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I.   Introduction

As known well, it has been estimated that there are a large amount of various energy resources such as natural gas, crude oil, coal, uranium and hydro but they are unevenly distributed in Eastern Siberia, Fareast Russia and West China, which have vast size of area and various geographical features. However, up to now, they have not actively explored due to the shortage of capital, the advanced and sophisticated technologies and related infrastructures, mainly because it is located in a remote region from highly populated, economically developed and industrialized, nor did they even form an energy market to promote these rich resources.

On the contrary, in recent years, greater attention has been drawn to Fareast Asia because it is highlighted as one of the most vigorous areas in terms of dynamic energy demand and environment pollution, which are attributed to rapid economic growth and a carbon dioxide gas emission in the region. Thus, North East Asia will face new challenges relating to both energy and environment in the 21st century.

Now, it is time to promote closer energy cooperation among North East Asian countries, which on the one hand, will have a great effect to accelerate economy development in the countries, dependent mainly on energy import from foreign countries, which on the other hand, will contribute to peaceful coexistence and prosperity in Northeast Asia. In the meantime, the important thing, as good as energy utilization, is to choose an energy resource which is promising in a sustainable development state as well as has an advantage of environment friendliness, at least by reducing emissions of greenhouse gas into the atmosphere.

In order to enhance the stability of the energy demand and supply structure in North East Asia which has a large potential for mutually complementary energy cooperation in the future, it is needed to develop energy resources, such as natural gas, coal, crude and abundant hydropower reserves in this region including East Siberia and Far East of Russia, and to construct energy infrastructures to transport to the energy demanding countries such as China, Korea peninsula and Japan.      

The energy, which has top priority in energy development and cooperation, is clean energy, namely environment friendly energy such as electricity and natural gas. The electricity, generated in the power plants constructed in the crude oil, coal and some extra natural gas producing area, would be massively transmitted to the demand countries and regions together with the electricity generated in hydro and nuclear power plants constructed in same or near area.

The Natural Gas, as a clean and environment friendly energy, that will be massively produced from scattered various natural gas fields would be transmitted to the bulk gas demand countries by PNG Trunk Lines, separately constructed from electricity transmission lines.

Here, the technological problems and barriers to be raised with these long term big projects, a cross border interconnection of transmission lines and natural gas supply by PNG networks, are mentioned and suggested the direction of how we can overcome it. 

II. Electricity Power System Interconnection

1. Technological Standard
The electricity power systems in Northeast Asian countries were developed separately for their own countries and for their own regions and each country’s power system have been independently operated. And until now inter-state interconnection systems through Ultra-high voltage transmission lines such as in Europe and North America have not been realized and operated. Accordingly, the levels of technology development and standards of the technology for electric power generation and ultra high voltage transmission are different for each country. 

The interstate cross border interconnection of electricity grid is one form of energy integration that can give common benefits in terms of providing N-E Asia countries’ economies with more secure and efficient electricity supply.

The problem of bulk power transport crossing such a long distances (several hundred thru thousands km), such as from East Siberia and Fareast of Russia to China, Korea peninsula and Japan or inter-Korea, can be solved with the several alternative technologies that are suitable for power system interconnection, i.e., Alternating Current (AC), High Voltage Direct Current (HVDC) and Hybrid AC/HVDC systems. Since the early stages of development in interconnection, AC systems were most frequently used in the World. However, due to long distance and characteristics of individual systems, the HVDC and Hybrid HVDC/AC interconnections are now becoming increasingly used. The Flexible AC Transmission System (FACTS) technology that provides enhanced controllability of AC transmission (interconnection) system is also gaining popularity.

However, according to the economic characteristics of each country and region in Northeast Asia, the methods of electricity industry, namely facilities and material standards, ultra high voltage transmission and system operation, are not identical and these technology standards are incompatible. Current method of ultra high voltage transmission is mainly AC system and standard voltage level and Frequency (Hz) have been developed and operated differently for each country. 

