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1. Introduction 
The world is facing a variety of problems attributable to global warming, including floods, droughts, the 

depletion of underground water, abnormal grain production, epidemics resulting from weather anomalies, and loss of 
land due to rising sea level. Global warming, in turn, is attributable to emissions of greenhouse gases resulting from the 
combustion of fossil fuels. 

Worldwide, the consumption of fossil fuels by developing countries, especially the People’s Republic of China 
(China) and India, is expected to increase by a very large amount (Fig. 1) as the economies and populations of these 
countries grow (Fig. 2); we fear that this will greatly aggravate global warming.  

 
Fig. 1.  Rapidly Increasing Positions of China and India in Energy Demand of Asia and the World  

Mtoe: Million tons of oil equivalent.    (Source: IEEJ, Nov 2004) 

 

Fig. 2. Rapid Population Growth in Developing Countries  (Source: IEEJ, Nov 2004) 
On the other hand, in Northeast Asia, East Siberia and Sakhalin are rich in deposits of natural gas (NG), the 
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cleanest of fossil fuels.  Therefore, it is essential for the environmental conservation and energy security of the 
Northeast Asian region to construct a regional energy infrastructure network that can transport and distribute NG 
throughout the region in the near term, and renewable-source gaseous hydrogen (GH2) in the long term. For this reason, 
we have promoted the construction of an NG pipeline network through the activities of the Northeast Asia Natural Gas 
and Pipeline Forum (NAGPF) (1). The pipeline network will be the principal component of the above energy 
infrastructure and will be instrumental in the construction of a hydrogen-based society.   

Our ultimate goal is to construct a clean and sustainable society based on renewable energy sources, wherein 
hydrogen is produced from the vast potential of hydropower and solar energy in Siberia and China as well as from 
world-class wind power resources in areas from Kamchatka through the Kuril’skiye Islands (called the Chishima 
Islands in Japan) to Sakhalin. The hydrogen thus produced would be transmitted through the pipeline network, 
progressively replacing NG as it is depleted. A series of related experimental studies called “NaturalHY” is under way 
in the European Union (EU) (3). 

With M. Hirata, Professor Emeritus of the University of Tokyo, acting as team leader, we have conducted 
preparatory studies for the construction of the Northeast Asian Natural Gas Pipeline Network (Fig. 3) and for the 
transition to a hydrogen-based society, and have proposed and promoted the scheme since 1988 (1-2). Because of the 
environmental and energy security problems that Northeast Asia faces, this paper proposes the efficient utilization of 
the region’s natural gas resources and the construction of a Northeast Asian Hydrogen Highway as the first step toward 
a hydrogen-based society based on renewable energy sources. 

 
 
 

 

 

 

 

 

 

 

 

 

 

Fig. 3.  Northeast Asian Natural Gas Pipeline Network   (Source: NAGPF, Sep 2000)  

 
Fig. 4.  Predicted Asian Demand for Primary Energy Sources   (Source: IEEJ, Nov 2004) 

Mtoe: Million tons of oil equivalent 
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Fig. 5.  Predicted World Demand for Primary Energy Sources   (Source: IEEJ, Nov 2004) 

 

Fig. 6.  Smog in China Due to Soot and Smoke 

 
Fig. 7.  Satellite Photograph of Coastal Areas of China Where Water Pollution and  

Desertification Are Advancing   (Source: NASA, Mar 2005) 



4 
 

2. Energy Security in Northeast Asia 

According to some calculations, while the energy demand of all the world will more than triple from now to 2100, 
that of China and other Asian developing countries will grow more than six-fold in the same period (Fig. 8).  The 
dependence of the Asian developing countries, including China and India, on imported petroleum is predicted to reach 
80% in 2030, nearly double that in 2002 (Table 1).  For perspective, the electric power demand of China is growing 
annually by an amount comparable to the total capacity of the Kansai Electric Power Co., Inc. of Japan, 150 TWh 
(TWh= 109 kWh) per year (Fig. 9); the number of automobiles in China and India is expected to grow rapidly (Fig. 10).   

