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Foreword

The expansion of economic activity in recent decades has been accompanied by growing environmental concerns at the global scale. These include climate change, energy security and increasing resource scarcity. In response, manufacturing industries have recently shown greater interest in sustainable production (sustainable manufacturing) and in undertaking a number of corporate social responsibility (CSR) initiatives. Nevertheless, the incremental progress falls far short of meeting these pressing challenges and improvements in efficiency in some regions have in many cases been offset by increasing volumes of consumption and growth in other regions.

Climate change has become a top priority for OECD governments, and pressure is mounting for world leaders to come up with ambitious mediumto long-term commitments to drastically cut greenhouse gas (GHG) emissions. However, recent OECD analysis suggests that without new policy action, global GHG emissions are likely to increase by 70% by 2050. The political and economic challenges for OECD countries are daunting.

Fortunately, the recent economic crisis has been seen by many as a great opportunity for OECD countries to make the economy stronger and greener. In June 2009, the OECD Council Meeting at Ministerial Level adopted a Declaration on Green Growth. The declaration invited the OECD to develop a Green Growth Strategy to achieve economic recovery in the short term and environmentally and socially sustainable economic growth in the long run.

The OECD is also working towards the completion of the OECD Innovation Strategy, a comprehensive policy strategy to harness innovation for stronger and more sustainable growth and development, and to address the key societal challenges of the 21st century. Innovation will be a key factor in turning the vision of green growth into reality through the development and deployment of environmental technologies and smart solutions. Proactive policy interventions need to steer the course of innovation and encourage industry to take up sustainable practices as business opportunities. Today’s policies should aim to stimulate investments not only in promising technologies but also in green infrastructures that facilitate innovative solutions and address long-term societal challenges.

As a contribution to meeting these challenges, the OECD Project on Sustainable Manufacturing and Eco-innovation was launched in 2008 under the auspices of the Committee on Industry, Innovation and Entrepreneurship (CIIE), with the aim to accelerate sustainable production by manufacturing industries as a new opportunity for value creation. This entails spreading existing knowledge and providing industry with a means to benchmark their products and production processes. This project also seeks to promote the concept of eco-innovation and to stimulate both technological and systemic solutions to global environmental challenges.

This book presents the research and analysis carried out in the first phase of this project as a part of the OECD Innovation Strategy and the first contribution to the OECD Green Growth Strategy. The following aspects of sustainable manufacturing and eco-innovation were reviewed in order to help policy makers and industry practitioners understand the concepts and practices and to highlight existing gaps in understanding and areas in which further analysis and co-ordination are required:



	review the concepts of sustainable manufacturing and eco-innovation and build up a common framework for analysis (Chapter 1);

	analyse the diverse nature and processes of eco-innovation in manufacturing industries from existing examples (Chapter 2);

	benchmark existing sets of indicators that have been applied by industry for realising sustainable manufacturing (Chapter 3);

	analyse the strengths and weaknesses associated with existing methodologies for measuring eco-innovation at the macro level (Chapter 4);

	take stock of existing national strategies and policy initiatives for promoting eco-innovation in OECD countries (Chapter 5).


Chapter 6 draws together the findings from these research activities and identifies promising work areas for the next phases of the project.

The project has been undertaken by the OECD Directorate for Science, Technology and Industry, and managed by Tomoo Machiba under the supervision of Marcos Bonturi (currently, Office of the Secretary-General) and Dirk Pilat of the Structural Policy Division. The authors of each chapter are:



	Chapter 1: Tomoo Machiba and Karsten Olsen (currently, Amiiko, Denmark).

	Chapter 2: Tomoo Machiba and Karsten Olsen.

	Chapter 3: Kaoru Endo (currently, METI, Japan), Tomoo Machiba and Çağatay Telli (currently, Prime Ministry State Planning Organization, Turkey).

	Chapter 4: Anthony Arundel, René Kemp (both UNU-MERIT, the Netherlands) and Tomoo Machiba.

	Chapter 5: Fabienne Cerri, Laura Chia-Chen Liang, Tomoo Machiba, Lena Shipper (currently, University of Oxford, UK) and Çağatay Telli.

	Chapter 6: Tomoo Machiba.


Hirofumi Oima and Elodie Pierre provided support for the preparation of this publication.

