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H
eat pumps are devices 
that transfer heat from 
one place to another, and, 
critically, upgrade the 
temperature of that heat.  

In practical terms, a heat pump is 
equivalent to a refrigeration system.

A typical heat pump in a 
commercial space heating 
application might upgrade heat from 
outside at ambient temperature to 
warm air at say 30OC, or to water 
at 50OC. In an industrial setting, 
the heat pump might, for example, 
recover waste heat from a cold 
process stream at 30OC and upgrade 
that heat to water at 80OC.

The heat pump process is shown 
schematically in Figure 1. In this 
example, 0.75MW of heat is being 
extracted from the low temperature 
heat source and upgraded to 1MW 
of heat at a higher temperature, 
using 0.25MW of power.  Ignoring 
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energy losses, the power into the 
compressor plus the heat from the 
source is equal to the heat delivered 
to the heat sink.

A conventional refrigeration 
system is such a device, transferring 
heat from a cooled space and 
rejecting it, along with the 
energy from compression of the 

refrigerant, generally to outside 
via the condensers. A cold store 
refrigeration system, for example, 
might remove heat at -20OC and 
discharge the energy to outside at 
30OC.  

The refrigeration system can 
be regarded as a heat pump if the 
energy rejected is usefully used, 
which is generally not the case. With 
refrigeration, the focus is on the ‘cold 
end’ of the system, with heat pumps 
it is on the ‘hot end’.  Normally, the 
cooling at the cold end of a heat 
pump will cool the ambient air rather 
than anything useful, for example 
in air source or ground source 
heat pumps, although in an ideal 
installation the cooling is useful too.

Recovering waste heat
The opportunity to recover waste 
heat from refrigeration systems 
exists in many diverse sectors: in the 
(petro)chemicals sector where there 
is concurrent heating and cooling, in 
food manufacture, in some offices, in 
data centres where there is adjacent 
heating demand, and in pubs and 
restaurants, for example. 

In Figure 1, the efficiency of 
the heat pump, or coefficient of 

Figure 1 - Schematic Diagram of a Heat Pump transferring heat from a low temperature 

heat source to a higher temperature heat sink, using electricity in the compressor



performance (COP), can be defined 
as the heat produced divided by 
the power used, in this case 1/0.25 = 
4.  This means that 4 units of useful 
heat are delivered for every one unit 
of power used.

Conventional heat comparison
Heat pumps are commonly used to 
heat office spaces. But how do they 
compare with more conventional 
heating? Why are they not more 
widespread?

A conventional boiler will produce 
heat at, say, an efficiency overall 
of 80 per cent. 1MW of heat will 
require 1.25MW of fuel. This needs 
to be compared with the 0.25MW 
of electricity required by the heat 
pump in the example given.  

Figure 2 shows the relative costs 
of electricity and natural gas in the 
UK over the last 20 years for larger 
companies. Currently, a good price 
for electricity is 9p/kWh, and for gas 
less than 2p/kWh. The boiler will cost 
£25 per hour to generate the heat, 
the heat pump will cost £22.50, much 
the same. These prices fluctuate.

So, what is the incentive for a heat 
pump if the running cost is similar?  
Generally, a like for like conventional 
heating solution will be cheaper than 
a heat pump.

If the heat pump is already 
in place, in other words is a 
refrigeration system doing useful 
cooling, then the recovered heat 
is free. The hierarchy for heating 
should, in fact, always be to use 
waste heat first, and using the waste 
heat from a refrigeration system 
would be an example of this.

In some cases, the heat pump is 
equipment that is already available, 
as in the case of comfort cooling 
and heating. The device is needed 
for cooling, and utilising the same 
device for heating means that capital 
investment requirements are less.

But what about buying a heat 
pump instead of a conventional 
heater? And what about replacing 
conventional heating with a heat 
pump – how is the capital investment 
justified? And how does a heat pump 
compare with, say, a biomass boiler?