World petroleum supply will depend more and more on the Middle East; its share of world petroleum production 
will increase from the present 25% to nearly 50% as early as 2030 (Figs. 11, 12). 

 
Fig. 8.  Global Energy Use: Historical Development from 1850 to 1990, and three scenarios 2100, in Gtoe  

Gtoe: Gigatons (billion tons) of oil equivalent    (Source: Bos, et al, 1992) 
 

Table 1.  Predicted Changes in Petroleum Demand and Import Dependence by Regions 

Year                          Region North 
America 

Europe Developing 
Asia 

China 

Demand (Million Tons Oil 
Equivalent) (Mtoe) 

1,079 689 606 247 2002 

Import Dependency 36 % 54 % 43 % 34 % 

Demand (Million Tons Oil 
Equivalent) (Mtoe) 

1,478 794 1,448 636 2030 

Import Dependency 55 % 86 % 78 % 74 % 

The situation is very similar with natural gas; the demand in China has increased so rapidly that the country will 
soon become a net importer of natural gas. Many specialists say that the world demand for natural gas may double by 
2030, and the supply-demand balance will become very tight (Figs. 13, 14). 

Because of this situation, many countries, especially China, have strengthened their relationships with the 
petroleum-producing countries in the Middle East, Africa, Confederation of Independent States (CIS), et al.  China is 
also eagerly promoting the construction of a petroleum pipeline from Myanmar to China (Fig. 15) because sea traffic 
via the Straits of Malacca and other passages is becoming increasingly precarious. The security of sea lanes is of vital 
importance for other Northeast Asian countries, who are also seriously studying various oil and gas pipeline projects 
(Figs. 16, 17). 

Furthermore, world petroleum production may peak, because the estimated reserves of newly discovered oil 
fields in the last 20 years is less than the production during the period.  We fear that in this situation, worldwide 
competition for energy sources will inevitably intensify. 
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Fig. 9.  Three Alternative Scenarios Predicting Increase in China’s Total Electricity Generation  

(Source: Energy Research Institute, Feb 2004) 

 

Fig. 10.  Predicted Number of Automobiles in China (millions)   (Source: IEEJ, Nov 2004) 

 
Fig. 11.  Dependency of Northeast Asian Countries (Japan, China, and Korea) on Petroleum Supply  

from the Middle East   (Source: IEEJ, Nov 2004) 
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Fig. 12.  Predicted Petroleum Import of Asian Countries  

mb/d:  million barrels per day    (Source: IEEJ, Nov 2004) 

 
Fig. 13.  Predicted Demand for Natural Gas of Asian Countries   (Source: IEEJ, Nov 2004) 

 

Fig. 14.  Predicted Demand for LNG in China   (Source: IEEJ, Nov 2004)  

 
Fig. 15.  Schematic Representation of Petroleum Pipeline from Myanmar (Burma) to China 

(Source: The Irrawaddy, Jul 2004) 
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Fig. 16.  Proposed Petroleum Pipeline Routes in Northeast Asia (Source: Report for Congress, CRS, Feb 2005) 

 
Fig. 17.  Proposed Natural Gas Pipeline Routes in Northeast Asia (Source: Report for Congress, CRS, Feb 2005) 

Japan depends on petroleum for about 50% of its energy, and is self-sufficient in only 4% of its non-nuclear 
energy supply. Japan is thus among the most vulnerable of developed countries for its energy supply (Figs. 18, 19).  
Therefore, for energy security, it will be increasingly important for Japan to suppress energy demand by creating an 
energy-saving society, while at the same time procuring stable and reliable energy sources. 

