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Abstract

Nuclear technology was developed in industrialized countries and largely remains in a few
industrialized countries. Non-nuclear countries today find it necessary to import this technology.
Some aspects of technology transfer: legal and institutional structure; different type of agreements;
arrange wments; and national participation are presented in this paper.

1. INTRODUCTION

While many countries are interested in acquiring nuclear power or expanding their
nuclear base, the technology was developed and largely remains in a few industrialized
countries. They possess and control most of the expertise. A few developing countries
imported this technology and used it to develop self-reliance in at least some technological
aspects of nuclear power plants and related fuel cycles. Non-nuclear countries today, whether
developing or industrialized, find it necessary to import technology to pursue development.

Two definitions should be clear at the outset. First, technology is more than hardware
and a bit of training. It includes management capabilities, an appropriate corporate culture,
incentives for initiative, accountability, and for maintaining the assets, worker training and
education, some necessary infrastructure and appropriate regulation. Second, technology
transfer is not a gift or a magic trick or a substitute for foreign aid or for capital investment. It
is a commercial, profit-making enterprise with mutual rights and responsibilities between the
host and the investors, the vendors. The undertaking must benefit both the supplier and
receiver of the technology. Technology transfer can be effected through any number of
financing schemes and management arrangements, but to be successful these must have
certain characteristics:

The arrangement must protect the property rights of the supplier. Technology is
expensive to develop, and development costs are recovered through distribution and sale of
the product. Licensing and patent arrangement are a way of doing this, and are a key to
technology transfer.

The arrangement must be affordable in developing country markets and responsive to
their needs.

Risks must be minimized and assigned efficiently, with the host government largely
responsible for a stable framework for the venture.

The host must have a strong stake in the venture and committed to its success.
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The forms of technology transfer that best fit these requirements are joint ventures and
licensing schemes, as they convey with them both assurances for the investor and continued
support and training for the hosts

2. TECHNOLOGY TRANSFER

2.1. General comments

Countries starting a nuclear power program are immediately involved in technology
transfer with a range of institutions. Depending on existing capacity and capabilities, the
utility may need to learn to manage, operate and maintain a nuclear plant, while engineering
companies need to learn to construct nuclear plants, including specific local plant designs. The
manufacturing industry must acquire the capability of manufacturing to nuclear standards,
while the regulatory body must devise regulations and supervise their application. There is
also a need for technology transfer to activities not purely nuclear such as standardizing and
testing.

Technology transfer (TT) can benefit both supplier and receiver. For the supplier it can
help achieve:

A long term relationship with the receiving country and its industries, commercially
positive to both;

- Development of a new market in nuclear and nuclear-related industries;
- An advancement in existing technology when TT is used on specific R&D projects.

For the receiving country TT permits:

- The acquisition of knowledge developed by others, in a shorter time and at lesser cost
than if developed domestically;

- The acquisition of capabilities which can be spun off to other industries;
- Achievement of greater independence by internal control and management of the

nuclear program as well as through increasing national participation in the project;
- An increase in the standards of technological education and training.

Finally, it is necessary to note that:

- TT is not simple but complex teaching, and can not produce instantaneous results;

- TT is a gradual process.

2.2. The legal and institutional structure of technology transfer

2.2.1. Intergovernmental agreements.

Where governments exercise control over the utility sector, and where international
agreements are required for technology transfer, the role of government may be strong. Where
energy and financial markets are being restructured and liberalized or privatized, government's
role in technology transfer diminishes. In more centralized economies, comprehensive
technology transfer can involve several organizations in both the supplier and receiver
countries.
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An intergovernmental agreement is a framework for working agreements to transfer the
technology and provide the plants, equipment and services. Agreements between specific
organizations need not be limited to companies in nuclear power but can include research and
development organizations, government departments and educational institutions. A typical
structure of bilateral agreements for nuclear technology transfer is shown in Figure 1.
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FIG. 1. Structure of an agreement for the nuclear technology transfer.

2.2.2. Agreements between companies

The agreements between companies and organizations involved in the technology
transfer are important. They not only define the technology but the terms and conditions of the
transfer, the rights, responsibilities and recourse of the parties, and the expected end result.
There must also be a clear definition of how competence is to be established. Details might
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include the type and nature of documents, formal training, on-the-job training and the
secondment of the supplier's personnel.

2.3. Characteristics of different type of agreements

There are a number of agreements under which technology can be transferred. The
form is determined by the technical competence of the receiver and by the ways and means the
supplier and receiver intend to use the technology after transfer.

