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Introduction: the innovative aspects of the project  

“What you don’t have, can’t leak” was the title of the lecture whereby Trevor Kletz, then head of the safety department of ICI, introduced the concept of inherent safety in 1978. Shortly thereafter variations like “what you don’t have, can’t explode” became popular slogans.

It is now generally recognized that in order to make significant advances in accident prevention, the focus of industrial firms must shift from assessing the risks of existing production and manufacturing systems to discovering technological alternatives, i.e. from the identification of problems to the identification of solutions.  
Inherent Safety is increasingly recognised as an excellent concept for designing chemical plants. It is however, often regarded as for engineers only. In this research, we have explored ways to overcome the gap between inherent safety and safety management. 

We feel the inherent safety concept can also be used in existing facilities, and the use of the concept is still too limited, because it is seen as only an engineering function and because of both conceptual and institutional barriers for the adoption of Inherently Safer Technologies.  Inspired by the successful development and dissemination of Cleaner Production or Pollution Prevention we undertook a feasibility study for a similar development towards Inherently Safer Production.

It is important to realise that Inherently Safer Production departs from a new paradigm of safety management. The usual approach is (1) to identify hazards of the existing situation, (2) to assess the associated risks, and (3) to control these risks at an acceptable low level. Contrastingly, the Inherently Safer Production approach is (1) identification of hazards and risks, (2) a search for and evaluation of alternative technological options and (3) elimination or reduction of hazards by implementing inherently safer technological options. In both approaches of safety management, organisational and human aspects are just as important as technological factors. The Inherently Safer Production approach is, however, more future oriented and deals more proactively with technological options, while traditional safety management tends to focus on control of the given technology. 

Main elements in the approach tested are: encouraging the industrial firm to perform (1) an inherent safety opportunity audit (ISOA) to identify where inherently safer technology is needed, and (2) a technology options analysis (TOA) and to identify specific inherently safer options will advance the adoption of primary prevention strategies that will alter production systems so that there are less inherent safety risks.  With this in mind, we developed and explored the feasibility of a structured approach. The approach was intended to be at the cutting edge of improvements in industrial safety along several dimensions (see Table 1).

	Table 1:  Innovative dimensions of the approach tested

	Current approaches to safety
	An Inherently Safer Production approach 



	Focus on assessing risk and then reducing or controlling them (problem focused)
	Focus on assessing hazards and then trying to find alternative technological options to eliminate the hazards (solution focused)

	Focus in pollution prevention on planned environmental impacts
	Focus on (unforeseen) sudden and accidental releases

	Focus on secondary prevention
	Focus on primary prevention, integrated in the business processes

	Application of inherent safety in the design stage of plants or installations
	Application of inherent safety also in existing plants or installations

	Inherent safety is an issue predominantly for engineers
	Inherently safer production is a concept that is useful to both managers and engineers 

	Focus on technological and or economical feasibility
	Focus on feasibility, taking into account the firm’s willingness, the technological and economic opportunity, and the firms’  capabilities to implement the options identified 


Another innovative dimension of the research design concerned the transdisciplinary character of the research and the integration of elements that would facilitate the dissemination of (positive) results after the completion of the project. 

	Table 2:  Innovative dimensions of our scientific methodology 

	Current scientific approaches 


	Innovative dimensions used in this research  

	Research carried out by specialists in the respective fields, leading to disciplinary or multi-disciplinary approaches
	Research carried out by experts in several fields (the two leading experts jointly held degrees in chemistry (2x), economics, law and social science) allowing for transdisciplinary research 

	Development of methodology and approach is separated from possible transfer of results at a later stage.
	Creating co-operation with firms was part of the methodology. Their experience with the approach might (in case of positive results) generate some enthusiasm. In this way the firms can facilitate further dissemination of the approach 

(the research design included the generation of stimuli for transfer and dissemination of the results – in case of positive findings)


The aspects listed above were integrated into the initial research design and strongly  influenced the actual deliverables.  We give therefore, now an concise overview of the research design and the deliverables generated. 

The project’s actual outcome ( in terms of technical achievements)

· A description of the audit-process in each pilot firm, a description of the options assessed, and description of results from the feasibility study.

