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Application of Indicators for Assessing
Environmental Aspects of Chemical
Processes to Case Studies From
Pharmaceutical Production

Ulrich Fischer* and Konrad HungerbOhler

Abstract: As a result of legislation and increasing public awareness, environmental considerations are given
more and more importance in chemical process design. Furthermore, the focus in environmental protection
has shifted from end-of-pipe technologies to improvements of the chemical processes. The realization of such
improvements, on one hand, requires chemical ortechnical innovations (new molecules, new synthesis routes,
new process designs) and, on the other hand, assessment methods are needed that deliver an objective
comparison of process alternatives on appropriately defined system boundaries.
Four different indicators for assessing the environmental impact of chemical processes are discussed: Mass
Loss Indices (MU), Environmental Indices (EI), a comprehensive EHS (Environment, Health, and Safety)
assessment method, and Eco-Indicator 95, an evaluation method used in the Life Cycle Analysis (LCA)
framework. These methods are summarized, compared, and applied to case studies from the chemical
industry. Finally, the corresponding results are discussed and conclusions on the capability and limitations of
the different indicators are drawn, in particular with regard to their applicability during the early phases of
process development.

Keywords: Case studies· Environmental indicators' Fine chemical production· Green chemistry
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Introduction

As a result of legislation and increasing
public awareness, safety and in particular
environmental considerations are given
more and more importance in chemical
process design (e.g. [1][2]). Initially ef-
forts in environmental protection concen-
trated on preventing or reducing emis-
sions through the installation of end-of-
pipe technologies. These measures gen-
erally reduced the economic benefit of
the corresponding chemical processes.
Recently, the reactive strategy to solve
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environmental problems changed to-
wards proactive avoidance and reduction
of pollution and resource depletion. Only
this approach allows a possible ecologi-
cal improvement together with an in-
creased economic benefit.

In the proactive approach all parts of a
chemical process are considered, from
the reaction pathway over the separation
techniques to the generation of energy
and utilities. To achieve true improve-
ments - resulting in better ecological as
well as economic performance - chemi-
calor technological innovations are
needed. Such innovations might be new,
easy-to-synthesize, but nevertheless ef-
fective molecules, new chemical synthe-
sis routes, or new features of chemical
process design. To verify and highlight
the corresponding ecological improve-
ments, assessment methods are needed
that deliver an objective comparison of
process alternatives on appropriately de-
fined system boundaries. The proper def-
inition of system boundaries as well as

the definition of a functional unit to
which both the economic profit as well as
the environmental damage are related are
of major importance for obtaining mean-
ingful results. Because nowadays time to
market is crucial, such methods have to
be implemented in a way that they sup-
port the chemical engineer in integrated
process design without slowing down the
innovation process.

Here, we briefly present a general
methodological framework for consider-
ing safety and environmental issues in
chemical process design and discuss in
more detail the concepts of four different
assessments methods measuring environ-
mental impact (Mass Loss Indices, Envi-
ronmental Indices, a comprehensive EHS
assessment, and Eco-Indicator 95) as
well as their application to case studies
from chemical industry. The results ob-
tained and the problems associated with
the application of these methods as well
as their capabilities and limitations will
be highlighted.
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Fig. 1. General framework for including safety and environmental aspects into chemical process
design.

ance regions the corresponding mass bal-
ances are related to the mass of product
resulting in a number of dimensionless
Mass Loss Indices (MLI). The MLI high-
light the nonidealities of the process in
terms of mass lost due to e.g. the stoichi-
ometry (formation of coupled products),
low selectivity (by-products), or the con-
sumption of solvents and auxiliary mate-
rials.

Through combination of the MLI
with simple environmental weighing fac-
tors based on ABC analysis, a simple
classification method, Environmental In-
dices (EI) are obtained [7]. The ABC
analysis is divided into an input- and an
output-oriented part. Aspects considered
in the input part (EI input) are the com-
plexity of the raw material synthesis, raw
material consumption, critical materials
used, and the availability of raw materi-
als. The output part (EI output) considers
the characterization of effluent streams
with regard to air and water pollution as
well as special problems. Further details
on the MLI and EI indices are given in
[7].