2.3.1. The licensing agreement

Definition of the technology and technical services is important to a successful
agreement. This includes clearly defining the scope of the technology, the scope and nature of
technical services and assistance to be provided, the end product and the expertise involved, hi
practice, differences in expectations are a common problem in technology transfer and the
perceptions of the receiver and the supplier may differ on many aspects of the technology to
be transferred. Misunderstandings can be avoided by discussion and documentation.

A licensing agreement should provide rights to improvements in the technology.
Clearly defining the technology ensures agreement about what an improvement is, although it
may be difficult to distinguish between improvements and development. The licenser should
guarantee:

• That the technology suits the products covered by the agreement;
• To whom the expertise belongs;
• That the technology can achieve the desired production;
• That the technology is complete;
• That documentation is completed within the scheduled time.

2.3.2. Technical co-operation agreements

The essence of these agreements is the same as for licensing. This means that, when
the transfer is completed, each party continues to pursue its business independently. The word
co-operation is used to recognize the close teamwork necessary for the period of the contract.

The agreement should specify arrangement of three aspects of the transfer process:

Setting up the agreement: the supplier provides information on what may be
transferred, on the scope and on the methods and
administration. The recipient specifies his contribution,
and his arrangements and obligations;

Implementing the transfer: the supplier prepares documentation, provides
consultant services and trains personnel; local
participation and contribution are defined;

Licensing the technology transfer: when the technology has been transferred, the supplier
and receiver are licenser and licensee; the agreement
must provide for continued use of the technology by
both parties.

190



The amount of the down payment and royalty on use of the technology are resolved
between the supplier and the receiver, and must be specified.

2.3.3. Joint venture

This is distinguished from licensing and co-operation by arrangements for conditions
after technology transfer. In a joint venture, the supplier and receiver agree at the beginning
that the association established for transferring the technology will be maintained, and will
continue between the parties through the transfer into the exploitation phase. Joint venture
implies a mutual interest in the outcome of the transfer and in the continuing association. This
in turn implies that both parties will continue to commit resources to the venture after the
initial transfer. The agreement should provide that the receiver will have access to
improvements in the technology within a time-phase and under specified conditions.

2.3.4. Technical assistance

This is an agreement, usually for limited TT, in which the receiver performs work with
the technical assistance of the supplier. This agreement is used chiefly in the manufacturing
and construction sectors, where the supplier has a fairly dominant and leading role and in
principle, the receiver follows the instructions of the supplier.

2.3.5. Consultancy

This agreement provides limited TT and the supplier plays a relatively passive role in
contrast to that in the other agreements, hi principle, the supplier advises but does not instruct
the receiver, on how the work should be done or how a particular situation should be handled.
This can be a good means for transferring software.

3. TECHNOLOGY TRANSFER ARRANGEMENTS

3.1. Protecting the technology

Building a technology transfer agreement is easier if the legal systems in the receiver
country recognises the ownership of intellectual as well as physical property and gives
technology transfer contracts the same legal protection as any lawful contract. There should be
special provisions allowing the supplier to receive fair and reasonable compensation for
technology transfer and protecting against unreasonable exploitation.

The function of a legal framework is to facilitate technology transfer by setting
conditions which afford protection of the legitimate rights of the donor (supplier) and receiver.
Host governments are responsible for assuring that such a framework is in place. Legislation
must reflect a balance between the rights and interests of the supplier and those of the
receiver. When this is achieved, responsible organizations can reach agreement within the
legal framework.

3.2. The price of technology

The supplier develops the technology at some cost and risk over a period of time.
Therefore, compensation is required when transferring technology because it is bought and
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sold like any commodity. In addition, considerable effort will probably be expended in
executing the transfer. Establishment of a fair price is complicated because the receiver
usually lacks experience in and appreciation of the complexity of the technology. Therefore,
the receiver has difficulty appreciating or quantifying the costs.

For successful technology transfer, both parties must feel the agreement is profitable.
To arrive at the price for transferring technology, factors to be considered are:

- The nature of the technology and the effort necessary to master it;

- Cost to the donor of developing the technology and of continuing development after
transfer, since the receiver must update the original technology;

- The value of using a sales linked agreement (e.g., sale of the NPP);

- The possibility that the donor, in communicating knowledge of his technology is risking
its unauthorised dissemination and consequent loss of competitiveness;

- The limitations on market, prices and materials incorporated in the agreements;

- An assessment of extra business in the new technology which will accrue to the
receiver, including size of the domestic market, the cost of local labour, and trading
relations with other countries;

An assessment of the royalty and additional business accruing to the donor e.g., through
access to new markets.

