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Enabling 4th Generation
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The Crucial Role of Ultra-Low NOx Combined Heat and Power

Enabling 4th Generation Heat Networks in London

Introduction
The Mayor’s London Plan must address the need for local system flexibility
by enabling 4th generation (4G) heat networks. This proven approach to the
provision of heat and power in major cities delivers a balanced energy
system and affordable low carbon heating.
The energy system challenge
If heat pumps are to replace gas boilers and electric
cars are to replace petrol/diesel cars, there is likely to
be a significant increase in electricity consumption in
London and elsewhere over the coming years. Intermittent
renewables, combined with energy storage, are likely
to form part of the future technological mix. However,
policymakers face a significant real world energy system
challenge: Where will this electricity come from, and how
will it be produced, when the wind is not blowing or the
sun is not shining?
The future is always uncertain, yet it is clear that heat
and power infrastructure will be essential to the health
of cities and facilitation of a range of solutions now
and in the future. This can be provided through 4G heat
networks, which already provide both socio-economic
and engineering benefits when combined with local power
generation and will continue to do so in the future1.

SAV Systems, UK’s largest supplier of Heat Interface
Units for heat networks (over 18,000 connections in
2018 alone), is raising awareness of the urgent need to
amend the Mayor’s current plans. These ostensibly favour
the electrification of communal heating systems within
new build apartments in London. However they still
require deployment of large numbers of back up gas
boilers. Moving away from CHP will increase costs to
end-users, require additional inefficient centralised
gas fired power generation outside of London and
diminish supply security.

SAV’s view is that the London Plan needs to significantly
increase decentralised/local power generation using
ultra-low NOx gas-fired CHPs in combination with heat
pumps, to truly deliver a secure, low carbon and low
cost energy supply for Londoners.

SAV Systems, Energy Trilemma – Prosumer Buildings
www.sav-systems.com/prosumer
1

2

sav-systems.com

3

Enabling 4th Generation Heat Networks in London

The Smart CHP and heat pump combo
A Smart CHP unit generates high temperature hot water and electricity, some of
which powers the associated heat pump, lying upstream. The heat pump makes
efficient use of this power to produce ‘low-grade’ heat. In turn, this gives a head
start to the CHP, thus reducing the energy necessary for it to heat flow water
to the required high temperature.
This combination exploits the high thermal efficiency of
the heat pump and the accurate hot water temperature
control by the CHP. It is the CHP unit which not only
allows the heat pump to contribute, but also helps
to maximise that contribution.
In periods of excess renewable power, Smart CHPs can
automatically “back off,” based on market signals.
The London Plan has adopted a black and white approach
to future communal heating based on the ongoing fight
to improve London’s air quality. SAV Systems supports
cleaner air for London. However we are concerned that an
absolutist approach may deliver only very small air quality
improvements, whilst there are likely to be unintended
consequences for the wider environmental agenda and
energy trilemma:
Risks of the current London Plan for communal heating:
Missed CO2 savings – London’s drive for electrification
without local generation could lead to a dirtier national
grid as gas plants generating dispatchable power are
required. In London, heat pumps will be supported by
an increased number of back up gas boilers.
Decline in decentralised energy - Reduced flexibility of
London’s electricity system and increased reliance on
power companies.
Higher energy bills for London consumers, reducing
affordability for occupants of buildings with
communal heating.

2
3

The Mayor’s proposed planning policy is to ban small-scale
CHP units from new build apartment complexes. This
stance has been taken on the grounds of air quality and
greenhouse gas calculations. However, the data gathered
in this document suggest that the air pollution risks have
been overstated and that the assumptions behind the
greenhouse gas calculations are incorrect.
Policy recommendation:
Rather than singling out individual technologies, the
London Plan should be modified to require a maximum
NOx level for all forms of heating appliance, including
gas boilers and CHP. This should be set at a level which
allows ultra-low NOx CHP to be deployed, enabling the
benefits of 4G heat networks to be realised. This approach
is consistent with the Mayor’s continuing policy of
allowing new gas boiler installations and in transport for
introduction of an ULEZ rather than outright ban on cars.
It will deliver significant benefits for a balanced and low
cost energy system.
Secondly, the 2018 GLA Guidance on Energy Assessments
should be updated to recognise that SAP 10 emissions
factors are not a suitable basis for planning applications2.
As noted by the Building Research Establishment (BRE)
who comment that the proposed ‘version 10 of SAP
must not be used for any official purpose’3.
It is marginal emissions factor that should be used for
analysing sustained changes in energy consumption,
for the purposes of cost-benefit analysis of different
heat and power technologies.