The third indicator considered here
is a comprehensive methodology for as-
sessing EHS (Environment, Health, and
Safety) aspects recently presented in
[11]. This approach is based on existing
concepts of EHS and uses a correspond-
ing set of effect categories. For each sub-
stance present in an investigated chemi-
cal process and for each effect category,
the most reliable data are selected from a
variety of different parameters or estima-
tion methods. After identifying EHS
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ods require quite different amounts of
data. Finding the balance between data
requirement and conclusions to be drawn
from the results is one of the challenges
in defining and selecting indicators. The
four indicators used in this paper are dis-
cussed below.

Because generally different indicators
are used for the different objectives
(economy, safety, environmental impact)
either a multi-objective approach such as
Pareto curves or some kind of aggrega-
tion has to be applied in decision making.
The whole procedure is applied in an iter-
ative manner until a promising/the most
promising process alternative has been
found. The methodology can also be used
for assessing alternatives for specific
problems emerging at different stages of
process development.

Indicators Measuring
Environmental Impact

The four types of indicators used in
this paper are Mass Loss Indices (MLI),
Environmental Indices (EI), an compre-
hensive EHS (Environment, Health, and
Safety) assessment method, and Eco-In-
dicator 95, an evaluation method used in
the Life Cycle Analysis (LCA) frame-
work. The characteristics of these meth-
ods are summarized in the Table. The
concept of Mass Loss Indices and Envi-
ronmental Indices used here was origi-
nally presented in [7]. For these indices
different balance regions from reaction to
downstream processing and waste treat-
ment are defined. For the different bal-

Methodology

General Framework for Integrated
Process Design

A general framework for integrated
process design is presented in Fig, 1. At
different stages of chemical process de-
velopment, design alternatives are gener-
ated. The generation of process alterna-
tives is a crucial step because here the
previously unlimited search space is re-
stricted significantly. Because of its im-
portance, efforts have been undertaken to
develop methods that support the system-
atic generation of alternatives by exploit-
ing heuristic knowledge (e.g. [3-5]).
Heuristics are also used for the automatic
generation of process designs [6].

Once generated, process alternatives
have to be simulated to enable their as-
sessment and comparison. At early stages
of process design the corresponding
models have to be rather simple while at
the later stages, when more data are
available, more sophisticated approaches
and simulation tools can be used. This
means also that in particular at early
stages uncertainty should be considered
in the simulation procedure. While math-
ematical procedures such as Monte Carlo
are available for uncertainty propagation,
it is generally difficult to characterize
parameter uncertainty exactly because
the information needed is not available.

Data availability is a major problem
in the whole framework. Particularly in
the early phases, property estimation
methods are required to close data gaps.
Improvement and extension of such esti-
mation methods are therefore important
for applying the concept of integrated pro-
cess design already at the early phases.
In particular reaction yields and related
information are very sensitive parameters
and should be known as precisely as pos-
sible. Therefore, also the corresponding
experimental procedures have to be im-
proved. In general, sensitivity analysis is
an important concept to reveal the most
sensitive parameters to be determined
with highest precision in following de-
sign steps.

The balances (mass, energy, money)
generated by simulation have then to be
evaluated using appropriate indicators.
The definition of such indicators in the
context of integrated process design is an
area of intensive ongoing research activi-
ty, in particular with respect to measuring
environmental impact of chemical proc-
esses. Concepts presented vary from
mass indices (e.g. [7]) to the application
of the life cycle assessment (LCA) meth-
odology (e.g. [8-10]). The various meth-
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Table. Characterization of methods for assessing environmental (and some additional) aspects of chemical processes.

