
Intermittancy
Matching electricity supply and demand is quite a
complicated task. Demand can change rapidly and
if a large thermal plant - nuclear, coal or gas trips
there can be sudden drops in supply.
To cope with this there are several types of
reserves which can be bought in on various
timescales:
Seconds: Primary reserves which are power plants
which are running and can increase output very
rapidly such as running gas plants not running at
full capacity or hydro plants.
Minutes: Secondary reserves come online within
10 to 15 minutes and back up the primary reserves.
They stay online until longer term reserves can be
bought in.
Hours: There will be power plants that can be
bought online to replace plants which have tripped,
intermittant supplies (e.g. wind) which have stopped generating or to meet predicted increased
demand.
Large thermal plants such as nuclear power stations need a lot of primary reserves to cover them
if they stop producing electricity. For smaller units - such as wind turbines - it is unlikely that many
of them will unpredictably stop working in seconds and so do not require as much ‘spinning’
reserves.
Intermittent supplies such as wind does need reserves to replace them if the wind stops blowing.

None of the 200+ studies reviewed suggest that introducing significant levels of
intermittent renewable energy generation on to the British electricity system must

lead to reduced reliability of electricity supply. Many of the studies consider
intermittent generation of up to 20% of electricity demand, some considerably more.

The UK Energy Research Council “The Costs and Impacts of Intermittency”, 2006

Gas Imports
The UK produces about 60% of its own gas but
the rate of production has been falling about
6% per year  since 2000. The remaining 40% is
imported.
In recent years the UK has increased its
capacity for handing Liquefied Natural Gas
(LNG) which is imported from Algeria, Trinidad
and Tobago, Qatar, Egypt, Norway, the USA
and Australia

CO2 Emissions
CO2 emissions from electricity production
is usually measured in grammes of CO2
emitted per Kilowhat Hour of electricity
produced. The graph on the right shows
an estimate of emissions.  
The emissions from fossil fuels are much
higher - gas 443 gCO2/KWh, coal
960gCO2/KWh
When calculating emissions it is
important to take into account emissions
from building the plant, mining the fuel
and with nuclear decommissioning and
waste storage.
The timescale for building a nuclear
power plant is much longer than other
low carbon forms of electricity
generation. Therefore it takes longer to
replace the high emissions fossil fuel
plants. If this is taken into account then it
can substantially increase the estimates f
carbon emissions from nuclear.

Lost Energy
At least 22.5% of the fuel used in the
UK is ‘lost in conversion. This is
almost totally converting a fuel - gas,
nuclear or coal - into electricity.
The amount of energy that is lost in
cooling towers or pumped out to sea
(as it is at Sizewell) every year is
about the same amount of energy that
we use to heat our homes.
Can We Do
Better?
This can be improved slightly but not
much with the conventional ‘thermal’
plants.

Coal, gas and nuclear power stations basically work in the same way. A heat source is used to
heat water or a gas and this is used to drive a turbine.
The laws of physics show that there is a limit on the efficiency (look up ‘Carnot Cycle’ on the
Internet if you are interested on the details). Even worse the carnot limit is only achievable if you
carry out the process infinitely slowly.
The efficiency depends on the temperature
difference between the heat source and your
cold sink (sea or cooling tower). The AGR
nuclear reactors such as Hinkley work at a
slightly higher temperature than a PWR
reactor such as Sizewell and therefore have a
slightly higher thermal efficiency (41% vs
34%).
A modern combined cycle gas plant
approaches an efficiencey of 60%. The waste
heat can also be used for heating using
Combined Heat and Power.

Consumption By Use
28.5% of our energy is used
in our homes, 37% in
transport and the remaining
34.5% by industry, services
and agriculture.
The energy that is used by
industry mainly ends up in
the goods that we buy and
throw away and three
calories of energy were
needed to create one calorie
of edible food.

Primary Fuel Demand

Only 65% of the fuel used by the UK goes into final consumption. Some fuel, mainly petroleum is
used in manufacturing. Just over 6% is used by the energy industry itself and the remaining 24% is
lost in various ways.
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Consumption By Fuel
Gas is used extensively for
heating, petroleum for
transport. Electricity is only
18% of our energy
consumption. Nuclear supplies
at most 18% of our electricity
and is therefore meets 3.24%
of our energy needs.

Load Factors
The ‘Load Factor’ is the amount of energy actually produced compared to the maximum capacity.
For example if a power plant is capable of producing 10 GWh in a year but only produces 8 GWh
then its load factor is 80%.
There are several reasons for the load factor not being 100%. 
For wind it is mainly because of not enough wind (or sometimes too much). Although they operate
for about 80% of the time it is not always at the maximum capacity and so their load factor is
usually around 30%. 
Nuclear power plants tend to be kept running continuously if possible and the load factor tends to
because of unplanned shutdowns. Since a single nuclear power plant produces large amounts of
electricity a shutdown produces a large change in the load factor for nuclear power in any one year
and so it varies between about 50-70%.
Gas plants can be switched on and off easlier and therefore the load factor depends on the
relative price of fuel.Electricity Demand And
Capacity
The maximum demand for electricity was only 77% of the UK generating capacity in 2009.
However, a lot of the UKs power plants are reaching the end of their expected lifespan. It has been
predicted that “By 2015 the Energy Demand in the UK Could Exceed Supply by 23% at Peak
Times”.
The UK does import/export electricity to and from France. This is not currently due to lack of
capacity but is done for financial reasons. France produces about 78% of its electricity using
nuclear power. However, since nuclear power plants cannot easily be switched off they tend to
have periods when they have to sell the electricity cheaply to other countries. At periods of peak
supply France has to imports electricity from other countries - mainly Germany but also the UK.

Where Do They Get Their Figures From?
The figures used on this panel are mainly from the “Digest of United Kingdom Energy Statistics”
(DUKES) which is published by the Department of Energy and Climate Change.

Data From: “Valuing the greenhouse gas emissions from
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Changing Energy Needs

The changing energy requirements hide the steady increase how efficiently we use energy. Today
we get about twice as much from our energy as we did in 1970.
Energy intense industries have also moved overseas. However, we still ‘consume’ this energy in
the form of goods that we buy.

Who Owns Your Energy?

Ownership and control of energy
supplies is a incredible source of

wealth and power.
Who owns the mill, controls the
oil fields in the Middle East, the
source of enriched uranium for

nuclear power plants or the
electricity coming into your home.

Energy Units
Energy and Power
Many people get confused between energy and power. Power is the energy used per unit time and
is measured in Watts (W). The correct unit for energy is the joule (J) - in fact the watt is one joule
per second.
You can apply standard prefixes to these units. For example one kilowatt (KW) is one thousand
watts in the same way that one kilometer (Km) is a thousand meters. A megawatt (MW) is one
million watts and a gigawatt (GW) is one billion watts).
Frequently power is multiplied by the number of hours to get units of energy such as the kilowatt
hour (KWh) which is one kilowatt being produced/used for one hour. In the nuclear industry
sometimes gigawatt days (GWd) are used which is one gigawatt for one day.


