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Foreword

This answer draft is the second draft, and several parts are revised from the first draft. This draft is taken  into account of several opinions and is intended to answer to the additional questions from the "2030 study " management team to our first draft answer. This answer draft is still written in detail, because the situation of gas utilization is very different by countries. For example, it depends on the current state of the country whether that country is producing natural gas in large quantities or importing gas in form of the LNG?,  or gas price is very low or high? , or CO2 discharge coefficient of electric power is high or low? etc. 
So this draft includes various opinions from various countries.
Special thanks are due to all the members of WOC5 Committee who voluntarily contributed their time, effort and knowledge to answer this 2030study. In particular I would like to acknowledge the contributions of every SG chairman, Mr. Guy Verkest, Chairman of SG5.1 (BE), Mr. Martin Wilmsmann, Chairman of SG5.2 (DE) Mr. Davor Matic, Chairman of SG5.3 (HR), Aksel Hauge Pedersen, Secretary of WOC5(DK) ,and Jean Schweitzer,. Chairman of WOC5 (DK).

And in particular I thank Mr. Sergey Shilnikov member of SG5.1 (RU).Mr.Michael.Hermann, member of SG5.2 (AT), Mr. Eugene Pronin, member of SG5.3 (RU), Mr. Peter Seidinger, member of SG5.3 (AT), Mr. Peter Boisen member of SG5.3 (SE), who had great cooperation.
General questions for WOC 5
Looking forward to 2030, what will be the key issues for combining gas with alternative energy sources (renewables, hydrogen, etc.), from a technical perspective? 
1. General Description 
There are mainly two reasons renewables have been the center of attentions. One is the Kyoto Protocol to solve Global warming caused by combustions of fossil fuels, and the other is drying up of the fossil fuel and the remarkable rise of the crude oil price. 
In fact recently renewables such as wind power, solar power, bio-diesel oil, bio-ethanol, and bio-gas have been introduced rapidly in the market.   

For the same reason, natural gas has become more important, too. Natural gas is most environmentally friend of all fossil fuels and more stable than renewables and oil on the supply side.  So the role of natural gas will become more important toward 2030. Especially from the technical point of view in the energy utilization, natural gas is the easiest energy to attaining energy-saving in all sectors including power generating sector.
One of the key issues in using fossil fuel and renewables will be the energy return factor. In the beginning of oil era (mid 20th century) it took 1 barrel of oil to produce 50 barrels. Today the energy return is 1 barrel consumed per each 5 barrels produced. Does it mean that we produce ten times less oil? No. It means that we spend ten times more energy and money per barrel than earlier. Once the energy return equals 1:1, there would be no more sense to produce fossil fuel. As for the oil, this energy return factor has continued falling steadily whereas coal and natural gas has been stable. 
As for the renewables, in most case the energy return is less than 1.0 or near1.0 now, so the urgent challenges of renewables are how to improve this. 
From this point of view, the role of natural gas is important to optimize and improve energy efficiency of renewables. 

Renewable energy such as wind power or solar power is unstable to supply and is affected by weather greatly. For this reasons the DER: “Distributed Energy Resources” or DG: “Distributed Generation” system normally combined with gas-fired CHP is recognized to contribute to improve energy supply security, electricity quality, and to improve economical condition.  And biomass energy is difficult to be obtained constant through a year around, and difficult to transport to other place, so, for the same reason normally biomass renewable energy is often used as the DG system combined with gas-fired CHP.

In all biomass energy sources, biogas is a little different from other biomass, because biogas can be obtained constantly also in the city as same as in the countryside, and if it is purified into bio-natural gas, it can be supplied every where similar to natural gas through gas pipeline network. And if there is no gas supply net work, it can be used for CHPs or boilers which are special tuned for bio-gas easily on-site, or if purified into bio-natural gas, every gas appliances tuned for natural gas can be available on-site too.  

As for renewables in transportation sector, bio-diesel oil and bio-ethanol have attracted a lot of attention and have been produced more and more, but these fuels are not good in its yield compared with biogas. And more these fuels are competing with food in the raw materials despite biogas is obtained from all organic compound including garbage, swage and industrial waste.

Biogas would be most promising natural-gas source, and according to the report of ASUE of Germany, the Wuppertal institute of Germany forecasted that about 8.8 BCM /year of bio-natural gas can be supplied in only Germany by2030, and this amount is equal to 10 % of present supply of natural gas in all over Germany.
And according to the EU observ’ER, the quantity of biogas production of all EU nations in 2006 was 6.0MToe, and it predicted 8.6MToe of bio-natural gas would be produced in 2010 and the EU White Paper’s objective was also 15.0 Mtoe in 2010. This means that if the production of biogas continues to increase at this percentage, about 21Mtoe to 62Mtoe of bio-natural gas would be produced per year in all EU by 2030. 

Some researchers also predicted, if 20% of land of all EU nations is utilized to cultivate for energy crops and unutilized animal manures are available for the fermentation for biogas, about 200 MToe of biomass would be produced by2030. So we forecast that production of biogas of the worldwide in 2030 will be 44-120 Mtoe.   
So it will be more important toward 2030 for gas industry to introduce this bio-natural gas efficiently and profitably.　