The project has greatly benefited from industry and government insights gained through various opportunities for dialogue, including the International Conference on Sustainable Manufacturing in Rochester, New York (September 2008), two questionnaire surveys and a series of focus group meetings of industry experts. The project’s Advisory Expert Group (Chair: Dr. Nabil Nasr, Rochester Institute of Technology) provided useful comments and guidance in the drafting of this volume. The authors would like to thank all participants in those activities and colleagues for excellent support and advice.




This publication is a building block of the OECD Green Growth Strategy. Ministers from 34 countries, including both OECD and non-OECD members, asked us to develop a Green Growth Strategy when they met at the OECD Ministerial Council meeting in June 2009. The aim of the strategy is to provide clear recommendations for how countries can achieve economic growth and development while at the same time moving towards a low-carbon economy, reducing pollution, minimising waste and inefficient use of natural resources and main-taining biodiversity. This entails developing specific tools and policy recommendations across a range of relevant areas from investment and taxes to innovation, trade and employment.

The OECD Green Growth Strategy is prepared through a multi-disciplinary inter-governmental process and is based on the work of the 25 OECD Committees engaged in its development. It will be a funda-mental contribution from the OECD to support countries’ transition to greener growth in the coming years.

Further information on the Green Growth Strategy is available at: www.oecd.org/greengrowth.
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Acronyms and abbreviations





	ADEME
	Agence de l’Environnement et de la Maîtrise de l’Énergie (Environment and Energy Management Agency, France)


	AFV
	Alternatively fuelled vehicle


	BF
	Blast furnace


	BOF
	Basic oxygen furnace


	BSI
	British Standards Institution


	CAFE
	Corporate average fuel economy


	CCS
	Carbon capture and storage


	CFC
	Chlorofluorocarbon


	CIIE
	OECD Committee on Industry, Innovation and Entrepreneurship


	CIS
	Community Innovation Survey, European Union


	CO
	Carbon monoxide


	CO2
	Carbon dioxide


	CRT
	Cathode ray tube


	CSR
	Corporate social responsibility


	DCIE
	Data centre infrastructure efficiency


	DJSI
	Dow Jones Sustainability Indexes


	DOC
	Department of Commerce, United States


	DOE
	Department of Energy, United States


	EAF
	Electric arc furnace


	EC
	European Commission


	ECI
	Environmental condition indicator


	EMAS
	Eco-Management and Audit Scheme, European Union


	EMS
	Environmental management system


	EPA
	Environmental Protection Agency, United States


	EPE
	Environmental performance evaluation


	EPI
	Environmental performance indicator


	EPO
	European Patent Office


	ETAP
	Environmental Technologies Action Plan, European Union


	ETV
	Environmental technology verification


	EU
	European Union


	GDP
	Gross domestic product


	GHG
	Greenhouse gas


	GRI
	Global Reporting Initiative


	GSCM
	Green supply chain management


	ICT
	Information and communication technology


	IEA
	International Energy Agency


	IPPC
	Integrated pollution prevention and control


	ISO
	International Organization for Standardization


	IT
	Information technology


	KPI
	Key performance indicator


	KTN
	Knowledge Transfer Network, United Kingdom


	LCA
	Life cycle assessment


	LCD
	Liquid crystal display


	METI
	Ministry of Economy, Trade and Industry, Japan


	MFA
	Material flow analysis


	MFCA
	Material flow cost accounting


	MIPS
	Material input per service unit


	MOE
	Ministry of the Environment, Japan


	MPI
	Management performance indicator


	NCPC
	National Cleaner Production Centre


	NGO
	Non-governmental organisation


	NOx
	Nitrogen oxides


	OPI
	Operational performance indicator


	PACE
	Pollution abatement and control expenditures


	PATSTAT
	EPO/OECD Patent Statistical Database


	PC
	Personal computer


	PRTR
	Pollutant Release and Transfer Register


	PSS
	Product-service system


	R&D
	Research and development


	RTD
	Research and technological development


	SME
	Small and medium-sized enterprise


	SO2
	Sulphur dioxide


	SOx
	Sulphur oxides


	SRI
	Socially responsible investment


	UNCED
	United Nations Conference on Environment and Development


	UNECE
	United Nations Economic Commission for Europe


	UNEP
	United Nations Environment Programme


	UNIDO
	United Nations Industrial Development Organization


	UNU
	United Nations University


	UNU-
	Maastricht Economic and Social Research and Training Centre on


	MERIT
	Innovation and Technology, UNU and University of Maastricht, the Netherlands