Reducing the use of fossil fuels
UK energy policy is to reduce the 
use of fossil fuels for heating in the 
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medium term, as part of the overall 
plan to reduce carbon emissions.  
Traditionally, the carbon dioxide 
emissions associated with electricity 
have been high compared to the 
same amount of energy as gas. 
Ten years ago, 1kW of delivered 
electricity would result in carbon 
dioxide emissions around three 
times that of natural gas. Nowadays, 
however, with the decarbonisation 
of electricity generation due to the 
wider use of renewable power, the 
carbon dioxide emissions associated 
with electricity are lower, and 

reducing year on year.  
The heat pump in the example 

given would be associated with 
lower overall carbon dioxide 
emissions due to its energy use. 
Carbon dioxide emissions are 
associated with Global Climate 
Change, and the value of reduced 
carbon dioxide emissions can be 
added to the operating cost benefits 
of a heat pump.

Generally, carbon emissions have 
a cost, for example because of the 
Climate Change Levy, a Climate 
Change Agreement or the EU 

Emissions Trading Scheme in the UK.
Current values (2017) for the 

carbon dioxide emissions from 
natural gas and electricity in the UK 
are 0.18416 and 0.35156 kg CO2 per 
kWh of energy respectively.  The 
0.25 MW of electricity used in the 
heat pump compared with 1.25 MW 
of gas in the boiler will produce 
carbon dioxide emissions of 88 kg/h 
compared with 230 kg/h, a reduction 
of over 60 per cent.

Uptake incentives
Because of the potential role of 
heat pumps in reducing UK carbon 
emissions, their use is incentivised 
in certain cases.  In industrial and 
commercial installations, the 
Renewable Heat Incentive available 
for heat pumps is 2.61 p/kWh of heat 
produced for air source heat pumps, 
and more for water source and 
ground source units. Assuming the 
example in Figure 1 is an air source 
heat pump, the incentive payments 
would be £26.10 per hour of full load 
operation, available for the life of the 
plant (20 years). These payments are 
subject to metering requirements 
being met and the heat being 
used usefully, and are limited to 
heat pumps that heat a fluid since 
this allows the heat output to be 
accurately measurable. The available 
incentives mean that heat provided 
from a heat pump can be free, or 
even profitable. The incentives are 
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Figure 2 - Electricity and Natural Gas Prices for Large Users in the UK



source and sink; and
• the heat pump equipment and 
controls.

The theoretical maximum COP 
of a heat pump operating between 
two temperatures, TH and TC, where 
TH is the temperature of the heat 
sink (the hot end) and TC is the 
temperature of the heat source is 
given by:

COP = TH/(TH-TC)
The temperatures must be in 

Kelvin, which is equivalent to Celsius 
+ 273.

For example, an air source heat 
pump operating with a heat source 
at 0OC and a heat sink at 25OC has 
a maximum theoretical COP of 
298/25=11.92. In practice, this COP 
might only be 60 per cent of this 
value at best, or in this case around 
7. This is better than the example we 
have analysed in this article so far. 
The higher the COP, the better the 
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also available for the case of waste 
heat from a refrigeration system, 
meaning the free heat now becomes 
heat that makes a profit.

Investment in ‘standard’ heat 
pumps for space heating and 
water heating in industry is further 
incentivised by Enhanced Capital 
Allowances. 100 per cent of the 
capital cost of an installation can 
be written down against tax in 
year one, accelerating the return 
on investment considerably. Asset 
finance companies are readily 
available to provide funding for 
projects for proven solutions, such 
as heat pumps, especially those 
that are on the Energy Technology 
List, the list that means equipment 
will qualify for the enhanced capital 
allowances.

Cheaper and cost e� ective
On a like for like basis, heat pumps 
can be much cheaper and more cost 
effective than biomass solutions, 
and give a much quicker return.  Air 
source heat pumps are more cost 
effective and easier to install than 
ground source solutions in general.  
Specific circumstances always need 
to be considered, however.

The COP, or efficiency, of a heat 
pump may not be 4.0 as quoted in 
the example above. In fact, the COP 
will depend on a number of factors, 
but most significantly on:
• the temperatures of the heat 

savings and return on investment.
For comparison, consider an 

industrial plant where the heat 
source is at 20OC and the heat sink is 
at 90OC.  The expected best practical 
COP will be 0.6*363/70 =3.1, much 
lower than the example above.