www.london.gov.uk/sites/default/files/energy_assessment_guidance_2018.pdf
www.bregroup.com/sap/sap10/
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Benefits of local combined heat
and power operating in partnership
with heat pumps
Marginal emissions vs electricity from gas fired CHP
Combining CHP and heat pumps is a cornerstone of the
4th Generation Heat Network concept rolled out from
Scandinavia and represents an ideal solution for London.
Generating electricity from CHP is a much more efficient
use of gas than in power stations which dump heat.
Deployment of local CHPs can offset the generation
from marginal gas generation plant when the wind is
not blowing and sun not shining. As CHP generation
is more efficient, greenhouse gas emissions reductions
can be delivered.
In a balanced and secure energy system, dispatchable
‘backup’ is required irrespective of the installed capacity
of other energy sources.
Currently, the electricity load is met by a mix of generation
made up of a baseload of nuclear, wind, gas and coal,
with some input from interconnectors and biomass.

The nature of additional capacity used depends on the
notice required and relative input fuel prices. However
as coal generation is phased out, gas plant (where most
of the heat is wasted) will become the main source
of dispatchable electricity generation.
As new loads, such as heat pumps and electric vehicles,
are added to power demand, this will inevitably increase
the required capacity of gas powered (marginal)
generation plant.
When a consumer requires more electricity, the additional
(marginal) power will come from the power plant that has
spare capacity at that time. This power plant is called the
marginal power plant, which reacts quickly to changes in
electricity demand. In the current UK grid this is usually a
gas turbine. However, it cannot be a wind turbine or solar
cells, as they cannot be commanded to produce more.

Figure 1: Marginal and average electricity carbon intensities in UK
Source: electricityMap (www.electricitymap.org)
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Until 2018, the Standard Assessment Procedure (SAP) used for building design
mitigated against the use of electrified heating because of the significantly
higher carbon factor for grid electricity, compared to that used for gas fired
heating plant such as boilers and combined heat and power (CHP). The latest
draft version of SAP – SAP 10 – has proposed a much lower carbon factor
for grid electricity.
However, this premise is based on the average carbon
content of the power supply. This averaging lumps
dispatchable gas together with non-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. An average factor can serve
a useful purpose as a summary statistic, however
it is not a reflection of actual energy emissions and
therefore is an unsatisfactory tool for policymaking.

“Whereas the average emissions factors should be used to account
for emissions for the purposes of emissions footprinting, it is marginal
emissions factors that should be used for analysing sustained changes
in energy consumption for the purposes of cost-benefit analysis,
including policy appraisal.”4
Valuation of Energy Use and Greenhouse Gas - 2019
Dept for Business, Energy and Industrial Strategy (BEIS)

Unfortunately, planning decisions are currently based on the use of the average annual emissions factors
set out in SAP 10 as prescribed by the latest 2018 GLA Guidance on Energy Assessments within planning
applications5. It should be noted that SAP 10 only has draft status and will be subject to modification.

4
5

Valuation of Energy Use and Greenhouse Gas, BEIS 2019
www.london.gov.uk/sites/default/files/energy_assessment_guidance_2018.pdf
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Minimal local air quality impact
A system powered entirely by heat pumps is technically challenging. Heat
pumps alone can only provide ‘low-grade’ heat, at a temperature lower than
used for generation of domestic hot water (DHW). In order to meet DHW
generation requirements heat pumps will need to be supplemented by
a ‘high-grade’ temperature heating system, such as a gas boiler or CHP.
By installing gas boilers, CO2 and NOx emissions would be higher and
gas used in a less efficient way than if CHP had been used.
SAV Systems is aware of a number of studies
reviewing the impact of NOx emissions from CHP in
London. We do not underestimate the importance of
this issue. However we have some questions over the
research findings, specifically whether it is possible
to disentangle NOx emissions from CHP versus other
forms of gas heating during peak heating periods.

