
ANNEX 2

REVIEW OF CLEANER PRODUCTION



1.1. Definition of Cleaner Production

The OECD defines cleaner technology as:

“Technologies that extract and use natural resources as efficiently as possible in all stages of
their lives; that generate products with reduced or no potentially harmful components; that
minimise releases to air, water and soil during fabrication and use of the product; and that
produce durable products which can be recovered or recycled as far as possible; output is
achieved with as little energy input as is possible”.

It is perhaps more useful to define cleaner technology in terms of how it differs from the
traditional end-of-pipe approach to pollution control.  The European Commission describes
this difference thus:

“End-of-pipe solutions do not usually result in efficiency or productivity gains, therefore
representing a pure cost to the firms.  Cleaner technology on the other hand, improves
process efficiency. Furthermore, cleaner technology usually reduces polluting emissions to
all media instead of shunting them from one to the other”.

One factor in defining cleaner production is therefore the reduction in production costs that
results from improved process efficiencies.  In terms of investment the key difference is that
investment in end-of-pipe technologies is nearly always additional investment, whereas
investment in cleaner production is usually, at least partly, in replacing existing systems or
equipment.  This has obvious implications for employment.

A useful definition of cleaner production needs to take account of the distinction between
technologies and processes.  For example, a process may be made “cleaner” without
necessarily replacing process equipment with “cleaner” components - by changing the way a
process is operated, by implementing improved housekeeping or by replacing a feedstock
with a “cleaner” one.  Cleaner production may or may not, therefore, entail the use of cleaner
technologies.  Investment in cleaner production via the implementation of clean technologies
is clearly easier to identify than investment in cleaner production by any other means.
Whatever the method employed to make production cleaner, the result is to reduce the
amount of pollutants and waste generated and reduce the amounts of non-renewable or
harmful inputs used.

It is also important to distinguish between cleaner production and improvements in process
efficiency that are not made solely for environmental reasons.  This raises two key questions
in seeking to analyse trends in investment in cleaner production:

•  Once cleaner production becomes the norm in an industry or process, what is it cleaner
than? (the definition must be flexible to reflect such developments)

•  Most improvements in technologies and processes bring environmental benefits - but are
these all to be defined as cleaner technologies?



Cleaner or “green” products may be defined as any goods or equipment that must be
manufactured in accordance with environmental legislation.  However, there are difficulties
in calculating the levels of investment by industry in cleaner product manufacture.  One
major issue is specifying a relevant baseline date for calculating environmental improvement
and hence environmental expenditure.  It could also be argued that statutory requirements for
cleaner products simply alter the basic market condition for all producers and hence the
resulting investments and operational costs incurred might be regarded as for commercial,
rather than environmental, purposes.

1.2. Information currently available

In general, data is only available for total capital expenditure.  Only a few countries can
provide a breakdown of cleaner technologies versus end-of-pipe, including Sweden and
Finland (see Tables below) and the UK.  France states that 23% of industrial capital
expenditure is on cleaner technology, but the data we have obtained does not split data out by
sector.  The figure below, adapted from a Statistics Sweden source, shows these proportions
for 1997 across several EU member states.

Table 1 : Environmental protection Expenditure in Swedish Industry 1997, per
Variable and Environmental Domain. (million sek)

Process-
external

(End-of-Pipe)
Investment

% Process-
integrated
(Cleaner)

Investment

% Current
Expenditure

%

Air 1,112 56 1,836 74 511 13
Wastewater 492 25 349 14 1,094 27
Waste 156 8 92 4 865 22
Other 225* 11 195 8 1,513 38
of which: R&D 409 10
General
administration

648 16

Total 1,985 100 2,472 100 3,982 100
Source: Miljöskyddskostnader i industrin 1997 (EPE in industry 1997), Statistics Sweden, March 2000
Note (*) Dominated by remediation & clean up, followed by some expenditure on noise & vibration.



