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PREFACE

This report considers the factors likely to promote or impede China's
assimilation of imported techmology. It is intended to help estimate China's
ability to absorb technology in various fields, and to gauge the consequences of
importing any particular item. It pays special attention to the Chinese context
and to the end users of foreign technology. Significant recent (1982 and 1983)
transfers of technology in four fields—-energy, heavy industry, electronics and
computers, and aviationr—are surveyed.

Open source materials including studies of technology and technology
transfer, US and Chinese press accounts, and a range of business and trade
journals were used. Information in this study is current as of 15 April 1984,
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SUMMARY

Importing foreign technology plays a central role in China's modernization
strategy. While the training of Chinese students abroad and the improvement of
Chinese science through exchange and cooperation with many foreign countries
will have a major long—term effect, more immediate, short-term gains are the
result of such commercial transactions as purchases, joint ventures, cOpro-
duction, and consulting and industrial training agreements with foreign corpora-
tions. ‘

Chinese policy is to import only what it cannot produce for itself and to
limit imports to ‘advanced technology and key equipment. The reluctance of
foreign corporations to share their advanced technology and foreign governments'
restrictions on the export of technology have impeded China's efforts to modern-—
ize its industrial structure. An equal if not greater impediment is China's
limited ability to assimilate the technology it imports.

Shortages of skilled manpower, poor enterprise management, an economic
structure marked by a high degree of compartmentalization and duplication, and a
low degree of exchange between enterprises all limit the use of imported tech-
nology. The resulting variability and unevenness characteristic of Chinese
industry and technology make generalizations about Chinese capabilities in the
abstract or aggregate both difficult and misleading. Consequently, the assess-
ment of the effects of the transfer of any technology to China depends on'the
specific end user within China.

vii




CHINA'S IMPORT AND ASSIMILATION OF TECHNOLOGY: A SURVEY

1. INTRODUCTION

a. Technology and Modernization

Importing foreign technology plays a central role in China's moderniza-
tion strategy. Premier Zhao Ziyang, addressing the Fifth Session of the Fifth
National People's Congress in November 1982, said: "All branches of our national
economy must gradually apply the advanced technologies that have been in common
use in the economically developed ;funtries since the 1970s or the early 1980s
and which are applicable to China."

b. Modes of Transfer

Foreign scientific knowledge and technology are being pursued through a
variety of means. In long-range planning, the most significant method is to
dispatch thousands of Chinese students of science and engineering to
universities in the United States and other Western countries. This, along with
programs of scientific exchange and cooperation such as those covered under the
1979 Sino-US Agreement on Cooperation in Science and Technology, will increase
China's research and development capabilities within 5 to 10 years. It will also
enhance China's ability to assimilate advanced foreign technology.

Other modes of transfer such as the purchase of computers, offshore oil
drilling equipment, or sophisticated machine tools have a more direct, short-
term impact. These purchases, however, are limited both by China's shortage of
foreign exchange and reluctance to borrow and by its policy of trying, whenever
possible, to purchase manufacturing technology rather than finished products.
Hence China has attempted to promote joint-venture and coproduction arrangements
with foreign corporations. Chinese efforts to acquire some types of technology
have been hampered by the reluctance of foreign corporations to divulge their
most advanced technology and by foreign governments' restrictions on the export
of technology.

c. Technology in US-China Relations

The Chinese Government has been sensitive to attempts to-impede or limit
the flow of technology to China because of the importance of technology transfer
to China's modernization and economic development. 1In 1982 and 1983 the level of
technology the United States was willing to permit China to acquire as well as
the need to clear exports through the Coordinating Committee for Multinational
Export Control (COCOM) have been major issues in US-China relations. The 1983 US
decision to place China in the "V Category" of friendly nations under the Export
Administration Act of 1979 and so liberalize export restrictions has reduced
Chinese dissatisfaction and contributed to improved relations. The issue re-
mains, however, and will probably continue to be a point of disagreement and
negotiation in the future. Restrictions are still placed on sales of certain
products and technology which are viewed as national security concerns by the US
Government. Nuclear weapons, electronic warfare, antisubmarine warfare, and
intelligence gathering have been cited as technologies which will continue to be
subject to export bans.” It is not yet clear what the Chinese will attempt to
purchase or what items will receive export permits.




Since technology transfer is so important to the current state of US-
China relations, and since questions of military applications of technology are
at the root of US restrictions on technology export, some notion of what the
Chinese desire, what is in fact being transfered to China, and to what use it is
likely to be put is necessary.

2. CHINA'S TECHNOLOGY IMPORT POLICY

a. Buying Know-How Rather Than Products

China's present policy is to maximize the flow of foreign technology in
order to achieve rapid economic growth. China tries to import only what it
cannot produce for itself, and to limit imports to advanced technology and key
equipment.” In general the plan is to import as advanced technology as possible,
yet still suitable to Chinese conditioms. Under the Sixth Five Year Plan
(1981-85), the emphasis is on raising the technical level of existing enterprises
rather than importing complete plants or equipment for showcase projects. Many
of China's existing factories are using outmoded or obsolete equipment and tech-
niques and, partly for this reason, are very inefficient, requiring large quanti-
ties of energy and materials to produce mediocre or outmoded goods. Whenever
possible, the Chinese will attempt to acquire technology and know-how rather than
finished products. ’

b. Policy Alternatives

Within these policy guidelines, there is room for considerable dis-
agreement within the Chinese Govermment regarding what level of technology is
"appropriate" or "applicable'" to Chinese circumstances. Issues irvolved in the
policy debate are self-reliance versus dependence on the internatiomal system,
short-term versus long-term planning, basic research versus applied technology,
and agriculture versus heavy industry. Questions on the scope, pace, and content
of technology import have been and may well continue to be major issues in
China's internal politics. Modifications of the current policy are almost cer-
tain and major changes are not unlikely.

Questions of what and how much foreign technology to import have been
major issues in Chinese politics since the mid-19th century. China has had a
great deal of experience importing foreign knowledge and expertise, and this
experience presumably influences present policies and policy debates.

c. " Historical Experience

"+ Throughout the 19th and early 20th centuries a great deal of money was
spent .importing foreign artillery, warships, and even aircraft. Chinese forces
equipped with imported weaponry were defeated regularly by foreign armies, and
the possession of modern foreign arms did not preserve the Nationalist government
from defeat at the hands of less well-equipped Communist armies. In many cases
from the 1850s through the 1940s, Chinese authorities purchased foreign weapons
which ' were either overpriced, out-of-date, or inappropriate to Chinese
conditions. Consequently, the wary attitude the Chinese authorities have taken
recently toward the purchase of foreign arms is not difficult to understand.




