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Transferring technologies

While environmentally sound technologies (ESTs) need to be used more widely throughout industry in the developed economies—particularly among small and medium sized enterprises—the imperative is to accelerate their introduction and use in developing countries. The fastest growth in population and economic activity in the years ahead will occur outside the Organisation for Economic Co‑operation and Development (OECD) countries, and with increased economic growth comes increased pollution. This is not simply a ‘local’ issue: as many developing countries industrialize at a rapid pace, they contribute increasingly to global environmental problems. Transferring state‑of‑the‑art ESTs, held mostly by the OECD countries, and training people to use them is essential to meet this challenge. But there are a number of barriers to successful technology transfer and these need to be overcome if the use of ESTs is to be accelerated.

As far as environmentally sound technologies (ESTs) are concerned, developing countries need to make the same changes as those implemented in a number of industrialized economies. They need to: 
· replace environmentally damaging industrial processes with environmentally superior alternatives; 
· reform manufacturing practices to cut materials use, energy consumption and pollution; 
· improve existing technologies, largely transferred from countries that industrialized earlier or, better still, replace them with new ESTs. 
Indeed, many developing countries, starting out on the process of industrialization, have an ideal opportunity to leapfrog the ‘dirty stages’ in technological development and avoid the developed world’s mistakes. It would be to every developing country’s advantage to implement cleaner technologies from the start because it would help them to: 
· compete in world markets with goods and services that meet international standards; 
· reduce pressure; 
· minimize environmental damage.
Despite this, the take‑up of new technologies outside the Organisation for Economic Cooperation and Development (OECD) countries is disappointing: 87 per cent of investment in ESTs is still in Japan, North America and Western Europe, though the market for them is increasing in parts of Asia and Latin America. This suggests that while there may be a demand for ESTs in developing markets, there are a number of barriers to technology transfer. These barriers include lack of information, lack of funding, intellectual property rights, royalties and lack of skills in managing ESTs in developing countries.

Success factors

Transferring ESTs successfully depends on the potential recipient:

· understanding their benefits;
· obtaining information, and having the knowledge and tools to make an assessment;
· understanding how to implement and manage technological change successfully.

The United Nations Commission on Sustainable Development (CSD) says that if “any of these elements is omitted or seriously deficient, successful technology transfer will be difficult”. It also points out that, increasingly, the issue for many developing countries may be access not to a particular technology, but to the process of technological change to achieve cleaner production. UNEP stresses that “the benefits and advantages (of ESTs) need to be more widely understood and appreciated”, and in particular “much more emphasis is needed on their economic benefits, as well as on their ability to produce improved products and services”.
Companies—whether in developed or developing countries—essentially have two motives to adopt ESTs. One is because they have no choice: legislation forces them to meet mandatory environmental standards. The other is because they understand the economic benefits of reducing raw materials and energy use, waste and pollution. Legislation and regulations are important as well, as they can, for example, penalize polluting industrial processes.

Knowledge gap

Even though ESTs clearly add value, and provide a good return for firms, large sections of industry—mainly, though not exclusively in developing countries—remain unimpressed by the benefits. Indeed, there remains a large and worrying knowledge gap generally on ESTs. Time and again, companies in developing economies say they do not know what technologies are available. For example, 50 business leaders from the Middle East told a workshop organized by DELTA (Developing Environmental Leadership Towards Action) in September 1996 that “lack of awareness of alternative technologies” was a major obstacle to improving their corporate environmental performance.

This information gap is a critical constraint on the transfer of ESTs. “The ability to obtain information on available technological alternatives is the first step towards making greater use of ESTs and upgrading systems of production ... the future widespread adoption of ESTs in developing countries will largely be an exercise in improved information exchange and capacity‑building”, says the CSD. 

