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Mowat Energy is seeking to better understand the changing shape of the Canadian 
energy market by examining the changes that are being seen in other countries and the 
lessons that can be learnt from those markets.  Mowat asked for a report, based on 
experience in the Great Britain electricity markets, covering the four broad portfolios 
identified as key themes: 
1. The New Energy Customer; 
2. Meeting Energy Demand Behind the Meter; 
3. Grid Modernisation and the Utility of the Future; and 
4. The Future of Centralized Supply.  
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1 Executive Summary 

Embedded generation, sometimes referred to as “distributed” generation, refers to 
power which is generated within a distribution network, “embedded” within a distribution 
network.  It can be large or small, operated by households, small, medium or large sized 
businesses, large industrial complexes, or by power companies.   
 
These parties choose to build and operate their equipment for economic, environmental 
or security of supply reasons.  They have diverse interests and concerns and their 
actions can have a wide range of influence on the rest of the market and the rest of the 
system. 
 
This report tells the story of the GB electricity market, focussing on the past, present 
and future of embedded generation and how it fits into the rest of the market.  
Embedded generators have always existed in the GB market, but greater government 
and regulatory attention has been paid to them recently.  The push to meet government 
renewable generation and carbon reduction targets has created an attractive investment 
environment for wind and solar generation, in particular.  The intermittent characteristics 
of these plant along with changes in the large thermal generation fleet, has encouraged 
a significant response from investors in the form of embedded diesel and gas 
reciprocating engines.  The growth of these non-renewable embedded generators was 
largely unanticipated by most of the industry, the government and the regulator. 
 
Large generators, coal, gas and nuclear, along with some hydro, have been the bread 
and butter of the industry since the sector was centralised early last century.  The “Big 
6” have operated the vast majority of, mainly transmission connected, generating plant.  
These companies bought generation plant at the time of privatisation in 1989, and have 
been building at a subdued rate since then, mainly gas and renewables.  Now, many of 
these assets are very old or have closed in the past ten years, and the market has 
changed considerably as a result, including the growth in embedded generation. 
 
National Grid (NG) acts as the System Operator (SO) for the whole of GB.  It too 
emerged from the centralised system, but with monopoly ownership of the England and 
Wales Transmission Network.  Its Transmission Licence, overseen by Ofgem, requires 
that it operates the network in an efficient and safe manner, maintaining security of 
supply at least cost for consumers.  Its role was much simpler in the days of large 
transmission connected generators and few, if any, renewables.   
 
The SO has had to drastically change its operations and radically change the way in 
which it interacts with the market and the services it requests the market to provide.  
Increased intermittency and an increase in generation that it is “blind” to, along with the 
closure of large old plant has provided it with many challenges.   
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The SO is having to contend with forecasting issues related to fluctuations in 
transmission network demand as a result of fluctuating embedded generation and even, 
in some cases exports onto the transmission network, in areas where embedded 
generation exceeds demand within that area.   
 
It has had to seek out new providers of ancillary services, such as Short Term 
Operating Reserve (STOR) and Firm Frequency Reserve (FFR), and it has had to adapt 
the services to meet the technical specifications of the plant that are available to help 
balance the system. 
 
The District Network Operators (DNOs) are responsible for connecting embedded 
generation.  They are under licence obligations, overseen by Ofgem, to operate their 
network investment and management in an economic and efficient manner.  Until 
recently, this provided little scope for DNOs to adapt to the rapid changes on their 
networks and as a result there are issues with network congestion and connection 
queues.   
 
The Committee on Climate Change (CCC) provides support and oversight of the 
government’s progress towards the climate change target of an 80% reduction in Green 
House Gases (GHGs) as compared to 1990.  It was established in the wake of the 
Climate Change Act (2008) as a statutory body, independent of government, and 
reports to government.  It provides an overview of potential paths to 2050 GHG 
reductions, and reports on progress to Parliament.  Its targets provide the background 
and context to the push for de-carbonisation of the power sector, which is one of the 
leading reasons that distributed generation is growing so rapidly. 
 
Ultimately, all of these parties exist for one sole purpose – to serve the needs of 
consumers.  Larger energy users, frequently industrial, but also some within the 
commercial sector, have been actively engaged in their energy consumption for many 
years, and in many cases were the first movers into embedded generation, driven by a 
security need or economic rationale for self-supply.  In some cases, embedded 
generation is used only as emergency back-up.  In other cases, Combined Heat and 
Power (CHP), sometimes called cogeneration or “cogen”, has been a practical solution 
for operational requirements. 
 
Other consumers, mainly domestic, have traditionally been blind to what happens 
behind the socket in the wall, being mainly concerned with whether they are receiving 
the level of service they expect.  Increasing prices over the past decade and 
environmental concerns have changed this to some extent, though in some cases 
almost against their will! 
 
Energy efficiency policies have had a dramatic impact on the level of electricity demand 
per household.  The housing stock in the UK is gradually improving the standards of its 
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windows, roofs, walls and flooring and electrical appliances use much less energy than 
even a decade ago, thanks to government policy. 
 
Domestic consumers have also been lured into the role of electricity providers by the 
introduction of Feed in Tariffs (FiTs) in 2010.  These FiTs provided payments for 
renewable generation, whether used by the home, or exported to the grid.  In those 
early days, solar photovoltaics (PV) were very expensive, and the tariff offered was 8-9 
times the prevailing wholesale market price for power.   
 
Take up started out modestly, but very quickly the pace of installations grew, and costs 
were reportedly falling.  Two years into the programme, the FiT was halved.  
Installations slowed down for a short while, then resumed their heady pace of growth.  
The FiT was halved again, yet still consumers were eagerly installing solar panels on 
their roofs.  Finally, as of this year over 5GW of solar was installed in GB under the FiT, 
compelling the government to put a virtual stop to new installations that could qualify for 
FiTs.   
 
Solar PV installations far surpassed anyone’s expectations and the impact has been 
drastic and pervasive.  There are impacts on consumer bills (especially those without 
FiT technologies installed), and other externalities – including the impact on the system 
operator and the cost of installing technologies, as well as paying them to provide 
services to help balance the impact of solar PVs 
 
Investment in generation and network assets is crucial for ensuring that supply is 
maintained and that environmental targets are met.  Market changes have accelerated 
as a result of government intervention and technological advancements and the 
inevitable impacts of the interactions between market participants.  For technologies 
that are revenue protected like networks and renewables, investment and growth has 
been steady, if not heady.   
 
But for the remaining parts of the market that do not have the comfort of long-term 
agreements (renewables subsidies) and income certainty (regulated returns), 
investment is very risky.  The changing market has had a dramatic effect on wholesale 
electricity prices and profits of existing conventional plant has been too low for many to 
open, let alone think about investing in new plant.  Given the dramatic changes which 
the market has undergone in the last five years, there is huge uncertainty over what the 
future will bring for any asset based investments.    
 
In the face of this uncertainty, NG developed and published an in-depth scenario based 
outlook of the GB electricity market to 2050.  NG makes assumptions about demand 
growth, conventional and renewable generation growth, separately considering 
embedded generation, as well as price forecasts.  These scenarios include a range of 
assumptions about consumer behaviour, economics, technology development, and 
environmental targets.   
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These scenarios tell us that we can expect continued growth in embedded generation 
and much of it is likely to come from the domestic consumer.  Solar PVs have been the 
big surprise over the past couple of years.  Current installed capacity, mainly in the 
south west of England, is roughly equal to installed onshore wind (transmission and 
distribution combined).  Such an outlook would have been scorned only 2-3 years ago, 
now, when people speak about the solar potential in Scotland, no one so much as 
raises an eyebrow. 
 
These scenarios also tell us that we can expect to see a continuation of the operational 
difficulties already experienced.  National Grid and, increasingly, the DNOs will continue 
to have to develop innovative solutions to the technical and economic issues associated 
with procuring ancillary services from increasingly diverse providers. 
 
National Grid’s scenarios are utilised across the market for a number of purposes.  NG 
uses them for investment planning.  They are also used by the government in its 
decision of how much capacity to purchase in the Capacity Market.  They are used by 
the regulator in considering policy interventions. 
 
The Capacity Market is the last piece of the puzzle in the UK.  It provides payments to 
generators to remunerate them for the capacity service they provide to the market.  This 
provides the “missing money” to investors, and removes some of the uncertainty of 
investing in long-lasting assets in a rapidly changing market. 
 
Still, even with protected revenue streams offered to most market participants, there 
remains the risk of stranded assets.  We are already seeing issues in GB with respect to 
a decrease in electrons passing through the transmission network while the mileage 
continues to increase (to facilitate renewables growth in northern Scotland, away from 
demand).  So costs that need to be recovered are rising, at the same time as the 
volume transmitted is falling.  This is an ongoing dilemma in the UK – and not yet 
solved. 
 
In addition, at the same time that investment requirements are rising due to 
environmental targets, and generation margins are falling, large generating plant are 
closing earlier than expected as a result of low market prices.  Generators have 
impaired billions of pounds of generating assets in the UK over the past few years.  It is 
difficult to convince a board to invest in a new large thermal asset when they have 
perhaps just finished writing one off the books, or watched their competitors do so.  The 
current struggle over whether to build one new nuclear power plant – Hinkley C – is 
absorbing vast amounts of government time and, ultimately (if built), consumers’ money.   
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1.1 Lessons learned and conclusions 

The GB electricity system was privatised in 1989.  There have been major changes in 
the electricity market since that time including, but not limited to:  
 

 Fundamental changes in electricity trading rules; 

 Major re-organisation of ownership; 

 A move from centralised, large generation connected to the transmission system 
to de-centralised, smaller generation connected to the distribution system; 

 A move from stand-alone regulation to hands-on regulation; and 

 A drive to de-carbonise the power generation sector. 
 
Based on the challenges and experiences in GB, there are a number of observations 
that can be made. 
 

1.1.1 The lights have stayed on 

There has been much criticism of the UK “experiment” with the introduction of full scale 
competition from 1989.  Many thought that the market would not deliver the capacity 
needed to keep the lights on.  However, the market has – where permitted – 
successfully delivered the capacity needed to maintain the integrity of the system.  What 
has changed with the drive to de-carbonisation of the electricity system is whether the 
right type of capacity is being connected.  Much of the reforms of the electricity market 
have been aimed at taking “dirty” generation off the system and replacing this with 
“greener” energy.  At the same time, the overall capacity margin has decreased, while 
at times intermittent generation needs to be curtailed.  
 
It is interesting that when the market was a Pool with marginal pricing, the market power 
of the price setters encouraged significant investment by new market entrants.  
However, more recent investment is all backed by either "green" subsidies or Capacity 
Market payments.  It is therefore arguable that the UK no longer has a competitive 
generation market in the traditional sense.  Instead, the government and the system 
operator are setting targets of generation to procure and, while electricity trading may 
be more like a normal market, the investment signals are now centrally controlled. 
 

WWA considers that the competitive market did deliver sufficient capacity to the GB 
electricity market.  It is not yet clear whether the new, more centrally planned approach 
will be as successful. 
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1.1.2 The creation of the system operator 

The early days of privatisation saw three transmission owners (TOs)1 in GB.  With the 
integration of the markets of England & Wales with Scotland, there was a need for a 
system-wide System Operator (SO).  In GB, this role is carried out by NG.  This 
structural change appears to have been successful in having one party responsible for 
the overall control of the network as the generation mix is changing.  This has, in turn, 
led to an ever increasing role for the regulator in trying to incentivise NG to balance the 
system at least cost. 
 
The change in the generation mix has altered the role of the SO and forced it to buy 
more balancing services from increasingly varied players.  How the SO uses and 
recharges for these services can impact the wider market.  This has resulted in 
considerable concerns that the SO can distort the more competitive areas of the 
wholesale market and may act in the best interests of its shareholders rather than the 
wider GB market, leading to consideration of an independent SO 
 

WWA considers that one system operator has successfully managed the changing role 
of the electricity system.  However, the power of the SO over generators’ businesses 
has been a concern for parties and consideration is being given to having an 
independent SO. 

 

1.1.3 Embedded generation deployment has been faster than expected  

The charging mechanism for the high voltage transmission networks creates what is 
known as “embedded benefits”.  This has successfully led to the connection of large 
quantities of distributed generation.  The embedded generation regime is currently 
under review as some consider that the benefits no longer reflect the costs that 
embedded generation is placing on the DNOs and, to some extent, the TOs. 
 

                                            

1 There are currently three Transmission Operators permitted to develop, operate and maintain a high 
voltage system within their own distinct onshore transmission areas. These are National Grid Electricity 
Transmission plc (NGET) for England and Wales, Scottish Power Transmission Limited for southern 
Scotland and Scottish Hydro Electric Transmission plc for northern Scotland and the Scottish islands 
groups. 
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As well as the charging regime, smaller parties face a less onerous planning regime, 
lower capital costs and less direct regulation.  While they have limited access to the 
wholesale market, they have benefited from either direct support (renewables) or 
ancillary services contracts with the SO (gas and diesel).  With the increasing volumes 
of intermittent renewables, the smaller generators may well be the answer, but that 
does have significant implications for the maintenance of system stability. 
 

WWA considers that the embedded generation regime has successfully supported the 
connection of significant quantities of distributed generation.  This has resulted in new 
challenges, particularly for the SO. 

 

1.1.4 The triad is an effective demand side management tool 

The triad system (whereby transmission use of system charges are set on the 3 highest 
periods of demand on the transmission network) has been in place since before 
privatisation.  While being relatively crude, it has delivered two benefits to the GB 
electricity system.  First, it has attracted large quantities of distributed generation as the 
triad “benefits” form a significant cash flow for distributed generators.  Second, it has 
been successful at demand management by industrial and commercial customers.  This 
growth in demand side management has also contributed to the growth of distributed 
generation since many customers are willing to avoid triads by switching to on-site, 
behind the meter, generation. 
 
With the growth in smart metering and corporate focus on energy costs and 
environmental performance the triad regime may no longer be fit for purpose.  
Consideration could be given to regional signals or set time of day signals.  However, it 
is clear that keeping it simple has resulted in a sizable response. 
 

WWA considers that the triad system used by NG has played an important role in the 
growth of distributed generation. 

 

1.1.5 It is possible to deliver major levels of distributed generation 

In the report, we contrast the very successful (in terms of quantity) scheme to 
encourage the construction of solar powered generation with the very unsuccessful 
“Green Deal” which attracted only a handful of participants.   
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As well as the government run schemes there has also been a profusion of SO 
schemes as well as some started within distribution companies.  It will always be difficult 
to find something that every party can benefit from, but simplicity seems to be a vital 
attribute in achieving uptake. 
 

WWA considers that, in GB, consumers are sufficiently “engaged" to recognise a good 
deal (which the early days of solar were) as opposed to a bad deal (which the Green 
Deal was). 

 

1.1.6 The carbon price 

Most of GB’s electricity fleet is now supported by one scheme or another.  The report 
shows that in some cases, one form of subsidisation has been replaced by another.  
Some schemes have worked, as the growth in solar panels shows, others there have 
been a lot of policy changes and little take up, as the Green Deal demonstrates.  
However, the situation where most power generation is subsidised is a long way from 
the free market vision of privatisation.  It seems that if the government is set on the level 
of de-carbonisation required by the Climate Change Act, then it would have been 
simpler to rely upon increasing the price of carbon.   
 
Political will would be needed to raise the price of carbon to the level necessary to 
promote, e.g. wind over gas.  There would be the inevitable challenges (and get-outs) 
associated with the fuel poor and heavy industry.  However, a clearer signal that was 
easier to respond to would have allowed for a more market based solution than the 
central control approach with government picking winners by setting subsidy levels.  
Such a tax could also have raised enough money to more directly target help the fuel 
poor, with free insulation, solar panels, etc. 
 

WWA considers that increasing the price of carbon could be a more efficient way of de-
carbonising the electricity industry than multiple, overlapping, schemes 

 

1.1.7 Connection policy needs to catch up 

Traditionally, DNOs have only connected when there is sufficient capacity, or they have 
waited until new capacity was constructed.  It may be the case that the DNOs have to 
consider alternative connection methodologies that will more rapidly connect smaller 
plants. 
 
In the future, we believe that DNOs need to be more proactive – they need to go and 
look for parties who may be intending to install generation technologies, or they need to 
actively engage with parties who have asked for connections.  In many cases, the 
requests for connections come early in a project life and many do not proceed.  
Currently, there is no satisfactory way of managing a queue that is potentially clogged 
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with projects that are not intending to progress.  This of course means that projects that 
do intend to progress need to wait for network upgrades that are sometimes not 
necessary at the time imposing excessive cost on the developers.  
 

WWA considers that the connection process will need improvement if it is successfully 
to connect the increasing amount of distributed generation that wishes to connect.   

 

1.1.8 The regulatory framework needs to support the change in energy mix 

Traditional RPI-X regulation tends to focus on incentivising monopolies to provide 
capacity only when needed.  Several studies have concluded that investment ahead of 
need might be a “no regrets” policy by the DNOs.   
 
Ofgem is attempting to remedy this but is somewhat at a loss, taking a cautious 
approach.  It is attempting to build in some flexibility for the DNOs to use some 
judgement in terms of forecasting potential network upgrades.  This of course can be 
problematic from a regulated return perspective.  In the case of the TOs, Ofgem has 
allowed them to identify "strategic investment", which Ofgem agrees they can get a 
return on, but it is an unusual step for the regulator to sign off individual investments; 
does it know more than the market? 
 
We note in passing the ongoing enquiry into the UK energy industry is recommending 
that the regulator unwind many of the changes it forced on the industry over the 
previous 8 years or so.  This type of regulatory uncertainty cannot be good for large 
scale investment. 
 

WWA considers that there are signs that the regulatory framework is evolving, but there 
needs to be a much more rapid regulatory response to the changing requirements of the 
monopoly wires businesses if the electricity market in GB continues to evolve at its 
current pace.   

 

1.1.9 Distribution charging needs to reflect new mix 

Distribution networks have been designed for the conventional flow of electricity 
between a high voltage grid and end consumers.  That dynamic is changing.  The 
connection of distributed generation, and generation behind the meter (much of which is 
un-metered) indicates that the traditional way of charging for a distribution system might 
need to change.   
 
There may be a need for more reactive and time-sensitive distribution charges to reflect 
the increasing flexibility that will be required.  The distribution charging treatment of 
electric storage is only starting to be thought through.  Of particular importance to the 
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future management of the transmission and distribution system, is that it is currently dis-
advantaged by the “double-charging” of storage by the DNOs.  Given that electrical 
storage is not defined as a separate activity, it gets charged as a generator, when 
exporting, and a consumer, when importing.  This does not reflect the growing 
importance to the system of electrical storage. 
 
Charging needs to: incentivise location; incentivise system use; and allow the 
monopolies to make the case for investment in additional capacity.  The GB charges on 
the TO networks incentivise locations where there is no spare capacity, but system use 
(triad) has been effective.  The DNOs' charges have been too complicated to influence 
behaviour. 
 

WWA believes that a charging policy structure could provide sharper signals about the 
use of current assets and the location of new assets.  As we discuss below, regulation 
also has a role to play. 

 

1.1.10 The market for unconventional services is opaque 

As the market evolves it becomes increasingly clear that generation assets (and indeed 
consumers providing Demand Side Response (DSR)) do much more than just provide a 
power source for TVs and refrigerators.  
 
Traditional (typically transmission-connected) generators can provide a large volume of 
baseload generation (nuclear), others assets can “two-shift”, or fluctuate load during the 
day to accommodate demand fluctuations (conventional coal and gas plant), or it can be 
a “peaker”, and turn on and off quickly to meet the higher levels of demand (OCGTs and 
pump storage).  With larger plants shutting, the SO is having to seek system support 
services from smaller generators and require larger wind assets to also provide system 
support, e.g. frequency response. 
 