 
 Fig. 18.  Primary Energy Supply of Japan  (Source: METI, Mar 2005) 

Uranium resources are distributed more or less evenly worldwide, and nuclear energy will become available 
virtually permanently when the fast breeder reactor (FBR) becomes commercially viable.  However, a commercial 
FBR will require a great deal of continued difficult research and development effort.  
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Fig. 19.  Energy Supply Self-sufficiency of Some Developed Countries   
 (Source: IEA, Energy Balance of OECD Countries, 2000-2001) 

 

3. Prevention of Global Warming and Future Energy Strategy 

Worldwide emission of CO2 and other greenhouse gases (GHGs) is expected to increase rapidly from now on 
because of increasing energy consumption.  According to some calculations, the CO2 emission of just the developing 
countries in 2100 will be at least six times as large as it is now.  On the other hand, specialists maintain that, in order 
to curb and stabilize the increasing CO2 concentration in the atmosphere, it is necessary to drastically reduce CO2 
emission to half the present level, or less. 

 

Fig. 20.  Predicted Annual CO2 Emission of Asian Countries (million tons of carbon) (Source: IEEJ, Nov 2004) 

 

Fig. 21.  Predicted Annual Demand for Thermal Power Fuels of Asian Countries 
TWh:  Terawatt-hours (1 TWh = 10 9 kWh)   (Source: IEEJ, Nov 2004) 
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Considering the above, the battle against global warming must be prepared for and fought under a long-term 
strategy.  Efficient use of natural gas, the cleanest of fossil fuels, must be our tactic to reduce CO2 emission in the 
short-to-medium term, but in the long term, it is necessary to form a hydrogen-based society.  In such a society, 
hydrogen will be produced using renewable energy sources, ultimately clean and sustainable, and the hydrogen thus 
produced will be used by fuel cells on board vehicles, and distributed in a decentralized electricity generation system. 

 

Fig. 22.  Global Energy Demand Scenario for Year 2100 (Source: DENA, 2005) 

 

Fig. 23.  Global Primary Energy Demand Forecast (Source: Shell, 2004) 

In this context, Japan must further refine and deploy its world-class energy saving technologies to reduce its 
energy demand and to construct the most energy-efficient society possible while, at the same time, urgently transfer the 
energy saving technologies to China and other developing countries.  This will contribute to both environmental 
improvement and energy security of the Northeast Asian countries.  On the other hand, while reducing energy demand 
through these efforts, it is necessary to meet the demand of the Northeast Asian countries with secure and benign 
energy supplies. We must emphasize both energy security and the prevention of global warming.  To this end, it is 
now essential to begin practically exploiting renewable energy sources that are ultimately clean, sustainable, abundant, 
and affordable. 

 
4. Natural Gas Resources in Northeast Asia and Utilization of Renewable Energy Sources 

There are vast NG deposits in East Siberia and Sakhalin, and the NAGPF is eagerly studying the construction of 
a transmission and distribution network for NG to be produced from these areas (Fig. 3) (1-2). 

Moreover, some reports state that more than three-quarters of commercially exploitable hydroelectric power 
resources of the whole of Russia are in East Siberia.  In addition, the surplus electric power that can be generated in 
the areas around Irkutsk and Krasnoyarsk is estimated to amount to 20 TWh (TWh = 109 kWh) per year.  Adding the 
surplus electric power of the Kharnor hydroelectric power plant in the Chita Province, the total annual energy is 
expected to reach 25 to 30 TWh when Kharnor is completed.  Moreover, the Bureya hydroelectric power plant, one of 
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the highest priority study subjects under the framework of the Japan-Russia Far East Economic Cooperation agreement, 
and slated to start up within a few years, is expected to add a large increment of available surplus energy. 

In addition to NG and hydro, there is a world-class wind power resource in the areas from Kamchatka through 
the Kuril’skiye Islands to Sakhalin. West China has huge potential for solar energy.  Fig. 24 shows the major potential 
sites of hydro, solar and tidal power generation of the world. 

 

Fig. 24.  Distribution of Potential Renewable Energy Resources (Example) (Source: GENI, 2004) 

Table 2 shows the worldwide potential of hydroelectric power generation.  The whole Asian region is estimated 
to have potential annual hydroelectric power generation of 1,890 TWh exploitable by 2020, accounting for 
approximately 30% of the world total.   

