
C ombined heat and power 
has been a strong card in 
the energy manager’s deck 
for several decades now. 

However, the context within which CHP 
sits is shifting and this article explores 
some of the factors that anyone 
currently exploring a potential CHP 
investment will find relevant.

Traditional cases for CHP, in both 
cost and environmental terms, have 
been with reference to a National Grid 
dominated by fossil fuel generation. 
In this comparison, a grid-scale fossil 
fuelled power station without heat 
recovery will typically reject significant 
quantities of heat to the atmosphere. 
In the case of CHP, such waste heat is 
recovered and used to meet on-site 
heat demands.   The performance 
of CHP versus this reference case is 
illustrated in Figure 1.
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Two options for meeting a local 
heat demand of 160kW and a power 
demand of 100kW are compared.

The left-hand side shows the CHP 
option, where an engine is used to 
generate electricity, and waste heat 
is captured for use on site.  For any 
given hour, the CHP system requires 
a primary energy input of 325kWh to 
supply 260kWh of useful energy, so the 
efficiency of this system is 80 per cent.

The right-hand side of Figure 1 
shows the alternative of using an 
onsite boiler to meet the heat load, plus 
grid electricity to meet the electrical 
demand. The waste heat from a 
traditional ‘thermal/‘fossil fuel’ power 
station is typically not recovered. 
Transmission and distribution losses 
of ~7.5 per cent are also incurred in the 
delivery of the electricity to site. In this 
case, for any given hour, the 260kWh 

of useful energy requires an input of 
465kWh of primary energy, delivering a 
system efficiency of 56 per cent.  

This reference case has been 
appropriate over recent decades. 
However, it is timely to revisit it, since 
the penetration of renewables has 
increased and the greenhouse gas 
content of grid electricity has reduced 
dramatically.  

The latter part of this article explores 
the implications of these changes for 
the environmental benefits of CHP 
going forwards. Also considered is 
CHP’s attractiveness when viewed 
against alternatives, such as the 
use of heat pumps to meet local 
heat requirements, paired with grid 
electricity supply.  

However, before we explore 
these new dynamics the traditional 
considerations when reviewing 
the case for a CHP investment still 
stand, and are worth revisiting, as 
summarised in Figure 2.

Energy efficiency first
During the early stages of considering 
a CHP investment, the following factors 
are important:

• One of the most common issues 
with a CHP project is that of ‘oversizing’.  
When considering an investment in 
CHP, it is important to bear in mind 
the energy hierarchy and exhaust all 
viable energy efficiency opportunities 
first.  For example, typical estimates 
are that zero- to low-capital energy 
efficiency investments can reduce 
a site’s demand by 5 per cent to 30 
per cent. As well as offering highly 
attractive savings, if these projects are 
implemented after the CHP is installed, 
then they will alter the site’s demand 
profiles and most likely render the CHP 
oversized and incorrectly specified.
• It is also important to check for any 
anticipated changes to the site’s 
occupancy levels, or activity levels 
and types. Any significant changes on 
site will change the heat and electricity 
demand profiles and should be taken 
account of as the case for CHP is 
developed.
• A site must also have a fairly constant 
heat demand to make use of the heat 
recovered by a CHP system. A rule of 
thumb suggested by the Carbon Trust 
is that CHP is worth investigating when 
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Figure 1: Energy balance of Onsite CHP vs. Boiler plus Grid Electricity

1) CHP under consideration:
•  ENERGY HIERARCHY: exhaust all viable efficiency opportunities first;
•  Site plans? Significant changes anticipated in scale/occupancy / activity types?;
•  Significant heat load onsite, or nearby?;
•  Appropriate infrastructure in place?;
•  Existing energy contracts?;
 •  Regulatory considerations?; and
•  Reference options to consider e.g. heat pumps, traditional condensing boilers, 

joining local heat network, etc?

2) Developing the operating model / business case:
•  Gather energy data;
•  Develop heat and electricity demand profiles;
•  Establish estimated energy, maintenance and capital costs;
•  Review environmental performance considerations;
•  Construct draft operating model;
•  Use model to optimise CHP size and investigate the potential for including a 

thermal store / tri-generation; and
•  Final feasibility model reported.

