
T
he basic definition of a 
district heating system is 
supply of heat or hot water 
from one source to a district 

or group of buildings.
District heating is a system for 

distributing heat generated in 
a centralised location through 
a system of insulated pipes for 
residential and commercial heating 
requirements such as space heating 
and water heating. The heat is often 
obtained from a cogeneration plant 
burning fossil fuels or biomass, but 
heat-only boiler stations; geothermal 
heating, heat pumps and central 
solar heating are also used, as well 
as nuclear power. District heating 
plants can provide higher efficiencies 
and better pollution control than 
localised boilers.

District heating traces its roots 
to the hot water-heated baths and 
greenhouses of the ancient Roman 
Empire. District systems gained 
prominence in Europe during the 
Middle Ages and Renaissance, with 
one system in France in continuous 
operation since the 14th century. 
The US Naval Academy in Annapolis 
began steam district heating service 
in 1853. 

Although these and numerous 
other systems have operated over 
the centuries, the first commercially 
successful district heating system 
was launched in Lockport, New 
York, in 1877 by American hydraulic 
engineer Birdsill Holly, considered 
the founder of modern district 
heating. 

Four generations of DH
There are four different generations 
of district heating systems and their 
energy sources and these systems 
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can be distinguished as follows:
The first generation was a steam-

based system fuelled by coal and 
was first introduced in the US in the 
1880s and became popular in some 
European countries, too. It was state 
of the art until the 1930s and used 
concrete ducts, operated with very 
high temperatures and was therefore 
not very efficient. However, some 
of these systems are still in use, for 
example in New York or paris. 

The second generation was 
developed in the 1930s and was built 
until the 1970s. It burned coal and 
oil and the energy was transmitted 
through pressurised hot water as 
heat carrier. The systems usually had 
supply temperatures above 100°C, 
used water pipes in concrete ducts, 
mostly assembled on site, and heavy 
equipment. While also used in other 
countries, typical systems of this 
generation were the Soviet-style 

district heating systems that were 
built after World War 2 in several 
countries in eastern Europe. 

In the 1970s the third 
generation was developed and 
was subsequently used in most of 
the systems that followed all over 
the world. This generation is also 
called the “Scandinavian district 
heating technology”, because a lot 
of the district heating component 
manufacturers are based in 
Scandinavia. The third generation 
uses prefabricated, pre-insulated 
pipes, which are directly buried 
into the ground and operates with 
lower temperatures, usually below 
100°C. A primary motivation for 
building these systems was security 
of supply by improving the energy 
efficiency after the two oil crises 
led to disruption of the oil supply. 
Therefore, those systems usually 
used coal, biomass and waste as 



energy sources, while oil was mostly 
neglected. 

Currently, the 4th generation is 
being developed, with the transition 
already in process in and it is 
designed to combat climate change 
and integrate high shares of variable 
renewable energy into the district 
heating by providing high flexibility 
to the electricity system.

Compared to the previous 
generations the temperature levels 
have been reduced to increase the 
energy efficiency of the system, with 
supply side temperatures of 70°C 
and lower. potential heat sources 
are waste heat from industry, CHp 
plants burning waste, biomass power 
plants, geothermal and solar thermal 
energy (central solar heating), 
large-scale heat pumps, waste heat 
from cooling purposes and data 
centres and other sustainable energy 
sources. With those energy sources 
and large scale thermal energy 
storage, including seasonal thermal 
energy storage, 4th generation 
district heating systems are expected 
to provide flexibility for balancing 
wind and solar power generation, 
for example by using heat pumps 
to integrate surplus power as heat 
when there is much wind energy 
or providing electricity by biomass 
plants when back-up power is 
needed. Therefore, large-scale 
heat pumps are regarded as a key 
technology for smart energy systems 
with high shares of renewable energy 
up to 100 per cent and advanced 4th 
generation district heating systems. 

the many forms of DH
District heating can take many forms. 
The key element is the replacement 
of individual boilers in each building 
with a network of heat pipes that 
carry heat to buildings from a central 
source, or sources, of heat.

The key components of a district 
heating system are:
• the heat source (in larger systems 
there can be more than one heat 
source); 
• the heat pipe network; and
• the consumer unit in each building.

