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3) Key points to be covered by the student include:
Biofuels:

Liquid fuels can be produced from agricultural crops in a number of ways. One
common method is to take sugars or starches and ferment them to alcohol, which
must then be purified by distillation. Alternatively, biodiesel can be made by taking
the fatty acids from plant seeds (e.g. soya) and esterifying with methanol.

Biofuels can be used in current vehicles with little or no modification to the vehicle.
The liquid fuel can be blended with existing liquid fuels (e.g. 5% biodiesel in regular
diesel). This also means that the existing infrastructure for distributing liquid transport
fuels can be used.

The reductions in CO, emissions arise from the fact that biofuels absorb CO, as they
grow, effectively storing solar energy in carbon based molecules in the plant, this CO,
is released when the fuel is combusted. In theory at least, this means that there is no
net release of CO; into the atmosphere.

However, modern intensive agriculture requires inputs of fertiliser, pesticides,
machinery and manpower. Thus, the CO, emissions over the entire lifecycle of the
fuel must be considered. The net energy benefit (the energy contained in the biofuel,
compared with the fossil fuel energy required to produce the fuel over its lifecycle) is
typically close to unity. Thus, the benefit from biofuels can be marginal in terms of
CO; saving and the net energy balance.

Most of the environmental burden for the bio fuels is associated with the agriculture,
and for the case of bio-ethanol the energy required to remove the water from the
alcohol. Part of the problem with current biofuels, is that only a small part of the plant
grown is used to make the fuel (e.g. the sugars or the fatty acids in the seeds).

Aside from the lifecycle CO, footprint and embodied energy of the fuel, a major
problem which exists with the biofuels is the huge land area required to grow enough
crop. In particular, many developed countries are now importing energy crops from
developing countries, where energy crops compete with food crops.
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High efficiency, petrol/diesel driven vehicles:

Current internal combustion engined vehicles are currently not designed to operate at
the highest fuel efficiency. Consider the typical operating characteristics of a engine,

Torque reserve available at a given speed

S~ Lines of constant specific fuel
*~ consumption (sfc)

Constant power
curves

Engine speed

In the above sketch, the specific fuel consumption (sfc) increases away from the
optimum as follows:

1) The engine power being used to overcome friction increase with engine
speed, as the friction torque does not decrease with rpm (in fact it increases). Thus the
sfc increases with engine rpm (more strictly we should say with increasing rpm along
constant power curves — see below).

2) When the engine load is varied at constant rpm, this has to be achieved by
throttling the air intake. In this way the mass of charge (fuel + air) is reduced, while
maintaining a constant (near stoichiometric) air/fuel ratio, necessary to ensure reliable
combustion. Throttling represents a lost opportunity to do work, so necessarily
increases sfc.

Other effects are a) the tendency to richen up the mixture to obtain maximum
torque, which has the effect of increasing sfc near the maximum torque line, and b)
the effect of large quantities of residual gas at throttled +low rpm conditions (where
back flow from the exhaust into the inlet manifold occurs) on combustion duration,
which leads to increased sfc at the lowest rpm’s

An engine is sized and geared so that at a given speed (e.g. 70 mph) when cruising,
the engine is running at a relatively low efficiency. The rational for this is that a
torque reserved is needed should the car need to accelerate (also important for the
driving experience.

One way to radically improve the efficiency is to allow the engine to operate close to
the optimum fuel efficiency, and provide the torque reserve from an additional power
source. Thus, a hybrid drive system will use a battery to provide extra energy to the
drive system. The engine is made smaller and is allowed to operate at a more constant
load, close to the most efficient operating point, with the engine used to charge the
battery.

@)



Several configurations are possible. (i) Series: an engine charges a battery; the battery
is then used to drive a motor connected to the wheels. (ii) Parallel: both the engine
and the electric motor are connected to the wheels via a power splitter, and the engine
is used to charge the battery when it is producing more power than required to drive
the vehicle.

The disadvantages of a hybrid vehicle are the cost and mass associated with carrying
two power systems. Maintenance is more difficult and there is inevitably more to go
wrong. Also, it is possible that performance and fuel efficiency can be poor if the car
is driven for long periods with very high loads on the engine (e.g. motorway driving
above the designed cruising speed) , since in this case the battery can only provide the
extra torque required for a limited period before the car has to rely solely on the (now
undersized) engine.

Conclusions

The key issue with biofuels is the lifecycle energy requirements and the land area
required. Given this it is unlikely, that with current biofuel technology, the target can
be met with biofuels. However, there is a large amount of work on second generation
biofuels, where the entire crop (rather than e.g. just the seeds) is used. These will have
a much more favourable energy benefit and mean that biofuels could contribute to the
target in a meaningful way. Increasing the fuel efficiency of cars via hybrid power
trains makes a lot of sense and the technology is now relatively established. Hybrid
power systems could make a significant contribution to meeting the target. The only
disadvantage is that it requires the entire fleet of vehicles to be replaced, and so will
not happen quickly. Thus both options offer hope for the future, in the mean time, the
target could probably be met by removing the largest and most fuel inefficient
vehicles from the roads.

Mark scheme

5% for structuring in the form of an essay

80% for presenting the main arguments (of which 20% are for sketch of the engine
characteristics).

15% for drawing some sort of sensible conclusion which brings together the
arguments.
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