Figure 2:  Standard considerations during a CHP investment appraisal



operating hours are anticipated to be 
more than ~4,500 hours per annum. 
• A successful CHP project will require 
some basic infrastructure to be in 
place or available. For example, a CHP 
is likely to reduce electrical demand 
and increase demand for the CHP 
unit’s fuel, which is typically gas. It is 
important to check that the required 
gas, or other fuel supply, is present 
or available to meet the increased 
demand. Furthermore, if the business 
case includes a proposal to export 
some of the power generated, then 
it will be necessary to check with the 
local distribution network operator 
that they have capacity to accept this 
export.  Further considerations such as 
the age and condition of existing boiler 
plant and plant room configurations 
will influence the case for CHP.  It 
can be beneficial at an early stage of 
the project to invite a few potential 
providers to perform initial site visits 
and review these considerations.
• The cost of gas and electricity in 
both relative and absolute terms will 
significantly impact the business 
case for CHP.  It is worth checking 
the current energy contract unit rates 
and the contract durations. CHP is 
likely to decrease the site’s electricity 
imports- making it important to check 
for any long-term electricity contracts 
with ‘take or pay’ clauses that impose a 
penalty for not meeting the anticipated 
electricity consumption agreed with 
the supplier. If such a contract exists, 
it may be worth exploring the potential 
options to alter it. Alternatively, the 
contract’s expiry date can be taken into 
account when planning the timing of a 
CHP investment.
• It is important to consider the 
regulatory requirements governing 
your proposed project to see what 
their implications might be for CHP 
feasibility. For example, CHP in London 
faces a significant hurdle in that the 
London Plan is targeting reduced local 
air pollution and is also introducing 
climate targets that potentially favour 
electric-led building services via heat 
pump technologies.
• A sound business case will not be 
constructed to ask ‘CHP: yes or no?’ 
Instead it will explore the relative 
merits of a number of options. These 
reference options could include, but 
are not limited to: focusing first upon 
efficiency projects to drive down 
consumption, heat pumps, traditional 
condensing boilers, or joining a local 
heat network.  

When developing a CHP operating 
model and business case the first 
step is to gather site energy data on 

and also as other technologies such as 
heat pumps gain momentum.

The calculations below compare the 
GHG emissions from the two scenarios 
described in Figure 1, i.e. an onsite CHP 
option versus the reference case of 
purchasing grid electricity and using an 
onsite boiler for heat generation.

These calculations show that, using 
DEFRA’s 2019 GHG reporting factors, 
the CHP will achieve a reduction in 
emissions of 2.6kg COe per hour, or 
approximately 10.5 tonnes COe per 
annum. These values are reached by 
assuming annual CHP operating hours 
of 4,031h, the average observed in 
data from the government’s CHPQA 
programme which monitors CHP 
performance in the UK.

The hourly COe emissions for both 
cases are calculated as shown in Figs 
4a and 4b.

These GHG savings are significantly 
lower than they would have been 
historically.  Reference to Figure 4 
shows that the 2.6kg COe per hour 
saving using DEFRA’s 2019 factors 
would have been approximately ten 
time greater, at 25.5kg COe per hour 
when calculated using the GHG factor 
for grid electricity as of 2009.  Although 
there have been some changes to how 
the GHG intensity of grid electricity has 
been calculated over the past decade, 
the numbers are still indicative of the 
overall trend in the decarbonisation of 
the UK’s grid electricity.

Future climate performance  
The future climate performance 
of CHP becomes increasingly 
challenging when taking into 
account the government’s projected 
reductions in the GHG intensity of grid 
electricity over the coming decade. 
Reference to Figure 3 shows that the 
anticipated GHG performance of 
the CHP is actually worse than that 
of the reference case of using grid 
electricity and an onsite boiler; giving 
an increase in GHG emissions of 13.0 
kg COe per hour when calculated 
using the projected GHG factor for grid 
electricity for 2029.    

