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RINGKASAN: Penemuan bahan pengalir lampau yang boleh berfungsi pada 

tahap suhu tinggi telah memperbaharui minat para penyelidik untuk menggunakan 

teknologi keberaliran lampau di dalam a/at-a/at sistem penjanaan dan pengagihan 

tenaga elektrik. Akan tetapi, penggunaan secara komersil hanya dapat dilaksanakan 

sekiranya teknik pembuatan dan sistem penyejukan bahan-bahan pengaliran 

lampau dapat diperbaiki. Di dalam artikel ini, pengorakan teknologi keberaliran 

lampau untuk penggunaan di dalam sistem tenaga elektrik di Amerika Syarikat, 

Jepun dan Jerman telah dibincangkan. Potensi penggunaan keberaliran lampau 

untuk sektor penjanaan dan pengagihan tenaga elektrik di Malaysia pada masa 

hadapan, juga diperbincangkan. 

· ABSTRACT: The discovery of high temperature superconductors has revived 

interests for the development of superconductive devices for power system 

applications. Substantial progress has been made towards the consequent 

acceptance of superconductive power components into the power system with 

further improvements to material fabrication and refrigeration system aimed at 

justifying its application and economic feasibility. Commercialisation of these devices 

is dependent on their ability to compete cost effectively in the marketplace with 

prevailing technology. In addition, the operational advantages and hoped for 

improvements in the reliability of superconductors are also key factors for potential 

widespread superconductor applications in the future utility market. The most 

significant development in countries (U.S.A., Japan, Germany) with the largest 

superconductor R&D programmes are highlighted with relevance to the device 

discussed. A discussion of the significance of these development programmes to 

the Malaysian power and energy sector is also presented at the end of this article. 
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INTRODUCTION 

New materials are called engineered, advanced or high tech material. It may be referred 
to as man-made materials that have been developed recently. New materials have been 

fundamental to progress in almost every industry and are playing major roles in economic 
growth and in every day life. Without new and improved materials, new products introduced 

recently cannot be manufactured. Rate of progress for the research and development of 
new materials is accelerating with rapid advances in equipment and laboratory techniques. 

Since 1961, the potential of superconductor applications has been pursued relentlessly. In 
principle the material can be used to build more compact and efficient devices allowing 

energy transportation and storage systems to be more efficient and operated in a fashion 
friendlier to the environment. Conventional low temperature superconductor (LTS) functions 

only at temperature near zero. Thus, the expensive liquid helium cooling needed to keep 
them below 4K prevented commercialisation for utility applications. Economic feasibility was 

deterred also by the fact that although there were no disadvantages to applications like 
magnetic resonance imaging (MRI) systems and particle accelerators, commercial outlook 
for other applications was bleak. High cost and technical obstacles associated with operation 

at liquid helium temperature are inevitable. 

The discovery of high temperature superconductors (HTS) in 1986 by two IBM research 

physicists in Switzerland, has revived interests for the development of superconductive 
devices. HTS superconduct at 77K, and can thus be maintained with less expensive liquid 

nitrogen. Substantial progress has also been made towards the eventual acceptance and 
integration of superconductive power components into the power system. Today, many 
prototype applications that use HTS materials, such as fault current limiters and transmission 

lines, are being built in Japan, Germany, and the United States. Commercialisation and 
utility acceptance of these devices is dependent on their ability to compete cost effectively 
with conventionally available technology. The operational advantages and improvements 

in the reliability of HTS and LTS materials are also the key factors for HTS integration. 

