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Summary

This Factfile provides an introduction to Distributed Generation 
(DG), also sometimes referred to as embedded generation. It 
provides a high level summary of the following topics: 

 � the development and current structure of the electricity 
supply chain

 � the drivers that have accelerated the recent growth of DG
 � current and potential future DG technologies
 � data on the current DG capacity in Great Britain
 � issues of licensing and markets and
 � the impacts of DG on distribution systems.

The Development & Structure of the Electricity 
Supply Chain

Fundamentally, there are only two components in the 
electricity supply chain: 

 � an energy converter - this can be a conventional turbine-
generator that converts a primary fuel, such as gas, to 
electricity or a device that converts solar or wind energy to 
electricity and 

 � the electrical connections between the energy converter 
and the load being supplied - in the case of large 
generators these connections will include both a 
transmission network (275 kV and 400 kV in England & 
Wales) and a distribution network (132 kV and below).

The term Distributed Generation is used to refer to generation 
units that are connected to the distribution network rather 
than to the high voltage transmission grid. For reasons that 
are largely historical, the renewed popularity of DG after a 
period of hiatus is creating new opportunities for increasing 
the diversity and efficiency of our electricity supply, but is also 
challenging the established architecture of the networks. 

A Little History

In the very first electricity supply systems generators were built 
very close to the loads to be supplied, and so relatively simple 
networks could be employed to connect the two together. The 
limitations of this approach became apparent as the demand 
for electricity grew and the concept of a unified electricity grid 
became established. In Great Britain the ‘national grid’ first 
came into operation in the 1930s with the highest voltage 
being 132 kV. Initially, the national system consisted of a 
number of geographic zones that had sufficient generation 
to meet their own demand in most circumstances. Linking 
these zones together enhanced the overall security of supply 
by allowing inter-zonal transfers in exceptional circumstances. 
This initial grid system developed rapidly through the 1950s 
and 1960s into the national 400 kV supergrid system that we 
have today.

The primary drivers for the development of the unified national 
grid were to reduce the cost of generating electricity and 
enhance supply security. Until the 1990s there had been a 
continuous process of building ever larger power stations to 
benefit from the economies of scale. These power stations 
were located either close to the source of fuel, primarily coal, 

or in remote locations in the case of nuclear. This meant that 
the generators moved further away from the concentrations of 
load both geographically and electrically. 

A Change of Tack

This trend for ever-larger power stations came to be re-
examined following the privatisation of the industry in 1990. 
The privatised and new-entrant generating companies saw new 
opportunities in generation. The most notable of these was 
the introduction of the Combined Cycle Gas Turbine (CCGT) 
which resulted in the much-reported ‘dash for gas’. However, 
two other smaller-scale developments occurred that initiated 
the growth of DG. These were encouraged as part of the 
government’s low carbon energy policy aimed at reducing the 
emissions linked to climate change. 

Firstly, there was a resurgence of interest and activity in 
cogeneration, or Combined Heat and Power (CHP). Secondly, 
the UK Government introduced financial incentives to 
encourage the development of renewable generation1. These 
generation technologies tend to be, by their nature, much 
smaller units than mainstream generators and therefore are 
best connected at lower voltages. They were initially referred 
to as “embedded” generators because they were embedded 
in distribution systems (132 kV and below) rather than being 
connected to the supergrid (275 kV and 400 kV). They are now 
more commonly referred to as distributed generators because 
there are many of them spread across the system in contrast 
to large power stations that represent concentrated sources of 
generation.  

The Fundamental Benefits of DG

DG became almost extinct in the period to 1990. The 
primary reason for this was that the economies gained by 
building larger power stations outweighed the additional 
costs of transporting the electricity to consumers (i.e. via the 
transmission system). The fundamental benefit of DG remains 
that it promises significant reductions in this transportation 
cost. The precise potential for efficiency gains and emissions 
savings varies depending on the generation technology and the 
location of the generation unit. Technologies using renewable 
energy sources often need to be located distant from 
consumers to take advantage of localised energy resources. 
Overall, as smaller generation technologies reduce their capital 
and operating costs compared with larger generators their 
transportation benefits will encourage their further growth. 

