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Background
The UK faces a challenging trilemma, with a need to address 3 key issues:
• Reducing carbon emissions
• Cutting energy costs and tackling fuel poverty
• Security of supply
Recent suggestions that this trilemma can be solved by a major shift to electric heating are misplaced and based
on a misconception about the carbon content of the UK’s power grid.
This document explains why gas, which currently has a high carbon content, will continue to play a key role in the
UK’s power supply – and why using gas efficiently must be a central plank in the UK’s energy strategy.
Dispatchable power
In recent years there has been a dramatic, and welcome,
fall in the average carbon content of the UK’s power grid.
However, focusing on average carbon content fails to take
account of the variable and uncontrollable elements of our
power supply – and the key role that ‘dispatchable’ power
plays in maintaining the supply of electricity.
Dispatchable sources of electricity are those that can
be dispatched at the request of power grid operators
and used on demand.
The main energy sources of our power grid are gas,
wind, photovoltaic (PV) and nuclear. But, of these energy
sources, the only ‘dispatchable’ energy sources – i.e.
sources of electricity that can be used on demand and
dispatched at the request of power grid operators – are
gas and coal. Hydroelectric power may also be considered
dispatchable but has limited capacity in the UK.

Monday 10.30 am

Tuesday 10.30 am

This dependence on gas is clearly evidenced by the daily
‘snapshots’ below of the UK’s power make up. These
show there is a huge daily requirement for gas fired
power generation to fill the gaps that nuclear and
renewable power sources cannot reach.
Please note how wind power increased from 3100 MW
on Monday, to 8000 MW on Tuesday allowing the grid
operators to reduce gas fired generation by an equal
amount. In other words, it is the dispatchable nature
of gas fired generation that enables the use of
wind power.

Wednesday 10.30 am

Daily snapshots of the UK’s power make up (November 5th - 9th, 2018)
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As coal is being phased out, that leaves gas as a central
plank in ensuring security of supply (this phasing out is
the major reason for the drop in the carbon content).

Thursday 10.30 am

Friday 10.30 am
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Can increasing wind power replace
the need for dispatchable gas power?
Dispatchable ‘backup’ is required irrespective of the installed capacity of other energy sources. For instance,
Denmark has an installed wind power capacity greater than its consumption, in September 2018, the wind
stopped blowing, no power was produced and power had to be imported!

Given the variable and uncontrollable nature of these
low carbon energy sources, this need for gas will continue
into the future. In other words installing more renewable
capacity will not eliminate the requirement
for dispatchable power.

It is worth noting that Danish dispatchable power is
categorised as either centralised or de-centralised CHP
as there is no power only generation. The significant gap
between Danish consumption versus generation is filled
with dispatchable power from neighbouring countries.

Bearing in mind that Denmark has an installed wind power capacity greater than its consumption (red line),
the above snapshots from September and November highlight the extreme volatility of wind power.
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How then do we best use gas to
generate dispatchable power?
Currently, the majority of the UK’s dispatchable power
is from gas fired power stations, which waste around
60% of the energy they consume as heat.
Combined heat and power (CHP) offers a far more
efficient solution, as the heat generated during power
generation can be utilised, rather than simply being
discharged to atmosphere.
As can be seen below, CHP power generation has
a 28% lower carbon footprint and 45% lower energy
cost compared to gas fired power stations at
existing SAP factors.
Converting conventional gas fired generators at power
stations to CHP plant would achieve these savings,
however it does require the establishment of heat network
distribution transporting the heat to consumers.

Often, a more practical solution is to generate power
using gas fired CHP plant in de-centralised heat networks,
supplying consumers with both electrical power and heat
for space heating and domestic hot water (DHW).
Alongside this more efficient use of gas, replacing
natural gas with biomethane and /or ‘Power to Gas’
has a critical role to play in the overall decarbonisation
of the dispatchable power supply.
Indeed, it should be noted that integrating really high
shares of wind and solar is simply not possible without
‘Power to Gas’. The only alternative would be widespread
use of curtailment under high wind conditions. Not smart,
as the gas would then be missing when the wind is
not generating.

Gas fired CHP

Gas fired boiler and mains electricity

8.5 kW lost due to CHP
losses (12%)

6.8 kW lost due to
boiler losses (15%)

38.7 kW

Heat
load

38.7 kW

67.2 kW

95.5 kW

20 kW

Power
load

20 kW

30 kW lost at power
station and in
transmission (60%)

Gas fired CHP

Gas fired boiler and mains electricity

67.2

95.5

Energy cost per hour (£)

67.2 x 0.0348 = 2.34

(45.5 x 0.0348) + (20 x 0.1319) = 4.22

Emissions per hour (kg CO2)

67.2 x 0.216 = 14.52

(45.5 x 0.216) + (20 x 0.519) = 20.21

Input energy (kW)

Energy cost saving = 44.6%
Reduction in carbon emissions = 28.2%

Sankey diagram A - comparing CHP with mains electricity and boiler based on existing SAP carbon value
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The true carbon content
of the UK’s power grid
Until 2018, the Standard Assessment Procedure (SAP)
used for building design mitigated against the use of
electric heating because of the significantly higher
carbon factor for grid electricity, compared to gas fired
heating plant such as boilers and combined heat and
power (CHP).