And as for hydrogen, now hydrogen has been attracting attention especially as a fuel for fuel cell or fuel cell car.

Hydrogen will be produced from renewables such as wind power, PV power or biomass in the future. But its usage will be very limited as the production of it will be still very expensive by 2030. 

And till 2030, the cheapest and most convenient source to generate hydrogen is also natural gas, so now some gas companies have been developing H2 generator and fuel cell from natural gas. Gas industry also has been playing an important role, from the future’s technical point of view too.

Residential sector:
In these 3 decades, energy consumption has been increased in residential and commercial sector with convenience improvement of the lifestyle despite has been kept constant or decreased in industrial sector, in many OECD countries. So the urgent problem is how to reduce CO2 emission in these sectors. So, a lot of governments in these countries announced that they made laws or policies to reduce CO2 emissions including giving some incentives to promote energy saving such as the promotion of more insulation reinforcement of  houses, and the introduction of the PV panels or solar heating systems.
For example, US government published that it established research funds support of 40,000,000 dollars   these 5 years, and would develop the technology to realize zero CO2 discharge house until 2020.
The situation is similar in U.K Germany, Japan etc. These countries have urged to precede more insulation reinforcement of individual houses and the commerce buildings and have set mandatory for conservation of energy consumption. 
For this reason, total energy consumption for the individual residences &commercial buildings will be decreased, and it will become the scramble of energy share from now on.. 

Especially energy saving in the air-conditioning field will advance rapidly, so conventional type of air-conditioning systems using fossil fuels will decrease in its share and will be replaced by EHP or GHP using geothermal heat or heat from ambient air. This geothermal energy or heat of ambient air is begun to

be considered as a kind of renewable energy source. COP of EHP has become over 6.0 and COP of GHP

has become over 1.5. And recently, heat pump type water heater has introduced rapidly. Especially in Japan these 5years it has already got the share by 10%, and COP of it is around 3.0 to 4.0.

And in residential & commercial sector, PV power generation systems have been adopted rapidly all over the world, and cumulative installed number of PV power generation systems increased more than 4 times in these five years. Toward 2030, it is thought that the machinery cost of the PV power generation will largely fall and the target initial cost is about 1 US$/w in total, and it is thought that installation number of PV power systems will easily increase without the subsidy.  And the target price of generated power in 2030 is set around 7cents/kWh; this price is cheaper than that of power utilities.

And in many EU nations, to reduce CO2 emission of commercial buildings and individual houses, renewable energy, especially biomass such as sewage sludge, garbage, agricultural waste, wood chips etc. has been introduced for the heat source of DHC instead of coal. And biogas is also utilized small area’s DHC. In this case biogas is use for CHP system and serves electricity and heat to this district efficiently. 
Recently to use biogas more efficiently, biogas has begun to be purified into bio-natural gas, and delivered to the individual houses through natural gas pipe line system, as a source of natural gas. Especially in Germany, Sweden, and Austria, the share of bio-natural gas has increased rapidly. Recently in Japan several gas companies also declared to .accept bio-natural gas .into their gas-pipeline network. This bio-natural gas will contribute to reduce greenhouse gas emission in domestic sector.
Technologies related with renewable energy are as follows.  

-Condensing boiler and solar heat systems and/or photovoltaic systems 

- Micro CHP and high-efficient gas boiler for biogas

- Purification technology for biogas into bio-natural gas (All usual gas appliances are available.)

- Gas heat pump (design of micro-compressors driven with gas; running hours; maintenance)
    using ambient air  and  Geothermal energy 

- Hybrid boiler (wood pellets and gas) (Limited in a special country such as Scandinavian countries)

- Fuel cells for biogas

- Stirling engine for wood chip-fired and biogas with natural gas
The combination of gas with renewable energy (RE) will greatly depend on energy prices.
 Today combining gas and RE in the domestic sectors is in most of the case too costly (payback time too long) and the trend in heat demand decrease will make the payback time even longer. 
Only the increase of energy price or big subsidy by government can make the combination of gas + solar more attractive in the sector of detached houses. But recently the introduction of the photovoltaic generation has advanced because of a great subsidy and the incentive policy of the electricity cost in Germany and Spanish Italy, etc. So gradually combining gas and RE system will be introduced for detached houses.

For larger buildings the combination of gas and renewable makes more sense as the appliance and installation cost per user can be much lower compared to detached houses, and there is there probably good opportunities to combine the two energies if they are proposed as a compatible package. This is valid both for thermal solar and PV.
Condensing boiler and solar heat systems and/or photovoltaic systems 

Solar heat systems provide environmentally friendly heat for household water and space heating. Simple collectors, usually placed on the roof of a house or building, absorb the sun's energy and transfer the heat. In many climates, a solar heating system can provide a very high percentage (50 to 75 per cent) of domestic hot water energy. Since, on average, water heating accounts for around 30 per cent of a home's CO2 emissions, a solar water heater can reduce its total emissions by more than 20 per cent. Many countries are encouraging increased use of solar hot water technology. Worldwide, installations grew 14 per cent in 2005 to an installed base of 88 GW thermal equivalents, with 46 million houses equipped with the systems. China leads the way, with 62 per cent of the installed capacity, while Israel has the highest per-capita usage, with 90 per cent of all homes taking advantage of the technology.  From now on in OECD countries solar heat system will become more popular, but in this case combining with the gas boiler becomes indispensable. 