Advances in technology have 
resulted in heat pumps that achieve 
higher performance levels than 
previously were possible.  Variable 
speed compressor control, for 
example, allows the part load 
performance to be very high, and 
the use of modern expansion 
valves eliminates the need for head 
pressure control which impairs 
overall performance in some cases. 
High performance heat exchangers 
allow a close approach between 
the refrigerant temperatures and 
the fluids being heated and cooled, 
thereby effectively raising TC and 
lowering TH.

Dealing with refrigerants
One issue with heat pumps, as with 
refrigeration systems in general, 
is that of the refrigerant. Over the 
years, the harmful effects of certain 
refrigerants, the working fluid of the 
heat pump, have become apparent. 
These include not only issues of 
toxicity and flammability, but ozone 
depletion which was associated with 
the now banned CFC refrigerants, 
and more recently the Global 
Warming effects of modern HFC 
refrigerants.  

Some of the most common 
refrigerants in use have very high 
Global Warming Potentials – 1 
tonne of R404A released into the 
atmosphere, for example, has the 
equivalent effect to 3,992 tonnes of 
carbon dioxide released.

The F Gas Regulations came into 
force in 2014 and from 2015 a phase 
down of HFCs started in this country. 
By 2030, the amount of HFCs 
available will have reduced to 20 per 
cent of the levels accepted between 
2009 to 2012.  The first significant 
drop in availability has already 
happened.

Purchasers of heat pumps 
and refrigeration systems need 
to be aware of these issues and 
ensure that systems purchased 
have the lower GWP refrigerants, 
have smallest possible refrigerant 
volumes and have minimal 
opportunity for leakage.

Eliminate use of fossil fuels
Heat pumps can be important 
because they make low temperature 
waste heat usable. They represent a 
significant opportunity to eliminate 
the use of fossil fuels for heating in 
the longer term, providing a cost-
effective retrofit opportunity in many 
cases, on a par and often better 
than combined heat and power and 
biomass heating.

Government incentives make the 
economics very attractive for some 
installations at present, and finance 
is readily available for many projects. 
Heat pump technology is well proven 
and long established. The issue with 
refrigerants represents a challenge, 
but one which the industry has to 
handle, and is considered not to 
be a major barrier to their more 
widespread use.

Figure 3 Global warming potential of some common refrigerants



circumstances? 

 ■  Incentives

 ■  Lower carbon emissions

 ■  Lower energy costs

6. When is a heat pump not suitable?
 
 ■  Low grade heating required

 ■  High grade heating required

 ■  Low temperature heat source available

7. What is the difference between a heat 
pump and a refrigeration system?

 ■  No difference

 ■  Different working fluids

 ■  Uses more power

8. Put these in order of the most efficient use 
of energy to produce heat: gas boiler, heat 
recovery, biomass boiler, heat pump, direct 
electric heating?

 ■  Heat recovery, heat pump, gas boiler, 
biomass boiler, direct electric heating.

 ■  Biomass boiler, heat recovery, heat 
pump, gas boiler, , direct electric heating.

 ■  Heat pump, heat recovery, gas boiler, 
biomass boiler, direct electric heating

9. Why are heat pumps a key part of UK 
energy policy?

 ■  Use electricity which is more efficient 
than using gas

 ■  Proven technology that can deliver low 
grade heat with lower carbon emissions 
compared with fossil fuels.

 ■  New technology that can deliver low 
grade heat with lower carbon emissions 
compared with fossil fuels.

10. What incentives are available for heat 
pumps in non-domestic circumstances?

 ■  Reduced carbon costs (CCL, CCA and EU 
ETS)

 ■  Renewable Heat Incentives

 ■  Enhanced Capital Allowances.
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HEAT PUMPS

1. How is the performance of a heat pump 
defined?  

 ■  Energy into the compressor divided 
by useful energy output

 ■  Useful energy output divided by total 
energy input to the system

 ■  Useful heat delivered divided by 
power used by the system

2. How much power would an air source 
heat pump require, approximately, to 
deliver 100 kW of heat at 30 OC when 
the ambient temperature is 10 OC? 