According to UNEP: “Solutions to many environmental problems may already exist. They have been developed worldwide, and implemented by institutions and communities. Yet, knowledge of these solutions appears not to be global. Developing countries and countries with economies in transition in particular, may be unaware of the range of technological alternatives available to solve the specific environmental problems they face. Likewise, they may not know that a large number of these solutions are in the public domain, in some cases are free of charge, and can significantly contribute to alleviating pressures on the environment for both developed and developing countries.”
Why is there such a lack of knowledge about ESTs when there are a number of information channels already available through research centres, databases, national and international information systems and industry associations? (see Box 3.3). According to the CSD, the problem is that there are no specific support structures to facilitate technology transfer. Other factors that could account for the lack of transfer are that the mandates and financing of these information systems are not specifically oriented to developing countries. Indeed, many serve developed countries only. In addition, many private companies do not want to release technologies because frequently there is little guarantee they will be adequately compensated—by royalty fees, for example.

Plugging the gap

There is a consensus that the need is to strengthen the existing channels, rather than create new ones, and that:

· country‑based information access points are important, for example coordinated and networked with other facilities for technology transfer, such as centres for training, demonstration and transfer of ESTs;
· information sources should be close to the end‑users so they know of their existence and can access them easily, and they should provide fast answers to end users’ questions;
· information itself must be driven by demand, not supply, so that it is based on user needs; information should also be clear and specific: why ESTs are needed, what ESTs are available, their costs, benefits and drawbacks, and how and where to get them.

End‑users also need to know about cases where ESTs failed, and why. For example, was the technology inappropriate or was lack of training to blame?

Intermediaries crucial

The role of intermediaries is crucial. They provide information on technologies, identify information sources or arrange access to the technologies themselves. Intermediaries are mainly international, governmental or non-governmental environmental organizations, university research centres and training institutions.

As the first point of contact with end‑users, the intermediary is responsible for passing on relevant information about ESTs, which may come from information systems in developed countries. This information may influence the end‑user’s choice of technology or know‑how. The intermediary must be able to recognize and meet the end‑user’s specific needs as companies and industries in developing countries are often unsure what questions to ask about improving their operations. The intermediary has to help form the questions, then provide the answers. He or she can also play a significant role in the contacts between EST suppliers in developed countries and customers in developing countries. The intermediary has a marketing role to promote awareness of their services and ultimately awareness of ESTs and their benefits. Dissemination of information materials and provision of seminars and training programmes are ways to do this.

Other issues

Language is another barrier to information access, since most of the materials available on ESTs are in English only. The cost of accessing a database can also be a deterrent, which raises the issue of whether information should be free, at least at the initial stage when an intermediary is trying to raise awareness of ESTs among potential end‑users. A UNEP-organized meeting of experts in Paris in 1995 proposed establishing a consultative mechanism in the form of an EST information system network—a loose‑knit network of organizations and institutions using and supplying information on ESTs.

Reaching small and medium‑sized enterprises

Small and medium‑sized enterprises (SMEs) are often neglected in the transfer of ESTs, for various reasons: their sheer number; their relative lack of capital, knowledge and technical capabilities; and the difficulties suppliers face in identifying and contacting them. The Industrial and Technological Information Bank of the United Nations Industrial Development Organization (UNIDO) found that information on ESTs was mostly targeted at developed, not developing, countries, compounding the problem of reaching SMEs in developing countries. 

Smaller enterprises frequently have limited financial resources, which is one of the barriers to implementing ESTs. Lack of access to information is a further obstacle. There is also the problem of the SMEs’ own attitude towards new technologies: they rarely have an ‘information culture’; adopt a passive attitude to information; and are conservative about making changes to their existing practices.
A study by UNEP’s Cleaner Production Programme in conjunction with the World Business Council for Sustainable Development (WBCSD), and with financial support from the European Union, is reviewing the current global situation of SMEs to address the following questions:

· what information do enterprises need?
· what information is available?
· what additional information should be provided?
· how is information delivered and how could delivery be improved?