While the capacity market is being used to value the existence of the larger plants even 
if they rarely operate, the SO is also buying an array of new energy services.  These 
ancillary services are not only numerous, but the tendering process is often quite 
opaque and the parties find it difficult to judge where services are needed or how much 
they are worth.  The parties providing these services are also facing a monopsony in the 
form of NG, which combined with a lack of transparency, may result in lack of trust. 
 

WWA considers that it will be necessary to align valuation of generation seen in the 
capacity market and the value of generation seen in NG’s tenders.  The tenders 
themselves would also benefit from greater transparency.  NG’s development of STOR 
and innovative demand side services has been however valuable in incentivising the 
development of distributed generation. 
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1.1.11 Smart metering 

Much effort has been put into the connection of smart meters to all households in GB.  It 
is not clear that the benefits will in fact be greater than the costs of the scheme.  As with 
many government-mandated schemes, it is possible that technology will overtake the 
current generation of smart meters.  We also see a number of issues as the managed 
process of smart meter installation hits the complexities introduced by competition in 
metering.  We believe that while smart metering will be introduced, it will be far more 
expensive than if it had been a mandated regulated activity. 
 
It is interesting to note that the GB market has also not required all customers to accept 
smart meters given concerns over privacy.  So it is unclear how the market will work if in 
the longer term a significant proportion of the population do not have smart meters.   
 

WWA considers that too much focus has been put on the importance of smart metering.  
If smart metering is to be mandated, consideration should be given to the DNOs, not 
energy suppliers, being given the mandate. 

 

1.1.12 The capacity market 

Over time, government had concerns that the competitive market would not deliver 
enough capacity or enough of the right type of capacity (given the policy drive to de-
carbonisation).  Therefore, the UK government introduced an administered capacity 
market in 2014.  The scheme holds auctions, both 4 years and 1 year ahead of the 
delivery year, with 2 auctions held so far.  It is currently scheduled to be delivering 
capacity in 2017, following an emergency auction in early 2017; the government's 
response to the falling plant margin.  While the market has successfully attracted 
sufficient bids to meet the capacity requirements set by the government, it is not yet 
clear whether this capacity will be built, or kept open, to meet the capacity requirement. 
 
Other EU markets are either introducing or considering capacity markets and designs 
around making suppliers contract for enough power or the SO buying strategic peaking 
plant may work better. 
 

The need to secure peaking capacity for periods of low renewables output seems to 
have become widely accepted.  It is not yet obvious that the GB capacity market will 
provide a robust or economic solution to the problem. 

 

1.1.13 The policy reviews 

We have explained our view that policies towards embedded generation have 
successfully supported the development of distributed generation.  However, this 
regime is now under review.  It appears that there is a risk that any review of this regime 
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could negatively impact the growth of distributed generation.  There is a risk that this 
review dis-incentivises the connection of distributed generation at the same time that 
the jury is out on the success of the capacity market. 
 
The rules of the capacity market are also changed annually and the market wide codes 
operate in a constant state of flux.  Add to this the move from one renewable support 
scheme to another, a market wide competition investigation, and new EU codes, and 
the regulatory risk starts to look unmanageable.  The easiest way for companies in the 
market to cope with these risks is to price them into customer contracts, which means 
the customer may get a far better price in a market with more stable rules and 
regulations. 
 

Persistent reviews and rule changes create a level of regulatory risk that makes 
investment in generation extremely difficult. 

 

1.1.14 The role of the system operator 

There is an increasing push, from industry and with the support from Ofgem, to increase 
the responsibility of the DNOs to include some balancing activities.  The idea is that if 
the distribution networks are largely balanced then the transmission networks will be 
easier to manage.  There has also been mention of an independent SO, in part to allow 
the SO to manage the DNO's networks better, but also to remove the shareholder 
interest that will focus on their TO business (as it is worth more). 
 
Exporting energy onto the transmission network in an unexpected or unpredictable 
manner is costly and inefficient and has much wider system implications.  NG is blind to 
much of the generation on the DNOs’ networks and is requesting that the DNOs help.  
Of course, this would be another major change in the DNOs’ business model, and 
would require long and complicated discussions with Ofgem about how this would be 
achieved and how they would be remunerated for these additional services.  
 

A change in the generation mix similar to that seen by the UK (and other EU countries) 
does significantly alter the role of the SO and potentially create the need for regional 
SOs as well.  NG’s evolution of tendered ancillary services has been important in 
allowing the market to respond to these changed circumstances. 

 

1.1.15 Engaging domestic consumers is difficult 

There have been countless reviews of the electricity supply market.  Despite it being 
clear that there is significant money to be saved by switching supplier, most domestic 
consumers have not done so.  This ambivalence to money saving opportunities extends 
to those available from the installation of small scale embedded generation, such as 
solar PV roof top kit.   
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The most recent enquiry into the electricity supply market is proposing ways to engage 
these “dis-engaged” customers.  It is not clear that yet another regulator-administered 
engagement strategy will be successful in persuading domestic consumers to switch 
energy supplier, or adopt small-scale distributed generation.  Some of the 
disengagement may have come from poor supplier behaviour at the time of privatisation 
(doorstop selling, miss-selling, bad billing, etc.) so it may be that more heavy handed 
regulation to begin with could have boosted consumer confidence. 
 

In implementing some schemes it may be better to use trusted companies or those that 
are heavily regulated (such as monopolies).  It may also be necessary to accept not all 
customers want to be engaged and it is a free market. 

 

1.1.16 Stranded assets are not a problem (yet) 

With respect to stranded transmission assets, this has not been a problem (so far), but 
a move to more distributed and behind the meter generation will ultimately result in 
transmission assets that are either stranded, or used by fewer parties.  Consideration as 
to how charging for these assets in the future will be needed.  One possible solution 
could be a charge on all customers for the insurance policy the TOs offer to each region 
in certain circumstances. 
 
However, some would argue that if a company’s assets are no longer needed, then the 
shareholders should see falling revenues and not be immune to a changing market. 
 
The larger power stations, with their decreasing operations, are being (to a degree) 
protected by the capacity market and this could also be a mechanism to deal with 
stranded assets.  However, paying a lot of parties to keep assets open and operational 
may not represent the best value for consumers. 
 

Where stranded assets do start to arise policy makers will have to make hard decisions 
about alternative revenue streams for their owners or allowing the assets to shut. 
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2 GB market overview 

 

2.1 Development and evolution of the GB electricity market 

The GB power market has endured several stages of significant upheaval since 
electricity became a practical reality beyond the confines of a laboratory.  In the earliest 
days, generation was entirely self-supplied, but only by private companies and the well 
off.  Lacking any regulation, electricity generation and supply grew quickly and amongst 
numerous suppliers.  Public electricity supplies were developed, motivated by a demand 
for street lighting in the late 1800s, and from there demand continued to grow.   
 
As supply and demand grew, so did the number of suppliers.  By 1918, London had 
around 75 suppliers.  With a complete lack of coordination or oversight, electricity 
flowed at 24 different voltages!  Suppliers also operated at wildly different frequencies. 
 
In addition to the obvious safety issues, this “mayhem” approach was clearly inefficient 
and, as demand continued to grow, unnecessarily expensive and clearly unsustainable.  
In 1926, the first of many Electricity Acts was passed.  This Act cleared the deck for 
central control of the electricity grid by the Central Electricity Board (CEB), controlling 
flows across Great Britain,2 in much the same way as today’s System Operator, 
National Grid, does. 
 
In 1948, the existing supply companies (all 600 of them) were nationalised and became 
the British Electricity Authority (BEA).  The CEB merged with the BEA at which point it 
was responsible for the generation, distribution and sale of all power across GB.3   So 
now, the power sector was fully nationalised and centralised and completely orderly.   
 
Bureaucratic and political manoeuvrings between 1948 and 1989 saw the structure 
remain functionally broadly similar, but the BEA was replaced by the Central Electricity 
Generating Board (CEGB) and the Electricity Council.  The CEGB was responsible for 
electricity generation and transmission in England until privatisation in 1989.   
 
The CEGB built large coal, oil and nuclear4 generators which it despatched to meet 
demand in England and Wales.  This was delivered to all end users via the 12 regional 

                                            

2 Northern Ireland, though part of United Kingdom, operates its own electricity market in combination with 
the Republic of Ireland and references to GB therefore exclude Northern Ireland.   
3 Other than some hydro generation in Scotland. 
4 Gas was considered a premium fuel which should not be used to generate electricity.   
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monopolies (Electricity Area Boards - EABs), which distributed and supplied all the 
power in their areas.  Scotland had two independent vertically integrated monopolies.   
 

2.2 Privatisation and the modern system 

In 1989, the electricity industry was privatised, one of a series of state-owned utilities to 
be transferred to the private sector at that time.  The central planning approach had 
been very successful in developing a coordinated generation, supply and transmission 
structure, but economic upheaval and technological development in the 1970s and 
1980s, and of course political sentiment, led to increased criticism of its efficiency 
shortfalls and inability to adapt to volatile and changing conditions (the oil shock for 
example). 
 
At privatisation, the 12 Regional Electricity Companies (RECs) replaced the 12 EABs.  
Transmission became the responsibility of the National Grid Company, which was (at 
that time) owned by the RECs.  Distribution and supply were somewhat uncoupled at 
this stage, as a REC could supply electricity outside its franchise area on a payment of 
a charge for distribution over another REC’s network.  Each REC owned and operated 
the electricity distribution network in its authorised area.  The two Scottish5 companies 
were privatised as vertically integrated companies. 
 
Under the Utilities Act 2000, 14 distribution-only Distribution Network Operators in 
geographically defined areas were constituted.  At the same time, there was a range of 
mergers, de-mergers and take-overs.  The current ownership of the distribution network 
owners (DNOs) is shown below. 
 

                                            

5 A theme of the early days of privatisation was that solutions for England and Wales were not always 
applicable to Scotland. 
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Figure 2.1: Ownership of the Distribution Network Operators 

 
Source: WWA 
 
Since privatisation, the GB power sector has evolved significantly.  Now, the whole of 
GB now operates as a single market with competition in both generation and supply of 
power to end users.  The only monopolies left are the transmission and regional 
distribution networks.  The regulator, Ofgem,6 is now considering how to bring 
competition to these so-called “natural monopolies”. 
 
GB generation is now comprised of a wide variety of power station types and sizes.  
The most significant changes to generation have been: 

 Post-privatisation growth of large gas-fired generation stations; 

 The extension in life of the nuclear fleet; 

 The start of the closure of the coal fleet; 

 A move to a self-despatch market model7 in 2001;  

 Growth in and diversity of renewable, largely uncontrollable generation (wind and 
solar); and 

                                            

6 Office of Gas and Electricity Markets was formed from the merger of gas and electricity regulators Ofgas 
and Offer. 
7 At privatisation, an electricity pool had been set up, acting as a single buyer model. 
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 Increased volume of smaller generators connected to the lower voltage 
distribution systems. 

 
We note that since privatisation, there have been several radical overhauls of the 
electricity market trading arrangements.  There is also a proliferation of regulatory 
“initiatives” and a long list of Codes, guidance and agreements. 
 

Persistent reviews and rule changes create a level of regulatory risk that makes 
investment in generation difficult. 

 

2.3 Overview of the current major players 

One of the reasons behind privatisation was the desire to introduce competition in 
supply to consumers.  Competition was already possible for larger customers (greater 
than 1MW).  However, a transitional process of supply competition was proposed.  
Customers with site demand greater than 100kW were allowed to switch supplier from 
1994, with all customers (including domestic households) able to switch supplier from 
1998.  This policy attracted many new suppliers into the market, bringing a range of 
innovations into electricity supply.  There was a parallel process of introducing 
competition into gas supply.  Today’s supply market consists of a series of suppliers, 
most of whom offer “dual fuel” supply contracts.   
 
There have been a large number of enquiries into the success (or otherwise) of the 
generation and supply markets.8  There have also been a large number of fines levied 
(mainly against the Big Six) for mis-selling, poor customer service and inaccurate billing. 
 
The so called “Big Six” energy companies are Centrica, EDF Energy, E.ON, RWE, SSE 
and Scottish Power.  These firms are made up of the former monopoly providers of gas 
(Centrica) and electricity (EDF Energy, E.ON, RWE, SSE and Scottish Power - who 
bought regional suppliers and generation) to customers in Great Britain.  They are all 
vertically integrated in respect of electricity (i.e. they are all active in both generation 
and retail supply) and Centrica is additionally vertically integrated in respect of gas (i.e. 
it is active in both generation and upstream production).  Both SSE and Scottish Power 
also have interests in electricity transmission and gas and electricity distribution.   
 
With respect to retail, there a number of suppliers selling both electricity and gas to 
households and non-domestic customers.  The number of independent suppliers has 
been growing recently, and the market share of the Big Six is consequently declining, 
although the Big Six still account for almost 90% of supply.   
 

                                            

8 At the time of writing, the Competition and Markets Authority is undertaking an enquiry into the GB 
energy market. 
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Table 2.1: Market Share of Major Retail Supply Players 
British 

Gas EdF E.ON RWE

Scottish 

Power SSE Other

2012 Q1 25% 13% 17% 14% 11% 19% 1%

2013 Q1 25% 13% 17% 13% 12% 18% 2%

2014 Q1 24% 13% 16% 12% 12% 17% 6%

2015 Q1 24% 13% 16% 11% 11% 16% 10%

2015 Q4 23% 12% 15% 10% 11% 16% 12%  
Source: Ofgem 
 
There are a number of mid-tier electricity generators, which are separate from the Big 
Six, such as Drax, Engie and Intergen.  There are a wide range of smaller generators, 
typically connected to the distribution systems offering an increasing array of wind 
power, solar power, biomass generation and other renewables technologies.  The GB 
market is now seeing nascent electrical storage being considered for connection.  
  
In terms of the providers of natural monopoly services, National Grid (NG) performs the 
functions of system operation for both gas and electricity.  In addition, it owns and 
maintains the onshore gas transmission network in Great Britain, and the high-voltage 
electricity transmission network in England and Wales.  Scottish Power is the 
transmission owner for the South of Scotland, while SSE is the transmission owner for 
the North of Scotland.  In relation to electricity distribution, there are 14 licensed 
distribution network operators in Britain, which are owned by six different groups as 
shown in Figure 2.1 above. 
 

2.4 Overview of electricity market 

2.4.1 Self-dispatch system 

Great Britain operates a “self-dispatch” system.  That is, buyers and sellers of electricity 
contract ahead of time for their anticipated demand at prices that are bilaterally 
negotiated or determined through demand and supply matching on public exchanges.  
Generators and suppliers prepare operating plans for their anticipated physical 
behaviour or that of their customers.  The parties communicate their anticipated 
physical behaviour and their contractual position to the system operator (SO), which in 
Great Britain is NG.   
 
The SO takes central control of balancing supply and demand close to real time, at a 
point known in the industry as ‘gate closure’.  The GB system operates to half hourly 
settlement periods.  At gate closure, bilateral trading ceases and the SO is then 
responsible for ensuring the system remains in balance.  The SO receives a final 
notification of the physical and contractual position of each party one hour prior to 
operation, on which basis it will assess whether the system is at risk of imbalance.  It 
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will intervene if it predicts a discrepancy between the amount of electricity produced and 
demanded during a particular settlement period.   
 
The SO has the obligation to balance the system at minimum cost, and is incentivised to 
do so by Ofgem under its price control.  After the fact, discrepancies between what 
parties physically did (actual delivery or offtake) and their contractual positions are 
‘cashed-out’ at prices determined, administratively by the SO. 
 

2.4.2 System balancing 

NG, as the SO, is responsible for ensuring that the GB interconnected system (i.e.  
including Scotland) is secure and stable at all times.  System balancing includes 
managing unwanted side effects of transmission and some types of demand (i.e. 
reactive power), or overcoming network constraints (where the wires are not large 
enough to take generation to demand).  Also, as electricity cannot be stored directly, 
generation and demand must be matched in real time at all times.   
 
Ageing, larger plant are struggling to offer the services that the system needs with such 
a large amount of intermittent generation; not just to provide energy, but provide energy 
of the right quality to make sure the lights do not flicker.  Smaller, nimble and flexible 
plant are filling the gap and providing the services that the larger plant cannot provide.  
A small gas or diesel plant is able to turn on (and off) in a matter of seconds, even from 
cold.  This is invaluable in a system where the wind can suddenly change speed and 
clouds can come and go in rapid succession, creating major swings in renewables 
electricity production.  
 
However, as explored throughout this report, there remains a need for larger, firm, fast, 
flexible and efficient capacity.  These larger plant provide the bread and butter of the 
system.  While not being particularly fast or flexible, they are predictable and 
controllable by the system operator. 
 

2.4.3 Ancillary services 

The SO has increasingly been asking for more flexible plant to help manage the system 
stability issues associated with increasing intermittent renewables on the network.  
While its key balancing tool is energy purchased from the Balancing Mechanism (BM), 
the SO also has obligations to keep the system "quality" within certain parameters, 
involving the purchase of ancillary services, such as reserve, frequency response, etc.  
Historically, many of these services were provided by large, synchronous generators 
and since many of these have shut the SO has been asking the market to bring forward 
new services.  We address these consequences later in the report.   
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2.4.4 The Introduction of the Capacity Market 

At the time of privatisation, the decision was made to not introduce a market in capacity.  
Over time, and in part due to changes in government policy, concerns grew that the 
traded market for electricity could not guarantee that enough, or the right kind of, 
capacity would be built.  The government’s new Capacity Market (CM) places an 
obligation on NG to maintain a capacity margin to meet a predefined security standard 
(LOLE).9  The first capacity auction was in 2014 for delivery in 2018.  The market is 
designed to pay installed capacity a fee (capacity payment) for having a set number of 
MWs available.  We discuss the impact of the capacity market later in this report. 
 

WWA considers that the competitive market did deliver sufficient capacity to the UK 
electricity market.  It is not yet clear whether the new, more centrally planned approach 
will be as successful. 

 

2.4.5 Existing generation capacity 

There is currently ~90GW of capacity in GB, serving ~60GW of peak demand.  About 
17MW (~20%) of that capacity is wind and solar.  Chart 2.1 shows the current 
generating capacity in GB.  While significant levels of coal capacity remains on the 
system, most will be closed by the end of the decade at the latest. 
 
Some of the less efficient, less flexible CCGTs10  are also at risk of closure due to age 
and requirements to meet tightening environmental limits, though it is worth noting that 
a significant portion has already closed in the past few years.  Some remain on ‘life 
support’, having been contracted by the SO to provide a new ancillary service, known 
as Supplemental Balancing Reserve (SBR), but are unlikely to last long into the next 
decade, if at all. 
 

                                            

9 LOLE - Loss of Load Expectation -the number of hours per annum, over the long-term, it is statistically 
expected that supply will not meet demand.  It is a probabilistic approach, but is not technically equivalent 
to the same amount of blackouts. 
10 Combined Cycle Gas Turbine. 
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Chart 2.1: Existing generation portfolio 

 
 Source: National Grid 
 

2.4.6 Plant ownership 

Historically, peaking plant was owned by the monopolies and was built for system 
management purposes.  At privatisation, the plant was sold, and in the case of the 
bigger plants (such as the oil OCGTs11 and pump storage) these ended up in the hands 
of big utility companies.  The integrated energy companies do need to buy peaking 
power to cover the demands of their customers over the demand peaks.  However, with 
larger portfolios of customers they were able to invest in larger gas fired plants (usually 
CCGTs) which were flexible enough to meet their needs. 
 
As time has gone on, these big players have seen their portfolios of older, fossil fuel 
plants start to become less reliable and operate at lower load factors.  Most of their 
recent investments have been in renewable technologies, with investments underwritten 
by government subsidies.  While a number of these companies do have new CCGTs 
planned, few seem to be progressing.  For example, RWE has had permission to build 
Willington, a 2.4GW CCGT in 2011, but has still not made an investment decision.  
Likewise, SSE has postponed a decision on its consented Keadby 2 plant having 
mothballed the existing station already on the site. 
 