Method Safeguard System Boundanes Assessment Approach Assessment Applicability for References:
Subject 1) Results: early process Method 1

Identifies and design (for non- Cas Study
ranks major EHS experts)

hazards

Mas Loss Index (E) expandable from not substance-specific no yes [7J 1115]
(MLI) reaction step to

'gate to gate' 21

Environmental Index (EI) E expandable from substance categories according only partial yes [7J 1l1SJ
reaction step to to legal threshold values
'gate to gate' 2)

EHS (Environmental, E. H, S expandable from substance-specific according yes yes 1'1) 1 [11J
Health, and Safety) Method reaction step to to scienti IC and legal (preliminary)

'gate to gate' 2) EHS classifications

Eca-Indicator 9S E 'cradle to gate' 31 substance specifIcation yes no (12) I [10]
(ErgS) according to model-based

Impact data

I) E: EnVironm nt (Including human exposure via the enVIronment), H: Health (workplace), S: Safety (process) 2) mass only 3) energy Included

problems as dangerous properties, their
magnitude is analyzed as potential of
danger and can be reduced by technolog-
ical measures. Further details on the EHS
approach are given in [11).

The fourth index considered is Eco-
Indicator 95 [12], an evaluation method
used in the Life Cycle Analysis (LCA)
framework. The Eco-Indicator 95 (EI'95)
considers the damage to human health
and the environment caused by released
substances. The damage caused by sub-
stance release is usually estimated by de-
termining the emissions of the process
during normal operation, and calculating
environmental concentrations in different
compartments as well as the intake (dose)
via different exposure pathways. Finally,
the effects or the damage caused to hu-
mans and the environment are estimated.
Recent reviews on the state-of-the-art in
environmental impact assessment ap-
plied in LCA were presented in [13,14]. A
review on the application of LCA in
chemical process design was given in
[IS).

Comparison of Indicators

In the Table, a characterization of the
four indicators discussed in this paper is
given. Mass Loss Indices (MLI), Envi-
ronmental Indices (EI), and Eco-Indica-
tor 95 (EI'95) only assess environmental
impacts while the EHS method also eval-
uates safety (process) and health (work-
place) aspects of chemical processes. The

assessment approaches with respect to
the latter two safeguard subjects are not
discussed in this paper. The system
boundaries of the MLI, and EHS methods
are expandable from considering the re-
action step only to a 'gate to gate' ap-
proach while EI and EI'95 generally are
applied to chemical processes in a 'cradle
to gate' approach.

Major differences between the four
indicators exist with regard to the assess-
ment approach used and the degree of
detail of the corresponding results. The
MLI are not substance-specific and there-
fore major hazards cannot be identified in
detail. The EI on the other hand consider
single substances, but for the assessment,
categories according to legal threshold
values are used instead of substance-spe-
cific data. Consequently, a ranking of
hazards can only be done between chem-
icals belonging to different classes of le-
gal threshold values. The EHS method
and the EI'95 both consider substance-
specific data. The EHS method uses a
simplified environmental fate model but
considers different toxic effects in detail.
The EI'95 assessment is based on model-
based environmental impact data but
considers toxic effects in less detail than
the EHS method.

Only the Environmental Indices (and
implicitly also the MLI) consider the
consumption of resources while this as-
pect is neglected by the other two indica-
tors. The Eco-Indicator 95 is the only one
of the considered indicators that assesses
energy consumption.

Case Studies
Application of Mass Loss Indices
(MLI) and Environmental Indices
(EI) to the Synthesis of
4-(2-Methoxyethyl)phenol

Mass Loss Indices and Environmental
Indices were calculated for different re-
action routes (Scheme) for producing
4-(2-methoxyethyl)phenol, an important
pharmaceutical intermediate. For the
different routes, the basic reaction condi-
tions, yields, and (where mentioned)
selectivities were collected from the liter-
ature. With this information the reactor
output could be estimated and MLIs for
the product (P), coupled products (CP),
by-products (BP), non-converted sub-
strate (S), solvents (Solv), and other aux-
iliary materials (IAux) as well as the aux-
iliaries required for neutralization of the
reaction mixture (2Aux) were calculated.
For the environmental assessment of in-
put and output materials (EI input and EI
output, respectively) weighing factors
were obtained using the ABC classifica-
tion approach as explained above. If no
environmental data could be found for
specific compounds, data for comparable
substances were used, e.g. the data for di-
tert-butyl phenol were used instead of all
substituted phenolic products and by-
products. Further details on this case
study are given in [16].

