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Executive summary

General points

1.  Micro-CHP is an emerging set of technologies with the 

potential to provide carbon savings in both commercial 

and domestic environments

Combined Heat and Power (CHP) systems provide potential 
reductions in carbon emissions and costs by generating 
both heat and electricity locally with effi cient use of fuel 
and by offsetting the use of centrally-generated electricity 
from the grid.

In recent years there has been much interest in producing 
new Micro-CHP systems for use in small commercial and 
domestic environments. If reliable and cost-effective systems 
can be developed for such applications, these could offer 
worthwhile savings relative to conventional systems, such 
as condensing boilers and grid-supplied electricity. A number 
of Micro-CHP products are already commercially available 
and others are nearing market deployment, but to date 
there has been limited information available regarding the 
real-world performance of Micro-CHP systems.

2.  The Carbon Trust’s Micro-CHP Accelerator aims to 

investigate the potential benefi ts of Micro-CHP and 

understand the technical, commercial and regulatory 

barriers to adoption

The Micro-CHP Accelerator involves one of the largest 
and most comprehensive assessments of Micro-CHP ever 
undertaken. Over a period of four years, the Carbon Trust 
has carried out a wide range of activities to better understand 
the potential benefi ts of different Micro-CHP technologies 
and the barriers to their adoption. In particular, the project 
aims to identify the end-use applications where Micro-CHP 
has the greatest chance of offering carbon savings and 
to investigate the factors which have the most signifi cant 
impact on Micro-CHP performance. It also aims to inform 
future policy decisions relating to Micro-CHP and assist 
device manufacturers in their ongoing product development. 

The project involves a major fi eld trial of 87 Micro-CHP 
units in both domestic and small commercial environments 
as well as a corresponding fi eld trial of 27 condensing 
system boiler installations to provide a relevant baseline 
against which to compare Micro-CHP performance. The 
relative performance of these technologies is also being 
compared directly under controlled laboratory conditions. 
The project has used an extremely rigorous methodology 
to ensure high quality data capture and to allow robust, 
independent assessments to be made. At each site up to 
20 data parameters are measured at fi ve-minute intervals 
throughout each day and around 33,000 days of system 
operation have been analysed so far.

The project is ongoing and this report is an interim update 
which presents a range of indicative fi ndings based on the 
considerable volume of data collected to date. It is intended 
to inform a range of stakeholders, including policy makers, 
regulators, device manufacturers, end users, academics, 
energy suppliers and designers/installers of domestic and 
commercial heating systems. Further work is in progress 
and a fi nal report is due to be published in 2008. This will 
comment on results from the full data set, including a wider 
range of annual performance data. It is also expected to 
include the results of laboratory work to identify the most 
signifi cant performance drivers and further analysis of the 
economics of Micro-CHP.

3.  The trial has demonstrated that the carbon and cost 

savings from Micro-CHP are generally better for buildings 

where they can operate for long and consistent heating 

periods

Micro-CHP systems are normally ‘heat-led’ and only generate 
electricity, and therefore potentially save carbon, when there 
is a demand for heating or hot water. Micro-CHP functions 
best with extended operating periods and minimised 
cycling on and off. This reduces the impact of the start-up 
and shut-down periods either side of each operating cycle, 
during which electricity is consumed rather than generated. 
For shorter running cycles, the electricity consumed by the 
system can be signifi cant relative to the amount of electricity 
generated, thus reducing, or even eliminating, the relative 
carbon and cost-saving benefi ts.

The fi eld trial has shown that maximising the running time 
of Micro-CHP units is vital to achieve good performance 
and that the carbon saving potential is much better for 
buildings where they can operate for long and consistent 
heating periods. The key to high performance is matching 
the thermal output of the Micro-CHP unit to the heat demand 
of the building, to ensure that it operates for many hours 
at a time, rather than intermittently.

4.  The key currently available Micro-CHP technologies are 

IC engines for small commercial applications and Stirling 

engines for domestic applications

For small commercial applications, Micro-CHP devices have 
been commercially available for a number of years. The vast 
majority of devices are based on internal combustion (IC) 
engine technology, originally adapted from the automotive 
sector, but substantially enhanced for use in Micro-CHP 
applications. For domestic applications, most currently 
available and near market Micro-CHP units in Europe are 
based on Stirling engine technology.
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Although Stirling engines offer lower electrical effi ciencies 
than IC engine systems, they are generally considered 
to be more appropriate for domestic applications as they 
are quieter and have the potential for a longer operating 
life1. A few Organic Rankine Cycle (ORC) systems are also 
currently under development, but little is known about 
their performance relative to other devices at this stage.

In future, fuel cell-based Micro-CHP systems may offer 
higher carbon savings due to their potential to operate 
with higher electrical effi ciencies. By achieving a higher 
power-to-heat ratio they could also potentially be used 
more effectively in applications where lower levels of heat 
are required. Although a number of fuel cell-based Micro-CHP 
systems are under development, they are thought to be 
still a few years away from being market-ready products. 
Therefore, in the short term, IC engines and Stirling 
engines offer the most viable carbon saving opportunities 
from Micro-CHP technology.

Commercial Micro-CHP

5.  In small commercial applications, the fi eld trial has 

shown that Micro-CHP systems can provide typical carbon 

savings of 15% to 20% when installed as the lead boiler 

in appropriate environments

The fi eld trial results have shown that commercial Micro-CHP 
devices can provide signifi cant carbon savings in applications 
such as residential care homes, community housing schemes 
and leisure centres, which have high and consistent heating 
or hot water demands all year round. In such scenarios, the 
Micro-CHP plant is typically sized so that it runs consistently 
throughout the year to meet the base load requirements 
for heat, while the electricity generated is used to meet 
on-site requirements for electricity. 

In small commercial applications, Micro-CHP systems 
can typically provide heat outputs in the range of 50 to 
500MWh per year, depending on site requirements and 
system sizing. For such systems, the trial has shown that 
carbon savings in the range of 2-20 tCO2 per year are likely 
to be possible, equivalent to typical reductions in overall 
site heating emissions in the range of 15% to 20% relative 
to a conventional heating system using modern condensing 
boilers. The associated cost savings for such systems are 
expected to be in the range of £1,000 to £10,000 per year, 
again depending on heat demand and system sizing.

6.  There are some practical challenges associated with 

the use of commercial Micro-CHP and the trial has 

shown that appropriate expertise is vital to achieve 

effective operation

A potential barrier to the effective use of commercial 
Micro-CHP relates to the general lack of understanding of 
the technology and the practical challenges associated with 
its installation, operation and maintenance in commercial 
boiler houses.

Where commercial Micro-CHP sites have access to skilled 
operations and maintenance contractors and on-site staff 
have been appropriately trained, devices have been seen 
to work very effectively, offering consistent carbon and 
cost savings. However, the trial has also seen installations 
where existing contractors lack the appropriate expertise 
or end users have insuffi cient understanding of the system. 
In such cases, Micro-CHP systems have often encountered 
operational issues, leading to extended periods of downtime 
and sub-optimal performance.

The project has highlighted the importance of technical 
support and expertise being available locally for commercial 
Micro-CHP installations. Although some suppliers prefer to 
provide support from central service centres, this may not 
provide the low cost, knowledgeable and customer-focused 
advice that is really needed to develop the market. There is 
a need for increased awareness raising and skill development 
with local installers and maintenance contractors, who 
generally have limited experience with Micro-CHP technology.

The project has also highlighted the need for customers to 
develop in-house expertise regarding Micro-CHP operation, 
provide appropriate training for key operational staff and 
ensure that they have access to best practice operational 
guidance.

1  Despite this a signifi cant number of IC engine domestic Micro-CHP systems have been sold in Japan, where they are typically located outside the domestic premises. 
Some Stirling engine manufacturers are also building larger systems to target small commercial applications.
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Domestic Micro-CHP

7.  In domestic applications the annual heat demand 

has been found to be a useful metric for identifying 

houses with a high likelihood of achieving worthwhile 

carbon savings

The fi eld trial results have shown a strong correlation 
between the length of time a domestic Micro-CHP system 
typically operates for and the associated potential for carbon 
savings. The fi ndings suggest that in order to provide a 
net carbon saving benefi t relative to a condensing system 
boiler, the currently available domestic Micro-CHP systems 
may need to run for over an hour without stopping, on 
average, each time they start. Longer run times have been 
found to be more likely to occur in houses with higher and 
more consistent levels of heat demand. 

Results from the fi eld trial suggest that as the level of heat 
demand increases, so the statistical likelihood of achieving 
worthwhile carbon savings also increases. The annual 
heat demand has been found to be an appropriate and 
straightforward metric to use for identifying which houses 
are most suitable for Micro-CHP. The fi eld trial results 
indicate that the Stirling engine Micro-CHP devices involved 
in the trial, with a typical power-to-heat ratio of around 
1:10, are likely to be best targeted at houses with an annual 
heat demand of over 20,000kWh (after other cost effective 
and practical energy saving measures have already been 
implemented). The fi eld trial fi ndings suggest that typical 
examples of such houses are likely to be those built before 
1920 or those with a fl oor area of over 110m2.

8.  The domestic Micro-CHP systems monitored in the 

trial have the potential to provide typical carbon savings 

of 5% to 10% for older, larger houses with high and 

consistent heat demands

The most appropriate domestic applications for the 
Micro-CHP devices monitored in the fi eld trial appear to be 
houses with higher than average heat demands. These are 
likely to be larger houses (e.g. more than three bedrooms) 
and older houses where it is neither practical nor cost 
effective to improve the insulation (e.g. older housing with 
solid brick walls).

When assessing the potential carbon savings offered by 
Micro-CHP systems, it is of most interest to consider the 
performance for applications where Micro-CHP is most 
appropriate, and therefore most likely, to be installed. The 
fi eld trial has shown that correctly sizing the heat output of 
the Micro-CHP to the heat demand of the property is vital 
if Micro-CHP units are to fulfi l their potential. For example, 
if the Stirling engine Micro-CHP units in the trial were to 
be targeted only at appropriate older, larger houses, the 
typical carbon savings would be in the range of 5% to 
10% relative to a typical A-rated condensing system boiler. 
These would be very worthwhile savings and are of a 
similar order of magnitude to the emissions reductions 
brought about by shifting from a C-rated or D-rated boiler 
to an A-rated boiler. The typical emissions reductions for 
such households are expected to be in the range of 200 to 
800kgCO2 per year2.

Leading suppliers of current Stirling engine domestic 
Micro-CHP systems are already known to be considering 
larger, older houses as their key target market and the 
Carbon Trust welcomes this approach in light of the fi eld 
trial fi ndings.

2  This analysis assumes a carbon emissions factor of 0.568kgCO2/kWh for displaced electricity, as per SAP 2005. This refl ects the fact that Micro-CHP units have been 
seen to generate most at times of peak demand and are generally expected to displace ‘marginal plant’ which is more carbon intense than the average grid mix.

Range of carbon savings expected for domestic and commercial Micro-CHP (relative to a typical A-rated 
condensing system boiler and based on carbon emissions factor of 0.568kgCO2/kWh for displaced electricity)
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9.  Although current Micro-CHP systems can potentially save 

carbon in some smaller, newer properties, this is not always 

the case and any savings are likely to be insignifi cant

Smaller and newer houses have been found to be less 
likely to have an appropriate level of heat demand for 
Micro-CHP and may not see any carbon saving benefi t 
from installing the types of Stirling engine devices that 
were involved in the trial. The fi eld trial fi ndings suggest 
that for smaller and newer houses, the typical carbon 
savings from such devices will be less than 5%, with 
annual emissions reductions typically less than 100kgCO2 
per year. In some cases the results also suggest that the 
use of a Micro-CHP system may actually lead to an 
increase in emissions relative to a condensing boiler.

In light of tightening building regulations and drivers to 
reduce heat demand in new homes, the fi eld trial fi ndings 
indicate that domestic Micro-CHP devices of the type included 
in the trial should generally be targeted as a retrofi t solution 
for larger, older homes, rather than targeting smaller homes 
or individual new-build housing. However, for larger new-
build developments with community heating, commercial 
Micro-CHP systems could potentially be an effective solution, 
providing base-load heating or hot water requirements for 
multiple new houses.

10.  The domestic Micro-CHP systems involved in the trial 

have been found to provide potential annual savings in 

the target market of around £40-£90 depending on the 

level of reward for exported electricity

Analysis of the fi eld trial data has shown that, for an 
appropriate UK target household with annual heat demand 
of 20,000kWh, a current domestic Stirling engine Micro-CHP 
unit could provide potential annual savings of £40-£90 relative 
to an A-rated condensing system boiler. This range of savings 
depends on the electricity export reward tariff available and 
savings of around £90 would only be possible if the export 
reward was equivalent to the full retail electricity price. 
Savings of around £40 are possible with currently available 
export tariffs, which are roughly equivalent to half of the 
retail electricity price3.

The current marginal cost of a domestic Micro-CHP unit 
relative to an equivalent condensing boiler is estimated to 
be around £1,500. This suggests that current payback periods 
for Micro-CHP devices are likely to be well over 20 years. In 
light of these fi ndings, it is likely that Micro-CHP products will 
be better targeted initially at environmentally-aware early 
adopters rather than the fuel poor or those in social housing. 
Over the coming years, leading Micro-CHP manufacturers 
are believed to be targeting a marginal unit cost of around 
£600 relative to an equivalent condensing boiler when 
manufactured at volume. If this can be achieved, it would 

imply a marginal payback period in the range of 7-15 years, 
but this could potentially be further reduced by achieving 
higher system effi ciencies. Paybacks will vary with changes 
in relative gas and electricity prices and will also be shorter 
for houses with higher annual heat demands.

11.  Around half of all electricity generated by domestic 

Micro-CHP systems in the trial has been exported to 

the grid, so wider adoption is likely to depend on the 

availability of appropriate export reward tariffs

The fi eld trial has shown that, on average, around half of 
the electricity generated by a typical 1kW domestic Micro-CHP 
unit is exported to the grid. This is due to the volatile nature 
of domestic electricity demand, where the peak demand is 
often fi ve to ten times the base load electricity requirement. 
Although the household demand often exceeds that being 
generated by Micro-CHP, for signifi cant periods the demand 
is less than that being generated and the excess is exported. 
Although the proportion of export is relatively high, it is still 
expected to be lower than for some other micro-generation 
technologies due to the times of day and times of year when 
Micro-CHP systems tend to generate electricity4.

To reduce the level of electricity which is exported, 
manufacturers could in theory design devices with lower 
levels of electrical output, but this is likely to be undesirable 
as it would signifi cantly reduce the carbon saving benefi ts. 
There are also other potential options which could reduce 
levels of export, including use of on-site electricity storage 
devices or educating users on how to align their use 
of appliances with times when Micro-CHP is generating. 
However, these options are unlikely to have a signifi cant 
impact in the near term and these fi ndings imply that most 
domestic Micro-CHP systems will export a signifi cant 
proportion of the electricity they generate.

If domestic Micro-CHP systems are to be more widely 
adopted, it is likely to be essential that appropriate domestic 
export reward tariffs are available. Higher export rewards 
would not only improve the economic potential for customers, 
they would also provide a greater incentive for manufacturers 
to enhance the electrical effi ciency of their devices, which 
is the key to achieving carbon savings. It is thought that 
the current lack of widely available and stable export tariffs 
may currently be restricting the manufacturers’ ability to 
design Micro-CHP systems which deliver the maximum 
possible carbon savings. Any export reward regime must 
avoid providing incentives for systems to generate and 
dump excess heat in order to access rewards for generated 
electricity. However, with the power-to-heat ratios of current 
Micro-CHP devices this is not expected to occur for any 
plausible level of export reward.

3  This analysis only includes energy costs and does not include any costs for ongoing maintenance and support for either boilers or Micro-CHP.

4  For example, fi eld trial data made available to the Carbon Trust for a range of domestic solar PV and small wind system installations suggests that typical export
levels for these technologies may be higher than for Micro-CHP.
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12.  The fi eld trial has demonstrated that domestic Micro-CHP 

systems typically generate electricity at times of day 

which correspond with peaks in domestic electricity 

demand

Comparing the net effect of multiple Micro-CHP units 
exporting to the grid has indicated that domestic Micro-CHP 
systems typically generate most at periods of peak demand, 
notably in the daytime/evening, and in winter. Consequently, 
the net export effect appears to be benefi cial for the electricity 
network during periods of peak demand and is likely to 
reduce the requirement for central generation, with exported 
power expected to be used by neighbouring houses.

The fi eld trial results suggest that, in general, energy 
suppliers, the national grid and electricity distribution 
networks should all see peak reduction benefi ts from 
widespread adoption of domestic Micro-CHP. However, 
there are other wider challenges relating to network 
impacts from the widespread roll-out of Micro-CHP and 
these are outside the scope of this interim report.

13.  Customer feedback suggests there are various practical 

and service-related issues that must be addressed before 

domestic Micro-CHP systems are deployed at scale

Feedback from fi eld trial participants has highlighted a 
range of practical observations on the performance of 
domestic Micro-CHP units which need to be addressed. 
Most notably, it is clear that further improvements are 
needed in the reliability of Micro-CHP systems and in the 
availability of appropriate installation and maintenance 
skills. In addition, consumers would benefi t from having 
more intuitive control interfaces, better levels of customer 
support and an increased general awareness of how the 
systems work and how they can be operated for optimum 
performance.

Most of these issues are to be expected given the early 
stage of technology development and are likely to be 
resolved, provided the necessary actions are taken by 
manufacturers and suppliers. However, the more general 
problem of improving householder knowledge and 
understanding is likely to remain for some time, due to the 
challenges associated with awareness-raising across such 
a large and diverse group. As well as educating customers 
about Micro-CHP, manufacturers should continue to focus 
on improving reliability as this will be essential to build 
consumer confi dence in the early years of a new market.

Condensing boilers

14.  The practical operating effi ciency of domestic condensing 

boiler installations in the fi eld trial has been typically 

4-5% lower than the quoted SEDBUK ratings

In order to provide a relevant baseline against which to 
assess the overall carbon saving potential of Micro-CHP, 
the Carbon Trust is also running a fi eld trial of condensing 
boilers in domestic environments5. The results to date 
suggest that the effi ciencies achieved by condensing boiler 
installations in real houses are generally lower than their 
SEDBUK6 ratings, with performance for the installations in 
the trial typically around 4-5% lower than those measured 
under controlled laboratory conditions. This is not to say 
that the condensing boilers have failed to perform as 
designed, but rather that in actual installations the heating 
system and householder control settings often constrain 
them to less effi cient operation. For example, systems 
have frequently been found to be installed and confi gured 
such that they operate at temperatures which are not low 
enough for the boiler to achieve condensing operation. 
The results imply that more can be done to ensure that 
condensing boilers perform to their full potential when used 
in UK houses, in particular by manufacturers and installers 
taking a more holistic approach to ensure high overall 
system effi ciency.

15.  Some condensing boiler installations have been found 

to use considerably more electricity than others to 

provide the same level of heat

The fi eld trial fi ndings show that to provide the same level 
of heat output, different system boiler installations often 
use very different amounts of electricity for pumps, fans 
and control systems. This variation in electrical consumption 
can have a signifi cant effect on domestic carbon emissions. 
In some instances, the monthly electrical consumption 
associated with a condensing boiler installation has been 
found to be as high as 15% of the overall household 
electrical consumption.

There appears to be an opportunity for manufacturers of 
boilers, pumps, fans and controls to improve performance 
by reducing electrical use, both in standby mode and during 
operation. This could potentially be addressed by widening 
existing product assessment standards to encourage 
manufacturers to limit the electrical usage of their products. 
Also, in many cases this additional electricity use is due to 
poor quality installation and commissioning, with pumps 
and other components confi gured to operate at higher power 
levels and for longer periods than necessary. This could be 
addressed by enhancing best practice guidance and training 
materials for installers to encourage high quality installation 
and confi guration of system components to minimise 
electrical usage.

5  All of the units monitored are system boilers with hot water tanks; there are no combination boilers included. This is to allow consistent comparison with the Micro-CHP 
installations, all of which include hot water tanks.

6  SEDBUK = Seasonal Effi ciency of Domestic Boilers in the UK.
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16.  The trial has shown that there are various complex 

drivers which affect the performance of domestic 

heating systems

The fi eld trials of condensing boilers and Micro-CHP units 
have together highlighted various common drivers which 
affect the performance of heating systems. These include 
the behaviour of the end user, the type of building the system 
is installed in, the heating device itself and the way in which 
the heating system is designed, installed and maintained. 
Although the interaction of different drivers is highly complex 
there are some high-level trends emerging.

Results from a set of near-identical new domestic properties 
fi tted with Micro-CHP indicate that householder behaviour 
has a very signifi cant effect on the level of carbon emissions, 
with a two-fold variation across the properties. This suggests 
that the interaction of occupants with the heating system 
and controls is a major driver of effi cient operation. The 
evidence indicates that users would benefi t from guidance 
on optimum operation of their heating system, including 
advice on the use of timers, thermostats and thermostatic 
radiator valves (TRVs).

The trials have also shown that appropriate integration with 
the existing central heating system components is vital for 
both Micro-CHP and condensing boilers. It is very important 
that the optimal device is selected for a given house and 
that this is commissioned effectively. Performance is also 
likely to be enhanced if installers carry out basic checks 
on the existing system components and ensure that any 
necessary improvements are carried out when the new 
heating device is installed. Where possible the most 
effi cient pumps and other external components should be 
chosen and these should be confi gured appropriately for 
effi cient operation.

Policy implications

17.  Micro-CHP should be considered for additional policy 

support, but on the condition that support is only 

provided for devices installed in appropriate environments

In light of the fi eld trial fi ndings, it is appropriate that 
Micro-CHP should be considered as an eligible technology 
for policy support programmes such as the Low Carbon 
Buildings Programme7 and the Carbon Emissions Reduction 
Target (CERT)8. However, this must be on the condition that 
Micro-CHP units are only installed in environments where 
they have a high likelihood of achieving a carbon saving 
relative to condensing boilers. Any policy support for 
Micro-CHP, or indeed for any other carbon-saving technology, 
should be provided in proportion to the potential level of 
carbon savings available.

For the units that were monitored in the fi eld trial, the 
annual heat demand has been shown to be a useful metric 
for determining which houses are suitable for Micro-CHP. 
For example, the trial fi ndings suggest that policy support 
for current Stirling engine Micro-CHP devices, with a 
power-to-heat ratio of around 1:10, should ideally only be 
provided for houses with a calculated annual heat demand 
in excess of 20,000kWh, after all practical energy effi ciency 
measures have been implemented. It is believed that support 
schemes such as CERT could be adapted to ensure that 
support is only provided for appropriate applications. 
However, support schemes will also need to be fl exible 
enough to allow for future devices which may have different 
rated heat outputs and power-to-heat ratios and may 
therefore be appropriate for different types of houses.

18.  The detailed fi eld trial fi ndings could be used to review 

and update relevant standards and procedures in future 

to ensure these maximise the potential UK carbon savings

The Micro-CHP and condensing boiler fi eld trials provide 
some of the most detailed, up-to-date, independent and 
robust evidence available regarding the real performance 
of UK heating systems. In light of these fi ndings, it may 
be benefi cial to review existing methods used to assess 
the performance of heating systems, such as SAP9. Certain 
relevant assumptions used in such methods could be 
validated against the real-world data from the fi eld trial to 
ensure that they are as realistic and up to date as possible 
in future iterations and therefore provide incentives for 
appropriate decisions in the design and installation of 
heating systems.

Similarly, it is likely to be benefi cial to review the planned 
methods for future assessment of Micro-CHP performance 
(such as PAS6710 and APM11) in the light of the fi eld trial 
fi ndings. This would ensure that, where appropriate, the 
outputs of these methods correlate with the real-world 
performance of Micro-CHP systems observed in the fi eld 
trial and therefore provide incentives for the most appropriate 
decisions in system design and installation. There is also 
a need to update existing approved best practice guides 
to include Micro-CHP and to encourage installers to ensure 
that Micro-CHP systems are installed in appropriate houses 
and are well integrated with existing heating systems12.

In light of the fi ndings from the trials, it would also appear 
appropriate to review existing procedures for assessing 
condensing boiler performance (such as SEDBUK) and 
consider including assessment of the electrical performance 
of boilers and wider heating system components in future 
iterations. In particular, it would be useful to ensure that 
feedback on the UK experience is provided to those groups 
responsible for updating the European directives for boiler 
testing on which the UK tests and procedures are based.

7  The Low Carbon Buildings Programme provides Government grants for micro-generation technologies to householders, community organisations, schools, 
the public and not for profi t sector and private businesses.

8  The Energy Effi ciency Commitment (EEC) is a requirement on electricity and gas suppliers to promote improvements in domestic energy effi ciency, shortly 
to be renamed the Carbon Emissions Reduction Target (CERT).

9  The Government’s Standard Assessment Procedure (SAP) is the national methodology used to evaluate the energy performance of domestic dwellings and 
demonstrate compliance with Part L of Building Regulations.
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19.  Future changes to the carbon intensity of centrally 

generated grid electricity are likely to have a major 

impact on the potential carbon savings from Micro-CHP

The magnitude and signifi cance of any carbon savings from 
Micro-CHP systems are highly dependent on assumptions 
regarding the carbon intensity of the grid electricity being 
displaced. The majority of analysis in this report is based 
on using a ‘marginal plant’ emissions factor (rather than 
average grid mix) to refl ect the fact that Micro-CHP systems 
have been shown to generate most electricity at times when 
the carbon intensity of the grid is expected to be higher, 
such as daytime/evening and winter peak demand periods13.

However, if the UK is to meet its targets for renewable 
electricity generation, the average grid carbon intensity is 
likely to fall in future. As the grid carbon intensity reduces, 
so the potential carbon saving benefi ts from Micro-CHP 
will reduce accordingly, although the performance of 
Micro-CHP units is also expected to improve over the same 
period. In light of this, policy makers should continue to 
review support for Micro-CHP in conjunction with underlying 
energy supply forecasts and other policies which affect the 
grid carbon intensity.

Looking forward

20.  There are various actions which could accelerate the 

uptake of commercial Micro-CHP systems and ensure 

effective ongoing operation and maintenance

There are various different internal combustion (IC) engine 
Micro-CHP units available commercially and over 17,500 units 
are thought to have been installed across Europe to date. 
However, only a limited number of systems have been 
installed in small commercial applications in the UK. Given 
the signifi cant potential carbon and cost savings demonstrated 
by the project, actions should be considered to encourage 
more widespread uptake of the existing IC engine 
technology, which is mature, proven and readily available. 

The growth of the commercial Micro-CHP market could 
potentially be increased by new policy measures to encourage 
the installation of the technology in public sector buildings. 
For example, housing schemes and other appropriate public 
buildings undergoing boiler house refurbishment could be 
given incentives to adopt Micro-CHP systems in preference 
to conventional boiler-only installations.

Based on the trial fi ndings, the Carbon Trust will also 
continue to promote the potential benefi ts of commercial 
Micro-CHP to the businesses and public sector organisations 
it works with, and will provide advice on how best to design, 
deploy and use Micro-CHP systems to achieve maximum 
carbon and cost savings.

Given the challenges associated with effective operation 
and maintenance of commercial Micro-CHP units, suppliers 
could consider targeting their products at groups of similar 
customers in the same geographical regions and ensuring 
additional appropriate training for local heating and 
ventilation engineers to provide high quality maintenance 
and support services.

Some suppliers of commercial Micro-CHP systems also 
sell conventional boilers, and these businesses could 
potentially increase the attractiveness of their customer 
propositions by offering packaged solutions. Rather than 
offering a ‘Micro-CHP only’ solution, they could provide 
Micro-CHP units and associated conventional boiler plant 
as a holistic system, with all the components installed and 
commissioned together, by appropriately qualifi ed experts.

21.  The potential carbon savings from domestic Micro-CHP 

systems could be increased if manufacturers are able 

to further optimise the design and performance of 

their units

Although the results from trial provide an important 
indication on the performance of the current devices, Stirling 
engine Micro-CHP is an early-stage, evolving technology 
and manufacturers are in an ongoing process of product 
development and innovation. It is expected that signifi cant 
progress can be made with future products in much the 
same way that current leading condensing boilers are 
a signifi cant improvement on early models.

The carbon and cost savings from Micro-CHP are highly 
dependent on the amount of electricity generated as well 
as the effi ciency with which gas is used. It will therefore be 
important that future product iterations focus on maximising 
the power-to-heat ratio of the device. Extrapolation of the 
fi eld trial results has shown that if manufacturers were 
able to improve the electrical effi ciency of current domestic 
Micro-CHP units by just 3% (from a typical range of 6-8% 
to a range of 9-11%), while maintaining the same overall 
effi ciency, this could result in a dramatic improvement in 
the carbon saving potential, with a near doubling of carbon 
savings predicted for a typical household in the target market. 
In addition to potential enhancements to the core engine, 
manufacturers could also improve effi ciency by enhancing 
the system control logic to maximise device run times, in 
particular by avoiding cycling, and by reducing electricity 
usage outside of generating periods. At the time of writing 
it is known that leading manufacturers are developing 
devices which they expect to have higher effi ciencies than 
those monitored in the trial.
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10  Publicly Available Specifi cation (PAS) 67 is a Micro-CHP laboratory test procedure.

11  APM (Annual Performance Method) is a method for predicting the annual performance of Micro-CHP systems based on the results of PAS 67 testing 
and allows the results to be used by methods such as SAP.

12  An example is the ‘Domestic Heating and Compliance Guide’, an approved Communities and Local Government document, providing guidance on how 
to comply with Building Regulations for domestic heating systems.

13  The core analysis in the report assumes a carbon emissions factor for electricity of 0.568kgCO2/kWh, as per SAP 2005. Using a long-term grid mix carbon factor 
(such as 0.43kgCO2/kWh) has the effect of considerably reducing the potential carbon savings.
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Manufacturers could also enhance the performance of 
their systems by designing programmable controllers that 
are easier to use, ensuring that pumps and other system 
components are as effi cient as possible and providing 
installers with guidance on how to size, install and 
commission systems for optimal effi ciency. Guidance should 
ideally include detailed system design methods for installers, 
which have been fully thought through and validated by 
the product designers.

22.  Domestic Micro-CHP manufacturers could also 

consider designing units to allow operation with 

higher electrical effi ciency in larger and older houses

Current domestic Micro-CHP devices are generally sized for 
peak electrical generation of around 1kW. Manufacturers are 
believed to have chosen this level in an attempt to maximise 
the amount of electricity used in the house and minimise the 
amount of export to the grid. However, as current Stirling 
engines have a power-to-heat ratio of around 1:10, this 
design decision effectively means that these units may not 
produce enough heat output for larger and older domestic 
houses as they may be unable to provide the required levels 
of comfort in the coldest weather without additional heating.

To overcome this, some manufacturers have included 
auxiliary ‘boost’ burners in their Micro-CHP products to 
provide faster warm-up or top-up heating in periods of 
high heat demand. This has the benefi cial effect of allowing 
units to be installed in larger houses, but effectively reduces 
the overall electrical effi ciency of the device as more gas 
is used to produce heat rather than to produce both heat 
and electricity. Given the vital importance of achieving high 
electrical effi ciencies, Micro-CHP manufacturers should 
consider producing systems capable of meeting higher 
heat demands while still maintaining optimum electrical 
effi ciency, either through the use of more effi ciently controlled 
‘boost’ burners or through designing systems with higher 
electrical outputs.