                                            

11 Open Cycle Gas Turbine. 
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2.4.7 New build development – conventional plant 

There are a few players who have developed large CCGTs in recent years and sold 
them on, such as the sale of Carrington by Wainstones Energy to ESB.  There are other 
proposed developments supported by energy trading investors such as Watt Power 
(largely owned by Noble Group), though the proposed CCGTs have yet to be given the 
go ahead and were not successful in the last CM auction.  However, these have 
generally been proposals for smaller plants than those put forward by the established 
generators (300MW compared to 800MW).  How many will go ahead is yet to be seen, 
but only one (Trafford) secured a CM agreement and it is not yet listed as being under 
construction on NG’s Transmission Entry Capacity12 (TEC) register. 
 
Chart 2.2 shows the main (not all) owners of the plant that were successful in the most 
recent CM auction in December 2015.  While the large players still clearly hold the 
highest levels of capacity, their share is eroding as their older plant are closing and 
market entrants are building replacement capacity, much of it distributed generation. 
 
Chart 2.2: Key owners of CM plant (2015) 

    
Source: Capacity Market Register 
 
The new build plant are mainly small, nimble plant owned by relatively new market 
entrants, while the closing plant are primarily owned by the large market incumbents.  It 
is not unreasonable to assume that plant which has not had an agreement for the first 
two years of the CM is unlikely to remain open.  Some plant, (Deeside, Killingholme, 

                                            

12 TEC is the right to access the transmission network. 
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Eggborough, Ferrybridge) have given up after not gaining an agreement in the first 
auction, and opted out as ‘closed’ for the second delivery year (2019/20).   
 
This scale of plant closures is probably only known so far in advance due to the 
Capacity Market; closure announcements are years earlier than otherwise notified.  
Previously the renouncement of TEC in March for the following year was the way that 
the market would learn of plant closure.  In itself, it is useful to have advance notice of 
looming shortage; in the past, NG and other stakeholders would have to make 
assumptions about plant closures and whether margins would be conducive to incomes 
and investment. 
 
The majority of smaller scale peaking plants have been built by niche players in the 
reserve market.  Some of these were publicly quoted companies, such as Alkane (now 
privately owned), but most are privately owned and headed largely by senior managers 
with previous experience in the energy markets.  The growth in this area has been in 
response to the expected shortfall of peaking power plants through the next few years 
and the growing demand for ancillary services by the SO.   
 
The introduction of the CM has given further incentives to smaller peaking plants, with 
the market design favouring smaller plants as their qualification requirements are less 
onerous, cheaper and the investment generally requires lower up front capital 
expenditure.  Planning permissions for smaller plants is also easier, cheaper and 
quicker to achieve. 
 
As noted above, Trafford is the only large new build CCGT, so far, to have achieved a 
CM agreement.  The remainder of the plants are small units with a variety of owners.  
There has been a significant improvement in diversity of plant ownership over the past 
five years and it is clear that market concentration is dissipating.  This too is a positive 
signal for investment, as incumbents relinquish market share, their influence on pricing 
and regulatory outcomes is more fairly balanced with the interests of new market 
entrants, including smaller generators. 
  

2.4.8 New build embedded plant 

Much of the new build plant is embedded (meaning they are located on the low-voltage 
distribution rather than transmission network).  Plants that operate on the distribution 
network are assumed not to use transmission network infrastructure and are, therefore, 
able to take advantage of several types of avoided costs, commonly referred to as 
“embedded benefits”.  These avoided costs can be of significant value.  This value is 
under scrutiny by Ofgem and the industry as there are concerns that the embedded 
benefits are in excess of their value.  This issue is discussed in more detail later in this 
report. 
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Smaller (<50MW) generators also avoid the more onerous obligations associated with 
holding a Generation Licence, so have a reduced regulatory burden and less industry-
wide agreements to adhere to.  Depending on the project, <50MW generators also 
benefit from a faster and lower-cost planning consents process.   
 
Nonetheless, it is unclear at what point the market will be saturated with small gas and 
diesel plant.  Though they are flexible and cheaper, compared to a CCGT, they are also 
relatively inefficient and it remains uncertain as to what point the market signals, or 
government intervention, will indicate a need for increased efficiency and flexibility from 
new larger plants.   
 

2.4.9 Retail supplier market 

As well as the changing shape of the generation market, the electricity supply market 
has also seen changes in recent years with new suppliers entering the market.  These 
suppliers are generally coming forward with slightly different offerings to the 
incumbents, such as smart metering or supplying the pre-payment meters sector.  
Some have invested in renewables and offer green energy products, but most have 
limited access to a wide range of electricity to meet their customers’ demands.  These 
companies are often interested in accessing peaking power products, either from 
generation or demand reduction from their customers, but few have invested in peaking 
plants themselves. 
 
In future years, the larger suppliers are likely to also look for smaller peaking plants to 
fill the gaps in their own generation portfolios; supporting investments in wind farms and 
solar.  Centrica has already said it is refocusing on smaller plants and others are likely 
to also look for new peaking assets as their older plants become less efficient and 
economic, as well as facing more stringent environmental requirements.   
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3 Stakeholders and their interests / issues 

 

3.1 Government 

In the UK, the role of the government since energy privatisation has changed 
considerably.  In the early days of privatisation, competition was seen as an important 
end in itself in driving energy policy.  Regulation was independent, and government was 
reluctant to intervene.  However, over a period of time, and through various 
interventions, the government has taken a much more hands on role in terms of the 
development of energy policy.  The government remains concerned to deliver policies 
that will solve the “energy trilemma” being affordable prices, acceptable security of 
supply and de-carbonisation.   
 
Interventions in the energy market have continued with the (at the time of writing) 
ongoing review of the energy market by the Competition and Markets Authority (CMA).13  
One of the areas it sought to understand was the lack of engagement in the energy 
market by customers, despite continued and repeated interventions ostensibly in the 
name of customers. 
 
Government policy is delivered through the Department of Energy & Climate Change 
(DECC) although some environmental policy is delivered through the Department for 
Environment, Food & Rural Affairs (Defra). 
 

3.2 The Regulator 

Ofgem has a key role in implementing energy policy.  It has its own duties, which 
include protection of customers, the promotion of competition, and other duties.  How it 
seeks to trade off its various duties, which have changed a number of times since 
privatisation, remains a key challenge of the GB energy market.  The recent (CMA 
provisional findings report concluded that there would be merit in further clarifying the 
role of Ofgem and the government.  Whether this clarification helps address the issues 
caused by the changing energy mix is not yet clear.  Ofgem has powers to investigate 
all parts of the market and has repeatedly, and increasingly, intervened.  There have 
been many instances where generators, suppliers and NG have been fined for market 
abuse, poor behaviour or poor customer service. 
 

                                            

13 Competition and Markets Authority, Energy Investigation 

https://www.gov.uk/cma-cases/energy-market-investigation
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3.3 Committee on Climate Change 

The government’s policies are legally binding in the Climate Change Act 2008 and the 
Committee on Climate Change (CCC)14 supports this oversight.  The summary of all 
these initiatives can be seen in Chart 3.1 below.  This shows the decarbonisation of the 
generation mix by 2030.   
 
Chart 3.1: Decarbonising the Generation Mix 

 
  Source: CCC, Power Sector Scenarios for the Fifth Carbon Budget 
 
However, there remain important issues to be resolved as the UK seeks to move to this 
level of de-carbonisation.  The trilemma remains a concern for policy makers.  As such, 
there has been much work undertaken on the implications of this move.  One of the 
more thorough analyses came from the Committee on Climate Change.15   It concluded 
that the UK was on a path that might result in the degree of carbonisation sought by the 
government.  It made the following comments in its report: 
 

 a significant volume of new low-carbon capacity is required, but the exact amount 
depends on what can be achieved with the demand side, and the extent to which 
the UK is connected to a single European electricity market that includes 

                                            

14 Committee on Climate Change 
15 Power Sector Scenarios for the Fifth Carbon Budget 

https://www.theccc.org.uk/publication/power-sector-scenarios-for-the-fifth-carbon-budget/
https://www.theccc.org.uk/
https://www.theccc.org.uk/publication/power-sector-scenarios-for-the-fifth-carbon-budget/
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appropriate incentives for decarbonisation and security of supply treated on a 
Europe-wide basis;  

 the differences in economic value of different generation mixes are smaller than 
the uncertainties in costs of those individual sources, and there is a strong need 
for ongoing analysis which tracks the evolution and trajectory of those costs, in 
particular around offshore wind, nuclear power and carbon capture and storage;  

 the cost of procuring response and reserve seemingly remains a relatively small 
proportion of total system cost and so should not be viewed as a key driver for 
policy; 

 if new sources of flexibility are required, then these requirements should be set 
into the specification of developing technologies such as new nuclear, biomass, 
CCS and emerging techniques in wind power control, rather than attempting to 
impose flexibility constraints retrospectively or at a late stage in the technology 
development process;  

 the new capacity of low carbon generation required to be installed to meet 
emissions targets means that we do not have the luxury of waiting for certainty 
on relative costs; and 

 the long lead times of nuclear installations, and the lack of certainty over CCS 
development, mean that, in order to meet interim targets, the development of 
wind and solar PV installation should be continued, even if they subsequently do 
not turn out to be the long-term cost-optimal solution.  However, it remains the 
case that new sources of reliably dispatchable capacity are essential to meet 
emissions targets over the coming years.   
 

3.4 Firm and intermittent (renewables) embedded generation 

As explained above, there are a range of issues associated with the changing energy 
mix.  Whether these generating sets being built are firm or intermittent is an increasingly 
important issue.  Some generation is firm – e.g.  biomass electricity production – while 
some is intermittent – e.g.  wind.  Further issues are associated with uncontrollable 
generation such as solar installations.  The output of these generation sets can change 
significantly due to e.g. cloud patterns.  Since much of solar is domestic and behind the 
meter, the system operator knows very little about the output of these generation sets. 
 

3.5 Large (non-embedded) generators 

What is the role of large (traditional) generation as the mix changes?  Large plant will 
still be needed on the system.  However, its traditional baseload role is likely to change.  
This will increase the per unit cost of this generation, and will affect running costs.  The 
plant is also the focus of environmental legislation and some compromise will be 
needed between emissions and the new running regimes, which make retrofitting 
emissions reductions technologies uneconomic. 
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3.6 System operator 

The challenges of the evolving market facing the system operator are discussed in this 
report.  In one sense, as long as the system operator can mitigate for a changing 
energy mix, the system operator may be neutral to the implications of the changing mix.  
A consequence in the UK has been the need to incentivise, through ever more 
complicated price control mechanisms, the system operator to manage the system.  
This has also resulted in a series of products being introduced by the system operator 
to address the challenges of this new type of generation.  In the UK, NG currently runs 
tenders for 22 different types of technical services.   
 

3.7 Distribution Network Operators 

While the role of the SO has changed in recent years, when we look forward, we see 
that the impact on the DNOs of the growth in distributed generator is probably one of 
the most marked in the electricity market.  This has several aspects.   
 

 First, it is mainly the DNOs that are connecting (or not) embedded generation.  
This raises issues of cost-reflectivity of connection charges, the time to connect, 
the way in which parallel connection offers interact, the way in which connection 
offers are queued, and the ability (or not) of a connecting party to sterilise 
capacity;   

 Second, the DNOs are having to become much more innovative in the way in 
which they operate their systems as unforecastable, and unseen, flows of energy 
enter their system going the “wrong” way; 

 Third, investment in the system will be changed dramatically by the connection of 
new embedded generation.  However, this investment may well be unpredictable 
and therefore difficult to forecast in a conventional price control framework; and 

 Fourth, regulation of the DNOs will have to adjust as the DNO adds a system 
operation role to the existing role of asset owner.  Much of Ofgem’s RIIO16 
activity is designed to address these changing incentives, and this has been 
followed by a range of studies into the impact of embedded generation on the 
operations of the DNOs.   

 

3.8 Consumers 

How are consumers affected by this changing energy system?  In some ways, the way 
in which consumers engage in the energy market might not be affected.  However, 
there is much activity from government and the regulator to try and get consumers more 
engaged.  As such, there are many schemes aimed at incentivising customers to 
participate in energy saving investments.  Evidence is patchy as to the take-up.  Some 

                                            

16 RIIO – Revenue Incentives, Innovation and Outputs 
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incentives, such as to install solar power, have delivered significantly more capacity 
than was forecast.  Other initiatives, such as the Green Deal, have been cancelled due 
to lack of interest, and we discuss this in more detail later in the report. 
 

3.9 DSR providers and aggregators 

Demand Side Response (DSR) has existed for many years in the form of triad (see 
section 7) response, primarily for consumers (industrial and large commercial) that are 
half hourly metered.  Triad responders reduce their transmission network demand 
during the peak winter periods, either through turning down demand or by generating 
power themselves (and thereby drawing less power from the wider network). 
 
Now, there is a new market participant called “aggregators”.  Seeing the opportunity to 
provide some capacity services, as well as fast response, these aggregators are 
approaching businesses individually and packaging up many small providers to sell as a 
single aggregated product to the SO and the Capacity Market. The use of many 
individual providers bundled together has a built in risk management attribute similar to 
other embedded plant, in that there is no single point of failure. 
 
The government, the regulator and NG have been working very hard with DSR 
aggregators in GB, but so far the success rate is much lower than in other places, such 
as New England.  In GB, the current capacity is estimated to be in the range of 0.5GW.  
 

3.10 Investors 

One of the signs of a healthy competitive market is the willingness of investors to 
commit funds.  In the UK, we see investment in large plant has slowed down markedly.  
This seems due to a lack of certainty as to the direction of travel of energy policy.  
Whether the government wishes to encourage gas, or clean coal, or renewables, or 
nuclear power seems unclear.  In contrast, investment in renewable embedded 
generation continues apace.  Investors seem keen to commit funds to technologies that 
benefit from some of the many subsidies that currently represent the UK energy system. 
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4 Scenarios 

 

4.1 The FES process 

National Grid acting as the system operator produces Future Energy Scenarios (FES).17   
These scenarios go to 2050, and provide a view of the future under four distinct 
scenarios.  We provide some detailed descriptions of these scenarios, focussing on 
distributed generation capacities and a high level view of system impacts.   
 
These FES scenarios are used in policy decisions and underpin the government’s 
Capacity Market procurement decisions as well as the investment and planning 
decisions for the GB transmission network.   
 
The scenarios are built upon existing policies and technologies, and utilise the input 
from a wide swathe of industry members, policy makers, regulators, communities, 
supply chain representatives and consumer groups.  Stakeholder engagement is lively 
and often heated(!).  Environmental targets and economic uncertainties underpin these 
scenarios.   
 
Development of the FES scenarios relies on the flexing of five underlying primary 
assumptions, while holding true some “rules” – that the Levy Control Framework (LCF)18 
and the electricity and gas security of supply standards19 are not breached. 
 
The four FES scenarios are Gone Green, Slow Progression, No Progression and 
Consumer Power.  The underlying framework of assumptions that are flexed in the 
scenarios are: 

 Economic 

 Political 

 Technological 

 Social 

 Environmental 
 

                                            

17 National Grid, Future Energy Scenarios 
18 See Section 5.3. 
19 The electricity security of supply standard is a reliability standard legislated through the Energy Act 
2013.  It sets a Loss of Load Expectation (LOLE) of 3 hours per year.  It means that on average, it would 
be expected that the system operator would need to call on voltage reduction, Maximum Generation or 
other emergency measures for three hours per year.  This is the standard used by the European 
Commission and is used by DECC in the UK Risk Assessment.  
 

http://fes.nationalgrid.com/
../../AppData/Local/Microsoft/Windows/Kyran/Documents/(https:/www.gov.uk/government/uploads/system/uploads/attachment_data/file/318466/gas_risk_assessment.pdf)


The Past, Present and Future 
 of Embedded Electricity Generation  

in Great Britain 

  

 

© Waters Wye Associates 2016  Page 39 
 

 

Figure 4.1: FES Underlying Principles 

  
Source: National Grid, Future Energy Scenarios 
 
Gone Green describes a world in which environmental ambitions are not constrained by 
economic, technological or social limitations or barriers.  All carbon and renewable 
generation targets are met on time. 
 
The Slow Progression scenario is one in which financial constraints delay the 
environmental agenda.  Targets are met, but later than the target dates. 
 
The No Progression scenario is a world in which security of supply is the key driver 
and there is very little technological or behavioural development. 
 
In the Consumer Power scenario, relative wealth, aggressive R&D and increased 
innovation is used by consumers to increase their quality of life. 
 
Factored into these scenarios are assumptions about consumer behaviour, including 
interactions with time of use tariffs, choice of efficient appliances, room temperature 
preferences, the efficiency of buildings, electric vehicle deployment and consumer 
adoption of electricity self-generation. 
 
Technology is a key consideration when undertaking a forward looking analysis.  NG 
incorporates different views of innovation, deployment rates, replacement rates and 

http://fes.nationalgrid.com/fes-document/
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improved efficiency.  These assumptions feed into both the demand and supply side.  
Prosperity and green ambition are key drivers of technology progress and popularity, for 
both consumers and suppliers. 
 
Policy is another very important element of the scenario development.  Underpinning all 
of the uncertainty with prices and technology, it can be argued that policy direction is 
intended to provide a clear path to increased predictability for the purpose of reducing 
risk profiles and enabling development and growth in the “correct” or socially desirable 
directions.   
 
Nonetheless, each scenario includes a variation of policy intensity in terms of green 
ambition (targets, subsidy support etc.) and regulatory support for higher efficiency 
standards.  The No Progression scenario places far higher importance on consumer 
bills, while the Gone Green maintains and further develops aggressive targets for 
decarbonisation and renewables penetration. 
 

4.2 Demand projections 

Gone Green relies heavily on the decarbonisation of heat and transport, as well as the 
generation sector, to meet carbon targets.  This means that there is a significant 
increase in electric vehicle take-up and efficient electric heating (heat pumps) and 
therefore much higher power demand than in the other scenarios.  Chart 4.1 shows that 
Gone Green peak demand rises more in proportion to annual demand, implying that 
there is an expectation that heating and electric vehicle charging will occur quite heavily 
during traditional peak times.  This is probably a reasonable assumption and would 
underpin the view that gas fired generation will become increasing important at peak 
times when renewables cannot be relied on to deliver the required output.   
 
Chart 4.1: FES peak demand scenarios 

 
Source: National Grid, Future Energy Scenarios 
 

http://fes.nationalgrid.com/fes-document/
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Historically demand growth has been linked to growth in GDP.  However, this link has 
been eroded more recently, with the reduction in demand since 2005 attributed to a 
combination of energy efficiency improvements; mandatory improvements in light bulbs; 
and improved boiler standards.  The recession also accounts for a significant reduction 
in demand, and five years after the recession, there has been little to no recovery in 
demand lost due to economic decline.  Much of the industry that shut down during the 
downturn is permanently gone and growth has been in the less energy intensive 
sectors.  Any new industrial growth will likely use more efficient processes, or be 
focussed in less energy intensive sectors. 
 
Even if there is a resurgence in industrial activity in energy intensive sectors, it is 
entirely possible that peak demand may be less affected, due to an increased focus by 
the power sector, policy makers and the system operator on Demand Side Response.  
There are already a number schemes aimed at reducing peak demand by incentivising 
customers to switch off in those periods in return for reduced energy charges.   
 
In the Slow Progression scenario, demand continues to fall as a result of low economic 
growth (less production and fewer new gadgets for consumers), offsetting slower 
progress in efficiency.  Even if product efficiency fails to continue to improve, the 
existing improvements still need to filter through to consumers when they replace old 
and broken refrigerators, boilers, TVs, dishwashers and even light bulbs.  Now that 
LED20 light bulbs are so much cheaper, and more appealing to many consumers, we 
can expect a decrease in power demand with a further efficiency improvement 
compared to CFL21 light bulbs.   
 

4.3 Generation projections 

Although NG claims to assign no preference for any of the scenarios, Gone Green and 
Slow Progression seem to receive the most focus.  This is at least in part due to 
encouragement from policy makers, as the Gone Green forecast most closely matches 
their policy outlook and targets, but Slow Progression is the projection that industry 
parties tend to believe is most achievable. 
 
