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Introduction

Cleaner Production systems and technologies achieve significantly improved environmental and resource consumption performance relative to other production systems. As such, they protect the environment, ensure less pollution, use resources in a sustainable manner, recycle more of the wastes and products, and handle all residual wastes in a more environmentally acceptable. In other words, Cleaner Production reduces the total life cycle impact of any activity or production process to a level that is consistent with the carrying capacity of the local, regional and global environment. Furthermore, Cleaner Production is compatible with nationally determined socio-economic, cultural and environmental priorities and development goals. 

One prerequisite to making the desired changes and improvements is equipping people, enterprises and communities with the knowledge and skills to develop and modernize in less wasteful ways than is the current development paradigm, while retaining the sound cultural values and practices that underpin established social relationships and ways of life. Only through such measures can the current inequity in the use of environmental services and resources be addressed, producing sustainable outcomes through improved economic efficiency, enhanced environmental protection, sustainable natural resource use, mobilization of society and reduction of poverty, in culturally sensitive ways that build on, rather than undermine traditional cultural values and practices. This calls for a new approach to human resource development in the state, private and civil sectors, through awareness raising, education and professional development that, amongst other improvements, fosters the greater use of decision support tools which enhance the quality of decision making, as measured by the environmental outcomes.

This paper begins with a brief history of progress towards more sustainable production systems and provides an overview of the suite of decision support tools that can facilitate uptake of Cleaner Production systems at the national to enterprise level.  It also offers insight to learning approaches that address the fundamental challenge of how to reach and equip the multitude of individuals who collectively make up the target audience for Cleaner Production education and outreach programmes, while at the same time providing relevant content and learning opportunities that reflect the capacity, capability and context of the individual learner. Finally, the paper identifies and illustrates ways in which information technologies can be used to provide major advances in the individual and collective experience, skills and expertise related to Cleaner Production. “Good practice” suggests a two fold approach.  Firstly, e-learning systems can enhance access to, and increase the usefulness of, existing information and other materials.  Secondly, new e-learning tools and products need to be developed, again in accordance with good practice guidelines, in order to add value to, and extend, the existing materials.  

Evolution to Sustainable Production and Services
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The late 1960s and early 1970s were times of increasing awareness of the seriousness of environmental degradation and unsustainable resource use (Fig. 1).  

Figure 1 Evolution to sustainable production and services

First Generation – Cleaning Technologies

The growing concerns translated into the first generation of environmental technologies – additions to existing production systems that treated waste discharges in one of two ways, concentrate and contain, or dilute and disperse.  Commonly termed “end of pipe” or “cleaning” technologies, these approaches typically transferred the pollution burden from one location or medium to another, incurred additional costs for treatment and overall did nothing to reduce waste generation or raw material and energy consumption.

Second Generation – Cleaner Technologies

Increased awareness of the inefficient and overall ineffective nature of pollution control technologies, and their incompatibility with the increasing emphasis on sustainable development, resulted in the emergence of the second generation of environmental technologies – cleaner production systems where there is a continuous application of strategies that reduce the environmental “footprint” of processes, products and services, in ways that increase overall efficiency and reduce risks to humans and to the environment.  Cleaner production emphasises pollution prevention through reduced consumption of raw materials and energy, no or reduced waste generation, thereby increasing productivity and bringing environmental, financial and other benefits to the enterprise and the community.

Third Generation – Clean Technologies

We are now at the threshold to the third generation of technologies and systems where environmental performance considerations are fully integrated with economic and other operational issues and the system as a whole is sustainable. Truly sustainable production and consumption requires planning, design and management practices that facilitate innovative approaches to the reuse, remanufacturing and recycling of the limited amounts of “waste” that cannot be avoided, despite the emphasis on minimising the consumption of raw materials and energy.  These approaches are consistent with the principles of urban and industrial ecology
, including the concept  of “industrial metabolism”. 

Decision Support Tools for Site and Application Specific Environmental Performance Assessments of a Technology

Evaluations of the environmental and related performances of production processes and services, and their subsequent verification and certification, can go a long way to improving the quality of decision making regarding the uptake of Cleaner Production.  However, of necessity these tools, and the guidance they provide, cannot take into account the specifics and complexities of the environmental and related consequences of operating a specific process or technology in a specific locale or for a specific purpose, or under any other set of explicit circumstances.  

Technology Assessment is a broad concept that refers to the process of endeavouring to understand the likely impacts of the use of new or upgraded processes and technologies by an industry, municipality, country or society.  This process of understanding implies both an element of scientific analysis and an element of communication amongst all stakeholders.  An Environmentally-focussed Technology Assessment (EnTA) is a specific form of Technology Assessment that focuses on the effects of technology on the environment, including human health, ecological systems and natural resources.

As a decision support tool, EnTA has been developed by the United Nations Environment Programme for the specific purpose of helping to ensure quality decisions are made in the selection of the most appropriate process or other technology for use in a specific locale and application.  There are other decision support tools which can also play significant roles in facilitating the identification and effective uptake of Cleaner Production processes and other technologies.  Fig. 2 indicates that these tools are used at specific stages of the project cycle.  Strategic Environmental Assessment (SEA), EnTA and Life Cycle Assessment are most appropriately used at the scoping (or screening) stage of a technology assessment, when many technology options and development alternatives are being considered.  SEA and EnTA can also be used to assist with early engagement of the diverse stakeholders, facilitating early consultation and meaningful dialogue, thereby identifying issues of concern to the stakeholders and hence where more detailed assessments should focus.

In contrast, Environmental Impact Assessment, Environmental Risk Assessment, Social Impact Assessment and Cost Benefit Analysis require more specificity and certainty regarding the proposed technology investment, the potential environmental issues and therefore where the assessment should focus.  Without such a focus, the number of process or other technology options being evaluated can escalate rapidly, along with the requirements for information, technical expertise and time. For these reasons the four tools come into their own at the project development and approval phase, guided by the findings of assessments undertaken at the scoping stage.  One or more of these assessments may be required as part of the regulatory or approval process for a new or significantly expanded project.

Finally, an Environmental Management System (EMS) brings considerable benefits at the operational phase for it can help identify the extent to which the performance of the process or other technology is consistent with expectations and requirements, and the need for any remedial action to improve environmental outcomes. 
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Figure 2.
Decision support tools that emphasise environmental quality outcomes in a process or other technology assessment, presented according to the stage of the project cycle where their use is most appropriate.

Table 1 provides a comparative assessment of some of the decision support tools discussed above.

Table 1

Comparative assessment of selected environmental decision support tools

	
	Environmentally-focussed Technology Assessment
	Environmental Impact Assessment
	Environmental Risk Assessment
	Life Cycle Assessment

	Purpose
	Assesses implications of a technology and guides choices of technology
	Identifies and predicts the environmental impacts of a project, policy or similar initiative; provides basis for decision on acceptability of the impacts
	Risks to the environment and public health are estimated and compared in order to determine the environmental consequences of the initiative under consideration
	Evaluates the environmental burdens associated with a product, process or activity, explicitly over the entire life cycle

	Scope
	Implications for human health, safety, and wellbeing natural resources and ecosystems; costs of the technology intervention and the monetary benefits
	Impacts on natural resources, ecosystems human health, safety, and wellbeing  
	Assessment of risks to the environment and human health
	Implications for human health, safety, and wellbeing natural resources and ecosystems

	Initiator
	Proponent of technology; investor; stakeholders who may be impacted
	Applicant for regulatory approval
	Proponent of project or other initiative; investor; stakeholders who may be impacted
	Proponent of project or other initiative; investor; stakeholders who may be impacted

	Approach
	A systematic, comprehensive and qualitative comparison of the pressures on the environment and the resulting impacts
	Requirements often prescribed by regulatory authority, including identification of impacts, mitigation and monitoring measures and consultation
	Hazard identification, dose-response and exposure assessments, risk characterisation
	Life-cycle inventory of energy and material requirements and wastes produced; impact analysis and improvement analysis

	Timing
	Prior to implementation of the technology
	Prior to decision whether or not the initiative should proceed
	At any time, as determined by the initiator
	At any time, as determined by the initiator

	Regulatory Status
	None – often used to screen options before more detailed assessment
	Often required under environmental protection legislation, especially for larger projects
	None – may be used to give support to conclusions of assessments required by law
	None – typically used by producers or consumers to assess the environmental merit


Only EnTA has been developed for the specific purpose of helping to ensure quality decisions are made in the selection of the most appropriate EST for use in a specific local and application.  While the other decision support tools have wider application, as indicated in Annex A, it will be shown that they may also of considerable use in the specific role of facilitating the identification and effective uptake of Cleaner Production processes and technologies.