	USPTO
	United States Patent and Trademark Office


	WBCSD
	World Business Council for Sustainable Development


	ZEW
	Zentrum für Europäische Wirtschaftsforschung (Centre for European Economic Research), Mannheim, Germany






Preface

As the world emerges from the worst financial and economic crisis in recent history, pressure is mounting on world leaders to commit to drastic cuts in greenhouse gas emissions and tackle climate change. Past crisis periods have often served as a springboard for change and the current crisis provides a great opportunity for the global economy to shift track. New policies and frameworks will be needed to restore sustainable economic growth, prevent environmental degradation and enhance quality of life. Innovation will be one of the keys to putting countries on a path to more sustainable, smarter and greener growth.

The OECD is currently finalising an Innovation Strategy for the 21st century, to foster economic growth and to tackle the major global challenges of our time, including climate change. This strategy is adapted to innovation today, which has increasingly becoming global and knowledge-based. Innovators now connect across the planet, through global value chains and networks, enabled by the growing role of the Internet. Governments need to understand these new trends and design their policies accordingly – next-generation innovation policies should take the full cycle of innovation into account and look beyond R&D. Such policies will need to foster the commercialisation of promising technologies and enable non-technological forms of innovation such as service development and organisational changes. When completed in 2010, the OECD Innovation Strategy will help governments devise policies that keep pace with these changes and promote productivity and growth in a sustainable way.

The Innovation Strategy will also feed into the OECD’s efforts to support countries in their drive for green growth. In June 2009, the OECD Council Meeting at Ministerial Level adopted a Declaration on Green Growth and endorsed a mandate for the OECD to develop a Green Growth Strategy. In the Declaration, Ministers from 34 countries jointly affirmed that they will “strengthen their effort to pursue green growth strategies as part of their responses to the current crisis and beyond, acknowledging that green and growth can go hand-in-hand.”

Innovation will help turn the vision of green growth into reality as it is the key to the development and deployment of environmental technologies and smart solutions. Eco-Innovation in Industry: Enabling Green Growth explores the crucial linkages between innovation and green growth. The study reviews current industry and policy practices to foster eco-innovation, and explores existing concepts and measurement methods. More importantly, it examines the policy interventions that will be needed to steer innovation towards sustainable development and encourage industry to take up sustainable practices. It finds that in many leading firms, improvements in sustainability and the bottom line can go together. In the coming years, the OECD will accelerate its efforts to help governments across the globe to identify policies that can achieve stronger, cleaner and fairer growth.
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Executive Summary

The evolution of sustainable manufacturing has been facilitated by multi-level eco-innovation


Manufacturing industries have the potential to become a driving force for realising a sustainable society by introducing efficient production practices and developing products and services that help reduce negative impacts. This will require them to adopt a more holistic business approach that places environmental and social aspects on an equal footing with economic concerns.

Their efforts to improve environmental performance have been shifting from “end-of-pipe” pollution control to a focus on product life cycles and integrated environmental strategies and management systems. Furthermore, efforts are increasingly made to create closed-loop, circular production systems in which discarded products are used as new resources for production.

Many companies and a few governments have started to use the term eco-innovation to describe the contributions of business to sustainable development while improving competitiveness. Eco-innovation can be generally defined as innovation that results in a reduction of environmental impact, no matter whether or not that effect is intended. Various eco-innovation activities can be analysed along three dimensions:



	targets (the focus areas of eco-innovation: products, processes, marketing methods, organisations and institutions);

	mechanisms (the ways in which changes are made in the targets: modification, redesign, alternatives and creation); and

	impacts (effects of eco-innovation on the environment).


Innovation plays a key role in moving manufacturing industries towards sustainable production, and the evolution of sustainable manufacturing initiatives has been facilitated by eco-innovation. As those initiatives advance, the process of their implementation becomes increasingly complex and industries need to adopt an approach that can integrate the various elements of eco-innovation to leverage the maximum environmental benefits. Such advanced, multi-level eco-innovation processes are often referred to as system innovation – innovation characterised by shifts in how society functions and how its needs are met.

Technological eco-innovations are often complemented by non-technological changes


To better represent the contexts and processes that lead to eco-innovation, some illustrative examples of eco-innovative solutions have been collected from three sectors: automotive and transport, iron and steel, and electronics. The examples were examined in light of the three dimensions of eco-innovation mentioned above.