NOx emissions from a typical small-scale CHP engine
with modern NOx abatement are less than a seventh
that of a diesel taxi. In addition, taxis emit exhaust at
street level, whereas CHP systems can be flued higher
up at roof level (Figure 2).

54 kg NOx p/a

Typical annual emissions from a London
taxi – street level tailpipe emissions

8 kg NOx p/a

New 20kW gas CHP working in tandem with
heat pump to provide heat for multi-apartment
complex with exhaust flued at height

Figure 2: NOx comparison of XRGI 20 CHP and a typical London taxi
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A compelling technical and
economic argument
Typically, CHP units produce 2kW of heat for each 1kW of electrical power. Using the power generated by CHP
to run heat pumps within the same location to produce low-grade heat is an ideal solution. Heat pump output
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.
Figure 3, is a comparison between a heat pump only solution and a CHP plus air source heat pump combination:

8.5 kW lost due to
CHP losses (12%)

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

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

35.5 kW
67.2 kW

38.7 kW
20 kW

88.7 kW
Heat pump

Heat
load

88.7 kW
Heat pump

88.7 kW

50 kW

Recovered heat
from atmosphere

Recovered heat
from atmosphere

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

Gas-fired CHP plus air-source heat pump

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

Input energy (kW)

Energy cost saving = 50%
Reduction in carbon emissions = 21%

Figure 3: Sankey diagram comparison

The above analysis demonstrates that on a snapshot basis a CHP and heat pump combination provides
a stronger economic and environmental case compared to a heat pump only solution. It is also important
to quantify the benefits over the lifetime of an energy centre within an apartment complex.
A CHP plus heat pump solution provides both cheaper heating to consumers as well as generating
lower emissions, when compared to a heat pump only system. As shown in the following graphs,
across the lifetimes of the systems, not only will consumers save £77 per MWh of heat (Figure 4),
society will also save nearly £27,000 when monetising the lifetime emissions of CO2 and additional
local NOx emissions produced by ultra-low CHP (Figures 5 and 6), following HM Treasury guidance.
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Levelised Cost of Heat Output (£/MWh)
400
350

£/MWh

300
250
200
150
100

343
266

50
Ultra-Low NOx CHP and
Heat Pump System

Heat Pump

Technology
Figure 4: Levelised cost of heat output

Lifetime CO2 Emissions (tCO2)
2,500

tCO2

2,000
1,500
1,000

2,211
1,742

500
Ultra-Low NOx CHP and
Heat Pump System

Heat Pump

Technology
Figure 5: CO2 emissions

Societal Cost of Emissions Across Heating Lifetime
140,000
120,000

1,911

£

100,000
80,000
60,000
40,000

133,232
104,526

20,000
Ultra-Low NOx CHP and
Heat Pump System

Heat Pump

Technology
NPV of CO2 Emissions

NPV of NOx Emissions

Figure 6: Societal cost of emissions
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Appendix A – Explanation of calculations
This section is to explain how the results in figures 4-6 have been derived. The comparison in table 1 is
between two heating systems:
I. A LoadTracker XRGI 20 CHP Unit from SAV combined with 2 x 25 kW heat output air source heat pumps
II. 2 x 45 kW air source heat pumps
The analysis builds on previous work completed by SAV as shown in the Sankey diagram (Figure 3).