Chart 4.2 compares the high level generation assumptions underpinning the four 
scenarios in 2025.  As mentioned, all of the scenarios have sufficient capacity to meet 
supply, but it is clear, in all cases, that thermal capacity will be playing a smaller role 
than today, though remain crucial to meeting peak demand. 
 

                                            

20 Light Emitting Diode 
21 Compact Fluorescent Lightbulb 
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Chart 4.2: FES Installed Capacity in 2025 

  
Source: National Grid, Future Energy Scenarios 
 
It should be noted that in all cases emissions fall quite dramatically, as shown in Chart 
4.3.  Although partly due to an increase in renewables, it is due mainly to the 
assumption of ~13GW less coal by 2025 than in 2014, combined with a lower load 
factor in the Gone Green scenario.  One way to keep thermal capacity operating in a 
low carbon environment would be fitting carbon capture and storage (CCS) technology, 
but the government has abandoned the demonstration projects it had been backing.  
Therefore, unabated gas seems likely to have a place in the market out to 2025.   

http://fes.nationalgrid.com/fes-document/
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Chart 4.3: FES Power Output 2025 

  
Source: National Grid, Future Energy Scenarios 
 
Interconnector capacity and output is projected to increase significantly between now 
and 2025, but the load factors are expected to fall.  Thermal generation load factors are 
also forecasted to decline from today’s levels.  In both cases, the decline is due to the 
increase in renewables capacity and associated intermittency.  It is also worth noting 
that the renewables load factors are also set to decline.  This is because of an 
increasing share of solar in the mix.  Otherwise the assumed load factors for each 
technology remain the same.  Looking at Chart 4.4, it can be seen that looking at future 
developments, investors will have to plan on thermal generation having a load factor in 
the region of 30%-40% and sensitivities around load factors will form a crucial part of 
investment decisions.  The lower load factor may be less material if capacity payments 
increase along with peaking power prices.   
 

http://fes.nationalgrid.com/fes-document/
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Chart 4.4: FES Load Factor Projections 2025 

  
Source: National Grid, Future Energy Scenarios 
 
Looking at the forecasts of installed capacity types in Chart 4.5, the reduction in 
installed thermal capacity is mainly as a result of old coal capacity reducing from 18GW 
in 2014 to 5.2GW in 2025 in the Gone Green scenario.  However, even in a Gone 
Green scenario the forecasts of installed gas capacity remain relatively stable, which 
means the government will need to see the old gas plant that is closing replaced by new 
gas capacity.   
 
The only coal plant credibly remaining in 2025 are Ratcliffe and Drax.  The coal with 
carbon capture in Gone Green and Consumer Power are now unlikely to come forward 
without the (now cancelled) government support program, so that capacity is likely to be 
made up with additional gas capacity.   
 
The two other factors influencing the need for gas generation will be the deployment of 
renewables, which is currently slowing down due to lack of subsidies, and nuclear.  With 
the exception of Sizewell B, the nuclear fleet, like the coal fleet, is aging and needs 
replacing.  While a number of parties are looking at new nuclear, with EdF being most 
advanced with plans for Hinkley Point C, no company has committed to new nuclear 
build.  These plants, like other low carbon generation, will be reliant on subsidies, with 
the associated clearance from the European Commission.  Current plans are for Hinkley 
to connect in 2022, but WWA believes this date is extremely optimistic and therefore the 
government may push for additional gas capacity in the near term. 
 

http://fes.nationalgrid.com/fes-document/
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Chart 4.5: FES Installed Thermal Capacity 202522  

  
Source: National Grid, Future Energy Scenarios 
 
The outlook to 2050 is of course reliant on extending the assumptions in the nearer term 
in all of the scenarios.  The FES 2050 outlook is shown in the following chart. 
Generation is highest in Gone Green due to the high take up of electric vehicles and 
heat pumps.  The high demand in Slow Progression is due to the same targets being 
met as in Gone Green, but at a later date due to economic and political constraints. 
 

                                            

22 Though nuclear is included in the overall thermal number it is not analysed separately here. 

http://fes.nationalgrid.com/fes-document/
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Chart 4.6: Generation in 2050 

 
Source: National Grid, Future Energy Scenarios 
 
The Future Energy Scenarios work that NG undertakes gives a wide variety of data on 
forecast running hours, capacity choice, etc.  However, the scenarios are influenced by 
government policy, for example the view that CCS would be fitted to coal and gas 
before 2025 now looks unlikely (especially since the government pulled its CCS 
demonstration program after the 2015 general election).   
 
That means those plants that were forecast to run high load factor operations may be 
replaced by more gas capacity, but running at lower load factors.  The NG scenarios 
give a good high level overview of what the future might look like but they do not provide 
a satisfying perspective of exactly how the system is going to balance in the future.  
Wind can rise and fall, clouds will blow in or out, and interconnector flows can switch 
direction very quickly, given the right price signals. 
 

http://fes.nationalgrid.com/fes-document/
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4.3.1 Price projections 

It is impossible of course to ignore the effect that market (and legislated) fuel prices will 
have on future outcomes, incentives and technological development.  It is worth noting 
that there is significant opinion and feedback regarding these assumptions, but overall 
they arguably provide a reasonable skeleton upon which to develop and shape the meat 
of the scenarios, as noted above. 
 
WWA note in passing that the future price of carbon – a key assumption underpinning 
these scenarios and GB energy policy – shows an increase in the price of carbon that 
some stakeholders do not consider will be acceptable to policy makers. The following 
power price and fuel forecasts show one view of the possible changes to forward prices 
given the economics of plant on or forecast to join the system. 
 
Spark spreads are commonly used to represent the average marginal cost for a CCGT 
to generate.  Any plant optimisation decision will take into consideration other medium 
term variables like starts and stops, or operations and maintenance work.  These costs 
and other quasi and fully fixed variables need to be remunerated from the spark spread 
or from other income streams such as ancillary services or the Capacity Market. 
 
Figure 4.2: Spark Spreads 

 
Source: WWA 
 
The equivalent is also done for coal plant marginal pricing, though referred to as dark 
spreads.  Since there has been a market price for carbon in the EU for over a decade 
now, the “spark” and “dark” are no longer preceded by the qualifier “clean”, though 
referring to clean sparks and darks. 
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Chart 4.7: National Grid FES Price Projections23 

  
Source: National Grid, Future Energy Scenarios 
 
It is clear from Chart 4.7 that spreads are not only too low to maintain old CCGTs now, 
but that they are not forecast to significantly improve sufficiently to either maintain 
existing plant that has major outages or expenses, or to build a new baseload CCGT.   
 
NG’s forecast is somewhat more optimistic than DECC’s however, as shown in Chart 
4.8 below.  The combination of DECC’s projection of power, gas and carbon prices 
gives a much lower spark spread forecast.   
 

                                            

23 Power price and spreads include the full carbon price. 

http://fes.nationalgrid.com/fes-document/
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Chart 4.8: Comparing National Grid & DECC price projections 

 
 Source: National Grid, Future Energy Scenarios and DECC  
 

4.4 Distributed generation projections 

The FES scenarios for the uptake for micro and distributed generation are enveloped 
within these scenarios, and each scenario is designed to be fully internally consistent.  
In all outcomes, micro and distributed generation are expected to play an increasing 
role.  Microgeneration is distinguished from distributed generation in the FES as being 
smaller than 1MWe.   
 
Chart 4.9 shows the outlook for combined micro and distributed generation.  Through to 
2020, there is a significant increase across all scenarios, but it is beyond 2020 that the 
Consumer Power scenario really comes into its own.  Nonetheless, even under the no 
progression scenario there is still almost a doubling of the capacity by 2035 as 
compared to today. 
 

http://fes.nationalgrid.com/fes-document/
https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2015
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Chart 4.9: Outlook for Combined Micro and Distributed Generation 

 
Source: National Grid, Future Energy Scenarios 
 
Table 4.1 shows the current and future installations of micro and distributed generation 
capacities in terms of technology type.  Unlike forecasts that would have been done just 
a few years ago, it is now expected that solar PV is expected to overtake onshore wind 
capacity.  Even today, solar capacity far exceeds thermal embedded and wind capacity.   
 
The outlook for thermal embedded capacity is expected to increase to 2020, led 
primarily by the results of the first two Capacity Markets, where new build technologies 
were dominated by embedded diesel and gas generators.  DECC, Defra and Ofgem are 
working together to ensure that there is no further growth in diesel generation.   
 

http://fes.nationalgrid.com/fes-document/
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Table 4.1: Installed Micro and Distributed Generation 

  
Source: National Grid, Future Energy Scenarios 
 
The following chart shows the outlook for microgeneration in 2020/21 and 2035/36 in 
terms of the individual technologies.  Perhaps unsurprisingly, solar PV is expected to 
continue to make up the vast bulk of the small scale capacity.  Under the “No 
Progression” and “Slow Progression” scenarios, there is virtually no increase from 
today’s installed capacity by 2020/21, though capacities do still approximately double by 
2035/36 due to eventually improving economics. 
 
Chart 4.10: Microgeneration Outlook 

 
Source: National Grid, Future Energy Scenarios 

http://fes.nationalgrid.com/fes-document/
http://fes.nationalgrid.com/fes-document/
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Distributed generation scenarios are shown in the following chart.  While solar PV 
remains the dominant technology, onshore wind is a close second in most scenarios.  It 
is clear also that distributed generation is expected to remain a higher share of capacity 
than microgeneration across all scenarios.  This is due mainly to wind capacity, which is 
assumed to remain predominantly above the size threshold for microgeneration (1MW). 
 
Chart 4.11: Outlook for Distributed Generation 

  
Source: National Grid, Future Energy Scenarios 
  

4.5 Forecasting accuracy 

One of the great luxuries of doing long-term forecasts is that people often forget what 
you originally said was going to happen, or you have moved on to another role or 
another company.  One is rarely held accountable for advising for, or against a capital-
intensive long-term investment project many years after the decision was made. 
 
This was particularly true in the power sector. Demand, peak (GW) and annual (TWh) 
trended upward at a consistent trend for decades, with a growth rate of about 1%, 
varying only in regard to temperature. 
 
Similarly, generation capacity was predictable.  The fastest built plants would take a 
minimum of a few years – after all the planning consents and connection agreements 
had been arranged.  In other words, forecasting or planning for the next decade 
involved little uncertainty.  One knew what demand was likely to be, one knew what 
plants were consented and had a final investment decision and were under 
construction.  There was the added benefit that all the plant was dispatchable.  These 
were the days when one could indulge oneself with only one uncertainty – commodity 
prices.  Those days are gone. 

http://fes.nationalgrid.com/fes-document/
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Now the market is moving very quickly in all sorts of directions never imagined just a 
decade ago. The following chart shows the peak transmitted demand forecast published 
in 2007.  NG had taken account of embedded generation in its forecast to some extent 
adjusting the growth rate of transmitted peak demand from 1.1% to 0.6%. 
 
Chart 4.12: Forecast Peak Demand vs Actual Peak Demand 

 
Source: National Grid 7-Year Statement 2007 & 10-Year Statement 2015 
 
Clearly a portion of the reduction in demand is due to the economic downturn.  The 
other factors that had a very significant impact on demand growth were efficiency 
measures, in particular the phasing out of the sale of inefficient lightbulbs.  Insulation 
improvements, building regulations, mandating double glazed windows when replacing, 
mandating of efficient condensing boilers all have had a significant impact on energy 
use.  The price effect cannot be ignored either.  Over that past decade the retail 
electricity price has doubled since 2005.  Even after accounting for inflation, domestic 
power prices have risen ~50%.  Neither National Grid nor DECC published price 
forecasts 10 years ago, but it is unlikely that anyone forecasted this kind of increase. 
 

http://www2.nationalgrid.com/UK/Industry-information/Future-of-Energy/Electricity-ten-year-statement/SYS-Archive/
http://www2.nationalgrid.com/UK/Industry-information/Future-of-Energy/Electricity-Ten-Year-Statement/
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Chart 4.13: Consumer Power Prices 

 
Source: DECC, International Domestic Energy Prices Table 5.5.1 
 
Of course, these higher prices have had a significant effect on the incentive to lower 
electricity consumption or to adopt technologies to produce one’s own.  Recent 
technological progress and, by all accounts sharp declines in capital costs have resulted 
in embedded generation installations far in excess of those forecast ten years ago.  In 
fact, even the FES scenarios from less than a year ago underestimated the level of 
solar generation that would come on this year. 
 
Chart 4.14: FES Solar Forecast vs Actual Solar Installations 

 
Source: National Grid 

https://www.gov.uk/government/statistical-data-sets/international-domestic-energy-prices
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National Grid operational teams told WWA in June 2016 that its current operational 
estimate of solar installations is ~10.5GW.  As shown in chart above, this is in excess of 
all of its scenarios, and most closely aligned with Consumer Power. 
 
Clearly the days where one could casually watch the clouds sail by while sipping tea 
and pondering when a coal or gas power station might be completed half a decade 
away are long gone.  Now National Grid is actively watching the clouds go by so that it 
can estimate how much solar generation will fluctuate within the next few minutes. 
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5 The policy framework 

 
To ensure policy costs do not spiral, the government has imposed some limits on 
renewables expenditure; the Levy Control Framework.  We explain what that is, and 
how the government has taken some drastic steps to ensure that costs are constrained. 
This section also provides an overview of the key elements of the subsidy regime and 
who pays for it.    
 

5.1 Regulatory and policy framework 

There are number of environmental policies that impact generation costs on top of fuel 
prices.  Most of these policies are aimed at increasing the cost of carbon emitting 
generation to favour renewable technologies.  The Climate Change Act 2008 has 
committed the UK to reducing emissions by at least 80% in 2050 from 1990 levels.  The 
Act also requires the UK government to set legally binding ‘carbon budgets’, to ensure 
that the UK remains on track to meet this long term objective.  The UK is also subject to 
targets set at an EU level.  A range of policies have been put in place to try to ensure 
that the various environmental targets can be met.   
 

5.1.1 The European Emissions Trading System (EU ETS) 

The EU ETS is a cap-and-trade scheme for direct emissions from energy-intensive 
facilities, introduced in 2005.  The scheme sets a cap on total emissions of certain 
greenhouse gases from participating organisations.  European Union Allowances 
(EUAs) are created, one for each tonne of CO2 (or its equivalent, CO2e, for other 
greenhouse gases) and are allocated to participants via auctions or (for certain types of 
installation) for free.  Participants must surrender one allowance for each tonne of CO2e 
emitted.  The scheme allows companies to trade EUAs and thereby determine how and 
where emissions are reduced.   
 
The scheme has produced relatively low values for the traded price of EUAs.  The UK 
has therefore introduced a number of other policies.   
 

5.1.2 Climate change levy and the carbon price floor  

The climate change levy is a tax, introduced in 2001, levied on the supply of electricity, 
gas, liquefied petroleum gas and solid fuels supplied to businesses.  Rates vary across 
energy types but do not reflect differences in fuel carbon content.  In 2013, the carbon 
price floor (CPF) mechanism was introduced.  This involves setting a tax (the Carbon 
Price Support Rate, CPSR) on fuels used for electricity generation. 
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5.1.3 Renewables obligation and Contracts for Difference (CfD) 

Launched in 2002, the Renewables Obligation (RO) requires energy suppliers to source 
an increasing proportion of electricity from renewable sources by purchasing 
Renewable Obligation Certificates (ROCs) from accredited renewable generators.  
Suppliers who hold insufficient ROCs must buy out their remaining requirement.  The 
costs of ROCs are passed through to electricity consumers.  The RO closed to new 
generators in April 2016. 
 
New wind and solar, larger than 5MWs, (and nuclear) will receive their income from 
Contracts for Differences (CfDs).  These CfDs will obtain a strike price in a competitive 
auction for each technology.  Each technology with a CfD also has a market reference 
price. The generator will be paid the difference between the strike price and the market 
reference price, for generation in every settlement period.  It is the responsibility of the 
generator to ensure that it is able to achieve at least the reference price in the market 
(usually via a power purchase agreement - PPA).   
 
Figure 5.1 shows how the CfD Strike price works in principle.  In this example a wind 
generator has won a CfD in an auction with a strike price of £60/MWh.  The wind 
generator wants to come as close as possible to selling its wind output for at least the 
reference price.   
 
Figure 5.1: Example CfD Strike vs Reference Price 

 

Source WWA 

In the first settlement period the reference price is £40/MWh.  The generator will receive 
a £20/MWh top up to bring them to an income of £60/MWh, the strike price.  For 
settlement periods where the reference price is higher than the strike price, the 
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generator must pay back the difference.  In this example, in settlement period 4, the 
reference price is £70/MWh, so the generator needs to pay back £10/MWh.  
 
For wind, the reference price is the half-hourly day ahead exchange price.  A generator 
will forecast how much it will generate in each hour the following day, and sell that 
generation to the market in the day-ahead auction.  If it over generates, it may receive a 
higher or lower price for the unexpected volume, depending on the prevailing within day 
price, but the CfD tops up for that portion of generation will remain the same as for the 
expected volume that they had sold at the reference price.   
 
There is no supplier obligation for CfDs, but there is the expectation that a deal can be 
struck between generators and suppliers (or other energy management firms) for PPAs 
on the basis of pricing in imbalance risk and a management fee.   
 
To provide comfort to generators that they would always have market access, Ofgem 
has also implemented an Offtaker of Last Resort (OLR) option.  If a generator is 
struggling for market access via a PPA, it can approach Ofgem, who will hold an auction 
for the PPA.  Large suppliers are mandatory participants in the auction, though others 
can participate (subject to appropriate creditworthiness).  The disincentive for 
generators to enter the OLR is the large (£25/MWh!) discount to the market price they 
will pay to the winner of the PPA auction, but it is a least a route to market providing 
some guarantee of an income stream.   
 
The wholesale market, along with some ancillary services income, used to be the main 
income streams for traditional plant.  Then, renewables (mainly wind, but some hydro 
too) started operating in the market and collecting RO subsidies.  Though still exposed 
to market risks such as imbalance changes, the volumes were low enough that the 
correlation between wind output and high imbalance charges was reasonably low.   
 
With a licence requirement for suppliers to produce ROCs according to their share of 
customer demand, it was fairly straightforward matter for generators to obtain a PPA for 
wind projects, which would enable investor backing. 
 
Wind generation reached a point, just a few years ago, where there started to be a 
correlation between wind generation and imbalance charges, and the premium for PPAs 
increased to reflect this risk.  Solar generation has also increased rapidly due to a (until 
recently) generous subsidy regime; the Feed-in Tariff.   
 

5.1.4 Feed in tariffs 

Feed-in Tariffs (FITs) are payments made to households and businesses that install 
small-scale renewable generation technologies (up to 5MW).  First introduced in 2010, 
the payments vary by technology and date of installation.  Additional payments may be 



The Past, Present and Future 
 of Embedded Electricity Generation  

in Great Britain 

  

 

© Waters Wye Associates 2016  Page 59 
 

 

made for energy exported to the grid.  The costs of FITs are passed through to 
consumers.   
 

5.1.5 Renewable Heat Incentive 

The Renewable Heat Incentive (RHI) provides payments to businesses and households 
that have installed renewable heat technologies such as heat pumps.  Unlike the 
policies to support low carbon and renewable electricity, the RHI is funded by general 
taxation and hence does not add to the price of energy.   
 

5.1.6 Energy Company Obligation  

The Energy Company Obligation (ECO) is an energy efficiency programme delivered 
through energy suppliers.  It was introduced in 2013, replacing two previous schemes, 
the Carbon Emissions Reduction Target and the Community Energy Saving 
Programme.  ECO requires large energy companies to support domestic energy 
efficiency through measures such as improved insulation.  There is an exemption for 
suppliers that serve fewer than 250,000 domestic customers.   
 
WWA notes that there has been a proliferation of schemes, some of which overlap, 
some of which replaced earlier schemes.  It has been suggested that it would be more 
economically efficient to price carbon directly, rather than indirectly through, sometimes 
complicated, schemes. 
 

