRIUSWUOITAUD 3yl 3JIJO I9TTJ °“peajzsur
326 X0 Yoatfn *unsd&H xolem a2xe sosebH TTE] €ONH X0 TDH Y3atm ATIe
3G9) Ssptoe psutu ATMsu ueyl uT spunodwod sutxoniI fUOTSEOS00 3Ing proe oranydins
otaoydsoyd eom axou s3soo umsdAb [pue AmONm uoy x2d suojl g 36 U3ITMm ATTensn ‘3dox Axnaua0
aandwt A13ybr1s 4oudsoyd Aap o3 tang| anoqe) 3onpoaxdAq umsdAn| szeydsoyd yo uorjzrsodwmooaqg yaeT| sseooxd oM .¢
ZOHMMWMMHMMM mwmmmcwwwwwwmm SLOEdSVY TYULNIWNOAIANT SOILSIYALOVYVYHD TYdIDNIYd QWUDMMMMWM SSdO0dd

VodtH QIOV OIYOHJdSOHd

TONTHNLOVANNYW NI SIIDOTONHOAL SSIFO0Md TYdIONI¥d



Environmental Resources Limited

<

99.

*sS93TUSWT *swaTqoxd TejlUSWUOITAUD (eT1Tany
30 K3TT1iqeTTRAR <011 uoy xad uorl aa1h KAew juetd uoTa ot39yjuiks)
po3IwITUn | -eIdoI3Ssusq a3yl 103 -eTIOTJOUSq OYl IDASMOH @3TUSWTI
9dA3 a1T3Inx ay3y JAbaous pue 23TUSWII 2011 uol xod Tesodstp *C0TL 306 I9A0 SUTRIUOD {po3eToTIoUaq,
JO S8I10 YOTa Teuibtio ay3z I03 SOpPTIOTUD Telau 9TTana O5TIdYauds ayg uo ssaosoad
Jo @bejaoys JO suol g°*g auwos oTIPTOR BYOOG-007 INOAY *37I3INI Teanieu I0J SY s,0L6T1 apTIOTIYD P
¢ ¥ ueqy
ssaocoxd asues1Dd *poTokoax
ssaooad snooseb s11om dosp utr *H°e t1D94| 2uTaOTYD pue poq PISTIPINTI
SNONUTJUO0D- X1ddns Jo TesodsTp saxtnbay e utr COTIL 03 pPOSTPIXO
SO TWOUODa 3TrOS 3I0Us ut STTINY | COTL %66 INOge SUTRIUOD ST 3T uoTjeotrytand I833V
paaoadwy *o1ens -Zp11 uoly zad o1Tany *peonpoad «anodea V1011 s8AT1b D 008
ut paonpax poaxinbax sutaoiyo €01l uoj xod Tesodstp -00G 3e SpTXouou GOMHMU 210 a1TINy
swa1qoad B 00z pue STTINI I03J S8pIIOTYD Telsu I0 9300 jo anuasaxd ayl uo ssaosoxd
Tesodstip 23seMm suojl 1°1 2wWos OTIpPTIOR HBY 08 2wos ATup| UuT 3TIINI JO UOTIRUTIOTYD s ,0b6T SPTIOTYD °¢
uoT3
-onpoxd uoat
| 1 ueul . ‘p1oe otanydins yeam jo *C0TL %68 ©3 dn wox3y bets
ssaooad asuesald *beys suol 9-°1 suoc3l Texa2aas suid jo sutejuoo Helg - ssadoad yeoTazvy yanos
.%manomm Tesodstp 3noqe pue ZOTL posodsTp aq o3 abpnis 91 TI8UWII IO %GZ-0T1 ATuo I0 uelpeurd
sexaddop ay3 uol xad paxrnboax | snoeoryis B OCY Isowte sT 23s5ses sexaddo) ou jeyl uo ssaooad
Jo uoT3onpay Yoslu suox g° ¢z 12011 uol yoea Jog a3deoxs ‘S3TuswWlI IO0J SY s,0961 ajeydns °¢
*ZOTL %05
jnode sUTe3lUOD d3TUSWII
‘ *o3eapAy unTuelty JO
‘proe otanydins yeam jo| HButuroreos pue uvoTleoTITand
suojl Texaass snid ‘jo pue ‘ (sexaddop) ejeydins
‘310 suol G°z noqe | pesodsIp 89 3Isnu abpnis snoxxza3j pue abpnis jo ssaooxd
pue pepasu VoglH SNOIIDJ OTPTO® JO SuUOo] [Teaowsx ‘proe otanydins 66 ajeydns
quol y ‘COTL uol Iadg G- COTL uOl yoes Iod| Y3ITM @3TULBWII JO uoTlsabrd S$,0261 23TUawyI 7
ZOHMMMMMHMMM mw<mmamwwwwwmw SLOAJSY TYLNIWNOHIANH SOILSTUHALOVIVHO TYdIONIYd QWU:MMMMMM SSAD0Y4
°g C0T1I HFAIXOIA WAINVIIL :ONI¥ALOVANNYW NI SHISOTONHOAL SSAD0Yd TYAIONI¥d
' I D ) oD ) ) } ) 2



1 Resources Limited

K

Environmenta

¢

100.