Globally, environmental problems faced and posed by SMEs are similar, and they seem to be exacerbated in developing countries. SMEs account for a large percentage of economic activity and therefore have a major environmental impact, but their small size and isolated nature makes influencing their behaviour difficult. A small enterprise usually has limited access to necessary information to address environmental issues, and a limited infrastructure to handle them.
In the European Union, 70 per cent of economic activity is carried out by SMEs, but a variety of factors, including difficulties in accessing information, keep a majority of them from meeting applicable environmental regulations. In developing countries, the percentages of SME economic activity are similarly high, but usually coupled with a less well​-established regulatory structure. Recently, there has been global recognition of the important role SMEs play and of the need to address them.
A UNIDO study of SMEs in India found that they were more interested in short‑term profit than long‑term investment, so environmental improvements had a low priority; operational standards were low, with a limited capacity to appreciate and absorb new technology; they showed a general lack of awareness of the technical aspects of the environment; and in general they were reluctant to invest in new, clean and efficient technologies unless forced to do so. UNIDO commented that these results could probably apply to other target audiences in other countries. Specific measures to address the SMEs include making technology suppliers aware of developing countries’ needs and the potential market opportunities, and informing technology buyers in developing countries about the availability of ESTs.

Skills management

Even when companies know about particular ESTs, they may still face two further potential hurdles before they can introduce them into their operations: deciding which are the right ones to choose and invest in; and being able to operate them effectively. There have been cases of technologies being transferred which have harmed, not protected, the environment. The infrastructure to manage ESTs is part of the building of users’ capacity to assess and use them successfully. Both the assessment process and the infrastructure component are part of what is called ‘soft’ technologies. Both hard and soft technologies need to be present for effective technology transfer and implementation.
Users need to assess how the ESTs will act under specific conditions: in short, will they work for my company and address my problems? Those assessments need to be sector, even project, specific. Some basic criteria or general guidelines for evaluating environmental performance will be important in transferring and applying ESTs. The infrastructure to transfer and manage the technologies requires adequate technical and managerial skills, a trained workforce, programmes to maintain and upgrade technologies, access to funding and adequate energy, transportation and other support systems.
The lack of skilled people in user companies, particularly, but not solely, in developing countries, is a serious bottleneck in technology transfer. The OECD has noted that the skills needed to use a particular technology effectively do not automatically lead to a mastery of the skills required to change or adapt it. There must be a conscious effort of ‘technological learning’, which requires substantial resources. Buyers of ESTs must not only acquire the technologies—they also need to acquire the capabilities to operate, maintain and adapt them. Technology sellers can help with long‑term training packages. There remains, however, the problem of a general lack of environmental management capabilities, in particular in SMEs. Remedying this situation will demand a big rethink on training. Increasingly, the focus on achieving skills in specific disciplines will have to switch to improving interdisciplinary and intersectoral training.

Key role for private sector

Agenda 21 urges that “governments and international organizations should promote, and encourage the private sector (emphasis added) to promote effective modalities for the access and transfer, in particular of developing countries, of environmentally sound technologies”, through a variety of interrelated activities. Multinational companies have already emerged as a significant force in the transfer of ESTs thanks to the increase in global trade and international business activities. By some estimates, transnational corporations may control as much as 70 per cent of world trade. Direct investment is one way. But the mobility of labour (as well as capital) which multinationals and transnationals provide also offers the potential for enhancing technology transfer, and promoting education, training and information exchange. The sale of ESTs from one company to another is another piece of the transfer jigsaw.