The main research activities for developing potential superconductor devices for power 
systems application in the United States is currently pursued by the Department of Energy 
Office of Energy Efficiency (DOE EERE), supported also by the Electric Power Research 

Institute (EPRI) and Defence Advanced Research Projects Agency (DARPA). Fundings and 
expertise are also shared by the country's universities and private corporations. The 
Superconductivity Partnership Initiative (SPI) programme has also been initiated to develop 

specific superconductor devices for power system applications. Development on the whole 
is economically motivated and focus is on short-term gain. The advantage is that development 
of superconducting elements and application can progress at a much faster rate. 
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The Japanese are more interested in the long-term benefits of superconductivity applications 
in the electric power industry. The Engineering Research Association Project for 
Superconductive Generation Equipment and Materials or the Super-GM programme launched 
in 1987 encompasses long range objectives for the development of superconducting 
generators · and other electric power applications expected for sale in the utility market 
(Engelhardt, 1991). Super GM is administered by the New Energy & Industrial Technology 
Development Organisation or NEDO as part of the New Sunshine Programme of the 
Agency of Industrial Science & Technology (AIST) under the Ministry of International Trade 
and Industry (MITI). This programme is focused on the commercialisation of superconductivity 
in the electric power application. Although research and development was initially concentrated 
on the development of three types of 70 MW-class SC (superconductor) generator models, 
the programme has also considered completely different power applications. There is a 
great tendency to integrate low and high temperature superconductivity in this country's 
development programme. The Japanese government and industries are highly motivated 
to advanced technologies if their market projections and returns on investments are consistent 
and supports their research investment. 

Research and development activities in Germany are much more focused than in any other 
countries. The Ministry of Education, Science, Research and Technology (BMBF) plays a 
dominant role in providing the incentives and funding of R&D efforts for superconductivity 
applications in the. power system and energy sector. Strong support is also provided by 
large German industries and utilities companies. 

SUPERCONDUCTOR MATERIAL : OVERVIEW 

For some applications, the difference in utilising HTS and LTS materials yields efficiency 
statistics that may be insignificant. For large synchronous machines even at 25-50 times 
reduction in refrigeration power, energy consumption would only show in the machine 
efficiency of 0.02% for a 300MVA rating (Blaugher, 1996). However, it would lead to reduced 
capital cost for the refrigeration plants and complexity of the cryogenic design. The 
performance of the HTS in liquid nitrogen is also considered to have unparalleled stability 
compared to LTS. HTS is able to tolerate conductor movement due to Lorentz forces better 
than LTS conductors. In addition, HTS is also able to tolerate more ac losses due to its 
ability to withstand longer temperature excursion during ac transient events. 

There is a high degree of consensus on which technical issues are limiting commercial 
applications of HTS materials . . The main limitation for Bi-2223 Powder in Tube (PIT) 
conductors is that achievable critical current density is lower than what is needed for 
applications. Solutions to reach this goal include improved powder uniformity and density, 
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better grain alignment, and better thermomechanical process control. The silver sheath 
widely used also has several drawbacks, such as its poor mechanical strength, which 
makes handling and Lorentz stresses serious issues, and its low resistivity, which results 
in extra ac losses. These problems are being attacked by doping the Ag sheath with 
elements such as Mn to both raise its resistivity and increase its mechanical strength. 

For Bi-2212, better process control must be implemented to eliminate second-phase 
inclusions, which tend to disrupt grain alignment and current flow. The mechanical strength 
is also too low, especially for the very high field insert magnets manufactured from this 
conductor. The solution here is similar to that for Bi-2223. A "double sheath" arrangement 
is also of benefit, such that pure Ag sheath is in direct contact with the HTS material and 
the more chemically reactive Ag alloy is used as the outer sheath, the alloy material being 
applied in the restacking operation. The lack of truly superconducting joints and persistent 
current switches (both important for Nuclear Magnetic Resonance (NMR) magnet operation) 
is also a major problem. For Tl-1223 there is a less than optimal in-plane alignment of the 
HTS material on the thermomechanically textured Ag substrate; limiting its performance to 
about 100 kA/cm2• Scale-up to long-length production is also an issue, both for deposition 
of the precursor powder and the thallination, when the Tl vapour pressure and the oxygen 
pressure must both be controlled. For Y-123 coated conductors the major issue is the speed 
of production of the buffer layers and the Y-123 film. For use of ion beam assisted deposition 
of the biaxially textured buffer layer, this is the rate-limiting step. Several processes are 
being explored to address this issue, such as pulsed laser deposition with an inclined 
substrate and shaped electrode magnetron sputtering. In long-length scale-up, it will be 
important to maintain good biaxial alignment of the buffer layer. 