It became increasingly clear that foreign technology could not simply be
- imported piecemeal and used to replace a few domestically produced items. Sci-
ence and technology are systems and their use demands a host of often unan-
ticipated modifications to a range of social institutions——everything from the
educational system to promotion policies within the military. The dilemma for
the Chinese has been that they could either purchase a few foreign items, such as
cannons or railway engines, and be dependent on foreigmers to produce and repair
them, or they could attempt to produce them internally, and be forced, step by
step, to reform or modify Chinese institutions, making them more like foreign
ones. The possible alternative, a policy of self-reliance and self-sufficiency,
eventually leads to renewed recognition of the factors which have compelled China
to import foreign technology since the Opium War—-the threat of foreign aggres-
sion and the humiliating recognition of national backwardness.

d. Soviet Aid in the 1950s

Thus far the single most comprehensive attempt at importing and as-
similating foreign technology was that of the 1950s. As part of the First Five
Year Plan (1953-57) China was the recipient of 'what was undoubtedly the most
comprehensive technology transfer in modern industrial history." The Soviet
Union provided aid for 156 major industrial projects concentrated in mining,
power generation, and heavy industries. Following the Soviet "Big Push' model of
economic development, these were large-scale, capital-intensive projects. Be-
tween 1950 and 1960 some 11,000 Soviet specialists and scientists worked in
China, and 38,000 Chinese (20,000 workers, 8,000 technicians, 7,500 students
1,300 scientists, and 1,200 instructors) were trained in the Soviet Union.
Furthermore, China's industrial, educational, and scientific systems were reor-—
ganized along Soviet lines. During this era, China made substantial progress in
fields such as steel, machine building, basic chemicals, and the production of
military goods such as artillery, tanks, and jet aircraft.

e. Long-Term Costs

Soviet assistance, however, had some less than ideal consequences. The

"cost of dependence on a single foreign source was brought home when Moscow
suddenly cancelled its aid and technology transfer programs in August 1960,
leaving many projects unfinished and terminating the supply of essential goods.
This experience doubtless encouraged some Chinese leaders to advocate increased
or extreme self-reliance. Other consequences have since become apparent. The

' primary goal of the 1950s program was rapid industrial growth, and the develop-
ment of China's science and technology was distinctly secondary. Most of the
‘Soviet experts in China were engineers and technicians, .and most of the training
the Chinese recéived was narrowly focused and directed at immediate application.

‘ As a consequence, the Chinese were able to operate the Soviet factories, but
i their capacity for independent design and development remained very limited.
China also adopted Soviet-style economic and industrial systems. Such systems
produce rapid growth -in a few key sectors, but growth slows down as the effects

. of unbalanced development are felt. In addition, Soviet organization of science,
in which scientists work in academies separated from universities and indus-
tries, makes the translation of scientific knowledge into new products and proc-
esses both difficult and lengthy. One of the unintended legacies of the 1950s
program of technology transfer and training has been an industrial system capable
of reproducing large quantities of products designed in the Soviet Union, Czecho-
slovakia, Hungary, and Romania in the 1950s and 1940s, but with very limited




capabilities for innovation or product development. Hence the need in the 1980s
for another round of wholesale technology transfer, and policies that avoid the
errors of the 1950s.

3. TRANSFERRING TECHNOLOGY TO CHINA

a, Limits to China's Assimilation of Technology

The most effective mechanisms of technology transfer are those that
permit long-term relationships and extensive consulting and trouble- shooting
between donor and gec1p1ent, as was done with some of the Soviet technical aid
programs to China.

China's ability to assimilate technology is limited by such factors as
shortage of skilled manpower, inadequate management, an economic structure
marked by a high degree of compartmentallzatlon and duplication, and a low degree
of exchange between enterprises. As in the Soviet Union, China's enterprises
attempt to maximize self-sufficiency through stockpiling and building their own
spare parts, instruments, machines, and other items that are difficult to obtain.
Movement of personnel and diffusion of knowledge between enterprises is very
rare. The absence of standardization within and between enterprises hinders the
integration of up~to—date imported technology. '

The effective assimilation of imported technology depends to a large
degree on the recipient's technical skills. Even the superficially simple proc-
~ess of copying or reverse englneerlng demands skills approaching those of the
original producer. Chinese engineers and technicians, many with only limited
formal education, have learned to work successfully in circumstances where they
have little contact with their peers in other enterprises, cannot buy equipment
or materials in the market, and use assemblages of obsolete, imported, and
homemade equipment. According to one Western observer:

China has developed a cadre of versatile technical personnel
capable of ' trouble-shooting and overcoming a. variety of
technical problems. One shortcoming of this group, however,
is that it tends to be more in the mold of the 'artisan-
craftsman' and therefore lacks the technical training and
depth of understanding that is characteristic of its Western
counterparts.

Another analyst noted: o

What the Chinese lack is not the ability to manufacture. They
manufacture quite well with custom building, hand-machining,
and small-scale batch-type production. What they have not
mastered are the techniques of modern, continuous-flow
production processes, precise automation technology, and other
organizational aspects of management technology.

b. Variation and Variability Within China

A consequence of the self~sufficient and compartmentallzed nature of
Chinese enterprises is the considerable variation and unevenness in the level of




technical skill. Knowledgeable travelers to China often report that of the
factories or laboratories they visited, one or two looked well-run while others
were 10 to 20 years behind world standards. Similarly, some scientific or
technical fields are reported to be well developed, while others are backward or
hardly exist at all. Making generalizations about Chinese capabilities is both
difficult and unwise. The assessment of the effects of the transfer of any
technology to China depends on precisely where the item is going--its end user.
Some enterprises are able to make good use of an item of foreign technology,
while others in the same field probably lack the skill to assimilate it. Com-
partmentalization and restricted communication between enterprises means that
diffusion of technology within China is as great a problem as assimilating
advanced foreign technology.