The heat pipe network links the 
heat sources to the heat consumers. 
The pipes will be made of steel 
(main elements) or plastic (final 
connections to consumers). pipes 
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are pre-insulated in the factory, to 
provide a low level of heat loss. The 
size of pipe required is set by the 
peak heat flow in the system. So the 
largest pipes are required close to 
the heat source, with size gradually 
decreasing further from the heat 
source. 

District heating systems can carry 
hot water or steam. If the consumers 
include industrial sites that require 
steam, then the network will need 
to be configured to carry steam 
throughout with buildings typically 
using hot water for space heating.

Network configurations depend 
on the topography of heat sources 
and heat consumers. Simple systems 
may be radial in nature.

The largest element of capital 
cost is the heat network. The pipe is 
expensive plus there are high costs to 
install the pipe. Installation requires a 
trench to be dug, preparation of the 
bed of the trench for the pipe, joining 
the steel and insulating jacket and 
reinstatement of the trench. In urban 
areas the pipe route will need to be 
navigated around existing services 
(water, sewage and gas pipes and 

electricity cables).
The main explanation for the low 

penetration to date is the relatively 
high cost of providing heat through 
district heating in comparison with 
conventional gas or electric-based 
heating systems. This is illustrated in 
Table 1 which compares the average 
cost of heat for a range of district 
heating options and stand-alone 
renewable heat technologies with 
gas and electric heating. 

The main driver of the higher cost 
of district heating is the network 
of hot water pipes. For example, 
under current cost assumptions, 
a heat network to supply 270,000 
households would cost in the region 
of £1.5bn. 

Nevertheless, there are some 
combinations of fuel sources and 
building types that can reduce the 
relative cost, for example, where the 
district heating scheme: 
• uses waste heat from conveniently 
sited power stations, since the heat 
is essentially produced at a very low 
marginal cost; and
• replaces electric heating systems; 
and supplies to commercial premises 
and high rise flats in high heat 
density areas. 

Even in the current market 
and regulatory environment, it 
is estimated that district heating 
could displace electric heating on 
economic grounds – but in only 
70,000 dwellings and in some non-
domestic buildings equating to 14% 
of the modelled commercial heat 
demand. Together, these add up to 

only 0.3% of national heat demand. 
The main benefit of moving 

to district heating or renewable 
technologies is expected to be the 
carbon savings they can deliver 
with potential annual savings 
achieved for a composite benchmark 
dwelling from each technology. 
For example, it is calculated that a 
district heating network covering 
250,000 households may save 
between 0.25 Mt CO2 and 1.25 Mt 
CO2 relative to conventional heating 
systems annually, dependent on the 
fuel used and the carbon intensity of 
centralised electricity production. 

Given the lack of commercial 
drivers, the question still arises as 
to whether it is more attractive to 
substitute conventional gas and 
electric heating either with district 
heating or with renewable heat 
technologies for conventional gas 
and electric heating. 

carbon abatement costs
Analysis suggests that, where district 
heating networks can achieve a high 
penetration (in the region of 80 per 
cent) in a built-up area, the carbon 
abatement costs of district heating 
options can be better than the most 
cost-effective stand-alone renewable 
technology. 

Such carbon competitiveness may 
reduce if: 
• DHNs are perceived to be riskier 
than other technologies – requiring 
a higher rate of return and a 
consequent higher heat tariff; 
• penetration of the network is lower; 
or 
• the carbon intensity of electricity 
provided from the national grid falls 
without a consequent increase in the 
price of electricity – which then may 
favour heat pumps. 

Although the delivery of 
renewable energy targets is 
expected to reduce the average 
grid electricity carbon intensity 
in the future, analysis shows that 
DHNs remain the preferred option 
for achieving carbon reduction in 
built-up areas unless electricity can 
be de-carbonised to a level below 
0.15 kgCO2/MWh (analysis is based 
on 0.31 kgCO2/MWh) and without 
raising its wholesale price above 
current levels (around £45/MWh). 

This situation need not be an 
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‘ The carbon 
abatement costs of 
district heating can 
be better than most 
cost-effective stand-
alone renewable 
technology’

table. 1 – average cost of heat for a range of district heating options



• the cost of a gas (or other fuel) 
supply is avoided (new buildings).