· The implementation of inherently safer technologies, experience with the implementation process in four pilot cases

· A full description of the Methodology used, the Technological Options Assessed, the results of the feasibility studies, the evaluation of the intervention processes in this project, the improvements realised, the lessons learned, recommendations for future activities and EU Policy regarding Inherent Safety.

· Scientific publications on the outcomes of the project.

· A set of popular scientific publications

The project’s results in a broader perspective:

· The method to promote and implement Inherently Safer Production has now shown to be feasible. A first set of companies and plants that have positive experiences with the application inherent safety in existing firms has now become available.

· The methodology developed and tested did not only generate technological options, but also influenced  – and to a certain degree- the willingness and capabilities of the firms, needed for the implementation. Factors that have a positive or negative impact are identified. 

· These factors can be purposely integrated in the methodology, in order to make the methodology even more successful in future projects. 

· The adapted method could form the basis for other projects in European Industry to make a change from secondary (environmental and occupational) safety to inherent safety. The Inherently Safer Production (with a  focus on the primary prevention of unforeseen, sudden and accidental releases) approach is a natural complement to the existing approaches for pollution prevention/ cleaner production (with a focus on pollution prevention as part of planned (and expected) production processes.

Potential offered for further dissemination and use:

· We feel the methodology represents a major break-through for integrating primary prevention in the areas of environmental protection and health & safety.

· It is potentially of great interest both to Process Industries, and national or European policy bodies in these areas.  So far the concept of Inherent Safety seemed only relevant for engineers working on the design of plants. This study shows for the first time, that it is feasible to systematically improve the inherent safety of existing installations, and that it can be managed in an economically attractive way.

· This is most relevant for the Post Seveso II Directive, and for sustainability or technology policies that aim not only to reduce planned environmental impacts, but also all kinds of sudden and accidental releases.  
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Executive Summary 

The Concept of Inherent Safety
An important consideration, which has received relatively little attention among firms and government, is the sudden and accidental releases of chemicals that affect both workers and communities.  This contrasts with the greater willingness to address the problems from "gradual pollution” of the environment stemming from expected by-products and waste of industrial, agricultural, transportation and extraction activities.

Inherent safety is an approach to chemical accident prevention that differs fundamentally from secondary accident prevention and accident mitigation.  Sometimes also referred to as “primary prevention,” inherent safety relies on the development and deployment of technologies that prevent the possibility of a chemical accident.  By comparison, “secondary prevention” reduces the probability of a chemical accident, and “mitigation” and emergency responses seek to reduce the seriousness of injuries, property damage, and environmental damage resulting from chemical accidents.

Secondary prevention and mitigation, by themselves, are unable to eliminate the risk of serious or catastrophic chemical accidents, although improved process safety management can reduce their probability and severity.  Most chemical production involves “transformation” processes, which are inherently complex and tightly coupled. “Normal accidents” are an unavoidable risk of systems with these characteristics.  However, the risk of serious, or catastrophic, consequences need not be.  Specific industries use many different processes.  In many cases, alternative chemical processes exist which completely or almost completely eliminate the use of highly toxic, volatile, or flammable chemicals.  Accidents that do arise in these systems result in significantly less harmful chemical reactions or releases.  

Inherent safety is similar in concept to pollution prevention or cleaner production.  Both attempt to prevent the possibility of harm--from accidents or pollution--by eliminating the problem at its source.  Both typically involve fundamental changes in production technology: substitution of inputs, process redesign and re-engineering, or final product reformulation. 

In 1982, the European Union adopted the famous EU Directive (82/501/EC) on the Major Accident Hazards of Certain Industrial Activities, the so-called "Seveso Directive". It requires member states to ensure that all manufacturers prove to a "competent authority" that major hazards have been identified in their industrial activities, that appropriate safety measures--including emergency plans--have been adopted, and that information, training and safety equipment have been provided to on-site employees.  A revised version of the Seveso Directive came into effect in February 1997.  It strengthens the original provisions and coverage of accident-prevention activities, as well as broadens the types of installations, which must comply.  Particularly worthy of note is the mention of inherent safety as a preferred approach to preventing chemical accidents in the accompanying guidance document for the directive.