Many eco-innovation initiatives in the automotive and transport industry have focused on improving the energy efficiency of vehicles while heightening their safety. The iron and steel industry has in recent years introduced a number of energy-saving modifications and has redesigned various production processes. While the electronics industry has mostly been concerned with the energy consumption of products, growing consumption of the products themselves has also led the industry’s effort to increasing recycling possibilities. Overall, technological advances tend to be the primary focus of current eco-innovation efforts. These are typically associated with products or processes as eco-innovation targets, and with modification or redesign as the principal mechanisms.

Nevertheless, a number of complementary non-technological changes have functioned as key drivers. Such changes have been either organisational or institutional in nature. They include the establishment of separate environmental divisions to monitor and improve overall environmental performance and help direct R&D efforts, and the establishment of inter-sectoral or multi-stakeholder collaborative research networks. Some industry players have even started exploring more systemic eco-innovation through the introduction of new business models and alternative modes of provision, such as bicycle-sharing schemes and product-service solutions in photocopying and data centre energy management.

The essence of eco-innovation cannot necessarily be adequately represented by a single set of target and mechanism characteristics. Instead, it seems best examined in terms of an array of characteristics ranging from modifications to creations across products, processes, organisations and institutions.

Existing indicators can be applied in combination to accelerate corporate sustainability efforts


Indicators help manufacturing companies define objectives and monitor progress towards sustainable production. Existing indicators for sustainable manufacturing are diverse in nature and have been developed on a voluntary basis or set as an industry standard or by legislation. To analyse their effectiveness for guiding companies’ sustainable manufacturing efforts, nine representative sets of indicators were reviewed (individual indicators, key performance indicators, composite indices, material flow analysis, environmental accounting, eco-efficiency indicators, life cycle assessment indicators, sustainability reporting indicators, and socially responsible investment indices) based on six benchmarking criteria (comparability, applicability for small and medium-sized enterprises, usefulness for management, effective improvement in operations, possibility of aggregation, and effectiveness for finding innovative solutions).

The benchmarking results show that there is no ideal single set of indicators which covers all of the aspects companies need to address to improve their production processes and products. Except for eco-efficiency indicators, each of the nine categories is mainly designed to help management decision making or to facilitate improvements in products or processes at the operational level. In reality, many companies are applying more than one set of indicators at different levels, often without relating them.

An appropriate combination of existing indicator sets could help give companies a more comprehensive picture of economic, environmental and social effects across the value chain and the product life cycle. The further development and standardisation of environmental valuation techniques could also help companies make more rational decisions on investments in sustainable manufacturing activities. New system-level indicators may also be needed to identify the wider impacts of introducing new products and production processes beyond a single product life cycle. Small and medium-sized enterprises (SMEs) and suppliers need to start by collecting data for a minimum set of individual indicators and then adopt more advanced indicators step by step.

Different data sources would help identify overall patterns of eco-innovation activities


Quantitative measurement of eco-innovation activities would help policy makers and industries grasp trends. It would also raise awareness of eco-innovation among stakeholders and make improvements achieved through eco-innovation more evident. To explore future opportunities for measurement, the strengths and weaknesses of existing methods of measuring eco-innovation at the macro level (i.e. sectoral, local and national) are analysed.

It is important to investigate the nature (how companies innovate), drivers, barriers and impacts of eco-innovation in order to capture the overall picture. These aspects can be captured by four categories of data: input measures (e.g. R&D expenditure); intermediate output measures (e.g. number of patents); direct output measures (e.g. number of new products); and indirect impact measures (e.g. changes in resource productivity). Relevant data can be obtained either by using generic data sources or by conducting specially designed surveys.

Each measurement approach has its strengths and weaknesses, and no single method or indicator can fully capture eco-innovation activities. Generic data sources can provide readily available information on certain aspects of the nature of eco-innovation, but it may narrow the scope and aspects of eco-innovation to be analysed. While surveys can enable researchers to obtain more detailed and focused information, they are costly to conduct and the number of respondents is likely to be limited. To identify overall patterns of eco-innovation, it is therefore important to apply different analytical methods, possibly combined, and examine information from various sources with an appropriate understanding of the context of the data considered.

Supply- and demand-side policies should be better aligned to facilitate eco-innovation


Governments in OECD countries have mainly used their environmental policies to promote sustainable manufacturing and eco-innovation, without necessarily building coherence or synergy with other policies. More recently, environmental concerns have started to be integrated in innovation policies. This trend needs to be supported to help achieve ambitious environmental and socio-economic goals simultaneously, as environmental and innovation policies can reinforce each other.