23.  Suppliers of all domestic heating devices can signifi cantly 

improve performance by ensuring high quality design 

and installation

The trial has shown that high quality design and installation 
are essential to achieve good performance for both 
condensing boilers and Micro-CHP systems. However, this has 
been found to be diffi cult to achieve in practice and this may 
be related to the highly fragmented nature of the UK installer 
trade. There is a clear need for further general training of 
installers and incentives to improve quality and consistency.

The fi eld trial fi ndings also suggest that the conventional 
model of small installation companies purchasing heating 
systems from local wholesalers, principally on grounds of 
price, may not be appropriate for Micro-CHP devices, as 
these generally require specialist expertise. A holistic service 
offering, fronted by an energy supplier or other specialist 
service organisation, would appear a preferable model to 
ensure high quality design and installation.

24.  Suppliers could potentially increase the uptake of 

Micro-CHP by offering customers packaged solutions 

of fi nancing, installation, maintenance and electricity 

buy-back

Micro-CHP systems currently suffer from various 
disadvantages relative to conventional heating systems. 
These include higher capital costs, a lack of widespread 
installer experience, more complex system operation, the 
potential requirement for more specialist maintenance and 
a lack of clarity regarding export tariffs.  As things stand, 
this could lead to low take-up, poor performance and 
dissatisfi ed users, which could damage the image of the 
nascent industry. 

These disadvantages could, in principle, be offset by the 
advantages offered by Micro-CHP, most notably the potential 
reduced overall fuel costs for the user and potential peak 
lopping advantages for electricity suppliers. However, as 
only some of these advantages directly benefi t the user, 
suppliers can potentially overcome these barriers by adopting 
new business models to share the benefi ts. For example, 
suppliers could offer a packaged solution of fi nancing, 
installation, maintenance and electricity buy back. This model 
reduces the capital cost burden for customers, increases 
the chance of good quality installation in appropriate houses 
and ensures ongoing maintenance provision. It should 
also provide benefi ts for suppliers in terms of longer-term 
contracts, increased customer satisfaction and retention as 
well as advantages with regard to offsetting peak demand.

25.  There is cause for optimism regarding the future of 

Micro-CHP, but the technologies must be appropriately 

targeted and some key issues remain to be addressed

Overall there is cause for optimism regarding the potential 
future of Micro-CHP, but this needs to be tempered by a 
realistic view regarding the magnitude of carbon savings 
that are likely to be available and the need for a number of 
outstanding product, technical, operational and policy-related 
issues to be addressed. It is also vital that Micro-CHP systems 
in both small commercial and domestic environments are 
targeted at appropriate end-use applications, in order to 
maximise the chances of providing carbon and cost savings 
and to build consumer confi dence in Micro-CHP devices.

In order to capture the potential carbon savings from 
Micro-CHP, there is a range of possible actions which can 
be taken by manufacturers, suppliers/installers and policy 
makers to address barriers to adoption and to optimise the 
performance of Micro-CHP units in future. If manufacturers 
continue to enhance devices and improve reliability, suppliers 
target the right markets and provide appropriate technical 
support and policy makers create the necessary support 
framework to stimulate initial uptake, then Micro-CHP has the 
potential to provide a signifi cant contribution to future UK 
carbon savings.
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1 Introduction

1.1 The low-carbon challenge

In response to the threat of climate change the UK 
Government has committed to a 60% reduction in carbon 
dioxide emissions by 2050 relative to 1990 levels. Reductions 
in the range of 26-32% by 2020 are also expected under the 
Climate Change Bill. To achieve these aims it is clear that 
reductions in emissions are urgently required from all 
parts of the economy, from the large-scale plant used for 
centralised energy generation to the millions of end users 
of energy in small commercial and domestic environments.

Combustion of oil and gas for the heating of UK domestic 
and commercial buildings results in emissions of around 
114 million tonnes of CO2 per year14, representing over 
20% of overall UK carbon emissions15. Various actions are 
in place to reduce this, including the current (2006) Building 
Regulations which aim to cut emissions from new housing 
by around 20% over 2001 regulations. Beyond this, there 
are plans for a move to zero carbon homes by 2016 through 
a further phased tightening of the regulations16. There 
are also various programmes in place to improve existing 
buildings, including EEC17 and the Low Carbon Buildings 
Programme18. Low-carbon measures and technologies will 
be central to meeting the aims of all these programmes. 
The attractiveness of different technologies will depend 
on the extent to which they can cost-effectively reduce the 
need for electricity, space heating and hot water from high 
carbon sources, while performing reliably and meeting the 
needs of the end user.

A wide range of proven energy effi ciency measures already 
exists, including various forms of insulation, glazing and 
low-energy lighting as well as more effi cient heating systems 
and electrical appliances. Such measures generally offer 
the most practical and low-cost carbon savings and should 
generally be considered before other measures. However, 
once all practical energy effi ciency measures have been 
implemented for a given building, it is likely that further 
technologies will be required in order to reduce the 
emissions suffi ciently to meet future targets for emissions 
reduction. In particular, micro-generation technologies 
such as Micro-CHP, which produce heat and power locally, 
offer the potential to further reduce the requirement for 
fossil fuel-based heating systems or grid supplied electricity.

Micro-generation technologies are receiving considerable 
attention from manufacturers and policy makers in light 
of their potential for widespread adoption in the domestic 
market and the associated potential for reducing carbon 
emissions. In March 2006 the DTI (now BERR) published its 
Microgeneration Strategy19 which highlighted Micro-CHP 
as a technology with potential to meet a signifi cant portion 
of UK electricity demand by 2050, but acknowledged that 
there have been relatively few installations in the UK to date.

1.2 About Micro-CHP

Combined Heat and Power (CHP) technology has been 
used in a range of large-scale industrial and commercial 
applications for many years. By generating electricity as 
well as providing heat, and thus reducing the need for 
centrally-generated grid electricity, CHP offers signifi cant 
potential reductions in carbon emissions and associated 
cost savings.

In recent years there has been much interest in producing 
Micro-CHP systems for domestic and small commercial 
environments. If reliable and cost-effective Micro-CHP 
systems can be developed for such applications they would 
potentially unlock signifi cant carbon and cost savings when 
used in place of conventional heating systems, such as 
condensing boilers. A few manufacturers already have 
Micro-CHP units available commercially, although deployment 
has been fairly limited to date, and a number of additional 
manufacturers have units which are under development, 
intended for market launch in the next few years.

There is a range of different technical solutions for Micro-CHP 
systems, ranging from fairly mature technology, such as 
internal combustion engines adapted from automotive 
applications, to early stage technologies such as fuel cells. 
These different solutions each have particular benefi ts 
and it is expected that the market may ultimately support 
a range of different Micro-CHP products. This will be 
determined by specifi c customer needs in terms of the levels 
of heat and power generation required and the acceptable 
cost, size and reliability of systems in different applications.

14  Emissions from heating are 10.7 MtC (39.2 MtCO2) per year for non-domestic buildings (Source: Market Transformation Programme) and 20.5 MtC (75.2 MtCO2) per year 
for domestic buildings (Source: BRE).

15  Overall UK carbon emissions are 152 MtC (557 MtCO2) per year (Source: Defra).

16  ‘Building a Greener Future’, Communities and Local Government, July 2007.

17  The Energy Effi ciency Commitment (EEC) is a requirement on electricity and gas suppliers to promote improvements in domestic energy effi ciency, shortly to be renamed 
the Carbon Emissions Reduction Target (CERT).

18  The Low Carbon Buildings Programme provides Government grants for micro-generation technologies to householders, community organisations, schools, the public 
and not for profi t sector and private businesses.

19  ‘Our energy challenge: Power from the people’ – DTI Microgeneration Strategy, March 2006.
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Although Micro-CHP systems are conceptually similar to the 
conventional heating systems they are intended to replace, 
they are in fact much more sophisticated and typically 
have many more moving parts and more complex control 
systems. As such, any move from boilers to Micro-CHP 
systems will represent a major change for customers and 
is likely to require a signifi cant increase in the levels of 
installation and maintenance skills across the industry, 
and in the associated advice and support provided by 
manufacturers and service providers.

To date there has been a lack of independent fi eld trials 
and data to assess the performance of currently available 
Micro-CHP units and to demonstrate the applications where 
this technology can offer the most signifi cant carbon savings 
now and in future. To address this need, the Carbon Trust 
is running the UK’s fi rst major fi eld trial of Micro-CHP systems 
for both domestic and small commercial applications.

1.3 Scope of document

This report is an interim update on the status of the 
Micro-CHP Accelerator and follows an earlier Interim Report 
published in November 200520. It begins by explaining the 
aims of the project and the key activities involved. In addition 
to the fi eld trial of Micro-CHP units, these activities include 
recent additions and enhancements to the project, including 
a fi eld trial of condensing boilers and a set of detailed 
laboratory testing of both Micro-CHP and boilers. The report 
also provides a detailed explanation of the underlying 
assumptions used in the assessment of potential carbon 
savings. It then presents the key results from the project 
to date and gives an updated view of the performance of 
domestic and commercial Micro-CHP and the factors which 
affect this performance. These fi ndings are used to discuss 
the potential implications for the use of Micro-CHP systems 
both now and in future.

The analysis in this report is based on data from a signifi cant 
number of Micro-CHP units, operating over a much longer 
monitoring period than was available in November 2005. 
The results therefore build on and supersede those presented 
previously. Initial results from the fi eld trial of condensing 
boilers are also included. Although this report draws on a 
signifi cant volume of independently audited, high quality 
data it should be noted that the analysis presented is still 
of an interim nature and provides indicative insights rather 
than fi nal conclusions. A fi nal report will be published in 
2008 once the fi eld trials are complete.

20  The Carbon Trust’s Small-scale CHP Field Trial Update – November 2005 www.carbontrust.co.uk/publications/ctc513.pdf
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2 Micro-CHP technology overview

2.1 Introduction

The term Micro-CHP refers to a group of different technology 
categories where the common factor is the consumption of 
a fuel to produce heat and electricity simultaneously.

A key parameter for all Micro-CHP systems is the amount 
of electricity generated. This varies both within a technology 
category, according to design, and also across technologies 
due to the fundamentals of operation.

There are fi ve main categories of Micro-CHP system, 
as follows:

• Internal combustion (IC) engine

• Stirling engine

• Fuel cell

• Organic Rankine cycle (ORC)

• Gas turbine.

The Carbon Trust Micro-CHP Accelerator involves internal 
combustion engine, Stirling engine and fuel cell systems. 
These technologies are therefore described below in more 
detail. There are no Organic Rankine Cycle or gas turbine 
systems involved in the project.

None of these technologies is a new concept. The ideas 
behind the Stirling engine, Rankine cycle, IC engine and 
fuel cell have all been around for over 150 years. However, 
there has been only limited experience of using these 
technologies in Micro-CHP applications.

In all cases (except fuel cells) an engine drives a generator 
to produce electricity and the waste heat it produces is then 
recovered and passed to the heating system.

2.2  Internal combustion engine 

Micro-CHP

Internal combustion (IC) engine systems are the most 
mature of all the Micro-CHP technologies. Annual sales in 
2006 were estimated at over 25,000 units globally, around 
4,000 of which were in Europe. The leading commercially 
available units are provided by Honda in Japan and by 
Baxi-SenerTec, EC Power, Frichs and Vaillant in Europe21.

These systems were originally based on engine technology 
common in the automotive sector, but the current engines 
have been substantially enhanced to achieve the long life 
required for reliable Micro-CHP operation22. Typically, 

operating hours in the range of 3,000 to 6,000 per year 
are required in order to maximise the economic viability 
of the system.

The start-up of each running cycle is the most stressful 
activity for an IC engine and the point at which it suffers 
most wear. In light of this, IC units operate most reliably 
when running consistently without interruption for many 
hours or days. The engine lubricating oil must also be 
changed frequently. IC systems are sensitive to both low 
and high water temperature and so good design and control 
of the heating loop are essential.

Due to their relatively large size and their levels of vibration 
and noise while operating, IC engine Micro-CHP systems 
are most suited to small commercial applications where 
they can be located in a plant room alongside additional 
heating equipment. They are unlikely to be suitable for 
installation within the living area of a building, which 
inevitably reduces their suitability for domestic applications23. 
However, they are viable for residential community heating 
situations where a central system provides for the needs 
of multiple dwellings and is located away from living areas.

The electrical output of IC engine Micro-CHP is relatively 
high and in the range of 20-25%. Typically, these engines 
operate at a single power output and hence constant 
electricity and heat output, although some IC Micro-CHP 
machines can now modulate on either heat or electricity 
demand. IC engines run either by spark ignition or by 
compression ignition (diesel).

21  Source: Delta Energy & Environment, February 2007.

22  A Micro-CHP unit operating for 5,000 hours is roughly equivalent to a car engine doing 250,000miles at 50mph. This highlights the unsuitability of a standard car 
engine as it would be unlikely to last one full year of operation.

23  The exception to this is the Honda Micro-CHP IC engine unit which has been installed in some 50,000 domestic applications in Japan, where it is standard practice 
to locate the heating system outside of the living area.

Figure 1  An internal combustion engine Micro-CHP system 
(Baxi-SenerTec Dachs, 5.3-5.5kW electrical output, 
10.4-12.5kW thermal output)
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Spark ignition

Spark ignition engines are a variation on the conventional 
car petrol engine but run on natural gas, although IC engines 
can in theory be fi red with any fl ammable gas. A mixture 
of gas and air is introduced into the cylinders and ignited 
by a spark.

Diesel ignition

Diesel ignition engines compress air in the cylinder to raise 
it to a very high temperature. A fuel is then injected which 
burns spontaneously in the hot air. The thermodynamic 
effi ciency and part-load performance are higher than a 
spark ignition engine, and designs tend to be more robust. 
Diesel ignition engines have a good reputation for reliability 
and longevity in marine, heavy vehicle and stationary 
applications as they are built for long life. However, their 
limitations are generally perceived to be higher weight 
and costs.

2.3 Stirling engine Micro-CHP

Stirling engine Micro-CHP is an emerging technology and 
is less mature than IC engine Micro-CHP. At the time of 
writing, the only commercially available Stirling engine 
Micro-CHP product is the Whispergen, but a number of 
other units are under development24. Annual sales of the 
Whispergen were estimated at around 500 units in 2006.

The Stirling Engine is an external combustion engine 
that has a high temperature heat input zone and a lower 
temperature heat transfer zone. In Stirling engine Micro-CHP 
systems, heat is input by continuous combustion at a ‘hot 
bulb’ end at ~500°C outside the cylinder while the ‘cold bulb’, 
also outside the cylinder, is cooled by water from the central 
heating system at around 40°C to 70°C. A piston then moves 
the heat using a compressed carrier gas from the hot to the 
cold bulb thereby releasing mechanical energy. The engine 
and lubrication system are typically fully sealed and, in a 
good design, engine life should be tens of thousand hours 
while requiring little maintenance.

The simplicity and potential long life of Stirling engines make 
them well suited to Micro-CHP applications. In particular 
they are more attractive than IC engines for use in domestic 
environments, due to their smaller size and lower levels of 
noise and vibration.

The gross electrical effi ciency of Stirling engines can 
theoretically approach that of internal combustion engines 
(~20%), but in practical, cost-effective designs the net 
output is often signifi cantly lower, at around 5-10%. The 
external fuel source can be gas, oil or solid fuel, although 
in practice most Stirling engine Micro-CHP systems under 
development use natural gas. The carrier gas inside the 
cylinder is normally either helium or nitrogen, and for 
various technological reasons, high pressure helium 
engines generally operate with higher effi ciency than 
nitrogen charged ones. There are many complex designs, 
ranging from single cylinder free piston to four cylinder 
‘wobble’ yoke.

In addition to the core Stirling engine, some manufacturers 
also include an auxiliary ‘boost’ burner which allows the 
system to provide a higher level of heating for a given 
electrical output. Such auxiliary burners are intended to 
allow units to be installed in environments with higher heat 
demands, without increasing the rated electrical output 
which might lead to a higher system cost and a higher 
proportion of electricity being exported. When adding 
a boost burner there is a potential risk that this operates 
excessively and degrades the electrical performance of 
the system. Such problems should be avoided with a good 
control strategy, although this can be diffi cult to implement 
in practice.

24  Stirling engine units from Disenco and Microgen have also been involved in the Micro-CHP fi eld trial.

Figure 2 A Stirling engine Micro-CHP system (Whispergen Mk5, 1kW electrical, 7.5-13kW thermal)
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2.4 Fuel cell Micro-CHP

Fuel cell Micro-CHP systems are still in relatively early 
stages of development and the fi rst fully commercial 
products are thought to be some years away. There are 
several different technologies, each with characteristics 
suiting different scales, fuels and end uses. Examples 
include alkaline, solid oxide and Polymer Electrolyte 
Membrane (PEM) technologies. A number of companies 
are known to be developing fuel cell Micro-CHP products 
currently, including Baxi Innotech, Ceres Power, Ceramic 
Fuel Cells Limited (CFCL) and Hexis in Europe. There are 
also numerous companies developing small-scale fuel 
cells in Japan, including Ebara-Ballard and Matsushita.

Fuel cell Micro-CHP systems are very different to IC and 
Stirling engine systems and their principles of operation 
are close to those of an electrical battery. Fuel is consumed 
within electrochemical cells, each of which produces a small 
DC voltage. Several cells are connected in series to increase 
the voltage for effi cient conversion to AC in a solid state 
inverter. Some systems under development are fuelled 
by pure hydrogen and generate this from natural gas in 
a reformer.

Current fuel cell designs are complex and require careful 
control especially during start-up. This includes requiring 
all parts of the system to be raised to the correct operating 
temperature before generation can begin. Current prototypes 
are also extremely large, although size reductions are 
expected in subsequent design iterations.

Although fuel cell based systems are much less mature than 
IC or Stirling engine Micro-CHP systems, they may yet have 
the greatest development potential, if they can ultimately 
be optimised to offer suffi cient performance and reliability 
at an acceptable cost and size. This high potential stems 
from the fact that their electrical effi ciency is theoretically 
very high (up to 50%). Although the parasitic electrical 
usage of such systems may be higher than for other 
technologies, the net electrical output proportion should 
ultimately be higher than IC engines and considerably 
higher than Stirling engines.

2.5 How Micro-CHP can save carbon

A Micro-CHP unit essentially acts simultaneously as 
an electricity generator and a heating system. Like a 
conventional boiler it requires an input fuel (most commonly 
natural gas) and requires an electrical supply to power its 
controller, pump and fan. However, in addition to supplying 
heat at a high effi ciency, it also produces electricity, as 
illustrated in Figure 4. This electricity is either used locally 
within the building where the Micro-CHP system is housed, 
or else it is exported to the grid. In either case, the electricity 
generated will offset demand for central electricity 
generation and thus has the potential to reduce overall 
carbon emissions.

The generation of electricity is the key to the carbon saving 
performance of Micro-CHP. The level of carbon saving 
depends on the amount of electricity generated and also 
the carbon intensity of the grid electricity displaced.

Figure 3  A Prototype PEM fuel cell Micro-CHP system (Baxi 
Innotech Home Energy Centre, 1.5kW electrical, 
3kW +15kW additional thermal)

Figure 4 Micro-CHP and condensing boiler systems
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Figure 5 illustrates the principle of how a currently available 
Stirling engine Micro-CHP system can potentially save carbon 
in a domestic environment. A typical domestic condensing 
boiler might use 18,600kWh of gas and 200kWh of grid 
electricity to generate 16,000kWh of heat over the course 
of a year of operation (assuming average thermal effi ciency 
of 86%). To generate the same amount of heat, the Micro-CHP 
system uses more gas, in this example 22,000kWh, but in 
addition to using 200kWh of grid electricity it also generates 
a further 1,780kWh of electricity. In this illustrative example, 
the net effect is that the Micro-CHP system provides a 
reduction in overall emissions by 370kgCO2 over the course 
of the year.

The laws of thermodynamics dictate that a Micro-CHP 
system can never be more thermodynamically effi cient 
than an equivalent boiler, and this is illustrated in the fact 
that the Micro-CHP system uses more gas than the boiler 
to provide the same level of heat output. One consequence 
of this is that, if installed in an inappropriate environment 
or operated incorrectly, a Micro-CHP system can potentially 
generate higher carbon emissions than an equivalent 
condensing boiler. 

This potential issue is illustrated in Figure 6, which compares 
the performance of the same Stirling engine Micro-CHP 
system with that of a theoretical condensing boiler in a 
domestic environment with a fairly low annual heat demand 
of 8,000kWh per year. In this illustrative example the net 
effect is that the Micro-CHP system provides an increase in 
overall emissions of 10kgCO2 over the course of the year.

This is a fundamental difference to some other micro-
generation technologies, such as solar PV, which use no 
fuel or electricity and therefore can never lead to increases 
in emissions from use. It is therefore vital to identify those 
environments in which Micro-CHP has the potential to 
consistently save carbon and those where it does not.

It should also be noted that the more carbon-intense the 
electricity supply is, the higher the potential carbon savings. 
For example, in a country like Northern Ireland, where a 
larger proportion of electricity comes from fossil-fuelled 
power stations, the potential carbon savings from Micro-CHP 
are higher. Conversely in France, where a signifi cant 
proportion of electricity comes from low-carbon nuclear 
power, the potential carbon savings are lower.

Figure 5  Illustrative example of how a Micro-CHP system can save carbon

Figure 6  Illustrative example of how a Micro-CHP system may not save carbon
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2.6 Power-to-heat ratio

The power-to-heat ratio of a Micro-CHP system is a key 
parameter to consider when assessing the potential end 
uses and carbon savings for different units. The higher the 
power-to-heat ratio the higher the proportion of electrical 
output and therefore the greater the potential carbon savings 
for a given energy input. This is illustrated by Figure 7, 
which shows the range of theoretical carbon savings for 
Micro-CHP systems with different power-to-heat ratios25.

However, it is also important to match the outputs of a 
Micro-CHP system to customer requirements to ensure 
that the heat generated is used effectively. The level of 
electricity produced should also be as high as possible 
and cost effective in terms of the proportion of electricity 
that is used on-site as opposed to exported (in the 
absence of suffi ciently attractive export reward tariffs). 
Consequently, different Micro-CHP technologies have 
different operating strategies.

Stirling engine Micro-CHP systems typically have power-
to-heat ratios in the range of 0.1 to 0.25 (1:10 to 1:4). As a 
consequence, they are well suited to operating in a ‘heat-led’ 
fashion in domestic environments, sized to meet the full 
heat demand. In the absence of attractive export reward 
tariffs, they are also normally sized to generate electricity 
at a level that ensures that a reasonable proportion is used 
within the household rather than exported.

Internal combustion engine Micro-CHP systems typically 
have higher power-to-heat ratios in the range of 0.3 to 0.5 
(1:3 to 1:2). They are also suited to ‘heat led’ operation, 
but tend to be most economically and operationally viable 
in environments where they run for extended periods 
and therefore provide a proportion of the overall heating 
requirement, alongside other heating plant. They are also 
often sized to ensure that the electricity generation profi le 
is well matched to the on-site demand. 

Fuel cell Micro-CHP systems typically have the highest 
power-to-heat ratios, expected to be in the range of 0.7 
to 2.4 (1:1.5 to 1:0.4). They can therefore potentially be run 
in an ‘electrically led’ operating mode, sized to generate 
electricity constantly with the associated heat, providing 
a small part of the overall on-site heating or hot water 
requirements, with a separate boiler providing the 
remaining heat needs.

This type of operation is particularly suited to fuel cell 
systems which are expected to have long start-up times 
and will therefore perform best over very long operating 
periods. However, in some applications electricity-led 
schemes may fi nd it diffi cult to use the heat produced, 
especially during the summer. In practice, any Micro-CHP 
system which operates constantly and independently of 
the level of demand for heat or hot water, is likely to require 
a thermal store to decouple the operation of the device from 
the on-site demand and avoid any useful heat being wasted26.
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Figure 7 Theoretical carbon savings for different power-to-heat ratios

25  A carbon emissions factor of 0.568kgCO2/kWh is assumed for locally generated electricity from Micro-CHP.

26  Operating a CHP system to produce electricity constantly and generate more heat than can be used is referred to as ‘heat dumping’. This should be avoided 
as it leads to higher overall carbon emissions, as current CHP units cannot produce electricity as effi ciently as central gas-based generation plant.
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3 Carbon Trust Micro-CHP Accelerator

3.1  The Carbon Trust and technology 

acceleration

The Carbon Trust is a private company set up by the 
Government in response to the threat of climate change. 
Its mission is to accelerate the move to a low carbon 
economy by developing commercial low carbon technologies 
and helping organisations reduce their carbon emissions. 
The Carbon Trust works with UK business and the public 
sector to create practical business-focused solutions through 
its external work in fi ve complementary areas: Insights, 
Solutions, Innovations, Enterprises and Investments.

Carbon Trust Innovations aims to get promising new 
low carbon ideas to market faster. To stabilise and reduce 
carbon emissions effectively, we need a step change in the 
development of low carbon technologies and services. Our 
Research and Development (R&D) activities support the 
development of new technical concepts; our Incubators 
help to build viable low carbon businesses around promising 
technical ideas; and our Technology Acceleration projects 
address sector-wide barriers through a range of large scale 
demonstration activities.

The Micro-CHP Accelerator is part of the Carbon Trust’s 
portfolio of Technology Acceleration activities27.

3.2 Context and aims

The Carbon Trust is investing around £3.7m over four years 
in the Micro-CHP Accelerator. It includes a major Micro-CHP 
demonstration programme and a range of complementary 
activities to build a greater understanding of the potential 
benefi ts and barriers facing the technology.

The core aims of the project are to:

•  Install a range of Micro-CHP units in real operating 
environments representative of the likely UK installations 
and obtain robust, independently monitored 
performance data

•  Assess the carbon performance of the Micro-CHP units 
relative to alternative technologies, such as condensing 
boilers

•  Provide general information to inform future policy 
decisions relating to Micro-CHP.

It is hoped that the fi ndings from the project will also:

•  Assist Micro-CHP device manufacturers in their ongoing 
product development

•  Provide input to groups involved in the development 
of relevant industry-wide standards.

3.3 Workstreams

To achieve its objectives the Micro-CHP Accelerator is based 
around three distinct and complementary streams of work, 
as highlighted in Figure 8.

The Micro-CHP Accelerator combines fi eld demonstration 
activities with wider lab-based and theoretical analysis and 
expects to ultimately deliver major insights, including:

• The most appropriate target markets for Micro-CHP

•  The UK carbon saving potential of Micro-CHP relative 
to condensing boilers

• Optimal design characteristics of future Micro-CHP systems

• Potential measures to accelerate the roll-out of Micro-CHP.

3.4 Timescales

The project was originally started at the end of 2003, but 
manufacturers initially experienced delays in identifying 
appropriate sites for the trial. The majority of the Micro-CHP 
units were therefore installed in 2005 and 2006. As early 
fi ndings emerged, it became apparent that some additional 
activities were needed to robustly assess the carbon saving 
potential of Micro-CHP and the key factors affecting 
performance.

After consultation with key industry groups and Government 
stakeholders, the fi eld trial was enhanced with two additional 
activities: a fi eld trial of condensing boilers and a programme 
of investigative laboratory testing, starting in 2006, along 
with an associated budget and timescale extension.

The project will continue monitoring the performance of 
Micro-CHP and boiler systems in the fi eld until the end of 
2007 with the fi nal project analysis expected to continue 
until summer 2008.

27  For more details on technology acceleration visit: www.carbontrust.co.uk/technology/technologyaccelerator
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3.5 Key activities

The Micro-CHP Accelerator consists of three main technical 
demonstration activities:

•  Micro-CHP fi eld trial – this is the core project activity and 
involves monitoring a range of different Micro-CHP units 
in both domestic and small commercial environments. 
The units are installed in real, occupied properties and 
a range of key operational parameters are measured 
at fi ve-minute intervals throughout each 24-hour period. 
The key aims are to understand how Micro-CHP units 
perform in different environments and to identify and 
understand those factors which have the greatest impact 
on performance. See Section 3.8 for more details about 
the scope of the Micro-CHP fi eld trial and Sections 4.3 
and 4.4 for the main results to date.

•  Condensing boiler fi eld trial – this involves monitoring 
a range of different condensing boiler units using the 
same methodology as for the Micro-CHP fi eld trial28. 
The aim is to build a relevant baseline against which 
to compare Micro-CHP performance. This baseline will 
therefore refl ect the real operational performance of 
condensing boilers, rather than the theoretical performance 
suggested by standard laboratory-based assessments, 
such as SEDBUK29. This fi eld trial focuses on A-rated 
condensing boilers in domestic environments. See 
Section 3.9 for more details about the scope of the boiler 
fi eld trial and Section 4.2 for the main results to date.

•  Laboratory testing – this aims to complement and build 
on the results from the two fi eld trial activities. A state-
of-the-art dynamic test rig is being used to recreate 
different heat demand profi les observed in the fi eld and 
compare the performance of Micro-CHP and condensing 
boiler systems under controlled conditions. This testing 
will be used to further validate the results from the fi eld 
trials and also to recreate and investigate any unusual 
fi ndings. By simulating fi eld conditions in the laboratory 
and extending the range of scenarios being evaluated, 
the tests will also quantify the ‘envelope of performance’ 
of the different technologies. The controlled laboratory 
test environment should allow the key drivers affecting 
system performance to be identifi ed and their relative 
impact ascertained. See Section 3.10 for more details 
about the planned laboratory testing and Appendix A 
for an overview of the dynamic test rig.

3.6 Field trial methodology

3.6.1 Organisational structure

The key participants in the Micro-CHP Accelerator are 
consortia which provide the Micro-CHP units involved in 
the trial. These consortia typically consist of a Micro-CHP 
device manufacturer in partnership with a data monitoring 
organisation. In each case the Carbon Trust contracted with 
the lead consortium partner following an open European 
procurement process. A total of 10 consortia originally 
entered into contract with the Carbon Trust, although two 
of these were eventually unable to provide Micro-CHP units.

Figure 8 Key streams of work in the Carbon Trust Micro-CHP Accelerator

28  All of the units monitored are system boilers with hot water tanks; there are no combination boilers included. This is to allow consistent comparison with the Micro-CHP 
installations, all of which include hot water tanks.

29  Seasonal Effi ciency of Domestic Boilers in the UK.
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To deliver the project the Carbon Trust put in place an 
organisational structure to ensure rigorous and independent 
collation of data and analysis of results. The core project 
team consists of a Carbon Trust manager and a team of 
consultants including a Programme Manager, a Data Auditor 
and a Data Evaluator. Figure 9 shows the main parties, 
key data fl ows and relationships involved in the fi eld trial.

An ‘Experts Group’ forum has been used to keep key 
stakeholders up to speed with the project fi ndings. This 
group consists of representatives from key Government 
departments (Defra, BERR, Communities and Local 
Government) and other Government-backed organisations 
with direct interest in micro-generation technologies (Energy 
Saving Trust, Ofgem). The Experts Group has met quarterly 
throughout the project.