) T , ) Y ) ) ) ) )
*ssasoad Cp ueyj
uot3dunsuoos L3310
*UOT3PPTXOFTIJOSTa SSOT INnqg

ITe I9A0 9TEOS
JO SOTWOUODIdD
baaoxdw *ssaosoxd
IDUBSTO JRUMDUWOS
*poposu oOsTe
uspoxaztu 3T -bH°9

Abrous pOSIDATTIP
axou ssaooad

*XO ITY “swia)

Kbasus Axewtad ut
UOTIePTIXO ITe

STA 9DUdISIFTIP

‘usbAxo deayo 9713311 °“PIoT& *000GZ INnoge
Jo A3JTTTIqRITRAY $0g8 SaAdTYOR Je 3sATejed paseq ISATIS usbixo bHursn
*sp1oTd 193399 3uerd MAN °Ssn *sjuaniiye prnbry e 19ac possed aae usbAxo) susTAuyls
A1Teutbhbren| SuTIOTYD SPTOAYW pue snooseb TewTUuTW aaand 10 $G56 pue QUTAYI] 0961 JO UOTIIRPTXO
*uotyonpoxdpusTiyla uo praTA
a1eos asbaeT $G/ 3noqe ATuQo ‘paaToae usboazTu *Do00£-00Z 3%
JO0I OTWOUODS[ PASN BUTIOTYD ON pandurt yo saumToa o9bxeT hsX1e3eo posSeq-A9A[1IS B IDAO suaTAyis 3Jo
] sxom yonw| *IsAfe3led IBATIS | *juanTiye snoanbe sso7 | pessed aie 1Te pue susTAyld oveTl UOT3IRPTXO ITY
. *s3onpoadAq *931eTPoWIdIUT Ue ST UTIPAY
OoTuRbIO POIRUTIOTYD -0J0TYD suaTAylg ‘-umrpou
* (306 I240) pue s3TeS BUTUTER3UOD snosnbe ue ur sUaTAY3S sseaooxd
pI®IX poon juanTyje snoonbe sbaeT HITM 309X 2WIT pUR SUTIOTYD SI6T uTIPAYIOTYD
NOIIJOd¥ dOd JOVYSN TYIYILYW dIdNJOYLNI
LOHdSY TYLNIWNOIIANT OILSTHIALOVIVHD TYAIONIYd SS3I00dd
HTYNOILYY MYY/XDYINA S © s s 1 aorydad S
‘9 Zyp — CHD AQIXO ANITAHLA  *ONIYALOVINNYW NI SIIDQOTONHOAL SSHDOdd TVAIONINd

AN
e




Environmental Resources Limited

101.

* syonpoadiq
91TI3TUO3 DR pue
93eudins unmtuOUNIE
JO uoT3onpay

" (oT1yos) %08
punoie o3 pIaTh
91Ta3TUOTAIOV
T1exaa0 paaoadwl

*o3eydins umTtuoumure

pue 31TI3TUO3}8O®
KiTe1oadss sproTih
jonpoadAq psonpay

“peq pasSTpPINTI pasn OTYOS
*3sfi1e3jed SATIOS8TO9S DIOKW

oL61

ssasoxd
oTyos -

UOT3ePT XOuure
paaoxdur

‘yanwsIqg/e3ep*
—-oKkpou-oydsoyd zo
Kbrous yjznuwsig -

PoTqeaaacd3x ATTSED 30N
sa3eydins umtuOCuUmE -
9TTI3TUO3BOR -

‘ptoe

otanydins butaToaut ssoooad
uotyeaedes NOY xa1dwo)d
a93em Jo sdussaad ur saurl

UOSTPO]UOW *D
aurbn/d4g °q

‘puewsp buoaas Jasdiezeo susihdoad apTueio usaboapAy - -awos ‘ (sjusjed TeIands) oTyos ‘e
yojew o3 ssaooad uo $05-0c¢~| &tuteuw ‘sjzonpoadiq Jo 3s&1ejeo 1aac passed axe ssoooad
DOTWOUODd 3IOW K11eutbtao pIaTx [setatiuenb juedotytubts eTUOWHe pue xTe ‘sSustidoag S$,09/5,056T | UOT3RPTXOWUY
"PTI2TA 208
3jonpoxdiq
Isand °s}oo03s *3j003spsaF NOH 93nox NDOH
-poa3 JUSTUSAUOD *s3jonpoxdiq otual ‘opTaoTyo snoxdno jo adoang /austiiaoe
axou xadeay) *3s&1e3es CTonD -K3soe jo obuex opiM aousseaad ut aseyd snoenby s, 0V6T x9kedg
‘Tetasjew Mex
(NDH) @pTuelo usboipiy
*sapTuedo BUTUTL]UOD 'J2TTIIITUOTAIOR 03 pPajerapAusp ?3nox
sotT3Tandwr oTuebiO usayl sem Yyotum ‘NOH uTapAyouel)
snononbe juedTITUbTS 9pTIxX0 2UaTAY3S WOIJ pPomIod ¥sSn Ut Ov6T auaTiyszg
NOILJOaV ¥O0Jd JOUSN TYIVILVH AIONAOYLNI
OILSTYAL ONIY SSADOY
ATYNOLINY MY/ ADMANT SLOAdSY THINAWNOYIANT SOIIST OWVHVHD TY4IONIYUd gor¥aa d
‘L HO = CHD STIMIINOTANOV ONINALOVANNYW NI SIIDOTONHOJL SSIO0¥d TY4IONINd
) ) H ) ) ] ) ) ) )




Environmental Resources Limited

102.

