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Decentralising the power
capacity market
The UK’s power capacity market – our ‘insurance’ against the lights going out is currently centred on large, traditional fossil fuel power stations spread across
the country. Only a small percentage of this standby capacity is provided by
smaller, decentralised energy centres.
There are strong arguments for significantly increasing the
proportion of decentralised energy centres that make up
the power capacity market.

In ensuring the UK has sufficient standby capacity, the
government also needs to address the key elements of
the UK’s energy trilemma. These are:

Why we need a power capacity market
In recent years the UK has significantly increased
its renewable energy capacity, particularly onshore
and offshore wind and also, to a lesser extent, solar
photovoltaic (PV). However, the ability to utilise this
capacity is entirely dependent on the vagaries of
the weather.

• Reducing carbon emissions
• Cutting energy costs and tackling fuel poverty
• Security of supply

Consequently, irrespective of how much renewable
power capacity the UK has installed, there is an ongoing
requirement for back-up capacity capable of meeting the
country’s entire electricity requirements when the wind
isn’t blowing or the sun is obscured by clouds.

This also has implications for the proposed new version
of the Standard Assessment Procedure (SAP 10) for
designing dwellings, which is currently under review
by the Department of Business, Energy and Industrial
Strategy (BEIS), as discussed in more detail later.
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Moreover, it is likely that increased use of electrical/
electronic technologies, electric cars, heat pumps etc.
will increase the UK’s power demands in coming years,
which increases the back-up capacity requirement. This
comes at a time when coal fired power stations are being
phased out and we are likely to see a reduction in nuclear
power capacity.

ns

This back-up represents the UK’s ‘capacity market’
and is designed to maintain reliable electricity supplies
at all times. It is linked to payment mechanisms from
government to power generators to ensure sufficient
capacity is available when needed. This back-up capacity
may also be known as dispatchable power.

sav-systems.com

Denmark power capacity market in action
The graphs show the volatility of wind power. As generation from wind increases, the spot price of electricity (between generators and distributors) can
be expected to fall, and can even go negative. This signal is important to district heating companies, as described under ‘Prosumer buildings’ on page 5.

The above shows what happened over a 7 day period when the wind variation further increased. Peak demand occurs every day at 5pm, with centralised
and decentralised dispatchable CHP power being ramped up accordingly.
Mismatches between consumption and overall supply are accounted for by the NordPool electricity market, which includes Denmark, Germany, Sweden
and Norway. When Danish demand exceeds supply, the shortfall is usually made good by Germany. When a surplus becomes available, this is mainly
exported to Norway.
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Why should we change the way we
meet this capacity requirement?
Currently the UK’s capacity market mainly comprises a series of fossil fuel power stations, mostly in remote
locations a long way from the buildings that consume the generated power.
There are two key disadvantages to this arrangement. Firstly, when these power stations are operating they
waste energy by discarding most of the heat generated.

Secondly, when renewable energy sources are able
to meet the country’s power demands, these power
stations simply lie idle, which is not a cost-effective
use of these expensive assets.
There are therefore several good reasons for decentralising
a large proportion of the capacity market by installing
more power generation – in the form of combined
heat and power (CHP) - in or near to the buildings
that consume the energy.

An alternative is to continue operating the CHP and
use surplus electrical power to run heat pumps to
produce low grade heat. This can then be further heated
using waste heat from the CHP to reach the required
temperatures for DHW and space heating.
In such scenarios, exploiting the CHPs ‘spare’ capacity
helps address the energy trilemma.
In this way, the building becomes a ‘prosumer’, both
producing and consuming power.

Those reasons can be summarised as follows:
1. Decentralising power generation would reduce the
pressure on the national grid, which is already in
danger of becoming overloaded due to increasing
demand for electrical power.
2. In using the heat from power generation, CHP has a
45% lower energy cost than gas-fired power stations,
as well as a 28% lower carbon footprint.
3.Decentralised systems that combine CHP with heat
pumps and possibly electric boilers have considerable
flexibility to minimise any ‘dead time’ – as explained
in more detail below.
Engineering challenges
One challenge with CHP is balancing the power and heat
generation. Typically, CHP will produce 2kW of heat for
each 1kW of electrical power, making heat generation
contingent on power consumption. This can lead to the
CHP being turned off in low power consumption periods
requiring the activation of gas-fired boilers.
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‘Prosumers’
Proactive consumers
that actively manage
their consumption,
production and
storage of power.
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Prosumer buildings the shape of things to come!
In most buildings the highest demand for power is in the mornings and late afternoon/evening. When demand
is low, the current strategy is typically to turn off the CHP.
A smarter, prosumer approach is to replace one ‘consumer’ with another. So when the building’s occupants
(consumer 1) stop demanding power, the heat pumps or electric boiler(s) switch on to provide a second
consumer for the power. At all times, consumer 1 has first priority on power.
Thus, in winter when gas boilers are usually used to top
up the heat from the CHP, these inefficient heat sources
could be replaced by low carbon heat from heat pumps.
In this scenario the CHP would achieve longer running
hours, maximising its efficiency advantages.
In periods of peak heating demand, backup electric
boilers could be beneficial.
During spring and autumn, heat pump/CHP running hours
would reduce whilst in summer the domestic hot water
demand might be met solely by the CHP.
Thermal stores are used to smooth out variations in
supply and demand.