WWA considers that increasing the price of carbon could be a more efficient way of de-
carbonising the electricity industry than multiple, overlapping, schemes. 

 

5.1.7 Smart Meters 

Smart meters are expected to be a key factor in determining the effective contribution of 
the domestic sector to system balancing and stability.  In addition to the advantages and 
costs savings associated with billing accuracy and administrative simplifications, DECC 
expects smart meters to have a significant impact on the ability for domestic and small 
to medium sized businesses to provide flexibility and DSR services and to thereby play 
a part in helping to achieve carbon reduction targets. 
 
In 2009, the EU Third Package of Energy Liberalisation Measures was formally 
adopted.  This requires member states to roll out smart metering to domestic premises.  
Subject to economic assessment, at least 80% of domestic electricity customers should 
have smart meters by 2020.   
 
Key features of the roll-out are: 

 Energy suppliers have licence conditions requiring that reasonable steps are 
taken to meet their responsibility for roll out.  Ofgem have provided guidance on 
this;  

http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32009L0072
https://www.ofgem.gov.uk/publications-and-updates/smart-meter-rollout-observations-suppliers-rollout-preparations-and-small-supplier-rollout-template-guidance


The Past, Present and Future 
 of Embedded Electricity Generation  

in Great Britain 

  

 

© Waters Wye Associates 2016  Page 60 
 

 

 In-Home displays must be offered to all domestic customers; 

 Metering equipment must comply with Smart Meter Equipment Technical 
Specifications (SMETS) to ensure that minimum standards of functionality are 
met and that there will be no cost or operations issues when customers switching 
suppliers; and 

 The Data and Communications Company (DCC) will provide the communications 
platform for data and messaging.   

 
Out of a total smart meter implementation net present value (NPV) of ~£17bn, 6% is 
expected to come from network benefits and 5% from peak load shifting.  For interest, 
gross costs are expected to be ~£11bn, giving an overall positive NPV of £6.2bn. 
 
Figure 5.2 : Benefits of smart meters 

  
Source: DECC, Smart Meter Roll Out for the Domestic and Small Non-Domestic 
Sectors 
 
There are numerous ways in which DECC expect network operators to benefit from 
smart meters:24    

 Outage detection and management – smart meters are expected to enable a 
reduction in unserved energy, operational costs and calls to fault and emergency 
lines for low voltage systems; 

 Improved basis upon which to inform investment decisions – the Electricity 
Networks Association (ENA) suggest that avoided network investment costs 
could be in the range of 5%;25  

                                            

24 DECC developed these assumptions with support from Ofgem and the Energy Network Association 
(ENA). 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/276656/smart_meter_roll_out_for_the_domestic_and_small_and_medium_and_non_domestic_sectors.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/276656/smart_meter_roll_out_for_the_domestic_and_small_and_medium_and_non_domestic_sectors.pdf
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 DNOs will be able to remotely monitor voltage, so fewer site visits should be 
required; and 

 Other non-quantifiable DNO benefits include the ability to check the energisation 
status of a meter remotely, be able to identify is a loss of power is customer or 
network related etc. 

 
Despite the clearly defined benefits, there are many costs associated with the 
implementation of smart meters.  Many customers are uncomfortable about the level of 
data that is collected and the potential for data breaches.  There have been ongoing 
debates about the benefits of more widely shared data (on overall cost reduction, 
product targeting, research on load profiling for different types of households etc.), with 
the potential for privacy caution will lower the capability of smart meters and the NPV. 
 
One of the key points about smart meter implementation is that it is mandated by 
government.  There is a sense that a competitive market would either not be able to 
implement on its own accord, or that it would be far more expensive.  However, the 
policy decision – by Government – to introduce smart metering, was not aligned with the 
regulator’s policy decision to introduce competition in metering by making metering the 
duty of suppliers not DNOs.  This therefore has resulted in suppliers (who can be 
relatively temporary) having to roll out the smart metering programme rather than DNOs 
(who have a permanent relationship with the customers). 
 
This policy decision is then complicated further by  the choice of technology.  If different 
suppliers implement technologies that are not usable by other suppliers, there becomes 
either a barrier to switching, or a reduction in usefulness, as the lowest common 
denominator becomes the standard, and this has been a feature of the GB smart 
metering programme. 
 
DECC and Ofgem have observed that a customer/smart meter interface is crucial to 
optimising energy savings, though there remains a wide range of estimates of what 
those might be.  International studies identify savings of up to 12%,26  but GB trials 
indicate a more modest assumption is appropriate.  DECC have settled on an 
assumption of electricity savings of 2.8%. 
 
Data interface and management has been a complex topic.  The Smart Energy Code 
(SEC) has been implemented to ensure that the interests of consumers are protected.  
The SEC is a multi-party agreement which defines the rights and obligations of energy 
suppliers, network operators and other relevant parties involved in the end to end 
management of smart metering in GB. 

                                                                                                                                             

25 ENA, Benefits of Advanced Smart Metering for Demand Response Based Control of Distribution 
Networks April 2010 
26 Erhardt-Martinez, Donnelly, Laitner, Advanced Metering Initiatives and Residential Feedback 
Programs: A Meta-Review for Household Electricity-Saving Opportunities, June 2010  

http://www.energynetworks.org/assets/files/electricity/futures/smart_meters/Smart_Metering_Benerfits_Summary_ENASEDGImperial_100409.pdf
http://www.energynetworks.org/assets/files/electricity/futures/smart_meters/Smart_Metering_Benerfits_Summary_ENASEDGImperial_100409.pdf
https://www.smappee.com/media/wysiwyg/home/IS-2010-77.pdf
https://www.smappee.com/media/wysiwyg/home/IS-2010-77.pdf
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The SEC comes into force under the Data and Communications Company (DCC) 
Licence, which has been established to manage the smart metering communications 
infrastructure.  DECC issued the designation of the SEC in 2013 following the granting 
of the DCC Licence. 
 
The objectives of the SEC are to: 

 Facilitate the efficient provision, installation, operation and interoperability of 
smart metering systems;  

 Enable the DCC to comply at all times with the objectives of the DCC and to 
discharge the other obligations imposed upon it by the DCC Licence; 

 Facilitate energy consumers’ management of their use of electricity and gas 
through the provision of appropriate information via smart metering systems; 

 Facilitate effective competition between persons engaged in, or in commercial 
activities connected with, the supply of energy; 

 Facilitate innovation in the design and operation of energy networks to contribute 
to the delivery of a secure and sustainable supply of energy; 

 Ensure the protection of data and the security of data and systems in the 
operation of the SEC; and 

 Facilitate the efficient and transparent administration and implementation of the 
SEC. 

 
As part of their respective licence conditions, suppliers and network operators are 
required to become a party to the SEC and comply with its provisions.  It is clear that 
the intention is for the DCC and the SEC to play a pivotal role in ensuring that the 
benefits of smart meters are realised to the fullest extent practical and that they are 
responsible for ensuring that any opportunities to expand the capability for smart grids 
are recognised and supported.  From a customer perspective, the protection and 
security of data is given equal weight, in recognition of its importance in gaining the trust 
of consumers and maintaining credibility. 
 
Nonetheless, it is also worth noting that it is not mandatory for consumers to allow a 
smart meter to be installed in one’s home, an important element for building trust 
between consumers and suppliers and policy makers. 
 

WWA considers that too much focus has been put on the importance of smart metering.  
If smart metering is to be mandated, consideration should be given to the DNOs, not 
energy suppliers, being given the mandate. 

 

5.2 Technologies  

Distributed generation technologies in the UK fall under two main categories; fossil fuel 
and renewable.  Fossil fuel CHPs (gas or coal) make up approximately 2.5GW of 
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embedded capacity.  The remaining 1.8GW of non-renewable distributed generation is 
comprised of small OCGTs, diesel engines, gas reciprocating engines and fuel oil.27   
 
Micro CHP (<1MW) make up a small portion of this embedded CHP capacity (mainly 
gas).  They are supported by the FiT, but take-up has been low, as the subsidy was 
amongst the lowest offered.  This was partly due to the fact that the energy source is 
not renewable.  CHP was originally included in the FiT because there was a perception 
that it should be encouraged due to its energy efficiency potential, but there was no 
other appropriate policy fit and including it in the FiT appeared to be a least cost and 
most convenient solution. 
 
The day may come when fuel cell micro CHPs are widely affordable, in which case 
many say they could become a “game changer”.  However, while there was a decent 
amount of industry “buzz” a few years ago, things have gone quiet and the government 
has quietly stopped discussing its merits in policy documents.  Nonetheless, the FiT 
persists, so if the technology becomes viable and reasonably cost effective it could play 
a role in the GB energy market. 
 
The growth in distribution connected fossil fuelled technologies is partly due to 
embedded benefits and the Capacity Market income.  However, the other reason for the 
growth of these fossil fuelled engines is the perceived need for them from a system and 
market perspective.  Most of the installed renewable capacity is intermittent, and 
therefore prone to uncertain generation profiles and sudden changes in output.  Gas 
and diesel engines are particularly well suited to counter these technical issues very 
quickly and flexibly.  These engines can obtain full generation status within a minute, 
and often less than 30 seconds, from cold standby.  Later in this report, we discuss 
NG’s increased demand for these technologies and the innovative commercial products 
under development to accommodate their particular characteristics. 
 
The renewable technologies installed in the UK (or with potential) include:  
 

5.2.1 Anaerobic digestion 

Anaerobic digestion (AD) is a natural process in which micro-organisms break down the 
organic matter found in wet biomass waste (such as sewage sludge, animal manure, 
waste food) to produce a biogas.  The biogas can be burned directly in a gas boiler to 
produce heat or burnt in a CHP unit to produce heat and electricity, or it can be used to 
produce bio methane.  All Energy from Waste (EfW) plants must comply with 
regulations concerning environmental protection, animal by-products, duty of care, 
health and safety, waste handling and planning permission. 
 

                                            

27 See Table 4.1 
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5.2.2 Advanced conversion technology (ACT) 

ACT are (in layman’s terms) advanced forms of anaerobic digestion using one of two 
methods, gasification and pyrolysis.  Gasification is a type of ACT that produces a 
combustible gas that is similar to biogas and a mixture of carbon monoxide, hydrogen, 
carbon dioxide and methane.  Pyrolysis is a type of advanced conversion that can be 
used to produce a combustible gas, oil or solid char (sometimes known as bio coal).  
The choice of technology for any project depends on the type of waste available, local 
circumstances and finance. 
 

5.2.3 Biomass 

Biomass is fuel that is developed from organic materials used to create electricity. 
Some examples of materials that make up biomass fuels are: 

 scrap lumber; 

 forest debris; 

 certain crops; 

 manure; and 

 some types of waste residues. 
 
Biomass power is carbon neutral electricity generated from renewable organic waste 
that would otherwise be dumped in landfills, openly burned, or otherwise discarded, in 
addition to some crops that are explicitly grown for the purpose.  In biomass power 
plants, wood waste or other waste is burned to produce steam that runs a turbine to 
make electricity, and can also operate as a CHP.   
 
Biomass has largely lost favour in the UK, with the current CfD programme offering little 
to no subsidies.  There has been a concern about the sustainability of biomass and the 
net carbon savings, especially when the UK is the largest global importer of biomass 
already, without additional growth.  The large bulk of existing biomass capacity in GB is 
transmission connected. 
 

5.2.4 Solar 

Solar photovoltaics (PV) capture the sun's energy using photovoltaic cells.  While direct 
sunlight is not necessary, optimum output and cost effectiveness requires that they are 
faced the correct direction when installed to maximise the energy collected. 
 
PV cells are made from layers of semi-conducting material, most often silicon.  When 
light shines on a cell it creates an electric field across the layers.  The stronger the 
sunshine, the more electricity is produced.  Groups of cells are mounted together in 
panels or modules that can be mounted on a roof or the ground. 
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5.2.5 Marine 

Wave and tidal stream energy is electricity generated from the movement of wave and 
tidal flows.  Marine power is much more predictable than wind power and has the added 
attribute that it increases during the winter, when electricity demand is at its highest.  
The UK considers itself to be the global leader in the nascent marine energy sector, with 
around 10MW of wave and tidal stream devices being tested in UK waters, more than 
the rest of the world combined.  The Seagen 1.2MW tidal stream generator has been 
operating in Strangford Lough, Northern Ireland since 2008. 
 
DECC28 estimates that wave and tidal stream energy combined has the potential to 
deliver around 20% of the UK’s current electricity needs by 2015, an installed capacity 
of around 30–50GW.   
 
Tidal lagoon power uses the differential between water levels inside and outside the 
lagoon created by the rise and fall of the tides.  Lagoon sites require locations with 
shallow water and a high tidal range.  Water levels are controlled within the lagoon to 
create the necessary head difference to the sea level, whereupon gates are opened and 
water is allowed to flow in and out of the lagoon via turbines.  The electricity generated 
has the advantage of being predictably when the tide is ebbing and flowing.  Tidal 
lagoons could deliver up to 8% of GB electricity and have a very long asset life – c.120 
years.29   
 

5.2.6 Onshore and offshore wind 

On and offshore wind turbines use wind to generate mechanical power.  A generator 
can convert this mechanical power into electricity. 
 
About half of the ~7.5GW of onshore wind capacity in GB is distribution connected.  
Installed micro-wind (<1MW) installations are in the low hundreds of MWs.  Offshore 
wind has cost challenges.  The government has reined in the potential expenditure on 
CfDs allocated to offshore wind.  The modest expectations are reflected in NG’s FES 
scenarios for offshore wind deployment, where there remains less than 1GW installed 
through to at least 2035, even in Gone Green. 
 

5.3 The Levy Control Framework (LCF) 

The Levy Control Framework was introduced in 2010.  It was a shared initiative 
between DECC and HM Treasury.  The intention was to ensure that the cost of 
government environmental policies was constrained, in the interest of consumer 
affordability.  Though the costs that are covered by the LCF are paid by suppliers, the 
assumption is that these costs are passed through directly to consumers.  The LCF was 

                                            

28 DECC, Wave and Tidal Energy, Part of the UK’s energy mix  
29 CEBR, The Economic Case for a Tidal Lagoon Industry in the UK, July 2014 

http://www.seageneration.co.uk/
https://www.gov.uk/guidance/wave-and-tidal-energy-part-of-the-uks-energy-mix
http://www.cebr.com/wp-content/uploads/2014/07/The-Economic-Case-for-a-Tidal-Lagoon-Industry-in-the-UK_final.pdf
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therefore intended to oversee these costs from 2011/12 onwards, with a forecast 
provided through to 2020. 
 
The LCF includes four schemes: Feed in Tariff; Renewables Obligation, Contract for 
Differences, and the Warm Homes Discount.  It is also intended to cover the Capacity 
Market, but through an additional pot.30    
 
Chart 5.1 shows the intended annual caps for the LCF for each year through to 2021.  It 
was never made clear to market participants how or what would happen in the event 
that market prices plummeted after the granting of a CfD and what exactly would 
happen if the LCF were breached in any single year. 
 
Chart 5.1: Levy Control Framework (LCF) Caps 

  
Source: National Audit Office, Levy Control Framework  
 
Chart 5.2 shows that, so far, the LCF has been breached in all years except the first 
though it has remained within the headroom.  The headroom was intended to provide 
some protection against sharp declines in market prices.  This was an especially 
important element of the market design given the uncertainty of how annual breaches 
would be managed.  Surprisingly (though not in hindsight), it has not been low market 
prices and the CfDs but instead primarily unexpectedly high FiT expenditure that has 
caused the ceiling to be touched in most years. 
 

                                            

30 The government has made clear its intention to include an LCF for the Capacity Market, but as of the 
writing of this report has not yet provided any details. 

https://www.nao.org.uk/wp-content/uploads/2013/11/10303-001-Levy-Control-Framework.pdf
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Chart 5.2: Actual Expenditure Against LCF Caps 

  
Source: National Audit Office, Levy Control Framework  
 
Chart 5.3 shows the actual FiT expenditure as compared to the LCF.  It is clear that the 
LCF has not provided an accurate forecast of the FiT expenditure, with the total “error” 
summing to over one billion pounds over the four years.  The impact on customers’ bills 
was approximately £9 in 2014, and is now expected to increase to £14 in 2020.31   This 
is in contrast to the 2010 impact assessment that had forecast an annual customer bill 
impact of £6.5 for 2015 and £10.5 for 2020.32 
 

                                            

31 DECC, FiT Evidence Review, 2015, p 41 
32 DECC, Impact Assessment of Feed-in Tariffs for Small-Scale, Low Carbon, Electricity Generation, 2010 
p 25 

https://www.nao.org.uk/wp-content/uploads/2013/11/10303-001-Levy-Control-Framework.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/456181/FIT_Evidence_Review.pdf
http://webarchive.nationalarchives.gov.uk/20121217150421/http:/decc.gov.uk/assets/decc/consultations/renewable%20electricity%20financial%20incentives/2710-final-ia-feed-in-tariffs-small-scale.pdf
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Chart 5.3: Actual FiT Expenditure Against FiT LCF Cap 

 
Source: National Audit Office, Levy Control Framework  
 
 

5.3.1 Controlling spend 

The bulk of the FiT payment is for generation used on site, as shown in Table 5.1 
below.  With payments ballooning to almost twice the forecast and twice the annual LCF 
cap, and despite frequent tariff digressions, the government has now taken extra steps 
to reign in FiT expenditure.   
 
Table 5.1: FiT expenditure 

 
Source: Ofgem, FiT Annual Report  
 
As the LCF and frequent tariff digressions were not sufficient to protect subsidy 
expenditure, the government announced, in December 2015, that it would be limiting 
the subsidy available to new microgeneration installations to £100m/year to April 2019.  
This would be accomplished by placing a MW limit for each technology that would 
qualify for FiTs, as shown in the Table 5.2 below. 
 

https://www.nao.org.uk/wp-content/uploads/2013/11/10303-001-Levy-Control-Framework.pdf
https://www.ofgem.gov.uk/system/files/docs/2016/03/fit_annual_report.pdf
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Table 5.2: MW Cap Deployment Limit on FiT 

 
Source: DECC, Government Response to FiT Review  
 
Ofgem publishes a quarterly report of progress against the caps, as well as periodic 
reports when a cap has been reached.  If a technology reaches its cap in a quarter, the 
applications that missed the cut-off are automatically entered into the next quarter’s pot.  
The most recent progress against caps as of writing this report is shown in the next 
table. 
 
Table 5.3: Progress Against Quarterly Cap 

 
Source: Ofgem, Quarterly FiT Deployment Caps   
 
The caps were met halfway through the quarter for the pots allocated to anaerobic 
digestion and medium-sized wind.  It is clear also that standalone wind breached its cap 
for the first and second quarters, and nearly the third, halfway through the first quarter.  
Any future installations will not receive any income until the fourth quarter at the earliest. 
 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/487300/FITs_Review_Govt__response_Final.pdf
https://www.ofgem.gov.uk/system/files/docs/2016/04/080216-310316_quarterly_deployment_caps_report.pdf
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5.4 Has the policy been successful? 

The chart below shows the growth in distributed generation spanning the period just 
before the implementation of the FiTs.   
 
Chart 5.4: FiT Deployment by Technology 

 
Source: DECC, Monthly FiT Statistics 
 
The growth rate is somewhat staggering and would have been ridiculed a few years ago 
had they been forecast.  It is important to keep in mind that it is not just the policy on its 
own that was successful.  Costs fell dramatically over the same period, so at times the 
tariffs provided very generous returns. 
 