Table 2 : Environmental Protection Expenditure in Finnish Manufacturing Industry
1998, per Variable and Environmental domain. (Million FIM)

Process-
external

(End-of-Pipe)
Investment

% Process-
integrated
(Cleaner)

Investment

% Current
Expenditure

%

Air 248 35 150 36 329 16
Wastewater 198 28 253 61 833 40
Waste 143 20 12 3 531 26
Other(1) 111(2) 16 - 365 18
Total 700 415 2,058
Source: Personal communication with Merja Saarnilehto, Statistics Finland, June 2001
1. Dominated by remediation & clean up, noise & vibration, and monitoring analysis &assessment
2. No breakdown between End-of-pipe and cleaner technology specified

Rounding may not produce 100%.

The percentage of cleaner technology investments across industry has been shown to differ
substantially in the EU (see Figure below).
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The investments in individual countries are influenced by a range of factors, including:

•  The sectoral composition of industry, affecting the scope for investment.
•  The different regulatory measures in force, particularly with regard to emphasis on end-

of-pipe versus cleaner production.
•  Age of process plant.
•  Variations in definitions between countries.
•  Availability of technologies.

1.3. Results of recent studies on clean production

A number of studies have been carried out to analyse the nature of investments in cleaner
production in the EU.  Notable amongst these are:

1. “Cleaner production: Opportunities for a sustainable economy”, TNO-STB, 2001, for
IPTS.

2. “Environment and Employment: sustainability strategies and their impact on
employment”, Institut für Wirtschaft und Umwelt der Arbeiterkammer Wien (AK Wien),
2000, for the European Commission DG Employment and Social Affairs.

3. “Success factors and processes leading to sustainable design”, ECOTEC, 2000, for the
European Foundation for the Improvement of Living and Working Conditions.

1.3.1. The TNO/IPTS study

An absence of information on cleaner production (housekeeping and changes to inputs)
meant that the researchers had to focus on clean technologies (a difficulty alluded to in
Section 1.1 above).  This is a significant issue, given the importance of “non-technology”-
related cleaner production solutions.  To distinguish investments made in cleaner
technologies from “normal” investments, the following very useful criteria were developed:

•  Changes in the production process deliver improvements in process efficiency.
•  Environmental impacts and polluting emissions to all media are reduced.
•  Additional investments are made and operational costs are reduced, increasing payback

periods compared to the average.
•  There is an environmental incentive to invest.

Two methods were used to estimate market sizes:

1. Measuring the additional costs of cleaner technology (CT) using national estimates of
expenditure on environmental goods and services and Gross Domestic Product (GDP),
assuming that environmental impacts are proportional to economic activities.
Calculations were made using the following multipliers:



•  Capex on CT is an average 31% of total industry capex on environmental goods and
services.

•  The size of the CT market is 7.71 times capex on CT.
•  Capex on CT is an average of 0.049% of GDP.

2. Measuring R&D effort, innovation and engineering development.

Other assumptions employed were that most public investments are for end-of-pipe
technologies and that for private investments manufacturing accounts for the majority of
investments in cleaner technology.  In the second approach it was assumed that expenditure
on industrial R&D in the field of clean technology is on average 2% of turnover in the
production of cleaner technology products and systems.  A ration of public to private R&D
funding of 1:1.5 was used.  This approach was considered less reliable than the first.  To
calculate the number of jobs created, a ratio of 8.94 jobs per million EURO invested was
assumed2.

The study presents the following results:

•  The total of additional investments in cleaner technology in the EU is estimated at 2.5
billion EURO with a total market size of 20 billion EURO.  The researchers point out that
these figures should be considered as only an indication of the order of magnitude of the
market.

•  A total of 25,000 additional jobs are a direct result of investments in cleaner technology.
•  The additional investments in cleaner technology estimated represent between 1 and 1.5%

of the total size of the EU environmental goods and services market of 100 billion EURO.
•  The EU accounts for about one third of the global market for cleaner technology.
•  The market for cleaner technologies in Accession Countries is about 10% of the size of

the EU market.
•  The chemical industry is the largest investor in cleaner technology, accounting for 30% of

the total.