INDUSTRIAL CONSIDERATIONS 

Work on developing superconducting devices for application in this area has been ongoing 
for nearly thirty years. The main advantage of using this new material is that power system 
apparatus can be made more compact and efficient. Energy transportation and storage 
systems can also be made friendlier to the environment. Large amounts of currents can 
be transported with no measurable loss. Windings in generators and motors may also be 
manufactured with high magnetic field with less energy at a lower cost. Superconducting 
synchronous generators, underground transmission systems and fault current limiters all 
appear to offer unique system advantages along with reduced life-cycle costs. 

Although each individual·utility will approach its needs differently, certain concerns appear 
to be significant for all; 
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(a) . total set up and stated life-cycle costs, 

(b) operational requirements must be consistent with normal practice, 

(c) reliability and cost factors for the component rnust be comparable to that of the 
· present equipment, 

·, .· 

(d) · utilities must be able to integrate and service new superconducting components with 
modest additional training using existing manpower, 

(e) maintenance cycle must be comparable to standard utility practice. 

POWER SYSTEM APPLICATIONS 

Superconducting Cables, Wires and Power Transmission Systems 

Power deliveries will be without electric losses resulting from I2R when SC cables and wires 
are used in electrical energy transmission systems. The economic considerations plus 
public concern for environmental issues and safety have provided the motivation and 
incentive to develop SC cables i.e. a leak in HTS cables will only cause the release of 
nitrogen whereas a leak in existing cables would result in devastating soil (underground) 
or water (undersea) contamination producing harmful environmental damages. 

EPRI has initiated projects to investigate the potential of HTS material for power transmission 
(Engelhardt, 1991; Von Dollen et al., 1993; Von Dollen, 1992). The main potential application 
of SC is in retrofitting existing pipe type or duct circuits for upgrading current ratings and 
as low cost alternative to reinstalling the whole system. Long distance underground 
transmission may also be economical for distance further than 20 miles, as leading reactance 
power can be reduced due to its near lossless characteristics, thereby increasing the 
amount of real power transferred. Thus, with a lower transmission voltage, load can be 
doubled and costly shunt compensation facilities (reactors, terminations · equipment, 
construction) along the system may not be needed. The Brookhaven superconductor 
transmission system (Forsyth and Thomas, 1986) initially planned ih 1972 was the oldest 
prototype superconductor transmission system and had begun before HTS were even 
discovered. The initial study to develop the system, performed by the National Science 
Foundation (NSF) has predicted that the system will be technically attractive and cost 
effective. The building of the prototype was completed and powered up in 1982. Experiments 
were terminated in June 1986, after eight successful operations. 
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The Japanese are actively pursuing research and development of various types of SC wires 
and tapes in support of power apparatus and equipment. The German government is 
providing half the funds necessary to complete the cable programme carried out and cost
shared by Siemens. In both the United States and Japan, utilities are active in promoting 
the development of HTS cables. Tokyo Electric Power Company (TEPCO) provides nearly 
a million dollars annually to both Sumitomo and Furukawa to develop HTS cable prototypes 
and terminations, respectively. Chubu Electric Power Company has also worked with both 
Fujikura and Sumitomo to develop related technology. In the United States, the Electric 
Power Research Institute, with some financial assistance from the Department of Energy, 
has invested heavily in power cable technology by forging a close alliance with Pirelli and 
ASC. Pirelli, Siemens, and BICC Cables have benefited from an earlier European 
collaboration, which included GEC, ABB, and Alcatel Cable, and which was financially 
supported by the European Commission under both the JOULE and BRITE-EuRAM initiatives. 
The European project resulted in a very useful techno-economic study (Ashworth et al., 
1993). The significant conclusions of this study were that for transmitted powers greater 
than 1 GVA, the HTS conductor's critical current density must exceed 200,000 Ncm2, at 
liquid nitrogen temperatures in order for the overall costs to be comparable to conventional 
cables. In addition, it has also been noted that in a 150 mm fixed diameter duct, an HTS 
cable can transmit up to seven times more power ·(to 700 MVA at 66 kV) at the same 
transmission cost. 