It is fair to say that the schemes have been unexpectedly successful in terms of one leg 
of the trilemma; decarbonisation.  In terms of the other two legs, costs to the consumer 
and security of supply, a debate can be had.  More than expected has been spent on 
the FiT, so arguably it has veered into the range of not being cost effective for the 
consumer (at least those who are not benefiting from the scheme).  And one can argue 
that the impact on security of supply is also somewhat ambiguous if once considers the 
impact on systems and the Grid.  This is discussed in more detail later in this report.   
  

https://www.gov.uk/government/statistics/monthly-small-scale-renewable-deployment
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6 Consumers 

The motivations of individual decision makers are fundamentally important in 
understanding the scale and scope of any potential future outcome.  Businesses are in 
some way fairly straightforward.  Subject to some structural barriers, they generally 
base their decisions on economic factors.  Households are a different story.  Their 
decision making is based on a wide range of considerations, many of them not related 
directly to standard economics.  The research on these issues is covered in this section. 
 

6.1 Domestic consumers 

Domestic customers (and businesses) are eligible to receive Feed-in-Tariffs (FiTs) 
subsidies for renewable microgeneration technologies.  Larger projects, above the 
thresholds noted below, are eligible for Contract for Differences (CfDs) or, until recently, 
Renewable Obligation Certificates (ROCs).   
 
The FiT subsidy consists of a generation payment (regardless of whether the electricity 
generated is consumed and an export tariff, which is an additional reward for generating 
the electricity but not using it.  The payoff for these installations consists of these 
payments, in addition to the avoided cost of the electricity that is generated and used by 
the household. 
 
Micro renewable technologies eligible for a FiT33 are: 

 Solar photovoltaic (PV) 5MW or less;  

 Wind turbines 5MW or less; 

 Hydro 5MW or less; 

 Anaerobic digesters 5MW or less; and 

 Micro combined heat and power (Micro CHP) 2kW or less. 
 

6.1.1 Incentives  

The FiTs subsidy values have fallen dramatically since first introduced in 2010.  Solar 
PV tariffs, for example, were as high as £454/MWh for those accredited in the first year.  
The highest tariff available in April 2016 for solar PV is £45.3/MWh.  The highest solar 
PV FiT in 2018 is set to be £37.8/MWh.   
 
The intention has always been to target the expected returns for all microgeneration 
technologies at between five and eight percent.  Tariff reductions, at times rapid, have 
been due to rapid reductions in equipment and installation costs. 

                                            

33 http://www.energysavingtrust.org.uk/domestic/feed-tariffs-0  

http://www.fitariffs.co.uk/library/regulation/1204OfgemTariffTable.pdf
https://www.ofgem.gov.uk/system/files/docs/2016/04/01_april_2016_tariff_table.pdf
http://www.energysavingtrust.org.uk/domestic/feed-tariffs-0
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The following chart illustrates how installations have adjusted to falling costs and falling 
tariffs.  While one can see that installers are clearly cognizant of the potential for 
quarterly tariff digressions (seen by the quarterly spikes), it is also clear that, despite 
those tariff reductions, there has been an upward trend in installations since that original 
large reduction in April 2012. 
 
Chart 6.1: Rate of FiT Installations vs. Subsidy 

 
Source: DECC, Monthly FiT Statistics & Ofgem  
 
We could surmise that this upward trend is due to falling costs leading to lower upfront 
costs and shorter payback period, there are also likely impacts of a general upwards 
trend in power prices, learning by doing and increased familiarity, all of which indicate a 
reduction in the barriers to deployment.   
 

6.1.2 Other incentives 

Environmental concerns are frequently cited by installers of renewable microgen, but it 
is rarely the only or key consideration.  Unsurprisingly, those who installed the 
technologies prior to the FiT regime placed more importance on environmental 
concerns than later adopters.  Perhaps unsurprisingly, early adopters (pre FiT) ranked 
environmental concerns equal to a desire to make the household less reliant on 
electricity companies, or the desire to protect against current and future energy prices, 

https://www.gov.uk/government/statistics/monthly-small-scale-renewable-deployment
https://www.ofgem.gov.uk/system/files/docs/2016/04/version_2-_feed-in_tariff_scheme_tariff_table_1_april_2016_-_31_march_2017_pv_only.pdf
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as well as income potentials from government incentives.  For later adopters (post FiT), 
research carried out shows that environmental concerns ranked lower.34  
 
However, the impact of early adopters should not be downplayed since they create the   
environment for testing technologies and play an important part in raising awareness 
and the eventual lowering of costs.  They also play a part in making the technologies 
“acceptable” or even “cool”.  This is especially the case where the technologies are 
obvious to outsiders (solar PV for example).  Not only does a solar panel signal your 
environmental concerns, but it also signals investment savvy.  This was particularly the 
case during the early roll-out of the FiT regime when the price paid was ~£450/MWh 
and the costs were plummeting much faster than the tariffs on offer. 
 
In fact, solar has been so popular that expenditure on subsidies has been almost twice 
the budget for every year but the first.  Now the technology is so normalised and 
acceptable, perhaps even “de rigeur” in some circles, that as we have already seen, the 
government has had to place binding limits on the capacity that will be permitted to 
receive a subsidy.  This is in addition to slashing the subsidies to a fraction of what they 
were just five years ago, just to ensure that the LCF does not continue to be breached.  
 

6.1.3 Barriers to take-up  

Numerous barriers to domestic microgeneration take-up in the UK have been identified.  
Financing is a key issue and a main barrier.  Upfront capital and installation costs are 
high with a long payback period.  The FiT scheme addressed this issue for many 
people, alongside a reduction in costs, for solar, in particular, since 2010.  The other 
major financial consideration that has been identified is related to the impact of 
microgeneration installations on house value.  Despite there being some evidence35 that 
microgen can increase or at least have no impact on house value, there remains a 
perception that this is not true. 
 
The Green Deal was introduced with the intention of alleviating these financial 
concerns.  Loans were available with a 7-9% interest rate, and payback is made 
through power bills.  When microgeneration was implemented alongside other efficiency 
improvements, the expectation was that future power bills would be lower, even when 
including the load repayments.  In reality, bills are only lower for some people some of 
the time.  And there does appear to be evidence that homes with Green Deal loans 
attached are considered less attractive in the resale market.36    
 

                                            

34 Balcombe, Rigby, Azapagic, 2014, Investigating the Importance of Motivations and Barriers Related to 
Microgeneration Uptake in the UK, Applied Energy, Issue 130 p 410. 
35 Balcombe, Rigby, Azapagic, 2014, Investigating the Importance of Motivations and Barriers Related to 
Microgeneration Uptake in the UK, Applied Energy, Issue 130, p 413. 
36 Balcombe, Rigby, Azapagic, 2014, Investigating the Importance of Motivations and Barriers Related to 
Microgeneration Uptake in the UK, Applied Energy, Issue 130 
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There was relatively low take-up of the Green Deal programme, and as a result the 
Conservative government cancelled it after being elected to a majority government in 
the 2015.  Prior to its cancellation, there were just over 14,000 Green Deal loans,37 
significantly below expectations, but this may have been in part due to the interest rates 
being higher than a standard bank loan.  The clear message is that the financing 
problem is more complex than previously understood as well as the realisation by 
consumers that the interest rate offered made the Green Deal unattractive.   
 
A National Audit Office report38 identified a failure to set clear success criteria for the 
Green Deal, so was unable to identify failure early on, and that it did not test the 
financing with consumers.  Consumer feedback that the process was too complicated 
led to a simplification of the process in 2013, but still, only 50% of applications resulted 
in Green Deal loans. 
 
The government had designed and expected the Green Deal to work hand-in-hand with 
the ECO39, but in the end, only 1% of the total efficiency installations under ECO 
involved Green Deal finance.  This was despite the hopes that ECO and the Green Deal 
would stimulate the market for energy efficiency and carbon reduction measures. 
 
It is entirely possible that inconvenience is a major element of the failure of the Green 
Deal.  In addition to the potentially significant renovations required to retrofit a new 
heating system, there is also potentially the requirement for significant behavioural 
change.  This is a consideration for those who have installed microgen, as well as those 
who were considering or rejected the option of installing m icrogen.40    
 
Related to the resale value concerns by homeowners is the impact of the required 
retrofitting and related efficiency improvements and the appearance of microgen 
installations.  The zero carbon homes programme was intended to address the former 
issue; all new homes in 2016 were supposed to be highly efficient and with 
microgeneration where feasible.  This plan was also scrapped by the government after 
the 2015 election.41  The plan was scrapped with the intention of reducing burdensome 
administration in the building industry, but many viewed it as a signal of reduced 
commitment to environment, since it would hinder growth of the efficiency industry and 
the associated industry skills development.42    

                                            

37 DECC, Domestic Green Deal and Energy Company Obligation in Great Britain, July 2015  
38 National Audit Office, Green Deal and Energy Company Obligation, April 2016  
39 ECO is a government scheme that obligates larger suppliers to deliver energy efficiency measures to 
domestic premises in GB.  The obligation is based on market share.  Suppliers achieve their obligations 
by delivering energy efficiency measures at domestic premises.   
40 Balcombe, Rigby, Azapagic, 2014, Investigating the Importance of Motivations and Barriers Related to 
Microgeneration Uptake in the UK, Applied Energy, Issue 130. 
41 HM Treasury, Fixing the Foundations: Creating a More Prosperous Nation, July 2015  
42 http://www.edie.net/news/6/Government-tears-down-zero-carbon-building-regulations-to-boost-
production/ 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/447263/OFFICIAL_SENSITIVE_Monthly_Statistical_Release_-_GD___ECO_in_GB_July15_FINAL.pdf
https://www.nao.org.uk/wp-content/uploads/2016/04/Green-Deal-and-Energy-Company-Obligation.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/443897/Productivity_Plan_print.pdf
http://www.edie.net/news/6/Government-tears-down-zero-carbon-building-regulations-to-boost-production/
http://www.edie.net/news/6/Government-tears-down-zero-carbon-building-regulations-to-boost-production/
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A lack of trust is also a very significant barrier to take-up for domestic customers.  In the 
first instance, consumer trust in energy suppliers is extremely low.  Estimates are that 
approximately 20% of consumers trust their energy supplier,43 but there is also very low 
trust for other industry stakeholders/influencers, including 25% who trust journalists to 
provide accurate energy industry information, 35% trust Ofgem to protect consumers, 
and 55% who trust politicians to enact policy in the interest of the consumer.  
Surprisingly, 40% of consumers do not trust consumer groups to provide advice.44  In 
addition, consumers find it difficult to find trustworthy installers, with anecdotal evidence 
of aggressive selling and faulty installations. 45  
 

6.1.4 Household type  

While there is clearly an incentive for owner occupiers to invest in efficiency and 
microgeneration projects, there was little incentive for landlords or tenants to do so.  
Landlords would see their ability to monetise any benefit from costly installations as high 
risk, would tenants pay higher rent to compensate for potentially lower energy bills?  
And, tenants would not invest for fear that they would not be able to recoup their 
investment during the period of their tenancy.   
 
The Green Deal was intended to address these conflicting motives and interests.  
Though it has been cancelled, there remains in place an obligation under the 2011 
Energy Act (Chapter 2, Section 43) to introduce the minimum energy efficiency (“E”) 
standards for the private rented sector no later than April 2018.   
 

WWA considers that, in GB, there are sufficient “engaged" consumers to see a good 
deal (which the early days of solar were) as opposed to a bad deal (which the Green 
Deal was). 

 

6.1.5 Potential solutions 

Of all of the barriers, upfront financial cost is the most frequently cited.  The FiT has 
clearly been effective at removing that barrier.   
 
The Green Deal, which was also intended to address the financial barrier, was clearly 
not so successful even though it did attempt to address other issues as well, including 
lack of information and education through independent advisors, and an easily 
accessible independent interface for information and advice (Carbon trust).  There was 
also a provision for the certification of manufacturers and installers to ensure that 
standards were maintained.   
 

                                            

43 EY, Consumer Attitudes Toward Energy Provision, Spring 2015  
44 YouGov, Energy Politics and the Consumer, April 2014  
45 Balcombe, Rigby, Azapagic, 2014, Investigating the Importance of Motivations and Barriers Related to 
Microgeneration Uptake in the UK, Applied Energy, Issue 130, p 405. 

http://www.ey.com/Publication/vwLUAssets/EY-consumer-attitudes-toward-energy-provision/$FILE/EY-consumer-attitudes-toward-energy-provision.pdf
http://www.eprg.group.cam.ac.uk/wp-content/uploads/2014/04/YouGov-Cambridge-Report-Spring2014.pdf
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There were a few reported cases of miss-selling and misinformation (which had been a 
major issue in selling of electricity as competition had developed), which can have a 
word of mouth effect, as well as stories of poor or faulty installations.  But it appears that 
consumers were primarily put off by the long payback times (a key turn-off associated 
with high up-front costs), and concern about the liability being held against the property 
should they choose to sell.  There is some evidence that buyers’ positive perception of a 
potential new home including microgen was often outweighed by their negative 
perception around the adopting of the debt.   
 
One of the key criticisms of the FiT (and RO and CfD) subsidies is that the less well-off 
are disproportionately affected.  For FiTs, this is particularly poignant, as it is generally 
better-off households who can afford the microgen installations, and then as a result, 
not only do their bills decline, but they are also paid.   
 
As solar PV installations have grown, the allocation of subsidies between consumers 
has attracted criticism.  The LCF is intended to provide some protections against this 
but as we have shown it has not been effective at reigning in costs.  This issue will 
continue to spiral – as energy costs continue to rise due to increasing carbon abatement 
costs, the better off households will increase their avoidance.  This will start the cycle 
over, by raining costs on the remaining users, who will also attempt to avoid costs. 
 
There are no plans to remove the environmental costs from the electricity bill, but the 
government did choose to fund the Renewable Heat Incentive (RHI) from general 
taxation.  One reason for this was the increasing inequality issue.  While funding from 
general taxation does not create the correct incentives to increase efficiency measures, 
it is less regressive in terms of how those costs are allocated. 
 
Tied into this issue is the very high cost of carbon abatement across the FiT schemes, 
as shown in the next chart.  Of course, with costs and subsidies falling, the abatement 
costs will decline, but many of the subsidy levels are locked in for 20 years.  
Nonetheless, DECC optimistically hopes that the costs of every tonne abated will 
approach its 2010 estimate, by 2020.46  
 

                                            

46 DECC, Performance and Impact of the Feed in Tariff Scheme: Review of Evidence, 2015  

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/456181/FIT_Evidence_Review.pdf


The Past, Present and Future 
 of Embedded Electricity Generation  

in Great Britain 

  

 

© Waters Wye Associates 2016  Page 77 
 

 

Chart 6.2: FiT Cost per Tonne of CO2 Abated 

  
Source: DECC, Performance and Impact of the Feed in Tariff Scheme: Review of 
Evidence,  
 

6.1.6 Domestic conclusions  

Overall, it is clear that the domestic sector has, and is expected to remain, the hardest 
nut to crack.  Energy decisions are often made on the basis of a range of non-economic 
factors.  Energy, and particularly electricity, has been a service that has a high rate of 
reliability to the extent that many people do not think about how they use it.   
 
There are issues of trust to contend with.  Even if a consumer is interested in reducing 
their carbon foot print, or reducing their bills, they are unsure of who to trust for advice.  
Energy suppliers, the government, the Regulator, journalists and even consumer 
information and protection groups are largely distrusted by consumers. 
 
Nonetheless, it seems clear that high upfront costs and long payback times are the key 
reasons for reluctance amongst consumers to take up energy efficiency or 
microgeneration technologies.  There were some “early adopters”, it is true, but it is 
since the introduction of the FiT that real progress has been made.   
 
However, the real issues arising from the large increase in solar capacity is the impact 
on transmission network and on DNOs.  Because of this, there are increasing calls on 
DNOs to act as system operators.  And the transmission SO is having to seek out 
increasing levels of more flexible and dynamic capacity and factor in shifting demand 
peaks and troughs and this is addressed later. 
 
The impact on consumers who pay for these solar and other renewables installations is 
also becoming a growing concern.  Those who can afford to install solar panels are 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/456181/FIT_Evidence_Review.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/456181/FIT_Evidence_Review.pdf
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being subsidised by those who cannot afford to. The government is taking steps to 
ensure this issue remains stable by drastically reducing the financial incentive and the 
volume of capacity that will be permitted to receive tariffs in the future.  Still these costs 
are locked in for up to 20 years, so consumers who are not directly benefiting will 
continue to pay for some time. 
 

In implementing some schemes it may be better to use trusted companies or those that 
are heavily regulated (such as monopolies.  It may also be necessary to accept not all 
customers want to be engaged and it is a free market. 

 

6.2 Commercial/Industrial sector 

6.2.1 Incentives  

The incentives for the commercial/industrial sector are slightly less complex than the 
domestic sector, particularly for customers who consumer a large volume of electricity 
or the have high electricity costs as a share of total input costs. 
 
These larger consumers will have energy management specialists who can devote  time 
to ensuring that costs are constrained and, importantly, especially if they have visibility 
with the CEO, are able to ensure that energy costs are a key business focus. 
 
Consumers can lower their costs by lowering energy use overall, through installing their 
own renewable technologies (and receiving FiT/ROC/CfD), conventional technologies 
(CHP, gas engines) or through efficiency improvements.  Their motivations to 
implement one or all of these will depend on the level and share of total costs, along 
with wider corporate objectives. 
 
There are numerous energy costs and opportunities that all commercial and industrial 
consumers are exposed to including: 

 Environmental levies, RO, CfD, FiT, ECO, Climate Change Levy (carbon floor 
price);   

 Supplier costs; 

 Network costs (TNUoS, BSUoS); 

 Demand side incentives; and 

 Energy costs. 
 

6.2.2 Exemptions for larger companies 

Some companies are able to avoid some environmental costs if they can demonstrate 
that they are particularly prone to “carbon leakage” whereby there is a high risk that 
increased input prices would render them uncompetitive internationally.  This would 
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have the effect of harming the UK economy without saving any global carbon 
emissions. 
 
DECC have highlighted the following key principles to be used on the application of 
excluding Energy Intensive Industries (EIIs) from added environmental costs:47   

 an exemption should be targeted at companies whose competitiveness is at risk 
from rising electricity policy costs – i.e. we should exempt only those companies 
that are both electricity intensive and trade intensive;  

 eligibility should be designed to minimise distortions within the UK economy; 

 the exemption should avoid perverse incentives, e.g. discouraging take-up of 
energy efficiency measures; 

 the exemption should minimise administrative burden for all parties – Energy 
Intensive Industries (EII), electricity suppliers and government; and 

 the exemption should minimise the costs to consumers outside of the scope of 
the exemption (both business and household) whilst meeting the policy objective. 

 
The total size of the exemption involves industries with a total combined value to the UK 
of roughly £50bn in turnover, employing 150,000 people and contributing 1% of GVA.48  
The impact of the exemptions on remaining electricity consumers is expected to be in 
the range of 40-60p/MWh for all non-exempt customers, or between £1.20 and £1.90 
per year for households.49   In context, the Committee on Climate Change projects that 
annual household bills will include £105 to fund de-carbonisation.50  
 

6.2.3 Triad avoidance 

Larger consumers also have the opportunity to lower their network costs through 
ensuring that their peak (triad)51 demand is as low as possible.  This can be done by 
reducing production activities at certain times (generally 4-7pm, Monday to Friday, from 
November to February) or, by providing on-site generation during those same time 
periods (thereby reducing transmission demand), or a combination of the two and this is 
discussed further in Section 7.3.1. 
 
The following chart shows the triad demand settlement periods for winter 2015/16.  
Keeping in mind that each peak must be separated by at least 10 days, the green 

                                            

47 Department for Business, Innovation and Skills (BIS), Electricity Market Reform: Eligibility for an 
exemption from the costs of Contracts for Difference, July 2013  
48 Gross Value Added – a similar statistic to Gross Domestic Product (GDP) 
49 Department for Business, Innovation and Skills (BIS), Electricity Market Reform: Eligibility for an 
exemption from the costs of Contracts for Difference, July 2013 
50 CCC, Power Sector Scenarios for the Fifth Carbon Budget, October 2015,  
51 Triads are defined as three winter peak days, with the peak being the demand on the transmission 
network. 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/210724/bis-13-974-electricity-market-reform-consultation-eligibility-for-an-exemption-from-the-costs-of-contracts-for-difference.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/210724/bis-13-974-electricity-market-reform-consultation-eligibility-for-an-exemption-from-the-costs-of-contracts-for-difference.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/210724/bis-13-974-electricity-market-reform-consultation-eligibility-for-an-exemption-from-the-costs-of-contracts-for-difference.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/210724/bis-13-974-electricity-market-reform-consultation-eligibility-for-an-exemption-from-the-costs-of-contracts-for-difference.pdf
https://documents.theccc.org.uk/wp-content/uploads/2015/10/Power-sector-scenarios-for-the-fifth-carbon-budget.pdf
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areas, one can see that the range of daily peaks has a fair amount of variation, making 
it difficult to reliably forecast which day will be a triad peak. 
 