Variable

Value

Source

Run hours per year

6,000 hours

Assumption

Discount rate

3.5% (within 30 years)

Green Book1

Gas carbon intensity

0.216 kgCO2/kWh

SAP 20122

Electricity marginal carbon intensity

0.519 kgCO2/kWh

SAP 20122

XRGI 20

0.019 gNOx/kWh

Certified third party test of XRGI 20 CHP

CHP ErP maximum standards

0.24 gNOx/kWh

ErP 2018

CHP Ricardo report

4.9 gNOx/kWh

Ricardo3

XRGI 20

0.87 COP

SAV Knowledge

Air source heat pump

2.5 COP

Assumption

XRGI 20

20 years

Assumption

Air source heat pump

20 years

Assumption

Carbon price (central non-traded, 2019)

68 £/tCO2

BEIS4

NOx price (commercial, central)

13,307 £/tNOx

DEFRA5

NOx price (commercial, low)

1,180 £/tNOx

DEFRA5

NOx price (commercial, high)

51,177 £/tNOx

DEFRA5

Gas price (central, commercial/public sector)

0.0348 £/kWh

SAP 20122

Electricity price (central, commercial/public sector)

0.1319 £/kWh

SAP 20122

XRGI 20

£44,000

SAV knowledge

2 x 25 kW air source heat pump

2 x £18,470

BEIS6

2 x 45 kW air source heat pump

2 x £21,000

SAV knowledge

Installation costs

£10,000

Assumption

Carbon emission intensities

NOx emission intensities

Heating system efficiencies

Heating system lifetimes

Emission prices

Fuel prices

Capital costs

Table 1: Assumptions used for analysis

https://www.gov.uk/government/publications/green-book-supplementary-guidance-discounting
https://www.bre.co.uk/filelibrary/SAP/2012/SAP-2012_9-92.pdf
3
https://www.london.gov.uk/sites/default/files/pilot_study_on_the_air_quality_impacts_from_combined_heat_and_power_in_london.pdf
4
https://www.assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/793632/data-tables-1-19.xlsx
5
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/770576/air-quality-damage-cost-guidance.pdf
6
https://www.gov.uk/government/statistics/rhi-deployment-data-june-2018
1
2
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These inputs have been used to produce a levelised cost analysis to compare the cost of heating per MWh
across the lifetimes of the two types of system. This analysis follows the Green Book guidance in order to
account for CO2 and NOx emissions and place a social cost on them. A discount rate of 3.5% has also
been applied.
Table 2 provides a summary of the results from the analysis. Included within this are sensitivities surrounding
NOx prices used and the NOx emission factors. When using the XRGI 20’s NOx emission factor of 0.019 gNOx/
kWh, the ‘social’ levelised cost of the system (which includes the social cost of emissions on top of CAPEX and
OPEX) is far cheaper than a pure heat pump solution under all NOx price sensitivities. In addition, the table
highlights the erroneous use of a CHP emission factor for all CHP systems, as used by the Ricardo report,
particularly when ultra-low NOx systems, such as the XRGI 20 are grouped under this higher emissions factor.

System

NOx price
(£/tNOx)

NOx emissions factor
(gNOx/kWh)

CO2 emissions
(tCO2)

NOx emissions
(tNOx)

Social levelised cost
(£/MWh)

Heat pump

N/A

N/A

2,211

N/A

343

CHP with ASHP

1,180 (low)

0.019
(XRGI 20 actual)

1,742

0.1532

263

13,307 (central)

266

51,177 (high)

277
0.24
(ErP Standard)

1,180 (low)
13,307 (central)

1.9354

267
311

51,177 (high)

448
4.9
(Ricardo report)

1,180 (low)
13,307 (central)

39.5136

350
1,250

51,177 (high)

4,062

Table 2: Summary of results

Appendix B – Standard energy centre combination
of gas fired CHP and electric heat pump
Pump
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Building
Flow

60°C
Flow Master
Control
ECL
Storage
Control

CHP

Control Panel

Primary Flow
Ts T source

Q80 Heat
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Thermal
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CHP
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Standby
Boiler
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Pump

Flow Master

Flow & Return
Variable
Temperature
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Tb - T bypass

Diverting
Valve

TS6

Tr - T return

Primary Return

CHP Power Supply to Heat Pump
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Tf - T flow
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Boiler
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Related documents:
Strategic review of 4G Heat Networks in the UK
www.sav-systems.com/strategic
Energy Trilemma - Prosumer Buildings
www.sav-systems.com/prosumer
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