‘sTe3aW sSNoxIsJ-uqgu ‘HUTYSTUTI TeIONW

*90T-T101°dd 1861
3O SI03095 TeTIISNpPUT

*uotrjerodio) SIFTW . “STeOTUH
ut saTbolouyos] ueaT) 995 -

YD otuebap sun
ssavoxd Fo uot

ToA YBTH pue
3dtaosap I04,

*sjuenTyI® snoanbe

*pa1oAoax
pue peojexedss uoqied

v0s%n/HoeN
Jo @sn

*usaoxd 32X 30N po3euTweljuod , ‘jusanyyye -oxply 3onpoadAg -sssooxd spToar 3Ing
*ssaooxd asuedT) 3TeS sproay PTO® eam S30Npoxd(D,0ZT ® Tsd 061) @ansaxd TH S.0L6T| ¢ se auwes °p
*pataeAa aq
ued XTW 3onpoad ° saueylauw
paonpoad aq -oxoTyo Iaybrty * D000 1e sueylau aueyl sy
ued TDH atqeares |pue 3onpoad Aq TOH pue SUTIOTYD JO UOTIDEdY S,0¢6T PTH woxg *g
*uoqIRD 9AT3OP
*sseooad tedroutad X0 9pPTIOTYO OUTZ ‘eUTUNTE
M3U pue TOI3UOD *pIOS/posnax *10tHD! K71eo1dX3 ‘3sikejeo e 1940 sseyd
posoxdur *uotryeaado pue sauesalo aq uoy aad juanyyge Do0SE 3® anodes paXTwW Se anodep
SnoNUTIUOD ueo bosly *T10tHD snosnbe ¢Ws°0 ATuo| passed TOH pue Toueyiau 3o ‘ToueyldaW
01 3IT9S3IT SpuaT Jo pToT& %386 -oseyd pinbI se suesg saT3T13UEnD JeTowInbg $,066T woxg °Z
*sSuUOT31o®vax weaIls juanTii® snoanby
UOTIPUTIOTYD ISYJ0 *I93eM SAOWSI O3 *1DH pue aseyd
woxy 3onpoadAq mndTo pue soseb jonpoad 3siTe3ed SPTIOTYD OUTZ pInbig
10H qxosqe 03 YUuTsS wox3j IDH SAOURI O3 DPSATOSSTP © U3ITM Do0ST Kxnjuso | - Toueylsy
TnIasn v ST Ssoo0id P19tk 286 HOBN JoO ®asn saxtnbey Jje Touerylsuw Jo HBurxnTIey yieT 93e1 wuoxg °TY
NOILJOd¥ ¥0Jg Jovsn TVINILYW aQIONAOYINI
S MVY/ XOdANT SLOIASY TYLNIWNOHIANA SOILSIHILOVYVYHD TYJIONIVd QOTHId S$S3o0ud
‘8 TOYHD 9pPTIOTUYD TAYISW T SENVHLAWOIOTHD :ONIVNIOVANNYW NI SITOOTIONHOIL SSIOOHd TYJIDONIHJ




Environmental Resources Limited

103.

* 93 PUTWOP
-2ad o3 spraoTyo
ausTAUyjzaw SoTIRUD
UOTITPUOD JO 9DTOUD

*aaIn3IxXTW JO
uol 1 9@3exedss

03 paatnbax
wesls suol ¢

*3jonpoad Aq

(305<) 7100 Fo uoTy
ﬂaomoum abxel e pue TDOH

19,008 3E
SSOOX® UT SUTIAOTUD YITM

po3oeax 9pTIOTYD TAYISW

1081

Jo uot3

-eUTIOTYD
*dway ybTH 2

ﬂ ~onpTsex alTaeIoAa
-uou Jo %5°0 ATUuO

0,005
Je SS9DX3 UT SUTIOTYD
UY3ITM pP230oeal 2ueylsn

sueylauw

jo uot3
-RUTIOTYD
*dwal UybTH °T

NOIILJOAY ¥04 dovsn TYIVILYHW QIDNACHINI
ATYNOT LYY MY/ XO9ENT SLOd4SY TYLNIWNOYIANA SOILSTHILOYYVHD IYdIDONIYUG QoTHEd SSID0U4
*g C1OCHD @pPTI0TUD SusTAYyIan .N. SANVHLINOYOTHD ONIYALOVANNYIW NI SIIDOIONHOIL SSITO0Yd TYIIODNIUA
) ) ") ) ) ) ) ) ) )

e



Environmental Resources Limited

104.

1otHo
JO uoTry
* (30G<) 30onpoad-Aq * 0,008 ~-'UTIOTYD
ruot3onpoad ¥100 100 70 uor3zxodoad 3® SUTIOTYD SS9OXS UITM aanjexs
TeWTUTW °TeTxajeuw *9IN3IXTW JO abae1 © pue TDH pejoesax 9pTIOoTYOTAYISW -duey ybtH ¢
Mex se Joueylsu | uoz 1 o3exedss o3
Jo A3TTTgeRTIRAY weals suol &g ‘¢ *D,00L
ut ueyl T1oH 3Ionpoadiq 3e 3siTe3ed pasIpPTINII ®©
30 KA3tauenb xsbaeq ybnoayy pessed aprtaoTyd sueyjau
‘onprsex STI3RTOA -e1393 uUoOgIed paidoAosx - Jo uor3
-uou jyo 3G'0 ATuo pue aueylsw ‘suTlioTyd $,066T | ~RUTIOTYD *C
sauo3lay
X0
sToyooTe
*xopmod bHutryoes1q Jo uoT3l
Jo uotsuadsns snoanbe -PUTIOTYD.
‘wesx3ls juaniiye ue UT Dog9 O3 pauxeMm - aseyd
snoanbe aTgRISPTISUO) ToyooTe TAYl® I0 auolzady | Axnjusd yieT probrT °T
onwmmmewmm mwmmmmmwwwww“m SIOFASY TYINIWNONIANZ | SOILSINALOVMVHO TVAIONI¥d amoomwwwmw §5300¥d
'8 €1om0 WIOFOIOTYD *€ SINVHLAWOYOTHD :ONIMNLOVIANNYW NI SIIDOTONHOIL SSIJ0Hd TVdIDNIYA




Environmental Resources Limited

105.