These modelled results correspond 
with measured trends in performance, 
for example as reported in the 2019 
Digest of UK Energy Statistics: “The 
absolute CO savings delivered by 
CHP in 2018 were lower than in 2017.  
This is due to the provisional values for 
CO intensity of electricity displaced 
by CHP electricity being lower in 
2018 than in 2017, rather than falls 
in the outputs of CHP, or efficiency 
of operation.” Figure 4:  Comparing 
the GHG performance of CHP to Air 

18  |  ENERGY IN BUILDINGS & INDUSTRY  |  OCTOBER 2021

SERIES 19 / Module 04
Combined Heat & Power

Fig 3a: CHP GHG emissions
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the electrical and heat demands that 
detail their scale and also their ‘shape’ 
over the year. The starting point is 
that CHP applications are typically 
sized to meet the continuous or 
baseload site requirements, with back 
up boilers topping up heat demand 
and incoming electricity supplies 
topping up electrical demand. This is 
because CHP business cases tend 
to require long hours of operation to 
achieve acceptable payback periods, 
so sizing for relatively infrequent 
peak loads would result in a system 
that is oversized and less financially 
attractive.

The more granular the data, the 
better the confidence in the CHP sizing 
process will be. This will help with the 
identification of demand profiles within 
cycles such as: day-night, weekday-
weekend, and across the months and 
seasons of the year. Half hourly data 
is the ideal level of granularity for the 
development of CHP modelling. Where 
sufficient quality data is not available, it 
is worth installing temporary metering 
to fill any gaps and give adequate 
confidence in the demand profiles and 
hence the CHP sizing.

Anticipated energy costs
The final costs required for the draft 
operating model of the CHP will also 
include the anticipated energy costs, 
plus the O&M and capital costs. These 
should not be underestimated, both 
in terms of cost, but also operational 
risk. A common challenge with the 
operation of CHP is in achieving the 
levels of reliability required to deliver 
the operating hours necessary for 
acceptable payback periods that 
justify the investment.

Once this basic operating model 
has been constructed and initial 
options have been identified, then the 
next level of detail can be added and 

eventually an operating model should 
be able to:
• determine whether the CHP is worth 
operating, based on the relative fuel 
and electricity prices in each time 
period considered;
• determine whether the output of the 
CHP is to follow the heat demand or 
electricity demand, taking account of 
part-load operation, and hence the 
CHP fuel used; 
• establish the heat needed from the 
peak and standby boilers and hence 
the boiler fuel used;
• make allowance for CHP downtime for 
maintenance;
• include any constraints on number of 
starts;
• model the operation of a thermal 
store;
• determine the net import or export 
of electricity and the costs / revenue 
implications; and
• calculate the operating costs and 
other financial metrics to compare with 
the non-CHP reference scenarios.

The model will also be useful in 
testing the sensitivity of the findings to 
key variables, such as:
• heat and power demands;
• gas and electricity prices; and
• capital costs.

While all of the traditional 
considerations given above still 
stand, it is also important to explore 
the changing context for CHP, as grid 
electricity shifts towards renewables, 

“A sound business 
case around 
CHP will not be 
constructed to 
ask: 'yes or no?' ”

Onsite Consumption
(kWh)

GHG factor
(kg CO2e/kWh)

GHG consumption
(kg CO2e)

Gas 200 0.184 36.8

Electricity 100 0.256 25.6

62.3

Fig 3b: Reference case GHG emissions:  boiler plus grid electricity

Onsite Consumption
(kWh)

GHG factor
(kg CO2e/kWh)

GHG consumption
(kg CO2e)

Gas 325 0.184 59.8

59.8



by external authorities such as during 
planning applications.  

 Finally, it should be noted that this 
discussion has assumed the GHG 
emissions factor related to natural 
gas remains relatively stable. There is 
ongoing research that may cause this 
assumption to fail, for example into the 
potential to develop ‘green gas’ such as 
‘biomethane’ which can be produced 
via anaerobic digestion, or to modify 
the gas network to carry hydrogen.  
While this observation simply provides 
more uncertainty, it is another 
example of how the base assumptions 
underpinning historical business cases 
for CHP require careful examination 
and that the assumption that energy, 
carbon and cost savings will go hand 
in hand for a CHP project can no longer 
be taken for granted. 

Source Heat Pumps using historic, 
current, and forecast GHG factors for 
grid electricity.

Heat pump technologies offer 
two attractive possibilities that are 
bringing them to the forefront of 
discussions as to how to meet future 
heat demands for domestic and 
commercial properties. The first is 
the consideration that, as they run 
on electricity, they offer the potential 
to track the decarbonisation of the 
grid a s a low carbon source of heat. 
The second is that they do not create 

the unit’s COP 4.3 is used to estimate a 
requirement for 37.2 kWh of electricity 
to drive the heat pump. The 100kWh 
of electrical demand is met by the 
national grid. 