Rotating Electrical Machines 

The first demonstration of superconducting rotating electrical machine was in 1971 and 
many research programmes followed from then on (Thullen et al., 1971). The achievements 
were significant and had provided the motivation to further develop the technology. The 
results mainly indicated; 

(a) · efficiency improvements near 1 %, 

(b) decreased size and weight for conventional equivalent, 

(c) improved steady state and transient system performance, 

(d) reduced life cycle costs, assuming reliability and maintenance comparable to existing 
units. 

Substantial savings over a 40 year life time, due to its improved efficiency can almost offset 
the initial cost of generator provided that its reliability profile is identical to that of a 
conventional unit. However, utilities are not confident as a long period of time is still needed 
to produce sufficient operating experience to obtain acceptable reliability profile. Nevertheless, 
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the impressive list of system improvements (Ogawa, 1992) is providing the major motivation 

for eventual commercialisation of SC generators. Moreover, cryogenic requirement is not 
viewed as a limitation for utility considerations but utilities are suspicious of overall operational 

implications. 

Development of ac rotating machines in the U.S. was motivated by the discovery of HTS 
material. In February 1996, Reliance Electric has successfully tested a 4-pole 1800 r.p.m. 

synchronous motor using HTS windings operating at 77K. The machine was able to provide 
a continuous output of 200h.p. Six months later, a 5000h.p. rated pre-commercial prototype 

was also developed and tested. Its performance and efficiency had exceeded the conventional 
induction motor, making it highly competitive among large motors above 1 OOOh.p. (Schiferl 

et al., 1996a and 1996b). Superconducting generator rated at 100MVA development was 
initialised by GE in 1994. The machine was able to sustain higher current transients and 
transient heating many times its original rating (Lay et al., 1996; Adelman and Blaugher, 

1993). The Super-GM programme in Japan is aimed at positioning the Japanese industry 

into the lead for advanced ac synchronous generators using superconducting windings. 
The 70 MW-class Super-GM machine was modelled to establish future design of the 200 
MW-class pilot generators. Testing of the first motor is reported by Yamaguchi et al. 1996. 

Transformers 

The transformer is the oldest and most mature device in power distribution networks. The 

inherent dangers of oil-filled devices are totally eliminated if SC transformers are used as 
the only coolant required is benign (nitrogen). Hence, fire hazards and threats to environment 

due to leaks of flammable oil and toxic chemicals such as PCBs are also avoided. 
Superconductive units are more efficient as only eddy current losses are produced and 
need only to be removed by the refrigeration system. Nevertheless, even with added costs 

of refrigeration, SC transformers performance in the 100MVA region is more efficient and 
less expensive than conventional counterparts. Advantages are summarised below, 

(a) better efficiency, 

(b) less volts per turn; reducing cost not efficiency, 

(c) taller, and smaller space required. 

However, due to unknown loss characteristics of HTS materials, viable transformer design 
is difficult. Small-scale LTS units of 10kVA - 100kVA have been manufactured in Japan to 
confirm various aspects of operating behaviour. Large units are also built and tested for 

better understanding of ac conductor stability and quench protection of particular design. 
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Fault Current Limiters (FCL) 

There is always a global need for a more reliable power supply due to the continuously 
increasing consumer use of electricity, computers and other power quality sensitive equipment. 
In order to improve power quality, generation capacity in larger more efficient units with 
increased connectivity between various power systems is required. This has prompted the 
requirement to upgrade breakers as maximum fault current at any part of the extensively 
connected system will also increase effectively. Mishaps can create short circuit causing 
fault currents many times as large as normal operating current. No doubt, utility system 
and equipment can be disabled or destroyed in that event. Many attempts have been made 
to build practical, fully automatic and cost-effective fault current limiters but results are not 
encouraging. An FCL should ideally have, 

(a) zero impedance in normal operation, 

(b) sufficient impedance under fault conditions, 

(c) rapid detection and activation (within less than one cycle) 

(d) provide immediate recovery to normal operation after clearing of fault (within half a 
cycle), 

(e) able to address two faults within 15 seconds, 

(f) compact, lightweight, inexpensive, fully automatic, reliable, long life. 