The involvement of the Micro-CHP device manufacturers 
has been essential for the Micro-CHP fi eld trial activities 
due to the early stage nature of the technology and limited 
market penetration to date. For the condensing boiler fi eld 
trial it has not been necessary to work directly with the 
boiler manufacturers due to the maturity of the technology 
and wide range of existing units available for potential 
site monitoring.

3.6.2 Site selection

Each participant consortium in the trial was responsible for 
selecting the sites where Micro-CHP units would be installed 
and monitored. In theory this allowed participants to choose 
the sites which represented their intended target markets 
for the technology. In practice, due to the need to identify 
‘early adopter’ Micro-CHP customers, the sites were 
determined to some extent by the availability of customers 
willing to trial the technology as a replacement for their 
conventional heating systems.

Following site selection, each participant consortium 
maintained the day-to-day relationship between the 
customer and the project activities. They were responsible 
for co-ordinating all related on-site works including 
installation, commissioning, maintenance and visits from 
the Data Auditor. This allowed the consortia to co-ordinate 
the installation and commissioning of both the Micro-CHP 
unit and the monitoring equipment in a manner that ensured 
health and safety was not compromised and that disruption 
to the site was kept to a minimum.

In all cases, the participant consortia were free to use 
whatever installation approach they considered to be most 
appropriate. Some consortia opted to use their own specialist 
installation companies with specifi c expertise in Micro-CHP 
systems, while others opted to use conventional local 
installation contractors. The consortia were responsible for 
ensuring that all gas and electrical installation staff were 
appropriately trained, qualifi ed and registered to appropriate 
standards. They were also responsible for ensuring the 
Micro-CHP systems were CE marked and that copies of 
certifi cates and appropriate declarations were made available 
to the Data Auditor.

Figure 9 Project organisational structure
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Domestic Micro-CHP sites

The only constraint imposed on domestic Micro-CHP site 
selection was that the Micro-CHP units needed to be capable 
of meeting the heating requirements of the properties 
in which they were installed. This was to ensure that all 
customers experienced adequate levels of comfort without 
the need to use secondary heating systems in addition to 
Micro-CHP. System sizing was typically assessed by the BRE 
boiler sizing model using the principles behind the Standard 
Assessment Procedure (SAP). However, for some units with 
different control strategies to those assumed by the BRE 
sizing model, the participant consortia opted to use their 
own assessment methods for sizing units to properties.

The Carbon Trust was also keen to ensure, wherever 
possible, that the sites chosen were broadly refl ective of 
the wider UK housing stock. The resulting sites therefore 
include a wide range of house types with different ages, 
sizes and thermal characteristics.

Domestic boiler sites

The choice of domestic condensing boiler sites was based 
on locating properties which either recently had, or 
were about to have, a standard system-based condensing 
(non-combination) boiler system installed. Sites were 
selected to include boilers from a range of different 
market-leading manufacturers and installation was carried 
out by conventional installation contractors as per typical 
boiler purchase and installation procedures. All but one 
of the installations in the domestic boiler trial have A-rated 
boilers. The original intention was to include a selection 
of both A-rated and B-rated units, as B-rated appliances are 
the minimum standard specifi ed by Part L of the Building 
Regulations. However, all but one of the potential sites 
approached had opted for A-rated appliances, so only one 
B-rated device was included. This is consistent with the fact 
that over 70% of new UK domestic boiler installations are 
now A-rated30.

Although the site selection and installation approach for the 
boilers was slightly different to that used for the Micro-CHP 
sites, the Data Auditor has confi rmed that the standard of 
installation achieved was broadly equivalent for both the 
Micro-CHP and boiler sites.

Commercial Micro-CHP sites

Unlike the domestic sites, where the trial aimed to investigate 
the performance of Micro-CHP units in a wide range of 
different types of house, the trial of larger Micro-CHP units 
in small commercial environments was limited to a range 
of sites considered most suitable for such units. This was 
due mainly to the existing business models used by the 
leading commercial-scale Micro-CHP suppliers in the 
UK. These suppliers specifi cally target small commercial 
customers in certain sectors where the system economics 
are considered to be most attractive.

In all cases the Micro-CHP systems were designed to act as 
the lead boiler in a plant room. These systems were typically 
sized to fulfi l the site’s hot water requirements, with 
additional hot water and heating provided by conventional 
boilers. There are generally two key aims to the design of 
commercial Micro-CHP systems. The fi rst is to ensure that 
the Micro-CHP system will run for the maximum possible 
operational period throughout the year (ideally more than 
6,000 hours per year). The second is to try to match the 
electrical output of the Micro-CHP system to the electrical 
base load of the site, in an attempt to minimise the amount 
of electricity being exported from the site and therefore 
maximise the commercial benefi ts (in the absence of 
guaranteed export tariffs). All of the commercial sites 
in the trial were designed to meet these aims.

3.6.3 Data collection

In order to build a robust understanding of the performance 
of Micro-CHP systems, a wide range of data parameters is 
collected at fi ve-minute intervals throughout each 24-hour 
period. Wherever possible, the overall aim is to collect 
a full year’s worth of valid data for each unit in the trial. 

The measurement parameters can be broadly categorised 
as follows:

•  Core electrical and thermal parameters – the parameters 
considered essential to assess the performance of the 
Micro-CHP or boiler system, including the amount of 
energy used or generated by the system and used within 
the building

•  Calibration measurements – external measurements 
used to calculate the energy contained within the gas 
consumed by the site

•  Temperature measurements – measurement of 
temperature levels outside the dwelling and in one or more 
internal rooms (e.g. upstairs and downstairs for houses). 
This data is used to understand the comfort levels provided 
by the system and the external environment driving the 
need for heat

•  Other optional measurements – in some cases 
additional measurements are taken to gain an enhanced 
understanding of how the overall heating system performs.

Capturing data at a fi ve-minute resolution allows detailed 
intra-day analysis to be carried out in addition to more 
conventional analysis at a daily, monthly or annual level. 
Intra-day analysis can be used to gain an understanding 
of how the trial units interact with the customer and site, 
and to identify factors responsible for affecting carbon 
performance. Such detailed insights from the trial will 
be invaluable to inform technological development, 
approaches to installation and future government policy 
support, where relevant.

30  Source: Energy Saving Trust.



22 Micro-CHP Accelerator

Figure 10 illustrates the range of different parameters 
measured at fi ve-minute intervals for a typical domestic site 
involved in the trial. At the time of writing, over 190 million 
data items have been captured and processed, covering 
around 33,000 days of operation.

The parameters monitored differ slightly between the 
domestic and commercial sites. The key difference is that 
in a commercial environment the monitoring needs to 
differentiate between the energy usage of the Micro-CHP 
system and that of the other conventional boilers which 
operate alongside the Micro-CHP in the plant room.

Further details on the frequency of measurements taken 
and the sensitivity of the monitoring sensors and meters 
can be found in Appendix B. The core data measurements 
are collected every fi ve minutes by appropriately located 
sensors. A local data logger device captures all this data 
and transfers it electronically to a database maintained by 
the Data Monitor. After appropriate collation this information 
is sent directly to the Data Auditor for validation. Calibration 
measurements are also taken at appropriate intervals to 
allow the auditor to assess and confi rm the quality of the 
data being recorded.

An identical measurement approach is used for both 
Micro-CHP systems and boilers, with the only difference 
being that the boilers do not generate any electricity. In 
both cases the electrical usage of system controllers, pumps 
and fans are measured and taken into account in all effi ciency 
and performance calculations. For consistency, the energy 
use of external pumps is taken into account in cases where 
pumps are not included internally in the device.

3.6.4 Data validation and energy balance

The Data Auditor performs an ‘energy balance’ validation 
check on all the data collected each month. This confi rms 
the correct functioning of the monitoring equipment and 
is essential to ensure that the information collected is as 
accurate and consistent as possible. Checking the energy 
balance involves drawing a system boundary around each 
unit (Micro-CHP or condensing boiler) and accounting for 
all the energy going into and coming out of the system 
(including losses) over a 24-hour period. This is illustrated 
in Figure 11. 

The energy balance calculation uses key measurement 
parameters from the site, plus a set of additional external 
data values and calibration factors where direct measurement 
is neither possible nor appropriate. Table 1 provides details 
of how each component of the energy balance is measured 
or calculated.

Figure 10 Five-minute measurement parameters for a typical domestic site
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For the monitoring equipment to be confi rmed as 
operating acceptably, the calculated energy leaving the 
system must be within 93-103% of the calculated energy 
entering the system on a daily basis. This band of uncertainty 
is considered appropriate given the inherent tolerances in 
accuracy of measurement equipment and the complexity 
of comparing measured data values from different sources. 
If the energy balance is outside these limits, the Data Auditor 
investigates the possible causes with the relevant participant 
consortium. Once the causes are understood and any 
appropriate changes are made to calibration factors, the 
data set is passed to the Data Evaluator for acceptance, 
substitution or rejection.

3.6.5 Data acceptance and substitution

The data acceptance process aims to ensure that poor quality 
or inaccurate data points are excluded but it is also designed 
to maximise the quantities of data available for analysis. 
To properly understand the behaviour of Micro-CHP or boiler 
systems, it is vital to investigate performance over a full 
year of operation. It is therefore important to retain and 

use as much of the original collected data as possible, 
as long as it is all valid.

To achieve this the Data Evaluator applies a series of rules 
to decide which days of data are accepted for further analysis, 
which periods of data can be substituted and which periods 
are not suitable for inclusion in the analysis. In general, 
data substitution only takes place when there is a machine 
breakdown, or failure of the monitoring equipment. At 
the time of writing, only 2.7% of days have required data 
substitution, indicating that the data is generally of good 
quality and that the vast majority of data captured is able 
to be used in the analysis.

Once appropriate substitution has been carried out, each 
day of valid data is loaded into a common database. This 
data is then grouped into valid months and valid years of 
data for each site as appropriate.

Figure 11 Energy balance components

Ref Parameter Type Determined Notes

A Electricity used Input Directly measured Measured in Wh

B Gas used Input Calculated from 
measurements

Measured in m3

Converted to Wh using:
– Atmospheric pressure (Met Offi ce)
– Altitude (from OS map)
– Calorifi c value (from supplier)
– Temperature (measured)

C Electricity generated Output Directly measured Measured in Wh

D Heat supplied Output Directly measured Measured in Wh

E Case loss Output Calculated from 
measurements

Calculated in Wh based on:
– Surface area of system
–  Temperature (measured at multiple 

locations across the case)

F Flue loss Output Calculated from 
measurements

Calculated in Wh based on:
– CO2 spot measurements
– Reference data
–  Temperature (measured at a set distance 

from the end of the fl ue)

Table 1 Parameters for the energy balance calculation

Micro-CHP 
or

boiler system

Electricity used

Gas used

Electricity generated

Heat supplied

Case loss

Flue loss

ENERGY IN        =        ENERGY OUT
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Figure 12 illustrates the overall data collection process 
from site through to accepted data.

There are a number of key rules used for the data 
acceptance process as listed below:

•  Each individual day of data is accepted if the energy 
balance calculation falls within the normal expected 
range (93-103%)

•  If the energy balance calculation falls outside of the 
normal range, the data elements are reviewed manually 
to determine whether substitution is appropriate. 
Specifi cally, the following core data parameters are 
cross-checked and correlated with other data:

 – Engine gas use
 – Engine electricity use
 – Heat out
 – Electricity generated.

•  Where manual inspection of the data suggests no failure 
of the engine or monitoring equipment, the daily data 
set is accepted. Although the energy balance indicates 
a potential discrepancy, this does not mean that the 
information captured is incorrect, rather that the calibration 
factors may be imprecise for the particular day. For 
example, this could occur for periods of unusually high 
or low use, such as weekends or holidays. Such days are 
always included as this is representative of genuine user 
behaviour. The errors introduced by including such data 
are expected to be negligible provided the energy balance 
for the overall month is within acceptable limits. 

•  Where manual inspection identifi es that more than one of 
the core data parameters (as defi ned previously) is missing 
or incorrect, a complete data set from an adjacent day is 
used to replace the corrupt data. This substitution takes 
into account weekends and holiday periods and ensures 
that an appropriate day is identifi ed for substitution. 
Where several sequential days of data are not usable, an 
equivalent block of data is substituted, taking into account 
external temperatures and seasonal factors. If data from 
a number of sequential weeks are not usable, a similar 
period from an adjacent year is substituted, taking degree 
day analysis into account. If no appropriate substitution 
data are available, this period is excluded from the analysis.

Figure 12 Data acceptance process

Data EvaluatorData AuditorSite

• Parameters measured 
at 5-minute intervals

• Produces set of 
measurements each 
day for each site

• Sends data to the 
Data Auditor at end 
of the month

• Collates data files for 
each day of the month

• Creates summary 
monthly data file

• Carries out energy 
balance validation

• Investigates site issues 
identified from data

• Performs any data 
substitution required

• Adds valid days to 
monthly and annual 
databases

• Evaluates findings

Data Monitor
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•  Where only one item of the core data parameters (as 
defi ned previously) is missing from a particular day’s data, 
this data item can be substituted based on extrapolating 
the missing value from previously gathered data for the 
site in question. It is possible to build statistically accurate 
correlations between the gas input, heat out and power 
generated for a particular installation, allowing data 
to be extrapolated with a high degree of confi dence. 
However, such substitution can only be carried out after 
a signifi cant amount of data has been accumulated for 
that site and the relationship between core parameters 
is clearly understood. An example of such relationships 
is shown in Figure 13 for one specifi c site where many 
months of data have been gathered.

Records are kept detailing all the substitution that is carried 
out. After the monitoring period for a machine ends, 
wherever possible, periods with high levels of substituted 
data are not used.

3.7 Carbon performance assessment

A core aim of the Micro-CHP Accelerator is to determine 
the carbon saving potential of Micro-CHP systems in 
domestic and small commercial environments. However, 
due to the variability of fi eld data and the challenges of 
achieving statistical signifi cance, ascertaining such carbon 
savings is a complex process.

3.7.1 Essential principles

The following are principles which have been identifi ed as 
essential in order to understand the potential carbon savings 
from Micro-CHP:

•  Relevant comparison baseline – in order to determine 
the carbon saving performance of Micro-CHP systems, 
the fi eld data gathered should be compared against 
equivalent baseline data for the comparison technology 
(condensing boilers). Real-world performance is often 
more variable than theory would suggest and comparing 
actual Micro-CHP performance against theoretical boiler 
performance risks understating the potential benefi ts 
of the technology. The project addresses this by running 
parallel trials of both Micro-CHP and boilers.

Figure 13 Example substitution correlation graph for single site (daily data)
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The comparison baseline for Micro-CHP performance is 
heat from an A-rated condensing boiler and electricity from 
the grid. Although B-rated boilers comply with the current 
Building Regulations, the Carbon Trust considers A-rated 
boilers to be the appropriate baseline for comparison as the 
best available alternative technology. This assumption is 
backed up by recent UK gas boiler sales information which 
highlights that the majority of boilers sold in the UK are 
now A-rated, as shown in Figure 14.

•  Consistent methodology – determining potential carbon 
savings also requires an equivalent methodology to be 
used for analysing the thermal and electrical performance 
of Micro-CHP systems and boilers. In particular, this 
must include consistent treatment of the electrical usage 
of these systems in all carbon calculations. The project 
addresses this by ensuring that the electrical use of 
all controllers, pumps and fans is included consistently 
in all measurements and analysis for both Micro-CHP 
and boilers. In particular, where pumps are installed 
externally to the heating device under examination, 
the electricity use of these is included in the analysis for 
consistency with other devices that have internal rather 
than external pumps.

•  Representative annual data – the performance of 
Micro-CHP systems is highly seasonal in environments 
such as domestic houses. This means that while signifi cant 
amounts of electricity may be generated during the heating 
season (with associated potential carbon savings), there 
may be limited electricity generation during summer 
months. As a consequence, any evaluation of performance 

and potential carbon savings must be seasonally balanced. 
The project addresses this by aiming to capture a full year 
of data and to ensure that all comparisons take into account 
seasonal factors. In practice engine failure and monitoring 
equipment breakdown mean that it is not always possible 
to collect a full year of data for all Micro-CHP and boiler 
sites. In some cases monitoring has taken place for 
more than a year in order to make up for missing periods 
of data.

3.7.2 Comparison metrics

There are several potential metrics which can be used to 
assess the performance of Micro-CHP systems and boilers. 
The most obvious metric is system effi ciency, which can be 
further decomposed into thermal and electrical effi ciencies, 
but this does not account for the different carbon intensities 
of gas and electricity. To measure carbon performance, this 
report uses two key metrics, the Carbon Benefi ts Ratio (CBR) 
and the absolute carbon emissions.

Thermal and electrical effi ciency

In the UK, boilers are given seasonal effi ciency ratings 
under the SEDBUK measurement system, which allows 
performance comparisons to be made between different 
models31. The performance of gas boilers is conventionally 
assessed and compared using a thermal effi ciency rating, 
which is simply the ratio of heat produced to gas input32, 
based on the gross calorifi c value of the gas33.

A similar thermal effi ciency ratio can be calculated for 
Micro-CHP systems and this value will always be less than 
that for an equivalent condensing boiler, as some of the 
input energy for Micro-CHP is used to generate electricity.

The ‘electrical effi ciency’ of Micro-CHP systems can also 
be calculated as the ratio of net electricity generated to 
gas input. For comparison purposes, a similar ‘electrical 
effi ciency’ ratio can be calculated for condensing boilers, 
although this will always be negative as boilers are net 
consumers rather than producers of electricity34.

However, when comparing overall carbon emissions 
performance, effi ciencies are not the most useful metric. 
The main reason for this is the signifi cant difference in 
carbon intensity between gas and electricity, which means 
that each kWh of net electricity generated by a Micro-CHP 
system offsets signifi cantly more carbon emissions than 
each kWh of additional gas emits when it is burnt35.

Figure 14  Breakdown of UK domestic gas boiler sales 
by SEDBUK rating 2006/07 (Source: Energy 
Saving Trust)

31  Seasonal Effi ciency of Domestic Boilers in the UK (SEDBUK). Used to assess boiler performance via standard laboratory tests and calculate an overall seasonal effi ciency 
which is converted into an A-G effi ciency rating.

32  The actual effi ciency of any system is (total energy out) / (total energy in) and should therefore include the electricity used by the boiler. However, electricity use is not 
included in the SEDBUK assessment.

33  Gross calorifi c value (CV) includes the energy used to evaporate the moisture contained in the gas, as opposed to net CV which does not include this. Effi ciencies 
calculated using the net CV of a gas are generally several percentage points higher than those calculated using the gross CV and may be greater than 100% if the 
moisture in the fl ue gas is condensed. In the UK it is standard practice to use the gross CV when calculating effi ciencies; however, the net CV is often used in other 
European countries and by a number of heating device manufacturers.

34  In the case of boilers, where electricity is consumed, the ‘electrical effi ciency’ term is negative and refers to the percentage of electricity consumed by the boiler per unit 
of gas burnt. These fi gures are not strictly effi ciencies but the term ‘electrical effi ciency’ is used for consistency with the analysis of Micro-CHP units.

35  For example, using carbon emissions factors of 0.568kgCO2/kWh for electricity and 0.19kgCO2/kWh for gas, each kWh of electricity generated offsets nearly three 
times the carbon emissions of each kWh of additional gas used.

A-rated 71%

B-rated 19%

Other 10%
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Carbon Benefi ts Ratio (CBR)

This report uses the CBR as one of the core metrics for 
assessing relative carbon performance. It is defi ned 
as follows:

where:

HeatOutput  =  space heating provided (kWh) + 
water heating provided (kWh)

ElectricityGenerated  =  gross electricity generated by the 
system (kWh)

GasUsed  = gas used by the heating system (kWh)

ElectricityUsed  =  electricity used by the system 
(controller, pump etc) (kWh)

CEFgas  =  carbon emissions factor for gas 
(kgCO2/kWh)

CEFelec  =  carbon emissions factor for 
electricity (kgCO2/kWh)

The CBR gives due credit for locally produced electricity as 
well as accounting for electricity consumed by the unit and 
its controls. It can be used for both Micro-CHP systems and 
boilers (although the ElectricityGenerated will always be 
zero for boilers) and allows the carbon performance of the 
two technologies to be compared in a consistent manner.

The CBR can be calculated for data over any time period 
but it is generally agreed that the best method of analysing 
Micro-CHP and boiler performance is to consider the overall 
annual performance. However, monthly CBR fi gures also 
provide a useful insight into key performance trends and 
operation at different times of year.

Absolute carbon emissions

While the CBR provides an excellent metric for comparing 
the relative performance of different systems, as a ratio it 
provides no indication of the absolute carbon emissions for 
a given CBR value. In order to estimate the potential carbon 
savings from switching from a condensing boiler to a 
Micro-CHP system, it is necessary to understand the absolute 
carbon emissions for each technology and to identify the 
extent to which the actual emissions for Micro-CHP are 
lower than those for a boiler.

The key challenge in comparing performance using the 
absolute carbon emissions is to ensure that like-for-like 
comparisons are made. For example, the absolute 

emissions for Micro-CHP and boilers could potentially be 
compared for houses which are equivalent in terms of the 
level of heat demand, age or size. As the houses used for 
the Micro-CHP and boiler trials are necessarily different it 
is not possible to directly measure the ‘carbon savings’ for 
a given property. However, by ensuring that similar types 
of houses are included in both trials and by performing 
appropriate statistical comparisons, it is possible to 
estimate the typical carbon savings potential for certain 
given scenarios.

The absolute carbon emissions for Micro-CHP and boiler 
systems are as defi ned below:

CarbonEmissions = GasUsed x CEFgas + (ElectricityUsed –
ElectricityGenerated) x CEFelec

Where ElectricityGenerated = 0 for boilers.

3.7.3 Carbon emission factors

The carbon saving potential of Micro-CHP depends on its 
ability to generate electricity locally and offset the need 
for an equivalent amount of electricity to be generated 
by some form of central plant. When assessing the carbon 
performance of Micro-CHP, it is therefore necessary to make 
appropriate assumptions about which technology would 
have generated the electricity, had the Micro-CHP unit not 
done so.

At any given moment, UK grid electricity is derived from a 
mix of different types of power generation. As a result, grid 
electricity has a carbon intensity which is a composite of 
these forms of generation, ranging from near zero emissions 
technologies, such as nuclear and renewables, to plant with 
high carbon emissions, such as coal-fi red power stations. 
Thus, the potential carbon savings that can be attributed 
to the displacement of grid generated electricity vary 
signifi cantly, depending on the assumptions made regarding 
the generating plant being displaced.

Before deregulation of the UK electricity market, the Central 
Electricity Generating Board (CEGB) would determine which 
plant operated according to the needs at the time. It was 
relatively easy to predict which plant would be displaced, 
should other forms of generation appear. However, in the 
current deregulated market, the marginal plant is chosen 
on an economic basis depending on a complex mix of local 
and global factors, and short-term profi tability normally 
determines which plant are operated. In recent years, coal 
has often been favoured over gas for a complex set of 
reasons including the remaining economic life of the plant, 
the expected future cost of carbon and relative prices of 
coal and gas.

(HeatOutput x CEFgas + ElectricityGenerated x CEFelec)

(GasUsed x CEFgas + ElectricityUsed x CEFelec)
CBR =
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This report uses the term carbon emissions factor (CEF, with 
units of kgCO2/kWh) to refer to the ratio used to calculate 
the carbon emissions associated with use of a particular 
source of energy. The CEF for electricity is of particular 
importance when assessing the potential carbon savings 
from use of Micro-CHP systems. There are two main 
options for determining the appropriate CEF for electricity 
to use when assessing the performance of Micro CHP and 
boilers, as follows:

•  ‘Grid mix’ – the grid mix emissions factor is based on 
the average carbon intensity seen on the UK grid over a 
relevant period. In recent years, a fi gure of 0.43kgCO2/kWh 
has been used by most organisations in line with Defra’s 
Environmental Reporting Guidelines36. The 2005 version 
of the Government’s Standard Assessment Procedure 
(SAP) for energy rating of dwellings suggests a similar 
but slightly lower fi gure of 0.422kgCO2/kWh37. However, 
at the time of writing the actual grid mix is believed to 
be 20-30% higher than this (0.52kgCO2/kWh) in practice 
due to the recent switch back to coal generation plant 
resulting from higher gas prices and other factors38.

•  ‘Marginal plant’ – the marginal plant emissions factor 
is based on the premise that certain types of plant, most 
notably nuclear and some renewables, are expected to 
generate constantly, regardless of the total UK electricity 
demand. As a result, a fossil-mix carbon intensity is often 
calculated to represent the ‘marginal plant’ that might be 
displaced by electricity generating low-carbon technologies. 
The 2005 version of the Standard Assessment Procedure 
(SAP) suggests a value of 0.568kgCO2/kWh for electricity 
displaced from the grid.

The benefi t of the ‘marginal plant’ approach is that it credits 
Micro-CHP with the potential to displace generating plant 
that is more carbon intense than average. This is backed 
up by the results presented in this report, which indicate 
that Micro-CHP units are likely to generate electricity at 
times of relatively high demand on the grid, including 
daytime/evening and during the winter.

The benefi t of the ‘grid mix’ approach is that it is more likely 
to be refl ective of the carbon intensity of the grid in future. 
This is because the EU-wide and UK Government targets 
for decarbonising the electricity supply imply that the carbon 
intensity of the grid will necessarily be signifi cantly lower 
in future. To this extent the marginal plant approach may 
overstate the future carbon savings potential of Micro-CHP. 
However, this is balanced by the fact that the performance 
of Micro-CHP systems is expected to improve in the 
coming years. 

The Carbon Trust considers it more informative to obtain 
a robust view of current Micro-CHP performance using a 
current view of the grid, than to use the long-term grid mix 
with a theoretical view on potential future performance of 
Micro-CHP units.

For the purposes of clarity, a factor of 0.568kgCO2/kWh has 
been used predominantly throughout this report. There is 
no one right value to use, but this has been adopted in light 
of the above considerations. In particular, this includes the 
fact that the average carbon emissions factor is known to 
be currently at a level well above the long-term grid mix 
and the fact that Micro-CHP units have been seen to generate 
most at times of peak electricity demand.

However, in some parts of the report the effect of assuming 
a different factor is noted for reference. For consistency 
of comparison, the same emissions factors are used in 
calculations for both Micro-CHP and boilers.

3.8 Micro-CHP fi eld trial

3.8.1 Introduction

When the Micro-CHP Accelerator was developed in early 
2003, the technologies were classifi ed as small-scale CHP 
(3-30kW electrical output) and micro-scale CHP (0-3kW 
electrical output). However, the EU Cogeneration Directive 
defi nes micro-cogeneration as units up to 50kW electrical 
output and small-scale cogeneration as units up to 1MW 
electrical. To ensure consistency in terminology, the 
Carbon Trust has modifi ed its defi nitions and now uses 
the term Micro-CHP to refer to all the technologies included 
in this project. The different technologies are then further 
sub-divided into sub-categories of domestic Micro-CHP 
and commercial Micro-CHP.

In general the commercial Micro-CHP units in the trial are 
based on proven IC engine technology which can provide 
for larger heat demands where long and consistent run 
times are expected. By contrast, the domestic Micro-CHP 
units are based on Stirling engine technology, as the systems 
are inherently smaller and quieter and thus more suited for 
domestic use.

Domestic Micro-CHP

A domestic Micro-CHP installation involves a Micro-CHP 
unit being installed as the sole heating system in place of 
a standard boiler to serve a single household (or a small 
business in a domestic-style property). The unit is sized 
to provide the maximum heat demand expected for the 
property. Typical Stirling engine domestic Micro-CHP systems 
have peak thermal outputs in the range of 8-15kW and peak 
electrical outputs in the range of 1-3kW.

36  Until June 2007 the Defra Environmental Guidelines used 0.43kgCO2/kWh as the emissions factor for electricity. The revised version refers to this as the ‘long-term 
marginal factor’ and shows that emissions factors have been higher than this in recent years: www.defra.gov.uk/environment/business/envrp/pdf/conversion-factors.pdf

37  Standard Assessment Procedure (SAP) 2005: http://projects.bre.co.uk/sap2005/pdf/SAP2005.pdf

38  Similarly the grid carbon intensity mix may reduce again over the coming years. For example, there may be an increase in the use of CCGT electricity generation 
in response to additional gas supplies reaching the UK via a new inter-connector from Holland and increasing shipments of LNG.
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Figure 15 provides a schematic illustration of the basic 
domestic Micro-CHP confi guration, which includes a hot 
water tank in all cases. Some manufacturers have proposed 
developing combination (or ‘combi’) Micro-CHP systems 
in future, to avoid the need for a hot water tank. However, 
no such units are known to be near market at the time 
of writing. It is also likely that such systems would have 
a lower power-to-heat ratio than systems using stored hot 
water due to an increased likelihood of shorter run times.

For existing properties, the simplest and cheapest Micro-CHP 
installation involves retrofi tting the Micro-CHP unit in place 
of a conventional boiler and integrating it with the existing 
hot water tank and heating system. However, an alternative 
approach is to modify the whole heating system to be fully 
optimised for a particular Micro-CHP appliance and the 
property in question. An example of this is the use of a 
thermal store to de-couple the Micro-CHP system from the 
central heating system and domestic hot water production. 
Such a revamp of a typical domestic heating system has 
major cost implications, but in theory it should also have 
operational advantages. However, in practice, such heat 
stores also require additional pumping energy and have 
standing losses, so there may not be an overall advantage. 
The fi eld trial contains both types of installation and further 
analysis of this issue is in progress.

Commercial Micro-CHP

In a small commercial installation, the Micro-CHP unit is 
designed to act as lead boiler in the plant room for a small 
commercial environment, alongside conventional boilers. 
Typical IC engine commercial systems have peak thermal 
outputs in the range of 12-25kW and peak electrical outputs 
in the range of 5-10kW. They are best suited to applications 
such as care homes, community heating schemes, leisure 
centres and hotels where there is a substantial and consistent 
heat demand throughout the year. Figure 16 provides a 
schematic illustration of the basic commercial Micro-CHP 
plant confi guration.

The optimal sizing of the Micro-CHP plant relative to the 
total plant load and installed boiler capacity is a continuing 
point of discussion between professional engineers. 
Although larger Micro-CHP installations can potentially 
provide higher electrical outputs and therefore higher 
cost and carbon savings, it is important not to oversize 
the Micro-CHP plant. Oversizing can reduce operational 
reliability by increasing the tendency for the system to 
cycle on and off. In general, systems should ideally be 
sized to ensure Micro-CHP operating hours of 6,000 hours 
per year or more.

Figure 15 Schematic of domestic Micro-CHP installation

Figure 16  Schematic of commercial Micro-CHP plant installation
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In a building with space heating and modest hot water 
requirements, this can result in the specifi cation of a 
Micro-CHP system with a thermal output of less than 15% 
of the installed capacity of the plant within the boiler house. 
This may appear small, but the Micro-CHP unit, as the lead 
boiler, often still provides around one third of the overall 
annual heat demand.

For example, a Baxi Dachs unit (~12kW thermal) might be 
best installed in a boiler house with a capacity of over 120kW 
whereas an EC power unit (17-29kW thermal) might be best 
installed in a boiler house with a capacity of over 250kW, 
although the latter is range rated. These values are very 
indicative, as many existing boiler houses are considerably 
oversized, especially if the heating is critical, as in a 
nursing home.