“soT3eydile
D91RUTIOTYD JO
sweaI1ls a3s5em
I9Yy3lo sasn -
. ssaooad uee1d

*‘aybrtem TeutbTIO
8Yy3 3o 30¢ ueys
SSaT onpIsSax aTgesnun
ue saonpoad sanpissx

Tesodstp oTuebHIO pPa3IRUTIOTYD *sjueTd UOTIRUTIOTYD s9NpPTSsax
anprsex JO UOTIRUTIOTYD I9Y3o WOIJ SaNpISaI pejeut
Jo 3s0D ‘¥f o13TT0oxAd ‘A1teordiL otuebio aTT3eRTOA UOU 8,096T | =I0TYD X0 °*ef
suoqied
s suoqaArdoIpAy -oxpiy
Po3IRUTIOTYD I2Y3O0 *IDH pue z9ybTY
Jo uotT3onpoad yatm sustAyzexotyoaxad Jo uot3y
uot3eabajur -uorjle axe sjonpoadAq fx0 suedoad ‘sueyis Jo uoTl -BUTIOTYD
-exado sunonurjuc) utew ayJ, —eutaoTyo sxnjexsdwol ybtH S,066T { oTaTI0xLkg °¢
*3si1e3ed yjaea s,a1sTINT
PoSTIPINTI ® U0 o00€ aueylau
*3onpoadiq 3e I0 ‘D,0G9 3e aueyizsw 3o uoty
se IoH Jo @sq ‘anpIsax 3o 3G°0» ATUO Y3TA SUTIOTUD JO UOTIOEdY $,0561 | ~eUTIOTUD °Z
apTUdnsTp
€1o1v¥ I0 STDAS uogaed
Jo soussaad ay3z ut TsH Jo uor3l
*PT9TL 306 °xoaddy ‘SWedI3sS 93SeM DTXOL Y3aTM SUTIOTYD JO uoIloesy S,068T | —PUTIOTUD T
NOILJOUY ¥Od do¥sn TYIYIALYW aaoNaodINI
q TY4IONIY
ATYNOTIVY MVN/ KOWENS SLOA4SY "TYINIWNOJYIANA SOILSIHALOVIVHD TY4IONI™d QoTudEd SSIO0Ud
‘8 V100 opraoTysexazal uoqied *p SANVHLAWONOTHD ONINALOVINNYW NI SIIDOTONHOEL SSIOOHd TYIIONINd
) 2’ ® ) ) ) } ) ) * ) s }



ted

imi

nvironmental Resources L

0]
4

E

106.

_ suoqaed
odoang —oapiy
uT 3Jou 3INg ¥SN Y3 UT UMOUy o1aeydrTe
TI9M ‘suoqiedoxpliy pail gearuTIOTYD
luot3onpoad TTeaBAO 4euTIOTYDO poIoKkos8x pue ueals IBMOT IO
ssso00ad ueafd> OSIVY S3T SsTwiuTW ‘usbixo ‘SUTIOTYD Y3ITM ‘suaTiyls
-suaTAYy3zaIoTyYD 03 parokosx poxXTW ‘D GZ¥ 3I® (2IN3IXTW ‘BPTIOTYDTP
~-1X3 I03 puewaq sT pue jonpoxd Naosuo~dux b 9) 3sk1 auaT1iyzs
-auatAyle -Aq zofeuw © ST -e3ed pPaq pInI¥ ' ybnoayy Jo uorje
Jo KaTTTgRITRAY sua TAU3ISIOTUD T AL, passed ausTdyze I0 573 S,066T —UTIOTUDAXO ¥
‘sSwea1}s 93SeM "3ybTOmM TeUTHTIO BY3
pPe3BUTIOTYD I9Y3lo 3O %07 Uyl SSOT SnpTsal
bursn 3o mcmmi aTgqesnun ue mmu:ﬁoum
JusTToOX® - SS9001d senpTsax dTuebaO pPO3Y
uea1d *TesodsTp ~UTIOTYD JFO UOTIRUTIOTUJ sonprsax
onprsex Jo 3S0D ‘eg oT3A101&d ArTed1dAf] geleutIoTyd "eg
¢o {suoqaed
-oxply
-oqex Pa3rUTIOTYD
* SUOqIRDOIPAY uotjonpoaxd S3T 3O uot3
-oxoTyo 3onpoxdAq jesTwTUTW 03 pPaTodko . ~BuUTIOTUD .
pue SUOQIRIOIPAY -231 8q ued pue SUOTITPUOCD IBTTUTS S,0S6T | OF3TT0xAq °¢
I9Yy3zo JO duepunqy 3onpoxd-oo xolew suoqres
-auatijyaoe 9yl ST 8pTIOoTYD ~0apAY
Jo 3so0D ybIH | —ex3931 uoqied opgeudyre
*D000L-05G 3I® suoqIed Jo uoT3
~oxply or3eydrTe pPSXTW IO -PUTIOTYD
TenpTATPUT JO UOTIRUTIOTYD $,0561 | 9134&T1014a °Z
*UOTIPUTIOTYD Uayly
‘a1qeITRAR pue aUsTAYIBIOTYDTIF ©OF uotl
ST OCGH\A.&QUM OCUH\AUQUM JO uoT3euTIOTYD -RUTIOTYD
usaym ssanoad Asemy -0oxpAysp pue UOTIRUTIOTYD 0061 | suaTik3aoy °T
ZOHMMMMMHMMM mwmmmmwwwwmwmw - SI10d4SY TYLNIWNOYIANI SOILSTHALOWYVHD TYdIONIYd QmUDMNMWMM SSIO0Md
‘6 C100=CT1D00 ANATAHILTYOTHOUAL ONIMALOVINNVW NI SHIDOTONHOZL SSIO0Ud TV4IDNINd