3.3. The effectiveness of technology transfer

The value of technology transfer is increased if its application is widespread: one-off
investments are costly. In the case of nuclear power, a commitment to construct more then one
unit within a specified time-frame greatly increases the attractiveness of investing significant
money and resources. In most countries, procurement of the first NPP is essentially a turnkey
job, with extensive supplier supervision and reduced technology transfer. A group of supplier-
provided professionals with extensive industrial experience and previous exposure to basic
nuclear physics and research reactor operations are essential to make technological choices
and to establish the initial nuclear architect-engineer functions. The same engineering
capability must be available domestically to perform as architect-engineers under supervision
of the suppliers even if inadequate to act independently.

4. NATIONAL PARTICIPATION

4.1. Level of national participation

Clearly, the main objective of the authorities and/or utilities entering the nuclear field
is to build a nuclear power plant within the required schedule which will produce electricity
reliably and at as low a price as is consistent with safety and environmental measures.
However, the nuclear power programs of most countries have been heavily influenced by clear
preferences for the use of national resources. It is a common view that a nuclear power
program is an opportunity to develop national capabilities, since it involves high demands on
industry, technology, quality and technical personnel. Technology transfer through
procurement as well as through training is thus often included in a transfer arrangement, with
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appropriate cost and quality control stipulations. There will always be an unavoidable
minimum of domestic participation to fulfill host country obligations under the TT agreement.

In general, national participation should be defined in realistic terms considering
existing industrial, technological, manpower and educational infrastructures and their possible
future development. It should be co-ordinated with the nuclear power programme of the
country and not simply oriented towards a particular project.

While there are examples of countries successfully increasing the proportion of
national participation in each successive plant in an ongoing programme, opportunities are
few for substantial local involvement in the first plant. The most significant opportunities in
manufacturing are likely to occur first with non-nuclear, more conventional equipment and
material. For the first nuclear plant, the extent of local participation depends on existing
manufacturing capabilities, particularly those that can be readily upgraded to the required
standards of quality. It is important to note that some countries beginning nuclear power
programs have experienced considerable delay in the project resulting from local participation
in areas where previous experience was non-existent.

The principal partners involved in national participation are the country's government,
utilities, industry, research and development institutes and educational and training institutes.
The typical distribution of responsibilities and functions among the principal partners is given
in Table I and it is needless to say that co-operation among partners is essential for success.

To ensure the implementation of a national participation policy, the leading role
belongs to the government. It is the government who will have to develop and apply a
consistent set of procedures and methods establishing an adequate framework of conditions
and incentives in which all partners of the national effort will effectively carry out their share
of responsibilities and functions.

It is difficult to quantify an unavoidable minimum of local industrial support required
for local participation since conditions vary in different countries. However, for meaningful
local participation, the existence of a medium and heavy engineering industry experienced in
the manufacture of cement, steel or chemicals and a well developed civil construction industry
should be considered minimal. These should be in place before a nuclear power program can
be conceived with a meaningful chance of success. It must be emphasized that there is a
minimum necessary level of national participation in a nuclear programme and that means:
- A country must be able to accept the responsibility of achieving an acceptable and

assured level of safety to make nuclear power a viable energy option;
- The regulatory authority must know its responsibilities and the future owner

organisation must be "an informed buyer" and accept full responsibility for safety and
reliable operation.

For minimum involvement even with the first plant, local engineering companies and
industries might participate to a reasonable extent in the following activities:
- The detailed engineering of conventional civil and architectural work;
- The supply and manufacture of basic materials for civil, mechanical and electrical work;
- The completion of construction work in civil, mechanical and electrical work of

conventional plant areas to the extent possible.
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TABLE I. RESPONSIBILITIES AND FUNCTIONS FOR NATIONAL PARTICIPATION

Partners

Government

Utility/Owner

National industry

Main responsibilities and function

- Development of the nuclear power strategy
and programme

- Nuclear licensing and regulation
- Establishment of bilateral or multilateral

agreements, for the implementation of
technology transfer, training, technical
assistance, exchange of information

- Definition of national participation policy
- Legislation for nuclear power and for

promoting national participation
- Survey of the available national

infrastructure and its capability
- Study of the feasibility of national

participation in general and in detail
- Planning and co-ordination of the national

effort
- Elaboration of procedures and methods to

implement and to increase national
participation

- Provision of financial assistance
- Establishment of national policy for

quality assurance

- Definition of overall and detailed supply
requirements of the nuclear power projects

- Completion of commercial arrangements
for project implementation

- Supporting advice and assistance to the
Government in its tasks and functions

- Development of manpower for
utility/owner's requirements

- Analysis of supply requirements, market
conditions and production possibilities, in
particular regarding quality, schedule and
cost

- Development of supply proposals
- Production and supply of goods and

service
- Specialised and on-the-job training in the

respective fields of competence
- Implementation of improvements and

additions to existing capability
- Supporting advice and assistance to the

Government in its tasks and functions
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TABLE I. (CONT.)