To gain insight into current government policies, existing national strategies and overarching initiatives were analysed based on responses to a questionnaire survey from ten OECD countries (Canada, Denmark, France, Germany, Greece, Japan, Sweden, Turkey, the United Kingdom and the United States). The survey found that an increasing number of countries now perceive environmental challenges not as a barrier to economic growth but as a new opportunity for increasing competitiveness. However, not all countries surveyed seem to have a specific strategy for eco-innovation; when they do, there is often little policy co-ordination among the various departments involved.

Initiatives and programmes that promote eco-innovation are diverse and include both supply-side and demand-side measures. Many supply-side initiatives involve the creation of networks, platforms or partnerships that engage different industry and non-industry stakeholders, in addition to conventional measures for funding research, education and technology demonstration. Demand-side measures such as green public procurement are receiving increasing attention, as governments acknowledge that insufficiently developed markets are often the key constraint for eco-innovation.

Current demand-side measures are often poorly aligned with existing supply-side measures and need a more focused approach to leveraging eco-innovation activities. A more comprehensive understanding of the interaction between supply and demand for eco-innovation will be a prerequisite for creating successful eco-innovation policy mixes.

More OECD work on indicators and case analysis would help advance global efforts


The above outcomes of research and analysis are drawn together into nine key findings (see Chapter 6). Identified together with the project’s advisory expert group, promising areas for the work of the OECD project on sustainable manufacturing and eco-innovation in the next phase (2009-10), and possibly beyond, include:



	Provide guidance on indicators for sustainable manufacturing: The OECD could bring clarity and consistency to existing indicator sets by developing a common terminology and understanding of the indicators and their use. It could also play a role in providing supportive measures for increasing the use of indicators by supply chain companies and SMEs.

	Identify promising policies for eco-innovation: Better evaluation of the implementation of various policy measures would be helpful to identify promising eco-innovation policies. The OECD can also facilitate the sharing of best policy practices among governments.

	Build a common vision for eco-innovation: The OECD could help fill the gap in understanding eco-innovations, especially those that are more integrated and systemic and have non-technological characteristics, by co-ordinating in-depth case studies. This could form the basis for developing a common vision of environmentally friendly social systems and roadmaps to achieve this goal.

	Develop a common definition and a scoreboard: With the substantial insights obtained, the OECD could consider the development of a common definition of eco-innovation and an “eco-innovation scoreboard” for benchmarking eco-innovation activities and public policies by combining different statistics and data.





Chapter 1

Framing Eco-innovation: The Concept and the Evolution of Sustainable Manufacturing

This chapter presents the notions of sustainable manufacturing and eco-innovation. It explores the relation between them in order to facilitate the analysis of manufacturing initiatives directed towards sustainable development. Every shift in such initiatives – from conventional pollution control and cleaner production to the development of new business models and eco-industrial parks – can be understood as facilitated by eco-innovation. The application of the eco-innovation concept offers a promising way to move industrial production in a more sustainable direction and respond to pressing global challenges such as climate change.



Introduction

The primary goals of a sustainable society concern the creation of material wealth and prosperity, the preservation of nature and the development of beneficial social conditions for all human beings. Interest in creating a sustainable society has been building among politicians, business leaders and the general public. This is particularly evident in the current debate on climate change and the level to which the issue has risen on the global political agenda, especially after the economic crisis which began in 2008.

Manufacturing industries account for a significant part of the world’s consumption of resources and generation of waste. Worldwide, the energy consumption of manufacturing industries grew by 61% from 1971 to 2004 and accounts for nearly a third of global energy usage. Manufacturing industries are also responsible for 36% of global carbon dioxide (CO2) emissions (IEA, 2007). However, these figures do not cover the extraction of raw materials and the use of manufactured products; if they did, the impact would be far greater. To date, manufacturing industries have taken various steps to reduce environmental and social impacts, largely owing to stricter regulations and growing pressure to take more responsibility for the impact of their operations. There is also a growing trend for companies to voluntarily improve their social and environmental performance for reasons relating to higher profitability, increased efficiency and greater competitiveness. As a result, industries are gradually moving from pollution control and treatment measures to more integrated and efficient solutions.