Environmental Resources Limited

107.

e

CETTOTT STESS TTeUS ITe0S [ [eWS “TOH 310NpOIdAq
1T 7 ss®ooxad woxy 8yl JO °asnedaq *1DH 3O UQT3| sojeutwI[® g ® T S9ssaosoxd Aueuwxsd susTAyla
10H butjtordxe ybty axe sS3S00 -PUTWITR® JO obejueape JO UOTlBRUIqWQOD ® S3j3elx pue Afear sntd
I03 S1qe3IIns ing spreoti ybTH yitm z ® T 103 SY uotT3onpoad Huroueteq Ag uT 0S6T1 auaTi3aoy °¢g
sueaxls
seb ajsem Ul
suoqaedoapiy pa3l -sassaosoad *pOSTWIUTW SNy} usbiAxo yaTM
ﬁmcﬂquso Koxasap I9Y3o ut pasn oq ST Dad Jo abxeyosip auaTiy3a
03 uoT3jeIaUTOUT ueo sjonpoxdiq 3¢ {z97Tews yonu AxdA *ITe JO pealsut Jo uotl
Jo asoo ybtH suy pue ‘g6 *bH°a soseb 93sem JO SUMTOA usbAxo Pursn 3ng ‘g sy S ,0L6T |-PUTIOTUYDAXO *H
! psunsuod suaTAyle
uo sprath ybtH
*oTwaayloxa ATubtH |-oxouydsoune ay3z o3juTt DHJdI
10H 3onpoadAq Jo Jo saoeay Axxeo soaseb *3sifejed
JUS3UO0D SBUTIAOTYD . @3sem jJo ssaumion abieT x2ddoo e z8A0 0,522 ITe yatm
a2yl asn o3 pokotdwe Afinyssn Je auaTAyl® YatTM ITe pue ausatiyls
a1av -AT3soo pue 9q uepd sidanjoejnueu 1oH 23onpoxdAq burssed Aq Jo uoTl
B0JILDS BUTIOTYD T9y3o wox3 TDH 3onpoxadAd [peonpoad sT Oad @yl Jo 3Ixed 0S6T |-rutaoTy24&x0 ¢
-seT310o0dEd UOT]
onpoad abaer z03
P{de3Tns "DAd X103
puewep Hutmoab
J99m 03 IUSTAYID *Odd pedoeaoun Jo butiolkoex
Jo A311Tq®e *pIoe DTIOTYOS0apAY se | pue aotund *H*d I9A0 D _00G
ITeae Burlsesaout p1os Afqeaazead 10 31es 1 3PTIOTYDTP wcmamsuw oaa
pue 3so0d buriTed *dpTIOTUD se abxeyossIp I0J pesT juej3Inssx ayl Jo Huryoead Jo st1sAToxAd
*susaTi3e0o® TAuTA JOo PIOTL | —Tex3nau TDH 3Ionpoad-od pue og 3e ausaTAyla ¥Sn UT II (eta ausTdAyas
Jo 3soo ybrtH IT1exsa0 %66 o3 dn Jo soT3T3uenb sbhie 03 BUTIOTYD JO UOTITPPY JIeM pTIOM woxd ¢
"OAd pue WDA *3ndut
I03J puewsp Mo Abxous sbaey Azxsa *D 0GZ-0ST 3P ‘8pTaolyo
*oTdeTTea® ST [Sp9du auaTA3ladde I03F -K3snp st uorjzonpoad Uﬂuzwuws *Bb*s ‘3shiezed ®
ausTA380r USYM jPpTIgIe) -duaTi3Ldoe spTqaeD ‘suaTijeoe Iz9a0 possed susafhieoe pue adoang ut
ssaooad Aseg | uo pra1i 266 ©3 dn WwoxJ uoT3orax UedTD | sseox@ uT seb TDH pPaTITANG IeM pIIoM auatiieoy °T
NOIIdOoav ¥od qDYSN TYINAIYW - Q3ONACALNT
ATUNOLLYY MR/ RS HANT SL0AJV TYINIWNOUIANT SOILSTHHALOVYVHO TYJIONIYUd qoTHEd $53004d

0T

1D°HO=CHD YIAWONOW FQIMOTHD

TTANIA

IONTHNLOYANNYW NI SHIDOTONHOIL SSAO0¥d TVHIONINd




Environmental Resources Limited

108.