And, technological development for the optimization of the combination of condensing boiler and the solar heat system that enables the cheapest equipment cost, and highest efficiency advances. 
And IEA began Heating and Cooling Program in April 2007 to develop air conditioning system using solar heat.  In this case, temperature of hot water supplied by solar heater is needed to raise higher again with the gas boiler for heat source of absorption type chiller. 
m-CHP　
M-CHP is not directly renewable, but when PV is introduced into an individual house, it becomes the most efficient system by being combined with CHP, and it can stably sully electricity.

As for m-CHP, now small gas engines and the gas turbines are more popular, but by 2010 PEFC type fuel cell fired by natural gas or hydrogen is thought to be introduced in the market.  And toward 2030 It is thought that SOFC type fuel cell which has higher efficiency than PEFC type will be developed, and introduced. 
But fuel cell is a transition technology between natural gas and hydrogen, and there are many technological challenges and economical challenges and the development of the market can very well depends on financial incitements for customers.
The gas engine type CHPs for have already been commercialized and sold in several countries. However, the generation efficiency of gas engine CHP is still low at around 22%. Gas companies in Japan are, therefore, developing the PEFC fuel cell CHP with higher generation efficiency. Targets for the development are 40% (LHV) in power generation efficiency and 1700€/kW in equipment cost in 2020 and 44% (LHV) efficiency and 1333€/kW in cost in 2030. 
Concurrently, Japanese gas companies are also developing SOFC fuel cells with target generation efficiency of 40% and price tag of €1700/kW in small size in 2020. Further challenges in SOFC CHP are enlargement and cost reduction with targets of 60% in generation efficiency and €670/KW in installation cost in large size like 1MW in 2030. 

Biogas

The most obvious way to integrate RE with NG is biogas. This will probably be the most common way to combine gas with RE.  Refinement and cleaning biogas seems today be the most challenging issue.
Industrial sector: 

In the industrial sector, wind power and most other renewable energies are converted into electric power and delivered through the micro grid or the grid of power utilities. In this sector, thanks to good combustibility and low emission of CO2, natural gas will replace oil and expand its share. So electricity and natural gas will become main fuels in heating furnaces toward 2030. 
As was mentioned in the G8 Summit held in Heirigendamm in Germany, natural gas CHP systems are very efficient systems, and their introduction is expected to advance in the future. 
It is said that CHP in an industrial field brings the user a great economical advantage, the CO2 reduction advantage, and the power supply stability advantage, etc.  

However, when the price of natural gas soars, the economical advantage of CHP is lost. 
As for the CHP evaluation about CO2 emission, WBCS (The World Business Council for Sustainable Development) decided to adopt the thermal power average for the marginal coefficient to calculate CO2reduction on August 22 in 2007, but electric utilities in some countries try to urge users to adopt the coefficient of average of all power sources, and if this opinion is adopted, the environment superiority of CHP decreases sharply. 
So it is important for gas industry to strongly recommend CHP users to adopt the thermal power average CO2 emission intensity.

In the country such as Japan and France, where the nuclear power generation has a large share and the price of electricity is relatively cheap, the introduction of CHP systems has been more difficult than before. 
So small and medium-sized gas engine CHPs are particularly affected and rapidly losing competitiveness.
In order to promote the introduction of CHPs of this size, therefore, generation efficiency needs to be improved and the initial cost should be reduced in the future. 
It is urgent business for the gas industry to develop an excellent CHP system with high electric generation efficiency and total efficiency.  

As for renewable energy in this sector, especially, recently foods manufacturing plants, garbage processing plants, and sewage plants, etc have introduced biogas generation systems rapidly.

Main reason of the introduction of biogas generation systems is to reduce industrial waste and garbage with less energy, but it can acquire the considerable quantity of biogas at the same time. 

And if this biogas can be used efficiently at the factory by itself without subsidy, it is the best usage.

And in most cases, CHP system might be most profitable system for the customer to get economic and environmental-merit.. 

So the needs will increase for small and medium-sized gas engines with which dual fuels of biogas and natural gas can be burnt. 

And it is thought that the introduction of the Wood chip boiler advances at a sawing factory or the paper mill factory. .
The use of wood chips, the city garbage, and the sewage sludge, will be promoted as promising biomass-energy, and development of gasification conversion technology from biomass such as methane fermentation and pyrolysis gasification will be promoted, and reduction of equipment cost will also be promoted. 
So, the development of highly efficient gas-fired engines and charcoal-fired boilers will also be promoted, and the development of Stirling engine generation systems, that can burn these biomasses directly, will also be advanced.

