
Ready to switch?
Heating is one of the topics that divides our industry. There are those who swear 
by the tried and tested methods of gas and associated technology, but we must 
prepare for decarbonisation of the Grid, says Cavendish Engineers’ Phil Draper

W hen a building is designed, it 
must fall within an emissions 
target as specified in the 

Building Regulations. The calculation uses 
an outdated high figure for the carbon 
intensity of electricity, so the regulations 
tend to be more favourable towards the 
use of natural gas. So, for example, using 
this data, 1kWh of gas used by a boiler will 
provide approximately 0.8kW of energy 
and produce approximately 0.2kg of CO2. 
In contrast, using an electrically driven 
heat pump to produce the same heat (and 
disregarding any potential cooling benefits) 
is likely to have an equivalent CO2 impact 
of less that 0.1kg. Heat pump technology 
that uses electricity is at the top of the 
innovation list at Cavendish Engineers 
because of the energy and financial 
savings it offers.

Three years ago, we installed an air 
source heat pump at 350 Euston Road, 
replacing the roof-based chillers and 
creating new ways of reducing energy 
consumption for the owners. This 
technology has a power output of 7kW 
for each supplied kW of electricity. This is delivered as 
4kW heat and 3kW cooling. It’s a very efficient set-up 
because of the heat recovery the equipment supplies. 
The energy results back-up the use of heat pumps. 
The gas bill has reduced by 85% since installation in 
2015, producing yearly bills of £5,000. The work was 
shortlisted at the CIBSE Building Performance Awards.

Despite the fantastic financial savings, heat pump 
technology has its critics. In designs with which I’ve been 
involved, people believed it was not viable because of the 
space required and the lower-grade heat involved. There 
is also a fear that you are adding load to the Grid, which is 
reportedly at breaking point.

Batteries can help with risk management and energy 
efficiency. Peak usage for electricity happens in the 
winter months, generally when people are returning 
home from work, between 4pm and 6pm. This is the 
‘triad’ period, during which the Grid penalises buildings 
for using electricity across the time frame – and, at £80 
a kilowatt, it’s big money. Greater visibility of batteries in 
the market would allow more renewable technology, such 
as heat pumps, to be installed, adding Grid support and a 
money-saving point. If you’re producing more sustainable 
energy than you can use, batteries can store it for later.

In 2014, the EU introduced the Heat Network 
(Metering and Billing) Regulations, which stipulate that 

meters must be installed where there 
are two or more customers. The idea is 
to offer insight into energy use and make 
occupiers accountable. 350 Euston Road 
was designed to have two occupiers per 
floor, and so two sets of meters across 
heating and cooling. This data will help 
shape future energy efficiency in terms of 
sizing and control, and we have used it to 
improve building comfort by identifying 
and resolving the unknown issues.

System sizing 
The design of heating systems 
was originally based on an outside 
air temperature of -4°C in peak 
winter. However, the average winter 
temperatures in the UK are closer to 
8°C. With hindsight, systems should 
have been designed to cope with -4°C 
in a worst-case scenario, rather than 
using it as the base data. It would change 
the method used to size and select the 
equipment. Otherwise, for much of the 
year, the system would be well oversized 
and potentially more difficult to operate 

efficiently if it was based on a full-system sizing of air 
handling and fan coils. Preferably the whole design 
should focus on the building’s heat loss and reuse the 
heat generated internally, rather than operating the fresh-
air plant to meet heating loads and, in doing so, adding to 
your heat and load.

350 Euston Road was a 760kW system and a prime 
example of what can be done in a retrofit. Additional 
expenditure on the project was £70,000, to have the 
heat pump installed rather than a standard chiller, and 
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Controlled energy at 350 Euston Road has been cut by more than 70%
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the payback in terms of financial savings on energy use 
was just eight months – a fantastic return. If you don’t 
have a heat pump option to go on the roof, you can use 
a water-to-water unit, which Cavendish Engineers has 
just installed in a mixed-use development in London. 
The site has water-cooled chillers in the basement 
and they provide a heat source through a modification 
to the condenser cooling water system. That heat 
normally goes through the cooling towers and into the 
atmosphere. This would typically mean rejecting heat at 
35°C to provide condenser loop water at 28°C.

Our solution takes that 35°C heat before it reaches the 
cooling towers and increases its temperature through 
a heat pump cycle, to put a much higher grade of heat 
for the building. We then return cooler water into the 
condenser cooling loop. This saves cooling tower energy 
usage, and boilers are not used in any part of the process. 
There’s an efficiency of 3.5 on that unit, so the energy 
intensity in carbon usage benefits from this and we can 
produce 75°C heat in the building. 

Two heat pump units were installed with a capacity of 
360kW each, but one of these will be enough for 80% 
of the year; this means the gas usage will be reduced 
by around 50-60%. We understand it is the first time 
this has been done in a retrofit building in the UK. Some 
might consider it a risk, but we recognise the need within 
the building and know how the technology works and 
how to implement it, so there’s very little risk in our eyes.

Controls
Ultimately, good efficiency comes down to controls. We 
can achieve a 20-30% gas reduction in many buildings 
simply by improving the control. Recently, we looked 
at a two-year-old building in which the combined heat 
and power (CHP) was failing. We found that the boiler 
system controls weren’t installed and operating to suit 
the profile of the CHP requirements; the CHP was set 
up to operate as lead boiler, but the modulating gas 
boilers were operating in a way that didn’t allow this. We 
changed the controls and fixed the problem. 

I have helped British Land for eight years, working 
across 14 buildings that have automated meter readings. 
Analysis of the data has achieved a reduction of more 
than 40% in like-for-like energy. At 350 Euston Road, in 
particular, metering data has helped cut the building’s 
controlled energy by more than 70% since 2008.

We wouldn’t recommend installing a CHP system 
now, but there’s no reason existing systems shouldn’t be 
used because, on average, a CHP is 90-95% efficient, 
compared with a gas boiler of 80%. It also makes sense 
to use controls to operate it during the triad period and 
knock money off the electricity bill throughout the year. 

Finally, we need to consider how technology might 
affect the amount of gas going into London and its impact 
on air quality. Gas combustion – for example, from boilers 
and cookers in buildings – accounts for 38% of the 
nitrogen oxide (NOx) emissions in central London.