Apparently, SC FCLs are ideal devices. Thus, when short circuit duty of equipment or facility 
is exceeded, SC FCLs can eliminate or defer the need to upgrade equipment. Furthermore, 
the need to prematurely replace existing circuit breakers and buses is also avoided. 

In the U.S., experimental prototypes were successfully demonstrated for a 2.4kV, 3kA FCL 
by Lockheed Martin. In Japan, superconductor fault current limiters are quite attractive to 
the utilities since there is limited space available in sub-stations for upgrading power 
systems with conventional breakers. The most extensive development work at present of 
a 500kV limiter rated at 8000 A, is jointly carried out by the Tokyo Electric Power Company 
(TEPCO)- and Toshiba. The limiter operates with HTS coils and will be tested on actual 
power grid by the turn of this century (Nakade, 1994). 

The most comprehensive programme to develop superconductive FCLs in Germany is 
supported by a collaboration of Electricitie de France, GEC Alsthom and Alcatel Alsthom 

50 



Development of Superconductor Applications in the Power System Industry 

Reserche. The programme concentrates on the development of superconductive FCLs for 
France's 225kV grid (Verhaege, 1996). Siemens and Hydro-Quebec are also jointly developing 
resistive limiter using YBCO or Y-123 (YBa2Cup.) superconductive material (Gromoll et 
al., 1996). 

FURTHER DISCUSSION 

A significant characteristic of U.S. programmes is that they are very aggressively focused 
on early device demonstrations than that in either Germany or Japan. The U.S. programmes 
are trying to make HTS applications occur in the 20th century while Japan and Germany's 
attitude are to proceed in a measured and confident way. However, this has allowed the 
U.S the opportunity for an extremely effective linkage between the industries, national 
laboratories, and universities. 

Comparing progress in HTS conductor development among the three countries, the United 
States and Japan are very comparable in Bi-2212 and Bi-2223 conductor development. 
Bi-2223 is considered the conductor of choice by many organisations in Japan for most 
applications. Tl-1223 progress is dependent on small efforts in the United States and Japan, 
and its future seems uncertain. Y-123 coated conductors, on the other hand, are being 
intensively investigated. This is a very promising new technology in its early stages, and 
many production processes are being pursued. However, Japan felt that a practical Y-123 
coated conductor is at least five years away. Work on bulk conductors is dominated by 
strong efforts in Japan, but there are considerable progress and innovative applications at 
the University of Houston in the United States. Thus overall, the United States and Japan 
are producing materials with comparable performance, and Germany is a close third. Future 
prospects for improved materials will , of course, depend on the further availability of R&D 
funds. Progress in improving HTS materials, and especially materials relevant to power 
applications, has been steady and continuous (Dresselhaus et al., 1989) in Japan. 

Progress has been tied directly to funding levels; in Japan and Germany, progress is 
strongly coupled to long-term national projects, such as Super-GM, ISTEC (International 
Superconductivity Technology Center), and the BMBF (The Ministry of Education, Science, 
Research and Technology) programme, and (for Japan) the needs of utilities. The utilities 
provide both direction and some economic support to HTS wire manufacturers. Internal 
R&D funds in Japan and Germany are consistently provided, as companies are able to 
support long-range goals. The level and scope of government and privately funded efforts 
in both Japan and Germany are the result of a clear belief that superconductivity will be 
an important 21st century technology. 