Environmentally-focussed Technology Assessment

As a largely qualitative tool, EnTA minimises the need for detailed technical data and facilitates multi-stakeholder dialogues, leading to consensus decision making related to selecting a technology that will be the most environmentally sound, socially acceptable and economically viable, for a specified location and application. In these, and other ways, EnTA overcomes many of the acknowledged shortcomings of Environmental Impact Assessment. Through early recognition of key issues, possible alternatives, potential solutions and areas of consensus, EnTA allows further effort to focus on points of major conflict and dispute.  This reduces information and time requirements and facilitates disclosure of all relevant information to decision makers, so a fully informed decision can be made.

In summary, EnTA is an important tool in the environmental management tool box in that it facilitates improved environmental outcomes by:

· recognising that the “environment” is wider than ecosystems and living resources, for it includes economic, social, aesthetic and cultural conditions and amenity values;  

· adopting proactive management approaches that emphasise problem prevention rather than problem correction; 

· adopting an adaptive management approach due to uncertainties in initial identification of potentially adverse environmental impacts; 

· considering the wider technological system, rather than the technology itself, in isolation; and
· identifying and assessing alternative technology options rather that just the one advocated by the technology developer and/or investor.
A typical EnTA study consists of (Fig 3):

· describing the proposed technology intervention and the setting circumstances within which it will take place;

· identifying the potential environmental pressures and associated impacts;

· evaluating the impacts in a comprehensive and integrative manner;

· comparing the identified impacts with those of other technology options; and

· developing and documenting a recommendation, including the gaps in information and other sources of uncertainty.

EnTA focuses on characterising potential impacts associated with outcome categories, or endpoints. The outcome categories are: Human Health Impacts, Local Natural Environment Impacts, Social and Cultural Impacts, Global Impacts, Resource Sustainability and Economic Viability. The performance of each technology option is evaluated using these broad categories.
Strategic Environmental Assessment

Strategic Environmental Assessment (SEA) is a tool designed to ensure that the environmental consequences of policies, plans, programmes or proposals are considered early in the decision making process and are addressed along with economic and social considerations.  Environmental considerations should be considered throughout the policy, plan or project development process, and the environmental impacts of alternative options compared in an explicit manner. 
Since Cleaner Production is a critical element of environmentally sound design, the use of SEA at the policy, planning and initial design stage will help ensure identification of process and other technology options that minimize environmental degradation and contribute to sustainability.  This includes, for example, consideration of the types of resources and manufacturing processes to be employed, or the environmental performance standards that must be complied with.  These factors, in turn and collectively, determine the detailed characteristics of the by-products and waste streams. 
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Figure 3.  Overview of the EnTA Process 

Life Cycle Assessment

As a decision support tool for environmental management, Life Cycle Assessment (LCA) involves the evaluation of the environmental aspects of a product system through all stages of its life cycle.  The life cycle of a product embraces all of the activities that go into making, transporting, using and disposing of that product.  

Where necessary and appropriate, LCA can be used to give greater depth and rigour to the guidance coming from an EnTA through a more formalised analysis of the technology investment over its entire life cycle.  Both tools can, in turn, complement the SEA, thereby ensuring that decisions made at the scoping stage of the technology intervention will help ensure identification of technology options that minimize environmental degradation and contribute to sustainability.
Environmental Impact Assessment

Environmental Impact Assessment (EIA) is a decision support tool designed to help ensure that development and investment proposals, activities, projects and programmes are environmentally sound and sustainable.  It facilitates identification, analysis and evaluation of the significance of the potential environmental impacts and the identification and elaboration of measures that will avoid, remedy or mitigate any adverse impacts.  EIA allows informed decision making as to whether a proposal should proceed and, if so, under what conditions.  It also establishes a monitoring and environmental management regime for implementing mitigation measures, monitoring impacts for compliance and ascertaining if impacts are as predicted.

In addition to its common status as a regulatory measure, EIA has a number of other attributes that favour its use as a decision support tool for facilitating the uptake of Cleaner Production.  These include the formalised and comprehensive process designed to anticipate and identify a wide range of potentially adverse environmental consequences of the proposed technology investment and also to integrate the input of specialised information from a variety of experts.

However, experience has revealed a number of limitations, including the following:

· the procedures are largely pre-determined in terms of both their nature and timing, with a consequent loss of flexibility to adapt to specific local conditions and circumstances;

· the procedures are very broad, and sometime lack focus and specificity, promoting uncertainties;

· there is no a priori requirement to choose amongst a selection of Cleaner Production options, or to even choose a Cleaner Production process to underpin the development or investment project;

· there is often inconsistent implementation, even between agencies in the same country;

· there is subjective interpretation of the regulations related to EIA;

· the proponent is often too involved in the process, with a loss of objectivity;

· typically only one option is assessed, though the EIA methodology explicitly calls for alternative to be considered, including that of maintaining the status quo;

· significant decisions are already made, and the EIA is merely used to reinforce those decisions;
· the requirements for information and technical expertise are often excessive, leading to excessive costs and time delays; and

· some 
· stakeholders are often marginalised
.

But above all else, an EIA should foster public discussion about project proposals and technologies.  This is important for ensuring an open and balanced approach and for encouraging consideration of those environmental effects, costs and benefits which cannot always be identified or measured by scientific or technological means.  

Environmental Risk Assessment

All decisions and actions have environmental consequences, many of which are unintended. Thus no part of existence is risk free. Risk is the likelihood that a harmful consequence will occur as a result of an action. Environmental Risk Assessment (EnRA) is the determination of the potential impact of a chemical or physical agent on ecosystems, habitats and other ecological resources and on human health and well being.   

A risk to human health or the environment does not exist unless two criteria are met, namely:

· the agent associated with the action (e.g. a chemical released in an accidental spill) has the inherent ability to cause an adverse effect; and

· the receptor (e.g. an individual organism, a human being, a population, an ecosystem) of concern is in contact with the agent for sufficient time, and at sufficient intensity, to elicit an adverse response.

In the context of choosing amongst Cleaner Production alternatives, risk assessment provides a relatively objective way to rank the hazards associated with the options under consideration, in terms of both human health and ecological effects, and to decide which are acceptable or manageable in the local context.

Social Impact Assessment

Social Impact Assessment (SIA) can be used if there is a need for a more comprehensive, in depth and rigorous determination of the impacts a given policy, plan, programme, project, activity or action may have on the social aspects of the environment. 

Cost Benefit Analysis
Cost Benefit Analysis (CBA) is one way to organize, evaluate, and present information about the actions that governments take to improve public well-being. The technique is intended to improve the quality of public policy decisions, using as a metric a monetary measure of the aggregate change in individual well-being resulting from a policy decision. Individual welfare is assumed to depend on the satisfaction of individual preferences, and monetary measures of welfare change are derived by observing how much individuals are willing to pay, i.e., willing to give up in terms of other consumption opportunities. This approach can be applied to nonmarket "public goods" like environmental quality or environmental risk reduction as well as to market goods and services, although the measurement of nonmarket values is more challenging. Because of this need to place monetary values on attributes of human well-being for which no market prices exist, CBA is often complicated, expensive and somewhat controversial.

The advantages of CBA include transparency and the resulting potential for engendering accountability; the provision of a framework for consistent data collection and identification of gaps and uncertainty in knowledge; and, with the use of a money metric, the ability to aggregate dissimilar effects (such as those on health, visibility, and crops) into one measure of net benefits.