In Fig. 2 the results obtained for this
case study are presented. This graph
shows that the synthesis routes consid-
ered are quite material-intensive as all
three require between 35 and 50 kg of
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Scheme. Routes for the synthesis of 4-(2-methoxyethyl)phenol.

Route A from p-nitrotoluene(5 stages)
tion steps 4 and 5 of route B) due to the
high mass of coupled products. For route
C all indices are similarly dominated by
the mass of solvents, which shows that
simple and non-problematic raw materi-
als are used and that comparably 'harm-
less' waste is produced. Therefore, im-
proving this route would mean to ques-
tion the need of solvents or to find ways
of recovering them.

It has to be emphasized once more,
that Fig. 2 only shows measures of the
environmental impact due to the synthe-
sis steps of the three processes consid-
ered. Obviously, the picture might
change when the complete processes in-
cluding separation and waste treatment
are considered.

Application of the EHS
(Environment, Health, and Safety)
Method to the Synthesis of 80.-
Amino-2,6-dimethylergoline

The EHS method was applied to a
case study from Novartis Pharma AG. A
six-step batch process for synthesizing
8a-arnino-2,6-dimethylergoline described
in [17] was assessed. Here results are pre-
sented for the 2-methylation step of 1-
(te rt-buty loxycarbony 1)-8a -( te rt-buty-
loxycarbony lamino )-6- methy lergoline.
The reaction is performed using n-hexyl-
lithium and diisopropylamine in a solu-
tion of tetrahydrofuran (THF) and hexane
at --60 0c. After methylation with methyl
iodide, the reaction is quenched using
methanol and water. Product separation
includes filtration, removal of THF and
hexane, crystallization from methanol!
water, and drying. The final product yield
is 76%. Further details on the choice of
parameters for assessing this case study
are given in [11].

The first level of results obtained with
the EHS-method is a compilation of the
index values of the different substances
with regard to the various effect catego-
ries without considering the actual mass-
es used in the process. At the next level
the masses are taken into account as
weighing factors. For the 8a-amino-
2,6-dimethylergoline case study, Fig. 3
shows that substances present only at
small amounts such as amino(di)-methyl-
ergoline have less influence on the safety
and environmental problems and there-
fore are outweighed by other more im-
portant substances. The aspects of mobil-
ity and fire/explosion now are dominated
by the organic solvents THF and metha-
nol. The largest potential of energy can
be released in the case of a peroxide ex-
plosion caused by THE The toxicity,
however, is still dominated by the highly
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E;) Solv
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III CP
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tion of nitroaromatic compounds in the
environment. To improve these synthesis
routes, possibilities for enhanced selec-
tivity could be searched or the complete
reaction pathway has to be changed.

When the input-oriented indices are
applied (EI input), coupled products
(EIep) are the major contribution besides
the solvents in routes A and B. About
50% of the raw materials (including di-
methyl sulfate as a carcinogenic com-
pound in stoichiometric amounts) are lost
in reaction steps 2 and 3 of route A (reac-
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Fig. 2. Environmental assessment ofthe synthesis of 4-(2-methoxy ethyl)phenol using Mass Loss
Indices and Environmental Indices (see text for abbreviations).