*sapeab JAd T1®
383w jouued 3Ing
s3soo*do aamoT

-fuThkap UT SISOD
Abasus psonpsy

“umTpaw
uotsuadsns se I93eM JO
pea3SUT WOA pPoOSnh ssS@20i1d

ssasoxd
uotsuadsns WOAN
JueTnog-asuoyuy

‘suot3zenbaa
urTe3lI2d I8pun
peIInbax Ajuo

pP1oTi 28766
PTSTA 2R°66€%9°86

- TeACUdI WOA *paT2ADox sadevil
Ieyaany buroxog 9yl 103 2ATpaId *9Tes 0 abeaols saoIsq
saanssaad 19¥aen °yl ueyy xaybty ‘g€°0 Aes sSsOT TTeRI9A0 Touwh1od wOoxJ poaowRI WOA
‘pat3Tasnl ST WOA JO s2oev13l *3onpoad zaswATod By3z *WOA pesnun Jo AXISA0DSI
AX11E2TWOUODD 3se1 buryoaeo Jo UT 3397 WDA OU 3IsourTe |ITInd ~$3Ydjeq [eILBASS I9313e
juswsaoadwuTt 3S0D "WDA JO 93sem pue jueTd oyl wWOxI WOA K1uo butuesTo Hutarinbax sassaooxd
PTaT& 316656 jou ‘spreTtdk peoaoxdul Jo abaeyosSTp OU 3JSOWTY {SeaeToolne pajewolne ‘abieq S,0.6T1 paaoadugr
* zowktod "WOA po3oeazun
P3YSTUTI WOXJ pue THWOA U3ATM (PL6T) Jo Axdn0081 Bwos
saARTOO3NE WOIXF | PUWOOIRS-OTHUR IDATT pue |*s3sATeled HBursn pue ‘I93eM uotl
2xsydsouwze ay3z o3 (696T) sisAiosisooxoe utl papuadsns SswWI3BUOS 4qesTaowiTod ssey
3soT pabirud WOA 3o BUTHUTIT Oyl Traun| ‘ssaeyoojne ur psstaswiAtod pue uoOTISTNWS
PI9TA %56 Inoqy pestubooax sweTgqoaxd oON Jauwouow SPIAOTYD TAUTA | O096T1-0€61 ‘uotsuadsng
ZOHMMMMMHMMM mwﬂmMGMWMMMMMM SIDOAJSY TYLNIWNOIIANI SOILSIHdILOYYYHD TYdIONINMd QMUDMMMMMM SSHADOYd
1T

OAd ‘JAI¥YOTHD TANIAXTOd :ONIYALOVANNYW NI SHIDOTONHOEL SSID0Ud TYJIDNI¥d



Environmental Resources Limited

109.

-ssaooad
uea1> AT92ATRTSOY
aTtxxtuorhaoe jo

*pauTtelqo
ST 9T7ta3TuoTAx0®
38Uyl UO aWH %58

* psonpoad
spus Aaedy sTgesnun

*aWH 03 po3jrusaboapiy
usy3 ST pur aTIAITUOTAIOR IO
UOT3IPSTISUWTIP OTIATOIOST

a

Y

1TI3TUOTAI0®

A31TTqeTTRAY anoge jJo pIoTi ¥ pue SSTTIITU afgesn Aq pewzoz sT a1TI3TUCATPY OL6T wox3 AWH *§
“aWH 03 STY3l 3O UoTj
*paute3qo —-eusboaphAy pue oTTazTUuodIpH
r21qeiTeAE ST auaTpeiIng * psonpoad 03 susTpeing UY3iTm NOH
euaipeanq Jjo 83Uyl UO dWH %S/ | S@1sem pITos pue pInbItl jo uotjoeax Aq peonpoid sT : susTpelIng
KX1ddns TnzyT3ius1g jnoqe jo P9Ik ¥ OTX03} JO sjunouwe abierq uoTAu 3yl 3Jo ITeU AWH 94l S,0561 woxy OWH ‘¢
“o1qed
—fre13 2aow zaasmof- Teudyd |1 sSsaooxd ur se proe oTdIp® pIo®e
rauexayo1oko }o03SpoaF OTX03 JO 9Sn | 03 POSTIPTXO ST STYL "dUO - o1dipe ®BTIA
jeoTmeysoxiad *9UEXayoTo4d U0 [fproay ‘UOT3IEPTXO BUTIND | pue Touexayo(dokd JO 2INIXTUf auexayo124o
JOo A3TTIgeITRAY PTOTA 306 3INOAY paATOAD® SDumI SNOIFIIN e SOATDH UOT3PpPIXO ITVY] S,066T woxd g
*saapTOO3NE UT 3TeS
8yl butaesy Aq pesonpoxad st
suwk1od 8yl pue 3Tes UOTAN
ssonpoxd HUTIXTW *SUTWRTD
pusTAYyjowexay 03 pasnpai pue
optwedipe 03 pajeTuoumre ST
pToe STY3l JTeH -proe ordipe
*UOT3}epIXO 03 UOT3ePIXO PIOR DTIJTU pIo®
*1ouayd uo pToe oTIx3TU buTtanp KAq pue 1ouexsayolsAo o3 ¥sn ot1dipe eta
PI®T&A 306 3INOQY pPeATOA® saumi SNOIJITN pe3ieuaboapiy ST Tousyd S ,0€61 Tousyd woxg "7
Z(HWMMMMHMMM mwdmmmwwwwwmﬂm SI1D0d4dSY TYLNIWNOYIANI SOILSIYALOVHEVHD TYdIONIHd QWUDMMMWMM SSHD0Ud
A lmzmANmUv mZOUvANmUVOU.mZ.wANmUV HN- 99 NOTAN :ONIYNLOYJINNYW NI SHIDOTONHOAL SSIFD0Yd TYdIODNI™d

(d3ed1pe suTueIpsualiyisuexayi1od)




ited

imi

Environmental Resources I,

110.