Criticisms of CBA hinge on questions about the assumption that individual well-being can be characterized in terms of preference satisfaction, the assumption that aggregate social well-being can be expressed as an aggregation (usually just a simple summation) of individual social welfare, and the empirical problems encountered in quantifying economic value and aggregating measures of individual welfare. 

Environmental Management System

An Environmental Management System (EMS) can help make sure that a technology which was initially selected on the basis of being the most environmentally sound option, continues to be operated in a manner that ensures these qualities are maintained.  However, an EMS has a far wider role as it provides a systematic way to ensure environmental issues are managed consistently and systematically throughout an organization.  An EMS can also assist an organization comprehensively address environmental issues and obtain greater credibility with regulatory agencies and clients.  Effectively applied, an EMS can help integrate environmental considerations with an organization’s overall management system.  It sets out environmental policies, objectives and targets for an organization with pre-determined indicators that provide measurable goals, and a means of determining if the performance level has been reached.  Often these are the same performance indicators that are chosen for strategic reasons.

While an EMS is an important tool for managing environmental issues, it also sends a positive signal to clients and stakeholders indicating that environmental issues are being seriously considered.  For organizations, an EMS is an excellent mechanism for promoting positive change, such as the increased uptake and continuing effective management of Cleaner Production systems.  An EMS focuses attention upon a number of critical areas, including productive processes and technologies, management styles and systems, worker education and participation, internal communications, and relations with regulatory agencies and other stakeholders.  The process of establishing an EMS requires “buy-in” from different levels of management and from the employees of the organization.  The successful implementation of an EMS can lead to increased environmental awareness, continuous improvement and the adoption and use of environmentally sound technologies.

New Approaches to Foster Learning

Environmental training and education aspires to equip individuals with the motivation, knowledge, skills and commitment to identify and implement commercial and lifestyle decisions and civic actions that favour ecologically sustainable and socially just ways for people to interact with nature and each other, and to relate to future generations. Yet the delivery of environmental education and training faces the fundamental challenge of how to reach and equip the multitude of individuals who collectively make up the target audience, while at the same time providing relevant content and learning opportunities that reflect the capacity, capability and context of the individual learner.  This dichotomy has been a long-term dilemma for environmental trainers and educators, but the increasing globalization of environmental training and education has enhanced the schism between generic, global approaches and locally-based approaches that reflect specific needs attuned to the local culture, environment and socio-economic circumstances.
Historically, environmental training and education programs were built around local curricula and content, with local delivery. This allowed for targeted activities that addressed specific needs and were attuned to local cultural, environmental and socio-economic settings. The small potential audience and the high cost per person were seen as inevitable consequences of the undisputed need to work at the local level.  Globalisation, increasing economic rationalization, and the search for economies of scale, has resulted in a growing emphasis on global approaches that are necessarily generic, in terms of meeting needs and reflecting local circumstances, but offer the potential advantage of reaching a large audience at lower cost.

An example of such a generic environmental training package is the Urban Environmental Management: Environmental Management System (EMS) Training Resource Kit, a result of collaboration between the United Nations Environment Programme (UNEP), the International Council for Local Environmental Initiatives (ICLEI) and the International Federation of Consulting Engineers (FIDIC). 

[INSERT FIGURE 3ABOUT HERE]

The Kit consists of a modular ‘Train the Trainer’ package, which uses an EMS to provide the context for the tools that will integrate sustainable development into the various aspects and priorities of urban management, from day to day activities, to international commitments such as Local Agenda 21, the United Nations Framework Convention on Climate Change and other international agreements. The Kit is largely generic, designed to be suitable to all conditions and circumstances. The trainer is encouraged to include methods, techniques and examples that are more suitable to local conditions, as the need arises.  Adaptation of the Kit to various cultural and political situations is aided by its modular construction and by the use of case studies.

UNEP and the United Nations Educational, Scientific and Cultural Organisation have developed a professional development workshop manual called Teaching for a Sustainable World (Fien, 1996). It provides training modules to facilitate pre-service and in-service teacher education on curricular themes and learning experiences that promote education for sustainability.  The modules illustrate how environment and development themes are related, and provide practical assistance for teacher educators who would like to include these themes in their courses. The target audience for the manual comes from curriculum development centres, education systems, universities, teachers’ colleges, professional associations and schools, among others. The workshops in the manual were written to meet the needs of lecturers and other workshop facilitators, and activities are phrased in terms of the things that a workshop facilitators needs to consider when planning and implementing a workshop. Generally, each activity is based upon a concrete learning experience, which requires participants to work individually, in pairs or small groups to complete a task. Thus the workshops promote active experiential approaches to learning, and model the sorts of learning experiences that can achieve the wide range of knowledge, skill, values and participation objectives of environmental education. The manual developers encourage facilitators and workshop leaders to obtain or develop local variations of the materials, or to adapt those provided so the workshops and materials are relevant to the local cultural and educational context. 

The increasing importance of global training approaches has been expedited by the exponential growth in the availability of, and access to, information technologies. These include content development tools (e.g. Click2learn's Toolbook Instructor and Macromedia’s Authorware), multimedia formats (e.g. graphics, animation, video), delivery technologies (e.g. World Wide Web and CD-ROM), learning management tools (e.g. Plateau 4 Learning Management System) and communication, collaboration and knowledge sharing tools and technologies such as discussion boards, chat rooms, instant messaging, meeting and conferencing tools and word processing and presentation tools (e.g. PowerPoint).

The increasing dominance of content and delivery methods designed and marketed for a global audience contravenes the principle that environmental training and education must be needs driven, relevant, and pedagogically sound.  The changes threaten the quality, relevance, correctness and access of environmental education and training because they enlarge the gap between learning theory and practice, general knowledge and useful, local application, cultural indifference and sensitivity, and available and unattainable technologies. Moreover, global education and training are vulnerable to underestimating the socio-economic and cultural factors in the construction and receipt of education, even though such understandings are well established in progressive, social reconstructivist and radical educational theory. Even those advocating cross-cultural sensitivity among education providers neglect the tendency of many educational programs to focus on concrete, surface expressions of culture, such as language, explicit customs and rituals, physical behaviours like the use/non-use of hand gestures, eye-contact, appropriate dress and so on, rather the more complex elements of cultural identity and the ways these shape people’s perceptions of their world, and engagement with environmental education and training programs. 

Generic approaches have some real benefits, but in terms of accommodating cultural requirements in both the learning process, and the ensuing outcomes, they suffer severe weaknesses. Nor are these dilemmas unique to environmental education and training. Research has identified similar difficulties with the delivery of distance education to teachers and offshore programs delivered by universities to international students. Nevertheless, given the increasing development and use of global approaches in environmental education and training, it is imperative to address the challenge of how to reduce these limitations while harnessing and combining the best of both approaches..
This is not to imply that the relationship between cultural and environmental attitudes and practices is linear or uni-dimensional. A myriad of other factors impact on environmental practices, including the economic and political contexts. Nevertheless, the evidence suggests that the efficacy of generic environmental education and training programs may be fatally flawed if participants in different cultures engage with the learning material with fundamentally different world views, philosophies, understandings of the term environment, and of the culture and perspectives on the environment held by others. For this reason knowledge of the widely varying perspectives of, and attitudes towards, the environment, and an understanding of the cultural basis for their similarities and differences, are a prerequisite to achieving good learning outcomes when dealing with environmental topics.

Building and enhancing the capacity to plan and manage the environment in ways that produce sustainable outcomes involves regional and, often, international cooperation to share best practices, tools, guidelines, standards, lessons learned, and technologies.  How do shortfalls in intercultural understanding impede such exchanges?  Moreover, how can international assistance for capacity building and enhancement activities at the local level be modified to minimise the adverse consequences of shortfalls in intercultural understanding?  Even when there is agreement at an international level to cooperate and overcome environmental problems, the translation of ideas into action by different communities can be modified by their cultural identity and context. The way new views and capabilities manifest themselves will depend on the culture, and the enculturation process, of those involved.