4. SIGNIFICANT TRANSFERS OF TECHNOLOGY, 1982 and 1983

a. Energy Teéhnology

A shortage of energy is one of the major obstacles to China's economic
development; hence the plan for quadrupling total economic output by the year 2000
envisages a massive infusion of foreign energy technology. It was reported in
early 1983 that the energy shortage "had idled about 20 percent of the industrial
equipment in recent years, resulting in an an&ual loss of 70,000 million yuan (US
$36.4 billion) in industrial output value." Under the Sixth Five Year Plan
(1981-85) energy development is to receive 25 percent of the total funds for
capital investment. The goal is to doub}s energy output by 2000 while achieving
major advances in energy comservatiom. Foreign technology is necessary to
meet these goals.

(1) Coal

China has massive deposits of coal which remain the foundation of
the country's energy economy. In 1982 coal accounted for 71.2 percent of China's
primary energy output. China's 1982 coal output was 666 million tons. Over 300
million tons were produced by over 500 large mines directly controlled by the
State, while nearly 300 million tons came from 19,500 mines run by localities,
ranging from provinces to communes. There ,gre 4.6 million .coal miners, .5
million of whom work on capital construction. Although the output of China's
mines has increased markedly since the 1950s, coal mining has, in contrast to the
petroleum industry, received relatively little investment. Increases 1in
production have come from the development of many small-scale and
technologically unsophisticated mines and from intensive, short-run working of
existing mines. In the 1970s, the development of new mines or even new tunnels in
existing mines was neglected. ‘ ' '

Only half of China's coal is extracted, conveyed, or loaded by
mechanical means. Ninety-six percent of China's coal comes from underground
mines, rather than open-pit or strip mines that extract more of the available
coal. 1In the 1950s China began to use the modern long-wall system of mining,
which recovers 70 percent of the coal in 4 seam; however, many mines still employ
the older room-and-pillar method, which recovers only 50 percent of the coal.
Part of the problem is the inability of China's machine building industry to
produce mechanized mining equipment in significant quantities.




Furthermore, while the coal industry has concentrated on increasing
tonnage, little has been invested in coal processing facilities. This results in
coal which contains a high proportion of rock and other impurities. Of the
estimated 642 million tons produced in 1982, only 51 million tons were washed. A
January 1983 State Couni%} decree ordered all major coal mines to begin supplying
processed coal in 1983,

China plans to double coal output by 2000. This will not require a
major technological breakthrough, but it will depend on foreign funds and
substantial imports of existing foreign technology. ' Mines in the major coal
center in Shanxi Province produce less than a ton of coal per worker per day. 1In
underground mines American workers produce 10.75 toms, ,per day, while surface
mines average more than 30 tons per worker per day. China seeks foreign
assistance in developing complete mines, especially surface mines, as well as
foreign mechanized mining and coal processing equipment. But, there have been
.problems assimilating the mining machinery imported during the 1970s. In 1981
.the Ministry of Coal Industry said that only 83 of the 150 sets of mechanized
coal equipment imported in 1978 were still operating 3 years later. It blamed
inadequate planning and maintenance. The Chinese would like to import production
lines and technology for mining machinery, and pay for this in coal. The problem
is that most countries that produff coal mining machinery also export coal and
have no interest in China's coal.

-‘Appendix A presents a list of coal technology transfers to China in
1982 and 1983.

(2) oi1

During the 1950s, China produced a small quantity of oil from the
Yumen field, Gansu Province, but imported most of its petroleum from the Soviet
Union. Development of the Daqing oilfield in Heilongjiang Province began in
1960, and by 1968 China achieved self-sufficiency in o0il production. By 198960i1
provided 25 percent of China's energy and natural gas a further 3 percent.

Initially all Chinese oil equipment came from.the Soviet Union and
Romania and reflected Soviet technology of the 1950s. The oil industry has been
a priority sector for investment since the early 1960s, and great efforts have
been made to manufacture equipment. Still, foreign observers generally agree
that neither Chinese equipment nor extraction practices are up to current world
standards. Equipment is insufficiently standardized and maintenance problems

are common. While the Daqing field, China's largest, is relatively shallow, deep

drilling shows the deficiencies of Chinese equipment. Offshore exploration and
drilling is even more difficult, and here China has decided to rely primarily on
the expertise of foreign oil companies.

i

China's crude oil production, after increasing rapidly throughout

the 1970s, apparently has peaked and begun to decline.. By 1990 China may -

actually be an importer of oil. The reasons for the decline involve geology,
technology, and management. S

Onshore fields, especially in northeastern China (Daqing, Shengli,
Dagang), produce 0il that is found in large numbers of small reservoirs. The
reservoirs are difficult to spot on seismic profiles, must be hit exactly with
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the drill, and once found are quickly drained. They require a relatively large
number of individual wells which have a low yield (average about 200 barrels a
day). The crude oil is waxy with a high residual content that complicates
handling and refining. The sedimentary basins of western China's Xinjiang
Uygur Autonomous Region appear promising and may contain larger reservoirs of
0il, but both prospecting and eventual exploitation are made difficult by dis-
tance and the absence of any infrastructure in these remote deserts. Even if
substantial quantities of oil were to be discovered in this area, it would
probably require at least 10 years before it could be supplied to industries and
cities thousands of kilometers to the east. China's oil surveying technology
lags considerably behind world standards, as does its drilling technology,
especially deep drilling. China's ability to recover the maximum amount of oil
from each field also falls short of current world practices. Because of manage-
ment errors in the 1970s, short-term output was maximized at the expense of long-
term fgeovery. Sophisticated techniques for enhancing recovery are now neces-
sary.

Consequently, China is now importing foreign technology and expert
services in three major fields: seismic surveying, onshore drilling and oil
recovery techniques, and offshore exploration and drilling. This is done
primarily through cooperation with foreign oil corporations attracted by the
hope of a share of the oil. The authorities have attemptéd to secure the best
terms by dealing with a large number of foreign concerns, and have made it clear
that every agreement and joint venture is to include training for Chinese
workers.

In 1980 China signed contracts with three foreign oil companies for
offshore exploration and joint production in the Bohai Gulf; ELf Aquitaine
(France) surveyed another area_in the Bohai Gulf; and Total (France) an area of
the Gulf of Tonkin, off Hainan. In September 1982 Atlantic Richfield (ARCO) of
the United States began exploration near Hainan. In May 1983 a consortium led by
British Petroleum was awarded five areas. In August 1983 two consortia, each
headed by Occidental Petroleum of the United States, were awarded exploration
areas, as was a partnership between Exxon and Royal Dutch Shell. 1In September
1983 the Japan National 0il Corporation received another area for exploration and
a consortjum headed by Japan's Idemitsu Oil Development Corporation was awarded
an area. Western equipment and service suppliers hope to follow the major oil:
companies. US producers of oil drilling "expendables" (piping, muds and chemi-
cals, downhole gear, and replacement parts), which rely on conventional tech-
nologies, are report to be ready to propose coproduction arrangements with
Chinese counterparts.