1.3.2. The AK Wien study

This study examined the socio-economic impacts of integrated process (IP) (or clean
technology) in companies.  Based on a survey of 400 companies in five EU countries, the
study found that reasons for installing IP technologies were varied - ranging from the
“ecological” ethic within the company (no 1) and cost savings (no 2), to eco-taxes, supply
chain pressures or simply renewal of capital equipment.  IP investments are made across a
variety of domains including WM, APC and energy, and include investments due to the
implementation of Environmental Management Systems (EMS).

                                                
1 Based on expert opinion that firms are willing to invest an additional 10-20% on CT compared to average
practice.
2 Eurostat, 1997.  An estimate of Eco-industries in the European Union 1994.



The study concluded that uptake of IP is both an ecological and economic success for firms.
It does not reduce jobs - in fact it raises staff qualifications and can significantly improve
working conditions.

The study concludes that IP uptake will result in more eco-consultancy work, to advise on
pre-installation and design of IP systems.  This is likely to lead to an increase in higher
skilled jobs (e.g. in consultancy, engineering design, etc).  However, suppliers of
intermediates (i.e. resources) such as chemicals, filters etc. will decline, as end-of-pipe
technologies decline.  The amounts of effluent and waste produced will reduce as IP systems
are taken up more widely, leading to a reduction in jobs in these sectors, which employ the
largest numbers of people, but which also have the lowest skill base.  The study does note,
however, that this reduction in employment may be offset by increases in household incomes
(resulting from lower prices) or by higher expenditure by businesses (due to higher profits).

Other conclusions of note from this study include:

•  Demand for new IP systems will lead to the formation of new companies to manufacture
the new technologies required.

•  Companies supplying EOP equipment will need to innovate or risk a decline and
ultimately a collapse in their markets as older technologies are phased out.

•  The waste industry is significantly expanding facilities across EU.
•  The water industry is becoming increasingly automated.  Job losses are already taking

place as companies merge and operations are made more efficient.
•  SMEs still face problems in recognising and acting on the benefits of IP.

1.3.3. European Foundation for Living and Working Conditions study

This study suggests that, although a small proportion of the larger EU companies are making
good progress towards more sustainable modes of operation, the vast majority of companies
have done very little in terms of voluntary action, while many SMEs even fall below
regulatory thresholds.

Survey work suggested that small and micro SMEs spend a disproportionately small amount
on environmental expenditure relative to their turnover and it might reasonably assumed that
most of this investment is in EOP as opposed to clean production.  The evidence shows that
activities such as clean production invariably improve competitiveness and profits.  There is
also no shortage of vocational education and training courses, support initiatives (particularly
for SMEs) and tools, with a very large number across the EU covering most of the key issues.
The study concludes that the answer to the lack of progress lies in the numerous and
sometimes complex barriers that exist in relation to company resources, competencies,
awareness, motivation, cultural attitudes and structure.  These are listed below:



Resources and Capabilities
•  lack of time/staff resources for investigation (e.g. pilots) and implementation
•  lack of financial resources (mainly capital) for investigation and implementation
•  lack of required technical skills and knowledge (competencies)
•  lack of ‘risk-assessment’ and investment appraisal competencies.

Awareness and Motivation
•  lack of awareness/understanding of the problems/issues themselves
•  lack of awareness of better processes/product designs and other potential improvements
•  lack of clear regulatory drivers and awareness of those drivers that exist
•  lack of clear economic incentives in some cases
•  lack of awareness of the true benefits (e.g. cost savings) of improvements
•  lack of awareness of competency/skill needs
•  lack of awareness of available tools and techniques
•  lack of awareness of support and its value.

Management Culture and Structures
•  lack of strategic and holistic thinking
•  lack of goals and targets
•  inadequate cost accounting systems
•  poor attitudes to investment and risk (e.g. economic short-termism)
•  inadequate internal company communication and functional integration
•  inadequate external communication, even with customers and suppliers
•  inflexible company culture and resistance to change
•  lack of leadership and management commitment
•  lack of employee involvement.
 
 The study notes that in many cases the barriers are those that prevent innovation in general
and it is important to note that stimulating and directing commercial innovation has to be
central in the drive for more sustainable manufacturing.  The study identifies a range of
approaches and measures that should be deployed to improve the uptake of sustainable
manufacturing (including clean technology), that combine pressurising, motivating and
supporting elements.