 ■  120kW

 ■  11kW

 ■  75kW

3. What features of a modern space 
heating heat pump system improve the 
energy efficiency?

 ■  Large evaporator, large condenser, 
good heat transfer, high efficiency 
compressors, variable speed drives on 
compressors, modern expansion valves, 
digital controls

 ■  Small evaporator, large condenser, 
good heat transfer, high efficiency 
compressors, variable speed drives on 
compressors, modern expansion valves, 
digital controls

 ■  Large evaporator, small condenser, 
good heat transfer, high efficiency 
compressors, variable speed drives on 
compressors, modern expansion valves, 
digital controls

4. How does a heat pump contribute to 
Global Warming?

 ■  Loss of refrigerant

 ■  Energy used by condenser

 ■  Electricity used and loss of refrigerant

5. Why is a heat pump a preferred heat 
source to fossil fuels in some 
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Turning sunlight
into electricity

“ Energy in Buildings and Industry and the Energy Institute
are delighted to have teamed up to bring you this
Continuing Professional Development initiative ”
             Mark Thrower Managing Editor

By Joe McClelland, senior energy consultant

T
he first known use of the 
term photovoltaic was 
circa 1889, according to 
the International Scientific 
Vocabulary’s confirmation of 

its origin and etymology.
The definition of photovoltaic is: “of, 

relating to, or utilising the generation 
of a voltage when radiant energy falls 
on the boundary between dissimilar 
substances (such as two different 
semiconductors).”

The voltaic part of photovoltaic 
comes from the name of Alessandro 
Volta, inventor of the electric battery. 
Unlike photoelectric cells which use 
electricity for certain small tasks, 
photovoltaic cells actually produce 
electricity. Solar cells, the standard 
type of photovoltaic cells (often called 
simply photocells), operate without 
chemicals and with no moving parts to 
create energy directly from sunlight. 
Much research is now being done on 
creating an alternative technology—
solar film, which could be stuck onto 
almost any surface, or even sprayed on.

Photovoltaic (PV) cells, convert 
sunlight directly into electricity. PV 
gets its name from the process of 
converting light (photons) to electricity 
(voltage), which is called the ‘PV effect’. 
The PV effect was discovered in 1954, 
when scientists at Bell Telephone 
discovered that silicon (an element 
found in sand) created an electric 
charge when exposed to sunlight. Soon 
solar cells were being used to power 
space satellites and smaller items like 
calculators and watches.

Silicon the most efficient
Traditional solar cells are made from 
silicon, are usually flat-plate, and are 
generally the most efficient. Second-
generation solar cells are called 
thin-film solar cells because they are 
made from amorphous silicon or non-
silicon materials such as cadmium 
telluride. Thin film solar cells use layers 
of semiconductor materials only a 
few micrometers thick. Because of 
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their flexibility, thin film solar cells can 
double as rooftop shingles and tiles, 
building facades, or the glazing for 
skylights.

Third-generation solar cells are 
being made from a variety of new 
materials besides silicon, including 
solar inks using conventional printing 
press technologies, solar dyes, and 
conductive plastics. Some new solar 
cells use plastic lenses or mirrors to 
concentrate sunlight onto a very small 
piece of high efficiency PV material. 
The PV material is more expensive, 
but because so little is needed, these 
systems are becoming cost effective for 
use by utilities and industry. however, 
because the lenses must be pointed 
at the sun, the use of concentrating 
collectors is limited to the sunniest 
parts of the world.

PV modules and arrays are just 
one part of a PV system. Systems also 
include mounting structures that 
point panels toward the sun, along 
with the components that take the 

direct-current (DC) electricity produced 
by modules and convert it to the 
alternating-current (AC) electricity used 
to power all of the appliances in your 
home.

Solar photovoltaic modules are 
where the electricity gets generated, 
but are only one of the many parts in 
a complete photovoltaic (PV) system. 
In order for the generated electricity 
to be useful in the built environment, a 
number of other technologies must be 
in place.