Nonetheless, the urgency of further action to avoid continuing environmental degradation is widely recognised. Improvements in resource and energy efficiency in some regions have often been offset by increasing consumption in others, and efficiency gains in some areas are outpaced by scale effects. The International Energy Agency (IEA) predicts that the global energy-related CO2 emissions will increase by 25% by 2030 even under the current best policy scenario (IEA, 2007). This emphasises the need to alter patterns of production and consumption so as not to put further pressure on the planet.

Hence, the pressure on manufacturing industries to reduce their environmental and social impacts is bound to increase further. At the same time, they can become a driving force for the creation of a sustainable society by designing and implementing integrated sustainable practices that allow them to eliminate or drastically reduce their environmental and social impacts. They can also develop products that contribute to better environmental performance in other sectors. This calls for a shift in the perception of industrial production from one in which manufacturing is understood as an independent process to one in which it is an integral part of a broader system (Maxwell et al., 2006). This in turns requires the adoption of a more holistic business approach that places environmental and social aspects on an equal footing with economic concerns.

This chapter introduces the concepts of sustainable manufacturing and eco-innovation and considers the possibility of considering the two concepts within a common analytical framework. The OECD hopes that this exercise will facilitate better understanding of current sustainability initiatives in industry and provide guidance on how to encourage future industry activities in this direction.

The following discussion first categorises different notions of sustainable production that have been promoted and applied in manufacturing industries over the last few decades. Second, it gives a conceptual overview of eco-innovation and indicates how this concept may help the manufacturing sector to improve its sustainable production initiatives. Finally, it explores the conceptual relations between sustainable manufacturing and eco-innovation as a means of analysing current initiatives from a broader perspective and spreading good practices in the sectors, especially among supply chain companies and small and medium-sized enterprises (SMEs). The chapter focuses on environmental aspects of sustainable development.




The rise of sustainable manufacturing

The idea of sustainable development emerged in the early 1980s in the wake of growing concerns over the environmental damage associated with economic growth (IUCN, 1980). Today it is typically associated with development that ensures environmental protection, economic wealth and social equity – known as the three pillars of sustainable development – such that the needs of present generations can be met without compromising the ability of future generations to meet theirs (WCED, 1987). The use of “sustainability” in specific areas such as production, manufacturing, innovation, etc., tend to rely on this definition, albeit within a more confined context.

There appears to be no generally accepted definition of sustainable manufacturing but the concept fits well within the broader notion of sustainable production. The concept of sustainable production emerged from the United Nations Conference on Environment and Development (UNCED) held in Rio de Janeiro in 1992 as a vital means of realising sustainable development (Veleva and Ellenbecker, 2001). The Lowell Center for Sustainable Production at the University of Massachusetts, Lowell, defines sustainable production as “the creation of goods and services using processes and systems that are: non-polluting, conserving of energy and natural resources, economically viable, safe and healthful for workers, communities, and consumers, and socially and creatively rewarding for all working people” (Nasr and Thurston, 2006). With specific reference to “production in manufacturing sectors”, this provides a good starting point for defining sustainable manufacturing and is used as a baseline here, although, as noted, this chapter mainly deals with the environmental aspects.1 This section describes sustainable manufacturing initiatives and how these have evolved over time.


The first step: pollution control and treatment

In the past, the environmental harm caused by industrial production was typically dealt with on the basis of “the solution to pollution is dilution”, that is, by dispersing pollution in less harmful or less apparent ways (UNEP and UNIDO, 2004). More recently, driven by stricter environmental regulations, industry has mostly dealt with environmental harm by attempting to control and reduce the amount of emissions and effluents discharged into the environment through various treatment measures.

Pollution control is characterised by the application of technological measures that act as non-essential parts of existing manufacturing processes at the final stage of these processes. They are often referred as “end-of-pipe” technologies or solutions (Figure 1.1). In general, the alleviation of environmental harm in this way stems from reducing or removing air, soil, and water contaminants that were already formed in the production process.


Figure 1.1. Pollution control and treatment
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Since pollution control does not restructure the existing production systems in any major way, the only benefit is better environmental performance. Manufacturing companies have traditionally perceived investment in such measures as a costly burden. They typically feel that industrial competitiveness suffers from the costs of environmental protection and clean-up and that environmental performance weighs on profitability and economic growth (Porter and van de Linde, 1995).