1.4. Issues to be addressed

In seeking to produce a reliable estimate of the amount of investment in, and jobs created as a
result of, the implementation of clean production in EU industry, there are a number of issues
that need to be addressed:

•  Definition of clean production is difficult - of the three aspects, technology, housekeeping
and changing inputs, the last two are particularly problematic to analyse.

•  Cleaner production is a dynamic concept and as its uptake in a particular industrial sector
becomes the norm, its definition will have to evolve accordingly.



•  Investments in cleaner production must be distinguished from investments in new
processes where environmental considerations are not the prime motivation.

•  Analysis of investment in clean production should only include the additional investment
made over and above that, which would have been made anyway (when a particular
process component is due for replacement for example).

•  Differences in the amount of investment in cleaner production between individual EU
countries are the result of a complex series of factors including the sectoral composition
of industry, regulatory measures, cultural attitudes, company structures and ethos and
stage of development of a particular industrial activity.

•  Certain industrial sectors lend themselves to the application of clean production - notably
chemicals and food, although over a period of several years investment within sectors can
vary significantly.  In other sectors, the scope for applying such innovations may be less.

•  In contrast to end-of-pipe technologies, which are by and large standard equipment,
cleaner technologies tend to be process-specific, or indeed proprietary, so analysis of their
uptake requires an in-depth knowledge of processes, something that only the investing
companies themselves may possess.

•  The timing of investments in cleaner technology presents a challenge to analysis of the
size of the market and employment created.  Factors here include the age of
manufacturing plant and process equipment and hence timing of the need for
replacements, and the concept of a theoretical maximum investment given that (apart
from economic growth) there may come a point where all processes are as “clean” as
technology allows.

•  The extent to which technological development will continue to produce ever-cleaner
technologies.  It appears likely that the potential for this is considerable, although
dependent to some extent on the effectiveness of European systems for innovation.



APPENDIX Key Statistics from the TNO/IPTS study

Figure A1 : Estimated Investment in Clean Technology in EU Countries

Country Capex (1998)
(MEUR)

Market size
(1998)

(MEUR)

Market size
incl. Energy

(1998)
(MEUR)

Additional
Employment
incl. Energy

(1998)
*Austria 114 875 963 1,123
Belgium 92 708 779 908
Denmark 62 477 525 612
*Finland 47 361 397 463
*France 183 1,402 1,542 1,798
*Germany 436 3,339 3,673 4,283
*UK 383 2,934 3,227 3,763
Greece 39 301 332 387
Ireland 29 220 242 283
Italy 509 3,903 4,293 5,006
Luxembourg 6 43 47 55
*Portugal 19 147 162 189
*Spain 287 2,200 2,420 2,822
Sweden 105 802 882 1,029
*Netherlands 227 1,739 1,913 2,230
Total EU 2,537 19,451 21,396 24,950

Notes:
1. *Denotes countries where CT investment as a % of GDP is available for particular years

prior to 1998, re-calculated for 1998.
2. Results for other countries calculated using the EU average for investment in CT as a

proportion of GDP (0.049%).
3. Energy includes energy efficiency and renewable energy technologies.
4. Estimated employment calculated using a ratio of 8.94 jobs per million EURO invested.



Figure A2 Investment in cleaner technology in industry in the Accession Countries

Country GDP Capex (MEURO) Capex incl.
Energy (MEURO

Czech Republic 81.9 85.9 94.5
Poland 178.5 53.6 59.0
Hungary 57 12.0 13.2
Estonia n/a
Latvia 5.0 1.5 1.7
Lithuania 8.8 4.4 4.8
Slovakia n/a
Romania n/a
Bulgaria n/a
Cyprus 8.0 4.4 4.8
Slovenia n/a

Figure A3 Estimated global investment in cleaner technology

Capex (MEURO) Capex incl.
Energy (MEURO)

Market size
(MEURO)

USA 3,000 3,300 24,750
Canada 250 275 2,100
Japan 1,100 1,210 9,100
Korea 250 275 2,100
EU 2,500 2,750 21,000
Total 7,100 7,810 59,050
SOURCE: OECD 1996