Environmental training and education have a special role to prepare future leaders, workers and members of all societies for the environmental challenges that lie ahead.  Informing the attitudes, building knowledge and strengthening the motivation of young people are especially important.  In doing so each country and culture will wish to draw on its own traditional attitudes to nature for support and legitimation. Moreover, in each country and culture there is likely to be a wealth of local environmental knowledge that can be used wisely to both prevent and solve local environmental problems.  Consequently, the pathways taken within each culture and country may differ to a small or greater extent. But traditional attitudes, knowledge and practices must be supplemented by contemporary environmental assessments, understanding and solutions. Neither the traditional nor the contemporary is sufficient; both are necessary, and need to be harmonised.

A desirable way forward draws on the best of the generic and contemporary approaches, technologies and knowledge-bases for environmental training and education, while at the same time ensuring local priorities, knowledge, and cultural persuasions, and traditional attitudes and practices are given due and appropriate attention.  This can be achieved by following “good practice strategies” in teaching and learning that add value to the contemporary, generic approaches by acknowledging the importance of individual and collective values, aspirations and local capacity, capability and context and accommodating widely varying perspectives of, and attitudes towards, the environment.  Regretably, guidelines and principles for the delivery of educational materials across international cultural boundaries are virtually non-existent. The following ‘good practice strategies’ for the design and delivery of environmental education and training are proposed in order to optimise the learning outcomes of generic environmental training and education initiatives using modern information technologies. 

Three key factors have a decisive influence on effective learning. First, participants’ mastery and comfort with the information technology; second, the use of communication and language that enhances understanding, and third, the use of culturally appropriate learning for culturally appropriate applications. The following discussion focusses on the latter two points because they embody the conceptually complex challenges embedded in using generic programs for local environmental education. 

Language
For a range of reasons including the high costs of production, English has become the linga franca used for the hard-copy, paper resources that support generic environmental education and training programs. Yet learning in a second (or third or fourth) language can be a major obstacle to participants’ willingness to engage, persevere and gain from a learning experience, and incorrectly assumes that all English terms can be translated unproblematically into the native tongue of all potential users. Information technology can address these problems, as well as maximizing ‘user-friendliness’ and international take-up of a program because all or parts of a training program can be translated into multiple languages prior to distribution, at relatively low cost.  Even if the extent of translation must be minimal, the use of greetings in multiple languages and a glossary of difficult or technical English terms will do much to increase accessibility and functionality.

Culturally appropriate pedagogy
A growing body of research indicates that individuals and particular groups have a preference for particular learning styles. There are three types of learning styles: visual (learning by seeing), auditory (learning by listening) and kinaesthetic (learning through action). None of these is mutually exclusive, and individuals may draw on multiple learning styles to master any topic, or have different preferred learning styles for different substantive areas e.g., preferring visual engagement with statistical data but auditory learning of case studies. Research suggests that learning is maximized if there is a correlation between teaching styles and preferred learning styles. Information technology is a versatile medium for presenting information in multiple forms to accommodate different learning styles. Visual learners can be accommodated by using diagrams, graphs, pictures, film, models, PowerPoint, as well written text. The needs of auditory learners can be meet by the use of sound and auditory descriptions of key content and points. The explicit inclusion of activity-based learning (i.e., games, simulations, multiple choice, ‘rewards/prizes’ etc) using physical interaction (e.g., point-and-drag, buttons, etc) with the technology caters to kinaesthetic learners.

Even conventional delivery of training programs can be a culturally foreign experience in social isolation. Such alienation can be addressed using interactive teaching/learning strategies using on-line discussions around specific problems, issues, readings, initiatives, and collaborative, peer learning using ‘bulletin-boards’ (or similar), whilst offering participants the capacity to schedule their learning so it ‘fits in’ with family organization, gender roles, local cultural obligations and social values. Similar outcomes can be achieved in conventional delivery using group work to evaluate alternative models/approaches; undertake SWOT [Strengths, Weaknesses, Opportunities and Threats] analyses; generate local action plans etc, that enable participants to draw on their own experiences and relate their learning to their own cultural, social and economic contexts. 
Different social, cultural and religious values mediate the importance participants and communities attach to particular environmental issues, the global relevance of generic environmental education programs and training has to be explicitly connected with local issues and action. Information technology, in particular, offers scope for generating growing data-bases of hypothetical and real-life case studies around specific local environmental problems that deal with broader national, regional and international priorities and needs, and that also have potential relevance to other locales where different constraints, opportunities and give rise to possibilities for different solutions.

Activities built using problem-solving learning approaches also foster decision-making that incorporates local cultural and religious issues and values, as well as accommodating contextual variations social and organisational structures, stakeholders, economic conditions etc. as the foundation for developing culturally appropriate solutions to environmental problems, or modifying solutions developed elsewhere to maximise effectiveness in the local context.

Evaluation

Importantly, evaluation provides an important opportunity to assess the effectiveness of the adapting and application of global packages in a local context.  However, existing instruments and evaluation practices often employ’feel-good’ summative formulae characterised by self-reports of participants’ learning and/or responses to feelings about the training experience. Such approaches invariably fail to evaluate the nature and extent of a participants’ learning, or the cultural appropriateness and relevance of the content and pedagogy. As a result, feedback from training program evaluations lacks meaningful substance to inform and improve future delivery and better meet the needs of participants.
Yet the general field of program evaluation offers a rich spectrum of formative and summative evaluation approaches ranging from simple auditing of learning outcomes to extensive naturalistic enquiry conducted in situ and drawing on both qualitative and quantitative components. Environmental education and training programs would benefit from using more structured, multi-method approaches to evaluation, drawing on the expertise of professional evaluators to gather meaningful feedback about the cultural appropriateness of the training program and its relationship to participants’ learning and program objectives.
As an example of applying the above good practice guidelines, local level capability in EnTA is being promoted through and integrated approach based around the use of a generic computer-based learning package (EnTA OnLine) and conventional training at national or sub-national level.  This involves trainees:

· Developing an initial capability in EnTA by accessing the EnTA Manual and an interactive outreach and training package while at home or work, using either the Internet or CD-ROM;

· Enhancing their initial capability by attending a hands on, practical training workshop involving “learning by doing” based on an appropriate case study and problem-solving approach;

· Consolidating learning in the home or workplace through further self-training using the Manual, the outreach and training package and by developing local case studies;

· Conducting EnTA outreach and training activities at national and sub-national levels, using distance methods and interactive workshops; and

· Facilitating a culture of change and learning amongst the individual trainers and their host organizations, enterprises and agencies, by means of

· a moderated discussion group on the Web, designed to enhance communication between individuals in the region in order to increase the dialogue about experiences and questions that resulted from the training; and

· establishment of supportive incentives in the workplace, such as changes in management policies and operations, time being allocated for work-based training, and salary incentives for completing and utilising relevant training.

In terms of local delivery of training, group simulation exercises involving role-playing are used.  These “training scenarios” cover such topics as lead acid battery recycling, medical waste treatment, air quality control, continuous emission monitoring and industrial wastewater treatment.  They provide an opportunity for participants to “learn by doing” and to share relevant knowledge and expertise that they have already accumulated in their own work environments.  To help ensure that the groups contain an appropriate range of experience, icebreaker exercises are also used to assess the diversity of the group and as a basis for allocating individuals to working groups.  For example, an icebreaker exercise might begin with participants clustering according to their birthplace and then according to the focus of their studies at high school/university.  This information, and the results of clustering according to the “sector” in which participants are now employed, can be used to allocate participants to their working groups.

E-Learning

In recent years there has been growing recognition of the importance of learning, particularly lifelong learning, to the envisioned knowledge-based economies of the present century.  With this realisation has come an explosion of interest in new forms of teaching and learning, made possible by technology – particularly online distance education such as Web-based training and other forms of e-learning.  This acknowledgement of the importance of e-learning has not included adequate provision of the guidance that is required to design such learning environments. There are thus concerns that many learning materials currently available electronically are retrofitted to technology such as the Web, rather than being purpose designed.  This is despite agreement amongst educators that learning materials must be offered with the same rigour, challenges and outcomes, no matter what forms of delivery are used.  