Table 2.  Exploitable Hydroelectric Power Generation Resources (Source: WEC, 2003) 

Developed hydropower Geographic 
Region 

Practicable 
Hydropower 1990 2000 2020 

 TWh/a TWh/a % TWh/a % TWh/a % 

Europe 1,670 745 44.6 845 50.6 1,080 64.7 

Asia 3,050 390 12.8 670 22.0 1,890 62.0 

Africa 2,000 57 2.9 160 8.0 1,240 62.0 

North America 775 587 75.7 620 80.0 645 83.2 

Latin America 2,825 418 14.8 650 23.0 1,550 54.9 

Oceania 160 43 26.9 55 34.4 95 59.4 

The World 10,480 2,240 21.4 3,000 28.6 6,500 62.0 

 

 

 

 

 

 

 

 

 

 

Fig. 25.  Rendering of Sanxia Dam, China, World Largest Hydroelectric Plant (Source: Schiller Institute, 2001) 

Fig. 28 shows the global distribution of geothermal resources, and Table 3, the potential and projected 
development of geothermal energy by geographic region.  The table states that Asia has a potential of geothermal 
power generation of 560 TWh/y that can be developed by 2020, accounting for roughly 43% of the world total. 
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Fig. 26.  World Distribution of Wind Energy  (Source: Journal of Geophysical Research, 2000) 

 

Fig. 27.  Solar Energy Distribution in China (106 J/m2/year)  (Source: APERC, 2004) 

 

Fig. 28.  World Distribution of Geothermal Resources  (Source: APERC, 2004) 



12 
 

Table 3.  Potential Development of Geothermal Energy   (Source: WEC, 2003) 

Developed geothermal energy Geographic 
Region 

Useful accessible 
Resource base 

Electricity Direct use 

 Electricity Direct use 1994 2020 1994 2020 

 TWh/a EJ TWh/a TWh/a % PJ/a PJ/a R/P 

Europe 2,030 105,035 3.8 160 7.9 66 1,300 81

Asia 3,299 130,426 8.4 560 17.0 28 280 466

Africa 1,354 146,963 0.4 60 4.4 4 40 3,674

North America 1,482 75,555 16.5 160 10.8 14 350 216

Latin America 3,112 100,969 6.7 300 9.6 0.4 50 2,019

Oceania 1,166 39,581 2.2 60 5.1 7 32 1,237

World total 12,443 598,529 38.0 1,300 10.4 119 2,052 292

 

5. Renewable Energy Sources in Northeast Asia and Proposal for a Hydrogen Highway 

In 1999, we proposed the construction of a pipeline network for gaseous hydrogen to be produced, as stated 
earlier, utilizing the potential of renewable energy sources such as wind, solar, geothermal, and hydro in Northeast Asia.  
To contribute to environmental conservation and the energy security of the region, the proposal envisaged (a) producing 
hydrogen by electrolysis of water abundantly available in the region, using the above renewable energy sources;    
and (b) distributing the hydrogen to every corner of the region using a natural gas pipeline network for storage and 
electricity generation by fuel cells that are dispersed throughout the region.  For this purpose, we have proposed and 
promoted the scheme of the Northeast Asian Natural Gas Pipeline since 1988 (1-2). 

Based on this philosophy and jointly with W. C. Leighty and other researchers from the USA, we presented a 
paper entitled “Large Renewables-Hydrogen Energy Systems: Gathering and Transmission Pipelines for Windpower 
and other Diffuse, Dispersed Sources” at the 22nd World Gas Conference in Tokyo, in June 2003 (4). From over 480 
papers presented at the Conference, from many countries of the world, we were awarded the best paper prize.  This 
shows that many people agree with us that it is necessary, for the environmental conservation and energy security of 
Northeast Asia, that we urgently construct a hydrogen-based, sustainable society in the region. 