Because the decision to generate of reduce demand is often made without the benefit of 
market price signals, it is likely that many if not most of these daily peaks would be 
higher in the absence of the triad incentive. 
 
Chart.6.3: Winter 2015/16 Triads 

  
Source: National Grid, Triad Data 
 
It is also not possible to tell how much of the triad response is behind the meter 
generation or demand shifting or reduction.  The Capacity Market and the widening of 
services offered by NG to small generators and demand side responders should provide 
some view of the capacity, the potential capacity, and some reliability and/or oversight 
by the SO, increasing the security of supply benefit (by increasing certainty of capacity 
levels) and reducing system management complications and costs.  
 
Demand side response has a number of definitions, depending on the context.  Purists 
often use the term to mean a reduction in demand in a specific time period, which may 
or may not result in increased usage in a later time period.   
 
The term has also been widely used to describe a reduction in transmission demand, 
which can be due either to a reduction in actual demand of a transmission connected 
large industrial customer, a reduction in demand by a smaller distribution network 
connected customer, or an increase in generation by either, which results in a reduction 

../../AppData/Local/Microsoft/Windows/Graz2/Downloads/2015-16%20Triad%20Data%20(3).pdf
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in flows from the transmission network to directly connected customers or the 
distribution network. 
 
By nature of the varied definitions and the unilateral decision making on the customer 
end, it is very difficult to ascertain how much Demand Side Response (DSR) is regularly 
and reliably available, whether of the generation or the demand variety. 
 
NG estimates that ~2GW of triad avoidance is provided by the market and that 
approximately half of that is provided by the industrial and commercial sector.  The rest 
is provided by distributed generators whose main business is generating electricity. 
 
Chart.6.4: C&I DSR Triad Avoidance 

  
Source: National Grid, Future Energy Scenarios 
 
Chart 6.4 shows that NG considers that DSR by the industrial and commercial sectors is 
expected to play a significant role in peak demand management.  NG assumes that all 
of the DSRs with Capacity Market obligations and are available from 2018/19 onward.  
It also assumes that the Capacity Market and new ancillary services and related 
revenue streams will bring forth additional DSR capacity.  NG anticipates that the 
market place reaches its scenario dependent potential by 2030. 
 

http://fes.nationalgrid.com/fes-document/
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In NG's FES Gone Green scenario, the higher utilisation rate of DSR is because of 
ambition and the higher electricity price, higher peak demand and therefore greater 
scope for savings resulting from DSR activities.  In the No Progression scenario, the 
cost of power is lower so incentives are lower. 
 

WWA considers that the triad system has played an important role in the growth of 
distributed generation. 

 

6.2.4 Case studies 

The Energy Technology Institute developed case studies of industrial applications of 
distributed generation, described in the following text boxes.  These case studies 
provide an excellent overview of the projects and the motivations, challenges and 
benefits accruing to these manufacturers as a result of investments in distributed 
generation. 
 
Table.6.1: Tata Steel & SITA Case Study 
User Tata Steel 
Project partner  SITA 
Technology  Landfill Gas  
Electrical capacity  1 Megawatt 
Annual electrical output 75 Gigawatt Hours 
Estimated annual financial saving £150,000 
Estimated annual carbon saving 4,000 tCO2 
Proportion of on-site demand met 1 per cent 
Estimated Project Cost £1,200,000 
Generation start date February 2011 
Delivery time (planning submission to operation) 9 months 

 
Motivations The close geographical proximity of the SITA landfill and the TATA 
Steel works lent itself to a distributed generation scheme.  SITA has a specific 
objective to maximise landfill gas recovery and associated generation across its 
portfolio and is always looking for innovative projects with strategic partners.  TATA 
Steel has a strategic aim to reduce its exposure to external energy markets. 
 
Challenges and solutions The only specific challenge with the project was 
ensuring that the generation scheme met the tight electrical controls.   
Benefits SITA have benefited from a reduced electrical connection cost due to the 
close proximity of the connection point to the TATA network. 
Source: Energy Technology Institute 
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Table.6.2: Toyota and British Gas Case Study 
User  Toyota 
Partner  British Gas 
Location  Derbyshire 
Technology  Solar PV 
Capacity  4.2 MW 
Annual output  Not available 
Estimated annual financial saving  £250,000 
Estimated annual carbon saving  2,000 tCO2 
Proportion of on-site demand met  5 per cent 
Estimated project cost  £10,000,000 
Generation start date  July 2011 
Delivery time (planning submission to operation)  4.5 months 

 
Motivations The solar photovoltaic project was conceived primarily to increase 
Toyota’s use of renewable energy and thus to reduce its carbon emissions or 
footprint.  As one of five Toyota plants worldwide to be awarded ‘Sustainable Plant’ 
status, Toyota UK has a wide-ranging and long-term vision to operate in a 
sustainable manner and exist in harmony with its surroundings.  The role of a 
Sustainable Plant is to demonstrate environmental leadership in manufacturing, to 
support the goal of producing low carbon cars in a low carbon plant.  An additional 
objective was to create a series of smaller installations that would allow us to 
showcase the technology and a variety of solar photovoltaic solutions.  
  
Challenges and solutions Obtaining an accurate cost estimate for the required 
grid connection This proved difficult and took a considerable length of time but was 
critical to confirming the financial viability of the project.  Lack of policy stability This 
had a significant and adverse impact.  Soon after Toyota Motor Manufacturing UK 
had awarded the contract to British Gas a consultation on the Feed-in Tariffs 
scheme was announced.  This led to a period of uncertainty and, with the outcome 
unknown, the project had to be completed within a very short time frame.  This 
required the ground-mount frame to be purchased from Germany rather than 
sourced from in the UK, as originally intended.   
 
Benefits Aside from financial benefit, Toyota UK gained wide recognition of 
environmental leadership in both national and environmental media.   
Source: Energy Technology Institute 
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7 Impact on the systems 

 
The challenges of the move to distributed generation are shown starkly in the diagram 
below.  Drawn as an aggregated demand curve, the graph shows – in light orange – the 
amount of zero carbon generation that is spilling onto the grid at times of low demand, 
at the right hand edge of the graph. 
 
Chart 7.1: The effect of low carbon technologies on the load duration curve 

  
Source: Energy Research Partnership, Managing Flexibility while decarbonising the GB 
electricity system 
 
  

7.1 The impact of embedded plant on the transmission grid 

Demand peaks arise from the way consumers use energy (see Chart 7.2).  In the GB 
market, the morning peak occurs as people get up and go to work and offices and 
factories switch on equipment.  In the evening, there is a rapid increase in demand as it 
starts to get dark and people start to go home and switch on TVs, cook, etc.  The 
demand that the SO is looking to manage is the demand on the high voltage 
transmission network which is the sum of demand coming off the regional, lower voltage 
distribution networks (DNOs) and a small number of very large users. 
 

http://erpuk.org/wp-content/uploads/2015/08/ERP-Flex-Man-Full-Report.pdf
http://erpuk.org/wp-content/uploads/2015/08/ERP-Flex-Man-Full-Report.pdf
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Chart 7.2: Typical Daily Demand Profiles 

  
Source: National Grid 
 
The shape of demand is altering for several reasons: 

 Underlying demand has not been growing as fast due to improved energy 
efficiency in businesses and households (for example the use of lower energy 
lighting), and the effect of the recession; and 

 Growth of generation connected to the DNOs (so reducing the demand seen by 
the SO), notably the uptake of solar panels. 

 
Over time, there is an expectation that the shape of demand will further change with the 
introduction of smart metering, take up of electric cars and ultimately the roll out of 
smart grids.  However, industry experts have differing views on the overall impact of 
these changes and NG has recently started to develop a new tool for evaluating likely 
future changes; the System Operability Framework.52  This report considers, amongst a 
wide range of issues, the impact on the transmission system of the growth in distributed 
generation. 

                                            

52 National Grid, System Operability Framework, November 2015  

http://www2.nationalgrid.com/UK/Industry-information/Future-of-Energy/System-Operability-Framework/
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As part of its SOF, NG summarises the various types of issues arising from the 
increasing proportion of distributed generation. 
 
Table 7.1: Impact of Embedded Generation 

Topic Assessment Impact

Whole System Minimum Inertia Decreasing whole system minimum inertia in future 

years

Rate of Change of Frequency (RoCoF) Trip of embedded generation protected by RoCoF 

relays

Frequency Containment Increase in volume of response required

Declining Short Circuit Levels and Protection Difficulty detecting and clearing faults on weaker 

networks

Voltage Dips Widespread voltage dips and disconnection of 

embedded generation

Voltage Management Voltage containment and need for additional reactive 

compensation

Power Quality Power quality issues and need for additional filtering

LCC HVDC Commutation Failure Inability to operate LCC HVDC links in weak network 

conditions

Demand Control by Voltage Reduction Reduction in effectiveness of demand reduction by 

voltage control

System Emergency Restoration Reduction in blackstart plant and system restoration 

challenges

Regional System Stability Stability issues associated with increase in embedded 

generation

Low Frequency Demand Disconnection Risk of cascade loss of generation should LFDD relays 

operate

Active Network Management (ANM) Uncoordinated TSO/DSO actions in constraint 

management

Demand Forecasting Increased demand forecasting error and increase in 

balancing actions

Sub-Synchronous Resonance Resonance issues and torsional shaft interaction

Control System Interaction Oscillations arising from uncoordinated control systems

New Nuclear Capability System flexibility and the impact of frequency response

Demand Side Technologies Changes in demand profile and impact of demand side 

technologies

System Inertia

System Strength and Resiliance

Embedded Generation

New Technology

 
Source: National Grid, System Operability Framework 
 
Each of these impacts can be modelled, and mitigating actions put in place.  The SOF 
report is admirably thorough in its analysis.  Its main conclusions are as follows: 

 System Inertia continues to decline under all scenarios because of the lack of 
synchronous thermal power stations and high volume of converter connected 
generation technologies such as solar PV, wind and import across the 

http://www2.nationalgrid.com/UK/Industry-information/Future-of-Energy/System-Operability-Framework/
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interconnectors.  This decline impacts RoCoF,53 with the need to expedite the 
relay setting update programme to avoid increasing operational costs in coming 
years;  

 The analysis shows a need for new services to help with managing the system 
frequency, as the frequency response requirement will increase by 30-40% in the 
next five years; 

 Natural support to the grid is reduced, greater access to the services from 
demand side is necessary (energy storage, embedded generation, and load).  
NG’s studies show a significant increase in need for additional reactive 
compensation over the next twenty years as well as the need to diversify system 
service to continue to provide black start capability; and 

 NG’s analysis shows that to maintain the stability of the transmission system, 
new capabilities are required and both TSOs and DNOs must work more closely 
to address these issues given that a number of solutions require coordination of 
services between transmission and distribution networks.  NG also highlights the 
need for review of Low Frequency Demand Disconnection relays which are 
affected by an increase in embedded generation. 

 
NG draws three conclusions from its work: 

 Services and Capabilities 
It is essential that new system services are developed to access existing 
enhanced capabilities from generation (particularly windfarm, solar and 
interconnector technologies) whilst facilitating the provision of new capabilities. 
 

 Whole System Solutions 
Transmission and distribution companies must continue to look at the whole-
system impact of new technologies and greater access to services from demand 
side.  In this context, the viability of accessing multiple services through different 
operator models across the whole system and layering of services should be 
considered from both technical and commercial perspectives. 
 

 Increased Flexibility 
The value of system services, in particular flexibility, should be considered by the 
manufacturers and developers of new plant, and form the basis of revenue 
streams which ensure new developments incorporate the system needs in their 
design.  For example, the more flexible operation of new nuclear, gas and other 
synchronous plant is likely to be of much greater value going forwards.  

 
Synchronous generators (the large thermal plants) have historically provided not only 
energy, but system support services, some of which they are required to provide under 
the terms of their connections in the form of mandatory ancillary services.  The growth 

                                            

53 Rate of Change of Frequency 
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in distributed generation has led to NG tendering for a long list of balancing services, as 
we now describe. 
 

7.1.1 Frequency response 

System frequency is a continuously changing variable that is determined and controlled 
by the second-by-second (real time) balance between system demand and total 
generation.  If demand is greater than generation, the frequency falls while if generation 
is greater than demand, the frequency rises. 
 
N G has a licence obligation to control frequency within the limits specified in the 
'Electricity Supply Regulations', i.e. ±1% of nominal system frequency (50.00Hz) save in 
abnormal or exceptional circumstances.  National Grid must ensure that sufficient 
generation and / or demand is held in automatic readiness to manage all credible 
circumstances that might result in frequency variations. 
 
There are two types of frequency response,  
 

 Dynamic Frequency Response is a continuously provided service used to 
manage the normal second by second changes on the system; and 

 Non Dynamic Frequency Response is usually a discrete service triggered at a 
defined frequency deviation. 

 
The services requested by NG include 
 

 Mandatory Frequency Response: an automatic change in active power output in 
response to a frequency change; 

 Firm Frequency Response (FFR): is the firm provision of dynamic or non-
dynamic response to changes in frequency;  

 Frequency Control by Demand Management: FCDM provides frequency 
response through interruption of demand customers;  

 FFR Bridging Contract: enabling smaller parties a route to access the FFR 
tendered market; and 

 Enhanced Frequency Response: a new service aimed predominantly at storage 
assets to provide frequency response in 1 second or less. 

 

7.1.2 Reserve 

NG needs to access to sources of extra power in the form of either generation or 
demand reduction, to be able to deal with unforeseen demand increase and/or 
generation unavailability.  These additional power sources available to NG are referred 
to as reserve and comprise synchronised and non-synchronised sources.  Different 

http://www2.nationalgrid.com/uk/services/balancing-services/
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sources require different timescales in order to be ready to deliver the services. The 
diagram below shows how these various services interact in terms of timescales.   
 
Chart 7.3: NG classification of reserve services 
 

 
Source: National Grid, Balancing Services 
 
The types of services requested by NG in this category are as follows: 
 

 Fast Reserve: provides the rapid and reliable delivery of active power through an 
increased output from generation or a reduction in consumption from demand 
sources;  

 Short Term Operating Reserve (STOR): is a service for the provision of 
additional active power from generation and/or demand reduction;  

 BM Start-up: the BM Start-up service gives NG access to additional generation 
units that would not otherwise have run, and which could not be made available 
in Balancing Mechanism timescales;  

 STOR Runway: is a contracting opportunity for Demand Side Providers to 
support the growth of new volume in to the STOR market; 

 Enhanced Optional STOR: is where NG is trialling the provision of a volume of a 
STOR Service from non-BM providers on a trial basis; and  

 Demand Turn Up: has been developed to allow demand side providers to 
increase demand (either through shifting consumption or reducing embedded 
generation) as an economic solution to managing excess renewable generation 
when demand is low.   

 

7.1.3 System security services 

NG has an obligation to ensure the security and quality of electricity supply across the 
GB transmission system.  There are a variety of tools available to assist NG in 
achieving this, including: 
 

 Transmission constraint management: a transmission constraint arises where the 
system is unable to transmit the power supplied to the location of demand due to 
congestion at one or more parts of the transmission network;  

http://www2.nationalgrid.com/UK/Services/Balancing-services/Reserve-services/
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 Contingency balancing reserve: two new balancing services have been 
developed to support NG in balancing the system during the mid-decade period 
when capacity margins are expected to tighten: 

o Demand Side Balancing Reserve (DSBR) is targeted at large energy 
users who volunteer to reduce their demand during winter weekday 
evenings between 4 and 8 pm in return for a payment; and 

o Supplemental Balancing Reserve (SBR) is targeted at keeping power 
stations in reserve that would otherwise be closed or mothballed.  These 
services will act as a safety net to protect consumers, only to be deployed 
in the unlikely event of there being insufficient capacity available in the 
market to meet demand. 

 Maximum Generation: allows access to capacity which is outside of a generator's 
normal operating range in emergency circumstances;  

 Intertrips: are required as an automatic control arrangement where generation 
may be reduced or disconnected following a system fault event;  

 Black Start: is the procedure to recover from a total or partial shutdown of the GB 
transmission system which has caused an extensive loss of supplies; and 

 SO to SO: are provided mutually with other transmission system operators 
connected to the GB transmission system via interconnectors. 

 

7.1.4 Trading 

In meeting forecast energy requirements at minimum cost, NG trades energy related 
products forward in time (i.e. in advance of the Balancing Mechanism).  There are three 
general categories of energy related products:  
 

 Power Exchange Trades: are electronic trade matching systems where 
participants enter prices at which they are prepared to buy or sell electricity at;  

 Forward Energy Trades:  are bilateral contracts negotiated between 
counterparties and can be tailored to suit the requirements of the individual 
parties; and 

 Energy Balancing Contracts: are agreements for services that are procured for 
the purpose of energy balancing and are primarily required as a result of plant 
losses and shortfalls. 

 

7.1.5 Reactive power services 

Reactive power describes the background energy movement in an AC system arising 
from the production of electric and magnetic fields.  Devices which store energy by 
virtue of a magnetic field produced by a flow of current are said to absorb reactive 
power; those which store energy by virtue of electric fields are said to generate reactive 
power. 
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The flows of reactive power on the system will affect voltage levels.  Unlike system 
frequency, which is consistent across the network, voltages experienced at points 
across the system form a 'voltage profile', which is uniquely related to the prevailing real 
and reactive power supply and demand.  NG must manage voltage levels on a local 
level to meet the varying needs of the system.  Without the appropriate injections of 
reactive power at correct locations, the voltage profile of the transmission system will 
exceed statutory planning and operational limits.  NG utilises the below services in order 
to manage voltage levels. 

 

 Obligatory Reactive Power Service (ORPS): is the provision of mandatory 
varying reactive power output; and 

 Enhanced Reactive Power Services (ERPS): is the provision of voltage support, 
by way of a market tender, which exceeds the minimum technical requirement of 
the ORPS.   
 

WWA considers that it will be necessary to align valuation of generation seen in the 
capacity market and the value of generation seen in NG’s tenders.  The tenders 
themselves would also benefit from greater transparency. 

 

7.1.6 Conclusions 

One of the successes of the GB electricity system has been the creation of a system 
operator – GB wide – that has enabled the development of distributed generation.  As 
can be seen from the list of services now being procured by NG, it is an increasingly 
complicated task to balance the system on a second-by-second basis (and hence the 
acute interest in the development of electrical storage.  
 
As NG is starting to procure more and more services, and becoming an increasingly 
monopsonistic buyer, (in addition to its monopoly networks focus), some stakeholders 
are beginning to suggest that it may be time to consider whether an independent party 
would be better suited to hold the SO role. This remains a nascent emerging issue.   
 
There are also a number of stakeholders who are concerned that the proliferation of 
NG-procured services is making it difficult to value – in a holistic way – the value 
provided by distributed generation.   
 

WWA considers that one system operator has successfully managed the changing role 
of the electricity system.  However, the power of the SO over generators’ businesses 
has been a concern for parties and consideration is being given to having an 
independent SO. 

 
There are also increasing interactions between distributed generation, and the DNOs, 
as well as between the DNOs and NG.  We turn to this set of issues now. 
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7.2 Impact on distribution systems 

An increasing feature of the growth in distributed generation is the impact on the 
distribution systems.  There are a range of other issues arising from the growth in 
embedded generation.   
 

