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Pulp and paper industries have been environmental hot spots with huge emissions. Since the 1980s and particularly after
1990 many factories have introduced improved environmental management. Through recirculation of resources as well as
water in the production process and other efficiency measures, emissions have almost ceased. In the best case paper and pulp
production now occurs in a zero emissions factory. In Ortviken (the picture) in north Sweden the excess steam is lead by
pipeline to a neighboring industry to maximize the use of this resource, a case of so-called industrial symbiosis. (Photo:
Kjell-Arne Larsson.)
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Environment impact is widespread, of very different
character, and sometimes difficult to foresee. To
protect the environment by addressing each damage
separately seems to be a hopeless undertaking.
Instead we need a new approach to environmental
protection. We should conduct our business in so-
ciety in such a way that the problem never arrives.
Such a systematic approach to industrial production,
infrastructure, agriculture, and in fact work within any
organization, is collected under the umbrella of
environmental management. Environmental manage-
ment is a set of tools to deal with any activity, tools
for managing, reducing and preventing environmental
impact. In this chapter we will look more closely into
this approach to environmental protection.

Monitoring the use of resources, the input side, and
products and emissions, the output side, is basic. With
these measurements it is possible to continuously
calculate performance indicators, and make systematic
follow-ups. The goal is continuous improvement.

Industry and manufacturing for a long time have seen
environmental problems as something “out there”. With
the new approach these problems are taken into the
plant, they become problems of production. In the
production process emissions are simply the misuse of
resources. The resources coming into the plant should
leave as products, not pollution. To solve the problem of
the misuse of resources there are tools like the so-called
waste audit. Through changes in production, emissions
are reduced or eliminated. This is better economy and
in this sense it is “normal” management.

If several production plants are organized in this way
it is called industrial ecology or industrial symbiosis. Here,
for instance, the steam from one plant is channeled into

the next for energy purposes, or outgoing water is used
in the next plant.

The products themselves are major outputs from
factories. Eco-design is the proper tool here. To analyze
a product in detail one conducts a Life Cycle Assess-
ment, LCA. This is a “from the cradle to the grave” analy-
sis. It thus addresses not only production and distribu-
tion but also raw materials before production as well as
use, maintenance and scrapping after the production.
LCA is in general complicated and various simpler ways
to estimate the impact of a product or activity have also
been developed.

Not only the producers but also the customers should
have the possibility to make informed choices. Products
are therefore increasingly often labeled to indicate their
environmental profile, giving also the consumers a ma-
nagement tool.

The environmental management approach is
promising in the work for a better environment for several
reasons: It coincides with economic and in general bu-
siness interests. It is a general method to work with
environmental protection that can be applied by anyone.
It is using a preventive approach. It coincides with other
management interests, for instance better working
environment and quality management, and these may
be combined into so-called total quality management.
Two standards for environment management are in wide
use today, the European Union’s Environmental Mana-
gement and Auditing System (EMAS), and the Interna-
tional Organization for Standardization (ISO).
Environmental certification according to ISO 14001 or
EMAS has during the 1990s become common in the
West. The rapid spread of environmental management
in the 1990s is a development promising for the future.

"The need to change unsustainable production and consumption
would promote innovation, new business opportunities and job
creation... Scientists, businesses, trade unions and consumers must
be mobilised in a strategy for a decisive change to use new
technologies and learn new behaviour".

Göran Persson, Prime Minister of Sweden,
at the World Summit on Sustainable Development,

Johannesburg, September 4th, 2002

Author of this chapter

Joseph Strahl.
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TOOLS FOR ENVIRONMENTAL

MANAGEMENT

A constructive approach to environmental problems
The very long series of environmental impacts that we have addressed in this
book seem to be without end. What can we do about it?

In part C we have read about how society develops strategies to deal with
pollution. There are technical means: we may carefully monitor pollution and
stop at least some of it at the outlet from the factory or plant. We use economic
tools and request that the polluter pay for the damage he causes. We may rely
on the law and outlaw pollution and other forms of environmental degradation.
Governments and parliaments work to change the policy of their countries –
domestically or in international cooperation – to deal with the problems and
protect the environment.

However all these approaches more or less have a piecemeal character. We
may patch a hole, a damage, in one place but at the same time there is another
one appearing somewhere else. We will never be sure what comes next. Is there
a more systematic way to understand and address environmental problems? Is
there a way to deal with it so we have more confidence that we really will not be
surprised by a new disaster around the next corner? Can we work so that new
environmental problems are less likely to not arise in the first place?

In this last part of the book, part D, we will introduce two ways to deal with
the environmental situation more systematically. The first one is a management
approach. Environmental management of an activity aims to reduce and prevent
environmental impacts. This may be implemented in an industrial plant, but not
only there. It is also possible to use environmental management in any
organization, in a systematic way.

The second systematic approach is sustainable development. Sustainable
development aims to understand society as a whole and seeks solutions that
will allow a given system to continue for any length of time, that is to be
sustainable. The weakness of this approach is that it is goal oriented. It does not
necessarily provide a method or a recipe on how to find a sustainable solution
to a given problem.

The strength of the management approach is that any activity can be
addressed with a number of tools that let us manage, reduce and prevent
environmental impact.

Tools for managing, reducing and preventing impacts
When it comes to what steps a company or a country should take to handle
environmental problems it is clear that the sciences of ecology or biology or
chemistry can not assist us alone. We will not always be able to conclude what
to do from general principles of precaution, polluter pays and substitution.
Practical tools for environmental management have instead largely come from
other disciplines such as engineering, business management, political science,
or from the practical experiences of business and government in day-to-day
activities. While these practical tools may take inspiration from ecological
metaphors and may draw on knowledge about the environment, they have not
been created by ecologists.

Managing environmental problems in the context of this book means
that an organization seeks to deal systematically with its environmental
problems by:

Figure 24.1. A society of products. Most
environmental impact can today be traced to one of
the hundreds of thousands of products available in
Europe. Environmental management make it possible
to systematically address and reduce this impact.
(Photo: Lars Rydén.)
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• reducing environmental impacts,
• making decisions to select the most environmentally benign solution,
• minimizing risks to human health and to ecosystems,
• improving the efficiency per unit production with which energy is used

and material is consumed.

Ideally the organization has environmental goals, a framework within which
it works to achieve these goals, and a box of practical tools which it can use to
achieve them. What kind of organization, what its goals are, plus its past
experience determines which tools are in the toolbox. When no suitable tool is
found in the box, the organization can fall back on the environmental protection
and sustainable production strategies of prevention, substitution, precaution,
etc. to help guide decisions.

A tool is not a technology. The installation of scrubbers to reduce air emissions
is a proven technology. The management of the facility with the air emissions
may use a particular tool to help decide which (technical) solution is best.

A carpenter should not use a screwdriver to pound nails into wood. It would
be difficult for a painter to paint window frames using a shovel. While these are
obvious, almost ridiculous, examples of the need to use the right kind of tools,
the same is true of environmental concerns. When a decision is to be made
about infrastructure, for example the location of an airport, it should be clear
that an environmental impact assessment is called for. A life-cycle assessment,
a tool used for product development, would be the wrong tool to use here. The
right choice of tools is thus one important aspect of environmental management.
The tools described in this chapter are listed in the margin.

Tracking progress by performance indicators
It is not enough to decide what to do. The management of problems will be most
successful if the work is carried out in a systematic way and progress is tracked.
Otherwise there may be some uncertainty if the goal was achieved and if it was
achieved in an efficient manner.

An important tool to measure progress and results is the use of performance
indicators. Such indicators show how well an organization or country is doing in
relation to its goals during a particular year or during several years. A performance
indicator is not a measurement of one quantity, for example cubic meters of water,
but rather a number describing the relationship of one phenomenon in relation to
another. Thus while knowing how much water a city consumes per year is important,
the performance indicator could be cubic meters of water used per year in households
divided by the number of inhabitants (m3 H2O/inhab.) Since water consumption
and the population of a city are changing each year, knowing how much water is
consumed is a poor measure to track change. The trend in water consumption
could be going up but this could be because the city is growing. Therefore the
performance indicator m3 H2O/inhab will show us if the people living in the city,
and the city’s water infrastructure, are becoming more or less water efficient.

A city could have a stable population and a good domestic water efficiency
program and water use per capita could be increasing. In this case it could be that
citizens’ efficiency is “eaten up” by increasing incomes or the so-called rebound
effect, which means in this case that efficiency gains by the consumer lead to lower
water costs and this saved money is spent on new kinds of water consumption.
Alternatively the water infrastructure may be in need of repairs – the performance
indicator shows that there are leaks in the system.

Let us have another look at performance indicators. The management of a
factory might decide that one of the most serious environmental problems that
results from production is the emission of SOx to the surroundings which presently
amounts to 100 tonnes per year. Therefore, as part of its environmental planning,

Tools for environmentalTools for environmentalTools for environmentalTools for environmentalTools for environmental
managementmanagementmanagementmanagementmanagement

In this chapter you will be introduced to a
number of tools and concepts for
environmental management. While there
are interrelations and links between many
of the topics, the sections can mostly be
read independently.

• Performance indicators
• Monitoring and Measuring
• Environmental Impact Assessment
• Environmental Strategies in

Organizations
• Environmental Management
• Greening of Production Processes
• Eco-Design of Goods and Services
• Environmental Labeling
• Life-Cycle Assessment of Products
• Environmental Management

Systems

GlobalGlobalGlobalGlobalGlobal
performance indicatorsperformance indicatorsperformance indicatorsperformance indicatorsperformance indicators

The global indicators sum up the added
impact of many different processes of an
actor. They refer to use of energy, mass,
and space. They may be calculated for an
individual, a city or a country.

Energy analysis (Chapter 10) reports
exist since the 1960s. Mass flow analyses
(Chapter 13) are reported for many
countries. Mass flows (not including water
or gases) is close to 60 tonnes per person
and year in industrial societies.

Ecological footprints (Chapter 7) sum
up the areas used for all ecological
services. Provision of food, energy and
space as well as use of waste absorption,
is in the order of 3.5 ha/cap in industrial
societies. Footprints are available for
countries, many cities but can be
calculated for any organization or even
individuals.

Environmental utilization space, EUS
(Chapter 25), is another comprehensive
measure of environmental use.

The measures are related to each
other. Energy is less useful since energy
in itself is not environmentally damaging;
it is the associated material flow that is the
problem. Footprints has the advantage
that an absolute target can be set for
environmental performance.

Sector indicators (Chapter 25) reflect
the status in a selected sector, e.g. the use
of renewable resources in the energy
sector.
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the factory should reduce emissions of SOx by 20% during the next three years.
How is progress to be tracked?

To the outside world, including the environmental authorities and environmental
organizations, progress is tracked by comparing emissions from one year to the
next. The answer is then clear: either the goal of 80 tonnes per year was achieved
or not.