In its Changing Course report to the 1992 United Nations Conference on Environment and Development in Rio, the Business Council for Sustainable Development (predecessor of the WBCSD) said unequivocally that technology transfer—which it called technology cooperation—“works best through business‑to‑business long‑term partnerships that ensure both parties remain committed to the continued success of the project”. It added: “Technology cooperation is likely to be most successful when it happens within a commercial setting. Both the provider and the recipient companies will have clear, self‑interested motives to make the deal succeed.”
The elements of long‑term partnerships, the report explained, include a commitment to business development, training of employees, adapting, improving and upgrading ESTs, and introducing new management systems. It acknowledged some concerns among companies that since competitive advantage is invariably based on technological innovation, transferring technology can mean transferring competitive advantage. However, long‑term partnerships seem to allay their fears because they lead to an expansion of business for companies in the developed countries, not loss of business through selling their technologies.
Most multinationals however have few qualms about transferring ESTs—Certainly to their own subsidiaries. They recognize the need to be as clean abroad as at home. The Environmental Charter of the Japanese business group, the Keidanren, for example, gives ten guidelines to Japanese companies operating overseas. These include applying Japanese standards to the management of harmful substances, providing local communities with information on environmental measures, and cooperating in promoting the country’s own environmental policies. The performance of multinationals in developing countries can often be –and increasingly will be—an important influence on local industry, including SMEs. The local subsidiaries of multinationals are an important source of information and technical assistance for SMEs. Multinationals can also insist that their suppliers conform to their environmental quality standards.

Public sector approach

Most major developed countries run programmes to support the transfer of ESTs to developing countries: some examples are highlighted below.

· The United Kingdom is increasingly focusing on private sector operators. Its Technology Partnership Initiative promotes direct access by companies in developing countries and newly industrialized countries to information about ESTs available in the United Kingdom, and firms that can supply them. At the same time, the initiative is trying to raise awareness among United Kingdom suppliers about the markets and needs for ESTs in developing countries.
· Denmark’s International Development Assistance Agency helps promote the use of ESTs in developing countries. A sister organization, the Industry Foundation for Development Aid, has sponsored a number of cleaner technology projects in China, India, Poland and several African and Latin American countries.
· The Canadian International Development Agency assists Canadian companies to form joint ventures with developing country partners and also provides financial support. The ventures are aimed at testing, adapting and demonstrating ESTs for possible transfer. Other Canadian federal departments and organizations disseminate information on cleaner technologies.
· The Netherlands has a programme of grants to investment projects in the industrial sector with a positive environmental impact, and which must be innovative and involve either existing or new ESTs. The aim is to act as a catalyst for similar actions in various industrial sectors. Examples include wind generators, solar home energy systems and organic waste management facilities. 
· Australia’s AusAID gives preference to supporting overseas projects that meet local needs, create jobs and involve appropriate ESTs and local skills. One example is the use of ESTs in East Java, Indonesia, to support pollution prevention activities. A private sector linkages programme includes the demonstration, adaptation and supply of proven and appropriate Australian technology.
· Germany sponsors the German Investment and Development Agency, which promotes technology transfer between private sector companies in Germany and developing countries. It has also established an International Technology Transfer Centre to assist SMEs in establishing contacts in Asia and Eastern Europe.
· Norway finances technology cooperation and capacity development programmes on waste minimization and EST strategies in a number of countries. Some of them aim to increase industrial productivity through ESTs, for example, lower material spillage, water use and energy usage. The programmes include on‑the‑job training.
· Japan sends teams of technology and environment experts to live and work in developing countries to learn about capacity, infrastructure and the cultural setting for technology cooperation, and then provides assistance in developing the right environment to use various types of ESTs efficiently.
· The United States, through its Environmental Pollution Prevention project, supports programmes in both urban and industrial sectors in developing countries—among them Chile, Ecuador, Egypt, Indonesia and Tunisia. 
· A recent example of a new mechanism is the Technology Information Centre, set up by the European Commission and the Confederation of Indian Industry. It will disseminate information to Indian industry on commercially proven and available indigenous and international ESTs, including suppliers.

Mixed private‑public approaches

Joint implementation is an initiative involving government and the private sector: it is a controversial concept, but its advocates argue it could become a valuable mechanism for transferring ESTs to developing countries. Under joint implementation, countries can offset their greenhouse gas emissions by setting up reduction projects in other countries, and share ‘credits’ for the results. The idea is that a company in an OECD country will invest in projects in a non‑OECD country, for example, an energy efficiency scheme in Asia, and then get a ‘credit’ for the resulting reduction in greenhouse gas emissions there. The basis of joint implementation is that emission reductions will benefit the environment no matter where they occur. A few examples of projects already under way are given below.