However, this premise is based on the average carbon
content of the power supply. This averaging lumps
dispatchable gas together with un-dispatchable
renewables/nuclear, thereby distorting the true carbon
content of gas dispatchable power and making
electricity from power stations appear to be lower
in carbon than it really is.

The latest version of SAP – SAP10 – has introduced a
much lower carbon factor for grid electricity and this,
in turn, has led to suggestions that electric heating and
particularly electric heat pumps via the grid are now
more viable than gas fired CHP. Reference Sankey
diagram B.

Gas fired CHP

Gas fired boiler and mains electricity

8.5 kW lost due to CHP
losses (12%)

6.8 kW lost due to
boiler losses (15%)

38.7 kW

Heat
load

38.7 kW

67.2 kW

95.5 kW

20 kW

Power
load

20 kW

30 kW lost at power
station and in
transmission (60%)

Gas fired CHP

Gas fired boiler and mains electricity

67.2

95.5

Energy cost per hour (£)

67.2 x 0.0394 = 2.65

(45.5 x 0.0394) + (20 x 0.1655) = 5.10

Emissions per hour (kg CO2)

67.2 x 0.210 = 14.11

(45.5 x 0.210) + (20 x 0.233) = 14.22

Input energy (kW)

Energy cost saving = 48.1%
Reduction in carbon emissions = 0.7%

Sankey diagram B - comparing CHP with mains electricity and boiler based on SAP 10 average
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Gas, power and heat networks all have
an important role in addressing our
energy trilemma
Partnering gas fired CHP with electric heat pumps
As can been seen, partnering gas fired CHPs with electric heat pumps achieves impressive carbon and
energy savings. Indeed, this combination is standard practice in heat networks. The heat pump can become
a consumer either of the CHP’s power or power from the grid, resulting in greater operational flexibility.
Also, the CHP’s high grade heat can be used to raise the temperature of the heat pump’s low grade heat.
Electric heating
Similar to the CHP/heat pump partnership it is increasingly common to have electric boilers within the energy
centre arsenal. As with the heat pump, power to the boiler can either be delivered from the CHP or the grid.

Gas fired CHP
plus heat pump

Heat pump supplied
with power from the grid

8.5 kW lost due to CHP losses (12%)

98.7 kW
38.7 kW

Heat
load

98.7 kW

32.9 kW

67.2 kW
20 kW

Heat
pumps

60 kW

Gas fired CHP plus heat pump

Heat pump supplied via grid

67.2

32.9

Energy cost per hour (£)

67.2 x 0.0348 = 2.34

32.9 x 0.1319 = 4.34

Emissions per hour (kg CO2)

67.2 x 0.216 = 14.52

32.9 x 0.519 = 17.08

Input energy (kW)

Energy cost saving = 46.1%
Reduction in carbon emissions = 15%

Comparing CHP plus heat pump with heat pump fed with mains electricity based on existing SAP carbon values
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“Lies, damned lies,
and statistics”

- Mark Twain

The ‘average’ grid carbon statistic tells us that the carbon content of the grid is falling, but it is not a number
that can be used to drive energy trilemma policies (like you cannot assess poverty by looking at the
average income).
A major explanation for the falling carbon content has been the conversion from coal to gas fired generation;
in other words, we have been de-carbonising our dispatchable power. As we have almost converted all coal
to gas, we need to find new low hanging fruits. Increasing wind generation will reduce gas consumption,
but as we have seen, increasing wind generation has diminishing returns.
Like it or not, our power grid will therefore continue to be run on gas
This being the case, we need to focus on mitigating gas’s carbon foot print. This realisation is behind the
significant investment in de-carbonising technologies currently under way across Europe. Indeed, the Danish
gas network contains up to 20.0% biogas and increasing. Although de-carbonisation is to a large extent outside
the control of policy, policy can help convert wasteful power generation to CHP generation; this could happen
either centrally, or de-centrally or both. Of the two, de-central power generation has the benefit of taking
pressure off the already brittle power distribution network.
SAP 10 and the energy trilemma
As we have seen, the ‘average statistical’ factor warps engineering reality, putting power station generation
on a ‘carbon par’ with a CHP; as Mark Twain would have cautioned, a statistical lie.
SAP should encourage the most efficient use of gas; mixing apples and pears will not achieve this. Gas use
in buildings should be compared with gas use in the power grid, and not a statistic!
We would very much welcome your thoughts on this very concerning topic.
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Lars Fabricius
Managing Director - SAV Systems
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