‘ Appendix B provides data on transfers of various types of sig-=
nificant oil technology to China in 1982 and 1983.

(3) Hydropower

Although China's hydropower resources are the world's largest, only
3 percent have been developed and hydropower provides only 1 percent of China's
energy. The current Five Year Plan calls for increased investment in hydropower
and, in the long term, hydropower should provide a substantial share of China's
energy. Development is difficult because the most promising sites are in remote
areas of southwestern China, while dam sites closer to cities would flood valleys
that are both densely populated and agriculturally productive.
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In the construction of dams and generating stations, Chinese skills
approach world standards and pride in self-relia is reportedly strong in the
Ministry of Water Conservancy and Electric Power. Chinese dams, however, have
generally taken longer to build and cost more than originally planned because of
deficiencies in management and planning. Chinese turbines, while good, are mnot
as effective as the most up-to-date foreign models. They provide about 10
percent less power and require more steel. Foreign technology would be useful in
constructing very high-voltage transmission 1i necessary to move electricity
from dam ‘sites to urban and industrial centers. The most likely prospects for
technology transfers would be in construction planning and management,
construction machinery, turbine construction, and power transmission.

Hydroelectric power was the subject of one of the 17Protocols onExchanges
in Science and Technology signed between the United States and the People's
Republic of China in September 1979. Annex I to the Protocol, signed in March
1981, called for engineering assistance for. several major projects by the US Army
Corps of Engineers as well as training of Chinese specia}§sts by the Tennessee
Valley Authority and the Bonneville Power Administrationm. Annex II, signed in
February 1983, gives private American companies a major role in cooperative
activities. US firms will have exclusive rights to bid for a feasibility study
of the Tianshengqiao dam on the Hongshul River in Guangxi Zhuang Autonomous
Region. The US Army Corps of Engineers will act as contracting agent for the
Chinese. Annex II alsoc envisages a series of seminars and exchanges of expert
delegations.

Appendix C 1includes information on commercial transfers of
hydropower technology to China in 1982 and 1983.

(4) Nuclear Power

In 1982 China made <clear 1its intention to develop mnuclear
powerplants. The relatively developed areas along the coast and in the northeast
provide 73 percent of the total industrial output, but have only 10 percent of
the energy resources. This uneven distribution of energy resources coupled with
the high cost and technical complexity of  long distance power transmission from
‘hydroelectric stations in the western moungﬁ}ns or pithead coal-fired thermal
powerplants make nuclear power attractive. The first nuclear powerplant, a
300-megawatt pressurized water reactor, is to be built at Qinshan, near Hangzh
Bay in Zhejiang Province, and is to be entirely Chinese designed and equipped.
This plant is sometimes referred to as the "728 Project," after the date, August
1972, when Premier Zhou Enlai approved the project.

; In December 1982, it was announced that China's second nuclear plant
was to be built in Guangdong Province using foreign technology. The plant, on
the Daya Peninsula near Hong,Kong, is to be equipped with two 900-megawatt
.pressurized water reactors. The plans call for foreign financing and
technology through a joint venture with the Hong Kong electric utility and sale
of electricity to Hong Kong. Technology transfer appears to be one of the major
purposes of this project. US export controls, imposed because of China's refusal
to sign the nuclear test ban treaty or to agree to international inspection of
imported nuclear technology, have rendered the export of reactors or nuclear
power technology by United States firms mearly impossible. However, British and
French firms have been eager to sell these items. News reports and commentary
usually name the French firm Framatome as the likely source of the gactors and
the British General Electric as the supplier of the power turbines.
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Serious negotiations with potential foreign suppliers continued
throughout 1983, but by November no contracts had been signed. The total cost of
the project would be around $5 billion. On 27 December 1982, the French Foreign
Ministry confirmed that France and China had concluded an agreement for coopera-
tion in nuclear power. Earlier reports from Beijing said the agreement covered
research and development on pressurized water reactors of from 300 to 900 mega-

watts, as well as nuclear ety, sodium cooling technology, and the geology and
processing of uranium ore. China and Britain signed a memgiandum of under-
standing for cooperation on the Daya reactors on 27 March 1983. The memorandum

made no specific commitments. During his May 1983 visit to China, French Presi-
dent Mitterrand announced that agreement in principle had been reached on the
sale of four French nuclear reactors. The reactor deal would be worth at least
$2 billjon and would be the largest individual trade agreement ever signed with
China. Thus, Framatome offered its pressurized water technology to another
country for the first time, in part because the technology, originally developed
by' the Westinghouse Corporatio§3of the United States, is no longer regarded as
subject to US export controls. By the summer of 1983 there were still no firm
agreements or contracts signed and financing for the project was in doubt. The
fall in the price of coal on the world market and the uncertainty over Hong
Kong's future reportedly made Hong Kong's utility company reluctant to invest 'E
the Guangdong nuclear project, which would take at least 8 years to complete.

There have been persistent reports that China would prefer US
nuclear techmology if it were available. American companies are eager to sell
reactors to China. In January 1983, Westinghouse filed for an export license to
sell two primary reactor coolant pumps, centrifugal charging pumps, and an in-
core flux mapping system for the "entirely Chinese equipped” 300-megawatt
Qinshan plant. The coolant pumps were denied export licensing in the abs pce of
an agreement on nuclear cooperation between China and the United States.