In this case, natural gas will play an important role as a supplementary or backup fuel.

As for H2 from the pyrolysis gasification process by biomass, or from manufacturing by electrolysis process using surplus electricity at midnight, hydrogen is not likely to be generally used in industry due to high manufacturing cost and limited supply. It is said that the cheapest source of hydrogen will be natural gas even by2030.

In conclusion, natural gas will continue to be a leading fuel in the manufacturing process. 
Transportation sector: 

NGVs greatly contribute to the CO2 reduction of the transportation sector with its cleanliness and low CO2 emission of its exhaust gas. 

The fuel cost of NGV is cheaper than gasoline and diesel fuel oil. Natural gas will remain the cheapest hydrocarbon motor fuel at least through 2030 because it requires minimal processing and purification cost/efforts to become a fuel.

The key factor that will drive the growth of demand for natural gas as a transportation fuel through at least 2030 will remain the unique and indivisible combination of high environmental, economic and energy values. No other hydrocarbon motor fuel which is worldwide commercially available has or will in the coming decades have similar blend of features. 

More then 7 million NGVs are driven all over the world. Over one million NGVs have already spread in a single country such as Argentina, Brazil or Pakistan.

There are several major issues to be addressed to expand the world NGV market. They are: 

- lobbying federal/regional/municipal incentives for NGV market players;

- increasing the number of NGV stations;

- promoting public awareness;

- extending the mileage per gas filling;

- reducing the operating costs of NGVs and filling stations;

- increasing the number of models and the manufacturers of NGVs;

- building up international cooperation particularly in the development of standards and rules;

- moving forward beyond road vehicles and apply natural gas for rail-road engines, water and aircraft, agricultural machinery.

Drastic policies by the government are also necessary to solve these problems. 
The use of renewables in the transportation sector will keep growing, although on a limited scale. Bio-fuels may remain attractive in certain countries. The major driver for that, however, will be political, not economical decisions. These motor fuels as well as other alternatives to mineral-oil-based combustibles like hydrogen, DME, GTL or FC lack the incontestable advantage of natural gas: its great eco-efficiency - which is a combination of ecological, economic and energy efficiency. 

Organic waste streams should be primarily used for production of bio-methane mainly intended for use as a vehicle fuel. To avoid diversion of the waste resource into biogas used for power or heat and power generation it is necessary to avoid subsidized electricity tariffs that gives the biogas producer higher income if he produces electricity than if he instead produces bio-methane of a quality fit for injection into the natural gas grid. 
In Germany, biogas production has proceeded rapidly, but in this case big amount of subsidy is paid only for power generation, so the government should change policy and to allocate this subsidy for NGV use too.    
It should be allowed to inject bio-methane into the natural gas grid and thus establish a volume of supplied vehicle fuel.
For this purpose, it is necessary for many countries to inject it into the gas- pipe by establishing the quality standard like a bio- natural gas in Germany.
It should be possible to draw off methane at other points of the natural gas grid and feed this gas into refueling stations. Volumes up to the limit set by bio-methane supplied into the natural gas grid should count as bio-methane supplied for vehicle use (what we call the green gas principle).
 

Future large scale use of methane (natural gas as well as bio-methane) as a vehicle fuel will have an even demand regardless of season (if anything slightly higher in the summer than during the winter) and will thus help to provide a better use of the installed pipeline capacity in the summer season. The use of the bio-methane as a vehicle fuel also ensures that all of the energy is used. If instead using biogas to produce heat and power in CHP plants the heat is often wasted during the warm season. So It is necessary to limit the CHP use for biogas to the case where the total efficiency of CHP is high and used up heat and electricity completely in its factory.
NGVs greatly contribute to the CO2 reduction of the transportation sector with its cleanliness and low CO2 emission of its exhaust gas. 

1.What contribution do you expect that natural gas will make to energy efficiency, at an utilization level by 2030?

Residential sector:

Natural gas is clean and easy to burn so gas appliance can be increased energy efficiency easier than other fuels 
Efficiency increase:
20 % to 30 % for new buildings



10 % to 20 % existing buildings




= referred to one building

(Change of old boilers to new efficient technologies, e.g. boilers with solar energy, heat pumps, m-CHP)

Efficiency of boilers:

Boiler with constant temperature (standard in 1978) = 100 % energy-demand (Basis for the Efficiency schedule)

Low-temperature-boiler = 82 %

Condensing-boiler (natural gas) = 74 %

Condensing-boiler (natural gas) with solar system (warm water) = 60 % - 65 %
Condensing-boiler (natural gas) with solar system (heating) = 50 % - 60 %