*ssaooxd ut uoIl
-oeixlxe juaaros pouayd
TAHTY *SOpTXO usboxlTu

qaxosqe o3 paxtnbax

‘proe otanydins
1&sox3tu Aq wejoeioxaded
03 A{3091Tp pS31I3AUOD
ST YoTysm proe OTTAX

(wejzoetoade) posTILwWATOJg)

-93eydins |-3sAT1e3es untpeyted unaTQ - 3onpoxdAq -0ogIed JURXaYOTOAD 031 pPo3 Atear ssasoxd
umiuoue SPIOAY pue CH saxtnbay ajeydins umTuouure ON| -rvuaboirpAy ST pIOE OTOZUAY OL6T |pToe otozuadg *d
JLTUOUUJo  JUU
janooax YosZ (PHN) *A1308aTD
putunsse ‘paatoaut SWTXO JUOURXaYOTIAD
+,93n01 I12UE3TD, *qusawaxinbax jonpoxdAq ajzeydins saonpoxd UBTT pue 2pTIXO uedep ]
‘33nox 31s00 MO Abasus IdMOTT umTuowure paonpsI UONW | oTI3TU ‘DUTIOTUD JO UOTIOY s,0961 o3oyd *#
*3WIXO
‘paATOAUT auoupxayoIoskd 03 psonpax .
jonpoxdAq s3eydins | sTY3 pue aUPXaYOToAD-0I13TU ssoooad
untuoue psonpsx Yonp 03 po3eIlTU auexayoToid S,096T UOTIRIZTIN ¢
*auerXayoloAko JO
*o3eydins uoT3epPIXO AQ pauTelqo ST
*3UOURXaYOTOAD wunTuounre jonpoadiq suouexayo1d240 8yl eyl ¥sn ssaooad
*R3TTTqeTTeAR | @U3 woil PIaTA 206 Jo junouwre 3bIeT 3dooxa aaoge Se swes 9yl S,056T auexayo1oAkDd "¢
plefenicie R
*BWIXO 9Yy3z 9ATD 03 n3TS ur
suTweTAXoIpAYy Y3TM
po30eax ST UDTUM SUOURXIY
*a3eydins -0T10&D s9aTb unijrprxO
- duUoURXaYOTIAD untuoure jonpoadiq pue uotjeusbciaply ‘youayd x\
oy3y woxj pIaT& %06 Jo junouwre sbxeq woxJ buriaels .UOOON je
saaeTo03NE UT pasTIswiATod
usyl ST pue aWIXO dUoUeR
-X9YyoTo4Ao JO Juswdbueizeax
uueu{o9g ®©IA opew ATTe Aueuwzan ssanoxd
-uoT3Tpexl ST wejloetoxde)d S,0p6T Touayd °T
NOIIJOAV ¥Oo4d JOVSN TVI¥ALYNW JIONAOJINI
ITYNOILYY MY/ ADMANT SLOAdSY TYLNIWNOAIANT SOILSIHALOVIVHD TYVdIONT¥d aoI¥ad S8d00dd
€T lOOm (Cud) mZ.OUm (CHDYHN- 9 NOTAN ‘ONI¥OLOVINNYW NI SAIDOTONHOAL SSID0Yd TY4IONINd



Environmental Resources Limite.

I1t.

—

‘sTej3sw snoaasj-ud

u ‘HUTUSTUTI TeIdNW

"00T-56°dd ‘1861
:JO sSa03098 TeTajzsnpur

*uotjexodio) 3IITH
uT saTboTouyo9l ueald 93§ -

* WHGOﬂEmW

O otTuebap aum
soooxd 3o uot

iTon YbTH pue
hdiaxossp Iod,

*woasks
redoang ut usaoad -36g8 Aq *SuoTssTwe snoaseb butjeay ‘dww3] uoljoeax 3Tes auaTix-0
39& jou !sseadoad ano uot3idunsuon S9donpax jng suteusx US3TOW “OT3ex dUDdTAX-O uoT3epTXo
fbasus mot) IBUEDTD A3ToTIa309TH | JUBNTIFS snoonbe abreT |~03-ITe ISMOT Ing ¢ Se aues S,0L6T1 (ITe MoT “p
*auaTAx-0 *paIsA0DdX
Jo Pouepunqy aq ued !3onpoad *s3sX{ejeo
*SD0]SPIdF BUDT -Aq eprapAyue oroTewm poseq sprxocjuad wunypeura auaTix-o
byaydeu Jo 2bejaoys *auaTdx-o %G Jnoqy -paysem| I9ao susTAX-~0 JO UOTIEPTXO Jo
‘puewap HBurseaadour uo piaTk %88-0L 8q pInhoys sssebh ajzseMm xTe ‘eseyd seb xo prnby1 S,066T | UOT3ILPTIXO °*¢€
* s3onpoad auaT
-Agq ®TT3RTOA UTR3UOD . —seyaydeu jo
soseb sjzsem "SSTIIIN *otwrsyjoxe ATybTH UoOTIePIXO
* SOTWOUOD® I93399g -suateyzydeu 0 93edrsstp ©313siTe3eo sprxojuad unmipeuea aseyd
‘turwsp buTrsesaadur uo pIati %68-09 ey Jo sjunowe abaeT I9A0 UOTIRPIXO IATY 5,0Z6T anodep °Z
- sasssooxd
JI2TTIED UeYl *uot3onpoad umato
uotr3oeax is3sel e| proe otranydins o3 *paaTond -aseyd pinb11l KAq suat
vue SpTaT& 19339 paiokosx sgq pInod sprxoTp anydins |-3onpoxd &g apTxorp anydns 4eyjydeu jo
2aeh Kanoasp apIxorp anydins Jo sjunouwe abxe]|-3sATe3es ajeydins oTANDIBW 968T | UOTIEPTIXO °T
NOILJOdY ¥OJd FOV¥SN TVIdALYW aa3dNAOYLNI
FTINO LY MY,/ KOUENT SIDIdSVY TVINTWNOYIANA SOILSINILOVAVHD TVJIDNINA doTdad SSIO04
51 //\\f/ SAINGAHNY OITIVHIHA *ONIYNLOVANNYW NI SIIDOTONHOIL SSIOOUd TV4dIONIHNJ
) 2 ) ) ) ) ) ) ) )




Environmental Resources Limited

112.