A process of analysis and application is required, to ensure that e-learning environments include quality teaching and learning approaches and materials that will engage the user in meaningful teaching and learning activities.  Many educators interested in using e-learning methods for education and training advocate the need for best practice design guidelines and exemplars, but few researchers and practitioners have responded to the challenge.  

Good Practice Guidelines for E-Learning

To date there has been relatively little experience of delivering learning materials electronically and there are no commonly accepted e-learning design conventions or standards. In order to gain some insight into the design techniques and concepts that have been pedagogically effective, researchers have looked at the influences on, and the development of, distance learning and computer-aided instruction.  Moreover, the field of Web design represents an expanding body of research that provides considerable guidance for e-learning.  Furthermore, a growing number of groups are developing specifications and protocols for e-learning.  These specifications represent a set of common rules for the development of e-learning technology (e.g., Aviation Industry Computer-based Training Committee (AICC) and Sharable Content Object Model (SCORM).   In particular, these rules focus on how online courses, and the learning management platforms through which they are delivered, can be built in ways that facilitate linkages and fully integrated approaches.

The use of e-learning tools in the development, deployment and delivery of outreach and professional development facilitates the operation of an approach that is:

Flexible – e-learning tools offer flexibility in terms of who develops and delivers the materials (i.e. subject matter experts, instructional designers, programmers or other). 

Dynamic – e-learning tools make provision for the dynamic nature of the content of e-learning packages, ensuring that training materials and resources are current and relevant to the needs and capacities of end users.  

Adaptive – e-learning products and packages can easily and effectively be adapted and transferred to include local relevant content and appropriate pedagogy.

Iterative – e-learning tools facilitate an iterative approach to development, deployment and delivery of e-products and services.  Learning management systems and learning content management systems provide information about users progress, skills and competencies.  This information can be used to determine and clarify user needs and the relevance and effectiveness of content, so it can be improved on an ongoing basis; thus the tools improve the quality of the products delivered and effectiveness of the products overall.

Personalised – the ability to track user’s interactions with each learning object using a learning content management systems makes it possible to deliver highly personalised learning experiences.

Replication – incorporating content management functionality in an e-learning product ensures that content is created in such a way that it can easily be re-used in further e-learning solutions.  

Social and Collaborative – given that learning is inherently a social, dialogical process, technologies that support this conversational process by connecting learners (e.g. Internet-based discussion groups) are essential components of outreach and professional development services.

Integrated – the use of a learning management systems makes it simple for all e-learning packages to become part of a total e-learning solution.  
Figure 4 presents a structure which UNEP’s International Environmental Technology Centre (IETC) has identified for the development and deployment of e-products designed to develop the expertise and skills to identify and select the most appropriate environmentally sound technologies (ESTs). It is integrated with the subsequent delivery of outreach and professional development services to key individuals in national and local government agencies who require such expertise and skills in order to ensure quality decision making.

Key Elements of the Product Development and Deployment Cycle

Coherent and integrated approach – this will be aided by the use of content development and management tools such as Toolbook Instructor and the development and use of a set of operational protocols.

Continuous quality improvement - the results of testing, evaluations, learning management data and other assessments will be used to identify areas for further development and refining of the outreach and training packages, programmes and systems, and also identify the need for additional training and institutional change. 
Adoption and adherence to good practice guidelines for e-learning – with respect to the use of e-learning to increase experience, skills and expertise related to identification and selection of ESTs, a two fold approach is suggested: firstly, there is a need to use e-learning to enhance access to, and increase the usefulness of, existing information and other materials; secondly, new e-learning tools and products need to be developed, again in accordance with good practice guidelines, in order to add value to, and extend, the existing materials. A draft set of good practice guidelines for e-learning has been prepared.
Design of computer-based outreach and professional development packages covering a series of decision support tools – state of the art packages (e.g. EnTA, EMS, EnRA, CBA) will be prepared cooperatively by product development partners who bring together a unequalled combination of leadership in the technical dimensions of the decision support tool, design and construction of computer-based learning systems

Testing of prototypes  - Undertake formative evaluations of the effectiveness of the trial training sessions, on both an internal and external basis, in order to assess the extent to which the training has the potential to produce the desired outcomes in the performances of both the individual participants and the agencies to which they belong

Adaptation of a generic package, to meet the needs of specific user groups - e-learning content development and management tools provide a method for developing e-learning with relative ease, since the resulting environment is easy to maintain and update; the ease with which the e-learning environment can be altered supports course transfer, translation and adaptation for specific cultural and local contexts.  For example, the predominate learning styles of different cultures and vary - to cater for these differences, those adapting the package should use different approaches to present and assess knowledge and skills (e.g. visual, auditory and kinestetic) that best suit the culture.

Maximum deployment of the packages, using the flexibility offered by information management technologies – IETC’s e-learning partners will be called on to make maximum use of the World Wide Web, CD-ROM and other information management technologies. 

Promotion – in order to ensure that the target groups are fully aware of the opportunities for professional development related to the identification and selection of ESTs, conventional and emerging information management technologies will be used in creative and effective ways as part of a coherent outreach programme.

Key Elements of the Cycle for Delivery of the Outreach and Professional Development Services

Coherent and integrated approach – this will be aided by the use of learner management tools and communication, collaboration and knowledge sharing tools and the development and application of a set of operational protocols.

Continuous quality improvement -  the results of the evaluations, learning and learner management data and other assessments will be used to identify areas for further development and refining of the outreach and training packages and programmes, and also identify the need for additional training and institutional change. 
Adherence to good practice guidelines for e-learning  – for example, hypothetical scenarios of generic environmental problem and solutions that will be provided in the e-learning packages can be supplemented by real-life case studies comprising a statement of a local environmental problem, constraints, opportunities and solutions. Both forms of case study provide models applicable to the specific context of the learner because of their potential for application to specific locales where they are mediated by different constraints, opportunities and give rise to possibilities for different solutions. On-line discussion groups can also complement and reinforce the e-learning.  The groups can be either scheduled, structured discussions around specific problems, issues, literature, initiatives or open-ended, unstructured ‘bulletin-board’ activities for sharing experiences, learning, seeking advice etc.

Establish centres of competency to provide technical, pedagogic and other support – the e-learning initiatives need to be supported by conventional learning approaches, to ensure full advantage is gained from the e-learning opportunities and to address the acknowledged shortcomings of e-learning; conventional learning methods allow the use a range of teaching/learning approaches to cater for different learning styles; this might involve small-group activities (discussions/activities, evaluating alternative models/approaches; SWOT analyses; generating local action plans etc) that enable participants to draw on own experiences and relate learning to their own cultural, social, economic context; it is possible for  ‘actions and solutions’ to be more participant directed – rather than externally imposed - so they are sympathetic to local cultural and social values eg, family organisation; gender roles; social hierarchy and decision-making processes etc; formal group reports can embody a range of social and cultural difficulties eg, silent involvement by some participants because of gender, social or religious status, position in the organisational hierarchy etc. Thus, in many contexts formal group presentations may not be effective strategies for participant learning, active engagement and communication to others. Alternative approaches/strategies are needed. Some possible alternatives might be:

i) ‘Poster’ displays where groups of participants circulate to review and critique each group’s ‘poster report’, and provide feedback/discussion that is recorded on a feedback sheet for each poster display. 

ii) Specify the requirement for equitable participation and involvement in reporting to ensure active participation and communication by all participants during formal group reports.

iii) Give participants options for using a more culturally appropriate mode of presentation eg, drama, song, dance, poetry, pictures etc. Include the opportunity for participants to nominate an alternative/preferred form of presentation.

Evaluation of operational packages and learning outcomes - Undertake summative evaluations of the effectiveness of the training, on both an internal and external basis, in order to assess the extent to which the training produces the desired outcomes in the performances of both the individual participants and the agencies to which they belong.


Figure 4.  Visualization of IETC’s e-learning framework.

Key Elements of the Software Architecture

Figure 5 shows the three main types of e-learning tools that can be used to design, develop and deliver e-learning packages.
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Figure 5.  The e-learning toolbox.

The components of the e-learning toolbox are content collaboration and management tools, learner management tools and communication, collaboration and knowledge sharing tools. These tools can stand-alone or are offered as part of an integrated suite or learning platform e.g. Aspen.