Gas heat pump (natural gas) = 35 % – 45 %

Due to appliance and installation cost, by 2030 NG will probably have a hard time to compete with electricity in the sector of new building construction. This especially for the single family detached houses market for which the heat demand will probably be lower than 5000 kWh/year and close to sanitary hot water demand (2 to 3000 kWh). 
In heating sector energy efficiency new standard will be given by the heat pump technology. Traditional boilers and even condensing boiler market will continue to decrease in favor of el. Heat pumps, El. heating (for new well insulated houses) and m-CHP. Maybe, more important than the energy efficiency is the CO2 impact which will have an increasing influence on the market. It is of course related to energy efficiency, but other important national or regional factors such as technologies for the production electricity distributed on the grid, injection of biogas in the net, etc. 
This very last will be a considerable argument for NG as the CO2 impact will be reduced at least by the % of biogas injected in the grid.
Development of fuel cells with high generation efficiency will greatly contribute to greater total energy efficiency in the medium- to long-term technological development. 
Commercial sector:

Improvement in COP of gas-fired heat pump air conditioners and the development of new type of gas-fired heat pump air conditioners with a power generation function, can contribute to greater energy efficiency. This power generating air conditioner can generate power for its own operation, and the surplus power can be used for other purposes.   The development of gas–fired absorption chillers, with a COP of 1.4 or more, can also contribute to energy conservation in Asian countries. 
Industrial sector:　

Gas burners, with wide turn-down ratio for industrial furnaces, can contribute to energy conservation of about 10% compared with conventional oil burners as these gas burners can burn gas at low excessive air ratio compared with oil burners.

In addition, new flameless combustion has a great potential as an energy saving technology for the future, with improved temperature distribution and reduced NOx emission. 

Concerning the regenerative burner, technological development is promoted for improving the blockage of the re-generator and as well as development of self-regenerative burners and radiant tube type re-generative burners. Energy conservation of 30% or more can be possible by adopting re-generative burners for industrial furnaces in high temperature heating fields. 

On the other hand, in low temperature heating fields, such as food processing, the energy saving of about 10 to 30% can be achieved by adopting highly efficient gas fired boilers, or by CHP systems. 
NGV sector:

Natural gas will directly contribute improvements in energy efficiency if it is used in optimized engines with a higher compression ratio than gasoline engines. Natural gas may thus contribute to increased overall energy efficiency in the world transportation sector.  Conventional fuel and natural gas engines will take similar amount of primary energy to do similar job. Road vehicles contribute up to 60 – 80% of the urban emissions which may spread as far as 100 – 200 kilometers beyond the city limits. Natural gas engines will bring substantial improvements to air quality. 
1. Vice-versa, how policies to increase energy efficiency, self-generation and distributed energy will impact gas demand?
The development of distributed generation will strengthen the growth of gas demand and will require the development and improvement of gas infrastructure

In Germany domestic distributed generation leads to an increase of gas consumption of 500m³ for an one-family house (= +20%) and 3000m³ for an multi-family house (= +30%) on the average.

In Austria the specific gas consumption for an one-family-house will to be half.

Also gas driven heat pumps reduce domestic consumption by 10% to 15%.
There will be only few developments of new-building areas with natural gas. 
	Key questions for WOC 5 study group


5.1 What changes in technology are expected to be applied for industrial utilization by 2030?

· What are the main drivers for gas penetration in the industrial sector?

We think that the future development of the gas use in industry will go in a way of further increase of efficiency of energy use. There are a lot of efficient technologies for gas furnace and gas burner in industrial sector. The use of gas will enlarge due to switch of industrial enterprises from oil and coal to gas. Modernization of equipment and optimization of production process will lead to the further increase of efficiency of gas use by industry. 

The main drivers are the cost of fuel, Kyoto protocol and environmental concerns of society and better consumer properties of gas compared to oil or coal. The other important factor is the growth of the world economy.

In the industrial sector there are only few technical innovations. Of course there are some - very specialized for a special need. 

In focus are gas turbine-innovations (increase the elect. efficiency)

Efficiency improvement of gas engines

Development of Low-Nox burners

Combinations with renewable energy

Energy autarky factories will be installed

In the short term

・Development of high efficiency Gas turbine  Micro Turbine efficiency 30-35%

・Development of burners with large turn-down ratio

・Development of re-generative burners with low NOx emissions. 

・Adoption of highly efficient one through boilers

・Change from indirect heating with steam to direct heating with flue gas 

・Development of highly efficient co-generation systems

In the medium- to long-term

・Development of oxygen burning and oxygen rich combustion technologies

・Energy-saving technology of high temperature furnaces by flameless combustion

・Development of super-efficient once-through boilers with three-way catalyst 

・Development of the gas engine with power generation efficiency 45 -50%

・Development of the gas engine that exceeds total energy efficiency of 90%

・On-site type hydrogen generation equipment from natural gas

SG5.2

What changes in domestic and commercial utilization are expected to be the norm by 2030? 
· What are the main drivers for gas penetration in the domestic and commercial sectors?

We expect that the use of gas in domestic and commercial sectors will be steadily increasing especially with the development of distributed generation.