However for the managers tracking progress may be seen differently. Suppose
production during year one was 50,000 units. The factory gets increasing numbers
of orders from its customers and year four, the year that SOx emissions were
supposed to have fallen by 20%, production is now 80,000 units per year. At the
same time as production has increased SOx emissions have not fallen, instead SOx
has increased by 25%. This means that the air emissions goal has not been achieved.
Yet if the performance indicator was SOx emissions per unit of production a different
picture emerges (Table 24.1).

Using this way to track progress we can see that in relation to production at the
facility the goal of a 20% reduction was, in fact, achieved. However the stated goal
was an absolute reduction by 20%. This exercise shows that when environmental
goals are decided upon that it may be important to relate the environmental
improvements to other kinds of performance.

To be useful performance indicators have to be few in number, be clearly related
to the goals that are to be tracked, relatively easy to calculate, and provide
information that is easily understood. Therefore it is important to carefully consider
what measures of performance are most important to follow and then ignore the
others. Later, as the organization becomes more experienced dealing with
environmental problems, more goals can be established which will require additional
performance indicators. With regard to an environmental management system
developed according to the ISO standard or EMAS regulation we would develop
performance indicators which track the serious or more significant environmental
problems. You will learn more about the ISO standard and EMAS regulation later
in this chapter.

Two specific kinds of performance indicators that can perhaps best be used
for education are the ecological footprint and ecological space concept. These
are very concrete, can even be pictured easily, and are dealt with elsewhere in
this book (see box in margin on page 736). The use of performance indicators
should be a general tool in all public policy and company management. For
improvement of the environment the tool can be used in combination with
other tools, described below.

Monitoring and measuring
To be able to calculate performance indicators and to be able to report on emissions
or changes in environmental performance to environmental authorities, some form
of monitoring and measuring is required. In a similar fashion, a national or regional
environmental plan should include monitoring of actual conditions. Environmental
monitoring technology can be described in a technical fashion involving the actual
science behind the measuring. However, this section will discuss monitoring and
measuring as inputs into the process of managing environmental impacts. Therefore
the reader must turn to other sections of this book and other materials for more
information on the more technical parts of monitoring and measuring.

Generally speaking one can divide up the types of monitoring based on
geographic scope and time. Thus with regard to scope we would have two extremes
in the form of on the one hand point source monitoring and on the other hand
regional or national environmental quality. In terms of time there can be the short-
term which can be instantaneous monitoring or taking place during a short period
of time, medium-term which could be during a week or once a month, long-term
monitoring over the course of several years. Table 24.2 attempts to demonstrate

MeasureMeasureMeasureMeasureMeasure Year NYear NYear NYear NYear N Year N+3     ChangeYear N+3     ChangeYear N+3     ChangeYear N+3     ChangeYear N+3     Change

SOx emissions 100 tonnes 125 tonnes + 25%

Production 50,000 units 80,000 units + 60%

SOx emissions 2 kg/unit 1.56 kg/unit – 22%
per unit of
production

Table 24.1. An example of performance indicators
and changes in production and emissions per unit
of production.

Exercise!Exercise!Exercise!Exercise!Exercise!

Divide into small groups. Have some
groups think of environmental problems
at your university or university depart-
ment. Have some groups think of
environmental problems in your city or
town. Each group should make a list of
problems, reasonable goals for reduction
of the problems, and decide upon one
performance indicator that can be used
to help track progress for each goal. The
groups should then compare their work,
discuss, and reach conclusions.
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these differences by presenting what environmental quality or problem is being
measured, how this can be measured, and what the monitoring results can be
used for. Figure 24.2 and table 24.2 provides an approximate overview only
and are not comprehensive.

It is important to determine, when a monitoring program is to be established,
what information is actually required and then select the appropriate monitoring
equipment. Additionally it is necessary to consider the frequency of the measuring.
For example the monitoring technology and scheme will be quite different:

• To check for emissions to water from a factory
• To monitor air quality in a city
• To study land use in a region

The wastewater emissions might be checked once a month on a day picked
at random. In this case the factory may choose to employ someone else to do
the work. The method could involve samples taken for analysis in a laboratory.
Alternatively the factory could be monitoring more continuously (hourly) for
certain emissions or water quality like pH, BOD and therefore they might choose
to own and operate the monitoring equipment.

Air quality in a city would probably require measurements taken once an
hour every day of the year. This could involve mounting an optical device, on a
high rooftop, which measures reflectance of laser light to determine the presence
of certain kinds of pollution.

Finally, the land use changes in a region would probably involve several
monitoring techniques in combination: the use of remote sensing images from

Table 24.2. Monitoring environmental impact. Descriptions of
monitoring environmental impact are found throughout the book. They
are summarized here according to the categories in Figure 24.2. Monitoring
is carried out by companies, municipalities, county authorities, and
environmental protection agencies. Data from these local and national
authorities are public and may either be received directly from them or

Monitoring environmental impact – an overviewMonitoring environmental impact – an overviewMonitoring environmental impact – an overviewMonitoring environmental impact – an overviewMonitoring environmental impact – an overview

Scale/MonitoringScale/MonitoringScale/MonitoringScale/MonitoringScale/Monitoring MethodsMethodsMethodsMethodsMethods Data/Use of dataData/Use of dataData/Use of dataData/Use of dataData/Use of data Page in bookPage in bookPage in bookPage in bookPage in book

Global monitoringGlobal monitoringGlobal monitoringGlobal monitoringGlobal monitoring
Scanning the land surface Satellite surveillance Forestation, harvests Chapter 2 p. 61
Scanning the atmosphere Satellite surveillance Trace gases, temperatures Chapter 2 p. 61
Scanning the seas Satellite surveillance Ice cover, sea level changes, surface temperatures Chapter 2 p. 61
Carbon dioxide in atmosphere Spectroscopy Chapter 10 p. 304

Regional monitoringRegional monitoringRegional monitoringRegional monitoringRegional monitoring
Biodiversity Biological inventory Redlisting; protection of species Chapter 8 p. 236
Invasive species Biological inventory Managing invasive species Chapter 8 p. 244-45
Transboundary air pollutants Measuring wet and dry deposition EMEP organisation modelling Chapter 9 p. 278-79
Transboundary NOx and SOx Measuring wet and dry deposition Acidification studies, modelling Chapter 11 p. 331
Radioactivity Radioactive counters Security Chapter 11 p. 342
Comprehensive monitoring Biology and chemistry Status of Baltic Sea and other regional seas Chapter 5 p. 169
Nutrients Chemical measurements (N,P) Eutrophication studies, modelling Chapter 9 p. 270-71
Persistent organic pollutants Chemical measurements Protection; legal measures Chapter 13 p. 398-99
Effects on ecosystems Biological studies Nature conservation Chapter 15 p. 457

Local monitoring/City or townLocal monitoring/City or townLocal monitoring/City or townLocal monitoring/City or townLocal monitoring/City or town
Local air pollutants Spectroscopy, Chemical measurements Air quality, emissions, traffic volumes Chapter 16 p. 487
Effluents to water Chemical measurements (BOD, N, P) Surface water quality Chapter 17 p. 515

Factory/point sourceFactory/point sourceFactory/point sourceFactory/point sourceFactory/point source
Local air pollutants Spectroscopy, Chemical measurements Emissions Chapter 16 p. 487
Effluents to water Chemical measurements (BOD, N, P) Effluents Chapter 17 p. 515
Soil quality Chemical measurements Soil quality Chapter 18 p. 540

from national statistics in each country. International coordination and
reporting of monintoring data is made by e.g. the European Environ-
mental Agency, EEA, the European Monitoring and Environmental
Protection organization, EMEP and in the Baltic Sea region, HELCOM.
In addition many research units have considerable databases that often
are available.
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satellites, aerial photography, field surveys (with staff walking through forests,
along fields and beaches, etc.). This information could then be fed into a GIS
(Geographic Information System) so that changes can be projected onto maps
as well as used for the calculation of statistics about the changing land use.

Presumably the examples from the region or city would involve government
support or that government itself would establish a long-term program for
monitoring environmental quality. In the case of industry it is likely that the costs
for monitoring will be carried by business either as part of legal requirements for
environmental reporting or because the factory wants to monitor certain emissions
for its own use. Such monitoring for internal use, while beneficial to the environment
since emissions can be detected and stopped, can provide valuable information
about problems with production in the factory. A summary of information about
monitoring in this book can be found in table 24.2.

CHOOSING THE LEAST DAMAGING

ALTERNATIVE

The origin of Environmental Impact Assessment
An Environmental Impact Assessment (EIA) is a tool used in infrastructure
planning and design. Such infrastructure or other projects that the EIA influences
could be the location of an airport, the construction of a rail versus a road
connection, and the different ways (gas turbine, hydroelectric, wind power, etc.)
that electricity could be generated with resultant environmental impacts. The
EIA can be thought of as

• The process of assessing the environmental impacts of a proposal
• The identification of options to reduce environmental impacts
• The final report which is presented to decision makers

Here we will consider the EIA to be a process that includes the final report.
We have chosen this orientation because national laws concerning EIA are not

Figure 24.2. Monitoring and measuring environ-
mental impacts: temporal and spatial dimension.
The arrows indicate variations in when or how often
measurements might take place. For example, land use
changes will probably not be monitored during a
particular year but rather studied over several years.
Monitoring of air quality in a city could be done on an
hourly, daily or monthly basis depending on which
substances are of interest. The boxes around each group
of items to be measured shows similarities based on
size, geographic extent of pollution, or time scale of
interest.
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sufficiently similar: what constitutes an EIA will vary. However, common to all
countries is the process of assessing impacts, the identification of options, and
some form of reporting to decision makers so that the likely impacts can be
taken into consideration before decisions are made.

It is often claimed that the first EIAs were carried out in the United States
during the 1970s in an attempt to protect wildlife and influence the location of
infrastructure to minimize environmental impacts. At the time there was no
agreed upon methodology and there was a tendency for EIAs to include hundreds
of pages of text and calculations for even minor impacts.

During the 1980s and 1990s the development of EIAs then took three
directions:

• Streamlining of methodology, also including a differentiation so that minor
projects could be subject to less rigorous EIA

• Incorporation of societal effects
• Consideration of alternatives to the proposed project and the “no

development” option.

With regard to the first it became clear that the reports from an EIA could
not become so extensive that few people would be able to have access to the
report. There was a concern that too much detail would conceal the broader
picture. Non-experts should be able to grasp the arguments and follow the
calculations. Additionally there were cases where a more cursory review of
impacts would have been enough instead of a very comprehensive EIA. There
was a need to be able to tailor the EIA process to projects with varying degrees
of perceived impacts prior to the actual EIA work was to be carried out.