· A US$200 million joint venture project has brought together a Canadian electricity utility, a state electricity board in India and the Asian Development Bank. Instead of building more coal‑powered plants to meet India’s growing energy needs, the Canadian company plans to upgrade current power distribution systems to produce electricity at half the cost and also sharply cut carbon dioxide emissions over the next 30 years. 
· A French cement company has plans to modernize its cement plant in the Czech Republic. The project includes a 50 per cent increase in production capacity, a 14 per cent decrease in fuel consumption and a complete upgrade of pollution control equipment.
· A deforestation project has been set up involving the Norwegian government, three Norwegian companies and Costa Rica. Between them, the companies and their government will invest more than US$2 million. As a result, Norway will offset 200,000 tonnes of national carbon dioxide emissions over the next 20 years at much lower cost, says the government, than equivalent carbon dioxide reduction programmes at home.
With the World Business Council for Sustainable Development (WBCSD) taking the lead, industry groups strongly support joint implementation. The WBCSD says it will promote the development and expansion of new markets for innovative climate‑friendly technologies, in particular, by providing a mechanism for companies in developing countries to acquire new ESTs. The WBCSD’s International Business Action on Climate Change initiative attracted more than 80 proposals when it launched an international call for joint implementation proposals. They included renewable energy sources, methane emissions reduction, waste management and fuel conversion/switching, and represented a total potential for greenhouse gas reductions equivalent to the carbon produced by three 900‑megawatt coal‑fired power plants over a 20‑year period.

In the United States, a voluntary programme designed by the Department of Energy and supported by more than 600 companies encourages individual power utilities to set their own carbon dioxide reduction goals. In addition, the companies have contributed US$52 million to venture capital funds to be invested in fledgling enterprises around the world that promote alternative and renewable energies. Also in the United States, a pilot programme, the United States Initiative on Joint Implementation, has the specific goal of encouraging private sector investment and innovation in the development and dissemination of technologies that reduce greenhouse gases.

However, environmental groups and many developing countries maintain a wary attitude towards joint implementation because they claim it lets developed countries off the hook in reducing their own greenhouse gas emissions. Joint implementation’s supporters counter that while the industrialized economies produce most carbon dioxide emissions now, the situation will be reversed by 2010, so it is important to start tackling the problem immediately in developing and transitional countries.

Capacity‑building

The OECD makes the point that to be effective, technology transfer or cooperation “should focus on strengthening the indigenous capacities” of local industries and companies. It says that governments at all levels, private sector organizations and aid agencies (bilateral and multilateral) need to incorporate pollution prevention approaches in their strategies and programmes. It also calls for more interaction and cooperation between these bodies.

Promoting exports
One other way of pushing technology transfer is to encourage the private sector in developed countries to transfer ESTs. The OECD has called on member countries to make more use of export promotion programmes to achieve this, and several OECD governments have started to do so. For example, the Nordic Environmental Financing Company, a publicly supported venture, provides financing for firms from Nordic countries to export environmental technologies to Central and Eastern Europe. 
The OECD has also proposed a package of other initiatives on export promotion: 
· governments should keep better data on the volume and types of EST exports, so they can better identify those technologies not receiving export support;
· countries should conduct environmental reviews of their export credit and export promotion activities to check whether exports are beneficial or detrimental to importing countries’ environments;
· governments should design their export promotion activities to ensure they complement the efforts of their aid programmes in fostering the transfer of ESTs.

Is trade a barrier?

One issue is whether trade policies and protection of intellectual property rights present a barrier to transferring ESTs or actually encourage the process. For example, import barriers in developed countries against products made with, or that contain, ozone depleting substances contribute to the adoption of ‘ozone friendly’ technologies in those countries.