2. 
Technological barrier and its overcome

A.  Each of electricity transmission operators of related countries or regions has no its own active feasibility study and Master Plan for developing border cross interconnection system whose benefit is verified. It is strongly suggested that all research institute and transmission operators of related countries or regions are needed to organize the cooperative body of Study and Working Committee. And through collaboration with related research institutes, industries and Governments, this Committee can develop a Summary Report and Proposal of Northeast Asia Electric Energy Development and Cross Border Interconnection System, so that these Reports and Proposal can be submitted to the related transmission operators and governments for making G-G level agreement, and demonstrate the vision to the potential investors.

B.  Incompatible technical standards of different frequencies and voltage levels.

From the initiation of electricity business, Korea peninsula and west half region of Japan have been adopting and operating with 60Hz system for frequency and other countries and regions in Northeast Asia have been operating 50 Hz system. And for transmission level, South Korea uses 345kv and 765kv system and North Korea currently uses 220kv system and is known to adopt 500kv system in the future. Russia, China and Japan utilize 500kv system. Under this situation, establishing cross border interconnection in these countries and regions will cause so complicated technological problems.

Through collaboration efforts by abovementioned Study and Working Committee, they can develop and contrive the compatible regional operating and technical standards to maintain reliable operation. DC links may be more costly than AC links but they provide more security to each interconnected power system. 

And in case of Inter Korea interconnection, some AC links can be applied if an extent of interconnection and system operation could be gradually extended by coordinating voltage levels in the same 60 Hz system operation.

Figure 1. Investment Cost versus distance
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3.  Further Consideration

Whether transmitted by alternating current (AC) or by direct current (DC), electricity has two specific characteristics; it cannot be stored, and it does not flow according to the simple laws that apply to fluids and gases. Instead, electricity flows according to Kirchhoff’s law, in the path of lease resistance- a path that cannot necessarily be determined by contracts. The same holds true during the accidental loss of a means of production. Therefore, correcting the disturbances requires close cooperation and good exchange of information between partners.

‘Synchronous AC network links are well adapted to short and medium distances and for heavily interconnected networks, but these systems are vulnerable. A major disturbance can lead to a system’s complete collapse. Maintaining the stability of such system requires great technical rigor and close cooperation between partners based on instant exchange of information.

DC interconnection and transmission do not require such rigorous operation and cooperation. But the use of DC is reserved for exchanges over long distance and large transmit capacities or for linking systems with different operational frequency or technical standards. Apart from the technical necessity of isolating networks with different technical characteristics, the decisions about whether to use synchronous (AC) or asynchronous (DC) links are often purely economic. In general, a direct current line can be economically justified only beyond a certain distance (about 600 kilometers for aerial lines and 50 kilometers for underwater cables) and for high transit capacities. DC lines require converter stations, which are expensive.

III. Natural Gas Supply

1. Current PNG Project Status 

Current PNG Network can be shown as Fig.-1, which was reviewed in “Long Term Vision of Natural Gas Trunk Line in N-E Asia,” summarized by Northeast Asia Natural Gas & Pipeline Forum (NAGPF, from 1995, Forum of Research Institutes and/or Energy Experts from N-E Asian six(6) countries). Among these, some PNG Project is now under construction. China’s “West Gas To East Project,” which is planned to be completed in 2005, is currently their country’s own project, however, it has great important significance to the initiation of the N-E Gas Pipeline Network in N-E Asia. 

And for PNG project, pre-feasibility study has been made for Yakutsk-South Korea(North Korea was skipped) PNG and currently Irkutsk-China-South Korea PNG’s feasibility study is under way.

However, on other PNG lines under study, the feasibility study should be conducted by an international organization or jointly by the Research Institutes and Gas companies of the related countries and regions. Only with these feasibility studies for all proposed PNG Projects, an agreement between the related Governments in terms of energy cooperation can be made and based on the project investment priority, promotion and construction will be advanced. 