The main drivers in this sector are the same as for the industrial – environmental concerns and better consumer properties of gas

- condensing boiler + solar

- gas heat pump

- district heating with CHP

- mCHP utilization (gas motor, Stirling engine, steam engines, fuel cells)

In Austria and Germany the governments want to change the energy-supply infrastructure. New laws prefer district-heating- and cogeneration-infrastructure in comparison to natural gas pipelines.

Lows and subsidies from EU and governments will significantly steer the energy policy.

]

・Adoption of solar panel generation and spread of completely electrified houses 

The IH heaters have begun to spread in Japan for replacement of gas cookers and use of CO2 medium heat pump type water heaters are also beginning to spread in Japan. Moreover, major electric appliance manufacturers have entered into development of CO2 medium heat pump type water heaters reducing the initial cost rapidly, this trend is hard to stop. On the other hand, gas appliance manufacturers are relatively small in scale, and some of them are withdrawing from the business due to PL and other negative factors in the industry. 

・Gas companies in Japan are working hard to develop condensing boilers, small CHP’s and fuel cells for residential use, 

It is believed that, by 2030, domestic fuel cells will be widely used after the engineering development phase, and the combination of the fuel cell and the solar panels is expected to become a norm in 2030.

Moreover, it is expected that home refueling system for NGV’s will become more popular, and also, by 2030, electric supply to PHEVs by gas-fired domestic CHP units.

· Adoption of 'smart' or 'intelligent' technologies 
Europe

· Spread of completely electrified houses for new detached house market
· 新しい客観的な住宅市場のための完全にショックを与えられた家のスプレッド
As mentioned already, due to appliance and installation cost, by 2030 NG will probably have a hard time to compete with electricity in the sector of new building construction. This especially for the single family detached houses market for which the heat demand will probably be lower than 5000 kWh/year and close to sanitary hot water demand (2 to 3000 kWh).  The payback time for CH boilers is too long.
Unfortunately connection to gas will probably rarely be done for cooking alone. However in case of the development of NGV and domestic compressor solutions, house will be connected to the grid and can therefore keep some more utilization like cooking, garden application and maybe heating in case of larger houses. 
· Replacement market in existing buildings
There will still be a market for boilers on this segment. Regulations will make the condensing technology more or less mandatory within the very near future. Heat pumps (el or gas if there is technology available), will take increasing market shares on this segment and in larger buildings and commercial sector. Need for cooling will increase and in this case HP technology will be in a good position. M-CHP will also take market shares if we succeed in solving the technical challenges & reducing the costs. M-CHP may strongly benefit from policies based on CO2 emissions in countries not using nuclear power.
・Energy service (ESCO)
For large buildings and commercial sectors ESCO will develop. This will also open for a better mix of technologies and energies in order to always adapt the production of service to the demand taking into account the energy market prices and latest technological developments. Therefore we can imagine some development mixing eg.mCHP, thermal solar, PV, heat pumps to provide customer with cooling, heating and electricity. 
・Hydrogen

As said before NG might be a transient fuel replaced by hydrogen for the fuel cell technology. But till 2030the promising source of Hydrogen is natural gas.

In the long run after 2030 Hydrogen will be produced by PV cells, wind power, etc.
SG5.3

How big will the Natural Gas Vehicles (NGV) market be in 2030, and what form is it expected to take?
· What are the main drivers for gas penetration in the automotive sector?

The market of the NGV will be developing at a high speed. The main reason for this is the environmental advantages of gas fuel compared to petrol. The main barrier for the development of NGV market is lack of infrastructure. 

The car-industry and the oil-industry will come to an agreement about the 2 to 3 future fuels. Liquid fuels will have an advantage further on (no compression, etc.). 

NGVs will also have essential big acceptations because of better energy efficiency and low emission.

In future especially pollute areas will be only driven with hybrid and gas/biogas fuel cars.
Depending on growth assumptions, the world NGV population may grow to 50-60 million units around 2020+. At the same time, the overall world fleet may reach 1.3 billion vehicles. So NGVs will constitute up to 5% of on-road vehicles. Gas consumption in such a case may reach more then 110-200 Bcm/year,

The key factor to global growth of NGV fleet will be an average 50% (at least) cost advantage in comparison with gasoline and diesel. 
Further progress in the engine design, materials and fuel management technologies may gradually diminish the importance and applicability of dual fuel (natural gas / diesel) concept, particularly for the city buses and trucks. Experience so far shows that dual fuel vehicles provide limited environmental and economic benefits, because they have short time/path window to switch to natural gas due to stop-and-go urban environment.  The possible future hybridization of dual fuel vehicles used in an urban environment could, however, change the picture. 
Dual fuel vehicles will today perform better in the intercity mode. For instance, such heavy duty vehicles could be an optimum solution for the Blue Corridor project. A vehicle will run on CNG/LNG wherever filing stations are available. And it will have a backup diesel option for areas not covered by natural gas grid.  

Governments should support the growth of NGV sales, and refueling infrastructure developments, via the use of federal, provincial or municipal funds.

NGV technologies need to find broad application in off-road vehicles such as rail and waterborne vessels.

Nanotechnologies may revolutionize on-board natural gas storage. 