Using the 2009 grid GHG intensity 
factor, the CHP comfortably 
outperforms the ASHP solution. 
However, using 2019 factors, the 
ASHP solution delivers approximately 
ten times the carbon saving of the 
CHP system. This performance gap 
grows further when projected 2029 
factors are applied, with the CHP 
becoming more carbon intensive than 
the reference case, while the savings 
offered by the ASHP solution continue 
to rise.

Potential of heat pumps
These observations are consistent 
with the finding of a study of examining 
the potential of heat pumps to 
provide low carbon heat as a policy 
recommendation under consideration 
by the Greater London Authority, as 
summarised in the figure below.

With these findings in mind, it 
becomes clear that a heat pump 
solution should be appraised as an 
alternative ‘reference’ option to the 
installation of a CHP.  This is especially 
true if climate change mitigation, 
or local air quality objectives are 
driving the project; either for internal 
organisational reasons, or as imposed 
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any local combustion emissions, an 
important consideration in urban 
areas where air quality is becoming an 
increasingly pressing issue.  

With respect to their GHG 
performance, the bottom section of 
Figure 5 explores how an air source 
heat pump solution might compete 
with the CHP installation illustrated in 
Figure 1.  

A reference example of a Mitsubishi 
Q-ton heat pump designed for 
applications such as hotels is explored. 
To meet the hourly 160kWh heat load, 
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2009 VALUES2 2019 VALUES3 2029 VALUES4

REFERENCE (BASE) CASE:  Boiler for heat demand, plus grid electricity

Energy 
consumption

(kWh)

GHG factor
(kg CO2e/kWh)

GHG emissions
(kg CO2e)

Energy 
consumption

(kWh)

GHG factor
(kg CO2e/kWh)

GHG emissions
(kg CO2e)

Energy 
consumption

(kWh)

GHG factor
(kg CO2e/kWh)

GHG emissions
(kg CO2e)

Gas 200 0.184 36.7 Gas 200 0.184 36.8 Gas 200 0.184 36.8

Elec 100 0.485 48.5 Elec 100 0.256 25.6 Elec 100 0.100 10.0

85.3 62.3 46.8

OPTION 1:  CHP

Energy 
consumption

(kWh)

GHG factor
(kg CO2e/kWh)

GHG emissions
(kg CO2e)

Energy con-
sumption

(kWh)

GHG factor
(kg CO2e/kWh)

GHG emissions
(kg CO2e)

Energy 
consumption

(kWh)

GHG factor
(kg CO2e/kWh)

GHG emissions
(kg CO2e)

Gas 325 0.184 59.7 Gas 325 0.184 59.8 Gas 325 0.184 59.8

59.8 59.8 59.8

OPTION 2:  ASHP* for heat demand, plus grid electricity: *, e.g. the Mitsubishi Q-ton heat pump: https://mhiae.com/q-ton/ (COP 4.3)  

Energy 
consumption

(kWh)

GHG factor
(kg CO2e/kWh)

GHG emissions
(kg CO2e)

Energy 
consumption

(kWh)

GHG factor
(kg CO2e/kWh)

GHG emissions
(kg CO2e)

Energy 
consumption

(kWh)

GHG factor
(kg CO2e/kWh)

GHG emissions
(kg CO2e)

Elec to ASHP 37.2 0.485 18.0 Elec to ASHP 37.2 0.256 9.5 Elec to ASHP 37.2 0.100 3.7

Elec to site 100 0.485 48.5 Elec to site 100 0.256 25.6 Elec to site 100 0.100 10.0

66.5 35.1 13.7

CHP saving (kg CO2e): 25.5 CHP saving (kg CO2e): 2.6 CHP saving (kg CO2e): -13.0

ASHP plus Grid elec saving (kg CO2e): 18.7 ASHP plus Grid elec saving (kg CO2e): 27.3 ASHP plus Grid elec saving (kg CO2e): 33.0

 Figure 4:  Comparing the GHG performance of CHP to Air Source Heat Pumps using historic, current, and forecast GHG factors for grid electricity

Figure 5: Comparison of carbon intensity of different heat sources
(GLA study of heat pumps)



■ Facilitate the connection of distributed 
renewable generation and variable loads 
such as electric vehicles and heat pumps

7) What does the abbreviation VPP stand for?
■ Volume purchase programme
■ Voluntary protection programme
■ Virtual power plant 

8) Electricity cannot be stored in large 
quantities by householders?