The incorporation of societal effects began with the realization that while
some development projects – like hydroelectric dams – were redesigned to
minimize environmental impacts, this was at the expensive of the people living
at or near the site of development. If the project was optimized with regard to
the environment, the direct human costs of development might take on tragic
proportions. Particularly with the rise in the use of the phrase sustainable
development it is clear that an EIA that only considers direct environmental
impacts is a very focussed but probably very limited study.

Inclusion of social effects in an EIA can take several forms:

• The EIA report can be enlarged to take on a broader perspective
• One of more complimentary reports can be generated about the same project

or proposed development which focus on non-environmental impacts
• A broader form of assessment, which is not project-specific, can be employed

for an entire region or country where several more project-specific EIAs are
carried out.

The “no development” option
The no development option represents an additional important improvement of
the EIA. Earlier, an EIA would assume that some form of development, project,
construction, etc. would take place. The role of the EIA was to weigh in
environmental considerations to ensure that a more environmentally benign
decision was made. The EIA was not to question the merits of the project. Instead
the EIA was to just green the project through uncovering environmental impacts
and then modify the project to reduce damage to the environment.

Yet in some cases it was apparent that the project would lead to great
environmental disruption, regardless of the EIA results and even if the project
was modified. For example, there may have been no way to “green” the
infrastructure of a road development since all alternatives would damage
ecologically sensitive ground through the development and the air emissions –

Figure 24.3. Environmental Impact Assessment of
infrastructure investments.  New roads, bridges,
harbours, airports etc typically are taken through large
and often controversial EIAs. For the Öresund bridge
(the photo) the EIA took several years. Airports often
inflict on bird migration, railroads may be planned for
biologically sensitive areas, and tunnels may change the
water tables. (Photo: Courtesy of the Öresund
Consortium.)
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during use of the road – would further add to pollution. The logical next step in
the development of EIA methodology would therefore be to suggest alternative
projects to achieve the same or similar goal. If the goal of constructing a new
road was to connect places or in general increase mobility, an alternative project
could be the construction of a railway or streetcar line.

This way of dealing with the environment and infrastructure was innovative.
Before an EIA sought to green within a limited number of choices. Now instead
an EIA should widen the number of choices and actively pursue and develop
the project in a more sustainable direction. In some cases, the results of an EIA
point to the “no development” option, i.e. the least environmentally damaging
option is to do nothing. This option must be considered as a potential outcome
of an EIA, even if the result is not popular with the proponents of the project.

The steps involved in an EIA
Since there are different national terminologies involved in defining the EIA
process, the description below may not be entirely correct for every country
around the Baltic Sea. However, this general description includes all major
steps in the process and alternative developments. Here we assume that social
aspects are largely excluded from the EIA process and the final report but that
the generation of development alternatives is included. For a more graphic
demonstration of an EIA see Figure 24.4.

First there must be some sort of proposed change in infrastructure like the
location of a new solid waste dump, the establishment of a new airport, the

Figure 24.4. Environmental Impact Assessment.
Processes and stages.
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construction of a new road, etc. In some circumstances a significant expansion
of an ongoing activity may also be of interest for an EIA.

If the activity or project is not considered trivial then there may be grounds
for carrying out an EIA. In some countries some form of mini- or initial EIA
may be required at first and based on the results of the initial work a full EIA
may be considered necessary.

While generally it may be stipulated in law which kinds of projects will
require an EIA, in some countries it may be at the discretion of local
environmental authorities to decide.

The exact form and content of the EIA will vary from country to country
and from project to project. The public may have the right to comment on the
EIA report or be able to provide inputs at public hearings held during the EIA
process. In some cases the EIA report will be released and the findings are
supposed to influence the final design and execution of the project. In other
cases it is expected or common practice that those carrying out the EIA process
have occasional meetings with those proposing the project so that change in
project design is possible at various intervals, instead of waiting for the final
report and making all changes then.

As mentioned before, in some countries it is possible that two or more levels of
thoroughness of the EIA are possible. Projects deemed trivial may be subject to
some sort of simplified EIA and the matter is quickly closed. In other, more
major, projects an extensive EIA is required. Another possibility is that some sort
of fast and simplified EIA is used to determine whether a full EIA will be required.

The development or project should be assessed with a view towards the
entire “life” of the proposal. Thus there is a construction phase, a use phase, a
maintenance phase, possibly a dismantling phase. Additionally, there are
additional effects or secondary activities that follow from construction, use,
maintenance and dismantling. In the case of constructing a tunnel through a
mountain during construction there will be blasting, rubble placed in piles,
groundwater levels may be effected and a secondary activity can be the traffic
of construction vehicles going to and from the site. A list of probable impacts
could be made longer and more detailed. Then similar lists could be generated
during the rest of the life cycle of the tunnel.

Figure 24.5. Take the environmental problems into
the factory! Before industry accepted that
environmental problems were problems of the
production (in here), rather than problems of the
environment (out there) many factories were very
polluting, and environmental hot spots. (Photo: André
Maslennikov.)

An example:An example:An example:An example:An example:
Environmental ImpactEnvironmental ImpactEnvironmental ImpactEnvironmental ImpactEnvironmental Impact

Assessment of an AirportAssessment of an AirportAssessment of an AirportAssessment of an AirportAssessment of an Airport

As Poland’s economy is becoming
increasingly integrated with the EU
economy, it is expected that air traffic will
increase. In particular there are studies
which suggest that additional routes will
be needed from a number of Polish cities
directly with London, Paris, etc. As part
of this preparation a city wants to explore
several options for the airport including:

• Expansion of the present airport
• A location for a new airport near a

local woodlands
• A location for a new airport on prime

agricultural land

Neither of the proposed new locations
are located as close to the city center as
the existing airport but the one on farming
land would be close to an existing rail
corridor and an extension of the rail line
to the airport could be possible. However,
this would mean that good farmland
would be lost. The woodlands are an
important recreational area for the
inhabitants of the city and there is a bird
species, rare to Poland, that lives there.

We see from this general picture that
each option has possibilities and
drawbacks. The EIA tool should be used
to help make the least unsustainable so-
lution.
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GREENING PRODUCTION PROCESSES

Environmental problems and industry
When we think of the environmental problems caused by industry, we often
have an image in our minds of discharges of pollution to lakes or air
emissions. This image is fixed through decades of emphasis on pollution
and waste on the part of environmental organizations and pictures that we
may have from the media. Additionally this may come from our own
personal experience.

Organizations confronted by environmental problems can pursue different
strategies to deal with these problems. Additionally, if an organization is
frequently forced to deal with problems the organization might start to change
its choice of strategy to those that are more progressive. In this case we can
consider it to be a case of organizational learning. What then are frequent
strategies for organizations when dealing with environmental problems?

Historically when an organization is first confronted with an environmental
problem the first response is denial. The manager of a company may say,
“Our factory cannot possibly have had anything to do with the death of
those fish.” In much of Western Europe during the 1960s and into the 1970s
this was a frequent kind of strategy – denial – that was pursued. By this we
do not mean that the manager was necessarily malicious, he just had no
knowledge that his factory could possibly cause a problem. Of course denial
is a strategy that might make people go away or buy you time. But the
problem remained.

When it was apparent that the problem was not going away and there seemed
to be a real connection between the specific factory and the particular problem
then the manager would have to act. If there were local environmental authorities
with enough legal support the manager might have to do something to avoid
legal sanctions.

What to do? Well since the “environmental problem” was the dead fish in
the lake or the bad air in the town downwind from the factory, if the manager
could move the problem or change the impacts from the factory then the
environmental problem was solved. In practice this was achieved through direct
dilution of the emissions or a greater geographical spread. In this way when the
harmful substances impacted on the environment the results would be milder
and located much further away.

Another strategy can be called transformation or filtration. The idea was to
catch the harmful substances before they left the factory. In this way air emissions
were reduced but there was solid ash that collected in a filter. Likewise liquid
emissions were reduced but there was a resulting sludge that had to be dealt
with. The filter solution transformed air and water problems into solid waste.
This solid waste could be deposited in a landfill if it was not considered toxic.
Otherwise the solid waste had to be destroyed. In some cases the solid waste
could prove to be a useful resource in some other production process.

Using either the dilution or filtration strategies the manager of the company
could be seen to “solve” the environmental problem: the fish population in the
lake grew, the air quality in the town improved. However, the solution was
achieved at a cost. It is expensive to build much taller chimneys so that the
pollution is carried far away. The installation of filters is also expensive and
then disposing of the solid waste becomes an added expense. The manager of
the facility was pursuing a costly environmental strategy since the company did
not get anything back from the investments.
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Figure 24.6. Strategies to deal with pollution and
waste. Pollution control and pollution prevention.

Pollution as a symptom of inefficiency in production
During the 1970s and 1980s some companies started asking more interesting
questions about their pollution and waste problems. Why do we emit so much
stuff in the first place? Maybe if we did things differently inside the factory we
would not cause so many problems in the first place? And if we did this, then
we would not have to dilute and filtrate as much. This would save us money.

This realization lead to the internal recycling of waste back into the production
process as well as efforts to reduce the total amount of waste and emissions. As the
previous discussion about performance indicators shows, there is an efficiency
aspect about pollution and waste reduction. With more efficient production methods,
pollution can be reduced and perhaps eliminated. This shows us that the problems
of pollution are actually symptoms of inefficiency in production.

Pollution is the contamination of the environment by something harmful or
something present in abnormally great amounts or concentrations. Pollution
prevention is the reduction or elimination of pollution at the source instead of
treatment of the pollution or the effects of the pollution. Originally when government
and environmental groups called on industry to take care of pollution, the response
of industry was to dilute the pollution or collect emissions in filters and then treat
or store what was collected in the filters. This filtration strategy was expensive and
even risky since a filter technology could fail leaving pollution to escape, perhaps
undetected for days. Dilution of pollution might lead to a local improvement in the
environment at the expense of spreading pollution to more distant locations.

Pollution can be prevented if materials, energy, water, etc. are used more
efficiently and if toxic substances are used less frequently or even replaced by
substances which are less toxic. If we are able to prevent pollution by changing
production technology and management of the factory then there are several
benefits. Clearly there are environmental benefits since there is less or less
harmful pollution. Also workers can have a better environmental to work in:
one with less dust, fewer hazards, etc. At the same time, the changes in production
can result in cost savings since fewer raw materials or energy is required for
each unit of production. Instead of investing in costly filtration technology, the
investments are made in changing production to something that is more efficient
and less wasteful. Since these pollution prevention investments can improve
the overall performance of the factory the investments can be considered the
normal process of doing business instead of “environmental investments”.
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Seen this way, we realize that pollution prevention and waste minimization
are two terms with the same goal: cleaner production.