Content development and management tools

Content development tools are those tools used to develop content of all kinds (i.e. informational, presentational and instructional) in any format (e.g. text, graphics, animation and video).

A Learning Content Managements System (LCMS) is a system that creates, stores and retrieves reusable content. Content is typically maintained in a centralised content repository in the form of small self-describing, uniquely identifiable objects, or learning objects, each of which satisfies one or more well-defined learning objectives.  A learning object can be delivered to the end-user as either an individual unit or as part of a larger course, curriculum or learning activity.  Incorporating content management functionality in an e-learning product ensures that content is created in such a way that it can easily be re-used in further e-learning solutions.

An advanced LCMS has the ability to track the user’s interactions with each learning object and use this detailed information to deliver highly personalised learning experiences while providing authors with rich reports for analysing clarity, relevance and effectiveness of content, so it can be improved on an ongoing basis.

Learner management tools

Learning Management Systems (LMS) help manage an organisation’s learning activities and competencies.  From an end-user point of view, a LMS provides an effective way to keep track of individual skills and competencies, and provide a means of easily locating and registering for relevant learning activities to further improve the learner’s skill levels.  Administratively, a LMS makes it easy to track, manage and report on learning activities and competencies.  A LMS primarily focuses on competencies, learning activities and the logistics of delivering learning activities.

While LCMS and LMS fundamentally differ in focus, they do address complementary aspects of the goal to accelerate knowledge transfer.  In achieving this goal, they share common ground in three key areas:

· Content;

· Users; and

· Administration.

Communication, collaboration and knowledge sharing tools

These tools include both asynchronous (e.g. discussion board) and synchronous (e.g. chat and instant messaging) tools, meeting and conferencing tools and collaborative learning and knowledge sharing tools. Given that learning is inherently a social, dialogical process, technologies that support this conversational process by connecting learners are essential components of outreach and professional development services.

Software architecture for IETC’s e-learning initiatives

Figure 6 provides details of the software architecture for IETC’s e-learning initiatives.  

The essential elements are as follows:

Content Development System

This system will provide the tools required to design and develop the e-learning packages by generating content of all kinds – informational, presentational and instructional - and in any format (e.g. text, graphics, animation, video and sound).  The system will also provide tools for managing the individual learning objects which form the fundamental components of an e-learning package.  

As a result of testing and formative evaluations the learning objects, either individual or in aggregate, can be modified in order to deliver improved learning outcomes.  The ability of a learning content management system to track the user’s interactions with each learning object will be critical to the testing and evaluation process.

Similarly, the “library” of learning objects managed by the system can be adapted and aggregated to form packages that better reflect the needs and learning capabilities and styles of specific target groups.  It is important to have the flexibility to use different approaches to present and assess knowledge and skills to cater for the predominate learning style of given cultures and groups of individuals.

Learning Management System

Tools available within the Learning Management System provide the ability to maintain a record of an individual’s skills and competencies, based on the performance data that has been accumulated as the individual has worked through given e-learning packages.  This information can be used to guide and signal the desirability of working through additional e-learning packages to further improve, or update, the individual’s competencies.  

The same information can also be used to provide information that will allow sophisticated evaluations of the packages in terms of their ability to deliver high quality and relevant learning outcomes.  This will be an improvement over existing instruments and evaluation practices that typically use a ‘feel-good’ summative formulae that fails to evaluate in a meaningful way the actual effectiveness of a participants’ learning, or such aspects as the cultural appropriateness of the pedagogy and content of the package.

Communication, Collaboration and Knowledge Sharing System

Tools available within the Communication, Collaboration and Knowledge Sharing System foster such activities as on-line discussion groups that provide for structured discussion around specific problems, issues, literature, and initiatives and for the sharing of case studies, lessons learned and other experience-based information and understanding.  They also provide the opportunity to seek advice and to benchmark understanding against that developed in other contexts.


Figure 6.  The Software Architecture for IETC’s e-learning Initiatives.

Annex A

Additional Information on the Decision Support Tools 

Strategic Environmental Assessment

Strategic Environmental Assessment (SEA) is a systematic process for evaluating the environmental consequences of policies, plans, programmes or proposals to ensure that they are addressed on par with economic and social considerations and early in the decision making process.  By identifying adverse environmental impacts before they occur, SEAs allow decision-makers to modify the design of policies, plans and programs so that the negative impacts can be minimized or eliminated and the positive impacts optimized. Undertaking strategic environmental assessments can also contribute to sustainable development goals, promote accountability and credibility among the general public and stakeholders and lead to broader policy coherence.

The real challenge for those conducting an SEA is to think more broadly about the proposal - about the kinds responses it may trigger (intentionally, or otherwise) and the environmental repercussions of those responses. Analysis of environmental considerations should be undertaken on an on-going basis throughout the policy development process, and be fully integrated into the analysis of each of the options being explored so the consequences of alternative options can be compared. In this way any recommendations will be informed by the results of the environmental assessment.

ESTs are a critical element of environmentally sound design.  The use of SEA at the policy, planning and initial design stage will help ensure identification of technology options that minimize environmental degradation and contribute to sustainability.  This includes, for example, consideration of the types of resources and manufacturing processes to be employed, which in turn determine the detailed characteristics of the by-products and waste streams. 

Environmental Assessment of a Proposed Technology Investment

Environmental Assessment of a Proposed Technology Investment (EnTA) is a systematic procedure whereby a proposed technology intervention is described and appraised in terms of its potential influence on the environment, the implications
 for sustainable development and the likely cultural and socio-economic consequences.  Furthermore, the assessment process requires consideration of alternative technologies, and other options, thereby providing a mechanism for comparing the impact of a variety of possible interventions. Thus EnTA helps planners, decision makers in government, the private sector, communities and other stakeholders, to reach a consensus on the technology intervention that is expected to be the most environmentally sound, socially acceptable and economically viable, for a specified location and application.

EnTA is a largely qualitative tool that minimises the need for detailed technical data. It involves simplifying both the relationships between the technology and its environment, and the consequences of those interactions, while examining the environmental effects of the entire technological system including the resources used and the wastes produced, over the full life cycle of the technology. In these ways EnTA overcomes many of the acknowledged shortcomings of Environmental Impact Assessment. 

EnTA is designed to facilitate multi-stakeholder dialogue leading to consensus decision making.  It helps planners, decision makers in government, the private sector, communities and other stakeholders, to reach a consensus on the proposed technology investment by facilitating an agreement to select a technology that will be the most environmentally sound, socially acceptable and economically viable, for a specified location and application.

Through early recognition of key issues, possible alternatives, potential solutions and areas of consensus, EnTA allows further effort to focus on points of major conflict and dispute.  This reduces information and time requirements and facilitates disclosure of all relevant information to decision makers, so a fully informed decision can be made.

A typical EnTA study consists of:

· describing the proposed technology intervention and the setting circumstances within which it will take place;

· identifying the potential environmental pressures and associated impacts;

· evaluating the impacts in a comprehensive and integrative manner;

· comparing the identified impacts with those of other technology options; and

· developing and documenting a recommendation, including the gaps in information and other sources of uncertainty.

In summary, EnTA is an important tool in the environmental management tool box in that it facilitates improved environmental outcomes by:

· recognising that the “environment” is wider than ecosystems and living resources, for it includes economic, social, aesthetic and cultural conditions and amenity values;  

· adopting proactive management approaches that emphasise problem prevention rather than problem correction; 

· adopting an adaptive management approach due to uncertainties in initial identification of potentially adverse environmental impacts; 

· considering the wider technological system, rather than the technology itself, in isolation; and
· identifying and assessing alternative technology options rather that just the one advocated by the technology developer and/or investor.
Life Cycle Assessment

As a decision support tool for environmental management, Life Cycle Assessment (LCA) involves the evaluation of the environmental aspects of a product system through all stages of its life cycle.  The typical life cycle consists of a series of stages running from extraction of raw materials, through design and formulation, processing, manufacturing, packaging, distribution, use, re-use, recycling and, ultimately, waste disposal.