■ False as only large utilities and industrial/
commercial energy providers can provide 
storage facilities

■ False
■ True as householders can store electricity 

in standalone batteries or when charging 
their electric vehicles 

9) What is the main benefit of smart meters?
■ They avoid the need for meter readers
■ They provide accurate and timely 

information on power flows across the 
smart grid

■ They facilitate the export of surplus 
electricity from household solar PV panels 

10) What does the technology VtG represent?
■ Variable Geometry Turbochargers - 

designed to allow the effective aspect 
ratio of a turbocharger to be altered as 
conditions change

■ Volume of Trapped Gas associated with 
respiration 

■ Vehicle to Grid enabling EV batteries to 
discharge to the grid to ‘smooth’ high 
electricity peak demand profiles. 
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SMART GRIDS

1) The establishment of the main 
transmission grid began in which 
decade?

■ 1940s
■ 1930s
■ 1960s

2) Which key parameters need to be 
controlled by smart grids?

■ Voltage and frequency
■ Frequency and current
■ Voltage, current and frequency

3) What’s the main source of large-scale 
renewable generation connecting to 
the grid?

■ Biomass
■ Wind farms
■ Solar farms

4) What are the main forms of variable 
electrical loads connecting at the 
household level?

■ Electric vehicles and heat pumps
■ Smart meters
■ Home automation devices

5) What is the main threat to smart grids?
■ Cost of implementation
■ Cyber attacks
■ Lack of experience and expertise 

6) What are the main benefits of smart 
grids?

■ Reduce the need for centralised power 
generation

■ Encourage connection of electric vehicles
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6. Which is the ‘delivery end’ of a vapour 
compression heat pump system?

■  The evaporator
■  The condenser
■  The compressor
■  The slinky

7. Which of these factors is used by a weather 
compensation control system?

■  Building thermal inertia
■  Time of day
■  Outside air temperature
■  Date

8. Which of these factors is used by an optimum 
start control system?

■  Level of building occupancy
■  Outside air temperature
■  Boiler capacity
■  Boiler flow temperature

9. Which types of space heating system can 
building management systems be used to control?

■  Any
■  Wet systems
■  Air handling plant
■  Boilers

10. What is a thermostat?

■  A temperature sensitive switch
■  A temperature sensor
■  A proportional control device
■  A digital display device
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SPACE HEATING 

1. Which is the most common heating media in 
wet systems?

■  High temperature hot water
■  Steam
■  Low temperature hot water
■  Cold water

2. What is the most common space heating 
fuel in the UK?

■  Fuel oil
■  Electricity
■  Natural gas
■  Coal

3. What is a typical dry bulb space temperature 
for a home?

■  160C
■  190C
■  220C
■  240C

4. What is currently the most common 
construction material for panel radiators?

■  Cast iron
■  Pressed steel
■  Cast aluminium
■  Copper

5. Which of these is a key component of a 
mechanical ventilation system?

■  A fan
■  An atrium
■  A chimney
■  Opening windows
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1)  Refrigeration accounts for what percentage of 
total global electricity use.
□ 10 per cent
□ 14 per cent
□ 17 per cent 
□ 19 per cent

2) What percentage of a supermarket’s energy 
use is accounted for by refrigeration?
□ 70 per cent
□ 60 per cent
□ 50 per cent
□ 40 per cent

3) What is the most common type of refrigeration 
cycle?
□ Absorption
□ Vapour condensation
□ Vapour compression
□ Vapour evaporation

4) Which part of the refrigeration system uses 
the most input energy?
□ Evaporator
□ Compressor
□ Condenser
□ Defrosting

5) COSP is short for
□ Coefficient of System Pressure
□ Coefficient of System Performance
□ Coefficient of Specific Performance
□ Coefficient of Specific Pressure