Incentives, Barriers, and Opportunities for the Adoption of Inherently Safer Technology
The reason that firms are embracing pollution prevention and cleaner production today is because of (1) the increased costs of continuing the current practices of waste transport/treatment and pollution control, (2) liability for environmental damage due to industrial releases of toxic substances, (3) increasingly available information about pollution and toxic releases to the public, and (4) legislation, regulation, and possibly increased attention to environmental management to change production technology, rather than relying solely on end-of-pipe, add-on technologies.

With regard to primary accident prevention, the same economic signals are not really there to spur the adoption of inherently safer technologies.  Unlike pollution, which has to be reckoned with as a part of production planning, accidents are rare events and their economic consequences are not factored into the planning process.

Furthermore, because acute chemical accidents are relatively rare events, an organisation implementing an effective chemical safety program may therefore receive no form of positive feedback whatsoever.  Of course, a hazardous chemical plant may receive negative feedback, but only when it is too late to take preventive measures. 

To the extent that the firm knows that the costs of maintenance and the inflexibility of traditional safety approaches are greater than using more reliable inherently safer approaches, the firm may respond by changing its technology.  One way of providing firms with more visible economic incentives would be to encourage them to exploit the opportunity to prevent accidents and accidental releases (1) by identifying where in the production process changes to inherently safer inputs, processes, and final products could be made and (2) by identifying the specific inherently safer technologies that could be substituted.  The former we call Inherent Safety Opportunity Audits (ISOAs).  The latter we call Technology Options Analysis (TOAs). Unlike a hazard, risk, or technology assessment, these techniques seek to identify where and what superior technologies could be adopted to eliminate the possibility, or to dramatically reduce the probability, of accidents and accidental releases.  In our field work, these two activities were  performed separately in some cases, and together in others.  Both are necessary to implement the best changes possible.

This research project was designed to gain practical, firm-based experience regarding the feasibility of conducting ISOAs and TOAs in firms partnering with technically-informed consultants, in hopes that this would lead to the adoption of inherently safer technologies by those firms.

The Inherently Safer Production Approach

As is the case with the concept of cleaner production, it essential that organisational, human and economic aspects are, together with technological aspects, integrated into the concept of inherently safer production.  We developed a methodology for involving the several organisational components of the industrial firm in inherently safer production. The methodology envisions five phases:

( Preparatory work, obtaining firm commitment, & designing the focus of the project

( Identifying Inherently Safer Options for Implementation

( Implementation of Inherently Safer Options

( Monitoring & evaluating implementation

( Evaluation of the final project

Each phase consists of several sub-phases, and the use of some specific tools.

Partner firms were engaged in the study to explore the usefulness of the methodology.  Considerable effort was required to convince companies to co-operate in what we regard as innovative research. Two partnerships were created in the Netherlands, one with Hoogovens Steel Strip mill Products (HSSP –now part of Corus) for a pilot in their Hydrochloric Acid Regeneration plant and the other with DSM, the Logistics department  of the HydroCarbon Unit.  In Greece, one partnership was created with ELAIS (Editable Fats and Oils, part of the Unilever group) for two pilots, one focusing on its present installations in Athens and the other involving the design of a new plant for refining editable oils. The pilots in the Netherlands were carried out by researchers from  NIA-TNO (now TNO Work & Employment), while the pilots in Greece were carried out by researchers from Ergonomia, Ltd.

The results of the experience in the  case studies were analysed in terms of willingness, opportunity, and capability of the partner firms to adopt and implement Inherently Safer technologies. Willingness is seen as comprising initial commitment, awareness and the will to make a move towards inherently safer technology, and therefore concerns mainly organisational and human aspects. Opportunity is seen as a combination of technological and economic aspects: technological options for inherently safer technologies, and the  economic attractiveness/feasibility thereof.  Capability is seen as the organisation’s capability to identify inherently safer options, and to implement inherently safer options.

Results

The willingness of companies to adopt and implement inherently safer options was found to be different for new installations, existing installations that will remain in production for several years (retrofit cases), and for installations that are more or less at the end of their life-cycle (transitional stage).

In existing installations, the experience of the plant managers and on-site personnel is vital for willingness and may be triggered by frequent plant or installation troubles and associated safety problems. For a new plant/one with expanded capacity, there is no experience with prior safety problems, and the firm’s motivation for inherently safer production may come from a more general pursuit of excellence, e.g. as part of an encompassing total quality management policy.