Partners
Research and development institutes

Educational and training institutions

Foreign governments and suppliers;
International organisations

Main responsibilities and function
- Technical research and development in

national participation areas
- Technical and scientific assistance to the

Government, utility and industry
- Manpower development in basic and

specialized fields
- National information exchange centre
- Supporting advice and assistance to the

Government in its tasks and functions
- Provision of basic and specialised

academic education and training to
professionals, technicians and craftsmen in
fields of national interest

- Planning and development of new national
training capability according to the
requirements

- Supporting advice and assistance to the
Government in its tasks and function

- Conclude agreements and/or supply
contracts with appropriate governmental or
industrial organisations

- Provision of technology transfer
- Provision of information and technical

assistance as established in bilateral or
multilateral agreements

- Provision of training opportunities
- Active participation, joint ventures

(possible)
- Provision of financial assistance

The optimum level of national participation will evolve with time and experience as a
function of the infrastructure. However, not infrequently, planners underestimate the time and
effort necessary to obtain the required quality of national products. Too often the call for
maximum participation is emphasized whereas the real objective should be optimum
participation. National participation should in no case affect quality and on this there can be
no compromise, even where national participation is subsidised. It is important to make a
realistic assessment regarding adverse effects on the cost and time schedule of a project as a
result of national participation. If, for strategic reasons and national policies, certain increases
in cost and time schedule are consciously accepted in the initial stages, the long-term
economics should be kept in view.

In selecting items for which domestic manufacture and supply is considered part of the
optimum national participation, initial attention should concentrate on items which:

- Are currently manufactured in the country even if below the quality than needed and
requiring a modest effort to upgrade;
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- Already have an internal market in which planned expansion justifies the required
investments in view of expected increased sales;

- Are not in the critical path of the plant construction.

4.2. Types of contract

One of the important activities and key decisions is the selection of the type of contract
to be taken in realization of a nuclear power project. Basically, there are three main types of
contract that have been used for nuclear power plants, namely:

- Turnkey. A single contractor or a consortium of contractors takes the overall
responsibility for the whole work;

- Split package. The overall responsibility is divided between a relatively small
number of contractors;

- Multiple package. The owner, by licensing or with the help of his architect-engineer
(AE), assumes the overall responsibility for engineering the plant.

A common approach in the past has been that the first plants are ordered under turnkey
contract and orderly progress is then made in subsequent plants towards split and multiple
package contracts with each step placing increasing demands on the domestic infrastructures.

The turnkey type of contract refers to the supply of a complete power plant, ready for
commercial operation, by one supplier, the so-called main contractor. A turnkey contract gives
the main contractor comprehensive responsibility for completing all parts and all phases of the
project to the satisfaction of the client, including the design, engineering, construction,
erection, supply and installation, testing and commissioning of the plant, as well as the
training of the owner's personnel. The main contractor will be in charge also of the overall
project management. The main contractor might be a single company or group of contractors
operating as a consortium, usually with one member acting as leader for the group. The main
contractor has to guarantee both his own delivery and services, and the deliveries and services
of all his subcontractors, foreign and local. Obtaining licenses from the national regulatory
body should remain the responsibility of the buyer but the main contractor should guarantee
the plant's licensability and prepare the safety analysis reports.

The essential advantage of this approach lies in the fact that one main contractor is
held responsible by the buyer for all financial risks during construction. The turnkey approach
seems especially advisable when there is little or no domestic experience with the
management of very big projects. It has been used also in some countries where such
qualifications existed, especially for the procurement of the first plants, but turnkey
contracting generally has not been used by experienced organizations in recent years. It seems
quite probable that the turnkey type of contract will again be used in industrialized countries if
nuclear power programmes are revived, both because of the standardized plant designs now
being offered and the additional security it offers to the plant owners.

In the split-package approach, the overall responsibility for design and construction of
the plant is divided among a relatively small number of contractors, who manage, design,
construct and/or manufacture large, functionally complete portions of the work, e.g., entire
systems, buildings, etc. Each portion is called a package. Under the split-package approach the
interface problems can lead to risks of delays and extra costs to the owner. To overcome this
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problem, one of the contractors is usually assigned the responsibility for overall system
integration and functional design as well as project co-ordination and interfacing.