Throughout 1983 the transfer of nuclear technology was a major topic
of discussions and negotiations between the Governments of China and the United
States. In July a Chinese delegation visited Washington, and it was reported
that considerable progress resulted. US law requires a bilateral agreement on
inspection, reprocessing,‘and transfer of nuclear materials to third countries
before American firms are permitted to sell equipment. The United States views
China as a nuclear weapons state, like the Soviet Union, Britain, and France,
when considering nuclear technology transfers. Sales to such states require
inspection (the mode of which is unspecified) of only those facilities suppli
by the United States, a condition that China is reported to find tolerable.
Furthermore, in October 1983 Chingls application to join the International
Atomic Energy Agency was accepted. This indicates China's willingness to
accept the norms of the international nuclear energy trade, and thus increases
its chances of importing nuclear technology from the United States and other
countries. As long as these trends continue, a bilateral agreement between China
and the United States is likely to be announced in 1984. Once that is done,
finance and ability to assimilate the technology will become the major issues in
China's import of nuclear energy technology. "

Apart from commercial deals, China has a number of scientific ex-
change agreements that cover nuclear energy. Of these, the December 1982 Agree-
ment with France (discussed above) is the most extensive, A 3 September
1981 agreement between the Japan Atomic Industrial Forum and China's 2d Ministry




of Machine Building (now the Ministry of Nuclear Industry) called for the ex-

- change of experts and engineers, joint seminars and conferences, and tech-
nological exchange. 1Initially the focus was to be on the application of rgdio-
isotopes, but the possibility of extension to nuclear power was mentioned. A
protocol on cooperation in nuclear safety between China and the United States was
signed on 17 October 1982. This does not appear to have resulted in major
activity. Once the larger issue of a bilateral agreement on nuclear cooperation
is resolved, there will probably be more extensive exchanges. On 9 December
1982, China's State Science and Technology Commission and the Federal Republic of
Germany's Ministry of Research and Technology signed a protocol on cooperation in
research oggthe peaceful use of nuclear power, as well as radio astronmomy and
aerolites.

Appendix D presents data related to nuclear technology transfers to
China in 1982 and 1983. ‘ :

b. Heavy Industry

After decades of stressing the growth of heavy industry and "taking steel
as the key link," current Chinese economic plans call for increased investment in
energy and transportation (which account for 38.5 percent of planned investment
during the.Sixth Five Year Plan, 1981-85), and decreased investment in heavy
industry. Planned investment in heavy industry is described as 'technical
transformation,”" the goal being to upgrade existing facilites rather tham to
import or build complete new plants. Most major plants date from the 1950s or
mid-1960s, and are technically obsolete. The situation is particularly severe in
the older industrial centers such as Shanghai or Tianjin. The Nanjing University
Journal recently asserted that 60 percent of the 28,000 varietjies of machines
manufactured by China's machine-building plants are outdated. However, the
cost of renovating all existing enterprises is tremendous. Another Chinese
source cited an estimated cost of $240 billion4 about as much as the entire

capital investment for the Sixth Five Year Plan. 2

The central authorities mnow will attempt to limit investment to key
projects such as the Baoshan Steel Complex. Most imports of technology will
consist of single items or processes, especially those intended to save energy
and increase efficiency. Chinese managers are increasingly interested in li-
censing, and are likely to pay for technical advice and consulting services. The
metallurgical, chemical, and transportation industries are examined as examples
of heavy industry. :

(1) Metallurgy.

During most of the . 1949-79 period the iron and steel sector had first
priority for investment, with fully 24 percent of all funds spent qn: foreign
technology during those years going to the metallurgical industry.  However,
increasing the quantity of steel took precedence over improving quality, and the
production of special types of steel and alloys was neglected. Steel, including
that used for such military purposes as armor and gun barrels, had to be
imported, usually from Japan. Iron and steel products have consistently been the
largest single category of items imported from Jagzn and made up 50 percent of
all Japanese ‘imports in the first half of 1983. According to Minister of
Metallurgical Industry Li Dongye, the main priority for the iron and steel
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industry is the productioﬁ“ of alloy steel for use in ships, vehi&&;s, oil
drilling facilities, computers, earth satellites, and guided missiles.

In March 1983 China's State Council decided to go ahead with the
second stage of the Baoshan Steel Complex and to complete the first stage by
September 1985. The first stage will include a harbor, blast furnace, and
blooming mill. Most of the equipment will come from Japan and West Germany.
Each year it is to produce 3 million tons of iron, 3 million tons of steel, and .5
million tons of seamless steel tube for use in the offshore oil industry. Work
on the second phase began in June 1983 with comstruction of a continuous cold-
rolled strip mill which will produce 2.1 million tons of steel sheet per year.
Equipment will be provided by a consortium of foreign companies headed by SMS-
Schloemann Siemag of West Germany. Deliveries are to be made in 1985 and 1986.
The other second phase facilities will include a blast furnace, a coking plant, a
sintering ug%t, a continuous ingot casting unit, and a continuous hot-rolled
strip mill. On 12 September 1983 a technical cooperation contract between
Japan's Nippon Steel Corporation and the China National Technical Import Corpo-
ration went into -effect. Nippon Steel is to provide managerial and technical
training for the Baoshan Complex. Japane§§8experts will be séent to Baoshan to
provide on-the-spot technical instruction.

Appendix E includes data on metallurgy technology transfers to Cbina
in 1982 and 1983.

(2) Chemicals

Over the past decade, the chemical industry has concentrated on
increasing production of petrochemicals for the textile industry and
fertilizers. During the 1970s a series of complete fertilizer and synthetic
textile plants were purchased from the United States, Japan, and Western Europe.
The purchase "of a further series of large-scale petrochemical plants was
announced in the late 1970s, but these were cancelled or postponed during the
1980 economic readjustment, when capital construction in the chemical industry
was reduced by 30 percent. _Such purchases as have been made Trecently have
primarily been of equipment and technology to upgrade existing facilities.
Problems of the chemical industry were identified in 1981 as excessive energy’
comsumption, low quality, and lack of variety. As an example, although China
produces huge.quantities of dyestuff, specialized, high quality dyes must still
be imported.”  Most importation of technology in this area has been directed at
these problems. In addition, some of the large-scale construction projects that
were postponed or cancelled have recently been resumed.

Appendix F includes data on chemical technology transfers to China
in 1982 and 1983.

(3) Transpor;aéion Equipment

The current Five Year Plan recognizes transportation as one of the
"weak link" sectors requiring more investment. In no case does the improvement
of China's transport system or transport equipment industry require highly
sophisticated technology. The importation of proven techniques of manufacturing
and traffic management will suffice.
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The overwhelming volume of freight traffic in China is carried by
internal waterways and railroads. China is second only to the Soviet Union in
railroad traffic density. Since this performance has been achieved largely with
steam traction and a communication and control system similar to that employed on
railroads in the United States in the late 1920s, it is even more impressive.
Although the rail system operates at maximum capacity, it cannot meet the demands
on it. The most obvious example is the inability to transport coal out of Shanxi
Province. Efficiency of the rail system can be improved by increasing the speed
~and density of traffic. To achieve this, more powerful diesel and electric
engines are needed along with a modernized system of train dispatching and
control.

