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Abstract
A numerical example for tutorial and possibly design exercise use is
described which is concerned with the performance of household waste as a
fuel in power generation.
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1. Introduction
‘Waste’ is very variable in composition and in cal-
orific value. The calorific value of raw household
waste is about 7 MJ kg−1 [1]. If there is par-
tial drying it will be higher, and waste other than
household waste (e.g. plastic waste, slaughter-
house waste) will raise the calorific value aver-
aged over a period.

A recent article in this journal was concerned
with carbon mitigation at the power station at
Ratcliffe-on-Soar in the English Midlands [2] and
a related numerical exercise is presented. This
plant is now (Q4 2021) one of only two coal fired
power plants still in service in the UK, and it is
expected that it will have been decommissioned
by 2025. The combined electricity production of
its steam turbines is 2000 MW. A waste inciner-
ator is to be built at Ratcliffe-on-Soar [3]. It will
take household and other waste in a total quantity
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of approximately half a million tonnes per year
(see section 2), and the heat will be used to make
electricity with a steam turbine.

With coal or wood as fuel in electricity gen-
eration the calorific value can be determined
straightforwardly by testing of laboratory size
samples in a device such as a bomb calorimeter.
That is not so when household waste is used as
the fuel, and it is common practice to calculate
the calorific values from the energy balance at
the plant [1]. This exercise, which is intended for
students who have already mastered the exercise
in [2], will attempt that with the incinerator at
Ratcliffe-on-Soar as an example. It is for pedago-
gic purposes only and is not an authorised per-
formance evaluation of the incineration plant.

2. The detailed calculation
We are informed in [3] that the plant will burn up
to 524 550 tonnes of waste annually and that that
will yield 49.9 MW of electricity. Letting the cal-
orific value of the fuel beQ J kg−1, the rate of heat
production in continuous operation is:

524550× 103 kg ×Q J kg−1/(365× 24× 3600)

s ↓= 16.6 Q→W.
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The efficiency of production of electricity from
the steam will depend on the steam condition, for
example whether it is superheated and if so the
degree of superheating. The efficiency depends on
the degree of superheating, and 35%would be typ-
ical, whereupon:

49.9× 106/16.6 Q= 0.35Q

= 8.6× 106 J kg−1(8.6 MJ kg−1)

which is of course a perfectly sensible answer.
Householdwaste comprises partly substances

which are carbon neutral such as paper, card-
board, fruit and vegetable peelings, carbon diox-
ide from the burning of which is ‘non-fossil fuel
carbon dioxide’. It also contains substances which
are not carbon neutral such as plastic bottles
and wrappings, the raw material for which is
oil derived. According to an International Energy
Agency document [4], when household waste is
used to make electricity the carbon dioxide from
the carbon neutral part of the waste is around
1.5 kg kWh−1 of electricity. An extension of the
exercise would be to calculate this quantity of car-
bon dioxide annually from the Ratcliffe-on-Soar
facility. It would be:

49.9× 103 kW × (365× 24) h × 1.5 kg kWh−1

× 10−3 kg tonne−1 ∼ 655000 tonnes.

In class discussion this figure could be linked to
the cost of a carbon credit.
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