 

 
Fig. 29.  Wind Energy in Eurasia, Northeast Asia and North Pacific Regions 

Fig. 29 shows the wind energy in the Eurasia, Northeast Asia, and North Pacific regions, analyzed and compiled 
by the Asia Pipeline Research Center of the Shibaura Institute of Technology, based on global wind data.  We 
proposed a scheme for hydrogen production and distribution for the first time in 1999, based on the data presented 
herein and on other renewable energy sources data.  Figs. 30 and 31 outline the proposal, which envisages 
constructing a renewable-energy base to be operated jointly by Japan, Russia and the USA on the Four Northern Islands 
in the southern part of the Kuril’skiye Islands. These islands have been the subject of a long-pending territorial dispute 
between Japan and Russia; this renewable energy base may begin to alleviate this dispute. Hydrogen would be 
produced using the wind energy resource of the Aleutian Islands, Kamchatka, the Kuril’skiye Islands and Sakhalin, one 
of the world largest wind energy resources, and the wind, hydro and solar energy resources of East Siberia and China; 
the hydrogen would be transmitted through pipelines to distant consumer markets for storage and for use in fuel cells. 
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Fig. 30.  Proposal for Hydrogen Production Using Renewable Energy Sources of Northeast Asia  
and North Pacific Regions    (Source: Ohashi, 1999) 

 

Fig. 31.  Illustration of Marine Wind Farm Proposed for Aleutian Islands, Kamchatka, Kuril’skiye Islands  
and Coastal Locations of Japan  

The proposed hydrogen pipeline system will employ high-pressure-output, MW-scale, electrolyzers to directly 
feed the pipeline with GH2 at ~100 bar, eliminating the large capital and O&M costs of pipeline input compressors. 
The electrolyzers convert all wind generator electric energy output to GH2.  Hydraulic modeling shows that pipelines 
can deliver GH2 over long distances, without midline compressors, at acceptable pressure loss. (5-6) 

 

Fig. 32.  500 kWe input, High-pressure-output (35 bar) Electrolyzer by Norsk Hydro 
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Fig. 33 schematically shows a transportation system for hydrogen produced at large-scale windfarms to distant 
consumer markets.  We believe that the windfarm-pipeline system can be constructed as an integrated system: the 
windfarms will be capable of supplying oxygen generated through the electrolysis of water to gasification plants for dry 
biomass and coal adjacent to the windfarms; the hydrogen pipeline system will be able to collect by-product hydrogen 
generated from biomass or coal gasification plants along the route; the hydrogen can perhaps be stored in depleted NG 
fields, or other geologic formations, located near the route (5-6). However, this large-scale storage of GH2 in geologic 
formations must be researched and proven; H2 is much smaller and more mobile than CH4, methane, the primary 
constituent of NG. 

PE:  Power Electronics

Electrolyzer
Electrolyzer

H2O

H2

O2
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Electrolyzer
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GH2 Fuel Market:
City Gate

Oxygen Sales to Nearby
Gasification Plants

Energy Storage in Pipeline

GH2 Geologic Storage ?

 
Fig. 33.  Large-scale, Hydrogen-producing Windfarm and Pipeline System, with Byproduct Oxygen (5,6)  

We propose to construct the hydrogen pipeline network along the routes of the Asian Highway and Eurasia Land 
Bridge Systems presently in service or being planned, and to link hydrogen supply stations to be constructed at 
intervals of tens of kilometers along the route.  The hydrogen supply stations can employ hydrogen delivery and / or 
production methods to be selected according to local conditions (Figs. 34 – 37).  Thus, the pipeline network will 
constitute a Northeast Asian Hydrogen Highway.  It is imperative that the plan be realized in synchronization with the 
motorization of China, which is expected to expand explosively within a short period.  It is also important to plan the 
Northeast Asian Hydrogen Highway so that it can be expanded gradually to cover the whole of Eurasia. 

 
Fig. 34.  Honda Motor Solar-energy-source Hydrogen Fueling Station, in California 

Fig. 38 compares hydrogen production costs by different production methods, as prepared by Dr. Yogi Goswami 
of the University of Florida.  According to the U.S. Department of Energy (USDOE), the most economical hydrogen 
production method in 2010 will be the steam reforming (SMR) of natural gas, and the USDOE sets a target production 
cost of $10.56/GJ, or $1.50/kg, for year 2010.  Fig. 38 shows that wind-based hydrogen production will become more 
economical than SMR after 2020.   