Road transport carries only a small percentage (about 3 percent) of
China's freight volume. It is used mostly for short hauls and employs a fleet of
Chinese-built trucks that are copies of obsolete Soviet and East European models.
The most common type of truck in China is the Jiefang ["liberation"] model, a
4.5-ton general purpose truck, a copy of the Soviet.ZIS-150, itself a copy of a
late 1930s Ford. It consumes large quantities of fuel and, with its 90 or 110
horsepower engine, is unable to carry heavy loads. Domestic truck production has
not been able to meet China's needs, either for numbers or types of trucks, and
it is estimated that some 20 percent of the current truck inventory is imported,
mostly from Japan, France, and Romania. The need is for heavy-duty and special-
purpose trucks, and for an up-to-date general purpose truck which can be serially
produced in large numbers.

As in other fields, China's primary need is for management skills.
The problems are those of manufacturing engineering, quality control, inventory
control, parts routing, component subcontracting, and the like. In this sector
the drawbacks of China's self-reliagnt, compartmentalized and artisan-like manu-
facturing practices are apparent. The main thrust of technology transfer has
been purchase of special purpose vehicles and large-scale joint ventures or
coproduction agreements for up-to-date, fuel efficient engines.

Appendix G provides data on significant transportation technology
transfers to China in 1982 and 1983. ' ’

c¢. Electronics and Computers’

(1) Electronics

The electronics industry demonstrates with exceptional clarity the
achievements and the costs of China's policies of self-reliance and bureaucratic
organization of production. Furthermore, electronics represents classic dual-
use technology, with military as well as civilian applications. Hence, much
electronic technology is subject to export controls which have hampered Chinese
attempts to acquire state-of-the~art equipment and techniques, and have made
controls on technology transfer a major international issue, especially with the
United States.

On the one hand, Chinese achievements in electronics have been quite
impressive. Beginning with a few electronic component factories imported from
the Soviet Union in the late 1950s, China's electronics industry survived the
cutoff of Soviet aid in 1960 and, by a combination of native development and
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import of key technology from Japan and Western Europe, was able to manufacture
integrated circuits by the early 1970s. During the 1970s China made fairly rapid
progress in the manufacture of semiconductor devices and small integrated
circuits. Most visitors to laboratories and research institutes have been
favorably impressed by the level of work. Many sophisticated experimental and
prototype devices have been produced.

On the other hand, progress in research has not been matched by
progress in manufacturing. Electronics technology has made very rapid progress
in the United States and Japan in the past decade and China remains at least a
decade behind current capabilities. Many Chinese semiconductor devices are, as
they admit, copies of Western ones, but the Chinese components are less reliable
and more costly. This is a consequence .of problems in manufacturing and in
quality control. Much electronics production is carried on in small plants, with
great variations in the quality of the components produced. China's electronics
industry employs over 1 million workers, has thousands of enterprises, and scores
of research institutes. Arguing for consolidation of production, Renmin Ribao
called in May 1981 for '"breaking through the restraint of 'ownership:
departments' and 'ownership by localities'" as one way to increase quality.
Quality control and production of components in large volume, rather than small
batches, are pervasive problems, in part because production of semiconductors
and integrated circuits demands inputs of very pure ingredients in a carefully
controlled enviromment, and in part because careful testing of all components is
necessary. Foreign experts see automation as the only solution to the problems
of poor quality and low rates of production. Differences between Chinese
standards and world standards cause incompatibility with imported equipment.
For example, under Chinese standards (originally based on Soviet standards) the
distance between integrated circuit sockets is 1.25 millimeters, while under
'international standards it is 1.27 millimeters. Also, it is a common practice
for factories to produce their own ters and test equipment resulting in
nonstandard meters and test equipment.

Problems in basic manufacturing practice and scarcity of purified
water and air, as well as automated testing equipment, mean that no quick solu-
tion is possible. China has been importing a wide range of electronics tech-
nology, but has recently concentrated on production lines for such consumer goods
as color television sets. It is also attempting to import production equipment
for such advanced devices as large-scale integrated circuits. These attempts
have sometimes failed or been delayed because of US and COCOM export controls.

Two major projects are characteristic of China's recent imports of
slectronics technology. The first is the attempt to establish a plant to produce
semiconductor components for color televisions at the Jiangnan Radio Factory in
Wuxi, Jiangsu Province. The plant will include a (silicon) wafer fabricating
line, with all equipment imported from the United States. By mid-1982, 50
contracts had been signed with 42 companies and all but four of the contracts
had been approved for export by COCOM and the US Department of Commerce. The
remaining four sales (a sputtering system, plasma etching machine, mask
inspection  system, - and .a computer—assisted design, computer—assisted
manufacturing (CAD/CAM) system for the circuit chips) finally were approved for
export in August 1983, after the United States announced a liberalization of the
controls on export of technology to China. At full capacity, the plant will
produce wafers for 24 million integrated circuits per year, with a line width
capacity of about 8 microns. The circuits will eventually be used in color
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televisions manufactured at a plant built by Hitachi. The Chinese agreed to
permit Kayex Hamco, an American company which sold one crystal puller, to inspect
crystal pullers at the Wuxi plant every 6 months and to monitor the facility's
records to verify to the US Government that silicon material was being used for
its stated purpose and %&f diverted to other industries. The total cost of the
equipment is $8 million. A similar arrangement also has been reached to supply
approximately $10 million worth of equipment for color television components to
the Be%jing Electron Tube Factory. Export approval was granted in September
1983.°' The significance in both cases lies not in Chinese production of color
television sets, but in the technology for mass production of small integrated
circuits.