With the entire product life cycle as the focus for the assessment, a complicated picture can often emerge, with environmentally significant inputs and outputs to air, water and soil at every life cycle stage.  Unexpected impacts – or benefits – will often be associated with some of the co-products or by-products which are produced by a given process.  These must all be explored and identified.

A typical LCA study consists of:

· defining the goal and scope of the assessment’

· undertaking a detailed life cycle inventory, with compilation of data about energy and resource use and on discharges to the environment, over the full life cycle;

· assessing the potential impacts associated with the identified forms of resource use and emissions to the environment; and

· interpretation of the results from the preceding steps, in relation to the objectives of the study.

The desired outcomes of an LCA are the selection of a technology investment option that:

· reduces the amount and hazard/polluting potential of material inputs;

· reduces energy demands in production process and in product use;

· reduces the hazard/polluting potential of energy production systems and fuels;

· exploits opportunities for waste from one process to become raw materials for another;
· allows products to be reused, recycled or upgraded rather than discarded when obsolete;
· creates readily degradable, or biodegradable products and wastes that do not produce substances that are toxic or accumulate in the environment; 
· implements product stewardship so that impacts of the life cycle operations of the product are minimized; 
· minimises land use per unit of product or service; 
· and increases the service intensity of processes, products and services
.

Environmental Impact Assessment
The purpose of Environmental Impact Assessment (EIA) is to ensure that development and investment proposals, activities, projects and programmes are environmentally sound and sustainable.  EIA is therefore a planning tool used to predict, analyze and interpret the significant environmental effects of a proposed development action and to provide information that can be used during decision making.  Best practice EIA also has an ongoing role during implementation.  As projects are constructed and commissioned, or programmes implemented, the environmental consequences can be further minimised by appropriate monitoring and mitigative measures.

Best practice also identifies three core values for EIA, namely:

· sustainability – the EIA process will result in environmental safeguards;

· integrity – the EIA process will conform to agreed standards; and

· utility – the EIA process will provide balanced and credible information for decision making.

EIA is designed to provide the basis for environmentally sound decision making and the design, planning, construction and operation of acceptable development and investment projects that meet environmental standards and resource management objectives.  Environmental impact assessments empower decision makers to make practical, responsible and informed choices.

As noted above, an EIA also involves appropriate follow up processes, with requirements for monitoring, management, audit and evaluation that are based on the significance of potential effects, the uncertainty associated with prediction and mitigation, and the opportunity for making future improvements in project design or process application.

The development proponent is usually, but not always, responsible for carrying out an EIA.  The requirements for the EIA may be set out in law, guidelines or other procedures, depending on the country or the requirements of the funding entity.  Sometimes more than one set of procedures may have to be complied with.  Most EIA procedures call for the involvement of the public at some, or many, of the stages of the process.  Experience has highlighted the long term benefits of involving the public from an early stage.

It is a waste of resources and time for all development and investment proposals to undergo an EIA.  Different EIA systems use different methods for choosing, or screening projects, to decide which may have significant effects on the environment and which are likely to be associated with insignificant effects.  Some systems designate projects, or areas, using threshold lists.  Others use judgement or initial evaluations to determine environmental significance based on proposal type, size, cost, the sensitivity of the environment to development, or the strength of community opinion.

The precise components, staging and responsibilities for an EIA will depend on the requirements of the country and/or funder.  However, most EIAs have a similar structure, based on the following:

· screening – an initial assessment to decide whether a proposed project requires further investigation in an EIA;

· scoping – to identify the key impacts requiring further investigation, and prepare the terms of reference for the study;

· assessing – the identification, analysis and evaluation of the significance of the impacts;

· mitigation – developing measures to prevent, reduce or compensate for impacts, and to make good any environmental damage;

· reporting – presenting the results of the assessment in a useful format;

· reviewing – assessing the adequacy of the EIA report, taking into account the views of stakeholders and assessing the acceptability of the proposal in terms of existing policies, plans and standards;

· decision making – deciding whether the proposal can proceed and under what conditions;

· monitoring and managing – implementing mitigation measures, monitoring impacts for compliance and checking that impacts are as predicted; and

· public involvement – typically occurs during the scoping and review phases, but may also happen at any of the other stages of the EIA process.

Environmental Risk Assessment

Environmental Risk Assessment (EnRA) is the determination of the potential impact of a chemical or physical agent on ecosystems, habitats or other ecological resources (Ecological Risk Assessment) or on human health and well being (Health Risk Assessment).  The assessment can be either qualitative or semi-quantitative.

There are four basic steps in the assessment process:

· hazard identification;

· exposure assessment;

· toxicity assessment; and 

· risk characterization.

However, two further steps are integral to risk assessment, namely 

· risk management - assessing the findings of the risk assessment and deciding what risk mitigation measures are required, also taking into account social, economic, legal and political factors; and

· risk communication – the methods and information required to convey to all stakeholders, in a relevant form and manner, the findings of the risk assessment and the resulting risk management decisions (or recommendations).

A formal risk assessment has several advantages in that it:

· expresses results as probabilities, thereby acknowledging the inhgerent uncertainty in predicting future environmental conditions, thereby making the assessment more credible;

· provides the quantitative basis for comparing and prioritising risks;

· provides an informed, scientific basis for cost benefit and other analyses; and

· separates the scientific process of estimating the magnitude and probability of effects from the process of choosing among alternatives and determining the acceptability of the identified risks.

For these and related reasons, the use of EnRA in environmental planning and management is fast becoming a standard practice, either as a stand alone procedure or as a support or complement to an EIA.  Appropriate use of EnRA will identify situations of potential environmental concern and allow decision makers to select management options with the least, and still acceptable level of risk.  In the context of choosing amongst ESTs, risk assessment provides a way to rank the relevant hazards in terms of human health and ecological effects, and to decide which are acceptable or manageable in the local context.

Social Impact Assessment

All environmental management decision support tools are based on an appropriately broad definition of “environment” and will therefore include human dimensions in the assessment.  However, in most cases the analysis is undertaken at a very superficial level.  Where these preliminary assessments, or other considerations, indicate that a more detailed and rigorous assessment is required, Social Impact Assessment (SIA) can be used to determine the impact a given policy, plan, programme, project, activity or action may have on the social aspects of the environment. 

These aspects include, but are not limited to: 
· the ways people cope with life through their economy, social systems, and cultural values;

· the ways people use the natural environment, for subsistence, recreation, spiritual activities, cultural activities, and so forth;

· the ways people use the built environment, for shelter, making livelihoods, industry, worship, recreation, gathering together, etc;

· the ways communities are organized, and held together by their social and cultural institutions and beliefs;

· ways of life that communities value as expressions of their identity;

· art, music, dance, language arts, crafts, and other expressive aspects of culture;

· a group's values and beliefs about appropriate ways to live, family and extra-family relationships, status relationships, means of expression, and other expressions of community; and

· the aesthetic and cultural character of a community or neighbourhood-its ambience. 

SIA involves characterizing the existing state of such aspects of the environment, predicting how they may change if a given action or alternative is implemented, and developing means of mitigating changes that are likely to be adverse from the point of view of an affected individual or population. Although every project, and every SIA, is unique, in most cases there is a series of more or less standard steps through which the analysis must proceed in order to achieve good results:

· develop an effective public involvement plan, so that all affected interests will be involved;

· identify and characterize alternatives;

· define baseline conditions;

· define the scope of the effort;

· estimate probable impacts;

· predict responses to impacts;

· consider indirect and cumulative impacts;

· recommend new alternatives as needed and feasible; and

· develop a mitigation plan. 