Cleaner production can involve recycling waste at its source before it is even
generated and recycling within the factory. Even when hazardous waste – as well
as hazardous material used in production – is already managed, this can lead to
environmental concerns or problems, nonetheless. Storage of hazardous substances
can increase a fire risk and accidents during handling and transportation can result
in significant environmental damage. More effort to reduce hazardous substances
and chemical waste before it is even generated reduces risks and costs, both for the
factory and the society. The same can be said of energy consumption where it is
less expensive for a business to save energy through wise and more efficient uses
of energy then to increase energy consumption. But, of course, for this to be
interesting for industry it is necessary to know the costs and actually pay for energy
use, waste disposal, etc.

Environmental strategies in organizations
The change in the mind set that environmental problems were “out there” to a
realization that the origins of the problems were in the factory would also lead
to a change in the management of the organization. The manager now had to
have someone to look after the production process with a “green” eye. She
realized that there was now a need for environment management. Therefore
we can say that environmental management in industry arises first when a
particular company redefines environmental problems as no longer something
“out there” but as “us.” The internalization of the environment leads to
environmental management.

Once we have understood this we realize that the solution to pollution must
be sought in the design, maintenance and technology of production. To work
in this area requires some tools.

There are three principle approaches to management of emissions.
Each of these are used and may be used to a degree.  They have
been treated in more detail in the preceeding chapters.

Dilution of emissionsDilution of emissionsDilution of emissionsDilution of emissionsDilution of emissions
The environment has a certain capacity to absorb and take care
of emissions, it can act as a sink. The method of dilution uses this
capacity, and can do so up to the load that the environment can
handle. This is called the critical load. The critical loads approach
is discussed in chapter 11 page 347.

Transformation or filtrationTransformation or filtrationTransformation or filtrationTransformation or filtrationTransformation or filtration
With technical means one may collect the pollutants at the end of
the pipe. This end-of-pipe approach works as long as the
technology is efficient enough and the collected pollutants can be
taken care of.

The technology to remove particles, SOx NOx etc from flue
gases using e.g. scrubbers, precipitators, filters etc is described
in chapter 16 p. 496. The residues that are collected from SOx
removal can be transformed into gypsum and used as boards
and building material.

The technology to remove pollutants in wastewater, the
wastewater treatment technology, is described in chapter 17,
pages 514-524. The residue in this procedure, the sludge, can if it

Managing emissions of pollutantsManaging emissions of pollutantsManaging emissions of pollutantsManaging emissions of pollutantsManaging emissions of pollutantsReviewReviewReviewReviewReview
Box 24.1Box 24.1Box 24.1Box 24.1Box 24.1

contains only or almost only nutrients be used as fertiliser on
agriculture or in parks etc. If it is polluted it is deposited on landfills.

Pollution prevention and waste minimizationPollution prevention and waste minimizationPollution prevention and waste minimizationPollution prevention and waste minimizationPollution prevention and waste minimization
With better technology it is possible to improve the efficiency in a
production process and thus use the input resources better and
produce less waste.

The first step can be to improve energy efficiency. Simple
means include e.g. turning off equipment when it is not used, tuning
equipment, e.g. the rpm in fans, so it does not use more energy
than needed. Insulation, e.g. stopping draft through windows or
covering (with a lid) large warm areas such as hot water basins,
saves energy. Fine-tuning of processes involves to see if, e.g. a
reaction might proceed at a lower temperature than used, or might
need a smaller volume of warm solvent than used. Experience is
that often 25-30 % of energy can be save by simple measures.

A second step is to improve the efficiency water use. Tighting
leaking pipes, minimizing water use in processes, and looking
carefully at recycling possibilities. Water can often be reused,
especially if it comes from a non-polluting step.

Other resource use may also be improved. E.g. improved
strategy for how to cut material out of sheets, or to recycle material
within a production process are standard means to improve
efficiency and thus environmental performance of a production.
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The tool often called a “waste audit” or more properly a waste
minimization opportunity assessment is described below. Note that by waste
is not meant solid waste but inefficiency in general. Ideally, the person
working to change production should have some competence in the
processes used in production: this could be chemistry or mechanical
engineering. Some basic understanding of process engineering and
management can also be important. Yet it is not necessary to have detailed
knowledge to conduct at least a simple audit or assessment which can be
meaningful and helpful. For completeness and efficiency of using time, an
energy audit and a waste and materials audit could be conducted at the
same time thus presenting a complete picture of the energy use and material
flows at the site.

The first step is to understand what is being done at the production site,
what is being made and how it is made. The second step is to establish some
form of material flow and balance: the energy and materials that are input, and
the products and wastes that leave.

Next the entire site is inspected to follow the material flows and speak with
machine operators and other key people at points during the production process
were one might suspect that there is some waste. Just visual inspection can be
enough in some cases. In other cases speaking with operators is necessary to
determine the more exact material flows. Inspection of receipts, order books
and bills for electricity, waste handling and collecting, etc can be parts of the
audit process.

Once places are identified that could be improved, potential opportunities
for improvement must be investigated more thoroughly. Examples of some
changes are:

• The order in which batches are processed so that need for cleaning or
flushing is reduced prior to a new batch being run (typical for painting,
chemical manufacture, metal plating).

• Stamping out parts or other materials from sheets (of leather, metal, etc.) so
that more of the sheet is used and less becomes waste.

• Increased and closer maintenance to find and stop leaks (of heated or cooled
air, water, etc.).

• Change of the use of hazardous or flammable chemicals to less hazardous
chemicals (improves the working environment as well).

These steps have been identified by hundreds of industrial firms around the
world.

Following the more detailed investigation of the opportunities, including
assessments about costs for change or investment, environmental and financial
savings, etc. a report is generated and then presented to the managers for their
consideration. If the expected pay off time is short enough, for example less
than a year, an opportunity will probably be quickly accepted. However, there
is an element of fortuitous timing here as well. If some investments in new
production equipment have been made just recently and the waste minimization
opportunity assessment calls for scrapping some of this new investment in favor
of even more efficient production, it is likely that the management of the company
will not be interested in the suggestions. The costs of the recent new investment
must be recovered first. Therefore, the closer a facility is in time to making
capital investments in new equipment, the more likely that the suggestions in a
waste minimization opportunity assessment will be viewed favorably.

Looking at the product from the perspective of production
Another part of the cleaner production strategy to reduce environmental impacts
is to consider the product itself. While the environmental impacts from

The use of audit orThe use of audit orThe use of audit orThe use of audit orThe use of audit or
assessment toolsassessment toolsassessment toolsassessment toolsassessment tools

While many of the audit or assessment
tools were developed in or for manu-
facturing companies, these same tools can
be used in agriculture or services (for
example hotels, offices, cleaning, etc.)

Involve the workers!Involve the workers!Involve the workers!Involve the workers!Involve the workers!

The method of carrying out the waste
minimization opportunity assessment
described in the text assumes that a
consultant has been hired to carry out the
assessment. However, the process could
be carried out by management and work-
ers at the plant. A team could be formed
to carry out such assessments instead of
paying the costs of an external consultant.
It is important to involve the workers on
the factory floor in the process since they
often have practical knowledge and
experience which can form the basis for
problem identification and possible
solutions.
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production can be reduced through process changes, if the product design is
changed additional changes in the production process may be possible. Therefore
product design and production processes should be examined at the same time.

But the environmental impacts of production do not stop here. The person or
organization that purchases the product will use the product and later discard it. If
the product is designed so that the consumer can learn how to use the product in a
wise and sustainable way then the environmental impacts during use should be
reduced. The product should be easily repaired which will prolong the life. These
issues, product design and the environment, will be returned to later in this text.
However it is important already at this point to not just consider the factory in
isolation since a product will have environmental impacts during its entire life.

Industrial symbiosis
An alternative methodology to reduce environmental impacts and increase
efficiency is to seek out opportunities for industrial symbiosis. The idea is to
take several industrial firms located in close proximity to one another and
determine, just like in the waste minimization opportunity assessment, the inputs
and outputs of each facility. In some cases the investigator may find that one
company’s waste (excess heat or steam, chemical waste, inert solids, etc.) can
be the input into another company’s production process. If the solid waste is
sent the short distance by truck from one company to the other or a pipeline for
the excess steam is built then the total resource consumption, waste generation
and financial costs for all participating companies is reduced.

While methodologically elegant, industrial symbiosis requires a greater
understanding of several companies material flows – that are compatible and in
close proximity – than the more focussed and company-specific waste minimization
opportunity assessment. Additionally the waste must of relatively high and uniform
quality for there to be any economics in industrial symbiosis. Otherwise there may
be some uncertainty about how reliable the waste is in production.

It is perhaps therefore not surprising that the resultant “cleaner production”
that arises from waste minimization opportunity assessments can be found
worldwide whereas the examples of industrial symbiosis are harder to find
and work for.

The most well known case of industrial symbiosis is located in Denmark
(see Box 24.2). However, the idea of establishing “industrial ecological

Figure 24.7. Industrial symbiosis. Most cases of
industrial symbiosis are found in the biotech sector.
In these containers organic waste from a large
slaughterhouse in Uppsala is fermeted to become
biogas for the buses in the city. (Photo: Kjell-Arne
Larsson.)
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complexes” where city and regional planners could co-locate facilities with
compatible waste and material/energy needs has existed since at least the 1970s.
Additionally, in circumstances of resource scarcity or dysfunctional markets
(such as can be found in some developing countries and elsewhere today) various
forms of industrial symbiosis at a greater distance have occurred. In these
circumstances factory managers may be interested in hauling waste some
distances by truck for use. The Danish example, by contrast, has short distances
and pipelines have been built to carry steam, water, etc.

There are also examples around the world of an incomplete or partial
symbiosis. Excess heat from industries can be fed into municipal district heating
systems. However, industry in these places gets all its inputs from other places.
By contrast, the goal of industrial symbiosis is to increase local exchanges of
material and energy.

City and regional planners could do society and the environment a real service
if they encourage industrial symbiosis by actively seeking to locate compatible
facilities close to each other were the new facilities could fill gaps in an otherwise
incomplete system of symbiosis.

Industrial Symbiosis at Kalundborg, DenmarkIndustrial Symbiosis at Kalundborg, DenmarkIndustrial Symbiosis at Kalundborg, DenmarkIndustrial Symbiosis at Kalundborg, DenmarkIndustrial Symbiosis at Kalundborg, DenmarkCaseCaseCaseCaseCase
Box 24.2Box 24.2Box 24.2Box 24.2Box 24.2

Industry at and the city government in Kalundborg are often cited
as the most successful examples of industrial symbiosis, where
waste or excess materials are recycled in adjacent production.
What is truly amazing about Kalundborg is that the industrial
symbiosis did not arise out of some master plan. Rather, through

Figure 24.8. Kalundborg flow scheme. (Dotted arrows and boxes
indicate that the activity or flow is outside the Kalundborg region).

the years, a series of agreements were made between
companies to buy and sell waste materials. Efforts are underway
in other places around the world to replicate this experience.