International co-operation is needed to further implement the Blue Corridor concept in various parts of the world such as Asia, Europe and South America. 
To conclude, from the viewpoint of CO2 reduction, and increasing crude oil pricing, NGV’s are expected to become much more popular by 2030. As previously mentioned, there are several scenarios based on different preconditions.

IGU WOC5 committee has a target of 50 million NGVs by 2020, up from the current more then 7 million.  SG 5.3 does not have a target for 2030.

Only the EU has a policy which includes a target that 20% of energy in the transportation sector will be alternative energy in 2020, and half of that will be natural gas.  The NGV target for EU is 23 million NGVs in 2020. 
Furthermore, between 1991 and today, NGV growth has averaged 18%/year. IANGV estimates that with growth continuing at 18%/year, there will be more than 60 million NGVs by 2020 using 200 billion cubic meters per year of natural gas by 2020.

In 2030, the NGV industry will be sustainable and self supporting.  The NGV industry and each stakeholder such as gas companies, automobile manufactures, fleet operators and CNG station operators will be commercially viable, and the NGV industry will stand on its own feet. This means that natural gas will be an integral part of the transportation sector (though circumstances will be different from country to country). It is thought that the government, the municipality, the gas company, the automaker, etc. will all be contributing to the growth and development of the NGV industry. 

It should be emphasized that one of the major tasks of the S.G. 5.3 in 2006-2009 Triennium was the development of a model for prognosis of anticipated regional increase in mobility demand, and possible natural gas penetration in transport sector. The model will provide scenarios for each region (Africa, Asia-Pacific, Europe, Middle East, North America, Central America and the Caribbean, South America, Russian Federation and C.I.S. based on expected population and economic development: increase in total vehicle population (personal cars and commercial vehicles), expected number of NGVs (in the same categories), expected natural gas demand (consumption) and avoided liquid fuels consumption, and necessary investments (vehicles, filling station, conversion and maintenance shops, conversion of garages etc.) to be borne by customers and by industry (third parties) and finally social impacts (influence on employment). The purpose of the model is to provide independent verification of existing available scenarios.
Developed scenarios have shown that target set by WOC 5 S.G. 5.3 of 50 million NGVs in 2020 is possible and achievable. 
To predict the market in2030 is very difficult, and the expectation values of the specialists in this is also greatly different. So this time we would like to adopt average value of all experts in this field,

According to all experts, average value of NGV population in 2030 is about 200 million NGVs  

Identification of drivers that affect WOC 5’s 2030 outcomes and level of impact

	WOC 5’s list of main drivers
	How would a change in this driver change our answers?
	Which main other parts of the gas industry might be affected? 

	 Natural gas price

Especially LNG price 
	When natural gas price rises sharply, the reverse-switch to oil will occur and the spread of gas-fired CHP will be delayed. 
Especially, as for LNG the influence is large because extra cost of  operation and maintenance of  acceptance and evaporation facilities, is added 
Competitiveness of gas against nuclear power based electricity will be lost .
	Consequently, earnings of the transmission and distribution section and production section deteriorate due to decrease in the amount of gas sales.

	Carbon tax
	The influence of introducing Carbon tax is different by countries.
For a lot of nations, Carbon tax helps the spread of gas-fired CHP and highly efficient gas appliances. But competitiveness of CHP will significantly decline, especially in countries like Canada, Japan and France where the shares of hydro power, wind power or nuclear power are high. And the average CO2 emission intensity of electricity is low. 
	 In case of natural gas use for vehicles, it can have a positive impact and to the countries where coal or oil is main or the countries where CO2 emission intensity of electricity is high, natural gas   will spread more, so upstream sector will have to prepare the  increase of supply and invest more for infrastructure. .

	Taxation and policy of promoting introduction of natural gas
	Use of natural gas will be promoted, particularly in areas where oil has been dominantly used such as industrial heating furnaces and NGV’s.
	The gas demand will increase and benefit the upper sections .

	Legal obligation of renewable energy use 

(Bio-methane)
	It is necessary to facilitate the injection of bio-methane into the natural gas grid, and to avoid bias in favor of use in the CHP sector. Technically grid injection offers no problems. 
	The supply of a blend of bio-methane and natural gas will politically strongly support the NGV market development. In addition the ‘green image’ of the blend used for vehicles will strongly support overall use of natural gas. Energy issues are for most people rather abstract, but the fuel used in a vehicle is something on which every man is ready to have an opinion. 
A favorable image for the fuel used in vehicles will strongly support the overall use of natural gas.

	 Improvement of technologies and equipment 
	Decreases the rate of gas use but will not have significant influence over the global gas demand increase and contribute to reduce CO2 emission
	Gas production and transportation

	Tax or charge of energy mix of power generation
	Disclaimer of carbon tax or charge will bring higher natural gas consumption.
	More demand of electricity generation will increase gas sale more.