raw materials for 1 kg of product. Addi-
tionally, 60-75% of lost mass is caused
by solvents. The search for improvement
could start by looking for solvent-free
processes or solvent recycling. When the
output-oriented Ers are analyzed, the
key compounds causing environmental
problems can be identified (Fig. 2). In
routes A and B, EIBP is dominant because
of the high amount of by-product from
the nitration (reaction step 3, route B) and
formaldehyde addition (reaction step 1,
route A) combined with the strict regula-

Route C from o-chlorophenol (5 stages)

Route B from styrene (7 stages)

6 69 &OH ~H
+H2

+ H202 Ni + HNO)

~ I ~ ,::? I ~ /' I ~ /' l_sta~es4to7
. - H20 ~ ~ ~ as m route A (2 to 5)
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Fig. 3. Potential of danger per kilogram of synthesized di-BOC-aminodimethylergoline as
identified by the EHS method.

Fig. 4. Summary of the four synthesis alternatives for enantioselective reduction of ketoesters.
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about 90% to the module M4, whereas
only 10% is due to direct solvent losses to
the environment. The high environmental
impact of solvent recycling can be ex-
plained by the energy intensive opera-
tions such as distillation and rectification
(90% ofM8).

For the process alternative A2, the
catalyst losses contribute about 30% to
the total environmental score although an
overall platinum-recycling yield of 90%
was assumed. The comparably low enan-
tioselectivity of 82% causes another sig-
nificant contribution to the total environ-
mental score of about 35% (Fig. 5, A2-
M7). Only small amounts of solvent are
used in this process and hence modules
M2, M3, M5&6, and M8 are less impor-
tant.

The enantioselective reduction using
yeast (B I) shows a broad distribution of
environmental scores to almost all mod-
ules. The production of yeast (BI-MI)
contributes about 10 % to the total envi-
ronmental score as large amounts of yeast
are needed for optimal reaction condi-
tions. The reduction step (B I-M2) con-
tributes about 15% which can be ex-
plained by the sugar fed to the yeast and
the energy required to aerate the yeast.
The solvent-intensive extraction from the
dilute aqueous phase (20%, BI-M4) and
the solvent recycling (25%, BI-M8) con-
tribute the most to the total environmen-
tal score. Again, this is due to the produc-
tion of the solvent itself and to the steam
consumption during the recycling by dis-
tillation.

An outstandingly low cumulative en-
vironmental impact, which is about one
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estimated for the application of the EI'95
were derived from industrial operating
instructions. Within the system boundaries
also separation and waste treatment
processes in addition to the reaction step
are included. The different operations were
compiled indifferent modules (see below).
The inventories obtained for the different
processes were assessed using SimaPro
3.1S [24]. Further details on the processes
as well as on the application of the EI'95
are given in [10].

The results of this case study are
shown in Fig. 5. The environmental im-
pact measured using EI'95 is given for
the different modules (represented as
stacks) and as running sum (displayed as
line). The process alternative Al shows
the negligible environmental impact of
the enzyme production (Fig. 5, AI-MI)
and the reducing agent formic acid (M2;
less than 10% of total impact). The major
contribution to the total environmental
impact is due to work-up, i.e. extraction
into organic solvents (about 80%). The
production of ethyl acetate contributes

Metal calal 'l

H2
Ru/BINAP

(homogeneous)

A2
Pt 5%/Ah03
dihydrochin-

chonidine
(heterogeneous)

HI
yeast

Al
enzyme

Bi atal I

~-ketoesteryyOR
° °

ub.t Ie
(X-ketoester

~OR

l) M

toxic compounds (methyl iodide, hexyl-
lithium) although they are present at
smaller amounts than the solvents. The
major environmental problems of the
process lie in the aquatic toxicity of hex-
ane, in air-mediated effects caused by a
number of smelly or slightly toxic vola-
tile organics, the stoichiometric amount
of (degradable) methanol, and the non-
degradable THE Finally, technological
measures reducing the risk potential of a
process can be taken into account within
the framework of the EHS assessment.
Thereby, potentials of danger might de-
crease significantly. For the case study
presented e.g. the risks due to flammable
materials or potential peroxide explo-
sions could be reduced easily by realizing
corresponding safety measures.