Joseph Strahl
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DESIGN FOR THE ENVIRONMENT

Eco-design
As industry became increasingly successful in reducing its direct environmental
impacts from production, some in government, business and academia began
to take a closer look at the environmental impacts from goods and services.
Goods diffuse out from the factory via various distribution networks and may
be sold in a limited area, in a national market, or perhaps around the whole
world. After a good is sold it is used, reused, perhaps repaired, and then becomes
waste. In each step of the life-cycle there can be environmental impacts. Of
course the environmental impact from one toaster or one cellphone (mobile
phone) during its use phase is not very great. But the combined use of energy
and materials to use goods and to perform services is enormous. So every
product counts.

How are we to deal with the environmental problems of products? A general
term to cover all the ways to reduce the impacts can be called Eco-design or
Design for the Environment (DfE). In some cases it may prove difficult to
consider the environmental impacts from the entire life-cycle of a product.
Instead the product might be redesigned just to reduce the impacts from the
waste part of its life or to make it easier to recycle. In such cases the term
Design for Disassembly is often used.

How can a designer approach the idea and practice of eco-design? This varies
depending on the particular product, the company culture where the designer works,
and of course past experience that the designer has had. Some larger multinational
companies have produced internal guidebooks that help the designer make better
products with a reduced environmental impact. Here the experiences of designers,
various rules of thumb, and checklists are brought together.

If we take an electronic good, such guidebooks might suggest that if design
for disassembly is an important consideration, then the designer must make
sure that all of the screws in the good are of the same size and shape so that the
person dismantling the product does not have to waste time on a disassembly
line switching from one screwdriver to another. Perhaps there are certain
substances that are “blacklisted” in the environmental guidebook so that the
designer knows that these are forbidden to use. There may also be “greylisted”
substances that the designer can use, but only if there is no other alternative.
The designer must also think about the final user of the good – often the
customer. Can I put myself in the mind and everyday situation of the user?
What does the user know about the environmental impacts from use and disposal
of this particular good? Can I make it in such a way that the user will treat it
and use it in a way that is less detrimental to the environment? Can the product
communicate its environmental impact to the user?

Environmental considerations must enter into product development and
product design at a very early stage. As more and more parameters and
components are decided, the complexity and inertia of the design process makes
it increasingly more difficult to introduce something new. Therefore an
environmental manager, if she is not involved in the design at an early stage,
can be seen as someone who makes things confusing, difficult and costly. If
environmental concerns can come into the design process early on and are
seen as having a legitimate part of the design then in all likelihood we can
speak of a successful case of eco-design. Otherwise attempts to “green” products
will be less successful and will probably lead to frustration within the company
and the design team.

Examples of Eco-DesignExamples of Eco-DesignExamples of Eco-DesignExamples of Eco-DesignExamples of Eco-Design
Strategies and rules ofStrategies and rules ofStrategies and rules ofStrategies and rules ofStrategies and rules of

thumbthumbthumbthumbthumb

• Dematerialization (less material used
to make a good with the same
performance)

• Increase Durability (with longer
lasting goods, fewer goods need to
be produced)

• Lighten (particularly for goods
needed to be transported greater
distances)

• Reduce Intensity (fewer resources
are needed to use the good by the
consumer)

• User-Friendly (make it easier to
repair or upgrade performance by
the user)

• Detoxify (reduce the amount of toxic
substances or change to less toxic
substances)

• Design for Disassembly (make it
easier to take the good apart for
recycling or safer waste handling)
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Green labelling
When we as consumers are shopping we get signals about the goods on the
shelves. Often an important signal is price. Since not everyone is rich, most of
us are price conscious – we buy the least expensive good.

However, we may have bought the least expensive good several times and
are dissatisfied with its quality. Perhaps it breaks too easily, is too difficult to
handle, or just does not do what we had expected of it. We may buy a more
expensive alternative because of its better quality.

An additional factor to consider is the status that buying the product gives
to us. For some people buying the right “brand” is very important. In fact
buying the brand with the fashionable logotype or the famous name may be so
important for some people that they are willing to pay much more for something
which might not have a high material quality. First and foremost they are buying
the “brand” and then secondarily they are buying the good.

In this marketplace of price, quality and brand signals, where can we hear
the voice of the environment? How is the consumer to know if a product is
good for the environment or not?

We can think of the environment as a “quality” that some people are willing to
pay more for than for similar products. They may do this for idealistic reasons
since they want to support the environment or for more personal and selfish reasons:
eating ecologically grown food means that I don’t get chemicals into my body.

In some countries and for some parts of the population environmental
products can be seen as related to the brand concept. Just as some people want
to be seen as close to the ideas that a brand name gives – speed, grace, power,
youthfulness, action, being a winner, whatever – there can be others who not
only want to support the environment, they also want people around them to
see this. So they buy certain products and do not buy others.

In an increasing number of countries and for a variety of products there are
eco-labelling schemes that send a signal to the customer: this product is a good
environmental choice. The product has been evaluated according to one or
several criteria. If the product fulfills the criteria the producer may pay to use
the label. The other products cannot use the label.

It is important that those in charge of the eco-labelling scheme set criteria
so that at least some, but not all, of the products on the market can be awarded
the label. In this way the eco-label stimulates companies to develop and market
products that can be given the label while they discontinue the products that
cannot get a label. This then results in a shift of the environmental qualities of
the products on the market so that the environmental impact is reduced. As
more and more producers have goods that can be awarded the label, the
organizers of the eco-labelling scheme must consider if the criteria must be

Figure 24.10. Development of type I eco-labels. The
type I ecolabels are those that are directed towards the
customer. As the criteria for this kind of labels are made
more strict the envionrmental impact of the products
have to decrease.

Figure 24.9. Eco-labels, green labels. The labels shown
here are used by: the Nordic Council, the swan; the
Swedish Society for Nature Conservation, the falcon;
the label for EMAS, Environmental Management
System, certification; and the label for  products, for
example furnitures, coming from the forests certified
by FSC, the Forest Stewardship Council, for sustainable
forest management.
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made stricter. When the new criteria are announced, this will lead to a new
round of product redesign as producers work to make sure that there goods can
get the new label. As we see in figure 24.10, in time the eco-labelling scheme
can “pull” many kinds of goods in a more sustainable direction.

This way of sending a simple environmental message to the consumer, an
eco-label, is sometimes called a Type I kind of label. The Type II label is a
more complicated message that a company provides itself but is not
independently verif ied. The Type II “label” can be a statement and
documentation that might be several pages long. Finally there is a Type III
label which provides a broader spectrum of information about the product’s
environmental impact during its entire life-cycle. The way that the information
in this kind of label is presented is standardized (for example by following an
ISO standard) and can be verified. Type III labels can be used by professional
purchasers in large organizations that have an environmental purchasing policy.

The division of the kinds of eco-labels into Type I, II, and III was first
suggested by the OECD in the mid-1990s and following the support of other
organizations – for example UNEP – the use of this typology has spread. ISO,
the International Organization for Standardization, has established guides for
such Type III labeling schemes but it is unclear how this will be received and
if there is a market for this kind of information.

Life-cycle assessment
To be able to generate a Type III label, it is necessary to carry out some form of
an Life-Cycle Assessment, LCA. The life-cycle assessment is an inventory,
aggregation and classification procedure to determine the environmental
impacts of a product during its entire life-cycle. As such the results of the LCA
can prove useful in the design process. However, even an incomplete LCA can
be very useful in product development since more detailed information about
a product’s environmental impacts are obtained.

LCA is considered by some to be the same as eco-design. For others LCA
is more of a general environmental management tool whose results can influence
the design process. Different companies view LCA in different ways. As we
can see from the section on eco-design above, there are other possible methods
or guiding strategies that can be used to structure the eco-design process where
LCA may contribute. However, as well shall see, LCA can be a complex and
time-consuming process and in the rush to bring a new product to market a
company may not want to wait for the results of an LCA study. Additionally,
smaller companies probably cannot afford a quantitative LCA study.

Given these limitations, it is still important for the student of environmental
studies to become familiar with the LCA concept and methodology. How familiar
you should become however will depend on your future career. Here the goal is to
introduce you to LCA. To be able to read and interpret an LCA would require more
time and training. You would also need more knowledge and experience to be able
to as a professional “order” a consultant to carry out an LCA. The final level is the
ability to conduct a complete LCA on your own.

Type IType IType IType IType I Type IIType IIType IIType IIType II Type IIIType IIIType IIIType IIIType III

Target group Consumer & Professional purchaser Professional purchaser
professional purchaser

Verification Yes, labeling No Independent verification that
organization the information in the eco-

label  fulfills a certain standard

Applicable Only those types of
products where criteria
have been formulated Potentially all Potentially all

Figure 24.12. Life-cycle of refrigerators and some
alternatives for cooling. A Life-cycle Assessment of
refrigerators includes each stage in the life of the product,
including wasting as here, and all their environmental
impacts. The replacement of older products by newer
ones is positive for the environment if the new models,
as for many refrigerators, have an improved environ-
mental performance during the usage stage in the life
cycle. At the same time, prolonging the lifespan of a
product is part of a sustainability strategy.

An alternative to a conventional refrigerator is to
build a refrigerating space in the wall of a house. With
very efficient insulation, reduced level of material
intensity, and that only the compressor needs to be
replaced when it is worn out, this is a superior way to
provide the service of cooled food storage in homes.
The use of district cooling is an interesting alternative
for restaurants. (Photo: Inga-May Lehman Nådin.)

Table 24.3. Three kinds of eco-labels.

Figure 24.11. Forest certification. The Forest
Stewardship Council, FSC, has introduced an
international labelling scheme for forest products. Forest
products carrying the FSC label have been certified as
coming from forests that meet the FSC Criteria for
sustainable forest management. Certification is provided
by a FSC accredited certification body when the chain-
of-custody (tracking of the timber from the forest to the
shop) has been checked (http://www.fscoax.org/
principal.htm). (Courtesy of Assi Domän.)
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When we speak of the environmental impact from the life-cycle of a product
we can think of three different kinds of life-cycle. First is the conceptual level:
the idea of the life-cycle as the basis of eco-design. We can think of this
conceptual level as leading to a qualitative LCA. Second is the inventory level.
Here we carry out part of a complete quantitative LCA. We reach the inventory
stage and end with what is called an LCI, which is short for life-cycle inventory.
Finally there is the complete LCA.