8.5 kW lost due to
CHP losses (12%)

Smart response
It’s also important that these local solutions aren’t treated
in isolation from the main power grid, especially as our
use of wind energy increases. True ‘prosumer’ buildings
will be able to react to the fluctuating availability of
wind power from the grid, and switch heat sources
as appropriate.
In Denmark, it is the district heating companies (some 400
across the country) that discontinue their own electricity
generation when wind power is plentiful. Instead, cheap
power is imported to generate heat using electric boilers.
The resulting increased profit margins are passed on to
consumers in the form of lower heating bills.

Gas-fired CHP plus air-source
heat pump (COP=2.5)

Air-source heat pump supplied with
power from the grid (COP=2.5)

35.5 kW
67.2 kW

38.7 kW
20 kW

88.7 kW
Heat pump

88.7 kW
Heat pump

88.7 kW

50 kW

Recovered heat
from atmosphere

Recovered heat
from atmosphere

Gas-fired CHP plus air-source heat pump
Input energy (kW)

Heat
load

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

Air-source heat pump supplied via grid

67.2

88.7

Energy cost per hour (£)

67.2 x 0.0348 = 2.34

35.5 x 0.1319 = 4.68

Emissions per hour (kg CO2)

67.2 x 0.216 = 14.52

35.5 x 0.519 = 18.4

Energy cost saving = 50%
Reduction in carbon emissions = 21%
Comparing CHP plus heat pump with heat pump fed with mains electricity based on existing SAP carbon values
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SAP 10 and the Energy Trilemma
As we noted in our earlier discussion paper ‘SAP 10 or Energy Trilemma’,
there are also issues around proposed changes to the latest version of SAP SAP 10 - though BEIS has now stated that these changes are on hold until
it has reconsidered a number of factors.
In particular, suggestions that the carbon factor for electricity be lowered in the light of increased renewable
capacity has the potential to favour electric heating over gas-fired heating. One of the key issues here is that
with so much of our standby capacity reliant on inefficient, centralised power stations its use would be high
in carbon emissions, thus failing to meet the ‘reduce carbon emissions’ element of the energy trilemma.
Increasing the proportion of decentralised gas-fired power
generation that makes up the capacity market would help
to mitigate this problem.
In addition, the kWh cost of electricity is around three
times that of gas, resulting in higher bills for end users,
rather than reducing energy costs as required if addressing
the energy trilemma. In contrast, highly efficient,
decentralised energy centres have the potential to
reduce energy bills for consumers.
And, of course, a higher number of decentralised power
generation centres throughout the country improves
security of supply.
As a result of these concerns, BEIS is engaging with
stakeholders to fully understand the issues that we and
others have raised in relation to the proposed changes.
In the meantime, BEIS has stated that the SAP 10
proposals “should not be used for any official purpose”.
Clearly, SAP 10’s objective is to encourage the
development of smart prosumer buildings.
In parallel, there is a need to enhance the functionality
of SAP software to facilitate the use of the mixed hybrid
systems (heat pumps, CHP, electric boiler) described
above, which are not supported in the current version
of SAP.
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SAP 10 or Energy Trilemma
www.sav-systems.com/sap10
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Summary
Regardless of how much wind and solar power capacity we install in the UK,
there will always be a requirement – indeed, a responsibility – to ensure we
have sufficient back-up capacity from power sources we can control
(unlike the weather).
At the moment, the lion’s share of that back-up comes from inefficient power stations with power being
distributed through an ageing grid infrastructure that is already struggling to cope.
There are therefore good reasons to take the pressure off the power stations and distribution grid.
Decentralising power generation by taking it closer to the building consuming the power is the obvious solution.
In which case, it’s equally sensible to ensure that decentralised power generation is as efficient as possible,
whilst still providing the required flexibility and responsiveness. Such systems meet all of the requirements
of the energy trilemma.
SAV is well-placed to assist engineers in this process.

Security

Cost

Emissions

Lars Fabricius
Managing Director - SAV Systems
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Related documents:
SAP 10 or Energy Trilemma
www.sav-systems.com/sap10
4th Generation District Heating (4GDH)
Integrating smart thermal grids into future sustainable energy systems
www.dx.doi.org/10.1016/j.energy.2014.02.089
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