Tables 4-7 show technical and economic features of a wind-source, electrolyzer-driven, GH2 transmission 
pipeline system. High-pressure output electrolyzers are critical system components (5-6). Fig. 39 shows electrolyzer 
efficiency as a function of rated capacity, for year 2010 technology. Power electronics (PE) sharing between wind 
generator and electrolyzer could eliminate part of the transformer-rectifier subsystem capital cost and ~ 3% energy loss.  
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Fig. 35.  Asia Highway Routes  (Source: Asia Highway Network, 2004) 

 

 

 

 

 

 

 

 

 

Fig. 36.  Completed Asian Highway Routes with Proposed Hydrogen Pipeline and Hydrogen Refueling Station  

 

Fig. 37.  Eurasia Land Bridge Routes in Northeast Asia  (Source: the Schiller Institute, 2002) 
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Table 4.  Capacity of Hydrogen Pipelines without Compressors  (5,6) 
 
Distance, 
km 

 
Distance, 
miles 

Outside 
Diameter, 
inches 

 
Capacity 
GW 

 
Capacity 
MMscfd 

Capacity 
Million 
Nm3 / day 

Capacity 
Tons per 
day, metric 

Storage 
Capacity, 
MMscf 

Storage 
Capacity, 
Tons 

320 200 20 2.8 702 18.1 1,869 141 374
320 200 36 12.3 3,100 80.1 8,253 450 1,199
480 300 20 2.3 573 14.8 1,526 211 562
480 300 36 10.2 2,580 66.7 6,869 675 1,798
800 500 20 1.8 444 11.5 1,182 352 936
800 500 36 7.9 1,998 51.7 5,319 1,126 2,997

1,600 1,000 20 1.2 313 8.1 833 703 1,872
1,600 1,000 36 5.6 1,413 36.5 3,762 2,251 5,994

 
Table 5. Capital Costs for 1,000 MW Windplant, Electrolyzers , and 800 km 20-inch Pipeline (5,6) 

 
Equipment Investment 

（US$/kW in 2010） 
Total 

（$US Million in year 2010, in 
$US 2005） 

Wind Power Plant $800 $800 

Windplant power electronics incremental $30 $30 

100 kgf/cm2 water electrolyzer $330 $330 

Pipeline (20 inch diam、length 800 km〉 $29 / in / m length $464 

Total Capital Investment  $1,624 

 

Table 6.   Unsubsidized Cost of Wind-source GH2 Fuel Delivered at End-of-pipe at Distant City Gate, as a Function 
of Capital Recovery Factor (CRF) and Pipeline Length  (5,6)    

Note: Assumes unsubsidized (no US federal production tax credit (PTC), or other subsidy); no “value adders” in 
byproduct oxygen sales or carbon offset credits or income. 

PIPELINE LENGTH 320 km / 200 miles 480 km / 300 miles 800 km / 500 miles 1600km / 1000 miles 
 Cost / kg Cost / kg Cost / kg Cost / kg
@ CRF = 12% $2.19 $2.34 $2.64 $3.38 
@ CRF = 15% $2.72 $2.91 $3.28 $4.21 
@ CRF = 18% $3.26 $3.48 $3.93 $5.04 
@ CRF = 21% $3.75 $4.01 $4.53 $5.82 

 

Fig. 38.  Predicted Hydrogen Production Costs in USA.  (Source: The University of Florida, Mar 2005) 
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Table 7.  GH2 Hydrogen Energy Storage in Pipelines  (5,6) 
 

Length 
km 

Outside 
Diam, 
inches 

Volume, 
Cubic 

Meters 

Inlet 
Press, 

psi 

Delivery 
Press, 

psi 

Energy 
Storage, 

Nm3 

Energy 
Storage, 
MMscf 

Energy 
Storage, 

Tons 

Energy 
Storage, 

GWh 

Energy 
Storage,
Days * 

800 20 146,338 1500 500 9,954,938 352 936 33 3.5
800 36 468,605 1500 500 31,877,861 1,126 2,997 107 11.2
800 20 146,338 600 300 2,986,481 105 281 10 1.0
800 36 468,605 600 300 9,563,358 338 899 32 3.3