A graphical representation of an entire quantitative LCA appears in
Figure 24.13.  First, the person or group who is ordering the LCA or who
might actually conduct the LCA must decide what the goal and scope of the
study will be. Questions to ask are: What do we want to study? Is this a
comparison of products or is it the improvement of an existing product? Or are
we working on a completely new product? Who is going to read it and what
are they going to do with the study?

The functional unit – a product or service
Of central importance to such a study is the definition of the functional unit. In
an LCA we do not compare goods. Instead we take the function that is desirable
and use this as the basis of our study. However in some cases the functional
unit is a particular product such as 1 kg of apples since it is in fact the good and
not the functionality which is central. The apples, for example, can be eaten
directly, made into juice or put in a cake.

The selection of the functional unit is not a trivial matter. If great care is
not taken then one product can be disfavored in terms of its environmental
impacts (See Case Box 24.3, About a life-cycle assessment of diapers).

Once the functional unit is decided, the product system must be determined.
In this way we see what is left outside of the system. These system boundaries
must also be determined with care so that someone who cares to reexamine

Figure 24.13. Steps of a complete quantitative Life
Cycle Assessment.

The LCA categoriesThe LCA categoriesThe LCA categoriesThe LCA categoriesThe LCA categories

Each product that undergoes a life cycle
assessment is looked at through a
number of categories of environmental
impact. These were systematically
treated in chapters 7-13:

Landscape intrusion Chapter 7
Biodiversity reduction Chapter 8
Eutrophication, emission of

Carbon, N and P Chapter 9
Global warming, greenhouse

gas emissions Chapter 10
Ozone depletion

emission of ozone-
destroying substances Chapter 10

Acidification, emission of
acidifying substances Chapter 11

Air pollution,
emission of air pollutants Chapter 11

Heavy metals pollution Chapter 12
Persistent organic

chemical pollution Chapter 13
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Many LCA studies have been conducted on diapers and
packaging, possibly because these kinds of products have been
much criticised by environmentalists during the 1980s and 1990s.

A diaper LCA appears at first glance to be rather straight for-
ward, compared with a complex object like a car. Yet diaper LCAs
turn out to be not so simple.

Is one diaper the functional unit?Is one diaper the functional unit?Is one diaper the functional unit?Is one diaper the functional unit?Is one diaper the functional unit?
When conducting an LCA it is important to determine the
functional unit. This allows you to compare similar products or
similar ways to achieve the same end result. Early diaper studies,
comparing reusable cloth diapers vs. disposable plastic and
cellulose diapers, neglected this.

But what is it? Is the functional unit one diaper? If so one disposal
diaper would be considered the same as one cloth diaper, regardless
of how many times the cloth diaper could be reused. Clearly this
would be an unfair comparison. Is the functional unit a certain
number of diaper changes? Perhaps 100 diaper changes could be
the functional unit. 100 disposable diapers would be needed for
this functional unit whereas the number of cloth diapers would
depend on how many times they could be washed and reused.

And the baby?And the baby?And the baby?And the baby?And the baby?
However this does not present the whole picture! Babies who only
use cloth diapers tend to stop using diapers as much as one half
year earlier than babies who only use disposable paper diapers.
This means that the functional unit is not so much the diapers or
the number of changes of diapers. It would rather be the number
of diapers required during the period from birth until the baby
becomes able to control itself and no longer needs a diaper. This
choice of functional units will sometimes disfavor the disposable
diaper and sometimes the cloth diaper. It would appear that the
most reasonable functional unit would be ”one baby.”

About a life cycle assessment of diapersAbout a life cycle assessment of diapersAbout a life cycle assessment of diapersAbout a life cycle assessment of diapersAbout a life cycle assessment of diapersCaseCaseCaseCaseCase
Box 24.3Box 24.3Box 24.3Box 24.3Box 24.3

System boundariesSystem boundariesSystem boundariesSystem boundariesSystem boundaries
Let us move onto the system boundaries. Here we determine what
constitutes the system surrounding the functional unit. Clearly the
properties of the diapers will lead to different system boundaries.
Cloth diapers are washed and dried which requires energy, water,
and detergent (and if dried in a dryer, will require heat). The choice
of the detergent and the amount used per wash will have varying
environmental impacts as well.

On the other hand paper diapers, while never washed, end
up on the landfill or in a waste incineration plant. If burned it will
generate some energy. Plastic from oil, and cellulose from trees,
is used in their manufacture.

Where is the environmental impact?Where is the environmental impact?Where is the environmental impact?Where is the environmental impact?Where is the environmental impact?
The question is where do we draw the limits for our system? In the
case of the paper diapers do we begin with oil extraction and the
cutting down of trees and cover all possible impacts up until and
including disposal in incineration or on a landfill? The environmental
impact is thus mostly during the production and disposal.

On the other hand cloth diapers have greater environmental
impact when used and reused since they are washed. The impact
from disposal on a landfill is presumably minimal and in incineration
is positive. Worth considering is also how the cotton that goes
into the diaper was grown and treated. Was the cloth bleached
and by what method? Which pesticides were used during cotton
cultivation? If the cotton was grown in a semi-arid region, what
were the environmental effects of irrigation?

There is no correct answer here. But it is clear that the selection
of  system boundaries strongly influence the outcome. (PS. In
case you are wondering, most LCA studies claim that cloth dia-
pers have an overall lower environmental  impact!)

Joseph Strahl

our study can see for himself what we have chosen to include and to exclude.
After the determination of the system boundaries we have a flow diagram with
boxes and arrows between the various steps in the life-cycle.

Next comes the data inventory stage of our study. We must break down the
life-cycle into more detailed steps and sub-processes. Our work then moves
onto becoming “environmental detectives” as we track down bits and pieces
of information that fit in the boxes and arrows in our system. We can be
confronted with conflicting data and must resolve this. Additionally there may
be cases where, despite our best efforts, we are unable to find statistics about
something. We are forced to eliminate these parts from our study or alternatively
we must find some information about a similar product and use this instead.
For example, if we do not know what the environmental impacts from aviation
fuel are, we might use environmental impacts from gasoline even if we know
that this is not really correct. Any kinds of such substitution must be clearly
stated and should be used sparingly.

This detective work can take weeks or even months. In some cases we can
rely on previous studies of similar products, find data sources in these studies,
and use them in our own study. But this is a time-consuming process. In the
end we have a good, but probably incomplete, overview of the energy
transformation and material flows within our system as well as the resulting
direct environmental impacts.
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Overlapping product systems
Often we can be confronted with the overlap of two or more product systems and
we have to decide how to disentangle these product systems. If one factory makes
only one kind of product then all of the environmental impacts – chemicals, water,
electricity, emissions to air, etc. – from that factory can be attributed to just that
product. But what happens if three kinds of products are made at the same facility
and we do not know how much electricity is needed in each step of the production
process? Then we must allocate the total electricity consumption of the factory, for
example, to each of the three products. This means that each product will ultimately
be responsible for some acid rain if the electricity comes from a coal-fired plant or
some amount of radioactive waste if the electricity comes from nuclear sources.

How do we carry out this allocation? One way is to introduce more detail
into the study. While this might be theoretically possible, for practical reasons
we might not be able to do this. Electricity usage may be unknown. Water use at
each stage of the production process might not be measured since there is only
one water meter at the production plant. Or we can be limited in terms of time
so that more detail is just not possible.

A guiding philosophy and methodology is to let the definition of the
functional unit suggest how the allocation should proceed. If this does not help
it might be possible to use the weight of the products to determine how the
impact should be allocated. Another alternative is to change the system
boundaries so that allocation becomes easier. However this often means that
one must enlarge the system which means more time and resources have to be
brought to bear on the study. This is not always practical for a study that was
originally thought of being short and not so expensive.

How to compare products
Suppose that the product system under scrutiny is a bottle used to package
beverages. Additionally the purpose of the study is to compare plastic bottles
versus glass bottles: which is more environmentally friendly? Well the plastic
bottle is lighter, which means lower environmental impacts from transportation.
But it is made of a non-renewable resource. The glass bottle is much heavier,
but it can be reused many more times. On the other hand, if the plastic bottle is
incinerated when it is disposed of, we can get some heat from the burning of the
bottle and this heat could replace the burning of something else, like coal.

Suddenly we can see how the study opens up new perspectives. Since we
wanted to compare packaging alternatives, the functional unit was the packaging
of one liter of a liquid. But since the incineration of the plastic bottle is part of our
system, we get on the one hand a glass bottle and on the other hand a plastic bottle
and a certain number of Joules of heat that can be used in district heating.
Furthermore, we must decide whether the potential emissions from the incineration
of other materials to make heat should be deducted from the plastic bottle alternative.

Here we see that the choice of the functional unit, the system boundaries
and the way that we allocate the uses of energy and materials are interrelated.
As we progress through our study we may need to solve certain problems and
these solutions can force us to change the functional unit and the system
boundaries. These changes can then lead to a new round of data collection to
suit the new product system that we have defined.

Once the allocation is complete, our life-cycle inventory (LCI) is finished.
At this point we may choose to stop our study or continue with a complete
LCA. This impact assessment involves converting the inventory information
into impacts on the environment. Emissions and resource consumption are thus
“translated” into eutrophication, global warming and so forth.

First the impact assessment involves what is called classification. Here we
“sort” the inventory parameters into their respective environmental impacts.

Figure 24.14. The problem of allocation. We know
the total electricity and water usage in the factory but
not how much is used in the production of the three
products. Additionally there is excess heat and waste
water. This use and the resulting waste must be
allocated to each product.
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Obviously in some cases the inventory parameters can be classified into more
than one environmental impact. Following this is the second step of
characterization. We must calculate the contribution of each part of the LCI to
each form of environmental impact and “load” these contributions into the
appropriate environmental impact. Thus emissions of methane and carbon
dioxide (plus other gases which can trap solar radiation) which result from
various parts of the life cycle of the product, are added together to determine
the total impact on global warming.

Some studies may then choose to attempt to aggregate the results of the
characterization stage into one final number or index. It would appear that a
certain degree of subjectivity enters the analysis at this point. If we are to
aggregate different environmental impacts into one number, we must know (or
at least establish for ourselves) the relative importance of the impacts, like
eutrophication versus global warming. Given that there is no scientific consensus
about which environmental problems are more serious than others, our
methodology during the final aggregation will not be objective.

It is for this reason that in the ISO 14042 standard for LCA that the final
aggregation into one index is not required. According to this ISO standard,
once we have completed the classification and characterization steps, the LCA
is complete.

Some advocates of the use of quantitative LCA studies for product design
claim that instead of an aggregation into an index, the LCA should conclude
with an improvement assessment where suggestions are made about changes
in the product design. Others say that the LCA should not include suggestions
for improvements.