The OECD studied seven ESTs: fluidized bed combustion; oxygen delignification in the pulp and paper industry; technologies to reduce or eliminate the use of chrome in the leather tanning industry; alternative cleaning processes to eliminate CFCs from the electronics industry; membrane cell technology in the chlor‑alkali industry; ion exchange technology in the metal plating industry; and direct reduction technology in the iron and steel industry. All were developed in direct response to stringent regulatory requirements in an OECD country. The developers wanted to sell their technologies both inside and outside the OECD area. The study found that, generally speaking, trade policies were not a barrier to this. But two factors appeared as important obstacles to trade in ESTs. 
· A key disincentive—cited by exporters and importers alike—was the lack of environmental requirements and/or enforcement in receiving countries. The main reason why industries in some countries imported ESTs was because new environmental standards forced them to do so. Where environmental standards are inadequate or not enforced to create a demand for ESTs, trade in them will be hindered.
· The lack of access to financing was a further obstacle. Even when stronger environmental regulations required firms to obtain ESTs, they could not afford them. Companies lacked adequate cash flow to make a significant capital investment even when the ESTs offered lower operating costs and were more economical in the long term. This problem was most acute in Latin America and Central and Eastern Europe, and in countries with limited foreign exchange reserves. In some countries, governments seemed reluctant to strengthen or impose environmental standards because companies could not comply with them.

Based on the OECD study, exporters and importers would like governments to reduce or eliminate tariffs on ESTs, waive local content requirements or foreign exchange restrictions, and strengthen patent protection.

South‑South transfers

A further dimension to the technology transfer issue is the question of South‑South transfers to SMEs, especially in the least developed countries. Within the area of global warming and climate change, the regional networks of ODS Officers, run by UNEP under the Montreal Protocol’s Multilateral Fund, have provided a successful platform for the exchange of policy and technology information between developing countries.

Technology for the People, a Geneva‑based non‑governmental organization, argues that a wide range of technologies tried and tested by firms in the more advanced developing countries—notably in Asia—could be transferred to companies in the least developed countries far more cheaply and effectively than transfers of more sophisticated technologies from developed countries. The major obstacle is lack of money, and Technology for the People says that there is simply no official support, whether from home governments or inter​national agencies. The other factor is that most of the more advanced developing countries have not yet adopted ESTs on a sufficiently broad scale themselves to be able to export them. In other words, they need to ‘put their own house in order’ first.

Addressing this issue at a UNIDO roundtable meeting in Vienna, Austria, in February 1995, experts pointed out that cooperation among developing countries could potentially reduce the costs of developing ESTs. One constraint is the limited range of technologies available in developing countries. The meeting proposed a four‑point plan for governments and United Nations agencies:

· joint research for problem solving “to assure that capacity‑building measures are‑targeted to the frontiers of technologies, and to facilitate technology ‘leapfrogging’”;
· networking among research institutes in developing countries;
· regional centres that play a role in exchanging information and providing training programmes for capacity‑building;
· networking with international organizations. 
Developing countries themselves can of course do more to create a demand for ESTs by intro​ducing and actively enforcing legislation, and through providing economic incentives. In addi​tion, they could also develop national programmes for using ESTs to foster cleaner production and products: what an OECD workshop in Hanover, Germany, in 1994 called “a business plan for deploying ESTs where they would contribute most to preventing pollution and waste”.

“Start at home”

One other interesting element in a successful technology cooperation strategy has been put forward by William A. Nitze, President of the Alliance to Save Energy in the United States—“start at home”. He points out that many OECD countries face a challenge in extending the use of ESTs internally similar to the one faced by developing and Eastern European countries whose governments “have almost as much work to do in organizing for change” as elsewhere.

“The United States and other OECD countries will have little credibility in helping developing or Eastern European countries deploy ESTs and methods if we are unwilling or unable to adopt them at home ... If OECD companies do not develop and implement extensive ‘eco‑efficiency’ programmes and extend them to their overseas affiliates, companies in non‑OECD countries are unlikely to make the necessary changes in their own management procedures. We must act as laboratories in discovering what does and does not work.”
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