1600 20 292,675 1500 500 19,909,875 703 1,872 67 7.0
1600 36 937,209 1500 500 63,755,722 2,251 5,994 214 22.3
1600 20 292,675 600 300 5,972,963 211 562 20 2.1
1600 36 937,209 600 300 19,126,717 675 1,798 64 6.7
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Fig. 39.  Electrolyzer energy conversion efficiency vs. operating capacity, year 2010 technology. Power electronics 
(PE) sharing between wind generator and electrolyzer could eliminate a large part of the transformer-rectifier 

subsystem capital cost and ~ 3% energy loss (difference between the two curves, above). (5,6) 

6. Options for Large-scale Transmission of Stranded Renewable Resources 

       Hydro and wind generation produce electric energy, which can be transmitted thousands of km, at acceptable 
costs and losses, via high voltage direct current (HVDC) transmission lines. Each +/- 500kv bipole (two conductors 
with earth return) transmission system has a maximum capacity of about 3,000 MW (3 GW).  Two or three bipole 
systems could be mounted to a single line of large towers.  Electricity transmission provides no energy storage, so it is 
not well suited for dedicated wind generation, where the capacity factor (CF) of the wind generators in a good wind 
resource region is about 40%; if the transmission capacity matches the peak (nameplate) generating capacity of the 
wind farm, the transmission system will suffer a 40% CF, with 60% of capacity a stranded capital asset.  Overhead 
electric transmission lines are vulnerable to damage from acts of man or nature; HVDC transmission by underground or 
undersea cable costs 200-600% more than overhead transmission. Electric transmission lines and NG or GH2 pipelines 
could share the same right-of-way, although with probable increased cost of cathodic protection of the pipeline. The 
capital and O&M costs for large-scale electricity and GH2 pipeline transmission are comparable. 

      GH2 pipeline transmission requires high-pressure-output (~100 bar) electrolyzers to feed the pipeline directly from 
renewable electricity sources, or compression to ~100 bar from diverse other renewable hydrogen sources. The pipeline 
provides valuable energy storage, as compressed GH2, which can “smooth” time-varying-output renewable sources like 
wind, photovoltaic, and concentrated solar. However, it cannot provide “firming”, which would require low-cost, 
seasonal-scale storage -- probably in large geologic formations like solution-mined salt caverns and beneath saturated 
aquifers.  
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7. Challenges of Renewables Hydrogen Service (RHS) for Transmission Pipelines  
    Pipeline transmission of GH2 will cost about 150 - 200% that of NG transmission, per unit energy-distance. GH2 
pipelines of the same pressure, diameter, and length as NG pipelines will have about one-third the power (energy 
transmission) capacity, because GH2 has only one-third the energy density by volume of NG.  Special valves, meters, 
and fittings will be needed for GH2 service. 

 Mid-line compressors, for pipelines longer than about 1,500 km, will require about 200% of the power and 300% 
of the energy required for comparable NG compression.  Centrifugal compressors probably cannot be used, due to the 
low molecular weight of H2.  Positive-displacement, piston-and-cylinder reciprocating compressors will contaminate 
the GH2 if they are oil lubricated. 

    GH2 distribution to end users, beyond the city-gate termination of the transmission pipeline, will require costly 
new infrastructure.  We assume a market for GH2 fuel, for vehicles and for distributed generation of electricity on the 
customer side of the meter, will emerge to encourage investment in the GH2 distribution infrastructure. 
 The time-varying output of renewable energy sources in RHS will cause frequent, large pressure variations in the 
pipeline, which exacerbates hydrogen embrittlement (HE) of pipeline steel (Fig. 40).  Special linepipe materials may 
be needed to resist and control HE; these materials may be more costly than NG pipeline materials. Laboratory testing 
of pipeline system materials and components must be done.  A pilot-scale plant, for testing and demonstration of the 
feasibility, safety, and costs of RHS for windpower and diverse renewable hydrogen sources, must be designed and 
built. This pilot-scale pipeline facility would be an International Renewable Hydrogen Transmission Demonstration 
Facility (IRHTDF) (Fig. 42) (7); its likely US$ 50 million cost should be borne by an international consortium, perhaps 
as an International Partnership for the Hydrogen Economy (IPHE) project.  