When dealing with environmental harm, curative solutions are still essential for most manufacturing industries and their potential impact is far from insignificant. Examples include biological and chemical components for the treatment of waste water, air filtration systems and acoustic enclosures for noise reduction. In the context of climate change, the latest carbon capture and storage (CCS) technologies are also highly relevant.




Working towards preventive solutions and cleaner production

In the effort to shift environmental management from conventional pollution control to a more proactive approach, the United Nations Environment Programme (UNEP) introduced a Cleaner Production Programme in 1989. The concept of cleaner production builds on the precautionary principle, a philosophy of “anticipate and prevent”, through an integrated environmental strategy. Since 1994, the UNEP has worked with the United Nations Industrial Development Organization (UNIDO) to set up national cleaner production centres (NCPCs) worldwide to spread the industrial application of this philosophy. By 2007, 37 NCPCs had been established.

The major factor distinguishing cleaner production from pollution control and treatment is the fact that the focus shifts towards earlier stages in the industrial process, i.e. the source of pollution. The shift towards cleaner production entails investigating all aspects of the production process and its organisational arrangements to identify areas in which environmental harm can be reduced or eliminated. These areas are often categorised as follows (Ashford, 1994)



	housekeeping, which refers to improvements in work practices and maintenance;

	process optimisation, which leads to the conservation of raw materials and energy;

	raw material substitution, which eliminates toxic materials by shifting to more environmentally sound resources;

	new technologies, which enable reductions in resource consumption, waste generation and emissions of pollutants;

	new product design, which aims to address and minimise environmental impacts.



The concept of cleaner production embraces the notion of efficient resource use while avoiding unnecessary generation of waste (Figure 1.2). Improvements in environmental performance based on lowering pollution at the source require changes to existing manufacturing processes, products/ services, and/or organisational structures and procedures. Even though the implementation of cleaner production stays within the manufacturing company, as is the case with pollution control, it leads to a more integrated environmental approach and is considered essential for moving towards eco-efficient production (see next section). The potential economic and environmental benefits of cleaner production are therefore often superior to those of end-of-pipe solutions.


Figure 1.2. Cleaner production
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The implementation of cleaner production initiatives also constitutes a larger and more challenging task. It may be hampered in particular by barriers within companies that arise from problems of organisational co-ordination as well as insufficient managerial support. Additional obstacles may arise from regulatory environments in which specific technology standards imposed by regulations favour end-of-pipe abatement measures rather than cleaner production (Frondel et al., 2007).

However, a recent survey of more than 4 000 manufacturing facilities in Canada, France, Germany, Hungary, Japan, Norway and the United States (Frondel et al., 2007) shows that more than 75% of respondents reported mainly investments in cleaner production technologies. The data also show that end-of-pipe technologies are typically introduced to comply with regulations, while the implementation of cleaner production technologies is driven by the potential for increasing manufacturing efficiency and reducing costs of operations. This was indicated by a positive correlation between corporate investments in end-of-pipe technologies and respondents’ assessment and perception of the stringency of regulatory measures and environmental policies; cost-saving motives and the responding companies’ use of specific environmental management tools (e.g. environmental policies, accounting, audits, etc.) were correlated with investments in cleaner production.




Managing the transition to eco-efficiency

With the shift from pollution control to pollution prevention, environmental considerations and the improvement of environmental performance in manufacturing industries are also increasingly regarded from the perspective of business interests rather than regulatory compliance. In many cases, companies have found that what is good for the environment is not necessarily bad for business. In fact, it may lead to a competitive edge because of better general management, optimisation of production processes, reductions in resource consumption, and the like (Box 1.1). “Going green” is progressively seen as a potentially profitable direction, and voluntary and pre-emptive sustainability initiatives have become increasingly common in recent years.


Box 1.1. Savings through better environmental performance

The Green Suppliers Network co-ordinated by the US Environmental Protection Agency (EPA) seeks to help SMEs in the manufacturing sectors through programmes that help companies to identify strategies for implementing cleaner production techniques. A review of the results of 60 programmes shows strong evidence of improved environmental performance as well as large savings for the companies. Experiences from European initiatives also show that a considerable number of SMEs are increasingly interested in implementing cleaner production to improve their economic and environmental performance.

Source: Green Suppliers Network, www.greensuppliers.gov;

Kurzinger (2004), “Capacity Building for Profitable...
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Note: The perspective of the natural environment is broader than for pollution control and
treatment (Figure 1.1) as the concept of cleaner production takes the whole production
process into account.
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