DG Technologies

There are a number of DG technologies. Some are tried and 
tested but a number are new, developing technologies. DG 
technologies include fossil-fuelled devices as well as those 
that use renewable fuels. The basic categories described 
here include both renewable and more conventional DG 
technologies. 
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Cogeneration

Cogeneration, also known as CHP, refers to any system 
that generates electricity and heat in a single process. A 
cogeneration plant offers the additional advantage that 
the waste heat from the generation process can be used 
beneficially rather than rejected to the environment. This heat 
can be used in industrial processes or to provide heat to local 
communities. 

 � An IET Factfile provides an introduction to cogeneration: 
http://www.theiet.org/factfiles/energy/combined-heat.cfm

Useful additional information is available at 
 � The Combined Heat and Power Association:  

http://www.chpa.co.uk

Windpower

The exploitation of wind energy is of course centuries old. 
However, it is only in the last few decades that windpower has 
made serious inroads into electricity generation. Until recently, 
the scale of wind generators has meant that they all qualified 
as DG. 

However, offshore wind farms could have total electrical 
outputs of up to 1 GW in the future and so will require 
supergrid connection.

Wind generation presents the power system with a number 
of challenges. Firstly, the output of a wind farm is essentially 
uncontrollable. This presents an additional challenge to the 
control systems that ensure a balance between supply and 
demand and constant system frequency. Secondly, most 
wind generators have different electrical characteristics to 
conventional synchronous generators and this has to be taken 
account of when connecting them to the transmission and 
distribution systems. 

However, it is possible for wind generation to make a 
significant contribution to the electricity supply system and it is 
currently the leading renewable generating technology in many 
countries. 

Useful additional information is available at:
 � The British Wind Energy Association:  

http://www.bwea.com/
 � The Danish Wind Industry Association:  

http://www.windpower.org/en/tour.htm 

DG using Biofuels

Biofuels include:
 
Biomass - this can be a wet or dry fuel derived from plant 
material and animal wastes. It can be combusted to generate 
electricity and/or heat in plants having a wide range of outputs. 
Wet wastes can be fermented to produce a gas that can be 
used in gas engines or gas boilers.
Biogas - this is essentially the same as the gas derived from 

wet biomass. The most common example of biogas is landfill 
gas. However, the same basic process that occurs in a landfill 
site can be reproduced in an anaerobic digester. This device 
allows organic material to decompose in the absence of oxygen 
in a controlled way, releasing methane.

Both dry and gaseous biofuels can be used in gas engines 
(reciprocating) and gas turbines to produce electricity. The 
waste heat from this process can be captured to achieve 
cogeneration. 

Additional useful information is available at 
 � The European Union Energy website:  

http://ec.europa.eu/energy/res/sectors/bioenergy_en.htm 

Photovoltaic

Photovoltaic cells convert the sun’s energy directly into 
direct current (DC) electricity. A particular advantage of this 
technology is that it can be very effectively integrated into the 
structure of buildings. From a distribution system perspective 
it is important to note that this technology requires its DC 
output to be converted to AC at the interface with the grid. This 
process introduces harmonic distortion to the grid and it is vital 
that the level of this distortion is controlled within limits set by 
industry standards. 

Useful additional information is available at
 � The Solar Electric Power Association:  

http://www.solarelectricpower.org 

Fuel Cells

The Fuel Cell is essentially a very simple device which was 
invented in the 19th century. It is a device that allows hydrogen 
and oxygen to be combined to produce electricity - the reverse 
of the electrolysis process. The development of fuel cells has 
been constrained primarily by the difficulty of making them 
cost effective. 

 � An IET Factfile provides an introduction to fuel cells:  
http://www.theiet.org/factfiles/energy/fuel-cells.cfm

Microgeneration

The term “microgeneration” covers a wide range of electricity 
generating technologies. There is not as yet a well recognised 
definition of the term. It is usually used in the context of the 
generation of electricity at domestic scale. 

Examples of microgeneration technologies include:
 � Wind turbines designed for domestic or small commercial 

applications having outputs of a few kWs; 
 � Domestic, gas-fired CHP devices also starting at about 

1kW of electrical output but able to meet domestic heating 
demands as well;

 � Photovoltaic panels for domestic application; and
 � Fuel-cell based CHP devices - still some way from 

commercial reality but a promising future opportunity.