On 30 July 1983, the China National Post and Communications Industry
Corporation signed an agreement with the Belgian Bell Telephone Manufacturing
Company, a subsidiary of International Telephone and Telegraph Corporation (ITT)
of the United States, for the sale and eventual joint production in China of
highly sophisticated, microprocessor-based digital switching systems for tele-
phones. With an initial contract value of $250 million, this is the largest high
technology transaction in China's foreign trade history. The contract sets up a
joint venture and calls for the phased transfer of technology. During the first
phase, 100,000 lines will be imported from Belgium and used to upgrade and extend
the telephone networks of Beijing, Shanghai, and Tianjin. Later in phase one,
the joint venture will begin to assemble components imported from Belgium at a
renovated plant in Shanghai. US export approval for the first phase is said to
be assured. The second phase calls for all technology for manufacturing to be
transfered. By 1988 the joint venture is scheduled to be producing all of the
parts for 300,000 lines annually. This will include assembly of the digital
switch as well as the testing, packaging, and wafer fabrication of the 8086
microprocessor, the heart of the system. Although export approval of phase two
is expected, it is by no means certain. This contract is significant both as an
example of the level of technology the United States is willing to permit to be
exportgg to China and as a precedent for other technology transfer arrange-
ments. '

Appendix H presents data on electronics transfers to China in 1982
‘and 1983.

(2) Computers

_ China announced in late 1983 that by the end of 1981 it had in use

3,945 "small, medium, and large" computers and more than 10,000 microcomputers.
In 1982 the country produced 241 small, medium, and large computers and 7,208
microcomputers. About $100 million 'worth of computers have been imported every
year since 1978. There are some 100,000 people in China engaged in computer
research, production, teaching or servicing. Colleges and universities graduate
2,500 computer technicians each year. 'They work in 10 research institutes, 30
manufacturing units, 30 applications, development and servicing units, and more
than 90 colleges and universities.  Twenty-two of China's 29 provinces,
autonomous regions, and independent municipalities have established computer
centers, and most of the industrial ministries have also established their own
computer centers and research institutes of. applied technology. The Leading
Group for Developing Computers and Large-scale Integrated Circuits of the State
Council has announced that computers are now being used to direct freight traffic
to the 6,000 railway stations EBroughout the country, thus helping to save nearly
1,000 freight cars every day. ‘
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_ China. produces more than 150 models: of computers, but they suffer
from a lack of standardizatign, which severely inhibits widespread use and the
development of peripherals. Furthermore, Chinese computers are costly and
lacking in reliability. According to the report of an American delegation of
software specialists who visited China in mid-1982, Chinese factories were able
to produce only a 4K RAM chip. Chinese-made microcomputers are based on the
Intel Corporation's 8080 model, but do not contain an 8080 integrated circuit.
They have a wired board equivalent, but the error rate in hand-wiring the board
contributes to the high cost and low reliability of the Chinese machine. The
American delegation stated that for the next 20 years the Cqﬁpese would be able
to import microcomputers more cheaply than to build them. Apparently some
producers of Chinese computers have responded to this situation by importing
foreign components and assembling them. A Chinese computer specialist writing on
microcomputer development in China reacted to this trend by stating:

Some electronic industrial plants (and a small handful of
‘universities and research institutes) have been importing
micromodules, assembling them into single board processors and
complete machines, and reaping enormous profits by selling
them at prices five to ten times the original cost. ggis is
detrimental to the domestic national industries. . . .
Another Chinese article on the computer industry claimed that, "Over the past few
years, China's microcomputer outputfﬁfs dropped markedly because of the powerful
impact of imported microcomputers.'

Discussions within China about whether to protect the domestic in-
dustry or to import cheaper foreign goods are frequent. Regardless of whether
China produces computers domestically or imports cheaper foreign models, efforts
to extend the use of computers will be hindered by problems of peripherals,
software, and technical support. Chinese research institutes have emphasized
hardware rather than software, leaving China's computer technology about 10
years behind the United States in terms of hardware (which is produced in prototype
or small quantities), 20 years behind in software, and 25 years behind in fabrica-
tion and testing. Application of computers also has lagged behind their
*.development. In part this is because of language problems. There is no commonly
accepted method of programming or processing with Chinese characters. Although
several research institutes, like their counterparts in Hong Kong, Taiwan, and
Japan, have devised various methods for inputting and outputting Chinese charac-
ters, they do not appear to have any way of processing the stored characters,
that is of doing sorts, merges, or comparisons. Most programming is done in
ALGOL-60, with FORTRAN u%ﬁﬁ for some applications. Data is usually entered with
paper or magnetic tapes.

‘A 1982 article by a researcher at the Chinese Academy of Science's
Institute of Computer Technology called for putting priority on the application
of computers. After summing up Chinese computers as 'unreliable, incomplete in
configuration, difficult to use and maintain, and made in a wide range of
varieties," he argued for recognition of computer applications as an independent
field of study.

The several hundred large and ‘medium sized computers and

nearly 10,000 microcomputers which we have imported to date
have not been effectively used . . . the main current problem
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is not the 1lack of large-scale computer production but
inability to utilize small 1lots of computers. We lack
software personnel, applications research is carried on by
individual organizations, and there are very few organizations
which serve computer users.

He pointed out further that:

Improving the quality of computer applications will rely more
on people's mental labor and less on the industrial quality of
materials and processes, and will require smaller investments.
Giving priority to the development of computer applications
will take advantage of strong points and avoid weak points,
will yield results rather quickly, and in addition will
provide a motive force for the development of the computer
production industry.

He also noted that the prices of components and large-scale integrated circuits
were certain to drop on the international market, and urged importing them to
assemble into cheap microcomputers, while working on the developme of
peripherals, which are much more expensive than central processing units.

At an April 1983 conference on computers and integrated circuits,
State Councilor Fang Yi, a major figure in China's science policy formulation,
proposed that research work should focus on medium- and small-sized computers,
particularly microcomputers; that a software industry should be established in
the quickest time possible; and that internationaé7exchange, cooperation, and
trade contacts should be strengthened and expanded. If this policy is in fact
pursued, then the importation of technology to manufacture peripheral equipment,
and training in computer applications and software may well be more significant
for China's efforts to catch up with foreign nations than the importation of a
few more, or slightly larger or faster computers. '

(3) Software Development

In January 1982, Nippon Electric Corporation and the China Computer
Technical Services Corporation (established in 1980 to meet needs for software
development, operator training, and routine maintenance) opened a joint Sino-
Japanese Software Center to train programmers and systems analysts, and offer
such services as software system design. In the summer of 1982 Fujitsu Ltd. and
Qinghua University agreed to jointly develop software, and are working on a
FORTRAN program execution profile analyzer--a system used:to develop and test
computer programs. Japan Computer Engineering has signed an agreement with
China's Bureau of National Computer Industry for Japan to provide training and
software designs to Chinese programmers. The Chinese will code, debug, and test
the programs, which will then be ekport%% to Japan for use in Japan Computer
Engineering's 'Star 10" desktop computer.