6) What is a typical range for COP?
□ 1-3
□ 1-4
□ 2-5
□ 3-10

7) Which of these is not a type of refrigeration 
compressor?
□ Scroll
□ Screw
□ Script
□ Reciprocating

8) What savings could be expected from a 1oC 
reduction from floating head pressure control?
□ 2-4 per cent
□ 3-5 per cent
□ 4-6 per cent
□ 5-7 per cent

9) Increasing a condenser size by 30 per cent 
might realise savings of?
□ 5 per cent
□ 10 per cent
□ 15 per cent
□ 20 per cent

10) What percentage of recovered heat could be 
‘high-grade’?
□ 5 per cent
□ 10 per cent
□ 15 per cent
□ 20 per cent
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1) Define combined heat & power

□ CHP is a term used to refer to processes that require both 
electrical power and heat to drive them.

□ CHP involves the simultaneous generation of usable heat and 
power in a single process. 

□ CHP refers to dual fuel energy contracts that can often deliver 
cost savings.

□ CHP is a means of providing efficient supply of energy to sites 
that are geographically very remote.

2) How does a CHP unit reduce total energy use, as compared to 
electricity from the grid and heat from a boiler?

□ CHP rejects the waste heat generated locally to avoid problems 
with heat utilisation.

□ CHP plant tends to use cleaner fuels which burn more 
efficiently than those used in grid scale power plants.

□ A fossil fuel power station will reject heat to atmosphere. In the 
case of CHP, waste heat is recovered and used to meet on-site 
heat demands.

3) What is the primary consideration when reviewing a 
potential CHP investment?

□ To avoid siting the CHP in a location that spoils future 
aesthetics of the site.

□ To make sure that the CHP unit fits with the corporate image.
□ To take account of any changes anticipated with regards to the 

site’s occupancy levels, activity levels, or types of activity.  
□ To avoid any conflicts of interest between the organisations 

that occupy the site.

4) Why is it important to understand and minimise site loads 
before considering a CHP investment?

□ To follow the ‘energy hierarchy’ and ensure that all efficiency 
opportunities, are implemented before finding new ways to 
supply energy.

□ To avoid oversizing the CHP unit which will make it difficult to 
operate in a cost effective fashion.

□ To allow the business model for the CHP to factor in seasonal 
and other time-based fluctuations in site demands.

□ To achieve all of the objectives listed above.

5) What is the primary reason that the anticipated operating 
hours are important to a CHP business case?

□ Because they determine the energy use of the CHP.
□ CHP feasibility relies upon high hours of operation to deliver 

savings high enough to pay back the capital investment. 
□ Because they impact upon the likely hours of operation of 

backup plant such as gas boilers.

6) What site characteristic represents an essential part of an 
attractive CHP business case?
□ A site must have a peaky and intermittent heat demand that 

allows the CHP to cycle in a fashion that increases its efficiency.
□ A site must have a fairly constant heat demand over large parts 

of the year to make use of the heat recovered by a CHP system.
□ A site must have a heat demand that is closely controllable and 

largely independent of site activity.

7) What type of data represents the ideal basis for modelling 
likely CHP performance?

□ Estimates based upon long-term ‘hands-on’ knowledge of the 
site.

□ Half hourly data.
□ Meter reads.

8) Which of the following site infrastructure considerations 
should be reviewed when examining the case for CHP?

□ Check that the required gas, or other fuel supply, is present or 
available to meet the increased demand.

□ Check with the local distribution network operator that they 
have capacity to accept any planned electricity exports.

□ Both  of the above

9) What trend is making it important to closely examine the 
GHG/climate performance of CHP? 

□ The GHG intensity of grid electricity is falling as we transition 
away from fossil fuels and towards renewables.

□ GHG reporting conventions have changed in a manner that 
reduces the apparent attractiveness of CHP.

□ CHP units are now available with integrated carbon capture.

10) What potential developments in the gas delivery network 
could challenge the assumptions behind the answer to the 
previous question?
□ Development of ‘green gases’ such as ‘biomethane’, or mixing 

of hydrogen in the mains gas supply may reduce the GHG 
emissions of mains gas, altering the GHG balance of CHP 
applications. 

□ The GHG intensity of mains gas is rising as gas is supplied from 
further afield.

□ Security of supply concerns may make gas-fired CHP less 
viable in the future.
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