Another key sizing consideration is the expected electrical 
output of the system relative to the site base load electricity 
demand. In the absence of electricity export tariffs, suitable 
sites are often specifi cally selected to ensure that all the 
electricity generated will generally be used on-site. If export 
tariffs were to be available, Micro-CHP units could be 
economically viable for a wider range of commercial sites, 
provided their heat demands are still large enough to 
ensure good operational reliability.

In some cases there may also be benefi t from using a thermal 
store to isolate the commercial Micro-CHP system from 
the overall heating system. Such a design may provide an 
associated reduction in stop/start operation and can also 
provide an effective buffer to assist in the production of 
hot water at times of peak demand. However, there are 
also concerns that the heat losses associated with currently 
available thermal stores may be such as to undermine 
any potential benefi ts. Most of the commercial Micro-CHP 
systems in the Carbon Trust fi eld trial have been installed 
without thermal stores.

3.8.2 Field trial units

The Micro-CHP fi eld trial involves detailed ‘real-life’ 
monitoring of 87 Micro-CHP installations at a variety of 
different sites across the UK. Of these sites, 72 are domestic 
installations and the remaining 15 are in the commercial/
non-domestic sector. 

The Carbon Trust intends to monitor each site for a minimum 
of one year so that seasonal variation in heat demand is 
accounted for. By the end of June 2007, a total of 890 valid 
months of domestic operation and 85 valid months of 
commercial operation had been collected. A total of 43 
domestic and three commercial sites had produced 12 or 
more continuous months of valid data and the majority of 
these have now been decommissioned from the trial. The 
remainder will continue to be monitored until they deliver 
a full year of data, or until the end of the scheduled project 
monitoring period. 

The fi eld trial units include ten different designs of Micro-CHP 
system using three different technologies as listed in Table 2. 
The majority of domestic Micro-CHP units in the trial are 
Whispergen Mk4 and Mk5 devices and the majority of 
commercial Micro-CHP units are Baxi Dachs devices.

39  In February 2007 BG group announced the closure of Microgen. In August 2007 the formation of Microgen Engine Corporation was announced, in partnership with Stirling 
engine developer Sunpower and various European boiler manufacturers. This new company is expected to continue developing the original Microgen technology.

Ref Manufacturer Model Technology Status

1 Baxi Dachs IC engine (natural gas) Mature

2 Baxi Dachs IC engine (oil) Mature

3 EC Power XRGI 13 IC engine Early market

4 Fiat Totem IC engine No longer made

5 Frichs Frichs 22 IC engine Mature

6 Disenco Home Power Plant Stirling engine In development

7 Microgen39 Microgen Stirling engine In development

8 Whispergen Mk4 Stirling engine No longer made

9 Whispergen Mk5 Stirling engine Early market

10 Baxi Innotech Home Heat Centre PEM fuel cell Prototype

Table 2 Micro-CHP device types involved in fi eld trial
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3.8.3 Comparison with UK building stock

Domestic sites

The domestic sites in the Micro-CHP trial are all typical of 
UK housing and were chosen by the device suppliers as 
described in Section 3.6.2. However, with a sample size of 
around 70 units, there is no guarantee that the sites chosen 
are necessarily representative of a typical mix of UK 
housing stock.

In order to understand the implications of the fi eld trial in the 
wider context of UK housing it is therefore of interest to 
compare the nature of the sites in the trial with known data 
on the UK housing stock. To achieve this, the key parameters 
for the domestic sites in the trial have been compared with 
the English House Condition Survey (EHCS)40.

Figure 17 compares the dwelling size by fl oor area for the 
Micro-CHP trial sites against those covered by the EHCS. 
This shows that the trial includes a good mix of domestic 
house sizes ranging from the very small (less than 50m2) 
to the very large (over 110m2). There is a reasonable fi t 
with the EHCS data, although the trial includes a slightly 
higher proportion of sites with fl oor areas above 70m2 
and a slightly lower proportion of smaller houses.

Figure 18 compares the dwelling age for the trial sites 
against those covered by the EHCS. Again this shows that 
the trial includes a good mix of ages ranging from pre-1920s 
housing through to modern housing. It can be seen that, 
while houses of a variety of different ages are included, the 
trial has a higher proportion of houses built since 1980. There 
are over 15 new build houses included in the Micro-CHP 
trial and this refl ects the fact that some manufacturers 
initially found it easier to sell units into new developments 
than as a retrofi t solution for existing homes.

Figure 17  Comparison of Micro-CHP site size with the 
English House Condition Survey
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Figure 18  Comparison of Micro-CHP site age with the 
English House Condition Survey
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40  English House Condition Survey Annual Report 2005, Communities and Local Government, June 2007.
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Small commercial sites

The small commercial sites in the Micro-CHP trial are all 
installed in similar environments, principally care homes 
and residential/community heating applications with 
suffi ciently high and consistent base-load heat demands to 
justify the use of Micro-CHP. The common factor shared by 
these sites is that they were chosen so that the Micro-CHP 
system would operate for long time periods providing 
base load heating/hot water requirements all year round. 
Other types of small commercial applications, for example 
those with less consistent heat demand patterns, are not 
considered to be appropriate for the current commercial-
scale Micro-CHP systems based on internal combustion 
engines and are not being targeted by the manufacturers 
that currently provide these systems.

Commercial Micro-CHP systems are typically used to provide 
continuous base-load hot water and heating needs and are 
installed in controlled boiler room environments. The system 
controls (frequently a building energy management system) 
are confi gured so the Micro-CHP is the fi rst unit to operate 
for either or both central heating and hot water, with other 
conventional boilers providing additional heat as necessary. 
One of the IC Micro CHP designs in the trial also has a 
more sophisticated control system that reduces system 
output if the site begins to export electricity.

The commercial Micro-CHP installations generally see 
much less variability in heat demand and limited seasonal 
variation compared to domestic Micro-CHP installations. 
Although the trial sample size of 15 commercial sites is 
limited in scope, this group of sites is considered to be 
broadly typical of the types of small commercial buildings 
where Micro-CHP is likely to be installed in the UK. The level 
of annual heat demand met by the commercial Micro-CHP 
systems in the trial is broadly in the range of 50MWh to 
500MWh per year. However, as the units operate as lead 
boilers alongside conventional boiler plant, they are installed 
in sites with capacities typically ranging from 100kW to 
1MW and associated overall heat demands typically in the 
range of 150MWh to 2,000MWh per year, and in one case 
as high as 3,500MWh per year. 

The percentage of the overall heat demand met by the 
Micro-CHP system is typically in the range of 10-45%. It is 
generally common practice for the Micro-CHP to be sized 
to provide around a third of the demand, although this 
is site dependent. In addition to the level of heat demand, 
sizing is to some extent governed by the available export 
tariffs. In certain cases, commercial Micro-CHP installations 
could be sized to provide a higher proportion of the overall 
heat demand (and hence a higher level of electricity output 
and carbon savings) if attractive export reward tariffs were 
available. A few of the Micro-CHP systems in the trial have 
provided a very low proportion (less than 10%) of the heat 
and this is attributable either to poor operational performance 
or the fact that they are undersized relative to the optimum 
sizing for the site.

3.9 Condensing boiler fi eld trial

3.9.1 Introduction

The aim of the Carbon Trust’s fi eld trial of condensing 
boilers is to install and monitor a range of market leading 
boilers in real operating environments and to determine 
a relevant performance baseline against which to compare 
the performance of Micro-CHP units.

This trial was not part of the original project scope, but 
was added later to ensure that Micro-CHP units could be 
compared against boiler performance in real operating 
environments, rather than theoretical behaviour in 
laboratory tests. A range of theoretical work and laboratory 
tests had previously been carried out in an attempt 
to quantify condensing boiler performance, but it was 
concluded that this did not provide a suffi ciently robust 
reference point against which to compare Micro-CHP 
systems. The most recent data on boiler performance 
from previous fi eld trials is now well over ten years old 
and the design and installation of condensing boilers 
have changed considerably since that time41.

The condensing boiler trial uses an identical measurement 
and data processing methodology to that used for the 
Micro-CHP trial and therefore provides a complementary 
data set against which the performance of Micro-CHP 
units can be compared in a fair and consistent manner.

All of the condensing boilers included in the fi eld trial are 
‘system’ boilers, installed as part of tank-based heating 
systems. There are no combination (or ‘combi’) boilers 
involved in the trial and this is for consistency of comparison 
with the Micro-CHP units, which are not available as 
a ‘combi’ unit and always require tank-based heating 
systems. Figure 19 provides a schematic illustration of 
the basic domestic boiler confi guration involved in the 
trial, which includes a hot water tank in all cases, as per 
the Micro-CHP systems.

Figure 19  Schematic of a domestic (system) boiler installation

41  Keefe, The In-Use effi ciency of High Effi ciency Gas Fired Condensing Boilers, University of Manchester, 1990. 
British Gas plc, UMIST Condensing Boiler Field Study, Restricted Distribution, 1987.
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The Carbon Trust is also working in close collaboration with 
the Energy Saving Trust (EST) which has recently started 
a complementary boiler fi eld trial42. The EST trial will build 
on the Carbon Trust’s work, and will also investigate other 
aspects of boiler performance, including a comparison of 
‘system’ and ‘combi’ boiler performance and an investigation 
into the use of secondary heating systems. The EST has 
adopted the same data collection methodology as that 
used by the Carbon Trust trials, and this will allow the two 
data sets to be combined and analysed together in future.

3.9.2 Field trial units

The Carbon Trust fi eld trial includes 27 boiler installations 
covering 16 condensing boiler models from six different 
manufacturers, as listed in Table 3. The seasonal effi ciency 
and overall performance ratings are shown for each, taken 
from the SEDBUK database. All but one of the boilers 
included in the fi eld trial are A-rated units with SEDBUK 
ratings of over 90%.

3.9.3 Comparison with UK housing stock

The sites in the condensing boiler trial are all typical of 
UK domestic housing. They were chosen to cover houses 
of a range of different ages and with a range of different 
heat demand levels. However, with a sample size of less 
than 30 units there is no guarantee that the sites chosen 
are necessarily representative of a typical mix of UK 
housing stock. 

42  For further details on the EST boiler monitoring project please contact James Russill: james.russill@est.org.uk

43  The Microstar MZ22C boiler is not listed on the SEDBUK database so the effi ciency is not known. However, it is a similar model to an existing B-rated boiler.

Ref Manufacturer Model Seasonal effi ciency SEDBUK rating

1 Gledhill AGB5025 90.4% A

2 Ideal Icos HE36 90.7% A

3 Icos M3080 90.2% A

4 Baxi Promax 24HE Plus 90.9% A

5 Vaillant Ecomax 618/2E 91.2% A

6 Ecomax Pro 18E 90.4% A

7 Ecomax Pro 28e 90.6% A

8 Ecotec Plus 618 91.2% A

9 Ecotec Plus 624 91.2% A

10 Ecotec Plus 630 91.2% A

11 Worcester Greenstar 12Ri 90.1% A

12 Greenstar 15Ri 90.1% A

13 Greenstar 18Ri 90.1% A

14 Greenstar 24i 90.2% A

15 Greenstar HE ZB7-27 90.7% A

16 Yorkpark Microstar MZ22C43 Not known B

Table 3 Condensing boiler types involved in fi eld trial (effi ciencies and SEDBUK ratings from www.sedbuk.com)
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As for the Micro-CHP sites, the condensing boiler trial sites 
have been compared with the English House Condition 
Survey (EHCS). Figure 20 compares the dwelling size 
by fl oor area for the boiler trial sites against those in the 
EHCS. This shows that the trial includes a wide range of 
domestic house sizes, but that the fi eld trial house sample 
is skewed towards having a greater proportion of larger 
houses with fl oor areas greater than 110m2.

Similarly, Figure 21 compares the dwelling age for the boiler 
trial sites against those covered by the EHCS. Again, this 
shows that the trial includes a good mix of ages ranging 
from pre-1920s housing through to modern housing. It can 
be seen that the spread of house ages in the trial matches 
reasonably closely with those in the EHCS.

3.10 Laboratory testing

In addition to the fi eld trials of Micro-CHP units and 
condensing boilers, the project will include a detailed set of 
investigative laboratory testing to further enhance the level 
of understanding of Micro-CHP and boiler performance.

Although fi eld based analysis is essential for evaluating the 
true performance of individual Micro-CHP units and boilers, 
the causes of many of the behaviours observed in the fi eld 
will not necessarily be apparent from the results. An example 
of this is the signifi cant difference in performance that has 
been observed between apparently identical Micro-CHP 
units operating in similar houses and with nearly identical 
heat loads. There are a number of factors which could be 
causing this divergence in performance, including occupant 
behaviour, the quality of system installation and the locations 
and settings of thermostats, controllers and thermostatic 
radiator valves. The different drivers affecting performance 
are reviewed in more detail in Section 5.

The aim of the laboratory tests will be to recreate fi eld trial 
scenarios under controlled conditions. This will allow key 
variables, such as thermostat settings, to be individually 
altered to understand the impact of such factors on 
performance. The tests will use actual data from the fi eld 
trial to defi ne operating conditions, but then include sensitivity 
analyses to identify those parameters which most infl uence 
performance. In this way the tests will aim to recreate 
important fi ndings from the fi eld to analyse them in more 
detail. Similar tests will be carried out for both Micro-CHP 
and condensing boilers to allow further comparison.

The laboratory testing will take place using a testing rig which 
has been built specifi cally for the project. Unlike conventional 
test rigs which run under ‘static’ operating conditions 
(i.e. essentially constant water return temperatures), the new 
rig is ‘dynamic’ and therefore adjusts the environment in 
which the boiler is operating, depending on the output of 
the boiler, thus more accurately simulating the behaviour 
of a real house and heating system. Conventional boiler 
test rigs also effectively require operation of the heating 
appliance with its intelligent control logic disabled; in 
contrast the dynamic rig investigates the performance 
of the whole package as operated in the home.

At the time of writing, the rig has been built and 
commissioned and is in the process of being calibrated 
against data from the fi eld trial. Once this is complete a 
wide range of different tests will be carried out for both 
Micro-CHP units and boilers. The results of this will be 
combined with knowledge of fi eld performance to allow the 
key characteristics which determine the good performance 
of an installation to be identifi ed. Further details on the 
laboratory testing rig can be found in Appendix A.

Figure 20  Comparison of boiler site size with the English 
House Condition Survey
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Figure 21  Comparison of boiler site age with the English 
House Condition Survey
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4 Core fi eld trial fi ndings

4.1 Introduction

The following sections present the core fi ndings from the fi eld 
trials of Micro-CHP devices and condensing boilers. All results 
have been gathered and assessed using the methodology 
described in Section 3.6. It should be noted that the results 
and fi ndings presented only refer to the specifi c units 
included in the trial and are not necessarily representative 
of all types of Micro-CHP unit or condensing boiler.

4.2 Condensing boiler performance

Before looking in detail at Micro-CHP systems, this section 
reviews the performance of the condensing boilers in the 
fi eld trial in order to understand the baseline against which 
Micro-CHP will be compared. At the time of writing, between 
1 and 11 months of valid operational data have been 
gathered for each of the condensing boilers in the trial. 
Results from 26 different boilers are included in this report, 
covering 126 complete months of operation.

All of the units monitored are system boilers with hot water 
tanks and there are no combination boilers included44. 
This is to allow consistent comparison with the Micro-CHP 
installations, all of which include hot water tanks. All results 
presented in this section refer to the overall boiler system 
installation, including any pumps installed alongside the 
boiler. Again, this is for consistency with the Micro-CHP 
units, some of which have internal pumps.

Although a full year of data is not yet available for any of the 
individual units, the results gathered are suffi cient to allow 
preliminary conclusions to be drawn regarding performance 
in the fi eld with a reasonable level of confi dence. In particular, 
the results in this report cover the period from July 2006 
to June 2007 and therefore include results from both the 
heating and non-heating seasons. The remainder of the 
trial will extend this data set and allow a more complete 
assessment. It is expected that this data set will be further 
complemented and enhanced by data from the EST boiler 
fi eld trial, which is now underway.

4.2.1 System effi ciency

All but one of the condensing boilers in the fi eld trial are 
SEDBUK A-rated systems, with quoted seasonal effi ciencies 
of over 90%. Figure 22 shows the distribution of monthly 
thermal effi ciency values measured for each of the months 
of condensing boiler operation to date, with the heating 
season months (defi ned as October to March inclusive) 
and non-heating season (defi ned as April to September 
inclusive) highlighted separately. 

It can be seen that although some of the boiler installations 
reach monthly effi ciencies of 90% or more, the thermal 
effi ciency is signifi cantly lower than this for the majority of 
months, including a signifi cant number of heating season 
months. In around a third of cases the monthly effi ciency is 
below 82% and in around two thirds of cases it is below 86%.

 

44  It should be noted that around 70% of new UK domestic boiler installations each year are now in fact combination boilers.

Figure 22 Condensing boiler effi ciency distribution (monthly data)
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At the time of writing, it is not possible to plot measured 
annual effi ciencies, as none of the boiler installations has 
yet reached a full year of operation. While it is illustrative 
to compare the measured monthly effi ciencies with the 
SEDBUK seasonal effi ciency ranges, these results cannot 
be compared directly to SEDBUK as they are based on 
monthly rather than annual performance. In practice the 
range of measured annual effi ciencies is expected to be 
much narrower than that shown in Figure 22. It will also be 
weighted towards the upper end of the distribution shown, 
due to the more signifi cant relative contribution from the 
heating season months.

Figure 23 plots the heat supplied by the condensing boilers 
against gas used for the same months of operation. The 
slope of the trend line on the graph indicates the average 
asymptotic effi ciency, which is 86%. This is equivalent 
to the lower end of the effi ciency range for B-rated boilers 
on the SEDBUK scale.

These fi ndings suggest that the current installations of 
boilers in homes in the UK may frequently only achieve 
performance at a level around 4-5% below their SEDBUK 
declared effi ciencies. This is not to say that condensing 
boilers fail to perform as designed and manufactured; 
rather that in actual installations the whole heating system 
(both in terms of design and commissioning) and the 
subsequent householder setting of the controls, constrain 
them to less effi cient operation. This implies more work 
needs to be done to ensure that condensing boilers do 
perform to their potential when used in normal UK houses.

A further important implication is that the assumptions used 
to determine SEDBUK declared effi ciencies from laboratory 
data could potentially benefi t from minor adjustments to 
better represent the typically installed operating regimes 
of condensing boilers in the fi eld. Generally, a condensing 
boiler will only operate in condensing mode with a water 
return temperature of 57ºC or below and needs this to fall 
nearer to 50ºC for signifi cant condensation to occur. However, 
in modern systems the use of boiler bypass circuits, 
thermostatic radiator values (TRVs) and oversized boilers all 
tend to increase return temperatures and reduce the likelihood 
of condensing operation. In light of this, it may be that the 
SEDBUK methodology, which assumes a particular period 
of condensing operation across the year (based on fi eld 
trial data from the 1990s), may no longer refl ect the typical 
performance of the most recent installations.

Figure 23 Condensing boilers thermal performance (monthly data)
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4.2.2 Carbon Benefi ts Ratio (CBR)

The CBR is used to assess the relative carbon performance 
of different installations using a common metric. For boilers 
this includes the electricity consumed by boiler controls, 
fans and pumps, which are not included in SEDBUK 
effi ciency calculations45.

Figure 24 shows the distribution of CBR values measured 
for each of the months of condensing boiler operation 
to date, with the heating season months (Oct-Mar) and 
non-heating season (Apr-Sep) highlighted separately. 
It can be seen that the spread is wider than for the thermal 
effi ciencies in Figure 22 and overall the typical CBR value 
is around 4% lower than the standard thermal effi ciency, 
due to the carbon impact of the electricity consumed.

The difference between the thermal effi ciency and the CBR 
is not consistent across the sample and this indicates that 
the level of electricity used by condensing boilers varies 
dramatically between different installations. In some cases 
the CBR has been found to be up to 10% below the thermal 
effi ciency for those boiler installations with particularly high 
electrical use by fans, pumps or controllers. 

To highlight this issue, Figure 25 shows the daily electrical 
usage trends of two similar boiler installations from the 
trial. It can be seen that for a given level of heat supplied 
Boiler 1 uses around two and a half times as much electricity 
as Boiler 2.

Figure 24 Condensing boiler CBR distribution (monthly data)
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Figure 25 Comparing the daily electrical usage of two different boiler installations
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45  However, basic assumptions about the electrical consumption of these items are included in the Seasonal Assessment Procedure (SAP) which uses results from 
SEDBUK to model the likely performance of a given boiler in a particular domestic property.
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This variation in electrical consumption can have a signifi cant 
effect on domestic carbon emissions. In some instances 
boiler installations have been found to have monthly 
electrical consumption as high as 65kWh, which is potentially 
over 15% of the household’s monthly electrical consumption. 

A signifi cant proportion of this variation has been found to 
relate to the way in which equipment is confi gured by the 
installer and the behaviour of householder46. However, there 
also appears to be an opportunity for the boiler industry to 
substantially improve electrical consumption by reducing 
the electrical use of boiler installations, both by the controller 
in standby operation and by the pump and other components 
during operation. This is likely to require manufacturers to 
take a more holistic view of what affects the effi ciency of 
the central heating system as a whole, to ensure that boiler 
installations can get closer to achieving their theoretical 
rated level of performance.

At the time of writing, it is understood that some pump 
manufacturers are already beginning to offer much more 
effi cient pumps in the UK market and their uptake should 
be encouraged. It is also important to ensure that the 
controller is confi gured to ensure that the pump and fan 
are turned off whenever possible between operating cycles 
to minimise use47.

4.2.3 Seasonal variation

Figure 26 shows the variation in average boiler effi ciency 
and CBR by month of the year for the 12-month period of 
operation covered in the trial. 

The average thermal effi ciency improves from less than 80% 
in the summer months to around 87% in the winter months 
due to the longer hours of operation, and the electrical 
effi ciency also improves from a low of -3.5% in summer to 
a high of -1.3% during winter, as the electrical usage becomes 
small relative to the amount of heat generated48. As a result, 
the average CBR is around 10% higher in the winter than 
the summer.

46  For example, setting the boiler thermostat at a lower temperature than the hot water tank thermostat will cause the pump to operate for extended periods trying to 
heat the tank to an unachievable temperature. This sometimes occurs if the tank thermostat gets unintentionally altered within the confi nes of an airing cupboard.

47  The current building regulations place certain requirements on heating systems and their controls, including the need for the controls to ‘lockout’ boiler and pump 
when there is no call for heating or hot water. Consequently systems installed without meeting this requirement are actually in contravention of the building regulations.

48  In the case of boilers, where electricity is consumed, the ‘electrical effi ciency’ term is negative and refers to the percentage of electricity consumed by the boiler per 
unit of gas burnt. As such, these fi gures are not strictly effi ciencies but the term ‘electrical effi ciency’ is used for consistency with the analysis of Micro-CHP units.

Figure 26 Seasonal variation in average boiler effi ciency and CBR (monthly data)
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4.2.4 Boiler sizing and confi guration

The condensing boilers in the fi eld trial are generally 
existing units in homes rather than units specifi cally 
installed for the trial. A signifi cant number of them have 
been found to be substantially oversized for the properties 
in which they are fi tted and this is believed to be common 
practice in the UK. For example, the average peak heat 
load of UK houses is around 6kW, but the size ratings of 
new boilers typically range from 10kW to 30kW.

Furthermore, it appears that systems are typically designed 
and set up to operate with return temperatures which are 
not low enough for effi cient condensing operation over 
long periods. Both these factors are expected to reduce the 
effi ciency of the boilers, but they also represent opportunities 
for substantially improving the fi eld performance of 
condensing boilers and their associated heating systems.

4.2.5 Summary

The key fi ndings to date from the condensing boiler trial 
are summarised below:

•  A wide range of monthly thermal effi ciencies has been 
observed for the boilers in the fi eld trial (all but one of 
which are A-rated), with the overall average effi ciency 
being 86%, around 4-5% below the average quoted 
SEDBUK effi ciency

•  The Carbon Benefi ts Ratio (CBR) values observed for the 
condensing boiler systems are typically around 4% below 
the measured boiler thermal effi ciencies. This is due to 
the carbon impact of the electricity used by the boilers 
and associated pumps etc

•  The amount of electricity used by condensing boiler 
pumps, fans and controllers varies quite considerably 
between different boiler installations. Some installations 
use two to three times the amount of electricity used by 
others to deliver the same amount of heat and this can 
represent up to 15% of household electricity consumption 
in some cases. This appears to be due to a combination 
of the inherent electrical performance of the components 
installed, the decisions taken by the installer and the 
behaviour of the householder

•  A signifi cant number of boilers in the trial have been 
found to be oversized by installers and set up in a manner 
such that they rarely operate in condensing mode. 

The fi nal project report is expected to contain further 
analysis of more boiler data and so will draw more defi nitive 
conclusions. The larger boiler fi eld trial now being run by 
the EST will also provide further data to assess the true 
performance of condensing boilers in the UK and will identify 
potential measures required to address the issues identifi ed.

Table 4 summarises the overall performance of the 
condensing boilers in terms of effi ciency and CBR, based 
on data from all 126 months of valid operation in the trial. 

Table 4 Summary of overall aggregate condensing boiler performance

Parameter NHS HS Total Formula (units)

Period of operation 67 59 126 (months)

Total gas in 46,461 131,901 178,362 GIN (kWh)

Total electricity in 941 1,765 2,706 EIN (kWh)

Total heat out 38,264 114,261 152,525 HOUT (kWh)

Total electricity out 0 0 0 EOUT (kWh)

Overall thermal effi ciency 82.4% 86.6% 85.5% = HOUT/GIN

Overall electrical effi ciency45 -2.0% -1.3% -1.5% = (EOUT–/EIN) / GIN

Overall Carbon Benefi ts Ratio (CBR) 77.7% 83.4% 81.9% = (HOUT.CEFgas+ EOUT.CEFelec)
     (GIN.CEFgas+ EIN.CEFelec)

Key: NHS = non-heating season (Apr-Sep); HS = heating season (Oct-Mar)



40 Micro-CHP Accelerator

4.3  Domestic (Stirling engine) 

Micro-CHP performance

At the time of writing, between two and 24 months of valid 
operational data have been gathered for each of the domestic 
Stirling engine Micro-CHP units in the trial. Results from 
70 different units are included in this report, covering a total 
of 890 complete months of valid operation.

4.3.1 System effi ciency

Figure 27 shows the distribution of thermal effi ciency values 
for each of the months of domestic Micro-CHP operation 
to date, with the heating season months (Oct-Mar) and 
non-heating season (Apr-Sep) highlighted separately.

The thermal performance of the domestic Micro-CHP units 
varies considerably on a monthly basis and is typically 
around 5% higher in the heating season than the non-heating 
season. The thermal effi ciencies are typically 10-15% lower 
than those observed for condensing boilers. This is to be 
expected, as a proportion of the input energy is being used 
to generate electricity rather than to provide heat.

The case loss from a Micro-CHP unit to its surroundings 
also has a further subtle effect on thermal performance. 
Based on the fi eld trial results, the average annual case loss 
for domestic Micro-CHP units is estimated to be around 7% 
of gas used, whereas for boilers this is only around 3% of 
gas used. This discrepancy is thought to be due to Micro-CHP 
units having larger surface areas, reaching higher surface 
temperatures and the fact that a larger proportion of the 
Micro-CHP units in the trial are located outside the heated 
space (for example in a garage). These units are therefore 
in colder environments where the case losses will be larger 
and also less likely to contribute to the useful heat supplied 
to the household.

Figure 27 Domestic Micro-CHP thermal effi ciency distribution (monthly data)
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Figure 28 plots the heat supplied by the Micro-CHP systems 
against gas used for the same months of operation. The 
slope of the trend line on the graph indicates the average 
asymptotic thermal effi ciency, which is around 72%.

Figure 29 shows the distribution of electrical effi ciency 
values for each of the months of domestic Micro-CHP 
operation to date, with the heating season months (Oct-Mar) 
and non-heating season (Apr-Sep) highlighted separately.

These monthly effi ciencies are based on the total net 
electricity generated during a month and therefore take 
into account all electricity used by the controller, pump 
and fan during that period.

The reader should be cautious when comparing the values 
from the trial to quoted electrical effi ciencies for other 
Micro-CHP technologies as these values are often calculated 
as ‘in use’ effi ciencies and fail to take into account the 
parasitic electrical use outside of the periods when the 
Micro-CHP system is generating.

Furthermore, while boiler effi ciencies are calculated in 
terms of gross calorifi c value of input fuel in the UK, some 
Micro-CHP manufacturers quote effi ciencies based on the 
net calorifi c value of input fuel, as is common practice 
in certain other countries. In the case of natural gas, the 
difference is a factor of around 1.1.

Figure 28 Domestic Micro-CHP thermal performance (monthly data)

6,000

5,000

4,000

3,000

2,000

1,000

0
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000

H
e

a
t 

s
u

p
p

li
e

d
 (

k
W

h
)

Gas used (kWh)

R2 = 99.6%

Figure 29 Domestic Micro-CHP electrical effi ciency distribution (monthly data)
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The electrical performance of the domestic Micro-CHP 
units varies considerably on a monthly basis and is 
typically around 3-4% higher in the heating season than 
the non-heating season, where the higher heat demands 
mean that the system is generating for much longer periods.

Figure 30 plots the electricity generated by the Micro-CHP 
systems against gas used for the same months of 
operation. Although there is a clear relationship, this is 
signifi cantly less consistent than for the thermal effi ciency, 
indicating that there is quite a divergence in electrical 
effi ciency between the different domestic Micro-CHP 
installations in the trial.

The typical unit electrical effi ciency is around 6% but this 
has been found to vary between installations and the best 
performing units achieve electrical effi ciencies of over 8%. 
However, none of the four different models of Stirling engine 
monitored in the fi eld has achieved the high electrical 
effi ciencies sometimes quoted within research papers.

4.3.2 Carbon Benefi ts Ratio (CBR)

Figure 31 shows the distribution of CBR values for each 
of the months of domestic Micro-CHP operation to date49. 
It can be seen that the spread is very wide, with a marked 
difference of typically over 10% between heating and 
non-heating seasons. The typical CBR values are higher 
than the thermal effi ciency values shown in Figure 27 due 
to the additional carbon benefi t of the electricity generated, 
which offsets the need for electricity from the grid.

Figure 30 Domestic Micro-CHP electrical performance (monthly data)
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49  All carbon calculations use an electricity emissions factor of 0.568kgCO2/kWh as explained in Section 3.7.3.
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Figure 32 plots the same monthly CBR data against the 
level of heat supplied. This shows that carbon performance 
generally improves with the level of heat supplied and that 
the majority of CBR values under 80% occur for monthly 
heat demands below 1,300kWh50.

This is an important trend that highlights the fact that the 

carbon saving potential of the domestic Micro-CHP systems 

in the trial is signifi cantly enhanced for locations where 

there is a consistent and high demand for heat.

However, on the right hand side of Figure 32 there are a 
handful of data points that appear to break the trend of 
increasing heat demand equating to higher average CBR. 
In fact, all of the points with heat demand above 3,000kWh 
and CBR below 90% are for Stirling engine systems with 
an additional auxiliary burner. These allow higher levels of 
heat to be provided by the Micro-CHP system, but operating 
in ‘boost’ mode with the auxiliary burner has the effect 
of reducing the overall CBR, since additional gas is used 
without a corresponding increase in electrical generation.