The customer will typically remove 
their existing boiler plant or will not 
install boiler plant. Hence the district 
heating system becomes the sole 
source of heat.

stakeholder involvement
The way in which district heating 
has developed in the UK has taken a 
number of different forms:
• systems that serve a new housing 
or mixed use development - initially 
owned by the property developer;
• systems that serve a university, 
hospital or large military base - 
initially owned by the main client, 
sometimes transferred to a third 
party;
• systems that serve social housing - 
typically owned by a local authority 
or housing association;
• systems that serve public buildings 
- initially owned by a local authority, 
sometimes transferred to a third 
party; and
• systems associated with energy 
from waste schemes - initially owned 
by a local authority, sometimes 
transferred to a third party.

There are many stakeholders 
involved in a DHC project. 
Government regulations from central 
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absolute choice between one 
technology and another. District 
heating options have the potential 
to exploit larger volumes of no/low-
carbon heat in built- up areas where 
the stand-alone renewable options 
may be subject to restrictions on 
the availability of existing chimneys, 
roof space and ground, or on the 
combustion/processing of biomass 
and waste. Optimisation of the 
supply of no/low carbon heat to 
buildings might target the DHN 
options at the more densely built-up 
areas, with heat pumps and the 
limited resource of biomass utilised 
elsewhere.

renewable energy targets
Analysis suggests most district 
heating would be gas-based, at 
least in the short-term, standalone 
renewable options are likely still to 
be needed to assist compliance with 
the 2020 renewable energy targets. 

District heating systems offer 
security of heat supply benefits 
compared to individual boilers in 
buildings. There are two reasons 
for this. Firstly, many buildings will 
have only one boiler, whereas a 
district heating system will normally 
have several boilers. So one boiler 
failure would not affect the district 
heating system. Secondly the focus 
of the district heating operator is 
maintaining heat supply, hence 
reliability of boiler plant, pumps and 
the heat network are critical to the 
business. This is not true of ordinary 
businesses and homes, where boiler 
maintenance is unlikely to be a 
priority. To provide an acceptable 
return on investment the system 
needs to operate for around 7,000 
hours a year. So the system will be 
generating and producing heat 
for most of the time, heat will be 
available all year round.

Typically, when consumers 
connect to a district heating 
system when their existing boiler 
system requires replacement - or 
when a new building is developed. 
Connecting to district heating under 
these circumstances has a number of 
advantages:

• the cost of a replacement or new 
boiler is avoided (both cases);

• space may be freed up for other 
uses (both cases); and

and local levels. At the project level, 
utilities, equipment manufacturers, 
specifying engineers, contractors, 
and architects work in conjunction 
with facility owners and operators.

To expedite planning and decision-
making, different procedures can be 
used, such as the four-phase process. 
This process guides the district 
heating project team through four 
phases:

• an initial assessment to define 
goals and determine how future 
growth could affect the system;

• feasibility determination to 
evaluate the commercial and 
technical viability of the project;

• project development to 
coordinate engineering personnel 
and vendors involved in designing 
and building the system; and

• operation, optimisation, and 
expansion to ensure proper 

operation and implement 
improvements and upgrades.

Some European countries provide 
a large majority of their energy from 
district heating. But now district 
heating is becoming more common 
in the UK, especially as part of 
new-build housing developments. 
Around 210,000 UK households 
are currently connected to district 
heating networks. There is a new one 
planned for London using waste heat 
from tube stations.

The main issue with district 
heating, however, is that it’s much 
easier to plan before building than 
retrofitting. It also requires the estate 
management to persuade potential 
customers that it would be a good 
idea and that they wouldn’t be left 
carrying the cost of installation.

All in all, district heating is a great 
idea, but quite hard to get right in 
practice. There are several problems 
that make it hard to retrofit on a 
wider scale in the UK.

One of the main concerns is 
not over the heating per se, but 
controlling the heating. The ideal 
scenario is to ensure district heating 
is installed with individual customer 
metering, which allows charging 
based on how much energy the 
customer uses. 

The benefits of district heating 
include:
• delivers higher efficiency, especially 
if using CHp plants, which generate 
electricity and gas simultaneously; 
and
• produces lower carbon emissions 
than individual boilers.
District heating’s limitations include:
• the requirement for forward-
planning, as it is very difficult to 
retrofit;
• the requirement for long-term 
financial commitment; and
• controls and tariffs need to be 
carefully considered to create the 
most efficient solution.

references
The Green Age
The Forester Network
rehau.com
engie.com
swenergy.eu
Wikipedia.com
Decentralized Energy.com
National Archives.co.uk

‘ District heating 
systems offer security 
of heat supply 
benefits compared to 
individual boilers in 
buildings’
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B
uildings are initially 
designed to meet an 
operational need, aesthetic 
aspirations, performance 
standards, technical 

standards and planning constraints. 
This leads to an often complex and 
sometimes conflicting requirement 
of control to maintain efficient 
operation of the systems within a 
building. 