	(domestic) energy prices (ratio power prices and different taxes to gas prices)


	If the price of electricity goes up highly than as an example more gas-heat-pumps than electricity. Heat pumps will be installed.
	Development of heating appliances

	Public perception/opinion
	Can be positive but also negative
	It is necessary for all gas areas.

	Supply guarantee

Energy autarky

	To ensure supply, the basic transport and the mix of biogas are to advance the gas-perspective. The natural gas perspective will be performed of supply security successful. Transportation and storage systems will become low emissions, increase energy efficiency and the possibility, to mix it with biogas.
	Industry in different cases.


	Change & Influence


1. Who is best able to influence the changes that our committee describes? 

　The most significant influence will have Governments and International institutional organizations with the active use of different instruments and policies (such as taxes, loans, laws, standards, energy strategies and policies). The governmental control over the energy sectors and energy companies will strengthen, especially in countries that have large energy resources. 

Gas companies that produce and sell gas also could have a certain influence on the development of the global energy sector. Since we expect that demand for gas will exceed the gas production and there will be deficit of natural gas available gas companies will have certain influence to promote changes. 

Apart form it, there will be strengthening of competition between energy companies. These companies will shift more and more from supplying just fuel to supplying energy services and energy solutions based on use of different type of resources – gas or oil or sun. Energy companies will be offering wide range of energy products and they will determine the development of the energy needs. 
National / local government policy: support the development and introduction of technologies to meet aim of CO2 reduction, also with link to EU policies on fuel poverty and security of supply

Gas industry: world wide commitment to specific technologies for several reasons

It is the EU and various government agencies that influence most as they can exercise power in introducing and strengthening regulations as well as planning support measures. Gas consumers, gas companies, furnace manufacturers, burner manufacturers, CHP system manufacturers, automotive and transportation industries, international organizations, national & local governments who are affected by these changes should agree on a common approach and appeal to various government agencies..

An example of NGV case 
As regards NGV, policy of national government and local government will influence most.
Ways of influence are: 

1) National and local government policy and incentives for NGVs and, likely, mandates as well.

To develop and mature the NGV market, government policy is important. A wide range of fiscal and other policies are needed. 
The best way to influence our future is to keep an eye in the market development, the preparation of new legislation and help gas technologies to penetrate the market. This requires that all industry shall collaborate in order to share forces and efforts. IGU, Marcogaz, GERG, Eurogas est.’s work might be more important than ever.

We need first tools that enable us to foresee and calculate the impact of various scenarios for the change of the energy market. We shall use those to demonstrate when possible what are the advantage of NG technologies and place the debate with authorities on advantages. As examples we are for the time being looking at estimating country by country the impact on CO2 of various technologies, in many cases it is in the advantage of gas and therefore we shall probably if this is confirmed , try to convince the authorities that e.g. CO2 emission is the real issue (instead of e.g. energy saving).

Beside this we shall in a time where R&D is globally decreasing, try to join more forces to have new gas technology in the market. We can see today with CH boilers that el. Heat pumps are taking market share in a time where we don’t really have new technology available at (attractive price).
2) Automobile manufacturers

Vehicle manufacturers will immediately respond to new legislation. Quality is not an issue. No OEM vehicle manufacturer can afford a blemish on the brand.  The critical issue is to what extent government really supports the offer of NGVs.  After market conversions are still a very important feature in the overall market growth for NGVs. Nevertheless, recent developments in Iran have demonstrated the importance of the OEM products (about 50 % of all the NGVs in Iran), the fastest growing market all over the world. 

3)Gas industry and industry associations – IGU, IANGV, etc – must make Governments aware of the issues above.
2. What could the gas industry do to achieve a more favorable outcome? 

Since the gas demand will continue to increase the main issue for the gas industry will be guarantee of stable gas supply and ability of gas producing companies to satisfy the increasing demand. 
- Increase investments into gas production 

- Pay high attention to the potential market development and try to think forward - be innovative, participate in development of new energy solutions and new energy services. 

- Invest into R&D and pay high attention for the development of technologies of efficient gas use.

- Form an image of innovative company which care about environment and which always tries to surpass needs of its customers.

- Actively use PR instruments, promote energy efficiency 

- Stimulate customers to modernize gas consuming equipment

- Assist and promote of creation of open gas market 

The gas/electricity industry has to improve their image. Only a fair and open dealing with clients and customers may change the negative image.

Indirect / direct support of manufacturers of gas technologies on their way to market introduction via lab tests, field trials / substantial funding of demo programmes

Important is to advert to the long availability of natural gas, the easy mixture with biogas and the very long term of use from available infrastructure.

 On top of working together to appeal to governments, the entire gas industry also needs to assist and support residential and commercial gas equipment manufacturers who produce highly efficient equipment and safety devices as it is difficult for individual gas companies to undertake such responsibilities particularly after market liberalization. It is also necessary to make overall energy cost of gas more advantageous than that of electricity.

It is important to demonstrate the world NGV market development potentials to governments and automobile manufactures. The gas companies in each country must demonstrate their commitment to NGVs.  Organizations like to be IGU, the IANGV, and the regional NGV associations should have one common message. 
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