Figure 31 Domestic Micro-CHP CBR distribution (monthly data)
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Figure 32 Variation in CBR with heat demand for domestic Micro-CHP (monthly data)
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50  By way of context, average UK domestic monthly heat demands typically vary from a minimum of around 200kWh per month in summer up to a maximum of around 
2,000kWh per month in winter.
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Figure 33 shows an equivalent plot of annual CBR data for 
those domestic Micro-CHP sites where a full year of valid 
data is available. This again shows that carbon performance 
generally improves with the level of heat supplied. For 
example, the average annual CBR for sites with heat demand 
above 15,000kWh per year is 7% higher than the equivalent 
for sites with heat demand below 15,000kWh per year (94% 
and 87% respectively).

Although the overall trend is clear, it should also be noted 
that there remains a good deal of variability. Some sites 
with identical Micro-CHP units achieve CBR values around 
15% higher than others for the same level of heat supplied. 
This is evidence that there is a range of complex factors 
affecting the performance of Micro-CHP. These factors are 
investigated further in Section 5.

4.3.3 Seasonal variation

The earlier charts have already suggested that the 
performance of domestic Micro-CHP systems is highly 
seasonal, with signifi cantly better performance during the 
heating season when longer operating hours improve both 
the thermal and electrical performance of the system. This 
effect is highlighted in Figure 34 which shows how the 
aggregate effi ciencies and CBR vary across the months 
of the year for all valid months of operation to date.

4.3.4 Summary

The key fi ndings to date from the domestic Micro-CHP trial 
are summarised below:

•  Monthly thermal effi ciencies ranging from under 50% 
to 79% have been observed, with the typical effi ciency 
being around 72%

•  Monthly electrical effi ciencies ranging from under 1% to 
over 8% have been observed, with the typical effi ciency 
being around 6%

•  The Carbon Benefi ts Ratio (CBR) values observed are 
typically around 15-20% above the thermal effi ciencies. 
This is due to the carbon impact of the electricity offset 
by the Micro-CHP systems

•  The performance of Micro-CHP systems is highly seasonal 
due to the signifi cant differences in heat demand (and 
therefore electrical generation) during the heating and 
non-heating seasons

•  In general, carbon saving potential improves with the 
level of heat required, indicating that performance will 
generally be better for houses with more consistent and 
higher heat demands

•  Auxiliary ‘boost’ burners allow high levels of heat to be 
provided but can reduce CBRs, since additional gas is used 
without a corresponding increase in electrical generation.

Figure 33 Variation in CBR with heat demand for domestic Micro-CHP (annual data)
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Table 5 summarises the overall aggregate performance of 
the domestic Micro-CHP units in terms of effi ciency and CBR, 
based on data from all 890 months of valid operation in 
the trial.

Figure 34 Seasonal variation in average domestic Micro-CHP effi ciency and CBR (monthly data)
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Table 5 Summary of overall aggregate domestic Micro-CHP performance

Parameter NHS HS Total Formula (units)

Period of operation 443 447 890 (months)

Total gas in 334,459 969,941 1,304,400 GIN (kWh)

Total electricity in 7,717 8,495 16,212 EIN (kWh)

Total heat out 230,947 700,991 931,938 HOUT (kWh)

Total electricity out 21,971 70,673 92,644 EOUT (kWh)

Overall thermal effi ciency 69.1% 72.3% 71.4% = HOUT/GIN

Overall electrical effi ciency 4.3% 6.4% 5.9% = (EOUT–/EIN) / GIN

Overall Carbon Benefi ts Ratio (CBR) 82.7% 91.3% 89.0% = (HOUT.CEFgas+ EOUT.CEFelec)
     (GIN.CEFgas+ EIN.CEFelec)

Key:  NHS = non-heating season (Apr-Sep); HS = heating season (Oct-Mar)
(CBR based on carbon emissions factor of 0.568kgCO2/kWh for displaced electricity)
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4.4  Commercial (IC engine) Micro-CHP 

performance

At the time of writing, between 1 and 24 months of valid 
operational data have been gathered for each of the 
commercial Micro-CHP units in the trial. Results from 
10 different units are included in this report, covering a 
total of 85 complete months of valid operation. In all cases 
the units are internal combustion (IC) engine systems 
rather than Stirling engine systems.

4.4.1 System effi ciency

Figure 35 shows the thermal effi ciency distribution for 
each month of commercial Micro-CHP operation to date 
and Figure 36 shows the corresponding electrical effi ciency 
distribution. 

Figure 35 Commercial Micro-CHP thermal effi ciency distribution (monthly data)
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Figure 36 Commercial Micro-CHP electrical effi ciency distribution (monthly data)
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The thermal and electrical performance of the commercial 
Micro-CHP units is remarkably consistent on a monthly 
basis, with around 60% of sites in the range of 50-55% 
thermal effi ciency and over 80% in the range of 20-25% 
electrical effi ciency.

As expected, the electrical effi ciency is considerably higher 
than that provided by Stirling engine systems and the 
thermal effi ciency is correspondingly reduced. The heating 
and non-heating season months are not highlighted 
separately as there is no noticeable difference in the 
distribution between the two different seasons. This is 
due to the IC engine systems being confi gured to provide 
year-round base-load heating and hot water requirements.

4.4.2 Carbon Benefi ts Ratio (CBR)

Figure 37 shows the distribution of CBR values for each 
of the months of commercial Micro-CHP operation to date. 
There is more variability in CBR than for thermal effi ciency; 
however, in all cases the CBR is signifi cantly higher than 
100%, representing an attractive potential carbon saving 
relative to condensing boilers. These high CBR values are 
due to the large amount of electricity generated by the IC 
engine systems, and the associated carbon benefi t in terms 
of offsetting the need for grid electricity51.

Figure 37 Commercial Micro-CHP CBR distribution (monthly data)
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51  These high CBR values refer only to the performance of the Micro-CHP unit itself and do not take into account the gas used by the conventional boilers running 
alongside. The CBR for the overall site would therefore be lower.
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Figure 38 shows the same monthly CBR data plotted against 
the level of heat supplied. This shows that, unlike for 
domestic Micro-CHP, there is very little variation in carbon 
performance with the level of heat supplied. This is due to 
the nature of the small commercial applications in the trial, 
where the units are sized to cover base load heating and 
hot water requirements. As a result, these systems tend 
to operate for similar, extended periods all year round.

4.4.3 Seasonal variation

Unlike domestic Micro-CHP systems, where performance is 
highly seasonal, commercial Micro-CHP installations using 
IC engine technology have consistent performance all year 
round. This effect is highlighted in Figure 39, which shows 
how the aggregate effi ciencies and CBR vary across the 
months of the year.

Across the commercial sites the Micro-CHP units were 
generally seen to be running for 60-70% of the time. 
Some sites had faults resulting in semi-permanent system 
shut-down, although it was usually the interface with the 
building controls that was responsible rather than a fault 
with the Micro-CHP unit itself.

Figure 38 Variation in CBR with heat demand for commercial Micro-CHP (monthly data)
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4.4.4 Summary

The key fi ndings to date from the commercial Micro-CHP 
trial are summarised below:

•  Monthly thermal effi ciencies are fairly consistent and 
typically in the range of 50-55%. Likewise, monthly 
electrical effi ciencies are also fairly consistent and are 
typically in the range of 20-25%

•  Due to the signifi cant amounts of electricity generated 
by the IC engine systems used in small commercial 
environments, the Carbon Benefi ts Ratio is very high. 
It ranges from 110-132% and is typically around 120%. 
However, because commercial micro-CHP units typically 
supply only one third of the overall heat demand, with 
the rest supplied by one or more boilers, the effective 
overall carbon benefi ts are lower than these values imply

•  As IC engines in small commercial environments are 
installed in applications where they can be sized to meet 
base load heat requirements, they run for extended 
periods. Consequently there is little observed variation 
in performance with heat demand and minimal variation 
across the year.

Table 6 summarises the overall aggregate performance of 
the commercial Micro-CHP units in terms of effi ciency and 
Carbon Benefi ts Ratio, based on data from all 85 months 
of valid operation in the trial.

Figure 39 Seasonal variation in average commercial Micro-CHP effi ciency and CBR (monthly data)
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Table 6 Summary of overall aggregate commercial Micro-CHP performance

Parameter NHS HS Total Formula (units)

Period of Operation 41 44 85 (months)

Total Gas In 521,712 517,578 1,039,290 GIN (kWh)

Total Electricity In 608 816 1,424 EIN (kWh)

Total Heat Out 271,121 266,866 537,987 HOUT (kWh)

Total Electricity Out 120,104 122,355 242,459 EOUT (kWh)

Overall Thermal Effi ciency 52.0% 51.6% 51.8% = HOUT/GIN

Overall Electrical Effi ciency 22.9% 23.5% 23.2% = (EOUT–/EIN) / GIN

Overall Carbon Benefi ts Ratio (CBR) 119.0% 120.2% 119.6% = (HOUT.CEFgas+ EOUT.CEFelec)
     (GIN.CEFgas+ EIN.CEFelec)

Key: NHS = non-heating season (Apr-Sep); HS = heating season (Oct-Mar)
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4.5 Comparing boilers and Micro-CHP

In addition to independently reviewing the measured 
behaviour of condensing boilers and Micro-CHP units, it is 
also possible to compare their performance characteristics 
directly, since an identical methodology has been used for 
assessing both technologies. Although it is not practical 
to compare the performance of boilers and Micro-CHP 
units in the same environment under identical conditions, 
statistical comparisons can be made between the two 
sets of data captured for domestic environments. This is 
appropriate since both data sets include houses with a wide 
range of different ages, sizes and levels of heat demand.

This analysis presented in this section is based upon 
the assumption that any householder has a particular 
requirement for internal temperatures and that the 
associated annual heat demand for a property is independent 
of whether that heat is supplied from a gas boiler or a 
Micro-CHP unit. This is considered to be a reasonable 
assumption and is backed up by data on the temperature 
measurements taken from the fi eld.

Figure 40 shows the average internal and external 
temperatures for the condensing boiler and Micro-CHP 
sites over the most recent six months of operation (a period 
during which signifi cant numbers of both boilers and 
Micro-CHP units were being monitored). This suggests 
that there was no signifi cant difference in temperatures 
across the two sets of domestic properties during the 
period in question52. It is therefore assumed that any boiler 
and Micro-CHP unit will essentially heat a property in a 
similar fashion, with the end user receiving an equivalent 
level of comfort for a given level of measured heat supplied.

Figure 40  Comparing average internal and external temperatures 
for condensing boiler and Micro-CHP sites (Jan-07 to Jun-07)
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52  The Micro-CHP temperature data excludes a group of properties in one particular new-build development which have signifi cantly higher than average internal 
temperatures, the cause of which is still under investigation.
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4.5.1 System effi ciency

It is of considerable interest to compare the relative 
effi ciencies of the different technologies involved in the fi eld 
trial. Figure 41 shows the monthly thermal and electrical 
effi ciencies for all of the valid months of Stirling engine 
Micro-CHP, IC engine Micro-CHP and condensing boiler 
operation in the fi eld trial to date.

A number of observations can be made from this chart:

•  The Stirling engine Micro-CHP units and condensing 
boilers in the fi eld trial have been operating at much 
lower levels of heat demand (up to 4,000kWh per month) 
than the IC engine Micro-CHP units (1,000 – 9,000kWh 
per month). This is because the former are in domestic 
environments and the latter are in small commercial 
environments

•  IC engine Micro-CHP: within the fi eld trial operating 
ranges, the thermal and electrical effi ciencies of these 
units are fairly consistent across the range of different 
heat demands, with average thermal effi ciency of around 
52% and electrical effi ciency of around 23%

•  Stirling engine Micro-CHP: within the fi eld trial operating 
ranges, the thermal and electrical effi ciencies show 
considerable variability with heat demand, with signifi cantly 
lower effi ciencies at lower levels of heat demand. The 
average monthly thermal effi ciencies vary from 55% to 
75% and the average monthly electrical effi ciencies vary 
from -6% to over 8.5%53

•  Condensing boilers: within the fi eld trial operating 
ranges, the thermal and electrical effi ciencies again 
show considerable variability at lower levels of heat 
demand. The average monthly thermal effi ciencies 
vary from as low as 68% up to 88% and the electrical 
effi ciencies vary from -4% to -1%54.

There are no commercial-scale condensing boilers involved 
in the fi eld trial but dashed, red lines in Figure 41 also 
illustrate the average thermal and electrical effi ciencies 
which might be expected with modern condensing boilers 
in such environments. This is based on an extrapolation 
from the domestic boiler results, which show fairly linear 
trends for heat demands above 2,000kWh per month. 
In practice, the effi ciency of some commercial boiler 
installations may be slightly lower than this as they tend to 
experience (or require) higher fl ow and return temperatures 
due to the use of low loss headers, fan blown convectors 
or other secondary heating circuits. Higher fl ow and return 
temperatures will in turn lead to slightly lower effi ciencies 
being achieved.

Figure 41 Variation of thermal and electrical effi ciency with heat demand (monthly data)
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53  As a reminder, the ‘electrical effi ciency’ is defi ned in terms of the net electrical output of the unit. The electricity used by electronic controls and indicator lights 
is roughly constant so the unit may not operate enough to make up these ‘losses’ in the summer when there is relatively little heat demand. A negative ‘electrical 
effi ciency’ is therefore measured for a period when the total electricity used is greater than that generated for a given period.

54  This term is always negative for boilers and refers to the percentage of electricity consumed by the boiler per unit of gas burnt. As such these fi gures are not strictly 
effi ciencies but the term ‘electrical effi ciency’ is used for consistency with the analysis of Micro-CHP units.
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4.5.2 Carbon Benefi ts Ratio (CBR)

The CBR allows the performance of different technologies 
to be compared using a common metric. Comparing 
the measured CBRs for Micro-CHP units and condensing 
boilers allows an assessment of their relative carbon 
saving potential.

Figure 42 shows the distribution of monthly CBR values 
for domestic Micro-CHP systems and condensing boilers 
involved in the fi eld trial. This shows that the Micro-CHP 
systems achieve a larger proportion of high CBR values 
than condensing boilers. For example, 50% of the Micro-CHP 
operating months have a CBR of 86% or higher (compared 
to 13% of operating months for condensing boilers). 
However, the distributions clearly overlap to a large 
extent and the range of CBR values is very wide for both 
technologies. Domestic Micro-CHP systems should ideally 
be targeted at those end-use applications which maximise 
the chance of providing a performance improvement 
relative to boilers.

Figure 43 compares the relationship between CBR and 
monthly heat demand for domestic Micro-CHP and boilers. 
This shows that at low heat demands (less than 500kWh 
per month) the carbon emission performances of 
Micro-CHP systems and condensing boilers are effectively 
indistinguishable. However, for monthly heat demands of 
1,000kWh and above, there is a higher statistical likelihood 

that Micro-CHP systems will outperform condensing boilers 
than vice versa and the carbon saving benefi ts tend to 
increase with higher levels of heat demand. However, even 
at heat demands above 2,000kWh per month, there is still 
some overlap between the two sets of data and in a few 
cases individual boilers may outperform individual Micro-CHP 
systems for a given heat demand (albeit for potentially 
very different houses).

For the commercial Micro-CHP sites it is not possible to 
directly compare performance to condensing boilers as 
the fi eld trial only involves monitoring domestic boilers. 
However, based on our knowledge of how condensing 
boilers behave, it is possible to compare performance 
against that of a theoretical commercial boiler.

This is illustrated in Figure 44, which plots the monthly CBR 
for commercial Micro-CHP systems against a theoretical 
boiler with a thermal effi ciency of 85.5% and an electrical 
effi ciency of -1.5%55. Across the range of different heat 
demands, the commercial Micro-CHP systems consistently 
exceed the theoretical boiler performance by over 30%. 
Even for the most optimistic assumptions on boiler 
performance (e.g. thermal effi ciency greater than 90%), 
the performance of the IC engine Micro-CHP systems 
would still signifi cantly exceed the performance of the 
boiler in all cases.

Figure 42 Comparing CBR distributions for domestic Micro-CHP and condensing boilers (monthly data)
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55  In the case of boilers, where electricity is consumed, the ‘electrical effi ciency’ term is negative and refers to the percentage of electricity consumed by the boiler per 
unit of gas burnt. As such, these fi gures are not strictly effi ciencies but the term ‘electrical effi ciency’ is used for consistency with the analysis of Micro-CHP units.
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Figure 43 Variation in CBR with heat supplied for domestic Micro-CHP and condensing boilers (monthly data) 
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Figure 44  Variation in CBR with heat supplied for commercial Micro-CHP and a theoretical commercial condensing boiler 
(monthly data)
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4.5.3 Absolute carbon emissions

Although the CBR provides a useful metric for assessing 
the carbon saving potential it is also important to consider 
the absolute emissions for different technologies. This 
is particularly important as, although CBR values may 
be much lower for months outside of the heating season, 
this has a relatively small effect on the overall emissions 
performance, since the vast majority of emissions come 
from use during the heating season.

Figure 45 shows the absolute carbon emissions for each 
valid month of domestic Micro-CHP and condensing boiler 
operation in the trial to date. 

Monthly carbon emissions typically vary from less than 
100kgCO2 per month for periods of low heat demand to 
over 800kgCO2 per month for periods of high heat demand. 
Although the emissions profi les for the two technologies 
are fairly similar, the trend lines suggest that domestic 
Micro-CHP might provide average carbon savings in the 
range of 0-100kgCO2 per month, with higher savings for 
periods of higher heat demand.

At the time of writing, a full annual data set has not yet 
been collected for any of the condensing boilers, so it 
is not possible to directly compare the annual measured 
emissions for Micro-CHP and boilers. However, for 
illustrative purposes, Figure 46 compares the measured 
annual emissions of domestic Micro-CHP units against 
the emissions from a theoretical boiler based on the typical 
performance benchmarks seen during the trial (i.e. thermal 
effi ciency of 85.5% and electrical effi ciency of -1.5%). This 
suggests that annual carbon savings in the range of 200 
to 800kgCO2 per year may be achievable using currently 
available technology when targeted at houses with 
appropriate levels of annual heat demand.

Figure 47 shows the equivalent absolute carbon emissions 
for each month of commercial Micro-CHP operation in the 
trial to date. This is plotted alongside the modelled emissions 
profi le for a commercial condensing boiler (i.e. thermal 
effi ciency of 85.5% and electrical effi ciency of -1.5%). Here 
there is a clear and consistent difference between the two 
technologies. The trend lines suggest that commercial 
Micro-CHP might provide average carbon savings in the 
range of 200-1,500kgCO2 per month, with higher savings 
for periods of higher heat demand.

Figure 45 Absolute emissions for domestic Micro-CHP and boilers (monthly data)

1,200

1,000

800

600

200

0
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000

400

C
a

rb
o

n
 e

m
is

s
io

n
s
 (

k
g

C
O

2
)

Heat supplied (kWh)

Micro-CHP
Condensing boilers



55Micro-CHP Accelerator

Figure 46 Comparing absolute annual emissions for domestic Micro-CHP (measured data) and boilers (estimated data)
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Figure 47 Absolute emissions for commercial Micro-CHP and boilers (monthly data)
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4.5.4 Average effi ciency and CBR

Figure 48 compares the average overall thermal effi ciency, 
electrical effi ciency and CBR for the three different 
technologies. In each case this is based on the overall 
performance across all valid months of operation in the 
trial to date, as detailed previously in Tables 4, 5 and 6.

Both domestic and commercial Micro-CHP systems offer 
potential carbon savings relative to boilers, but the chart 
highlights the importance of a high electrical effi ciency 
in achieving signifi cant carbon savings. With an electrical 
effi ciency of over 20% the IC engine Micro-CHP system is 
capable of delivering much higher relative carbon savings 
than the Stirling engine system.

4.5.5 Sensitivity to carbon intensity assumptions

All of the results displayed in this section have been based 
on assuming a carbon emissions factor of 0.568kgCO2/kWh 
for electricity. If the long-term average grid mix assumption 
of 0.43kgCO2/kWh is used instead, this will reduce the relative 
carbon benefi ts of Micro-CHP accordingly. For example, 
average CBRs in Figure 48 would change to 83% for 
condensing boilers, 85% for Stirling engine Micro-CHP 
and 103% for IC engine Micro-CHP.

4.6  Annual carbon emissions scenarios

4.6.1 Introduction

Due to the nature of fi eld trials, it will never be possible 
to directly compare the performance of a given Micro-CHP 
system and condensing boiler in exactly the same real-
world operating environment under identical conditions. 
However, due to the signifi cant volume of fi eld data 
gathered, it is possible to build a range of scenarios which 
represent potential target environments and to model with 
a good degree of confi dence how the ‘typical’ Micro-CHP 
and boiler units observed in the trial would perform in 
such environments.

Based on the known relationships between thermal 
effi ciency, electrical effi ciency and heat demand for Stirling 
engines, IC engines and condensing boilers, it is possible 
to predict the performance of such systems for any given 
heat demand profi le. It should be noted that this analysis 
is based on the performance of the specifi c units included 
in the trial and may not necessarily be representative of all 
types of Micro-CHP unit or condensing boiler.

4.6.2 Domestic Micro-CHP performance scenarios

In addition to gathering data on the performance of different 
Micro-CHP units and boilers, the project has also gathered 
detailed information on the heat demands for each of the 
properties in the trial. This information can therefore be 
used to develop typical annual heat demand profi les for 
different clusters of houses.

Figure 48  Comparing average overall effi ciencies and CBRs for different technologies
(based on carbon emissions factor of 0.568kgCO2/kWh for displaced electricity)
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In order to model the relative performance of Micro-CHP 
and condensing boilers at an annual level, eight domestic 
house clusters have been defi ned, based on known 
characteristics for each of the domestic properties involved 
in the fi eld trial. The clusters are shown in Table 7, with 
details of how many trial sites are included in the cluster 
and the total number of valid months of fi eld trial data 
available at the time of writing. Three of the scenarios relate 
to the age of the housing stock, a further three relate to the 
fl oor area and the fi nal two include just those houses with 
an annual heat demand above a certain level (in one case 
15,000kWh per year and in the other 20,000kWh per year).

Figure 49 shows the average monthly thermal demand 
profi les (heating and hot water combined) experienced 
by the groups of fi eld trial houses falling into each of the 
different domestic house clusters.

The clusters show a similar style of seasonal variation in 
heat demand, with all clusters having a signifi cant reduction 
in heat demand during the summer months. However, there 
are signifi cant differences in heat demand for winter months 
and, as expected, the levels of heat demand increase with 
age and size of house. It should be noted that these modelled 
clusters are based on the specifi c sites involved in the fi eld 
trial and are therefore not necessarily representative of the 
wider UK housing stock.

Ref Cluster Description Sites Months of data

1 New build Properties built since 2005 24 260

2 1920-2005 build Properties built between 1920 and 2005 50 534

3 Pre 1920s build Properties built before 1920 17 204

4 Up to 90m2 Properties with fl oor area up to 90m2 47 558

5 90m2 to 110m2 Properties with fl oor area between 90m2 and 110m2 15 197

6 Over 110m2 Properties with fl oor area over 110m2 28 249

7 Heat demand > 
15,000kWh/year

Properties with heat demand over 15,000kWh/year 28 266

8 Heat demand > 
20,000kWh/year

Properties with heat demand over 20,000kWh/year 16 150

Table 7 Domestic housing clusters used for carbon savings scenario modelling

Figure 49 Annual heat demand profi les for defi ned cluster scenarios
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Based on the effi ciency vs. heat demand trends plotted 
for Micro-CHP and boiler installations in Figure 41, it is 
possible to model with reasonable accuracy how these 
systems would have behaved under each of the different 
house cluster scenarios.

An example of this scenario modelling analysis is shown 
for one specifi c house cluster (Pre-1920s build) in Table 8. 
For each monthly heat demand the corresponding monthly 
thermal and electrical effi ciencies are predicted for typical 
Micro-CHP and boiler units, based on their observed fi eld 
trial characteristics. These effi ciencies are then used to 
calculate the corresponding amounts of gas and electricity 
which would be consumed or generated during that month 
and the corresponding monthly carbon emissions. The 
monthly results are then used to build up a picture of the 
overall annual performance for that scenario.

Using this modelling approach, Figure 50 shows the 
expected annual emissions that would be seen for each 
housing cluster based on the typical domestic Micro-CHP 
and boiler system characteristics observed in the fi eld trial. 
In each case the error bars indicate +/-1 standard deviation 
in the measured system effi ciency, refl ecting the likely 
range of performance.

It can be seen that in all cases, the Micro-CHP system on 
average offers a potential carbon saving over the condensing 
boiler. However, for many of the clusters, the error bars 
indicate that any such saving could potentially be lost in 
the normal variability of performance between units. This 
is particularly the case for smaller and newer houses56.

Table 8  Example scenario modelling approach to compare performance of a typical domestic Micro-CHP unit and 
condensing boiler (shown for ‘Pre-1920s build’ house cluster)

Jan 2,576 73.3% 7.5% 3,512 262 533 88.5% -1.1% 2,911 -31 582 50

Feb 2,289 73.9% 6.9% 3,098 213 480 87.7% -1.5% 2,609 -38 528 48

Mar 2,473 73.6% 7.2% 3,362 242 515 88.2% -1.2% 2,805 -34 564 49

Apr 1,390 71.8% 6.1% 1,935 118 308 84.9% -1.6% 1,638 -25 332 24

May 991 70.5% 5.4% 1,406 75 230 83.7% -1.9% 1,184 -22 242 12

Jun 376 67.4% 3.2% 558 18 98 78.5% -2.4% 479 -11 99 1

Jul 239 64.4% 1.6% 372 6 69 77.0% -2.5% 311 -8 65 -4

Aug 306 66.3% 2.5% 462 12 83 77.6% -2.4% 395 -10 82 -1

Sep 343 66.7% 2.8% 514 14 92 77.9% -2.4% 440 -11 91 0

Oct 1,246 71.4% 5.9% 1,744 103 280 84.7% -1.7% 1,471 -24 299 19

Nov 2,003 73.4% 6.7% 2,730 182 426 86.4% -1.4% 2,317 -33 468 42

Dec 2,409 73.7% 7.1% 3,270 233 502 88.0% -1.3% 2,736 -35 551 49

16,641 72.5% 6.4% 22,963 1,477 3,616 86.2% -1.5% 19,296 -283 3,904 289

Cluster scenario: Pre-1920s build

         Profi le                             Micro-CHP performance                                  Condensing boiler performance
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56  It should also be noted that the new build houses in the trial were built to pre-2006 building regulations and therefore have heat demands which are generally larger 
than those expected for new build properties in future, so any carbon savings for the ‘New build’ cluster may also be overstated.
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For the ‘Pre-1920’, ‘Over 110m2’ and ‘Heat demand 
> 15,000’ clusters, the ranges indicate a high statistical 
likelihood of domestic Micro-CHP units in the trial offering 
carbon savings relative to boilers. However, it is only for 
the ‘Heat demand > 20,000’ cluster that these Micro-CHP 
devices are almost certain to provide carbon savings, with 
no overlap between the likely performance ranges.

Figure 51 compares the average annual emissions for each 
of these modelled cluster scenarios with the actual annual 
emissions measured for all Micro-CHP sites where a full 
year of valid data is available. This shows that the model 
predicts the annual emissions with a good degree of 
accuracy, but also highlights the variability in emissions 
seen in the fi eld. At the time of writing, it is not possible to 
plot similar measured emissions data for domestic boiler 
installations as a full year of data has not yet been collected 
for any sites. This exercise will be repeated at the end of 
the project when all boiler data has been gathered.

Figure 50 Annual Micro-CHP and boiler emissions for cluster scenarios
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Figure 51  Comparing annual emissions for modelled cluster scenarios with actual emissions 
(for individual Micro-CHP units where annual data is available)
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Analysing the modelling results suggests that typical annual 
carbon savings for the domestic Micro-CHP devices monitored 
could range from around 100kgCO2 for smaller or newer 
properties to over 400kgCO2 for older or larger properties. 
The worst case performance could be an emissions increase 
of around 100kgCO2, comparing a good performing boiler 
with a poor performing Micro-CHP in newer or smaller 
properties. The best case performance could be an 
emissions saving of around 800kgCO2, comparing a poor 
performing boiler with a good performing Micro-CHP in 
properties with a very high heat demand. In general, the 
potential savings increase with higher heat demands and 
are therefore higher for older and larger houses.

In percentage terms, the average potential carbon savings 
for the domestic Micro-CHP units in the trial are typically 
around 5% across the full range of different house types. 
Statistical analysis indicates that savings could vary from 
-5% worst case to 15% best case, but the typical range is 
expected to be 0% to 10%.

However, it is of more interest to consider the likely savings 
if these Micro-CHP units are targeted only at those end-use 
applications where there appears to be a consistent 
possibility for carbon savings. For the Micro-CHP units 
involved in the trial, the cluster analysis shows that older 
houses (e.g. pre-1920) and larger houses (e.g. over 110m2) 
are most likely to consistently offer such worthwhile carbon 
savings. In such applications the average potential saving 
rises to around 7.5%. Statistical analysis indicates that savings 
for this target market could vary from 0% worst case to 
15% best case, but the typical range is expected to be 5% 

to 10%. Leading suppliers of domestic Micro-CHP systems 
are already known to be considering larger, older houses 
as their key target market and the Carbon Trust strongly 
welcomes this approach in light of the fi eld trial fi ndings.

For smaller and newer houses, the fi eld trial results show 
that although current Micro-CHP systems can potentially 
save carbon in some properties, this is not always the case 
and any savings are likely to be insignifi cant. The typical 
carbon savings will be less than 5%, with annual emissions 
reductions typically less than 100kgCO2 per year. In some 
cases the results also suggest that the use of a Micro-CHP 
system in a smaller or newer house may actually lead to 
an increase in emissions relative to a condensing boiler.

In light of tightening building regulations and drivers to 
reduce heat demand in new homes, the fi eld trial fi ndings 
indicate that domestic Micro-CHP devices of the type 
included in the trial should generally be targeted as a 
retrofi t solution for larger, older homes, rather than targeting 
individual new-build housing. However, for larger new 
housing developments with community heating, commercial 
Micro-CHP systems could potentially be an effective solution, 
providing base-load heating or hot water requirements for 
multiple new houses.

In order for manufacturers to target appropriate markets, 
and policy makers to provide appropriate support for 
carbon-saving technologies, it will be useful if a simple 
set of decision criteria can be defi ned regarding whether 
or not a house is one where Micro-CHP offers a good 
carbon saving potential. Based on the data gathered in the 
fi eld trial, the simplest metric to use for such a decision 
is annual heat demand. Given the very close correlation 
between gas use and heat demand demonstrated by 
Figure 23, historic gas use is expected to be a good proxy 
for this (provided this is coupled with knowledge of the 
existing heating system). 