http://www.theiet.org/factfiles/energy/combined-heat.cfm
http://www.chpa.co.uk
http://www.bwea.com/
http://www.windpower.org/en/tour.htm
http://ec.europa.eu/energy/res/sectors/bioenergy_en.htm
http://www.solarelectricpower.org
http://www.theiet.org/factfiles/energy/fuel-cells.cfm
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Useful additional information is available at 
 � The Micropower Council:  

http://www.micropower.co.uk/ 

Energy Storage

Technologies that allow electricity to be stored, either directly 
or by employing a conversion process, are not strictly DG 
technologies. However, they do have many characteristics in 
common with DG and they are much talked about at present. 
Storing energy in the electricity supply chain has challenged 
engineers since grid systems were first developed. The only 
widely adopted storage technology is pumped-hydro. The 
biggest plant of this type in the UK is at Dinorwig in South 
Wales: http://www.fhc.co.uk/dinorwig.htm

Many alternative storage technologies are being pursued 
by various companies around the world. The website of the 
Electricity Storage Association provides a useful overview of 
this subject: http://www.energystorage.org/ 

Growth of DG

In 1993/4 there was just 1.2 GW of distributed, independent 
generation in England and Wales2. This has grown to over 12 
GW today3. The Energy Networks Association now collects 
data on DG activity and publishes it quarterly on its website4. 

Further growth of DG capacity will be primarily driven by the 
relative economics of competing generation technologies. 
A number of possible scenarios can be envisaged. At one 
extreme, small and micro generation technologies may 
prove sufficiently successful to enter true mass production 
so that their costs fall significantly. This would result in very 
widespread adoption so that most electricity is generated by 
DG plants. In this scenario distribution systems could become 
essentially self-sustaining while the transmission system would 
revert to providing interconnection and much reduced bulk 
energy transfer. An excellent case study of the use of DG 
technologies can be seen in Woking in England. This has been 
championed by the local council who have produced a good 
practice guide to help others who wish to follow their lead5.
In a very different scenario, DG technologies may not achieve 
cost and performance levels required to achieve significant 
market penetration. Renewable generation (e.g. offshore wind) 
could increase in scale and require supergrid connection. 
Remote nuclear generation, also supergrid connected, could 
also feature in this scenario. The growth of DG could reduce or 
even recede in this situation. 

These are two extreme scenarios, used to illustrate the range 
of possible outcomes for the growth of DG. DG and centralised 
generation are not mutually exclusive, and indeed countries 
like the Netherlands, Sweden and Denmark combine high 
levels of DG with concentrated sources of generation. It is 
more likely that a range of different generation technologies, 
some qualifying as DG, will develop in the future driven by 
fuel costs and availability, environmental pressures, renewable 
resources and cost. 

Licensing & Markets

Most generators (as a general rule, generators of greater 
than 100 MW) in Great Britain are required to be licensed. 
Licensed generators are required to comply with the Grid Code 
(see below) and play a full part in the GB electricity market. 
This involves entering into a number of agreements. A full 
description of these agreements is outside the scope of this 
Factfile. More details can be obtained from National Grid’s 
website6.

However, some smaller generators can either apply for license 
exemption or declare themselves to be exempt. The detailed 
rules for license exemption are beyond the scope of this 
Factfile but can be found in Statutory Instrument 2001 No. 
3270; The Electricity (Class Exemptions from the Requirement 
for a Licence) Order 20017. 

Unlicensed generators are able to sell the electricity they 
generate directly to suppliers without being part of the GB 
market. The benefits of being a DG do have commercial value 
in the GB market. These are often referred to as “embedded 
benefits”. There is scope to trade these benefits so that the 
owner of a DG plant can access additional revenue streams. 

Technical Requirements

Licensed generators, whether connected to the transmission 
or a distribution system are required to comply with the Grid 
Code10. Many smaller generators that are connected to a 
distribution system need only meet the requirements of the 
Distribution Code8. In Annex 1 of the Distribution Code a 
number of Engineering Recommendations are referred to 
that specify the connection requirements for DG. They are as 
follows: 

 � ER G83/1 - applies to generators of up to 16A/phase, 
connected to low voltage systems.

 � ER G59/1 - applies to generators of up to 5 MW output 
connected below 20 kV. 

 � ER G75/1 - applies to generators of greater than 5 MW 
output or connected at a voltage above 20 kV.

The Energy Networks Association (ENA) publishes a guide 
to the connection of DG. This can be found on the ENA’s 
website9. It should be noted that some license exempt 
generators are required to meet certain provisions of the Grid 
Code. It is essential to understand the precise connection 
requirements for any proposed DG plant by speaking with the 
owner of the distribution system involved.  