Drawbacks and lack of product system dynamics
As previously mentioned, LCAs can be time consuming and expensive. They
require the collection of large quantities of data which must be evaluated with
regard to reliability. Additionally, sometimes LCA studies are carried out by
consultants outside a company and not in conjunction or collaboration with
the normal design team. An LCA conducted “outside” the design process is
similar to carrying out a waste audit without talking to the workers in the
production process. If instead the normal design team in a company is involved
in the greening of products, the designers will seek to complement their design
skills with environmental knowledge and new rules of thumb, probably derived
from the list of eco-design strategies.

A shortcoming of the qualitative LCA methodology and philosophy is how
LCA practitioners often view the product itself as a static phenomenon. Product
systems are dynamic and not fixed. The various networks of production are always
undergoing change. In some countries and some economic sectors, production is
becoming increasingly centralized with greater distances for transportation as a
result. In other circumstances a decentralization trend can be observed.

Let us consider bottles for beverages again. If the product system for beer
in a particular country, like Poland or Finland, consists of only one brewery,
bottles from the brewery will be sent all over the country and refillable glass
bottles will be returned to the brewery. So in a snapshot of the existing product
system, perhaps the glass bottle isn’t so good for the environment since the
emissions and energy use in transportation will be greater for glass bottles
than plastic bottles. This is the investigative perspective, based on a non-
dynamic product system, that is assumed in many LCA studies.

But if instead of one brewery there were ten breweries spread around the
country, what happens? The distance that each bottle travels falls. But since the
non-refillable plastic bottle weighs so little and is incinerated, the effect of
changed logistics and production locations is probably negligible for the plastic
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bottle. On the other hand, the relative negative position that the glass bottles
have in a centralized product system, is now changed. With shorter distances
involved, the environmental impacts arising from transportation fall.

Since the dynamics of product systems are ignored in the assumptions used
in LCA and instead the networks of production are taken as a given, the LCA
provides just a brief snapshot and tries to point to problems and potentials for
optimization given the present system of production. We can thus see that the
optimal solution in an LCA may prove to be a sub-optimal solution if viewed in
the wider perspective of sustainable development where a decentralization of
production may be both necessary and desirable.

ENVIRONMENTAL MANAGEMENT SYSTEMS

How environmental concerns get inside the company
Previously we stated that Environmental Management starts in an organization
when management starts see environmental problems as not something existing
“out there”, outside the company. Instead the problems are seen as arising within
the company and therefore something must be done about it. Management must
now not only deal with sales, production, personnel, servicing, finances, etc. To
this list of concerns it becomes essential to add an environmental component.

Given this kind of definition, we can see that many companies fulfill the
requirements of having some form of environmental management. Many
companies today can think of environmental problems being the result of
production processes and the goods and services coming from industry and
business. However the degree to which management is involved in environmental
thinking can be highly variable, depending on which branch of industry as well
as which country a given production facility is located in. So there can be various
forms of environmental management: from passive all the way to very active.

During the 1990s at Lund University a five scale classification system to
describe environmental management and environmental work was developed.
The five classes are named

• Environmentally Passive,
• Steered by the Authorities,
• Demand Optimizing,
• Environmentally aware and
• Environmentally adapted.

A description of the five classes appears in the margin.
Researchers at Lund University conducted two studies, one at the beginning

of the 1990s and one at the end of the decade, to see where Swedish companies
could be classified according to this system. The results from the start of the
decade showed that many firms were either Steered by the Authorities or
Demand Optimizing. However some eight years later firms in Sweden were
now more likely to be Demand Optimizing or Environmentally Aware. This
was a very encouraging result.

A closer look at the study reveals that there are great differences in these
developments if the size of the companies is taking into account. All larger and
many medium-sized Swedish companies experience positive development
during the 1990s and on average moved up one step on the classification system.

EnvironmentalEnvironmentalEnvironmentalEnvironmentalEnvironmental
managementmanagementmanagementmanagementmanagement
in companiesin companiesin companiesin companiesin companies

Five scale classification system to de-
scribe environmental management and
environmental work.

• Environmentally PassiveEnvironmentally PassiveEnvironmentally PassiveEnvironmentally PassiveEnvironmentally Passive
These companies lack the ability or
will to reduce their environmental
impacts and consider anything that
they might do as being too expensive

• Steered by the AuthoritiesSteered by the AuthoritiesSteered by the AuthoritiesSteered by the AuthoritiesSteered by the Authorities
These companies follow the laws
and their permits. Additionally there
is a person in charge of dealing
with the environmental authorities.

• Demand OptimizingDemand OptimizingDemand OptimizingDemand OptimizingDemand Optimizing
Attempts to ant ic ipate future
environmental demands (market or
regulatory), an internal organi-
zation that creates and implements
solutions. Employees understand
why the company prioritizes the
environment.

• Environmentally awareEnvironmentally awareEnvironmentally awareEnvironmentally awareEnvironmentally aware
Environmental work exceeds legal
or market requirements. Environ-
mental concerns are integrated into
strategic decisions. There is a
competent and professional envi-
ronmental staff.

• Environmentally adaptedEnvironmentally adaptedEnvironmentally adaptedEnvironmentally adaptedEnvironmentally adapted
The company wants to be a part of
a sustainable future, exercises ex-
tended producer responsibility,
goods and services are developed
based on environmental parameters.
Holistic approach leading to success
concerning the environment and the
market.
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However almost all smaller and some medium-sized companies experienced
marginal improvement at best. Large numbers of small companies have had no
change in their environmental management during the entire decade. Why?

It has been suggested that the reasons for this are several. First, larger
companies have worked for quite some time on related issues like risk
assessment, workers health and safety, quality. This kind of work makes it
easier to start working on the environment. Second, larger companies have
more staff and resources to spare on environmental issues. Third, many larger
companies are more subject to consumer pressures for environmental
improvements. Fourth, larger companies may be exposed to media coverage
so pressure develops internally in a company to always be one or two steps
ahead of what the environmental authorities may demand. In this way negative
publicity is avoided. Fifth, larger companies have various staff that keep track
of costs and efficiency in a professional manner. When the environment is
internalized and the ideas of cleaner production become more widespread, the
environment ceases to be just a cost. Since the environment now becomes also
a potential for cost savings, professional staff will be very interested in
supporting environmental programs.

Smaller companies tend to be the opposite of larger companies and lack
their advantages. On the other hand smaller companies can have very short
times from decisions to actions since there are very few hierarchical steps
between the manager and the common worker.

Doubtlessly a similar story during the 1990s can be told in countries like
Finland and Germany. Other countries in the Baltic Sea region are following in
the footsteps of these countries and the trend of environmental management
and improved environmental performance can be seen there as well.

However environmental management, to be successful in the long term, must
be very carefully organized and professionalized. Like all matters of business life
there must be some underlying system of thought and action. Managers may identify
the right problems to deal with but their environmental management may be weak,
unclear, and unsystematic. On the other hand, an environmental manager may try
to be very methodic about his work but choose the wrong problems to work with.
So despite the best intentions of upper management, the environmental performance
of a company may not improve. What is the solution?

Some companies started to develop environmental management systems
in the 1980s and into the 1990s. An environmental management system is the
way that an organization, often a company, organizes its environmental work
and the relations between management, the day-to-day operations of the
company and its environmental problems. Such an organization of
environmental management will require that work is systematic, subject to
improvement, clearly documented, specific tasks and responsibilities are placed
on particular occupations and positions in the company –  not on particular
people – and that management periodically reviews its environmental work to
identify weaknesses, strengths, opportunities for improvement.

Thus an environmental management system can be seen as composed of a
number of steps (Figure 24.15), all subject to some form of continuous improvement.

Standards for environmental management
As the number of companies developing and then using environmental
management systems (EMS) grew, the idea of creating a standard for
environmental management grew. Additionally within the European Union,
policy-makers saw the need to create a standard for environmental management
and environmental reviews. Two parallel efforts began. Several national
standards organizations and ISO, the International Organization for
Standardization started work on a standard for EMS that would eventually result

Figure 24.15. Schematic description of an environ-
mental management system.
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in ISO 14001. The EU Commission proposed an Eco-Management and Audit
Scheme (EMAS) which became an EU regulation.

Since both the ISO 14001 standard and the EMAS regulation had similarities
and differences there was concern that companies would have to create two
parallel systems: one to be certified according to ISO 14001 and the other
that would be registered according to EMAS. In the latter 1990s steps were
taken to resolve these differences. ISO 14001 was acknowledged as a way
towards EMAS registration. The EMAS regulation was revised and
expanded in the form of “EMAS II” where certain sections were rewritten
to better fit with ISO 14001. Today the principle differences between EMAS
and ISO 14001 are that public disclosure in the form of environmental
reporting is compulsory in EMAS and the annexes are largely binding
whereas in ISO 14001 the appendices are just advisory. Therefore in the
text below while ISO 14001 is described in some detail, much of what is
covered is just as valid for the EMAS regulation, even if the exact wording of
terminology and definitions varies.

An initial environmental review examines the environmental impacts from
a company’s operations and attempts to determine the causes of these impacts.
The underlying reasons why the impacts occur may be covered in this review
as well as previous efforts to deal with these problems. The review should not
be confused with an audit since an audit compares a particular situation with a
given set of fixed parameters. A review is much more open-ended, however
the review should also include a check of how well the company is in
compliance with environmental legislation.

The review may suggest measures to deal with some of the environmental
impacts. The company may often choose to write an environmental policy based
on the key findings in the review. Typically an environmental policy document is
a synopsis of the present situation followed by a statement of intent. Thus an
environmental policy lets the reader know what the company is doing, what its
more serious environmental problems are, in a general way what it intends to do
about its problems, and how this will be done. The environmental policy should be
adopted by the board of the company or signed by the managing director.

In ISO 14001, an environmental aspect is something occurring within or in
conjunction with a company’s activities. The environmental aspect then causes,
directly or indirectly, an environmental impact. Each aspect can give rise to more
than one impact or several aspects may cause a similar impact. Note that this term
environmental aspect can be seen as being what many would call an environmental
problem. However, the authors of the standard chose the non-normative term

Figure 24.16. Improving the products. Environmental
management in the building sector achieves repeatedly
remarkable results. Two or three story multi-apartment
buildings constructed mostly in wood as opposed to
concrete, here built outside the Swedish city of
Norrköping, decrease handling of heavy material and
reduce the impact from transportation. (Photo: Holger
Staffansson, Skanska.)
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“aspect” since the cause of an environmental impact can be problematic for some
people and organizations but is not “problematic” for the environment.

While a company’s operations may lead to hundreds of environmental
impacts, it would not be efficient or realistic for a company to seek to reduce or
eliminate all of these impacts at the same time. In some cases changes in one
environmental aspect can lead to improvements in several environmental impacts
at the same time. Additionally, certain environmental impacts are more serious
and urgent whereas others, by comparison, are almost trivial.