In future, for any given Micro-CHP device, the key to 
achieving high carbon savings will be in matching the 
thermal output of the unit to the heat demand of a building, 
to ensure that it operates for many hours at a time, rather 
than intermittently. Once units with a range of thermal 
outputs (and potentially enhanced power-to-heat ratios) 
appear on the market, a wider range of different house 
types is likely to be appropriate for Micro-CHP. When 
analysing the suitability of different houses for Micro-CHP, 
the plant size ratio (PSR) may be a more useful metric than 
the heat demand57. Further analysis of the relationship 
between PSR and performance is expected to be included 
in the fi nal project report.

57  According to SAP 2005, the plant size ratio (PSR) for a given dwelling and Micro-CHP device is the ratio of the maximum output of the device to the design heat loss 
of the dwelling.

58  The running time and capacity factors used in this illustration are based on observations from the fi eld.
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4.6.3  Commercial Micro-CHP performance scenarios

The carbon saving potential of commercial Micro-CHP 
systems can be modelled directly at an annual level, as 
the fi eld trial results have shown that there is no signifi cant 
variation in system effi ciency across the year.

For illustrative purposes two different ‘typical’ scenarios are 
modelled, based on two different levels of heat demand, 
as described in Table 9. In each case the Micro-CHP plant is 
assumed to operate for 6,000 hours per year (68% capacity 
factor), providing around a third of the overall heat demand, 
despite the fact that its rated heat output is normally less than 
10% of the rated output of the conventional boiler plant. 
The boiler plant provides the remaining heat demand and 
is assumed to run for 1,024 hours per year (12% capacity 
factor)58. Both scenarios are broadly illustrative of plant 
room designs that are viable using commercially available 
technology.

Table 10 models the potential energy use and carbon 
emissions for Scenario 1, comparing the performance of 
a conventional (boiler only) plant room with a combined 
Micro-CHP and boiler solution. The thermal and electrical 
effi ciencies of the boiler are based on the average 
performance of condensing boilers in the domestic boiler 
fi eld trial. The thermal and electrical effi ciencies of the 
Micro-CHP are based on the overall performance of the 
commercial Micro-CHP units in the fi eld trial. This shows 
that for Scenario 1, the Micro-CHP solution offers potential 
annual savings of around 8.5tCO2 (17.5%) relative to the 
equivalent emissions from a conventional boiler plant room.

Similarly, Table 11 models the potential energy use and 
carbon emissions for Scenario 2. This shows that for 
Scenario 2, the Micro-CHP solution offers potential annual 
savings of around 17tCO2 (17.5%) relative to the equivalent 
emissions from a conventional boiler plant room.

The modelling suggests that, based on the chosen sizing 
assumptions, commercial Micro-CHP systems can provide 
average annual carbon savings of around 17.5% and 
statistical analysis of the fi eld data suggests that savings 
will typically be in the range of 15-20%.

Scenario Boiler plant 

size

Micro-CHP 

plant size

Annual heat 

demand

Heat from 

Micro-CHP 

Heat from 

other boilers

1 125 kW 12 kW 200MWh 72MWh 128MWh

2 250 kW 24 kW 400MWh 144MWh 256MWh

Table 9 Modelled commercial Micro-CHP operating scenarios

Table 10 Modelled commercial Micro-CHP carbon savings (Scenario 1)

System Heat 

demand

(kWh)

Thermal 

effi ciency

(%)

Electrical 

effi ciency

(%)

Gas used

(kWh)

Electricity 

generated

(kWh)

Carbon 

emissions

(kgCO2)

Carbon 

savings

(kgCO2)

Boiler 200,000 85.5% -1.5% 233,918 -3,509 47,373 -

Micro-CHP 72,000 51.8% 23.2% 138,996 32,247 8,649

Boiler 128,000 85.5% -1.5% 149,708 -2,246 30,319

Total 200,000 288,704 30,001 38,968 8,405 (17.5%)

A) Boiler only

B) Micro-CHP and boiler

Table 11 Modelled commercial Micro-CHP carbon savings (Scenario 2)

System Heat 

demand

(kWh)

Thermal 

effi ciency

(%)

Electrical 

effi ciency

(%)

Gas used

(kWh)

Electricity 

generated

(kWh)

Carbon 

emissions

(kgCO2)

Carbon 

savings

(kgCO2)

Boiler 400,000 85.5% -1.5% 467,836 -7,018 94,746 -

Micro-CHP 144,000 51.8% 23.2% 277,992 64,494 17,298

Boiler 256,000 85.5% -1.5% 299,415 -4,491 60,638

Total 400,000 577,407 60,003 77,935 16,811 (17.5%)

A) Boiler only

B) Micro-CHP and boiler
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4.6.4 Summary of carbon saving potential

Figure 52 summarises the range of average annual 
percentage carbon savings derived from fi eld trial data, 
based on the emissions analysis in Section 4.5.3 and the 
scenario modelling in Section 4.6. For domestic Micro-CHP 
it shows fi rstly the range of performance expected across 
the full set of domestic house clusters, including smaller 
and newer houses. For the Stirling engine devices monitored 
in the trial, with power-to-heat ratios of around 1:10, the 
typical carbon savings are expected to range from 0-10%, 
with an average of 5%.

It also shows the enhanced range of performance expected 
if Micro-CHP is targeted only at house clusters which have 
a good chance of achieving carbon savings due to having 
a higher level of heat demand. Specifi cally, for the current 
generation of Stirling engine devices, this assumes properties 
with an annual heat demand greater than 20,000kWh59. 
Here the fi eld trial results suggest that the typical carbon 
savings for these devices will be in the range from 5-10%, 
with an average of 7.5%. 

For commercial Micro-CHP, the overall site savings are 
higher and there is less variation, since there are more 
consistent levels of heat demand and longer operating 
periods. Here the fi eld trial results suggest that the typical 
carbon savings will be in the range from 15-20%, with an 
average of 17.5%60.

As discussed in Section 3.7.3, the majority of carbon 
calculations in this report assume a carbon emissions factor 
(CEF) of 0.568kgCO2/kWh for the grid electricity offset by 
electrical generation from the Micro-CHP unit. The reasons 
for choosing this CEF include the fact that the current UK 
grid mix is signifi cantly higher than the long-term average 
level (following recent increases in the use of coal-based 
generation plant), and that Micro-CHP has been shown to 
generate most at periods of peak demand when the grid 
carbon intensity is higher than average, notably during the 
daytime/evening and in the winter.

However, it is also of interest to consider the results of these 
calculations using the long-term average grid mix. In future, 
it is reasonable to expect that the average grid mix will 
return to and ultimately fall below this level, in particular 
as more low-carbon generating sources are brought 
on line to meet UK and European targets for renewable 
generation and emissions reduction61. 

Figure 52  Range of carbon savings expected for domestic and commercial Micro-CHP 
(based on carbon emissions factor of 0.568kgCO2/kWh for displaced electricity)

59  Future Micro-CHP devices may be optimised for lower levels of heat output or may achieve higher power-to-heat ratios; consequently they may be suitable for 
houses with lower levels of heat demand than this. In order to understand this further, the fi nal project report will include analysis of the relationship between 
the plant size ratio (which relates the output of the device to the heat demand of the house) and carbon saving performance.

60  The carbon savings for commercial Micro-CHP units relative to the heat demand directly displaced are considerably higher than this. However, as the Micro-CHP 
only meets a proportion of the overall site demand, this analysis refl ects the overall site emissions savings, including emissions from the conventional plant.

61  For example, in March 2007 EU leaders agreed in principle to adopt a binding target to provide 20% of energy from renewable sources.
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Figure 53 shows the same performance ranges for Micro-
CHP, this time using the long-term average grid mix CEF of 
0.43kgCO2/kWh. This shows that the average carbon saving 
benefi ts from currently available Micro-CHP technologies 
are expected to reduce dramatically as the grid decarbonises. 
Using the lower carbon emissions factor, the savings for 
the domestic Micro-CHP units in the trial are reduced to 
being typically in the range of 0-5% for the target market. 
Similarly, the potential carbon savings from commercial 
Micro-CHP are reduced by around half to being typically 
in the range of 6-11%.

These fi ndings support the case for well targeted, 
appropriately commissioned Micro-CHP, in particular as it 
is expected that the performance of future product iterations 
will increase signifi cantly as the grid decarbonises. Section 5.6 

later illustrates how a small increase in electrical effi ciency 
could have a signifi cant impact on carbon savings. At the 
time of writing, leading manufacturers of domestic Micro-CHP 
are known to be developing devices capable of higher 
effi ciencies than the equivalent devices in the Carbon Trust 
fi eld trial, and they also expect further enhancements to be 
achievable in future. Such enhancements are to be expected, 
given the early stage nature of Stirling engine Micro-CHP.

However, given the dependency of carbon savings on grid 
carbon intensity, the results also suggest that the currently 
available Stirling engine Micro-CHP technology is likely to 
be an important stepping stone in the eventual transition 
towards domestic Micro-CHP products with much higher 
electrical effi ciencies and correspondingly higher carbon 
saving potential.

Figure 53  Range of carbon savings expected for domestic and commercial Micro-CHP 
(based on carbon emissions factor of 0.43kgCO2/kWh for displaced electricity)
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5 Understanding variations in performance

5.1  Variations in results between sites

The core fi eld trial results demonstrate a strong correlation 
between the level of heat demand in domestic properties 
and the corresponding effi ciency and carbon saving potential 
of the domestic Micro-CHP systems in the trial. In light of 
this, it appears that performance will generally be better 
for larger, older houses and limited for smaller newer houses.

However, while heat demand is an important factor, there 
is also a wide range of other drivers of performance. This 
is illustrated by the fact that the trial has identifi ed some 
pairs of sites where there is a difference in performance of 
10-20%, even though the sites themselves have apparently 
identical Micro-CHP units installed and extremely similar 
annual heat demands. An example of such differences is 
given in Table 12, which shows the annual performance for 
two different domestic sites in the trial. Although site B has 
a very similar heat requirement to site A, it has used more 
gas and generated less electricity and therefore has a CBR 
which is 8% lower and leads to additional emissions of 
over 250kgCO2.

This section reviews in more detail some of the key drivers 
of domestic Micro-CHP performance based on the fi ndings 
to date. However, this also remains an ongoing area of 
focus for the project and further, more detailed analysis 
will be provided in the fi nal project report, in particular 
once the planned laboratory testing has been completed. 

For commercial Micro-CHP systems, a much higher level 
of consistency in performance has been observed (when 
units are operating correctly), with limited variations 
across different periods of operation and sites. In light 
of this, the analysis in this section focuses predominantly 
on domestic Micro-CHP systems. However, many of the 
key drivers identifi ed apply equally to both domestic and 
commercial environments.

5.2 Intra-day analysis

To build an understanding of which factors most affect 
Micro-CHP performance, it is essential to understand how 
units behave during individual operating cycles and this 
requires analysis of the detailed fi ve-minute interval data 
gathered for each unit.

In order to process and analyse the signifi cant volumes of 
intra-day data gathered and to understand the behaviour 
of individual operating cycles, the Carbon Trust has 
collaborated with a team at UCL62. Together with UCL, the 
project team has been able to identify and analyse each 
individual operating cycle of the Micro-CHP systems and 
boilers monitored. For the purposes of analytical precision, 
each ‘on cycle’ is defi ned as being any period during which 
a device is using gas or is generating electricity. All additional 
heat output and electrical demand (standing or parasitic 
losses) outside these cycles is then allocated to the cycles 
on a proportionate daily basis.

At the time of writing, over 86,000 individual cycles of 
Micro-CHP operation have been analysed across an operating 
period of over 110,000 machine hours. Similarly, over 26,000 
individual cycles of boiler operation have been analysed 
across an operating period of over 14,000 machine hours.

Site Heat demand 

(kWh)

Gas used 

(kWh)

Electricity used 

(kWh)

Electricity 

generated 

(kWh)

Carbon 

Benefi ts Ratio 

(%)

Absolute 

emissions 

(kgCO2)

A 10,733 14,642 150 1,198 94.4% 2,245

B 10,694 15,446 198 1,071 86.3% 2,501

Table 12  Comparing differences in performance for two sites with the same make and model of Micro-CHP system and 
very similar levels of annual heat demand

62  The Energy and Environment group at the Bartlett School of Graduate Studies, University College London.
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5.3 Start-up and shut-down periods

All Micro-CHP systems have start-up and shut-down periods 
either side of each operating cycle, during which electricity 
is consumed rather than generated. During start-up, 
electricity is used for a few minutes to start the engine and 
to power the pump and fan prior to the start of electrical 
generation. Start-up electrical loads of around 100W 
are frequently seen in the few minutes before electricity 
generation begins. 

During shut-down the machine must be stopped in a 
controlled fashion as it has a high thermal mass and involves 
high-speed moving parts. Consequently the pump and fan 
typically continue running for tens of minutes beyond the 
period of heat supply and electrical generation. This ongoing 
use of fan and pump is important to ensure that useful 
heat is dumped into the system as part of the shut-down 
process. However, it means that electrical loads of around 
100W can continue for up to 40 minutes after generation 
has stopped, although this period varies between devices.

As a consequence, for shorter running cycles the electricity 
consumed by the system can be signifi cant relative to 
the amount of electricity generated. This is illustrated 
by Figure 54, which shows the electricity consumed and 
generated for two typical Micro-CHP operating cycles in 
a domestic environment.

In the fi rst cycle the machine generates electricity for some 
two and a half hours and the electricity used in start-up and 
shut-down is fairly insignifi cant relative to that generated 
during the operating cycle. However, for the second cycle 
the machine only generates for 20 minutes and the electricity 
used is highly signifi cant relative to that generated.

Figure 54 Electricity use in start-up and shut-down for long and short Micro-CHP generating cycles
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5.4  Comparing good and poor 

site performance

In general, sites with good carbon performance have 
higher proportions of longer operating cycles. Conversely, 
sites with poor performance see more frequent starting and 
stopping (cycling). Figure 55a illustrates a typical intra-day 
gas use and electrical generation profi le for a site with good 
performance, with the corresponding variation in fl ow and 
return temperatures shown in Figure 55b.

This system has a single long period of operation from 
around 6:30am to around 10pm and generates electricity 
constantly throughout this period, maintaining a fairly 
consistent fl ow temperature of around 70°C without any 
starts or stops.63

63  It should be noted that a small number of the sites in the trial which have experienced long operating cycles are believed to be undersized. Although these sites 
achieve good system effi ciency and CBR they struggle to maintain comfortable internal temperatures during the winter. This issue highlights the trade-off between 
run times and comfort levels and the fact that installers must ensure that systems are capable of meeting peak heating needs.

Figure 55 Energy and temperature variations for a site with good performance
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Figure 56a and Figure 56b show equivalent graphs for 
a poorly performing installation. Although the overall 
temperature requirement and heating profi le are very 
similar to those previously shown in Figure 55a and 
Figure 55b, the system cycles on and off around 20 times 
during the course of the day, with corresponding fl uctuations 
in fl ow and return temperatures.

By way of comparison, the annual CBR for the site in 
Figure 55 is 94.5%, whereas the annual CBR for the site 
in Figure 56 is signifi cantly lower at 86%, illustrating the 
signifi cant impact that cycling performance and short run 
times can have on carbon saving performance.

Figure 56 Energy and temperature variations for a site with poor performance
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5.5  Importance of longer 

operating cycles

Further analysis has demonstrated that, in general, individual 
sites tend to exhibit patterns of operating cycle durations 
that correlate closely with carbon performance. This is 
illustrated by Figure 57, which compares the cumulative 
distribution of operating cycle lengths for three different 
groups of Micro-CHP sites.

This shows that sites with high carbon benefi t ratios (CBRs) 
generally have longer operating cycles than sites with low 
CBRs. For example, around half of sites with an overall CBR 
of over 95% have average operating cycle lengths over 
three hours. Conversely, around half of sites with CBR less 
than 85% have average operating cycle lengths of less than 
90 minutes.

Figure 58 shows the overall relationship between the key 
performance parameters and operating cycle length for 
all 86,000 cycles of Micro-CHP operation analysed. It can 
be seen that the average CBR varies from around 70% for 
cycles of around 20 minutes up to 95% for cycles of more 
than four hours. The worse aggregate performance for 
shorter cycles is due to the start-up and shut-down losses 
being much more signifi cant relative to the benefi ts from 
steady-state operation.

Similarly, Figure 59 shows the same data for all 26,000 
cycles of condensing boiler operation analysed to date. 
Again, there is a drop off in performance for shorter 
operating cycles, but the effect is far less pronounced 
than for the Micro-CHP systems.

Figure 57 Cumulative distribution of operating cycle length for three different groups of sites
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Figure 58 Variation in Micro-CHP performance with operating cycle length
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Figure 59 Variation in boiler performance with operating cycle length
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Comparing the performance of Micro-CHP systems and 
boilers for different cycle lengths allows us to estimate the 
average run cycle length required for a typical domestic 
Micro-CHP system to be likely to provide a carbon benefi t 
relative to a condensing boiler. This is shown in Figure 60.

This analysis shows that current Stirling engine Micro-CHP 

units typically need to operate for a minimum cycle length 

of over one hour (from start of gas use to end of electrical 

generation) to provide an overall carbon saving benefi t 

relative to a condensing boiler.

Operating cycle length is not the only factor affecting carbon 
saving performance but it appears to be one of the most 
important. The implication is that overall system design and 
integration to ensure long steady run operation are likely to 
be just as important as Micro-CHP unit design and control.

5.6  Improving the power-to-heat ratio

As previously discussed, one of the most important drivers of 
the performance of a Micro-CHP system is its power-to-heat 
ratio. For the Stirling engine Micro-CHP systems in the fi eld 
trial, typical net electrical effi ciencies of around 6-8% have 
been observed. These are lower than the effi ciencies typically 
quoted by manufacturers and this is partly because this 
analysis takes into account all electricity consumed as well 
as generated by the system over a given period of operation, 
including the non-generating periods. However, from 
discussions with leading manufacturers, it is believed that 
more can and is being done to improve the electrical output 
of the systems currently under development, including 
forthcoming enhanced iterations of currently available units.

In order to demonstrate the importance of electrical effi ciency, 
the annual performance scenarios from Section 4.6 have 
been remodelled for a theoretical Stirling engine Micro-CHP 
device which has a 3% better electrical effi ciency (taking 
the range to 9-11%). It is assumed that the overall effi ciency 
of the system remains constant and the thermal effi ciency 
has therefore been reduced accordingly.

Figure 60 Comparing CBR against cycle length for Micro-CHP and boilers
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Figure 61 plots the results of this modelling and shows that 
this relatively small (3%) increase in electrical effi ciency 
results in a dramatic potential improvement in the average 
annual carbon saving potential, with a near doubling of 
carbon savings predicted.

This analysis highlights the importance of manufacturers 
aiming to increase the electrical effi ciencies of their Micro-CHP 
systems in future product iterations, and policy measures 
being put in place to encourage these enhancements. 
In particular, users will need to be able to access the benefi ts 
of the additional generated electricity which is exported to 
the grid, for example, in the form of appropriate export 
reward tariffs.

5.7 Key performance drivers

There are many different drivers of the performance of 
domestic Micro-CHP systems and boilers. These include 
factors relating to the behaviour of the end user, the type 
of property where it is installed, the heating device itself 
and the way in which the system is designed, installed and 
maintained. The Micro-CHP Accelerator is providing many 
insights into the interaction of these different factors, but 
building a suitably accurate and statistically valid picture 
is very complex and is ongoing at the time of writing. 
In particular, the planned laboratory testing is expected to 
be extremely insightful in allowing real world results to be 
recreated and individual factors isolated to determine their 
relative impact on performance.

Based on the analysis to date, the following sub-sections 
describe the factors thought to have a signifi cant infl uence 
on the performance of Micro-CHP systems. With the 
exception of the power-to-heat ratio (which is specifi c to 
Micro-CHP systems) all of these factors are also thought to 
have a signifi cant impact on the performance of conventional 
boiler systems.

User settings and behaviour

The user of a heating device can signifi cantly infl uence 
the run hours, type of operation (e.g. steady-state or 
intermittent) and overall operating effi ciency of the system. 
These are affected by the settings chosen on, for example, 
programmable controllers, time clocks, room thermostats, 
hot water tank thermostats and thermostatic radiator 
valves (TRVs). 

Results from the trial suggest the potential for a substantial 
variation in performance between a system which is optimally 
confi gured and well operated by an energy-conscious 
householder and a system where the controls are set in 
a sub-optimal manner. Users also determine the comfort 
levels they require and have the potential to take other 
external actions that can signifi cantly affect the performance 
of the system. An example of this would be leaving the 
windows open in winter while the heating system is 
operating. While such actions may not signifi cantly affect the 
effi ciency of system operation, they can result in signifi cant 
additional energy use and associated carbon emissions.

Figure 61 Potential increase in carbon savings from improved electrical effi ciency
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The potential impact of householder behaviour can be 
illustrated by comparing the measured performance across 
12 new and virtually identical properties within the same 
housing development. Each of them has had the same 
Micro-CHP unit installed and each has an off-plan SAP heat 
loss coeffi cient (HLC) of 114W/ºC. Table 13 shows how the 
real (measured) HLCs and corresponding levels of annual 
gas usage vary dramatically.

These results highlight the signifi cant infl uence that 
householder behaviour can have on system performance. 
Although it is unclear how much of this variation is due 
to direct householder actions (e.g. leaving windows open) 
as opposed to system control settings, it is very important 
that controls are easy to use and can be understood by the 
end user. Controls which are over-complicated, diffi cult to 
access or that require resetting manually after a power cut 
are all likely to lead to sub-optimal settings being chosen.

Matching device sizing to heat demand

A heating device should ideally be sized so that its rated 
heat output is able to satisfactorily meet end user comfort 
requirements on the coldest winter days. Anything larger 
than this is unnecessary and is likely to detract from optimum 
effi ciency. In general, smaller systems will have longer 
operating times and achieve better overall effi ciencies.

Design techniques currently range from the relatively 
sophisticated BRE boiler sizing method (based on a full 
analysis of the property) to simple rules of thumb, such 
as the number of bedrooms. Ideally, when selecting an 
optimum heating device for a given application, attention 
should be given to the characteristics of the property 
(heat loss, age, size) and to prior energy consumption 
data, where available.

Undersizing of systems may lead to better system effi ciency 
but the property will heat up less quickly and the system may 
not be able to maintain comfortable internal temperatures. 
Oversizing of systems provides fast heating response times 
but can often lead to cycling operation (repeated short 
operating cycles), which is much less effi cient, especially 
for Micro-CHP systems which incur greater start-up and 
shut-down losses. Oversizing is believed to be common 
practice for many domestic boiler installations.

The location of the heating device and hot water tank are also 
important to ensure that any losses from these are taken 
as useful energy within the space where heat is required.

High power-to-heat ratio

For Micro-CHP systems the power-to-heat ratio is critical in 
terms of the overall energy, cost and carbon saving benefi ts 
provided by the system. While the overall system effi ciency 
is important, the relative level of electrical output is the key 
factor affecting carbon saving performance. Relatively small 
increases in electrical effi ciency can lead to much more 
signifi cant increases in potential carbon savings. (The 
power-to-heat ratio is not relevant for conventional boilers 
as no electricity is generated.)

Overall unit effi ciency

The overall effi ciency of a heating device has a signifi cant 
direct infl uence on its performance. Maximising the 
effi ciency increases the chance of high performance 
operation, although, as discussed above, for Micro-CHP 
the electrical effi ciency is generally more important than 
the thermal effi ciency.

Property reference SAP HLC (W/ºC) Real HLC (W/ºC) % Difference real HLC 

to SAP HLC

Annual gas use 

(KWh per year)

1 114 178 +56% 9,297

2 114 160 +40% 13,988

3 114 96 -16% 8,370

4 114 142 +24% 10,617

5 114 143 +25% 10,347

6 114 106 -7% 8,071

7 114 109 -4% 15,644

8 114 114 0% 9,507

9 114 157 +38% 8,768

10 114 172 +51% 7,450

11 114 139 +22% 10,025

12 114 165 +45% 13,988

Average 114 140 +23% 10,506

Table 13  Comparing real heat loss coeffi cient (HLC) and annual gas use for 12 virtually identical properties 
(calculated from measured fi eld data)
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Many steps have been taken in recent years to encourage 
the adoption of heating systems with higher overall 
effi ciencies, notably the move towards installing A and B 
rated condensing boilers in domestic environments. While 
this is a positive trend, it is important to remember that the 
1-2% differences between the rated seasonal effi ciencies of 
the best modern heating systems are likely to be dwarfed 
in practice by the 10% or greater variation in performance in 
the fi eld due to other factors. The design of modern heating 
systems is such that they can generally achieve their rated 
effi ciency consistently if operated at steady state for extended 
periods. In most installations the differences in actual 
operational effi ciency arise from differences in the integration, 
control and operation of the device. The installer and end 
user therefore have signifi cant infl uence on the practical 
effi ciencies achieved.

Performance of internal control logic

Many modern heating systems use intelligent controllers 
to determine the optimum heating cycles in order to meet 
a particular demand for space or water heating. These 
controllers analyse data relating to the required heating 
profi le (from user time clock settings), internal room 
temperatures, room thermostat settings, hot water tank 
thermostat settings and, in some cases, external temperature 
measurements. This information is used to determine the 
point at which the system switches on or off, or modulates 
to a higher or lower output level. 

The performance of the controller is vital to ensure that the 
appliance operates in the most effi cient manner possible 
for any given set of conditions. This is particularly the case 
for Micro-CHP systems, where ensuring long run times is 
vital to achieving high performance. The controller must 
also ensure that other components, such as the pump and 
fan, operate for the optimum periods of time in order to 
maximise the heat delivered to the system and minimise 
the system electrical use.

Manufacturers face a complex trade-off between designing 
appliances to work with standard low-cost controls and 
restricting installers to using specifi c controls which offer 
optimal performance but may be more expensive.

The trial has also shown that some householders can 
become frustrated with advanced control logic, particularly 
if this means that the heating system starts operating at 
unexpected times of day or appears not to turn off on request. 
Manufacturers must take such factors into account when 
designing control algorithms.

Effi ciency of pump & other ancillary components

There are some heating system components, such as pumps, 
which can either be integrated within a heating device or 
are installed separately alongside. Such components require 
electricity and their effi ciency and run times therefore impact 
the overall energy use and carbon emissions. Whether 
integrated within heating devices or installed separately, 

it is important that pumps and other ancillary components are 
as effi cient as possible. For example, the best modern pumps 
require dramatically less energy than traditional pumps. 

Furthermore, it is important that such components are 
confi gured such that they only operate when necessary 
and at the minimum required power output level. In some 
instances found during the trial, pumps have been set to 
operate constantly and at higher output levels, signifi cantly 
increasing the overall electricity consumption by the heating 
system. Such confi guration issues are sometimes attributable 
to the installer and sometimes to the control settings chosen 
by the householder. The best examples of modern pumps 
have automatic control of power to optimise operation and 
reduce energy consumption.

Well designed house heating system

The overall performance of a heating device may depend 
as much on the overall heating system as it does on the 
inherent behaviour of the device itself. In particular, it is 
important to ensure that the fl ow and return temperatures 
to and from the device are optimised, both to maximise 
heating device effi ciency and to meet customer comfort 
requirements. Key factors in the overall design include the 
sizing and location of radiators and the sizing and thermal 
performance of the hot water tank.

Commissioning and integration with rest of heating system

In addition to choosing a correctly sized, high effi ciency 
heating device and ensuring that the house heating system 
is well designed, it is also important that the device is well 
commissioned and integrated appropriately with the rest 
of the heating system. For example, the compact heat 
exchangers used in some modern boilers and Micro-CHP 
systems are less tolerant than older systems to the sludge 
and debris that may have built up over time. Consequently, 
the heating circuit should be fl ushed prior to fi tting the 
new device to prevent premature failure or reductions 
in performance. 

Many modern appliances require a system by-pass to 
maintain minimum water fl ow. Evidence from the fi eld trial 
suggests that these are often incorrectly sized or adjusted. 
As this alters the return water temperature, this can 
signifi cantly affect appliance operation and must be taken 
into account by installers at the point of commissioning. 
One solution to this might be to fi t a pressure operated 
valve on the by-pass.

In addition to the initial commissioning, it is also important 
that the heating device is regularly and well maintained 
during its operating life in order to maximise performance.
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Achieving condensing operation

One key performance driver which is very much related 
to the integration of the heating device with the rest of the 
heating system is the extent to which the heating device 
operates in condensing mode. Modern boilers and Micro-CHP 
systems are able to achieve notably higher effi ciencies, 
as they have a heat exchanger that extracts latent heat 
remaining in the combustion by-products by condensing 
them before they are exhausted in the fl ue gas. However, 
this is dependent on certain operating conditions being 
achieved. In particular, devices only condense signifi cantly 
if return temperatures from the heating circuit are around 
50°C or below. In practice, it is thought that large numbers 
of condensing boilers are set up in such a manner that 
they rarely achieve condensing performance and therefore 
operate with lower effi ciency than they could otherwise 
achieve. The presence and use of Thermostatic Radiator 
Valves (TRVs) and their interaction with by-pass valves is 
also known to affect this.

5.8 Summary

Table 14 summarises the key drivers of performance as 
described previously, indicating whether they are infl uenced 
primarily by occupant behaviour, the type of property, the 
heating device itself or the way in which the device and the 
wider system are designed and installed.

By the end of the project it is hoped that the results from 
the Micro-CHP and condensing boiler fi eld trials, as well 
as the associated laboratory testing, will allow the relative 
importance of many of these factors to be further assessed 
and quantifi ed.

Driver of performance Occupant 

behaviour

Property 

type

Heating 

device

Design & 

installation

User settings and behaviour Y

Matching device sizing to heat demand Y Y Y Y

High power-to-heat ratio (Micro-CHP only) Y

Overall unit effi ciency Y

Performance of internal control logic Y

Effi ciency of pump and other ancillary components Y Y

Well-designed house heating system Y

Commissioning and integration with rest of heating system Y

Achieving condensing operation Y Y

Table 14 Key factors affecting the performance of heating systems (Micro-CHP and boilers)

Which factors affect this
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6 Electrical generation and export

6.1 Introduction

The results from the fi eld trial provide interesting and 
unique insights into the electrical generation profi les of 
Micro-CHP units and the wider gas and electricity demand 
profi les in the range of different properties in which they 
are installed. These aspects of Micro-CHP performance are 
important for two main reasons:

•  The economics are highly dependent on the proportion 
of the generated electricity that is exported from the device 
and the extent to which the owner of the unit is rewarded 
for the electricity exported

•  Integration into the distribution network presents 
challenges, as the UK’s low voltage network was neither 
designed nor built for the integration of distributed 
generation.

Noting these practical issues, it is accepted that, within 
reasonable limits, all the electricity generated by Micro-CHP 
should have the same carbon saving benefi t whether used 
within the building or exported to the local network.

6.2 Electricity export to grid

The majority of domestic Stirling engine Micro-CHP systems 
involved in the trials have a maximum electrical power 
output of around 1kW, in some cases with a further, lower 
power setting producing about 0.7kW of electrical output 
with an associated reduction in heat output. Another system 
in the trial has a maximum electrical output of 3kW.

Electricity is only generated by Micro-CHP when there is a 
demand for heat and thus it may best be seen as a by-product 
of heating. However, the fi eld trial results show that while 
all the heat supplied is used in the house, a signifi cant 
proportion of the electricity generated is exported to the grid 
because electrical demand and heat demand do not coincide. 