Smaller buildings may have 
localised independent controls for 
energy systems, but for larger or 
more complex buildings, sites with 
multiple buildings, or companies with 
a portfolio of buildings on multiple 
sites integrated Building Energy 
Management Systems (BEMS) allow 
greater knowledge of and control of 
the energy. Their purpose is to collect 
information, understand energy use 
and effect control of equipment for 
efficient energy consumption.

Key target of a BEMS
As the name suggests, energy 
management is the key target of 
a BEMS, as opposed to Building 
Management Systems (BMS) 
which can be used to control a 
wide range of building systems 
including those related to energy. 
BEMS are integrated, computerised 
applications for monitoring and 
controlling energy-related building 
services plant and equipment 
such as heating, ventilation and 
air conditioning (HVAC) systems, 
lighting and power systems.  

A well-specified and 
comprehensive BEMS will typically 
have the following functional 
requirements:

• be able to gather information 
from multiple sources such as 
existing sensor networks, new 
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sensors, available external data 
sources (e.g. weather forecast), 
WP3 solutions and other internal 
or external inputs through open/
standard protocols;

• integrate the information to allow 
a common analysis, presentation and 
control medium;

• store the data to allow a historical 
record for further evaluation and 
comparison;

• be able to generate reports to 
present the monitored information 
in an understandable and useable 
format;

• be able to analyse data to 
optimise control of the building 
for internal comfort and energy 
efficiency;

• be able to generate control 
strategies from gathered data

• have the facility to prioritise load 
balancing between multiple energy 
sources if present such as local 
generation and grid supplied;

• monitor real time data and 

make corrective changes to control 
strategies and equipment operation;

• be able to provide alerts on out of 
range operation, energy waste, failed 
inputs or failed components;

• monitor control operation 
and provide feedback on 
implementation;

• have the facility to switch 
between automatic and manual 
operation;

• have a user-friendly interface to 
display and have user interaction 
with real time data, energy use 
profiles, historical data, energy use 
charts and graphs, input sources, 
predictive profiles, alarms, alerts and 
control strategies;

• provide details of conflict with 
the building operation, such as when 
heating and cooling are operating 
simultaneously and be able to 
implement changes to prevent this; 

• the ability to integrate with 
equipment control systems to 
automate responses and input data; 

7.  In how many estimated domestic dwellings 
could district heating displace electric 
heating on economic grounds?

	 n		200,000  n		150,000

	 n		300,000 n		70,000

8.  what is the estimated percentage of non-
domestic buildings where district heating 
could displace electric heating on economic 
grounds?

	 n		25 per cent n		32 per cent

	 n		14 per cent n		7 per cent

9.  what estimated percentage of combined 
domestic dwellings and non-domestic 
buildings where district heating could 
displace electric heating on economic 
grounds?

	 n		0.3 per cent n		0.5 per cent

	 n		5 per cent n		3 per cent

10.  which of the following are not benefits of 
district heating schemes?

	 n		They deliver higher efficiency, especially if 
using CHp plants, which generate electricity 
and gas simultaneously

	 n		They produce lower carbon emissions 
than individual boilers

	 n		They produce lower carbon emissions 
than any other heat source

	 n		They require more long-term financial 
commitment
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District Heating

1.  what is the temperature difference 
between Generation 3 and Generation 4 
district heating systems?

	 n		50°C  n		30°C 

	 n		10°C  n		40°C

2.  what would be the approximate cost for 
the implementation of a heat network to 
supply 270,000 households? 

	 n		£100m  n		£500m 

	 n		£1.5bn  n		£2.0bn

3.  relative to conventional heating systems 
annually, dependent on the fuel used and 
the carbon intensity of centralised 
electricity production, how much carbon 
dioxide could a district heating network 
covering 250,000 households?

	 n		0.25 Mt CO2  n		0.15Mt CO2

	 n		1.8 Mt CO2 n		2.5 Mt CO2

4.  how many hours a year does a Dh system 
need to operate for to provide an 
acceptable return on investment? 