Inherently safer technological options were identified in all four cases. The expert role of technologically-oriented consultants, and an extensive external data search were important for the identification of (especially the more fundamental) options.  Three factors seem to have a positive influence on the adoption of options (1) being “early in the life cycle” (e.g., at the design stage), (2) an in-company cross-functional workshop on the principles of inherent safety that includes a brainstorming session for the generation of inherently safer technological options, and (3) a facilitating role of the consultants in the adoption process. 

The results with regard to the economic factors are very striking in all four cases: inherently safer options were identified that were not only economically feasible, but the overwhelming majority had pay-back times of less than one or two years, even in the existing plants. Thus, while at the beginning, the economic imperative is not visible for the adoption of inherently safer technologies, once identified they do represent economically attractive options.

The Capability for generating, adopting and implementing inherently safer options varied considerably in the four cases. The advances in this capability varied even more.  In the two Dutch cases, the capability was increased by the intensive co-operation between the company’s personnel and the consultants/researchers in the pilot processes, especially during the workshops held to learn more about Inherent Safety and to generate Inherently Safer Technology Options. In these two Dutch cases, several initiatives in the respective action plans were specifically aimed at increasing the plant’s capability to identify, adopt, and implement (future) inherently safer options, although the options generated in workshops with the firm’s personnel were not dramatic examples of inherently safer technologies.  In fact, many useful options of secondary prevention were also identified. 

In the case of the design of a new plant (in Greece), there was no relevant experience within the plant from running and maintaining such a plant.  In the two Greek cases, the consultants played an important expert role, which had a positive influence on the generation of fundamental and important inherently safer options, but the consultants were not able to exert a sufficiently positive influence on the firm’s capability to adopt and implement these options. The consultants undertook extensive literature and other searches in order to identify inherently safer technological options, but – unlike the Dutch researchers – they did not involve the firm’s personnel in the generation of options.  This may partly explain the slowness in the adoption of these improvements by the firm.

The experiences in the four case studies are discussed in terms of: influences on the willingness of the firm to search for technological alternatives, the prospects of using Inherent Safety concepts to develop a common language in the firm, the variety and development of attitudes towards Inherent Safety, economic considerations, methodological implications for plants at different stages of their plant life-cycle, strategic integration of the Inherently Safer Production (ISP) approach with especially Cleaner Production or Pollution Prevention approaches, and the contribution of ISP to flexible strategic management and continuous improvement and within Safety, Health, and Environmental (SHE) Management. Finally, the relevance of our findings to Seveso II and the IPPC Directive are  discussed.

This feasibility study demonstrates in all four cases that, through application of the methodology, substantial progress towards inherent safety can be realised in economically attractive ways. This progress is evidenced by the number of inherently safer technological options identified, but also by the nature of the intervention, that  -- especially in the two Dutch cases -- showed that it can contribute substantially to the willingness and capability to develop and implement inherently safer options by the companies, and in this way facilitate continuous improvement in SHE Management.

This study basically shows that there is a great potential for methodologies on improving inherent safety that can be integrated into SHE Management systems. The newly developed concept of Inherently Safer Production, shows itself to be viable, and can contribute to a strategic policy of companies and governments aiming at Inherent Safety and the implementation of Inherently Safer Technologies.   A basic strength of the concept is that it not only addresses technological aspects of safety, but managerial, organisational, economic and human aspects as well.  In this way the Inherent Safety concept can go beyond the technological domain and becomes a tool for strategic SHE Management. 

This study represents a first attempt to apply the methodology and the associated tools.  Although the investigation involved a limited number of cases, the tools and methodology have proven viable, and they open up new perspectives, both for practitioners and researchers in technology and management.  The study demonstrates the usefulness of differentiating the methodology for new facilities and for existing retrofit and transitional installations.  Additional experience from the field would be valuable.  It will be important to develop variations of the methodology for firms at different stages of evolution or development.

Finally, recommendations are made for the wider application and further development of the Inherently Safer Production approach for governmental policy, company policy, and for further study as well.
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Publications generated 
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