, Some training and software services are provided by the service
centers that foreign computer manufacturers. have opened in China. Under an
agreement with China Computer Technical Services Center, signed in early 1983,
Sperry Univac of the United States was to open a service center. The center was
to use a Sperry-owned 1100/60 mainframe computer to provide hardware and software
maintenance and to train Chinese personnel. Another American company, Hewlett
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Packard, has been operating such a center since November 1981.69 Under contracts

signed with the China National Technical Import Corporation in December 1980 and
June 1983, the Honmeywell Corporation of the United States has two service centers
for Honmeywell computers and instruments, in Shanghai and in Sichuan Province.
Honeywell also has agreed with China's State Administration of the Computer
Industry to transfer technology and training for final system configuration and
testing and for maintenance of hardware and software. Honeywell has sold several
DPS-8 test cells.. These are configurations of equipment with a wide variety of
peripherals and input/output devices which permit engineers to trace any prob-
lems in a new central processing unit that is being tested. In a similar manner,
new peripherals can be plugged into the system and tested. IBM (Japan) also has
a service center in Beijing for its computers. Foreign companies, however,
usually regard service centers in China as operatioms on which they lose money,
and participate in establishing them (usually as a join%oventure of some type)
only in the hopes of increasing sales of their products.

Appendix I presents a list of computer technology transfers to China
in 1982 and 1983. '

d. Aviation and Avionics

China's aircraft industry was set up with Soviet assistance in the 1950s,
and was devoted to producing copies or slight modifications of Soviet aircraft of
the 1940s and 1950s. While the substantial technology transfer program of the
1950s was successful in its immediate goals, China's attempts to produce in-
digenous and more up-to-date aircraft have not been notably successful. The most
impressive achievement so far has been the YUN-10, a four-engine jet tramsport
that first flew in late 1980. It closely resembles the Boeing-707 (a plane
developed in the 1960s), but is somewhat smaller. It is powere?lby Pratt and
Whitney JT3D-7 engines, the same engines used in the Boeing-707."" As with many
projects in China, the YUN-10 has been developed as a prototype. This doubtless
increased the skills of the engineers and fabricators who made it; but the plane
has not gone into serial production, and may never do so.

The greatest problems are with jet engine design and production. The
next most serious problems ar with the special alloys and composite materials
used in airframe production. Chinese avionics are generally obsolete. Until
very recently most civil airliners flew only in good weather, and even the CPLA
Air Force operated for the most part only in daylight and clear weather.

The Chinese aircraft industry is primarily devoted to military aircraft.
A 1982 press account claimed that nonmilitary items accounted for 26 percent of
the totﬁ} output of the aviation industry, up from only 7.6 percent 3 years
before. The high proportion of production devoted to military use is in part a
consequence of China's policy of importing civil airliners rather than
attempting to manufacture them. Since the purchase of the British Viscount
turboprop transports in 1963 and 1964, all of China's large airliners have been
imported. The most recent imports have come from Boeing, which provided 10
Boeing-707s in 1972, and 5 Boeing-747s between 1980 and 1982.

The major attempt to advance China's jet engine manufacturing skills was
the Spey engine project. In December 1975 Rolls-Royce of the United Kingdom
agreed to license production of its RB168-25R Spey Mark 202M afterburning
turbofan engine at the aircraft factory at Xi'an, Shanxi Province. The engine's
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design dates from the early 1960s, but it still represented a considerable
advance over the Soviet jet engines that power China's military aircraft. The
first two engines were trial produced at Xi'an in late 1979, while over 7
Chinese technicians were being trained at the Rolls-Royce factory in England.
When the project began it was not clear to what use the engine would be put,
though there was much speculation about using it in a new Chinese fighter or a
Chinese version of the MiG-21, the F-7. However, the engine has apparently never
gone into production, and the Chinese have not discussed the matter. The lack of
a suitable airframe and s§gious quality problems in the engines produced have
been suggested as reasons.

The most successful transfer of aviation technology has been the copro-
duction of helicopters. In July 1980, China National Aerospace Technology Import
and Export Corporation (CATIC) signed a contract with Aerospatiale of France for
joint production of 50 Dauphin 2SA 375N helicopters. The airframes are produced
at a helicopter factory in Harbin and the engines at Zhuzhou, Hunan. The Chinese
are expected to reach the stage of complete fabrication of the helicopters by
mid-1985. Procduction is expected to continue under license for an additiomal 3
to 4 years, with certain materials such7%s alloys for the engines and epoxies for
the rotors still imported from France.

China has been reported to be seeking technology for advanced Pratt and
Whitney jet eng}?es for military aircraft, but no decision on such a sale has.
been announced. During 1982 and 1983, no major transfers were reported, apart
from additional civil airliners. '

China's air traffic control system is being modernized with equipment
imported from France and the United States. A long-range radar system for air
traffic control ordered from Thomson CSF of France in 1977 was expected to go
into service in summer 1983. It is to provide a corridor of primary and
secondary (beacon) radar coverage between Beijing and Shanghai. It can also
serve China's air defense system. The network consists of six long-range L-band

"Thomson LP-23 radars, and three shorter range S-band Thomson TA-105 radars, two

at military airfields near Beijing and one at a military ‘airfield near Shanghai.
An automated air traffic control system imported from the AIL Division of the
Eaton Corporation of the United States became operational at Guangzhou Airport in
early 1983. The automated TPX-42 has capabilities approaching those of the
automated radar terminal system (ARTS-3) installed at 62 airports in the United
States. . China  has about 18 VOR (VHF Omnidirectional radio range) statioms to
guide civil airliners. Some of the stations are also equipped with DME (distance
measuring equipment). Thomson is believed to have supplied most of China's VOR
facilities. As of June 1983 China had taken delivery of 12 DME stations from

‘Northrop's Wilcox Electric Division, and had four more on order. Wilcox had also

delivered six instrument landing systems to China, for yge in the airports at
Xi'an, Chengdu, Guangzhou, Xiamen, Guilin, and Shenyang. Beijing Airport has
two older instrument 1an9§ng systems produced by the British firm, Standard
Telephone and Cable, Ltd.
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