Application of the Eco-Indicator 95
to the Enantioselective Reduction
of Ketoesters

The Eco-Indicator 95 (EI'95) was
applied to examples of enantioselective
reduction of ketoesters (Fig. 4) serving
as intermediates in pharmaceutical
production. Two alternatives transform
the a-ketoester 2-oxy-4-phenyl butyric
acid ethyl ester (OPBE) into the
corresponding (R)-alcohol, while the other
two reduction methods transform the 13-
ketoester acetyl acetic ethyl ester into
the corresponding (S)-a1cohol. For each
transformation, a bio- and a metal-
catalyzed process were investigated. For
the reduction of the a-ketoester either
enzymes (D-LDH from Staphylococcus
epidermis) [18] or a PtlAh03 [19][20]
catalyst modified by chinchinodine may
be used. The l3-ketoester can be reduced
using baker's yeast [21][22] or with the
homogeneous catalyst Ru/BINAP [23].
All methods except the homogeneous Ru/
BINAP process were developed by
industry for a scale of approximately 100
kg per batch. For the Ru/BINAP process
a linear scale up to a 100 kg batch process
was performed based on a laboratory
recipe. All mass and energy flows
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rather small amounts, this method, on the
other hand, assigns mass independent in-
dex values to carcinogenic compounds.
An advantage of the EHS methods is that
the most reliable data are selected and
that possible data gaps might be closed
(e.g. using Quantitative Structure Activi-
ty Relationships (QSAR)). These fea-
tures are enabled by implementing the
method as a software tool. Furthermore,
the automation of the procedure guaran-
tees that the assessment can be done
quickly and can be carried out by non-
EHS experts .

The Eco-Indicator 95 considers the
broadest range of environmentally rele-
vant aspects of chemical processes. In
particular energy consumption is consid-
ered, which is not the case for the other
three methods investigated. At least in
fine chemical and pharmaceutical pro-
duction energy is generally a minor factor
from the economic point of view. In con-
trast, in the environmental impact assess-
ment, and in particular when applying
the EI'95, energy consumption might
dominate all other aspects. In the corre-
sponding case study, energy consumption
(solvent production, separation tasks) to-
gether with direct air pollution (solvent
losses) and acid rain (catalyst production)
were identified as the major problems.
Here the appropriate weighting between
energy consumption and other effects is a
problem to be solved by research. The
fundamental complexity of the approach
(e.g. the complete inventory of the up-
stream processes has to be known, result-
ing in high and very specific data require-
ments) renders a quick application by
non-experts during chemical process de-
sign difficult, in particular during early
development phases.

In summary, a detailed but at the same
time automated tool such as the EHS
method seems to be the most appropriate
environmental assessment approach for
the important stage of early process de-
sign. Nevertheless, extensions of this
method such as the consideration of
energy consumption would be desirable.
Finally, it can be supposed that the proc-
ess-inherent avoidance or reduction of
environmental problems, such as those
identified by the four indicators when ap-
plied to the case studies presented, will
also result in an increased economic ben-
efit. Therefore, the proactive considera-
tion of environmental issues in an inte-
grated approach during early process de-
sign generally leads to processes that
show a better performance with regard to
several objectives.

82
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Mass Loss Indices and Environmental
Indices can easily be applied to character-
ize the environmental performance of
whole chemical processes or single steps
even at the early design stage because
only few data are needed. The application
to the corresponding case study showed
that Mass Loss Indices can identify the
most promising starting points for im-
proving a process (i.e. raw material and
solvent consumption). The Environmen-
tal Indices have an only slightly higher
data requirement than Mass Loss Indices
but they can reveal single, problematic
substances and allow an estimate of the
hazards involved. Because toxicity is
considered in a basic approach, chemi-
cals present in a process only at small
amounts might be identified by the EI as
greater hazards than non-toxic com-
pounds present at large amounts.