The variables to be examined in an SIA will depend on the results of scooping. Adjustments may have to be made as the analysis proceeds. New variables may be found to be important, and some initially thought to be important may be found to be of less significance. Generally, the following are key variables to address: 

· population characteristics;

· community and institutional structure

· political and social resources;

· individual and family factors; and 

· community resources. 
Since SIA is all about determining and addressing the concerns of the public, public involvement is essential. A basic part of SIA is to analyze who wins and who loses with each alternative considered. It is especially important to analyze whether an alternative may have high and disproportionate adverse environmental or health effects on a low-income population or a minority population. Impact equity must be considered in close and sympathetic consultation with affected communities, neighbourhoods, and groups, especially low-income and minority groups. Analysis should begin during scoping, to ensure that important issues are not left out.  The scoping stage should also be used to identify "concerns that really count, not those that are just easy to count." Scoping should seek to ascertain what issues are really important to affected communities and groups. The analysis should not focus on such aspects as economic issues or demographics or effects on city services, simply because these are easy to quantify. 

Cost Benefit Analysis

Cost-benefit analysis is a set of procedures to measure the merit of some public sector actions in dollar terms. It is used as a counterpart to private-sector profitability accounting. The difference is that most public actions to improve public well-being do not have well established private markets which generate price information on which to judge their value or benefits. To compare the public benefit of such actions to their costs, benefits (and sometimes costs) are indirectly estimated in dollar terms. The objective is to determine the alternative for public action that produces the largest net gain to the society. In this case, gain is not in terms of private sector profit, but rather as an estimated surplus of monetized benefits over estimated costs. Based on this criterion, cost-benefit analysis attempts to identify the most economically efficient way of meeting a public objective. Other goals of public management are not focused on in this process, but in some cases may be subsumed in the analysis.

Cost-benefit can be applied to public actions using varying degrees of formality (how far analysts go in trying to compare monetized benefits with costs). At one level, cost-benefit analysis can be used as a formal economic analysis of the gains to the economy or social well-being from a public action where the difference between monetized benefits and costs is used as a test or screen for evaluating alternatives and for guiding the scale of a public action. The objective in this use of the tool is to provide decision guidance on which actions improve economic efficiency, i.e. which action produces the greatest net economic gain regardless of who within the economy actually gains and loses as a result.

Alternatively, cost-benefit is often used as a framework for organizing quantitative and qualitative information on the positive and negative effects of a public action. This can include both monetary and nonmonetary costs and benefits, impacts on different economic interests, and positive and negative physical effects on the environment, human health, safety, etc. Extending the technique beyond traditional infrastructure projects does add significantly to the level of complexity, often raising doubts about the ability to make strict comparisons of monetized benefits and costs.

The underlying intent of cost-benefit analysis is to indicate whether a public action to improve public well-being adds more in economic gain than it takes from private economic activity by diverting private resources or increasing the cost of doing business -- known as compliance costs. Cost-benefit analysis applies differently to three different economic circumstances:

1) Efficient markets within the private sector which provide goods and services at the lowest costs and which do so without adverse effects on pubic safety, health, or the environment require little regulation or government involvement. Cost-benefit analysis may be used in these circumstances when the government evaluates the provision of services that are also provided by private markets.

2) Inefficient markets within the private sector often call for varying degrees of regulation, depending upon how their activities impact upon health, safety, or environmental needs of the nation. This situation is often referred to as the "market failure problem." The side effects from industrial activity which cause pollution fall in this category, and cost-benefit analysis is sometimes used as a guide to effective policies for minimizing such problems .

3) Some societal needs can only be met effectively through government action. National defense, building of some highways, some public health protection, and preservation of large, unique scenic areas or ecological systems can fall in this category. As with the second area above, cost-benefit analysis can provide guidance for some of these government actions.

The role of cost-benefit analysis has grown along with the efforts to deal with market failures affecting health, safety, and environmental conditions. In the past, private markets did not have to be much concerned about how their production or consumption activities affected health, safety, or environmental conditions. The cost of such effects was ignored or was paid by affected individuals or society at large.  With growth in population and economic output, and increasingly complex technology, the magnitude of adverse side effects has now been recognized as costly intrusions, or objectionable. Through tighter regulation as well as greater concern for the public, private markets have had to include (internalize) more of the costs of protecting health, safety, and environmental values. 

There are a number of circumstances, where cost estimation presents problems. These can include:

• Difficulty in predicting technical innovations that may reduce long term compliance costs, which can lead to an overstatement of costs relative to benefits;

• Indirect or hidden costs caused by the regulatory process such-as uncertainty, delay, or rigidity in implementation that are difficult to quantify and include in the scope of a cost-benefit analysis; and

• Physical effects or "costs" such as second order or consequential effects like other forms of pollution which are difficult or impossible to value in dollar terms.

Environmental Management System

An Environmental Management System (EMS) is the integral part of the overall management system that includes organizational structure, planning activities, responsibilities, practices, procedures, processes and resources for developing, implementing, achieving, reviewing and maintaining the environmental policy or an organization.  An EMS addresses impacts of activities and services on the environment, in ways that anticipate and meet growing environmental performance expectations and ensure compliance with national and international requirements.  The generic structure of an EMS is presented in Figure A1.  It is based on the Deming Model, which divides an organization’s actions into four phases:

· Plan – a planning phase in which the overall objectives and goals are establishes and the methodologies for achieving them are developed

· Do – an action phase in which the plan is implemented and the agreed measures are taken, in pursuit of the organization’s goal;

· Check – and evaluation phase in which the actions taken under the plan are assessed for effectiveness and efficiency, and the results are compared to the targets specified in the plan; and


Figure A1.  Generic structure of an environmental management system (UNEP/ICLEI/FIDIC, 2001).

· Improve – a corrective action phase where any deficiencies or shortcomings identified are repaired, the plan may be revised and adapted to changed circumstances, and procedures are reinforced or reoriented, as necessary.

There is no single, best approach to the development and implementation of an EMS since it depends on the nature, size and complexity of the activities, products and services within an organization.  But all EMSs have a number of core elements in common.  These are:

· An Environmental Policy – this is usually published as a written Environmental Policy Statement, expressing the commitment of senior management and all other staff to improving the environmental performance of the organization and to ensuring that the environmental consequences of the organizations activities are minimized and well within required environmental standards.  The policy is most often understood as a public statement of the intentions and principles of action for the organization with respect to how its activities will affect the environment.  The policy statement should define the broad environmental goals the organization has decided to achieve.  These are most clear and useful if they are expressed as quantified targets;

· An Environmental Programme or Action Plan – this describes the measures the organization will take over the coming year(s).  The programme or plan translates the environmental policies of the organization into objectives and targets and identifies the activities to achieve them, defines responsibilities and commits the necessary human, technical and financial resources for implementation.  Whether it applies to a private sector or government entity, the action plan commits the necessary funds and staff to meet each goal, and provides for monitoring and coordination of progress towards these separate goals and the overall policy goal.  The programme also includes provision for a regular environmental audit, to assemble information on the legally-required and voluntary environmental outcomes, assess the extent the level of compliance and recommend any remedial action that might be required;
· Organizational Structures – these establish assignments, delegate authority and assign responsibility for actions.  The individuals with strategic or line environmental responsibilities should be adequately supported with the necessary human, technical and financial resources;
· Integration of Environmental Management into Regular Operations – for a private sector enterprise this includes procedures for incorporating environmental measures into other aspects of the organization’s operations, such as the protection of workers, purchasing, research and development, mergers and acquisitions, marketing and finance.  In the case of local government organizations considerations would also include the safety, health and welfare of the community; 
· Monitoring, Measurement and Record Keeping Procedures – this includes monitoring and documents the results of specific actions and programmes as well as the overall evidence of environmental improvements;
· Corrective and Preventive Actions – the aim is to eliminate causes of actual or potential non-conformance with objectives, targets, criteria and specifications;
· EMS Audits – to determine the adequacy and efficacy of the implementation and functioning of the EMS;
· Management Reviews – the formal evaluation by senior staff or top local officials of the status and adequacy of the EMS in light of changing circumstances;
· Internal Information and Training – to ensure that all employees understand why and how to fulfil their environmental responsibilities within the context of their ongoing work activities; and
· External Communications and Community Relations – to communicate the organizations environmental goals and performance to interested parties and individuals outside the organization, and to keep them informed about specific environmental issues, difficulties, successes and other matters that may be of relevance to them.
EMSs and their core elements are described through the publication of standards, the most widely acknowledged and used being the ISO-14001.
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