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(a) Are the battery manufacturers correct when they say that petrol and diesel
engines already operate at their maximum efficiency? If not, how can cars powered by
internal combustion engines be made more efficient? Explain your reasoning?

This is best explained using a sketch of the characteristics of a typical petrol engine.

Torque reserve available at a given speed

Torque ~ Lines of constant specific fuel

 consumption (sfc)

- Constant power
_______ curves

~~~~~~~

Operating line Engine speed
at constant
speed

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 reserve is
needed should the car need to accelerate (also important for the driving experience). If the
engine operates close to the maximum efficiency, then there is insufficient torque reserve. A
large increase in efficiency can be achieved if the torque reserve can be provided by an
alternative power source. One way to achieve this is with a hybrid drive system, where excess
energy form the engine is stored in a battery, which can provide a boost in power for short
durations of acceleration. 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.

Thus, the manufactures is not correct to say that the efficiency of internal combustion
engine powered vehicles cannot be improved. T marl:s]

(b) The battery manufacturer claims that if you buy the electricity to
charge the electric cars using the “Green-Nuclear” tariff offered by Electricity R us plc.
the cars are COz-neutral. In their product literature, Electricity R:Us plc. state that they
will purchase the same number of units of electricity from nuclear power generators, as
a customer of the ”Green-Nuclear” tariff uses in a year.

What the arguments for, and against the claim of CO;-neutrality, if the
electricity for the electric cars is supplied via the “green nuclear” tariff?

If the electricity were to come directly from a nuclear power station to the customer,
then there would be some argument in favour of the claim, Of course, even pure nuclear
electricity is not fully CO, neutral, but in comparison to fossil generated electricity it is very
low. The material used to the build the reactors and some parts of the fuel cycle all contribute
a small amount to the overall foot print. From the point of view of a lifecycle analysis, the
argument against this view is that, the electricity from the nuclear power stations could have



been used for other uses, so that using the nuclear electricity for cars, just causes the CO2
production associated with say coal fired stations to appear somewhere else.

In the UK, where electricity is supplied by a grid, so that there is not a direct connection
between the customer and the generator. Only about 20% of the electricity in the UK comes
from nuclear, the majority will come from coal or gas fired stations, which produce carbon
dioxide. If a life-cycle analysis were used to calculate the CO, burden of the car, the
electricity used for running would have a CO, burden equal to that of the average energy mix
in the UK. It is not fair to allocate the electricity from nuclear power to the vehicles, since
this electricity could displace fossil generated electricity from elsewhere (e.g. even if a new
nuclear power station was build solely for charging the cars).

The electricity supplier has only promised to buy the same number of units as are used
over the whole year, which is not the same as saying that the customer will always be
receiving nuclear electricity. The market in the UK is such that electricity supply is based on
contracts, and the amounts generated from different sources depend on the price. Nuclear
electricity provides base load, so that when there is little demand for electricity (e.g. summer
night time), the price of nuclear electricity is low. The energy company can simply buy units
of nuclear energy when the price is low (and electricity demand is low). When the price is
high, it will use the cheapest other source to provide the electricity to charge the car. In the
worst case scenario, if coal were cheap so that the coal fired stations were at the top of the
merit order, then plugging in one extra car, would result in all of additional electricity
required being produced from a coal fired station, with a CO, burden significantly higher
than the average. In this case, the CO, burden associated with the electricity is the marginal
burden associated with plugging one extra car into the grid.

Thus, deciding what the CO2 burden associated with car is a complicated issue and
open to some argument. One thing that is obvious though, is that if the cars “know” the
electricity price, then they could choose to charge when the price is cheap, and power which
is being produced by nuclear and renewables is cheap, and in some cases (if demand is very
low) simply wasted. This motivates the need for smart metering of electricity, which if
implement would mean that the cars could operate much closer to being CO2 Neutral.

(¢ nwtsl

(¢) Does nuclear power meet the definition of a sustainable energy technology?
How do the proposed future nuclear power stations address the concerns of the 1980°s?

Nuclear power is one of the electricity generating technologies which can produce
energy on a scale needed by the UK at the moment. Whilst renewable sources (in the UK
wind energy is probably the most promising of these), have some role to play, even the most
ambitious targets for renewable use are barely comparable to even the current amount of
energy generated by nuclear in the UK. From a sustainability point of view, nuclear is not
sustainable in the long term. The current fuel cycle uses enriched uranium, which is
processed from ores mined in e.g. Namibia or Austrailia. Estimates of the extent of this
resource show that if the world were to move to a fully nuclear electricity system, the known,
technically feasible nuclear resource would be relatively quickly depleted. So although,
nuclear power does not produce CO; (and so result in a pollutant release which perturbs the
carbon cycle), it faces the same resource depletion issues as fossil fuel technologies. Given
the seriousness of global warming, resource depletion is perhaps less of a worry.

The major obstacle to new nuclear stations is public perception of the danger of
nuclear power stations, usually in context of previous nuclear accidents (e.g. Chernobyl).
This manifests itself in the planning process, which means that it is very difficult to get
permission to build a nuclear station. From a technical point of view, the major is issue is
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what to do about the dangerous waste which is produced. There is currently no technically
feasible way of rendering harmless the high level nuclear waste produced by a nuclear
station. This waste have has half-life which exceeds any likely human civilisation, which
leads to questions about who will be responsible for this. The two suggestions to overcome
this so far are long term storage underground, or the hope that in future, some yet to be
specified technology will be invented to deal with this problem.

The new generation of nuclear reactors address the issue of safety. In particular, they
are designed to be intrinsically safe. A key component of a reactor is the cooling system,
which in previous reactor designs has relied on pumps and active components to circulate
coolant. New designs can be cooled through natural convection, so that a power failure does
not result in a run away in temperature (and possible loss of containment). One suggestion
uses nuclear fuel, which is encapsulated within “pebbles”, whose outer shells can withstand
any possible temperature excursion. The fuel in the pebble is relatively dilute and cannot be
dispersed, reducing the danger of a catastrophic loss of containment. An added feature of this
new type of fuel, is that they cycle is once through, i.e. spend fuel cannot easily be
reprocessed to make new fuel, or more importantly the raw materials for nuclear weapons.
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