The electricity demand in a house varies depending on the 
time of day, day of week, season and weather conditions 
and it also changes second-by-second due to equipment 
being in operation. Consequently the electricity demand 
profi les for the houses in the fi eld trial vary greatly both 
over time and between different houses.

The minimum demand seen in the trial is typically less than 
50W and the maximum above 10kW (based on fi ve-minute 
averages). The electricity generated is used in the house as 
long as demand matches or exceeds the output level of the 
Micro-CHP unit. However, when the household demand falls 
below this output level, the excess electricity is exported 
to the local network. Similarly, when demand in the house is 
higher than the output of the Micro-CHP unit, electricity will 
be imported from the grid in the normal manner. 

The electricity supply and demand profi les at individual trial 
sites show that signifi cant amounts of electricity are exported 
to the grid, even at times of relatively high aggregate demand. 
This is due to the volatile nature of domestic electricity use, 
where the peak demand is often fi ve to ten times the base 
load electricity requirement. On a per-second basis, the 
electricity required often exceeds that being generated by 
Micro-CHP and the output is used in the house. However, 
for signifi cant periods, the base load electricity requirement 
is less than the level being generated by Micro-CHP and 
the excess is exported.



76 Micro-CHP Accelerator

Figure 62 shows the intra day profi les for a typical house in 
the trial, averaged across all the days in one winter month. 
The graph includes the household demand for gas and 
electricity as well as the level of electricity generated by the 
Micro-CHP unit and the level of electricity that is exported 
out of the house back onto the grid.

A number of observations can be made for this particular 
month in this house:

•  The average gas use peaks at 8-9kW in the morning 
(around 5-7am) and evening (around 3-5pm) and, as 
expected, the profi le of electricity generation from the 
Micro-CHP unit follows a very similar pattern. The average 
electricity demand peaks at around 0.9kW in the morning 
(around 9am) and at around 1.3kW (around 4-6pm)

•  In the morning, the peak in Micro-CHP generation happens 
two to three hours earlier than the peak in-house electricity 
demand. This is likely to be because the occupants have 

set their heating system to come on while they are still 
asleep and well before electrical appliances such as lights, 
kettles and power showers are switched on. As a result, 
when the Micro-CHP unit is generating an average of 
around 0.6kW from 5-7am, a very large proportion of the 
electricity generated is exported as the average (base 
load) electricity demand at that time is less than 0.2kW

•  In the afternoon and evening, the peak electricity demand 
profi le matches fairly closely with the house electricity 
demand, with the average demand exceeding the average 
generation for all fi ve-minute periods. Despite this, an 
average of 0.1-0.3kW of electricity is still exported to the 
grid throughout this period. This is due to the volatile 
nature of domestic electricity demand. Although the 
average demand appears to exceed that generated for 
any given fi ve-minute period, on a per-second basis there 
are still considerable periods where the house demand 
drops below the level of output from the Micro-CHP unit.

Figure 62 Intra-day energy profi le – averaged over a winter month for one site
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Figure 63 shows the distribution of monthly export percentage 
for all valid months of domestic Micro-CHP operation in 
the trial. Across all months, an average 49% of electricity 
generated by Micro-CHP is exported. 

Although this is signifi cantly higher than export assumptions 
made by some industry observers, this is still expected to 
be lower than other electrical micro-generation technologies, 
such as solar PV and small wind, which can generate a 
higher proportion of their output at times of lower electricity 
demand (partly because their output is in no way related to 
activity in the house). Field trial data made available to the 
Carbon Trust for a range of domestic solar PV and small 
wind system installations suggests that typical export levels 
for these technologies are often higher than for Micro-CHP.

For the Micro-CHP installations where a full year’s worth of 
valid data is available, the amount exported over the whole 
year varies from 15% to 85%, again with the average export 
proportion just under 50%.

Figure 64 shows the seasonal variation in average monthly 
export. As might be expected, this shows that the proportion 
of electricity exported is higher during the summer months 
(typically 55-60%) than the winter months (typically 45-50%). 
However, it is the performance in winter months that is 
most important, as over 80% of the annual electrical output 
of a Micro-CHP system is typically generated between the 
months of October and March.

For the commercial Micro-CHP sites in the trial, the average 
electrical export percentage is less than 3% and there is no 
noticeable relationship with time of year.

Figure 63 Distribution of monthly electrical export percentage for domestic Micro-CHP
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6.3 Network impacts

In future, if large numbers of Micro-CHP units are to be 
deployed across the UK, it will be important to be aware 
of the aggregate network impact from large amounts of 
electricity being exported. In order to understand this better, 
intra-day analysis has been performed combining the 
overall demand and generation profi les for all sites in the 
trial where a full year of valid operational data is available. 
Due to the seasonal variability in demand and generation, 
this analysis has been carried out on a monthly basis.

In addition to allowing assessment of the net impact on the 
electricity networks, this analysis also provides a unique 
insight into the way in which the occupants heat and power 
their houses at different times of day and times of year.

Figure 65 shows an example set of average winter demand 
and generation profi les for all houses across all January days 
of operation. It can be seen that the average peak winter 
gas demand is around 6kW. The average peak electricity 
demand is just under 1kW and the average electrical base 
load is around 0.25kW.

Similarly, Figure 66 shows an example set of average 
summer demand and generation profi les for all houses 
across all July days of operation. It can be seen that the 
average peak summer gas demand is just over 2kW. The 
average peak electricity demand is around 0.5kW and the 
average electrical base load is around 0.2kW. Due to the 
low levels of heat demand, there are very few periods of 
generation by Micro-CHP and the average electrical output 
remains signifi cantly below the average base load demand 
at all times.

Figure 65 Average fi ve-minute demand and generation profi les – winter month (all domestic sites)
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Using this data it is possible to consider the impact of 
the ‘worst-case’ network conditions when a large number 
of Micro-CHP units are installed. This can be done by 
considering the theoretical effect of all the trial sites being 
located in one low voltage network area.

The results show that it is highly likely that neighbouring 
buildings will absorb export at the levels seen in the fi eld 
trial. When considering this scenario (often termed ‘after 
diversity’), high-level analysis indicates that electricity 
export from domestic Micro-CHP devices should not cause 
a problem in the majority of the UK network.

Two ‘worst cases’ can be considered using the data:

• High demand but no Micro-CHP generation

• Low demand combined with considerable export.

At the time resolution of fi ve minutes used for the trial, 
the analysis indicates that neither case appears to present 
a signifi cant problem. The highest electricity demand in 
the UK is seen in winter and this is not increased by the 
Micro-CHP units above that which would otherwise be 
expected. The plot for January indicates that Micro-CHP 
export in winter is generally at times of high demand. 
The network condition appears to be maintained within 
its normal operating boundaries and the use of Micro-CHP 
units is likely to reduce the overall demand at peak times. 

For times of low demand, the worst case scenario for 
network stability is a net negative demand on the network. 
The analysis shows that the Micro-CHP units as a group do 
not generally export to such a degree that this occurs.

A detailed analysis of the technical network implications 
of this intra-day data is outside the scope of this report. 
However, the project team will continue to work with 
relevant industry experts and key stakeholders to ensure 
that this new information can be used to build an enhanced 
understanding of the potential network impacts from 
a future roll-out of Micro-CHP devices.

Figure 66 Average fi ve-minute demand and generation profi les – summer month (all domestic sites)
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6.4 Impact on operational economics

6.4.1 Domestic Micro-CHP

For the householder, it is the value of electricity generated 
that provides the potential economic benefi ts of Micro-CHP. 
All electricity generated and used in the house reduces the 
electricity bought from the grid and hence can be valued 
at the normal retail price.

To date, export tariffs have not been widely available, 
although many energy suppliers are now offering these. 
Where available, such tariffs are currently thought to be 
worth up to a maximum equivalent to half of the retail 
price. Currently, some customers are rewarded for electricity 
which is exported to the grid while other householders 
receive nothing.

Figure 67 plots the monthly operational costs and potential 
operational cost savings to the householder from the use 
of boilers and Micro-CHP systems, based on all valid months 
of fi eld data collected64. The retail price of gas is assumed 
to be 3p/kWh and the retail price of electricity is assumed 
to be 10p/kWh65.

As expected, this shows that the cost of the gas used by 
Micro-CHP is higher than the cost of the gas used by boilers 
for the same level of heat supplied. For example, a monthly 
gas bill of £50 for a household with heat demand of 1,400kWh 
per month might increase to around £60.

The chart also shows that, while a boiler typically has an 
electricity cost of £2-4 per month, Micro-CHP offers a fi nancial 
reward for the electricity generated. It is assumed that the 
electricity used in the house is valued at full retail price, 
with the remaining (exported) electricity value based on 
an assumption regarding the level of export reward.

Three different export reward tariff options are illustrated 
in the fi gure, as follows:

•  No export reward – the householder receives no payment 
for exported electricity

•  Half export reward – the householder receives half of the 
retail price (5p/kWh)

•  Full export reward – the householder receives the full 
retail price (10p/kWh).

Figure 67 Monthly costs and savings for domestic Micro-CHP and boilers (with three different export tariff assumptions)
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64  This analysis only includes energy costs and does not include any costs for ongoing maintenance and support for either boilers or Micro-CHP.

65  These are the average retail prices of gas and electricity derived from recent BERR energy statistics (June 2007): www.berr.gov.uk/energy/statistics
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Figure 68 shows the cumulative effect of these different costs 
and savings trends extrapolated to the annual level. This 
illustrates that, based on the assumed retail prices for gas 
and electricity, the Stirling engine Micro-CHP units in the 
trial provide no commercial benefi t relative to a condensing 
boiler on average, unless reward is provided for the exported 
electricity. Without such reward the cost savings associated 
with reduced grid electricity consumption are offset by the 
costs associated with additional gas consumption (based 
on the energy price assumptions chosen).

This is a key fi nding and demonstrates the importance of 
appropriate export reward tariffs in improving the economic 
case for the adoption of Micro-CHP. It also implies that 
electricity storage technologies could, in future, play an 
important role in allowing householders to capture more 
of the fi nancial benefi t from the locally-generated electricity 
which would otherwise be exported to the grid.

To reduce the level of electricity which is exported, 
manufacturers could in theory design devices with lower 
levels of electrical output, but this is likely to be undesirable 
as it would signifi cantly reduce the carbon saving benefi ts. 
Another option might be to educate users on how to align 
their use of appliances with times when Micro-CHP is 
generating. However, this is unlikely to have a signifi cant 
impact due to the additional effort required and the fact 
that the majority of appliance use is either on-demand 
(e.g. televisions) or near-constant (e.g. fridge/freezers).

According to the Government’s Energy White Paper, all six 
major energy suppliers have now committed to publishing 
easily accessible export tariffs66. However, the tariffs available 
are generally lower than the retail price for imported 
electricity. This refl ects the expected difference between 
wholesale and retail price in any market, including the cost 
of transporting the exported electricity to a customer and 
the transaction costs for the supplier.

If higher export rewards were to be made available this would 
not only improve the economic potential for customers, 
it would also provide a greater incentive for manufacturers 
to enhance the electrical effi ciency of their devices, which 
is the key to achieving carbon savings. In fact, the current 
lack of widely available and stable export tariffs may currently 
be restricting the manufacturers’ ability to design Micro-CHP 
systems which can deliver the maximum possible carbon 
savings. Any export reward regime must avoid providing 
incentives for systems to generate and dump excess heat 
in order to access rewards for generated electricity. However, 
with the power-to-heat ratios of current Micro-CHP devices 
this is not expected to occur for any plausible level of 
export reward.

Figure 68  Modelled cost trends with heat demand for domestic boilers and Micro-CHP for different export reward tariffs
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Figure 69 models the difference between the costs for a 
condensing boiler and the Stirling engine Micro-CHP units 
monitored in the trial, with the three different export reward 
tariff options investigated. This suggests that for a target UK 
household with annual heat demand of around 20,000kWh, 
the current Micro-CHP units could provide annual savings 
of over £40 relative to a boiler, assuming that a half export 
reward tariff was available (i.e. in this case 5p/kWh against 
a retail price of 10p/kWh). If a theoretical full price export 
reward tariff were to be assumed, the maximum annual 
cost saving for this same house would be over £90.

The current marginal cost of a domestic Micro-CHP unit 
relative to an equivalent condensing boiler is estimated to 
be around £1,500. This suggests that current payback periods 
for Micro-CHP devices are likely to be well over 20 years. In 
light of these fi ndings, it is likely that Micro-CHP products will 
be better targeted initially at environmentally-aware early 
adopters rather than the fuel poor or those in social housing.

It is believed that Stirling engine Micro-CHP manufacturers 
are targeting a marginal unit cost of £600 relative to an 
equivalent condensing boiler when units are manufactured 
at volume. Based on the cost savings modelled previously, 
this implies a marginal payback period of up to 15 years, 
assuming a ‘half export reward’ tariff, or up to seven years 
assuming ‘full export reward’. 

These paybacks could also be further improved by higher 
overall system effi ciencies, lower gas prices, higher electricity 
prices or higher export reward tariffs. Paybacks would also 
be shorter for houses with higher annual heat demands.

As noted in Section 5.6, for a given overall system effi ciency, 
greater carbon savings will result from a Micro-CHP unit 
with higher electrical output. Consequently, manufacturers 
should be encouraged to develop units with higher electrical 
effi ciency and the provision of an export reward tariff is 
likely to be the best way to achieve this67. Although a higher 
proportion of the electricity generated will be exported out 
of the house, this is not expected to signifi cantly change 
the operational economics of using the Micro-CHP unit in 
the scenario where a level of half export reward is provided.

Due to the low cost of the alternative technology (condensing 
boilers), the economic case for domestic Micro-CHP as 
a standalone purchase by householders does not look 
particularly attractive in the short term, especially in light 
of the additional risk that must be factored in to buying a 
new technology. Initial sales are therefore likely to be limited 
to enthusiasts for new low-carbon technology and will 
require policy support to ‘pump prime’ the market. Achieving 
signifi cant market volume in the longer term will require 
signifi cant reductions in capital costs and innovative fi nancing 
packages, as well as attractive export reward tariffs.

At the time of writing, some research projects in Europe 
are considering the potential for energy suppliers to operate 
a fl eet of centrally-controlled, domestic Micro-CHP units. 
The economic case for such a solution could be driven by 
the potential savings from avoiding investment in new 
conventional generation plant. However, any such solution 
is expected to be very complex and it is not yet clear how 
this would work in practice.

Figure 69 Modelled cost savings with heat demand for domestic Micro-CHP for different export reward tariffs
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67  An alternative approach to encourage higher electrical effi ciency would be the availability of cost effective and reliable electricity storage solutions.
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6.4.2 Commercial Micro-CHP

The commercial Micro-CHP systems in the trial are sized 
to ensure that all electricity generated is used on site 
and consequently the economics are not affected by the 
availability or otherwise of export reward tariffs.

Figure 70 plots the monthly costs and potential cost savings 
from the use of commercial Micro-CHP systems and 
commercial boilers68. The retail prices for commercial users 
are assumed to be 2.5p/kWh for gas and 8.5p/kWh for 
electricity69. The heat demand shown on the graph represents 
that provided just by the Micro-CHP system, rather than 
the overall plant room including conventional boilers.

For commercial Micro-CHP, this is based on all valid 
months of operational data collected; for boilers, this is 
based on assuming a theoretical boiler extrapolated from 
the behaviour of domestic condensing boilers in the trial.

68  This analysis only includes energy costs and does not include any costs for ongoing maintenance and support for either boilers or Micro-CHP.

69  In practice, prices will vary for different sites and different contractual arrangements. In general, commercial customers have lower energy prices than domestic 
customers as they are able to enter into longer contract terms.

Figure 70  Monthly costs and savings for commercial Micro-CHP and boilers 
(heat demand indicates heat provided by Micro-CHP system only)
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Figure 71 shows the cumulative effect of these different 
costs and savings trends extrapolated to the annual level. 
This illustrates that, based on the assumed retail prices for 
gas and electricity, the commercial Micro-CHP units provide 
a clear fi nancial benefi t relative to using a condensing boiler 
to meet an equivalent heat demand.

Analysis of Figure 71 suggests that for a typical small 
commercial installation with annual heat demand of 200MWh 
(as per Scenario 1, Section 4.6.3), where the Micro-CHP 
unit provides 72,000kWh of heat, annual savings of around 
£1,500 are possible relative to conventional boiler plant. 
Similarly, for an installation with annual heat demand of 
400MWh (as per Scenario 2), where the Micro-CHP unit 
provides 144,000kWh of heat, annual savings of around 
£3,000 are possible relative to conventional plant.

The marginal cost for a commercial Micro-CHP installation 
relative to conventional boiler plant (as part of a general 
boiler plant upgrade) is considered to be around £15,000. 
Based on the potential operational cost savings identifi ed 
this suggests a marginal payback period in the range of 
fi ve to ten years. These paybacks could be further improved 
by higher overall system effi ciencies, lower gas prices, 
higher electricity prices or by valuing the carbon saved.

Figure 71  Modelled cost trends with heat demand for commercial boilers and Micro-CHP 
(heat demand indicates heat provided by Micro-CHP system only)
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7 Addressing market entry challenges

7.1 Market context

7.1.1 Introduction

Micro-CHP is an exciting emerging technology but faces 
signifi cant challenges in gaining market share in mature and 
competitive markets for domestic and commercial boilers. 
Even for commercial Micro-CHP units, where the technology 
is well proven, current sales volumes remain very small 
relative to the overall market for commercial boilers.

A major roll-out of any new technology is risky and therefore 
requires careful planning and considerable investment. 
Where a technology is shown to offer cost-effective carbon 
saving potential, policy makers should assist such a roll-out 
by providing appropriate policy support, for example in the 
form of capital grants or other fi scal incentives to ‘pump 
prime’ the market. However, care is needed in selecting 
such measures to ensure the impact is as desired and that 
appropriate incentives are provided within a long-term 
framework. Such incentives should ideally support the 
industry in delivering the necessary ramp-up in manufacturing 
capacity, improvements in product reliability and cost 
reductions due to learning and economies of scale.

This section discusses some of the market entry challenges 
faced by manufacturers/suppliers and highlights practical 
observations from the fi eld trial which illustrate some 
of the common challenges that need to be overcome 
for Micro-CHP as part of the journey from an early stage 
technology to a mass market product.

7.1.2 Domestic Micro-CHP

In existing homes, boilers are typically either installed as 
a ‘distress purchase’, when the existing central heating 
system has failed, or during a refurbishment, when style 
and space-saving are the main drivers. In either case, the 
installation is often carried out at the request of relatively 
uninformed consumers who have little or no understanding 
of how their house is heated, let alone the relative merits 
of different heating technologies. Nevertheless, in recent 
years regulatory changes have meant that the majority of 
new boiler sales are now high effi ciency A-rated or B-rated 
condensing boilers. The majority of new condensing boilers 
installed by this route are fi tted by small, local enterprises 
typically employing fewer than three people.

The alternative route to market for heating products is into 
new-build properties under a competitively won contract 
with a housing developer. While this is undoubtedly an easier 
market for Micro-CHP manufacturers/suppliers to target, 
the results in this report suggest that new-build domestic 
properties are unlikely to be suitable for the current 

generation of Stirling engine Micro-CHP devices, as their 
heat demands are typically insuffi cient to ensure long and 
consistent periods of Micro-CHP operation.

The market for annual domestic boiler sales in the UK is 
highly competitive with around 1.5m units sold each year70. 
In contrast to this established and competitive market, sales 
of Micro-CHP units are still in the few hundreds per year, 
with units available from a limited range of suppliers and 
installed by specialist companies who still have relatively 
little experience. With an installed fl eet of only a few 
thousand units, and operational experience of one or two 
years in customers’ premises, manufacturers and suppliers 
still have much to learn. There is therefore likely to be a 
considerable opportunity for optimisation of Micro-CHP 
units beyond what has been attempted in the laboratory 
and a few controlled test sites to date. 

Findings from the trial confi rm the relative immaturity of 
Micro-CHP. Around 25% of all the units in domestic properties 
have had engine faults or problems in the fi rst year of 
operation71. Device faults have included internal leaks in 
the engine, burner faults, trips due to voltage fl uctuations, 
blocked fi lters and lower than expected electricity generation 
levels. However, these types of issues are to be expected 
with such an early stage product and manufacturers are 
taking steps to resolve these. To help build consumer 
confi dence, manufacturers could provide their customers 
with additional reassurance by including extended warranties 
with their products during the initial phase of any mass 
roll-out.

There have also been some issues relating to how users 
interact with domestic Micro-CHP devices, including 
customers not understanding the control interface and 
misusing the system. This indicates that a signifi cant level 
of customer awareness raising and education is likely to 
be required as part of any mass market roll-out of domestic 
Micro-CHP technology.

Despite these challenges, most of the householders within 
the trial appear satisfi ed with their Micro-CHP systems. 
Even those that have had problems understanding how to 
use the system have found that, following telephone support, 
they can achieve their desired comfort levels. As might 
be expected, the level of understanding of how the system 
works is very variable. A few users seem to have gained 
an operational advantage by being willing to put in the 
time to really understand their Micro-CHP device. Some 
have even purchased time clocks to synchronise their use 
of washing machines and other appliances with the hours 
of operation of the Micro-CHP unit, but such behaviour is 
very much in the minority.

70 Source: BSRIA 2003-2005.

71  This compares with the boiler industry, which has targets for 1.5-3% failure rates for new boilers under warranty in the fi rst year and considers a 5% failure rate 
to be poor performance. (Source: boiler manufacturer).
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7.1.3 Commercial Micro-CHP

The commercial boiler sector is relatively small and very 
mature, with only around 20,000 new units sold every year72. 
Although not as dramatic as the move to condensing boilers 
in the domestic market, the 2005 Building Regulations (Part L) 
for non-domestic buildings and the EU Energy Performance 
of Building Directive (EPBD) have recently accelerated the 
move towards adoption of high effi ciency heating products 
in the commercial sector. High effi ciency boilers already 
account for over 50% of the commercial boiler sales.

Micro-CHP devices have been demonstrated to offer 
considerable and worthwhile carbon savings in certain 
commercial applications so, as building regulations continue 
to tighten the requirements for energy conservation, 
the market for commercial Micro-CHP products might 
be expected to grow substantially over the coming years. 
However, this potential is currently being restricted due 
to the general lack of understanding of the technology 
both by installers and potential end users (e.g. site or 
facilities managers).

During the fi eld trial it is of note that all of the commercial 
Micro-CHP units have had some form of customer or 
operational issue. However, while these eventually manifested 
as technical faults or failures of the system itself, they 
frequently related to the operations and maintenance of 
the machines and this could in turn be traced to a lack of 
understanding or appropriate expertise. Clearly, such issues 
need to be urgently addressed if the market for commercial 
Micro-CHP is to reach its true potential.

7.2 Practical challenges for Micro-CHP

In addition to the fi eld data collected, the trial has identifi ed 
a number of practical challenges relating to the performance 
of the Micro-CHP units monitored in the trial, in particular 
from site visits and discussions with end users. 

7.2.1 General observations

Table 15 lists the key practical challenges which apply equally 
for both the domestic and small commercial Micro-CHP 
installations.

72 Source: Building Services and Environmental Engineer, July 2006.

73  For example, a Which? survey in September 2007 found that nearly one in three new domestic condensing boilers break down within the fi rst six years of operation.

Ref Observation Underlying reason Implications Potential actions

1 Some Micro-CHP units have 

not been as reliable as the 

heating systems previously 

in place

This is partly to be expected due 
to the early stage of technology 
development. However, similar 
issues have also been reported 
with the installation of some new 
condensing boilers73

This may be an inherent challenge 
for Micro-CHP due to the complexity 
of the devices. However, with the 
right focus, it is expected that unit 
reliability will be able to reach 
acceptable levels for mass market 
uptake

Potential reduced operational 
life of system

Potential need for increased 
levels of maintenance and 
ongoing service

Potential loss of consumer 
confi dence in product if not 
addressed

Manufacturers are already 
focusing heavily on improving 
product reliability

Need to ensure issues identifi ed 
in fi eld trials are acted on to 
enhance the reliability of future 
product iterations

Need for strong ongoing 
maintenance and service 
contracts/capabilities

2 There is a general lack of 

appropriate installation 

and maintenance skills for 

Micro-CHP systems

This is partly to be expected due 
to the early stage of technology 
development. It may also be due 
to the increased complexity of 
Micro-CHP systems relative to 
conventional plant

However, the trial has also shown 
a similar lack of installation and 
maintenance skills for conventional 
heating systems

Potential for systems to 
be poorly designed, sized, 
commissioned and operated

Potential customer frustration 
due to lack of relevant technical 
support

Suppliers and manufacturers to 
focus further on building required 
capacity and skills in local installer 
base

Some suppliers have already 
brought installation skills ‘in 
house’ to avoid such issues 
occurring

Table 15 Key practical observations Micro-CHP systems in general
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7.2.2 Domestic Micro-CHP

Table 16 lists some of the key practical challenges identifi ed 
for domestic Micro-CHP. These indicate that as domestic 
Micro-CHP emerges into the market it may face a number 

of hurdles, many of which are common to such new 
technologies and to be expected. However, it is important 
that manufacturers, policy makers and end users are aware 
of these.

Ref Observation Underlying reason Implications Potential actions

3 Micro-CHP is able to meet 

household heating needs but 

it may take the system longer 

to heat up the house

Boilers tend to be oversized and 
have higher thermal output than 
the Micro-CHP units that replace 
them

Micro-CHP systems tend to have 
smaller thermal ratings in order 
to ensure effi cient performance

Potential customer perception 
that the system is not able 
to provide the required levels 
of comfort

If units are oversized to address 
this, then Micro-CHP units may 
not perform optimally

Manufacturers have partially 
addressed this by adding 
auxiliary ‘boost’ burners

Installers need to ensure that 
units are always sized correctly

Suppliers to continue to educate 
customers on the characteristics 
of their system and how to get 
the best performance from it

4 Some users prefer to locate 

Micro-CHP units in ‘external’ 

rooms

Micro-CHP systems have so far 
tended to be slightly larger and 
noisier than conventional heating 
systems

Case losses no longer provide 
useful heat to the living area

Users potentially less likely to 
make optimal use of system 
controls if located externally

Manufacturers need to be aware 
of implications for installation/
operation

The latest Micro-CHP units are 
expected to be considerably 
quieter, which should reduce the 
likelihood of this occurring

5 In some cases householders 

have found the control 

interface complicated

This is thought to be due to 
the early stage of technology 
development rather than being 
a fundamental problem

Potential for customers to 
programme system incorrectly, 
leading to sub-optimal 
performance

Manufacturers are known to be 
enhancing their user interface 
designs in subsequent product 
versions

6 Large supply companies have 

had diffi culty in responding 

to some customer issues

Call centre staff may have limited 
or no knowledge of Micro-CHP

The problems raised are often 
complex and specifi c to individual 
installations

Potential customer perception 
of poor levels of service and 
support in early days of the 
market

Suppliers need to build knowledge 
and put in place relevant support 
services. This is already in 
progress for leading suppliers

Service offerings should ideally 
involve call-out support from 
skilled local technicians

7 Some customers have not 

noticed any reduction in their 

energy bills

This may to be due to underlying 
increases in energy prices being 
larger than any savings during 
the period

Monthly estimated billing and fi xed 
direct debit payments often mask 
any savings in the short term

Customers may perceive that 
Micro-CHP has not delivered on 
promises made by suppliers

Suppliers need to ensure 
customers are provided 
with relevant and up-to-date 
information

Some suppliers are now 
providing export reward tariffs 
and this provides an opportunity 
to clearly communicate fi nancial 
benefi ts to customers

8 If customers switch energy 

suppliers, their new supplier 

may not have an equivalent 

Micro-CHP offering

Customers are able to switch 
energy suppliers at short notice 
and are encouraged to do so via 
online service providers

Some energy suppliers are not 
equipped to handle queries relating 
to Micro-CHP devices and do not 
provide export reward payments

Customers may fi nd that they 
are unable to discuss their 
Micro-CHP device with their 
new energy supplier. (However, 
they should still receive 
technical support from the 
original device provider)

Customers receiving export 
payments may not get these 
from their new supplier 

Suppliers to educate early 
adopters of Micro-CHP products 
regarding the support they can 
expect to receive from their device 
provider and energy supplier, 
as appropriate

Energy suppliers to ensure 
adequate support available for 
customers as the market grows

Table 16 Key practical observations on domestic Micro-CHP
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7.2.3 Commercial Micro-CHP

As highlighted in Section 4.4, commercial Micro-CHP has the 
potential to deliver substantial carbon savings compared 
to established boilers and grid electricity. However, this 
saving only occurs if the engine operates successfully both 
technically and fi nancially. There is evidence that this is not 
occurring in practice across a range of installations around 
the UK, including a number in the trial. This must be avoided 
if Micro-CHP is to be successful at the commercial scale and 
in numbers large enough to make worthwhile carbon savings.

Operational issues have been encountered for a large 
proportion of the internal combustion engine Micro-CHP 
installations in the fi eld trial. In many cases, machines have 
not been operational for signifi cant periods and in other 
cases there have been performance problems. However, in 
virtually all cases, these issues have not been due to inherent 
problems with the technology and could be avoided in future 
if appropriate action is taken.

Table 17 lists some of the key practical challenges identifi ed 
for commercial Micro-CHP.

Table 17 Key practical observations on commercial Micro-CHP

Ref Observation Underlying reason Implications Potential actions

9 Micro-CHP system failures are 

sometimes not noticed by 

operators for a long time

Commercial Micro-CHP units 
are normally installed alongside 
multiple boilers so users may not 
notice any change if Micro-CHP 
system stops working

Potential carbon and cost 
saving benefi ts of Micro-CHP 
lost due to unnecessary periods 
of downtime

Some manufacturers and 
suppliers are already providing 
enhanced monitoring and 
alerting services

Need to encourage development 
of proactive, in-house expertise 
and use of enhanced monitoring 
at customer sites

10 Some maintenance 

supervisors and users lack 

skills to operate systems 

correctly

There is often a lack of relevant 
experience and skills within the 
end user organisation

Existing boiler installation and 
service contracts are often not 
appropriate for commercial 
Micro-CHP systems

Potential for reduced 
performance of Micro-CHP 
or long outage periods

End users need to invest in 
internal Micro-CHP skills within 
organisation

Need for increased Micro-CHP 
skills in local M&E design 
contractors

Some suppliers are already 
adopting new models for service 
provision to address these issues

11 Some systems are not 

appropriately integrated with 

building energy management 

systems

There is often a lack of relevant 
experience and skills within the 
end user organisation

Existing boiler installation and 
service contracts are often not 
appropriate for commercial 
Micro-CHP systems

Potential for reduced 
performance of Micro-CHP 
or long outage periods

End users need to invest in 
internal Micro-CHP skills within 
organisation

Need for increased Micro-CHP 
skills in local M&E design 
contractors

Some suppliers are already 
adopting new models for service 
provision to address these issues

12 Some Micro-CHP systems are 

more sensitive to changes in 

operating parameters than 

conventional plant

For some systems, low gas 
pressure, poor electrical quality or 
sludge in water circuits can cause 
the system to stop working

In some cases, this may just be 
because the supply of electricity or 
gas falls outside the statutory limits

Potential increase in plant trips 
leading to breaks in operation 
and increased wear and tear

Suppliers to ensure high quality 
design and installation, coupled 
with appropriate support

Need for in-house operational 
expertise

Potential regulatory issue to 
investigate why supplies fall 
outside of statutory limits in 
some cases

13 Some Micro-CHP systems can 

increase the temperature in 

plant rooms

Some commercial Micro-CHP 
systems have substantial case 
losses which can raise plant room 
temperature

However, this applies primarily 
to units with unlagged exhaust 
pipes and can also apply to some 
commercial boiler units

Users may need additional 
mechanical ventilation for plant 
rooms, increasing the overall 
use of energy on site

Suppliers and end users need to 
account for this in system design 
and installation

Note: this issue doesn’t apply to 
some of the leading commercial 
Micro-CHP systems
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7.2.4 Overcoming the challenges

The practical observations from the fi eld trial demonstrate 
a number of challenges surrounding the development of 
Micro-CHP. At the domestic scale, manufacturers and 
suppliers are endeavouring to take cutting edge technology 
into a heavily regulated, mature and competitive market 
where there are limited customer-facing drivers and the 
premium that early adopters are willing to pay may be 
modest. There is a requirement for a shift to mass production 
to reduce costs and to meet the eventual market demand, 
but the costs and risks of such tooling-up may remain 
prohibitive until there is evidence of a healthy early-stage 
market with strong growth potential. In these early years 
it is therefore vital that leading manufacturers target 
appropriate market segments and ensure that customer 
confi dence is not undermined by poor performance of 
inappropriately installed devices.