It becomes necessary for the company in question to determine which
environmental impacts are more important or serious. This must be done in a
systematic fashion according to the company’s perceptions of the problems,
generally accepted scientific knowledge and, furthermore, based on the opinions
of the various stakeholders. What is meant by stakeholders will vary depending
on the specific environmental impact but generally stakeholders can be
customers, suppliers, employees, the immediate surroundings (neighbors, etc.)
and interest organizations and of course the environmental authorities. Thus we
see that in determining which impacts to prioritize not only must the company
consider its own costs and benefits but also the positions of its stakeholders.

Once the environmental impacts are ranked according to their importance,
goals and targets are to be set. These goals must be measurable and easy to
communicate. To be able to track whether a goal has been reached, part of an EMS
may involve the establishment and maintenance of one or more performance
indicators (recall the discussion about performance indicators above). More
significant environmental impacts must be prioritized in the goals and targets.

Implementing environmental programs
Following the establishment of the overall environmental goals, a series of
environmental programs may be adopted where the plan of action is described.
Such environmental programs have more operational goals, delegations of
responsibility, allocation of resources and so forth. With the adoption of the
programs, practical environmental work can commence. As this work draws to a
close, the results of this work must be documented to determine if the goals have

Figure 24.17. Material flows diagram of Lund Uni-
versity in Sweden. While environmental reviews were
originally carried out for industry, in recent years other
kinds of organizations have conducted such reviews,
including universities. Many might consider
universities to be rather environmentally benign
organizations. But as we can see in the diagram from
the environmental review of one of the larger Scandi-
navian universities, considerable flows of resources
are associated with universities and many hazardous
substances were part of the output of universities, at
least during the mid 1990s.
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been achieved as anticipated. Without this documentation it would be impossible
to determine success or failure. Furthermore, this documentation is necessary if
the organization wants to learn how to better manage its environmental matters.

This documentation leads to a report. The readers of the report can be workers
or managers. Senior management then must review the report in comparison
with the environmental policy, the stated goals, and the outline of the
environmental programs. Additionally, management must review the workings
of the EMS. While the EMS may lead to a reduction of emissions, the
management review of the EMS examines how well the EMS is functioning: to
identify problems, suggest and implement solutions, track progress, etc.

Based on management’s f indings a new cycle of goals, programs,
implementation and reviews is undertaken. After several years management
may determine that the successful operation of the environmental management
system has improved environmental performance so well that the original
environmental policy appears outdated. This may lead to the formulation and
adoption of a new environmental policy.

However, it is not just the changes in environmental aspects leading to
reduced environmental impacts that are the subject of an EMS. Equally important
is internal training of staff, environmental education of personnel, environmental
reporting to stakeholders and expansion of environmental work to cover more
and more of the organization. As the organization completes one cycle of the
EMS after another, the organization should learn how to better deal with its
environmental aspects and how to learn more efficiently from this.

Once an organization has an EMS in place and operational, management
may decide to seek to certify its EMS according to ISO 14001 or register it
according to the EMAS regulation. To do this requires particular attention to
documentation since the external body which examines the EMS uses these
materials to determine compliance with the specific EMS standard. Frequently
the organization seeking certification/registration finds a number of faults and
deficiencies during an initial audit of the EMS. Once the EMS is deemed suitable
it is then certified and a system for periodic review of the EMS is established.

Environmental management – an overviewEnvironmental management – an overviewEnvironmental management – an overviewEnvironmental management – an overviewEnvironmental management – an overview

Management areaManagement areaManagement areaManagement areaManagement area Management ofManagement ofManagement ofManagement ofManagement of MethodsMethodsMethodsMethodsMethods Responsible actor/systemResponsible actor/systemResponsible actor/systemResponsible actor/systemResponsible actor/system Reference in bookReference in bookReference in bookReference in bookReference in book

ForestryForestryForestryForestryForestry Landscape Protection of land EU Natura 2000, Chapter 7, p. 212
Biodiversity Protection of species National programmes Chapter 8, p. 244
Forests products Certification of forestry Interest organizations Chapter 24, p. 766

AgricultureAgricultureAgricultureAgricultureAgriculture Landscape Protection of land EU Natura 2000 Chapter 7, p. 212
Biodiversity Traditional agriculture Chapter 7, p. 206
Nutrient flows Ecological agriculture Green labeling organsations Chapter 9, p. 287

FisheryFisheryFisheryFisheryFishery Fish stocks Limiting fish quotas Protecting fish stocks Chapter 6, p. 171

IndustryIndustryIndustryIndustryIndustry Production processes Cleaner production, Certification ISO system, EU EMAS system Chapter 24, p. 772
Chemicals in society Risk assessment EU directives Chapter 13, p. 411

AirAirAirAirAir Air quality Monitoring, modelling, Critical loads approach Int organisations, EMEP Chapter 11, p. 347
Local air quality Emissons control and pollution prevention Municipalities and counties Chapter 16, p. 492

WaterWaterWaterWaterWater Water quality Monitoring, wastewater treatement Municipalities and counties Chapter 17, p. 514

Soil and solid wasteSoil and solid wasteSoil and solid wasteSoil and solid wasteSoil and solid waste Soil quality Chapter 18, p. 537
Waste and materials flows Recycling Municipalities and counties Chapter 18, p. 556

Table 24.4. Environmental management overview. Throughout the
book there are descriptions of how to approach a proper management of
nature and natural resources. The most important are the following:
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The organization which has been awarded an ISO 14001 certificate or is
registered according to EMAS must continue to work on improving its
environmental management system and its environmental performance. If
improvement stagnates, the reviewer will note this. While minor deviations
from the EMS standard are tolerated if they can be quickly remedied, more
substantial problems could lead to the withdrawal of certification. This is
something that most companies that have been certified have sought to avoid,
thus far, for fear of very negative publicity.

The future
It is difficult to predict the development of existing or new environmental
management tools. However, there are certain trends that are more or less clear
and there are some unanswered questions. There is clearly a trend among many
larger companies to integrate their EMS with management systems that deal with
worker’s health and safety, risk reduction and quality.  Such integrated management
systems are often considered the way of the future. At the same time it is discouraging
that so many smaller companies do not seem to be able or willing to reduce their
environmental impacts, at least that is what has been seen in the Swedish study.

As the number of companies with EMS that meet ISO 14001 or EMAS
requirements continues to increase, greater and greater numbers of companies
will be under more scrutiny by the external auditors with regard to the actual
environmental performance. Doubtlessly, some companies have established
goals for their EMS that have been relatively easy to achieve. As these goals
have been reached and more difficult tasks lie ahead, perhaps questions not so
much about how the goods are produced but whether certain goods should be
produced at all will have to be asked. In this context it is unclear about the
reactions of the companies and the external auditors that check for continuous
improvement of environmental performance.

REVIEW QUESTIONS

1. Mention at least three environmental management tools that are used respectively  by a) a county or
municipality, b) a company in production and c) a consumer.

2. Describe the development of the environmental impact assessment, EIA, procedure to make it the complete
tool it is today.

3. Which are the steps involved in an environmental impact assessment EIA ?

4. Describe how industrialists changed from considering environmental problems as no longer something “out
there” but rather as “us”, that is to be dealt with inside the factory.

5. Describe how a “waste audit” is conducted including common opportunities to reduce waste.

6. Make a drawing of an industrial ecological complex, so called industrial symbiosis, and indicate what are the
advantages for each company in the complex.

7. Which are the most common eco-labelling schemes in Europe? Which eco-labels do you find in the shops
where you live?

8. Describe in brief and in principal how to conduct a life cycle assessment, LCA.

9. Which are the differences between an ISO 14001, and an EMAS management scheme and certification?
Describe in brief and in principle how such a scheme is implemented in a factory.

10. Which type of companies or organizations can implement an environmental management scheme? Do you
know any organization or company where you live which is certified according to one or the other system?
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blacklisted
substances not allowed in products

cleaner production strategy
to reduce environmental impacts through changes in process design

Design for Disassembly
designing a product to reduce the impacts from the waste part of its life

Design for the Environment (DfE)
also called eco-design, designing a product to minimize the environmental
impacts from its entire life-cycle and/or make it easier to recycle

eco-design
the same as Design for the Environment

eco-label
labels that let the customer know that the product is a good environmental
choice, as evaluated according to one or several given criteria

Eco-Management and Audit Scheme, EMAS
environmental management standard developed by the EU Commission, now
an EU regulation; EMAS differs from ISO 14001 in  that public disclosure in
the form of environmental reporting is compulsary

Environmental Impact Assessment, EIA
tool used in infrastructure planning and design to assess the environmental
impacts of a proposal, for instance the location of an airport, to identify options
to reduce such impacts

environmental management certification
certification by specific authorizing agencies that a company or organization
has an EMS which meets the EMAS regulation or the ISO 14001 management
standard

environmental management system, EMS
the way in which an organization, often a company, organizes its
environmental work and the relations between management, the day-to-day
operations and its environmental problems; the EMS requires that work is
systematic, subject to improvement, clearly documented, specific tasks and
responsibilities are placed on particular occupations and positions in the
company – not on particular people – and that management periodically
reviews its environmental work to identify weaknesses, strengths, and
opportunities for improvement

environmental monitoring
measurement of an environmental parameter either as a geographical
distribution or, especially for point sources, as a time series to judge
environmental quality

green label
the same as eco-label

greylisted
substances that the designer can use, but only if there is no other alternative

industrial ecology
(as used in this chapter) the same as industrial symbiosis

industrial symbiosis
when several industrial firms located in close proximity to one another co-
operate in such a way that one company’s waste (excess heat or steam,
chemical waste, inert solids, etc.) serves as input into another company’s
production process; also called industrial ecology

ISO 14001 standard
environmental management standard developed by the International
Organization for Standardization, ISO

ISO 14042
ISO standard for LCA in which the final aggregation of impact data into one
index is not required, and thus the LCA is complete after the classification
and characterization steps

life-cycle assessment, LCA
assessment in which the entire environmental impact of a product, from the
extraction of raw materials to its wasting, is estimated; to make an LCA is
often a complex and time-consuming work

life-cycle inventory, LCI
the initial stages of an LCA including the determination of the functional
unit, the system boundies, in which the life-cycle is broken down in steps
and sub-processes, and data on the resource use of each of these are collected

management tool
procedure to decide which solution is the best for addressing a specified
environmental problem

no development option
option added to an Environmental Impact Assessment in addition to the
proposed development  projects or constructions, in case no alternative would
be environmentally acceptable

performance indicator
a relationship describing environmental performance, for instance emissions
per unit of production

pollution prevention
procedures to reduce pollution by  changing production technology oor
management of a process

waste audit
more correctly called “waste minimization opportunity assessment” is a
process in which the wastes from a production process are surveyed, often as
part of the total energy and material flows, and measures for reducing them
are proposed
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