Distribution System Impacts

As discussed already in this Factfile, DG became almost 
extinct by 1990 in GB. As a result, the distribution companies 
developed their systems on the basis that little or no generation 
would need to be connected directly to them. Distribution 
systems became essentially passive in control terms. As power 
flows were unidirectional and predictable the control systems 
required could be simplified. In particular, voltages could be 
maintained within statutory limits by using transformers with 

http://www.micropower.co.uk/
http://www.fhc.co.uk/dinorwig.htm
http://www.energystorage.org/


Distrubuted Generation
A Factfile provided by The Institution of Engineering and Technology
© The IET 2006
www.theiet.org/factfiles

6

controllable voltage outputs at a relatively small number of 
selected transformation points.

It is not surprising therefore that the recent growth in DG has 
presented some challenges to the distribution companies. The 
three primary technical issues are:

 � the management of power flows - ensuring that 
the thermal ratings of circuits are not exceeded for 
both normal running arrangements and specified 
contingencies; 

 � voltage control - ensuring that the supply voltage to 
customers is maintained within statutory limits in 
accordance with the Electricity Safety, Quality & Continuity 
Regulations10; and 

 � system fault levels - ensuring that fault levels remain 
within the rating of equipment at all times. 

The distribution companies have co-operated to address these 
issues. Ofgem and the DTI have jointly sponsored this work 
and it is openly reported on a dedicated website11. 

With the wide range of DG technologies now being developed, 
it is possible that, for the first time in the development of the 
electricity grid, significant amounts of generation could be 
connected at every voltage level. This will present a number of 
new challenges. 

At high penetrations of DG it is likely that a radically different 
approach to system control and operation would be required 
to ensure that supply quality and continuity achieved or 
exceeded acceptable levels. This in turn would require a 
communications infrastructure, potentially connecting every 
load and generator, to be superimposed on distribution 
systems to ensure safe and efficient operation of the system. 
Distribution systems will take on many of the characteristics of 
a transmission system.

It is likely that large, supergrid-connected power stations 
will remain dominant in the short to medium term. However, 
looking further ahead more possibilities open up. Some parties 
take the view that in the longer term distributed generation 
will take the dominant role. This could effectively turn the grid 
system ‘upside down’ by comparison with today’s situation. 
However, a significant proportion of the potential renewable 
generation sources, particularly on and off-shore wind, are 
geographically remote from centres of demand; thus there 
will always remain a need for a high voltage transmission 
system to which large conventional power stations could also 
be connected if required. Distributed generation embedded 
in local low voltage distribution systems near to demand will 
reduce the net demand on the transmission system with the 
balance of power flows into or out of any area depending on 
the availability and costs of the respective sources. 

The European SmartGrids Technology Platform12 has 
produced a vision for future networks where DG plays a 
significant part.  

The Future of DG in the UK

There has and continues to be much debate about the role that 
DG will play in the UK’s future energy supply infrastructure. 
The Government has given DG serious consideration and as 
part of its 2007 Energy White Paper it published, jointly with 
Ofgem, a report on DG. This is available on BERR’s website13.

Endnotes

1. Support for renewable generation is currently provided 
by the Renewables Obligation scheme. This requires 
electricity suppliers to source an increasing proportion of 
the electricity they sell from renewable sources. Further 
details can be found at  
http://www.ofgem.gov.uk/Pages/OfgemHome.aspx. 

2. NGC Seven Year Statement – March 1994
3. As the data collection processes have changed these 

figures may not be directly comparable.
4. Energy Networks Association 

http://www.energynetworks.org/electricity/engineering/
distributed-generation.html

5. Woking Council 
http://www.woking.gov.uk/council/planning/publications/
climateneutral2/energy.pdf

6. National Grid 
http://www.nationalgridinfo.co.uk/

7. Office of Public Sector Information 
http://www.opsi.gov.uk/ 

8. Distribution Code 
http://www.dcode.org.uk/ 

9. Energy Networks Association 
http://www.energynetworks.org/electricity/engineering/
distributed-generation.html

10. Office of Public Sector Information 
http://www.opsi.gov.uk/si/si2002/20022665.htm

11. Electricity Networks Safety Group 
http://www.decc.gov.uk/en/content/cms/meeting_energy/
network/ensg/ensg.aspx

12. European Union 
http://www.smartgrids.eu/ 

13. BERR 
http://www.berr.gov.uk/files/file39025.pdf 

Overviews

 � N Jenkins, JB Ekanayake and G Strbac (2010) Distributed 
Generation. ISBN: 978-0-86341-958-4
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