51 



M. Moghawemi*, S.S. Yang and A.M.R. Mustafizur 

Japan dominates the R&D effort in low temperature superconductors; this is due primarily 

to its government's interests in the use of superconductors in the electrical utility industry 
and in the development of magnetic fusion power reactors. The one significant area where 

the United States and Japan are equally competitive is in development of Nb3Sn conductors 
for the International Thermonuclear Experimental Reactor (ITER) project and for high 
energy physics particle accelerators. The distinction between LTS and HTS conductor 

development is not as significant in the United States; they are simply superconductivity 
development programmes. Overall, high temperature superconductor must, like so many 

other materials in their embryonic stages exhibit improved performance and become less 
expensive to gain widespread commercial acceptance. HTS must compete with the best 
available conventional cable solution. 

POTENTIAL UTILISATION BY THE MALAYSIAN POWER AND ENERGY SECTOR 

The progress of bringing superconductivity to commercial implementation and utilisation is 
proceeding at an impressive rate. Commercialisation of superconductive devices is especially 
motivated to accommodate increasing environmental awareness. In addition the need for 

new technologies to efficiently manage and use our limited natural fuel resources is also 
another factor. The initiatives to develop superconductors by the respective governments 

and organisations in the countries mentioned indicate confidence in the feasibility of 
commercial application of this material. 

The growth of the energy and power sector in Malaysia is very encouraging. The power 
industry is facing increased demands as it strives towards a new era of growth. Unfortunately, 
in Malaysia there has yet to be any sort of research or interest in applying superconductivity 

in any area of application, particularly in the power systems industry. According to the 
Chairman of Tenaga Nasional Berhad (TNB, the primary Malaysian electrical power producer), 

priority is given to the development of current needs of the industry, which is more relevant 
at present. Nevertheless, the potential for application can be identified for superconductors 
in the Malaysian power and energy sector. For the conventional transmission system, SC 

systems have higher capacity compared to conventional cables, thus allowing the possibility 
of carrying very large current and operation at low voltage. This minimises charging current 
and reactive power. In addition SC circuits can carry the load of two conventional cables, 
thus construction costs of the circuit would be lower. Furthermore, considerably less shunt 

compensation is required and the cost for land and necessary terminations for compensation 
equipment may be minimised. 
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In densely populated areas, such as Kuala Lumpur, it is apparently very expensive and 
inconvenient to install new underground cable circuits as excavation and resurfacing of 
major city roads may be required. Retrofitting heavily loaded existing pipe-type or duct 
circuits with superconductor cables may provide utilities with a low cost alternative to 
installing new circuits. The existing cables can be removed while leaving the pipe or duct 
in the ground. The SC cables can then be installed into the pipe or duct. Retrofitting will 
increase the capacity of the circuit up to 350% over the base case. 

Superconductivity is the technology for the future. Although full scale commercial SC 
devices and applications are not available as yet we must take the initiative to train and 
equip our human resources to be familiar with this technology. This is vital in order not to 
be left out of SC's technological benefits when commercial and economic feasibility of 
implementation is achieved in the very near future. Commercial availability of superconductor 
and associated devices is projected by the year 2020. Technological transfer is essential, 
especially at its earliest stage. 

Although our nation is progressing and developing at an impressive rate, most activities 
are concentrated in the construction and manufacturing fields in line with the country's 
aspirations for sustainable development into the 21st. Century. We must plan ahead and 
prepare this nation for the future. Serious research into the fundamentals may take up long 
periods of time to achieve favourable results, thus requiring long term planning, commitment 
and endurance. Short-term profitabi lity is uncertain. Nevertheless the challenge must be 
taken up now; for twenty years measured in terms of a country's development is but a mere 
glimpse. 

The initiatives and commitmen.t shown by the government organisations and establishments 
described in this article are impressive. Funding for research programmes have been 
popularly acquired through consortiums and alliance of major corporations, government 

, bodies and academia. This is a practical method to share both financial and expert resources. 
It may be similarly implemented in Malaysia. 

Even though the activities of R&D facilities in Malaysia are still at its infancy, with proper 
government initiatives and industrial co-operation, maturity may come sooner than expected. 
The nation should not wait on its back for technology to pour in. We must strive to be at 
the forefront of technology. 
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