This latter aspect is considered in a
much more refined approach in the EHS
method discussed. While again highly
toxic substances might signify high po-
tentials of danger even when present in

tion. For the heterogeneous reduction
(A2), the environmental impact is almost
equally influenced by the production of
the catalyst (recycling included) and the
comparatively low enantioselectivity.

Conclusions
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Fig. 5. Environmental assessment obtained with Eco-Indicator 95 for synthesis alternatives for
enantioselective reduction of ketoesters (see text for abbreviations).

order of magnitude lower than each of the
others, was obtained for the homogene-
ous Ru/BINAP process (B2). This re-
markably good performance might be
explained by two characteristics of this
reaction: first, the high substrate-to-cata-
lyst ratio of 16 000 results in a negligible
impact of ruthenium, although only 50 %
recycling of the catalyst was assumed.
Second, the reduction is carried out at
high concentration (60% w/w), which re-
sults in very low amounts of solvent
required. Thus, modules M6 and M8 are
almost negligible. The largest environ-
mental impact within the whole homoge-
neous reduction process was assigned to
the reduction step (35%, B2-M2), to
which hydrogen production contributed
the most.

For both cases, A and B, the metal-
catalyzed process shows a better per-
formance, but while for case B the differ-
ence is significant, in case A both tech-
nologies result in an environmental
impact of the same order of magnitude.
The work-up procedures are usually the
same for both technologies (distillation,
rectification, and solvent recycling) and
contribute 94% (AI), 53% (A2), 71 %
(B]), and 62% (B2) to the total environ-
mental impact. This fact shows that inde-
pendent of the order of magnitude of the
total environmental impact obtained for
one process, the work-up procedures in
all cases represent a significant contribu-
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Reduction of Chemical Waste Means
Sustainable Development
Walter Jucker*

Abstract: The implementation of sustainable development activities is a key success factor in the chemical
industry. The development and the results of a waste minimization program for a chemical production site is
explained. Within three years an impressive improvement of 26% was achieved. The obvious ecological benefit
is in line with considerable financial savings. Hence it is a case study for eco-efficiency.

Keywords: Chemical waste· Eco-efficiency . Green chemistry' Management cycle· Sustainable develop-
ment.

1. Introduction

In the last twenty years aspects of envi-
ronmental protection have become in-
creasingly important in chemical produc-
tion. The 1980's were characterized by
so-called 'end-of-pipe' solutions, the
technical driven treatment of polluted
water and air. In the early 90's the Inter-
national Chamber of Commerce laun-
ched the Business Charter for Sustainable
Development [1], the chemical industry
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committed to Responsible Care Pro-
grams [2] and the Earth Summit in Rio de
Janeiro resulted in the Rio Declaration,
Agenda 21 [3]. These events triggered
many efforts to improve eco-efficiency in
industry. Knowing that financial, envi-
ronmental and social needs are interde-
pendent, the chemical and pharmaceuti-
cal industries endeavor to put the de-
mands of Rio into practice. Nowadays all
important globally acting companies
work according to a well-defined Safety
Health and ,Environmental protection
(SHE) policy and publish their SHE re-
ports.

The Sisseln site of Roche Holding
Ltd. produces vitamins, carotenoids and
formulations as well as active ingredients
for pharmaceuticals. SHE aspects have a
long tradition. In 1996 efforts for sustain-

able development were strengthened and
among other projects, a waste minimiza-
tion program was started.

2. Development
and Implementation of a Waste
Minimization Program

The waste minimization program was
set up according to the management cy-
cle of ISO 14000 (Fig. 1). Briefly some
keywords to the steps in the management
cycle will be commented on.

2.1. Commitment and Policy
Roche signed the Responsible Care

Program. Beside other goals, a commit-
ment for waste reduction was signed by
the site management. To generate ideas,
to work out and to run a project a cross-