 Aside from the IPHE, we invite all countries to join in designing, building, and operating the IRHTDF – first as 
an R&D and test facility, then as a demonstration facility. The IRHTDF could be conveniently and economically built 
in the North America Great Plains, perhaps with the “Destination Community” of Ames, Iowa, USA, home of Iowa 
State University. 
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Fig. 40.  Smoothing of Actual Hourly Energy Output of a Great Plains, North America, Windfarm, during First Week 
in September, by Energy Storage in the 800 km GH2 Transmission Pipeline (5,6) 

 
8. Conclusion 

Even after the end of the cold war, the countries of Northeast Asia have not yet succeeded in establishing relations 
of mutual trust, owing largely to the complicated conflict of national interests and lack of trust in the region.  For 
example: (a) disputed ownership of the Four Northern Islands, between Japan and Russia, (b) questions about 
development of nuclear energy, (c) the abduction of people from neighboring countries, including Japan, by the 
Democratic People’s Republic of Korea (North Korea), and (d) differences in the understanding of history between 
Japan and countries such as China and the Republic of Korea. 
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Considering this complex and difficult situation in the region, forming cooperative international relations in the 
field of energy is essential for creating foundations for mutual trust and a common view among the countries.  Guided 
by this philosophy, and mindful of the communication difficulty at government levels, we have independently shared 
information with people from the several countries and jointly and amicably proposed plans through the activities of 
the NAGPF.  Through candid exchange of views in the NAGPF forum, independent of political ideologies and the 
conflict of national interests, we will continue to aim at realizing an NG pipeline network for environmental 
conservation and energy security in the region, and with this as a basis, constructing an ultimately clean and sustainable 
society based on hydrogen produced by renewable energy sources.  The proposed Northeast Asian Hydrogen Highway 
is a symbolic project for realizing a practical, clean, and sustainable society in the region.  

 We need to build a pilot-scale GH2 pipeline facility, conceptually an International Renewable Hydrogen 
Transmission Demonstration Facility (IRHTDF) (Fig. 42) (7); its likely US$ 50 million cost should be borne by an 
international consortium, perhaps as an International Partnership for the Hydrogen Economy (IPHE) project. 

Finally, we present a time schedule for the construction of the Northeast Asian Hydrogen Highway, in Fig. 41.  
Hythane ® is the trademark for a mixture of natual gas and hydrogen registered by Brehon Energy PLC, in USA.  
The EU “NaturalHY” demonstration project is now investigating Hythane ® to transport natural gas containing up to  
50% hydrogen in existing natural gas pipelines in the EU (3).  
 

 
 Year 2005 2010 2015 2020 2025 2030 2035 
Completion of natural gas 
pipeline network from East 
Siberia  

       

Completion of gas pipeline 
network from Sakhalin 

       

Construction of H2 refueling 
stations based on natural 
gas reforming and 
renewable energy sources 
along the routes of the Asia 
Highway and Eurasia Land 
Bridges 

       

H2 production using natural 
gas and renewable local 
energy sources, and 
Hythane ® transportation 
through the Northeast 
Asian Natural Gas Pipeline 
Network 

       

Modification of the 
Northeast Asian Natural Gas 
Pipeline Network for H2 
transportation 

       

Full-capacity hydrogen 
transportation by pipelines 
and decentralized power 
generation by fuel cells 

       

Transition to a real H2 
economy and beginning of 
sustainable energy supply 
society 

       

 

Fig. 41.  Schedule for Construction of Northeast Asia Hydrogen Highway  
and Transition to a Hydrogen-based Society  

 
 

Reduction of greenhouse gas emission by use of Hythane 

Popularization of fuel cell vehicles 

Completion of Northesat Asian H2 Highway 

Transition to H2 Economy 
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Fig. 42. Proposed International Renewable Hydrogen Transmission Demonstration Facility (IRHTDF) (7) 
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