In the multiple-package approach, the owner, either within his own organization or
through his architect-engineer, assumes the direct responsibility for the design and
construction management of the project with a large number of contracts. The multiple-
package may be adopted by a country, provided that proven capabilities in full-scope project
management are available within the country. Bids are invited for the nuclear steam supply
system (NSSS) and turbine-generator (TG) packages, the suppliers are selected and contracts
are placed. The owner or his architect-engineer (AE) then designs the plant around this
equipment, produces a very large part of the safety report and supervises construction, usually
erecting the plant himself. This approach has been favoured as it offers the maximum
opportunity to the buyer to select the plant that suits him best and to influence the design as he
would wish, but it can result in a tailor-made plant, significantly different from a standardized
design.

The main factors and considerations for evaluation and selection of the type of
contractual approach are the following:
- Factors and conditions including existing management, engineering and construction

capabilities, industrial infrastructure, national planning and implementation policy of the
first project and subsequent projects in the long-term nuclear power programme;

- Experience in project management of similar projects, particularly of large fossil-fuelled
power plants;

- Potential contractors and their capability, reliability and experience with different
contractual approaches;

- Economic and competitiveness considerations;
- Foreign financing possibilities;
- Assurance of supply.

4.3. Considerations for national participation

It has been mentioned already that a number of countries entering a nuclear power
programme wish to achieve highest levels of local participation. While there are examples of
countries which have successfully increased the proportion of national participation in each
successive plant in an ongoing nuclear power programme, opportunities for substantial local
involvement in the first plant are few. The most significant opportunities in the manufacturing
area are likely to occur first with the non-nuclear, more conventional items of equipment and
material.

For the first nuclear power plant, the extent of local participation will depend on the
country's existing manufacturing capabilities, particularly on those that can be readily
upgraded to the required standards of quality. Even so, a significant level of local participation
could be achieved in most countries.

It is probable that to achieve any degree of local participation in the manufacture of
nuclear components an intensive programme of technology transfer will be required. The
programme will require significant investment of both human and financial resources on a
national scale. Training of the personnel required, at the professional, technical or skilled
trades level will take a considerable time since the nation's total manpower development
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effort cannot and should not be solely directed toward the development of nuclear power.
Similarly, the financial resources of the country must be assigned to meet the overall goals of
the nation. It follows then that the development of the manufacturing sector, like other sectors
of the nuclear industry, should take place in an orderly fashion and be phased in over a
programme of several nuclear units. It is desirable that the initial entry into the manufacturing
of components for nuclear plant should concentrate on less complex and less demanding
equipment so that an appreciation can be gained of the standards of work and the quality
assurance aspects required. Some studies and/or surveys have to be conducted in the country
entering nuclear power development, before undertaking the necessary investments in
manufacturing components and supplying material. The studies should be directed toward
understanding

- How the present industrial capabilities can be used;
- To what products priority should be given;
- How quickly can the technology be assimilated and local production achieved;
- What is the disadvantage of local participation.

Some countries entering a nuclear power programme for the first time have found that
considerable delays in the project can result from local participation in areas where previous
experience did not exist. Therefore, scheduling is perhaps the greatest problem arising from
the initial stage of local participation.

5. CONCLUDING REMARKS

There will clearly be stronger incentives for national participation to support a long-
term nuclear power program consisting of several plants, than would exist for the construction
of just a single plant. It is most important to give local suppliers confidence in achieving an
adequate return on their investments. In this case national industry participation might proceed
as follows:

Level 1. Local labor and some construction materials are used for on-site non-specialized
purposes, especially for civil engineering work, as a minimal move toward
established targets,

Level 2. Local construction industries take full or partial responsibility for civil work when
possible, including design work,

Level 3. Locally manufactured components from existing factories are used for non-critical
parts of the plant,

Level 4. Local manufacturers extend their normal product line to incorporate nuclear
standards, possibly under licensing arrangements with foreign suppliers,

Level 5. Special factories are set up to manufacture heavy and specialized nuclear
components. The economic viability of such undertakings should be assessed in view
of future domestic markets and availability of such equipment internationally.

This type of plan has been followed in the Republic of Korea. In keeping with
increasing participation by national industry, there was also a corresponding evolution in the
contract form for each plant, from turnkey to split package and then to multiple package, with
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a corresponding expansion in the capabilities of the owner organization. A national
organization is now responsible for new plant design and there is capability for plant export.
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