*usaoxd
K1TeToIoumoo 30N
*ssaooxd IaueaTd
A13uaxedde
pue 30911Q

‘00 3O uOoT3IepPTXOo
2INSU? O3 SUOTSSTUD
snoaseH Jo TOoxIUOD

‘uoT3joeax aseyd snoasehH
‘oT3dTe3ed - Toueyiau
Jo odoussoaxd aya ur susTAYId

stsayjuls addey

Jo uorjeTAXOqIERD 3091T(] S,0961 -dsSvd-MOad
Tpasn
PT33TT MON  "NOH
90XBOS puER SNo
~paezey SPIOAY ‘%66 *o3etiaorvyzouw TAU3OU]
*s3sATe3eo 83771 | URU3l I9338q PISTA S9ATH Toueylauw Y3Tm UOTIed
buot or3Toads uoT3eOTITIDISH *syonpoxdXq }TIytae3s™ °proe orTiIoeyzeuy
pue TeTio3eW *2USTAINQOST UO| DTuebIO d2A0WSI 03 pel ponpoxad o3 Dp05€ 3 3si&1e3ed
MeI duaTpe3INng pIoe oITAIoRU3{W| -BRIBUIDUT IO PIJINIOS ' I9A0 ITe pue weaijs ssasoxd
Jo AJTTTIdeITRAY Jo p1oT& $69-GG| aq Isnhm soseb JuanTIFI Uy3tm passed ST auaTAingosy S,096T suatianqosy
*Cos *senprsax ~ *Toueylaw
aonpoad o3 Voslu pIov (3onpoxad suuoq U3lTM pPaTITa=LISD uayl
Yeam 8y3 astijoxAid xod pToe @3seMm JO pue proe oTinydins o3nIIP
pue ISSITIIIASI ® souuol mv.quSGOMQMQ Kq posk1oapAy ST STYL ssaooxd
%G8~ PTSIL se YosC (VHN) °u3a pToe otanydins esam ‘utapAyuedd auo3lsoe WIOT utapAyuelio
aTgeuoseay wmz saTuedwos awog| pue 3ajeydIns wWnIUOWY 03 2UTIqUOD NDH pUR 3U0330Y] sS,0£6T auo390y
NOILJOQW ¥Od HOVSN TYIYIALYW AIONACIINI
TTYNOTLVY MY /AO¥ANE SLOFJISY TYLNIWNONIANA SOILSIYALOVYVHD TYdIONI™d dotudd $S300Ud

‘ST

€Hd0 00 - &uNmU JLYTAYOYHLIW TAHLARN

tHO

SONTUNLOVIANNYIW NI STHIDOIONHDAL SSHOO¥d TVIIDNIUd




113,

Environmental Resources Limited

*sseooxd

2beas o1buUIsS
IspIo ueyl pisTA
I9333q ssansoad

*uoT3edTITaInd UOTSIDAUOD
Teutr3y pue suabsoyd

Y3TM uoTIloraI I8Ylang
‘AIINTS pue UOTIORIAIXD

‘quaaTos otuebio 3aLUT ssaooad

obeis saayl /oML Jo eouesaxzd uT sjuejOEaI auTuweTp

*sj3onpoad aueylsan *SUOTSSTWS Jo burxTuw burAaToAUuT 1AT03

-A1od Ut Yyamoxon TIOH S3jue3loeax OIXOL ssaooxad yojzeq obeis S9IYL S,066T /@usbsoud
NOILJOd¥ ¥OJd AOVYSN TYIYILYW QIONAOCYINI

ATYNOTIVY MY/ AOHENE SI03dSY TYINIWNOYIANA SOILSIYALOWVIVHD TVAIONIVd QoTudEd §$83I00ud

‘971 (IAL) FLYNYADOSIIA ENATATIOL {ONTUNIOVANNYI NI SIAIDOTONHOIL SSID0dd TYJIONIdYd







	CONTENTS
	1. INTRODUCTION

	2.
CONCLUSIONS
	3. THE USE OF CLEANER TECHNOLOGIES IN EEC BULK CHEMICAL MANUFACTURE

	4. FACTORS INFLUENCING THE SELECTION OF BULK CHEMICAL PROCESS TECHNOLOGY

	5.
THE FUTURE SCOPE FOR CLEANER TECHNOLOGIES IN THE EEC BULK CHEMICAL INDUSTRY
	6.
NATURE AND STRUCTURE OF FINE CHEMICALS INDUSTRY
	7.
PROCESS TECHNOLOGY OF FINE CHEMICALS INDUSTRY
	8.
THE ENVIRONMENTAL SIGNIFICANCE OF THE FINE CHEMICALS INDUSTRY
	9.
FACTORS INFLUENCING SELECTION OF PROCESS
	10.
THE USE AND DEVELOPMENT OF CLEANER TECHNOLOGIES IN EEC FINE CHEMICALS PRODUCTION
	REFERENCES
	Appendix One: COMPANIES INTERVIEWED

	Appendix Two: SUMMARY OF CASE STUDY BULK CHEMICAL PROCESS TECHNOLOGIES AND THEIR PRINCIPAL CHARACTERISTICS