PV arrays must be mounted on 
a stable, durable structure that can 
support the array and withstand wind, 
rain, hail, and corrosion over decades. 
These structures tilt the PV array at a 
fixed angle determined by the local 
latitude, orientation of the structure, 
and electrical load requirements. To 
obtain the highest annual energy 
output, modules in the northern 
hemisphere are pointed due south and 
inclined at an angle equal to the local 
latitude. rack mounting is currently the 

how a photovoltaic system works

Purchasing energy

“ Energy in Buildings and Industry and the Energy Institute
are delighted to have teamed up to bring you this
Continuing Professional Development initiative ”
             Mark Thrower Managing Editor

By Paul Bennett, executive chairman of BSSEC

E
nergy is the lifeblood of 
commerce, business and 
industry. Organisations are 
now spending more on energy 
than they have ever done 

before, and, energy spend will only 
go in one direction in the future – up. 
Therefore, the purchasing of energy is a 
vital activity in the energy management 
and procurement profession.  

In this CPD article we will take 
a look at the energy markets and 
how legislation is impacting future 
pricing of energy. We will look at the 
two predominant energy sources of 
electricity and gas and how these 
markets operate and consider the 
information needed to procure energy 
in these markets. Finally, we will look at 
practical steps to take when procuring 
energy. 

There are many factors that affect 
energy markets and their price and 
stability including:

Global Supply – Global energy 
producers such as Saudi Arabia and 
the USA have major influence over 
oil output and prices. Coupled with 
European gas connections with 
Russia it can be quickly understood 
that the availability and price of 
energy can vary. Factors such as this 
mean that the stability of energy can 
be volatile depending upon global 
events. While gas in the UK is not 
imported directly from Russia, their 
two largest customers, Germany and 
the Netherlands, are connected to the 
UK via two major gas pipelines. 57 per 
cent of the UK’s gas is supplied from 
imports1 and this is predicted to rise 
to 93 per cent by 20402, with Norway 
supplying approximately 61 per cent of 
the gas that the UK imports.3

Political Intervention – Govern-
ments intervene in the energy market 
to attempt reforms – however this 
has directly increased energy costs. A 
sample of these reforms include the 
Climate Change Act, Renewable Energy 
Directive, Energy Act, Feed-in Tariff, 
Renewables Obligation and Climate 
Change Levy. The Climate Change Act 
(CCA) was enforced in 2008 with the 
aim of cutting carbon emissions by 37 
per cent by 2020 and 80 per cent by 
2050 against a 1990 baseline.4 Five-
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year carbon budgets have also been 
set until 2032, which act as milestones 
to achieve the 2050 reduction targets 
set by the CCA. The Renewable Energy 
Directive requires all members of the 
European Union (EU) to commit to 
producing and promoting renewable 
energy, with a target of 20 per cent 
renewable energy generation by 
2020.5 The Energy Act ensures that 
energy demands are met despite the 
discontinuation of older power plants 
and decarbonisation by investing more 
money into new infrastructure and 
schemes. Other measures in place in 
the UK include the Feed-in Tariffs (FiT) 
scheme which promotes the use of 
technologies that generate renewable 
and low-carbon electricity typically on 
a small-scale, by requiring electricity 
suppliers to make payments for the 
generation and export of electricity 
to eligible installations. Support for 
large-scale generation of renewable 
electricity is offered through the 
Renewables Obligation (RO) in which 
electricity suppliers source increased 
electricity from renewable sources. 
The Climate Change Levy (CCL) is 
a tax applied to the energy bill of 
non-domestic consumers in the UK 
to encourage a reduction in energy 
consumption and emissions unless 
they source or supply low-carbon or 
renewable fuels.

Traded commodity – Energy is 
a commodity that is traded on the 
stock exchange, meaning that prices 
constantly fluctuate and there are 
both good and bad times to purchase 
energy. Trading enables energy to be 
bought in advance, from the short term 
to much longer term. For example, 
energy can be purchased for the day, 
week, month, quarter, season, year 
and up to five years ahead. As this 
is possible, prices can be locked for 
identified volumes (a price lock is a 
firm commitment to Take-Or-Pay). 
Hedging is a different option, behaving 
like an insurance policy where a fee is 
paid upfront to guarantee a capped 
commodity price. If the market ends 
up being higher than the cap, the 
counterpart refunds the difference.

