8 DEVELOPMENT TRENDS

In the transportation sector the reduction of harmful exhaust emissions and greenhouse
gases will continue to direct the technical development of both fuels, engines,
aftertreatment systems and complete vehicles.

Natural gaswill surely play arolein achieving these goas. Natural gas, being an inherently
clean fuel with no aromatic compounds and very low sulphur, will aways be a an
advantage over conventiona fuels regarding toxic emissions. However, as discussed in
previous sections, at least in the case of spark-ignited engines the decisive factors for
emissions are the fuel control system and the exhaust gas aftertreatment system.

Compared to the investments in conventional technology for gasoline and diesel, most
vehicle and engine manufacturers have so far put limited effort into devel oping engines for
gaseous fuels. The bulk of the world fleet of gas fuelled vehicles are smple aftermarket
converted vehicles, which do not fulfil the criteria for low emissions. Natural gas is best
used in dedicated vehicles, athough some recent OEM light-duty bi-fuel vehicles perform
very well.

The best gasoline vehicles of today are extremely clean. In order to achieve corresponding
emission levels, simple retrofit systems for gaseous fuels are not good enough. In markets
with stringent emission legidation, future gas vehicles will have to have very sophisticated
fuel and exhaust aftertrestment systems, and these vehicles will most probably be sold
through OEM dealer networks. In order to achieve proper calibration of the fuel system,
close co-operation between the supplier of the gas system and the auto manufacturer is
needed. The oncoming requirements for OBD will add difficulties to the process, i.e.
extensive calibrations of the fuel system and tuning of the catalyst systems will be needed.

Although the OBD requirement will be a big challenge for the aternative fuel vehicle
sector, in the case of light-duty vehicles the engine technology itself is not the biggest
obstacle for NGVs in achieving a significant market position. The biggest obstacles are
probably related to the fuel storage and refuelling infrastructure. The best natural gas
vehicles perform very well, they have enough power and they are extremely clean.
However, the fuel storage can make intrusions in the passenger or luggage compartment.
A good OEM hi-fuel system could be a solution to optimise fuel storage or overcome
problems related to an inadequate refuelling system.

The situation is somewhat different for heavy-duty vehicles. Most buses and a great part
of trucks are used in fleet operations. Therefore the question of fuel supply is technically
easy, if not always cheap to handle.

The conventional diesel engine is very hard to be beaten for fuel efficiency and durability.
It is not enough that gas engines perform well in certain laboratory tests, they should
perform well also under normal driving conditions year after year. There are still some
shortcomings regarding gas engine technology, both in the case of efficiency, performance
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and engine durability. Heat is a rather common problem. However, work at the OEMs is
going on to solve these issues. The ultimate goal is direct-injected gas engines with diesel-
like efficiency and reliability.

The future diesel engines, running on high-quality diesel fuel and equipped with De-NOy
systems and/or particulate traps, will be very clean. OEMSs views differ on the future of
competitiveness of gas engines, as some say that the gas engines will become less
attractive as the diesel becomes cleaner, while others think that the gas engines will have a
good chance as the emission regulations are becoming more stringent.

The best gas engines of today can meet all foreseeable emissions requirements, so there is
actually no expected rise of costs of meeting future emission standards. The diesdl is
becoming more complex, and this of course will increase the cost of the diesal engine, and
might also affect reliability and/or efficiency in a negative way. As the diesal engine takes
up the competition for cleanliness, the gas engines have to take up the competition for
efficiency.

To facilitate the tuning of the engine for maximum fuel efficiency and driveability one may
consider the use of De-NOy devices on lean-burn and direct injected gas engines. Being a
virtually sulphur-free fuel, natural gas is better than diesdl for aftertrestment systems, as
even high-quality diesel fuel will contain traces of sulphur. To maximise this advantage,
however, the sulphur contained in natural gas odorants should be kept tpo appropriately
low levels. Therefore work to develop no-sulphur odorants is under way.

One can also speculate whether there will ever be redly high quality diesdl fuel available
for al markets, as the requirements on crude oil quality and refinery technology will limit
supply and increase costs compared to conventional diesel. Natural gas is an abundant
clean fuel which in theory is not limited by supply or refinery capacity.

In both light-duty and heavy-duty gas vehicles one can distinguish a trend which was seen
earlier in gasoline vehicles: a shift from mechanical fuel systems (carburettors) to single-
point fuel-injection systems to continuous multi-point fuel injection and ultimately to
adaptive sequential multi-point fuel injection systems or even direct-injection systems.
Accurate fuel metering is one of the most critical items for good emission performance.

Natural gas will be challenged by other fuel aternatives in engine applications, and the
reciprocating internal combustion engine again will be challenged by fuel cells and other
power sources. Fuel cells can be fuelled by natural gas, but there are many other fuels, e.g.
liquid hydrocarbon mixes, methanol and of course hydrogen competing to become the
future fuel for them.
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In some visions natural gas is an intermediate step moving from conventional liquid fuels
towards hydrogen in the future. BMW has stated that "the path towards hydrogen starts
with natural gas, and in the foreseeable future there is only one sensible and really
meaningful aternative to the petrol and diesel engine: the natural gas engine'. Figure 8.1
illustrates this way of thinking /142/.

"Same" storage technology

LH, (-250 °C)

"Same" source of energy

Compressed LNG (_1 60 uc}

natural gas s - : Liguefied
{immediate use L hydrogen
for certain - (long-term
applications) availability)

Liguefied

natural gas
(increased vehicle
operating range)

CNG (200 bar)

T

Gas turbine? Electric motor

with fuel cell

Internal system?

combustion engine

Figure8.1. Fromnatural gasto hydrogen /142/.

One can see that natural gas provides a good aternative for vehicles and transportation
systems of different levels of sophistication:

in less sophisticated applications, replacing both gasoline and diesdl with natural gas
gives considerable reductions in toxic emissions and especially in particulate emissions
from diesel vehicles

in sophisticated vehicles, natura gas, being a practically sulphur-free fuel with low
exhaust component reactivity, is helpful in achieving SULEV emissions levels, and for
heavy-duty vehicles, natural gas brings down emissions below all foreseeable emission
limits

in the future, natural gas will be a good starting point for on-site or on-board
reforming of hydrogen for fuel cell vehicles

There are very promising natural gas technologies available for vehicle applications. To
realy make a breaktrough, the natural gas vehicles need support from the OEM
manufacturers to resolve remaining technical problems. Also investments in adequate
refuelling networks and market deployment of natural gas vehicles are needed.
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