2. Physical and Technical Problems of PNG Project

From a technical perspective, pipeline planners and designers will face various challenges depending on the prevailing natural-climatic conditions in the regions through which the pipeline passes. But they must be as cautious in cold regions without permafrost as they would be in cold regions with permafrost. This is demonstrated by oil pipe line operations at Daqing where, for example, pipelines must be heated to prevent congelation of oil and where thaw settlement is caused by melting of seasonally frozen soils.

Physical technical problems of providing higher reliability and safety of oil and gas transporting structures at pipeline construction for Siberian gas transport to Southeast Asia countries are of topical importance.

Major part of the pipeline system will function in severe climate conditions of East Siberia and Far East with the permafrost area forming over 60 percent of the total territory of the Russian Federation.

For five months a year the Arctic regions rich with hydrocarbon resources are featured by air temperature below minus 40℃ and hurricane winds. In Central Yakutia in particular minimal and maximal air temperatures are minus 64℃ and plus 38℃, correspondingly.

Figure 2   Long-term Vision of Natural Gas Trunk-line
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In these regions higher stresses due to increased hydrostatic effect of water blocks and snow cover (to 45 m) seismicity up to magnitude 56(89 maximum), soil and water freezing and thawing, soil displacement at thawing (by dozens of meters), complete soil washout, cyclic thermal mechanic loading by complex forces (inner pressure, temperature, outer liquid and gas flows, soil displacement) are observed.

Thus, first of all, design and construction of structures arranged for operation in the regions with extreme climate conditions is a complicated scientific and technical problem that cannot be solved without particular consideration of actual experience of pipeline maintenance in Far North and Central Russia.

Secondly, the broad range of extreme maintenance conditions means new technical requirements to materials and technologies implemented at pipe production and pipeline construction.

Thirdly, to increase pipeline reliability, a new system of criteria for strength, lifetime, durability and safety is needed, comprising standards and rules for design, production and maintenance.

The analysis of breakdowns of pipelines working in low temperature conditions showed that 84.2 percent of failures were due to the reasons related to low operating temperatures. However, over 40 percent of breakdowns were due to failure of ring weld joints, with 90.0 percent because of continuous fissures in ring fittings welded in low temperature conditions.

It should be noted that the average annual intensity of line failures for the period is 0.27 per 1,000 km. Breakdowns of the pipelines working in Central Russia are due to various reasons, i.e. (1) pipe and equipment defects, (2) defective building and assembly works, (3) violation of technical maintenance rules, (4) pipe metal corrosion and erosion, (5) mechanical damage, (6) thermal effects – cascade faults, (7) natural disasters and (8) others.

Northeast Asia PNG Trunk-line has the difficulty; to pass not only permafrost area but also desert area and submarine pipeline should be constructed. Also, a technology and engineering should be jointly developed to solve the problem of long–age operation of large diameter and long distance pipeline placed under the sea, the lake and the desert area.

The challenge to overcome these technical and engineering problem can be resulted in a success when we, Northeast Asian countries, take advantage of the wisdom and intelligence of utilizing the technology and experience we accumulated through the past world-famous Gas Pipeline construction and operation .

Main Issues related to Technical Approach will be as follows:

· Summary and Analysis of worldwide oil and gas pipeline standards 

· Research on the operational problem in Arctic Region

· Main characteristic of submarine pipeline management and their case study

· Pipeline design and operation in desert area.

3. Technical Cooperation among PNG Related Countries

Northeast Asia’s PNG Project, including East Siberia and Far East of Russia, is to sell and buy Natural Gas through energy cooperation between related countries.

Accordingly, Supplier-side (seller) and Demander-side (buyer) are destined to pursue their own benefit, however, they also have to collaborate under the firm reliance and from the viewpoint of common fate.

Since these Northeast Asian countries and regions have never experienced multilateral regional cooperation regime, still closer technological cooperation is required.

More specific issues for technological cooperation will be as follows: 

· Agreement for the standardization of Pipeline design, construction and operation

· Environmental and safety standard

· Cooperation for the supply of equipments and materials and arrangement of technician and laborers.
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