	 n		c. 8,000  n		c. 7,000

	 n		c. 5,000 n		c. 3,000

5.  approximately, how many Uk households 
are currently connected to district heating 
networks?

	 n		130,000;  n		520,000; 

	 n		210,000; n		750,000

6.  above which level of Uk electricity 
de-carbonisation do District heat 
Networks remain the preferred option for 
achieving carbon reduction in built-up 
areas?

	 n		0.15 kgCO2/MWh   n		0.25 kgCO2/MWh

	 n		0.10 kgCO2/MWh   n		0.05 kgCO2/MWh
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W
e used to see a 
range of lighting 
technologies, 
including: 
incandescent; 

induction; discharge; and, LED 
(Light Emitting Diode). These 
would perform in the three 
fundamental areas lighting is 
required: general; task; and, display 
(but not overlooking architectural/
environmental/accent lighting for 
completeness). We now associate 
LED technology as suitable in most 
applications.

LED technology is now at the 
forefront of the lighting industry 
– most new installations utilise 
LEDs and most retrofit is also being 
upgraded with LED technology. This 
article provides an overview of LED 

The rise and rise 
of the LED
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Technology in lighting and what 
future trends and possibilities with 
LEDs lighting we might see. Before 
that, what is an LED in simple terms?

Electroluminescence
The technology is based on a physics 
term known as electroluminescence. 
This is the emission of light through 
a material that is activated by 
an electric current. In the case 
of LEDs, the materials used are 
semiconductors. semiconductors 
contain electric holes, which refer to 
the existence of positively charged 
atoms (i.e. atoms that lack electrons). 
When a suitable voltage is applied 
to semiconductors, electrons can 
recombine with electric holes within 
the device, releasing energy (and 
light) in the form of photons.

The LED is not necessarily a recent 
technology; it is the development of 
these in recent years that has made 
it more suitable for the applications 
we think of today. First written about 
in the 1920s and some mentions 
even before this, first notable uses 
began in the late 1950s and early 
1960s. This was mainly around 
indictor lights – think of the red light 
on your remotes. 

This was principally down to two 
things: they were expensive; and 
the lumen per watt (the efficacy) 
was less than 35lm/W but more 
commonly seen at 9lm/W – not on 
par with the existing technologies. 
Lumen being the amount of light 
output from a light source and watts 
being the power to produce that 
light output.

Fig. 2 – Variation in the cost of cooling with temperature for a conventional vapour 
compression refrigeration system and assuming an electricity price of 10 p/kWh

R
efrigeration systems 
are commonplace in 
many industrial and 
commercial installations, 
ranging from complex, 

bespoke systems operating at 
low temperatures in industry to 
more ‘standard’ solutions used for 
cooling commercial buildings and 
to generate chilled water. In the 
basic refrigeration process, shown 
in Fig. 1, heat is taken away from the 
substance to be cooled, and rejected 
at a higher temperature, generally 
to the surroundings at ambient 
temperature.

The cost of cooling depends 
significantly on the temperature 
required. It is much more expensive, 
and costly in energy and carbon 
emissions, to generate a chilled 
fluid at 10oC compared with one at, 
say, 6oC. This is illustrated in Fig. 2 
which shows the approximate cost 
of providing 100kWh of cooling 
at various temperatures using a 
conventional vapour compression 
refrigeration system and assuming 
an electricity price of 10p/kWh.  

The figure shows that a system 
operating at -30oC will need some 
three times the energy of one 
operating at 10oC. Perhaps more 

Improve the efficiency 
of refrigeration systems
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usefully, cooling to 6oC compared 
to 10oC increases energy costs by 18 
per cent.  

The exact costs and differences 
depend on the particular system and 
its operation, but the principle that 
energy costs increase by 2 to 4 per 
cent for each 1oC reduction in cold 
temperature is generally true. Often, 
therefore, an easy opportunity to 
improve the efficiency of existing 

systems is to raise the temperature 
of the cooled fluid to save energy. 
For example, raise the chilled water 
temperature set point and increase 
the cold store temperature by 1OC.  
This might be possible at times of 
lesser cooling demand or because 
the set point is already lower than 
it needs to be. For designers it is 
important to take account of the 
relationship between temperature 

Fig. 1 – the basic refrigeration process