At the commercial scale, there appear to be signifi cant 
opportunities for Micro-CHP. However, the extremely high 
level of reliability of modern gas boiler systems means many 
organisations now have very limited in-house resources 
with relevant expertise, and the number of skilled staff 
available on contract for Micro-CHP support is currently 
very low. Suppliers would benefi t from targeting clusters 
of potential customer sites in specifi c geographical areas 
to gain economies of scale from local installer expertise, 
as well as on-site maintenance requirements.

It is clear that action is required by manufacturers and 
installers to address many of these issues. However, it is 
also likely that widespread roll-out of Micro-CHP technology 
will not happen if left purely to the market, given the higher 
capital costs and signifi cant investment required by 
manufacturers and suppliers. In light of the potential 
carbon savings available, Section 8 reviews the potential 
actions for policy makers, manufacturers and installers 
in order to accelerate the adoption of Micro-CHP in 
appropriate circumstances.

7.2.5 Potential benefi ts of packaged solutions

Micro-CHP systems currently suffer from various 
disadvantages relative to conventional heating systems. 
These include higher capital costs, a lack of widespread 
installer experience, more complex system operation, the 
potential requirement for more specialist maintenance and 
a lack of clarity regarding export tariffs. These disadvantages 
are likely to exist for some time and may also apply to future 
systems such as fuel cells. As things stand, this could lead 
to low take-up, poor performance and dissatisfi ed users, 
which could damage the image of the nascent industry.

These disadvantages can, in principle, be offset by the 
advantages offered by Micro-CHP, most notably the reduced 
overall fuel costs for the user and potential peak lopping 
advantages for electricity suppliers. In addition, the increased 
gas use by householders may also provide advantages for 
companies supplying gas to the domestic market. However, 
as only some of these advantages directly benefi t the user, 
suppliers can potentially overcome these barriers by adopting 
new business models to share the benefi ts.

For example, suppliers could offer customers a packaged 
solution of fi nancing, installation, maintenance and electricity 
buy-back. This model reduces the capital cost burden for 
customers, increases the chance of good quality installation 
in appropriate houses and ensures ongoing maintenance 
provision. It should also provide benefi ts for suppliers 
in terms of longer-term contracts, increased customer 
satisfaction and retention, as well as advantages regarding 
offsetting of peak demand. 

Some suppliers of commercial Micro-CHP systems also sell 
conventional boilers. These businesses could increase the 
attractiveness of their customer propositions by offering 
packaged solutions. Rather than offering a ‘Micro-CHP only’ 
solution they could offer a package where the Micro-CHP 
unit and associated conventional boiler plant are provided 
as a holistic system, with all components installed and 
commissioned together.
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8 Wider implications of  fi ndings

8.1 Policy implications

The results from the fi eld trial have important implications 
for policy makers in two areas:

•  Potential policy support – to provide fi nancial incentives 
to support the wider uptake of Micro-CHP technology 
where it has been shown to offer potential carbon savings

•  Development of standards and procedures – to ensure 
that the real world fi ndings of the trial (for both Micro-CHP 
and boilers) are incorporated in existing standards and 
procedures used to assess the selection of heating systems 
for domestic and commercial applications.

8.1.1 Policy support

There are several existing Government policy mechanisms 
which provide support to encourage the adoption of micro-
generation technologies. The fi ndings presented in this 
report suggest that Micro-CHP devices should be considered 
eligible for support alongside other micro-generation 
technologies.

However, any such support must be based on a set of robust 
criteria to ensure that the technology will only be installed 
in environments where worthwhile carbon savings are very 
likely to be achieved. Based on the trial fi ndings, a set of 
suggested key criteria for Micro-CHP support is laid out in 
Box 1.

Low Carbon Buildings Programme

The Low Carbon Buildings Programme (LCBP) provides 
Government grants for micro-generation technologies to 
householders, community organisations, schools, the public 
and not for profi t sector and private businesses75. Grants 
are only available for technology categories which have been 
accredited and to date, Micro-CHP has not been included 
in the list of accredited technologies76.

At the time of writing, the accreditation for LCBP is being 
transferred from historic lists of products and installers to 
a new UK Microgeneration Certifi cation Scheme, where all 
the products and installers will ultimately be re-accredited. 
This represents an ideal opportunity to reassess the 
potential for the inclusion of Micro-CHP as an accredited 
technology category77.

UK Microgeneration Certifi cation Scheme

The UK Microgeneration Certifi cation Scheme is run by 
BRE on behalf of the Government (BERR) and provides 
accreditation of micro-generation products and installers78. 
It is intended to underpin the Low Carbon Buildings 
Programme (LCBP), such that LCBP grants will only be 
available to applicants using both products and installers 
certifi ed under the scheme.

Box 1: Suggested key criteria for Micro-CHP support

•  Installation of Micro-CHP should only be incentivised 
where it has a high likelihood of providing carbon 
savings. For example, for the Stirling engine devices 
monitored in the trial, the results suggest this will be 
the case for houses with a calculated annual heat 
demand of over 20,000kWh per year

•  Prior to assessing the annual heat demand, all other 
cost effective and practical energy saving measures 
should have been applied fi rst74. This will avoid the 
situation where a Micro-CHP unit is installed prior to 
other measures which then result in a signifi cant 
reduction to the annual heat demand and reduce the 
effectiveness of the Micro-CHP operation

•  As for other low-carbon technologies, the level of 
support provided for Micro-CHP must be in proportion 
to the range of potential carbon savings available

•  Support must be structured to deliver good quality 
installations and not provide an incentive for 
oversizing as this can signifi cantly reduce the 
performance of Micro-CHP systems. For example, 
policy support should not reward on the basis of ‘per 
kW of system capacity installed’ as this would provide 
an incentive to oversize.

74  For example, the Low Carbon Buildings Programme has criteria whereby householders requesting grants for micro-generation products must have fi rst installed 
appropriate loft insulation, cavity wall insulation (if possible), low energy light bulbs and basic heating system controls, including room thermostat and 
programmer or timer.

75 For more information visit: www.lowcarbonbuildings.org

76  The accredited technology categories currently include solar photovoltaics, wind turbines, small hydro, solar thermal hot water, ground source heat pumps and biomass.

77  In practice, any such change is likely to only apply to Phase 1 of LCBP (the ongoing grant programme for domestic, commercial and public sector). Phase 2 of LCBP 
(which focuses specifi cally on public sector organisations and charitable bodies) has an existing pre-qualifi ed list of framework suppliers for each technology and 
Micro-CHP was not considered as an eligible technology when this list of suppliers was agreed.

78 For more information visit: www.ukmicrogeneration.org
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The scheme will evaluate products and installers against 
robust criteria for each micro-generation technology, and 
is intended to provide greater protection for consumers 
and to ensure that the Government grant funding is spent 
in an effective manner. Third party certifi cation is based 
on testing and assessment of policies and practices at 
manufacturing facilities, installation contractor’s offi ces 
and at installation site(s).

In order to defi ne the certifi cation procedures for each 
micro-generation technology, a set of industry working 
groups has been set up to develop the appropriate standards 
and processes. At the time of writing, the working group 
for Micro-CHP has started work but as yet no certifi cation 
standards for Micro-CHP equipment and installers have 
been agreed.

In light of the detailed understanding of current Micro-CHP 
performance gained from the fi eld trial, it is important that 
this working group uses the fi ndings from the trial to ensure 
appropriate certifi cation procedures are put in place. The 
Carbon Trust will continue to play an active role in this 
process. It is recommended that the basis for approval of 
certifi cation procedures for Micro-CHP takes into account 
the fi ndings in this report and is also reviewed again in 
detail once the fi nal results from the fi eld trial are available 
in 2008.

Carbon Emissions Reduction Target (CERT)

The Government’s Energy Effi ciency Commitment (EEC) 
requires electricity and gas suppliers to achieve targets for 
the promotion and delivery of energy effi ciency into their 
customers’ homes. Suppliers can choose from a range of 
measures in order to deliver their obligation. To date, these 
have focused on different types of insulation, double glazing, 
heating controls and appliances.

The current phase of the commitment (EEC2) ends in 2008 
and this will be followed by a third stage, to be known as 
the Carbon Emissions Reduction Target (CERT), which will 
run from 2008-2011. CERT will extend the list of certifi ed 
measures to include a range of micro-generation 
technologies.

The current consultation on CERT includes the following 
in relation to Micro-CHP79:

Micro combined heat and power (m-CHP) units are currently 
the object of a Carbon Trust trial measuring their in situ 
performance. However, it looks like there may be delays 
in launching commercial products and micro-CHP may not 
be deployed in signifi cant numbers during the EEC3 period. 
It is therefore not included in the Illustrative Mix. Of course 
micro-CHP would be eligible under EEC3 if the savings can 
be verifi ed, for example following the Carbon Trust trials.

The results presented in this document suggest that there 
is a case for considering Micro-CHP as suitable for support 
under CERT, provided that the implementation of such 
support can meet the four key criteria laid out in Box 1 at 
the start of Section 8.1.1. The Carbon Trust will assist the 
authors of CERT to incorporate the Micro-CHP fi eld trial 
results into their existing models.

8.1.2 Standards and procedures

Prior to the Carbon Trust’s Micro-CHP Accelerator, very 
little information was available regarding the real-world 
performance of Micro-CHP devices. Consequently, where 
the technology has been referred to in existing standards 
and procedures, this is based on projected performance 
and theoretical models. As such, the actual operating 
performance of Micro-CHP units is likely to differ from 
the assumptions made in such models.

Given that a wide body of independently audited data is 
now available, it is appropriate to review the assumptions 
used in existing models in order to validate and inform 
such assumptions for future iterations of these models. It 
is important to confi rm the validity of such models so that 
policy makers can have confi dence that the standards and 
procedures encourage appropriate actions to reduce carbon 
emissions. There are also some standards and procedures 
which do not take Micro-CHP into account or were not 
designed with Micro-CHP devices in mind. It is therefore 
appropriate to review these too.

The project has also identifi ed some key differences between 
the theoretical performance of condensing boilers and that 
observed under fi eld conditions. It is therefore of interest 
to review key standards and procedures relating to boilers 
in light of data from the boiler fi eld trial, as well as data 
expected from the associated EST boiler fi eld trial, which 
is now underway.

Some important examples of fi eld trial fi ndings which 
could impact assumptions in existing standards and 
procedures include: 

•  The typical operating hours of domestic Micro-CHP 
systems are lower than has been assumed in much 
of the published material, leading to less electricity 
being generated

•  The proportion of electricity exported from domestic 
properties is higher than assumed previously, thereby 
having an impact on the economics of Micro-CHP

•  There is evidence to show that a large proportion of 
condensing boilers do not appear to perform in the fi eld 
as expected and often do not achieve condensing operation

•  Current models for estimating heating demand in 
properties do not appear to correlate particularly well 
with actual heating demand.

79  CERT consultation, May 2007: www.defra.gov.uk/corporate/consult/cert2008-11/consultation.pdf



92 Micro-CHP Accelerator

The results from the project could be used to update existing 
models and to develop standards that better refl ect current 
patterns of occupancy and energy demand. In view of the 
detailed information from the trials concerning all aspects 
of general household energy consumption, the results can 
also potentially be used to review and update other models 
relating to domestic energy use.

Standard Assessment Procedure (SAP)

SAP is the Government’s Standard Assessment Procedure 
for assessing the energy rating of dwellings80. It is part of 
the UK national methodology for calculation of the energy 
performance of buildings and is used to demonstrate 
compliance with building regulations81. It contains detailed 
calculation methodologies to estimate the annual heat loss 
for a property and this is an essential step in order to identify 
the correct sizing of heating plant. SAP heat loss coeffi cients 
(W/ºC) are determined by examination of the building and 
should be capable of fairly accurate determination.

The Micro-CHP and boiler fi eld trial results provide detailed 
data on energy input into buildings as well as on the 
difference between indoor and outdoor temperatures. This 
enables the calculation of actual heat loss coeffi cients (HLC) 
for each building. For each house in the trial, the standard 
HLC has been calculated using the SAP methodology 
by examination of the building fabric. This has then been 
compared with the actual HLC calculated from energy 
consumption data and inside/outside temperatures. This 
exercise has shown that there is relatively poor agreement 
between the two methods, as highlighted in Figure 72.

Other studies have previously highlighted the diffi culties in 
accurately calculating heat demand from occupied houses, 
due to inexact knowledge of fabric and details regarding 
levels of insulation and, in particular, occupant behaviour.

Further comment on this complex issue is expected to be 
offered in the fi nal project report and it is possible that the 
fi eld trial fi ndings may provide new evidence to support 
the future optimisation of assumptions used in SAP.

Figure 72 Comparing calculated HLC and SAP HLC for fi eld trial properties
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80  The 2005 version of SAP can be found here: http://projects.bre.co.uk/sap2005/pdf/SAP2005.pdf

81  SAP includes different indicators of energy performance: The SAP rating is based on the energy costs associated with space heating, water heating, ventilation 
and lighting, less cost savings from energy generation technologies. The Environmental Impact rating is based on the annual CO2 emissions associated with 
energy use/generation. The Dwelling CO2 Emission Rate is the annual CO2 emissions per unit fl oor area, expressed in kg/m2/year.
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Best practice guides

In light of the fi eld trial fi ndings, existing approved best 
practice guides may need to be updated to include relevant 
details on Micro-CHP. In particular, these should encourage 
installers to ensure that Micro-CHP systems are installed 
in appropriate houses and are well integrated with the 
existing heating system. An example is the ‘Domestic Heating 
and Compliance Guide’, an approved Communities and 
Local Government document, which provides guidance 
on how to comply with building regulations for domestic 
heating systems.

PAS 67 and the Annual Performance Method (APM)

Publicly Available Specifi cation (PAS) 67 is a Micro-CHP 
laboratory test procedure. Its development is being facilitated 
by the BSI (British Standards Institute) with input from many 
industry stakeholders and support from the Energy Saving 
Trust. The output from PAS 67 testing is a set of tables listing 
input and output energy for different operating scenarios. 
At the time of writing, PAS 67 is being fi nalised and is 
about to be published. In future, all commercially available 
Micro-CHP systems are expected to be tested against PAS 67.

In order to allow the behaviour of a Micro-CHP device to be 
assessed for any given building, a three-stage process has 
been developed:

1.  Using PAS 67, the 24-hour performance of a system is 
tested at 100%, 30%,10% and domestic hot water (DHW) 
heat loads to assess performance across the range of 
different operating conditions

2.  The results from PAS 67 testing are fed into the Annual 
Performance Method (APM), which produces a chart 
of seasonal effi ciencies to allow prediction of annual 
performance under specifi ed heat demands 

3.  The results from APM are then fed into an appropriate 
assessment procedure (such as SAP for domestic houses 
or SBEM82 for non-domestic buildings) in order to predict 
how the Micro-CHP device would be expected to behave 
for a given building. 

This end-to-end procedure involves a wide range of 
complex assumptions and, at the time of writing, has not 
yet been fully validated. As the fi eld trial has demonstrated 
real world performance of Micro-CHP units in a range of 
different environments, it would be of considerable benefi t 
to compare the output of this end-to-end assessment process 
against the results of the trial and consider adjustments 
to the assumptions based on the signifi cant body of fi eld 
evidence gathered. 

The results of the analytical PAS 67 and APM processes 
and a set of equivalent results from fi eld testing will never 
match very closely, due to the variability of fi eld trial data. 
Nevertheless it is important to ensure that the high-level 
fi ndings of both are directionally similar. 

Ultimately, manufacturers and policy makers need to have 
confi dence that the results of the PAS 67 and APM processes 
will bear some relation to the performance that will be 
achieved in the fi eld. For example, where the fi eld trial has 
shown that a currently available Micro-CHP device is very 
likely to offer a carbon saving relative to a boiler for a given 
type of house, the results of the PAS 67 and APM processes 
for the same Micro-CHP device should show a similar overall 
outcome when fed into SAP and compared to an equivalent 
condensing boiler.

SEDBUK (Seasonal Effi ciency of Domestic Boilers in the UK)

SEDBUK measures the average annual effi ciency achieved by 
boilers in typical domestic conditions and provides a basis 
for fair comparison of the energy performance of different 
boilers. Calculated SEDBUK annual effi ciencies are classifi ed 
in a set of bands in a range from A to G, with A-rated boilers 
being the most effi cient. SEDBUK was established as a 
standard around ten years ago and is based on European 
boiler testing standards. Tests are based on set operating 
conditions and carried out under controlled conditions in 
a laboratory. 

The use of SEDBUK effi ciencies to compare relative boiler 
performance has achieved some notable success and has 
led to a steady improvement in the performance of boilers 
since it was introduced. Furthermore, recently introduced 
regulations now require the use of A or B-rated condensing 
boilers as assessed by SEDBUK. 

However, the fi eld trial of boilers appears to show that 
assessment procedures such as SEDBUK (and the European 
standards on which it is based) could potentially be further 
enhanced to provide a more robust assessment of the best 
performing boilers in the fi eld.

In particular there is a need to move away from assessing 
a boiler based solely on its thermal effi ciency towards a more 
holistic assessment that accounts for all carbon emissions 
from boilers and their associated central heating systems.

82  SBEM (Simplifi ed Building Energy Model) is used to evaluate the energy performance of non-domestic buildings.
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There are two particular potential enhancements to the 
current assessment procedures which are apparent from 
the fi eld trial:

•  There needs to be a formal method for measuring the 
electricity consumption of a heating system, as well as 
the use of fossil or biomass fuel. The trial has shown that 
some boiler installations use two to three times the amount 
of electricity used by others for the same level of heat 
provided; much of this is undoubtedly attributable to 
adjustment by installers and setting of the controls by 
householders, but the whole area is worthy of investigation. 
While there would no doubt be additional complexity 
involved in incorporating electricity use into a future 
assessment procedure, this variability is likely to continue 
unless manufacturers and installers are provided with 
incentives to minimise electricity consumption and 
optimise overall system performance.

•  The test conditions used in SEDBUK may not necessarily 
represent the operating conditions most commonly 
found in the fi eld. Consequently, a boiler which achieves 
a very high effi ciency in the SEDBUK test may perform 
with an effi ciency which is 5-10% lower in the fi eld. The 
fi eld trial results, along with those expected from the 
corresponding EST trial, provide an opportunity to validate 
and potentially revise existing test assumptions in order 
to best refl ect performance under real-world conditions 
and encourage improvements in the future.

It should be noted that the PAS 67 test standard, while 
intended for Micro-CHP devices, has the potential to address 
some of these issues and could, in principle, be used to 
assess boiler performance in future.

8.2 Potential actions for stakeholders

The results and observations from the project have 
highlighted a range of potential actions for the manufacturers 
of heating devices (Micro-CHP and boilers), the suppliers/
installers of such products, policy makers and the Carbon 
Trust, in order to improve domestic heating provision and 
accelerate the development and adoption of Micro-CHP 
where appropriate.

8.2.1 Potential actions for product manufacturers

•  Optimise Micro-CHP devices for the highest possible 
power-to-heat ratio. Carbon and cost savings are entirely 
dependent on the amount of electricity generated, so 
maximising electrical effi ciency must therefore be central 
to all future product iterations

•  Maximise the overall effi ciency of the unit, including 
taking steps to minimise ‘standby’ electrical use, as well 
as the electricity used in start-up and shut-down

•  Ensure programmable controllers are well designed and 
easy to use. This will improve the chances of end users 
being able to confi gure and operate the system effi ciently

•  Design control logic to maximise device run times and 
effi ciency, in particular by avoiding unnecessary cycling, 
ensuring fans and pumps are turned off whenever 
possible and enabling units to operate in condensing 
mode for longer

•  Ensure that pumps and other internal system components 
are as effi cient as possible and do not compromise the 
overall effi ciency of the installed system

•  Provide installers with guidance on how to install and 
operate devices effi ciently and, where possible, play an 
active role in the commissioning of these installations. 
Guidance should include detailed heating system design 
methods for installers, which have been fully thought 
through and validated by product designers

•  Provide extended warranty periods to demonstrate 
confi dence in the technology and to ensure that Micro-CHP 
devices are maintained properly throughout their lifetimes.

8.2.2 Potential actions for suppliers and installers

For Domestic Micro-CHP:

•  Ensure heating devices are sized correctly for a given 
house and occupant needs. Devices should be large 
enough to ensure that adequate levels of comfort can 
be provided, but oversizing should be avoided as this 
reduces the effi ciency of operation

•  Provide end users with clear guidance on optimum 
operation of their overall heating system. This should 
include advice on the location, use and interaction 
of time clocks, thermostats and thermostatic radiator 
valves (TRVs)

•  Ensure that any necessary enhancements to the design 
of the overall heating system are also carried out at the 
point a new heating device is installed. Room thermostats, 
hot water tank thermostats and TRVs should be installed 
appropriately and in locations where they are visible and 
accessible to end users

•  Choose the most effi cient pumps and other external 
components as part of the overall installation and ensure 
these are confi gured appropriately for maximum effi ciency

•  Ensure that the device is correctly commissioned and 
well integrated with the overall heating system and take 
steps to maximise the likelihood of the device operating 
in condensing mode

•  Consider offering customers packaged solutions of 
fi nancing, installation, maintenance and electricity 
buy-back to accelerate market uptake
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For Commercial Micro-CHP:

•  Consider installing Micro-CHP units in groups of buildings 
in the same geographical region and training local 
engineers to provide appropriate maintenance and support

•  Consider offering packaged solutions for commercial 
customers, where the Micro-CHP unit and associated 
conventional boiler backup plant are provided as a 
holistic system, with all components installed and 
commissioned together.

8.2.3 Potential actions for policy makers

•  Consider Micro-CHP eligible for support programmes 
such as the Low Carbon Buildings Programme and 
Carbon Emissions Reduction Target (CERT), provided 
that such support can meet the key criteria laid out in 
Section 8.1.1

•  Ensure provision of fair and competitive export tariffs 
for electricity exported by micro-generation devices such 
as Micro-CHP

•  Stimulate the growth of the commercial Micro-CHP 
market by encouraging the installation of Micro-CHP 
technology in appropriate public sector buildings

•  Review existing procedures for assessing condensing 
boilers (such as SEDBUK) in light of the fi eld trial fi ndings 
on condensing boiler performance

•  Consider reviewing existing methods used to assess 
the performance of heating systems in domestic and 
commercial environments (such as SAP) in light of the 
fi eld trial fi ndings

•  Consider reviewing planned methods for future 
assessment of Micro-CHP performance (such as PAS 67 
and APM) in the light of the fi eld trial fi ndings. Ensure 
that, where appropriate, their outputs correlate with the 
real-world performance of Micro-CHP systems observed 
in the fi eld trial and provide incentives for the most 
appropriate decisions in the design and installation 
of Micro-CHP systems

•  Ensure existing approved best practice guides are updated 
to include Micro-CHP and to encourage installers to ensure 
that Micro-CHP systems are installed in appropriate houses 
and are well integrated with existing heating systems.

8.2.4 Potential actions for the Carbon Trust

•  Complete the Micro-CHP Accelerator as planned and 
carry out an extended range of analysis to address the 
key remaining questions, with ongoing input from industry 
participants and other key stakeholders

•  Continue to support Micro-CHP manufacturers in 
their product development by discussing the detailed 
implications of the fi eld trial fi ndings

•  Further promote the benefi ts of commercial Micro-CHP 
technology to the businesses and public sector 
organisations which the Carbon Trust works with on 
a day-to-day basis

•  Continue to collaborate with the Energy Saving Trust to 
ensure that the key insights relating to domestic boiler 
performance are carried forward with the ongoing EST 
boiler trials with results and recommendation fed back 
to industry and policy makers.
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9 Next steps

9.1 Completion of fi eld trials

The fi eld trials of Micro-CHP units and condensing boilers 
were due to run until the end of 2007. However, due to 
unexpected delays in the start of operation for some of 
the condensing boilers in the trial, full monitoring will need 
to continue into the early part of 2008. However, by spring 
2008 it is expected that all data monitoring and collection 
will be complete.

Once data monitoring is complete, the fi nal data sorting and 
cleansing exercise will be carried out in order to maximise 
the number of valid complete months and complete years 
of operation which are available for analysis. The complete 
data set will then be analysed in a similar manner to the 
analysis carried out for this report.

Data which is specifi c to individual manufacturers will also 
be made available to those manufacturers for their own 
analysis. A wider set of non-sensitive (i.e. not device specifi c) 
data will also be put into the public domain for use by 
academic groups and other interested stakeholders.

9.2 Laboratory testing

Following design, build and calibration of the laboratory 
testing rig, a phase of detailed investigative testing is due 
to be started towards the end of 2007. This will involve 
comparing the performance of different domestic Micro-CHP 
units and condensing boilers under controlled conditions 
and will provide supporting evidence to back up the fi eld 
trial results and investigate issues raised in the fi eld trial 
data set.

Ultimately it is hoped that the laboratory testing will allow 
identifi cation and prioritisation of the key drivers affecting 
the performance of Micro-CHP systems and boilers. Such 
information should then prove invaluable in further refi ning 
standards and procedures relating to the design and 
installation of heating systems. It should also be useful to 
manufacturers as part of their ongoing product development.

9.3 Future publications

Following completion of the fi eld trial activities, laboratory 
testing and associated analysis, a fi nal project report 
will be published and the relevant fi ndings disseminated 
widely to interested stakeholders, including policy makers, 
regulators, device manufacturers, end users, academics, 
energy suppliers and designers/installers of domestic and 
commercial heating systems. 

The fi nal report is due to be published in 2008. This will 
comment on results from the full data set, including a 
wider range of annual performance data. It is also expected 
to include the results of laboratory work to identify the 
most signifi cant performance drivers and further analysis 
of the economics of Micro-CHP.
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10 Appendix A – Laboratory test rig

In order to gain a better understanding of the comparative 
performance of boilers and Micro-CHP systems, the 
Carbon Trust has commissioned a fully dynamic test rig to 
simulate such heating systems operating under a variety 
of controlled conditions. The testing rig has been designed 
in collaboration with key industry experts, including 
laboratory testing experts, Micro-CHP manufacturers and 
representatives of the SBGI83. 

The testing rig closely simulates a domestic heating 
system, with both domestic hot water and central heating 
circuits. In order to ‘drive’ the unit under investigation, 
a load is simulated using a water circuit and tank from which 
heat can be removed by a plate heat exchanger. The tank 
and circuit simulate both the thermal mass of a typical 
system and the heat loss from radiators. Room and exterior 
thermostats are driven by simulated air temperature changes 
to include the feedback loops that infl uence a real heating 
appliance. Figure 73 shows a photo of the dynamic test rig 
with key components labelled.

Unlike the static tests used for standards such as PAS 67 
and SEDBUK, the dynamic rig permits variation in water 
return temperature and leaves the control system in the 
heating device free to operate to the manufacturers design. 

At the time of writing, the unit has been commissioned 
and is currently undergoing calibration trials. So far, these 
indicate that the rig should be able to closely recreate real-
world heat demand profi les seen in the fi eld trial houses.

The laboratory tests will include sensitivity analysis to 
identify those parameters which most infl uence performance 
and will recreate any unexpected fi ndings from the fi eld 
trial to analyse them in more detail. An identical set of 
tests will also be repeated for condensing boilers to allow 
further comparison of Micro-CHP and boiler performance 
for a range of realistic scenarios, thus supporting the 
fi ndings from the fi eld trials.

83 SBGI = Society of British Gas Industries.

Figure 73 Dynamic laboratory test rig
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11 Appendix B – Field trial measurements

Table 18 lists the core parameters measured for each of 
the sites in the fi eld trial. In each case it defi nes how the 
information is captured, along with the frequency and 
accuracy of measurement and any related comments.

Value Units Source Frequency Resolution

Gas into property Litres Meter Pulses as they occur, 
recorded every 5 mins

+/- 1.5% 
Each pulse 1Wh

Gas used by engine Litres Meter Pulses as they occur, 
recorded every 5 mins

+/- 1.5% 
Each pulse 1Wh

Electricity into property Wh Meter Pulses as they occur, 
recorded every 5 mins

+/- 2% accuracy 
Each pulse 1Wh

Electricity exported from 
property

Wh Meter Pulses as they occur, 
recorded every 5 mins

+/- 2% accuracy 
Each pulse 1Wh

Electricity generated by 
the engine

Wh Meter Pulses as they occur, 
recorded every 5 mins.

+/- 2% accuracy 
Each pulse 1Wh

Electricity used by the engine Wh Meter Pulses as they occur, 
recorded every 5 mins.

+/- 2% accuracy 
Each pulse 1Wh

Heat out Wh Meter Recorded every 5 mins +/- 4% for < 10 lpm, 
+/- 3% above this 

Domestic hot water fl ow 
(in some properties)

Litres Meter Recorded every 5 mins +/- 2% (high fl ow) 
+/- 5% (low fl ow) 
resolution 1 litre

External temperature Celsius Remote sensor Recorded every 5 mins +/- 0.5°C

Upstairs temperature Celsius Remote sensor Recorded every 5 mins +/- 0.5°C

Living room temperature Celsius Remote sensor Recorded every 5 mins +/- 0.5°C

Flow temperature Celsius Sensor Recorded every 5 mins +/- 0.5°C

Return temperature Celsius Sensor Recorded every 5 mins +/- 0.5°C

Storage tank temperature 
(in some properties)

Celsius Sensor Recorded every 5 mins +/- 0.5°C

Cold water feed temperature 
(in some properties)

Celsius Sensor Recorded every 5 mins +/- 0.5°C

Storage tank heat 
(in some properties)

Wh Meter Recorded every 5 mins +/- 4% for < 10 lpm, 
+/- 3% above this 

Flue gas temperature Celsius Sensor Recorded every 5 mins +/- 0.5°C

Table 18 Core fi eld trial measurement parameters
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