capacity – The UK infrastructure is 
ageing, has had little investment and 
is nearing capacity. 20 per cent of the 
UK’s electricity generation capacity 
has been lost since 2010 due to the 
closure of power stations, and it is 
estimated that a further 35 per cent will 
be lost by the end of 2030, however 
peak demand is expected to increase, 
adding further pressure to meet our 
needs.6  Energy distributors charge 
customers on the amount of energy 
they use, coupled with the maximum 
demand, and customers are charged 
on this peak demand whether they 

Figure 1: energy market forces

Underfloor heating 
comes of age

“ Energy in Buildings and Industry and the Energy Institute
are delighted to have teamed up to bring you this
Continuing Professional Development initiative ”
             Mark Thrower Managing Editor

By Patrick Waterfield, principal environmental engineer at JCP Consulting Ltd

T
he Romans (and before 
them the Ancient Greeks) 
realised the benefit of 
underfloor heating via the 
hypocaust system - the term 

is derived from Greek words literally 
meaning “under-burning”. A fire was lit 
at underfloor level and the heat drawn 
through a sub-floor void under action 
of flues in the walls (which also allowed 
the relevant wall areas to act as heat 
emitters).

Source: http://mcauleyhistory.edublogs.
org/2012/10/24/the-roman-villa-project/
hypocaust/

Slightly earlier (ca 1,000BC) were 
the traditional Korean “Ondol” (warm 
stone) dwellings, which also featured 
a form of underfloor heating. The 
Ondol used smoke from the cooking 
fire, i.e. heat that would have been 
generated anyway, making better use 
of the fuel. Indeed, there is evidence of 
similar features in excavated Neolithic 
settlements. 

Heating elements or cables
An underfloor heating (UFH) system 
essentially comprises heating elements 
- either PVC piping carrying warm 
water (“wet” system), or electric heating 
cables - located beneath the floor 
surface. In the case of wet systems, 
the pipes are usually laid in a sand/
cement “dry” screed or self-levelling 
liquid screed on top of insulation on 
a concrete floor slab, though they 
can also be laid in a dry screed on a 
suspended timber floor. The screed 
absorbs heat from the piping and 
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Neolithic period Evidence of stone-covered trenches in dwellings in Asia and Aleutian Islands

5,000 BC Evidence of “baked floors” found in Korea and Manchu;

3,000 BC Korean fire hearth used as both kitchen range and heating stove;

1,000 BC Ondol-type system used in the Aleutian Islands and present-day North Korea;

500 BC
Greeks and Romans scale up the use of conditioned floors (and walls) with 
hypocausts;

500 AD
Asia continues to use conditioned surfaces but replaced in Europe by the open 
fire and early forms of the modern fireplace;

700
Countries in the Mediterranean Basin use various forms of hypocaust-type 
heating in public baths and homes (and also use heat from cooking to heat the 
floors);

1000
Ondol continues to evolve in Asia, with the fire furnace moved outside and the 
room entirely floored with Ondol in Korea;

1400 Hypocaust-type systems used to heat Turkish Baths of the Ottoman Empire;

1500 Wide-scale adoption of floor heating in China and Korea;

1600 Heated flues in floors and walls used in greenhouses in France;

1700 Hypocaust type system used to heat public baths in modern day Iraq;

1800
Beginnings of the European evolution of the modern water heater/boiler and 
water-based piping systems (eg in John Soane house and museum, London);

1864 Ondol-type system used at Civil War hospital sites in America;

1904
Liverpool Cathedral heated with system based on the hypocaust principles (also 
installed in various UK churches in Victorian times);

1937
Frank Lloyd Wright designs the floor-based radiant-heated Herbert Jacobs 
house;

1980
The first standards for floor heating are developed in Europe. Water-based 
Ondol system is applied to almost all residential buildings in Korea;

1985
Floor heating becomes a traditional heating system in residential buildings 
in Middle Europe and Nordic countries and increasing applications in non-
residential buildings;

2010 71-storey radiant conditioned Pearl River Tower in Guangzhou, China;

underfloor heating – a brief timeline

conducts it to the floor covering where 
it is radiated into the room. Electric 
types are found in the form of cable 

arrays and mats which can be laid in a 
thin screed or tiling adhesive layer or 
direct under a wood floor, for example. 