7.2.1 Management of the connection queue 

There has been a huge increase in applications for connections.  This has raised 
administrative issues with the DNOs as they seek to understand how to manage the 
queue, how to trade-off competing applications and how to avoid capacity sterilisation.  
Ofgem has launched a series of work streams54 that is intended to consider how to 
address this connection “log-jam”.   
 

WWA considers that the connection process will need improvement if it is able 
successfully to connect the increasing amount of distributed generation that wishes to 
connect. 

 

7.2.2 Reduced visibility of generation data 

There is lack of visibility for the DNOs of generation assets and operation.  A concern 
arising from the increase in behind-the-meter generation is that the electricity output is 
unseen, unknown, unmeasured and unforecastable.  It seems that DNOs are finding it 
increasingly difficult to manage flows on their networks due to the huge amount of solar 
capacity that has been installed, including by households.  The collection of FiT data is 
actually a lesser sung attribute of that subsidy programme, as it aids in forecasting 
demand shifts due to time of day or incoming clouds. 
 

7.2.3 Changing flows on the distribution systems 

DNOs have experienced a change in flow direction, with many grid supply points 
(GSPs) now recording exports of power to the transmission grid.  A visualisation of the 
change in the flows in the distribution systems and the consequential impacts on the 
transmission system is illustrated in Figure 7.1 below taken from NG’s System 
Operability Framework.  This shows, in red, the number of GSPs that are currently 
exporting, and a forecast as to how this might change.  This starkly shows that the 
conventional wisdom that distributed generation does not use the transmission system 
is forecast to be challenged. 
 
This issue is currently at its most extreme in Scotland, this is because of the growth in 
renewable generation (wind) in areas that are windy but which happen to be far away 

                                            

54 Quicker and more efficient connections, Ofgem 

https://www.ofgem.gov.uk/publications-and-updates/quicker-and-more-efficient-distribution-connections
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from people who want to use the power.  This is possible a regulatory shortcoming in 
that the externality (additional transmission investment) was not adequately factored 
into renewables subsidies and the costs have been socialised, meaning that generators 
in the south of GB pay for some portion of the transmission connection investment to 
Scotland (Beuly Denny, Western Link55) as well as suppliers.  This undermines the 
notions of cost reflectivity and efficiency, but, as it is a done deal, it remains only to find 
a way to fairly pay for that investment. 
 
Figure 7.1: Exporting GSPs 

  
Source: National Grid, System Operability Framework 

                                            

55 Also known as bootstrap HVDC 

http://www.gov.scot/Topics/Business-Industry/Energy/Infrastructure/Energy-Consents/Beauly-Denny-Index
http://www.westernhvdclink.co.uk/the-project.aspx
http://www2.nationalgrid.com/UK/Industry-information/Future-of-Energy/System-Operability-Framework/
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7.2.4  Regulation of the DNOs 

At privatisation, the UK adopted a “RPI-X” form of revenue control for the monopoly 
wires businesses.  While this was relatively successful in driving efficiencies, it was felt 
by Ofgem that there was insufficient innovation in the operation of the system.  Ofgem, 
therefore, introduced a new way of controlling the revenue of the companies owning 
monopoly infrastructure.  This was called RIIO (Revenue = Incentives + Innovation + 
Outputs) and was introduced in 2013.  Elements of RIIO were aimed directly at 
distributed generation, such as an innovation incentive or the low carbon networks 
funding model.  However, the basic control was simply more complex, but did offer an 
8-year control rather than 4 years, which was meant to recognise the longer investment 
timescales these capital intensive industries face. 
 
Under the RIIO system, DNOs are subject to: 

 Rewards and penalties relating to quality of supply performance against 
prescribed targets (number and duration of customer interruptions); 

 Rewards and penalties relating to customer service (based on customer level of 
satisfaction as captured by independent surveys); 

 Target performance levels for providing quotations for requested new network 
connections, and subsequently for making connections; 

 Targets relating to the utilisation and health of their network assets (so called 
load and health indices); and 

 A “totex” incentive mechanism which encourages DSOs to outperform regulatory 
allowances through innovation (any resulting cost savings are shared between 
shareholders and consumers). 
 

The growth in distributed generation has been, in places, faster than was foreseen at 
the time that RIIO was set.  Ofgem is also concerned that, despite the various 
innovation schemes introduced by RIIO, there is still not enough responsiveness from 
the DNOs to applications from distributed generators.  However, it does not seem that 
Ofgem is making sufficient progress in seeking to address this barrier standing in the 
way of more distributed generation being connected. 
 

WWA considers that there are signs that the regulatory framework is evolving, but there 
needs to be a much more rapid regulatory response to the changing requirements of the 
monopoly wires businesses if the electricity market in GB continues to evolve at its 
current pace.   
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7.3 Embedded benefits 

In GB, distributed generation receives what are termed "embedded benefits".  These 
are not actually benefits, but rather are costs that are avoided by the party registering 
the meters (generally a supplier).  Suppliers are liable to pay a variety of charges for 
use of the wider system on behalf of the meters they are responsible for (customers or 
embedded generators).  Some of these charges are levied on the supplier’s net 
metered volumes at the local Grid Supply Point (GSP), where the lower voltage DNO 
connects to the high voltage transmission network.  The embedded generator reduces 
the supplier’s net demand position and thus the costs arising from these market wide 
arrangements.  The future of these embedded benefits is a hot topic currently amongst 
and between industry and the regulator.   
 

7.3.1 Transmission use of system charges 

To recover the costs of installing and maintaining the whole GB transmission network, 
the direct system users (large generators and licensed electricity suppliers) pay 
Transmission Network Use of System (TNUoS) charges, levied on a £/kW basis.  These 
charges depend on a user’s geographic location: there are 14 regional zones 
determined historically which are currently unlikely to change.   
 
Demand charges are higher in the south and lower in the north reflecting the imbalance 
between generation and demand.  For demand, the charge is calculated based on a 
supplier’s share of the use of the transmission system at the time of the Triad (this was 
explained in section 6.2.3 in the context of demand management.)  
 
Embedded generators reduce a supplier’s TNUoS charge, which are billed on a net 
rather than gross position by GSP over the three Triads.  By reducing the supplier's net 
demand, the generator gains a share of this benefit by running during the critical Triad 
periods.  The power purchase agreement (PPA) that the generator signs will state the 
share of the benefit passed to the generator which is typically 90-95% of the supplier’s 
saving.  As the Triad “reward” comes via the supplier’s reduced TNUoS bill it is based 
on the Demand TNUoS charge.   
 
A modern, clean and relatively efficient generator would elect to generate over all winter 
peaks (4-7pm November to February inclusive) to ensure it runs during each Triad 
period.   
 
The TNUoS tariff in £/kW is recalculated each year using a model which looks at the 
match between generation and demand nationally and the resultant costs of moving 
power.  Total revenue has increased faster than inflation, owing to the need to replace 
life-expired parts of the network and expand it to connect new generation sources, such 
as offshore wind.  As all transmission owners are allowed to recoup their regulated 
revenue, the increasing revenue will increase transmission revenue and therefore Triad 



The Past, Present and Future 
 of Embedded Electricity Generation  

in Great Britain 

  

 

© Waters Wye Associates 2016  Page 96 
 

 

benefits.  Zonal charges change each year as the model recalculates network power 
flows (mainly caused by new or retiring generation changes).   
 
Charging levels are also affected by regulatory decisions on the appropriate split of 
charges between demand and generation.  Foreseeable changes, including the impact 
of a recent EU Directive, are going to increase the share of charges on demand and 
reduce those on large generators, thus increasing the benefit for embedded generators. 
 
Historically, TNUoS charges for demand have increased much more rapidly than 
general inflation.  This has been in part caused by the need to replace life expired parts 
of the transmission system, the bulk of which was constructed in the 1960’s, with an 
expected 40-year life.  More recently, the need to significantly expand and reinforce the 
system to connect new renewable generation capacity in more remote locations (such 
as offshore wind) has led to an even more marked year on year increase in TNUoS 
charges, despite falling transmission demand.  An example is given below.  
 
Chart 7.3: Maximum TNUoS Demand Charge vs Transmission Demand 

  
Source: National Grid 
 

7.3.2 Transmission losses  

Arguably, embedded generators, by virtue of being notionally located closer to where 
electricity is consumed, reduce the losses inherent in transmitting electricity across the 
transmission network.  The cost of losses is recovered through adjustments to the 
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energy that users deliver, or take from the market.  As the party responsible for a 
supplier’s energy account can net embedded generation off their demand requirement, 
embedded generation essentially reduces a supplier’s liability to pay for transmission 
losses.  This is estimated to be around 2% of the wholesale cost of energy.56 
 

7.3.3 Distribution use of system charges 

To try and reduce the system investment required to meet the peaks, the DNOs use 
time bands; a seasonal time of day period determined by each DNO to reflect the time 
of system peak.  These time periods differ depending on the voltage of connection.  The 
“super red” time periods for higher voltage connected customers is shown below.  The 
teatime (dinner) peak in all DNOs areas will also coincide with the likely Triad period, so 
generation in these periods may result in a use of system credit and a Triad benefit. 
 
Chart 7.5: DNO Red Time Bands 

 
Source: WWA 
 

7.3.4 Balancing Services Use of System 

NG, as the SO, is responsible for ensuring that the GB interconnected system (i.e.  
including Scotland) is secure and stable at all times.  As considered earlier, this 
includes: managing unwanted side effects of transmission and some types of demand 
(i.e.  reactive power); or overcoming network constraints (where the wires are not large 
enough to take generation to demand).  Also, as electricity cannot be stored directly, 
generation and demand must be matched real time at all times. 
 

                                            

56 We note that the ongoing CMA enquiry is recommending changes to the way in which transmission 
losses are charged. 
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To recover its costs as SO, NG levies Balancing Services Use of System (BSUoS) 
charges on the users (large generators and licensed electricity suppliers)57 of its 
network.  BSUoS is calculated for each half hour and applied as a flat tariff on a £/MWh 
basis. 
 
Embedded generators usually have no direct relationship with NG and so they have no 
direct liability for BSUoS.  Instead, a supplier will register an embedded generator’s 
meter to its energy account in the wholesale market and as a result is liable for payment 
of all charges associated with that meter.  Since an embedded generator reduces a 
supplier’s demand from the central transmission system it reduces that supplier’s 
BSUoS charge and so can obtain a share of the associated benefit.  The scale of this 
benefit will depend on the terms of the generator’s PPA.  Again, similar to transmission 
charges, the evolution of the energy mix is increasing the costs of balancing the system 
as the chart below shows.  
 
Chart 7.6: Average BSUoS 2011-2015 
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  Source: WWA from National Grid data 
 
 

WWA considers that the embedded generation regime has successfully supported the 
connection of significant quantities of distributed generation.  This has resulted in new 
challenges particularly for the SO. 

                                            

57 Interconnectors have been excluded since August 2012. 

http://www2.nationalgrid.com/UK/Industry-information/Electricity-transmission-operational-data/Report-explorer/Services-Reports/
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7.4 Benefits of distributed generation 

There are a range of benefits associated with distributed generation, including 
generation behind the meter.   
 

7.4.1 Carbon reductions 

The switch from carbon based generation to renewable forms of generation is having, 
and will have, a direct impact on the amount of carbon dioxide that is released in the 
UK.  Most of the embedded generation installed in GB is renewably sourced (~72%, see 
Table 4.1), and the expectation is that this share will continue to rise.  Around 52% of 
the renewable capacity in GB is embedded. 
 
Even the thermal embedded plant, given its efficiency and limited running hours tends 
to have substantially lower emissions levels than the older, larger thermal plant, carbon 
dioxide is slightly less of a concern.  In the GB market, the government is moving to 
implement tighter Nitrous Oxide emissions limits than those that will be required by the 
EU's Medium Combustion Plant Directive (MCPD), from smaller, 1-50MWth plants.  
Tighter emissions controls could see embedded plant develop in such a way as to 
achieve environmental goals as well as providing greater flexibility.  
 

7.4.2 Increased diversity 

With the growth in embedded generation, the diversity of the system is changed.  The 
use of gas is reduced, albeit that there remains a significant amount of gas capacity, 
and its role is changing from baseload to more of a balancing role.  The growth of solar 
and wind is evident.  This of course has consequences for the distribution system and 
transmission system operators that are discussed later. 
 
Plant that is smaller will also provide a wider variety of technologies and fuel sources. 
This diversity has a security of supply benefit as there are many more points of failure 
required to achieve the same disaster.  Not only is the economy not at risk from one 
specific plant having production issues, but there is less risk from a single fuel shortage.   
 

7.4.3 Reduced transmission investment costs 

As more generation moves into the distribution system, this should, in principle, reduce 
the need to invest in transmission.  However, as yet, this benefit has yet to be realised.  
This is particularly an issue in the UK since much of the renewable energy capacity is 
located considerable distances from the sources of demand.   
 
The power flows in the UK are traditionally North to South.  Much of the wind generation 
is located in the North of the United Kingdom, due to weather patterns.  There will also 
be an increasing amount of offshore wind generation coming into the country on the 
East Coast.  The spread of offshore developments around the coast should help to 

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32015L2193


The Past, Present and Future 
 of Embedded Electricity Generation  

in Great Britain 

  

 

© Waters Wye Associates 2016  Page 100 
 

 

improve the overall load factor of the technology and forecastability, but it remains a 
substantial distance to transport the power to the consumer. 
 

7.4.4 Reduce losses (lower carbon and costs) 

One of the consequences of having generation located at a distance from demand is 
the creation of transmission losses.  In principle, these losses would be reduced by the 
changing energy mix and the resultant change in location – from centralised to 
distributed generation.  In addition to transmission losses, it is feasible to reduce 
distribution losses also, depending on where embedded assets are place in relation to 
demand.   
 

7.4.5 Reduced capacity requirements 

The change in energy mix might in fact lead to an increase in the amount of electricity 
required.  The move to electrical storage (directly or in the form of electrical vehicles) 
and electric air heating (for houses) can in some scenarios increase the amount of 
generation that might be required. 
 

7.4.6 Short build time 

A significant level of new generating capacity is required in GB over the coming decade 
(as demonstrated in the FES scenarios).  Many of the transmission assets take a 
minimum of 4 years to build (including planning consents and environmental permitting).  
Many can take much longer from the time a project is conceived to completion.  The 
(potential) new Hinkley nuclear plant is still at least a decade away, after years of 
discussion, negotiation, planning, design approval, etc.  Many embedded plants are 
able to be built in a matter of months from the point at which the project is conceived.  
Even with connection or planning delays, an embedded plant can typically be built in 
less time than a swiftly built CCGT. 
 

7.4.7 Cost effective demonstration 

Parties are more willing to bring new technologies to the market in smaller units to test 
their technologies, for example batteries have been proposed at <50MWs, but there is 
no reason that the leading technologies may not be scaled in future.  Accommodating 
cutting edge technologies of a smaller scale can also be less risk for the SO, who can 
accommodate a smaller plant behaving in an unexpected manner more easily than a 
larger plant. 
 

7.5 Do the costs exceed the benefits? 

A concern with the scale of embedded benefits is whether they truly reflect the avoided 
costs of either the distribution or transmission companies.  In 2014, NG carried out a 
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review of embedded generation.  No changes to the embedded benefits followed that 
review.   
 
However, there is industry wide concern, including Ofgem, that the case for embedded 
benefits is no longer clear.58  We have already discussed some of the issues under 
consideration: 
 

 The connection of some generation is now causing system reinforcement 
requirements.  In principle, these should be reflected in connection charges.  
However, connection charges at the DNO level are relatively “shallow” in their 
definition and therefore may not properly reflect the costs of system 
reinforcement;  

 Some embedded generation is now causing exports onto the high voltage 
transmission grid which may lead to further system issues.  This causes some 
system balancing issues, but it also lays bare the inefficiencies of the “use of 
system” charging system.  Because these plants are technically classed as 
embedded, they are not (currently) subject to transmission use of system 
charges even though some are in fact using the transmission system;  

 Another difficulty is separating out the impact of these incentives on the wider 
energy prices.  The triad has not only historically reduced the need for 
transmission investment, but the generators that are self-dispatching are 
lowering the peak prices.  This could represent a significant benefit to 
consumers, but it is difficult to quantify.   

 Furthermore, the suppression of peak prices will make it more difficult for the 
larger power stations to remain open.  As their running hours decline (due to the 
increasing volumes of renewable energy) they need higher prices for fewer hours 
to remain profitable, and the embedded power stations are then shaving these 
prices.  The government’s response has been the introduction of the Capacity 
Market, so customers may benefit from lower prices, but are also now paying for 
capacity payments. 

 
The interactions of all of these factors are making it very difficult for the regulator to 
decide how to balance these competing signals and unravel the scale of costs and 
benefits that can be attributed to different types of generation.  It is clear that no one 
would start where the GB market is, but the question is how to transition from larger, 
high carbon, to more intermittent, renewable energy sources. 
 

                                            

58 DECC, Government Response to the March 2016 Consultation on Further Reforms to the Capacity 
Market, May 2016 

http://www2.nationalgrid.com/UK/Industry-information/System-charges/Electricity-transmission/Transmission-Network-Use-of-System-Charges/Embedded-Benefit-Review/
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/521301/Govt_response_to_March_2016_consultation_FINAL.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/521301/Govt_response_to_March_2016_consultation_FINAL.pdf
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7.6 Role of electrical storage 

There have been exciting developments in the development of electrical storage.  It 
seems from press reports as if we are on the verge of economic domestic electrical 
storage.59  We are also seeing NG procuring electrical storage in its system balancing 
role.  Electrical storage could potentially play a significant role as a new provider of 
flexibility in the electricity system.  For example, excess renewable electricity on sunny 
or windy days can be stored, and released at a time when demand is higher or when 
the network is less constrained.  The ERP report shows how storage can manage much 
of the spill caused when demand is too low. 
 
Chart 7.7: The value of storage in solving curtailment issues 

  
Source: Energy Research Partnership, Managing Flexibility while decarbonising the GB 
electricity system 
 
However, there are several issues which could act as barriers to storage developing 
and reaching its full potential in the near term: 

 The regulatory/legal classification of storage is unclear since storage can be 
classified variously as "consumption" and/or "generation" and/or “supply” and this 
is creating regulatory challenges;  

 The generation/supply classifications can create problems where storage is 
undertaken by network operators; 

 Distribution charges can mean sites pay DNO charges when importing energy 
and are paid DNO credits when exporting similar volumes of energy, often within 
the same settlement period.  DNO charges have not been designed with storage 
sites in mind and there is a good case to be made for pushing for a change in the 
relevant charging methodology. 

 
In the GB market historically storage was only large pump storage used for fast 
frequency response and reserve.  These sites have been treated as generation, but that 
classification may not work well for smaller, battery style storage, which charges and 

                                            

59 See the Energy Storage Association 

http://erpuk.org/wp-content/uploads/2015/08/ERP-Flex-Man-Full-Report.pdf
http://erpuk.org/wp-content/uploads/2015/08/ERP-Flex-Man-Full-Report.pdf
http://erpuk.org/wp-content/uploads/2015/08/ERP-Flex-Man-Full-Report.pdf
http://energystorage.org/energy-storage/energy-storage-technologies
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discharges very quickly.  DECC and Ofgem are now considering if storage needs its 
own separate regulatory and charging regime.  Earlier consideration of these issues 
may have helped deploy storage technologies faster than is being seen as developers 
are fighting against a set of market rules and charges that are not designed around their 
needs or their strengths. 
 

WWA believes that a charging policy structure could provide sharper signals about the 
use of current assets and the location of new assets all the way through the market.  As 
we discuss below, regulation also has a role to play. 

 

7.7 Stranded assets 

7.7.1 Transmission assets 

There has historically been a concern that the monopoly wires businesses would end up 
with stranded assets if they overinvested.  In fact, the opposite has been true on the 
DNO networks; the monopolies have struggled to keep up with the demand for capacity 
from embedded generation.   
 
This tension between the regulator trying to ensure only efficient investment occurs and 
the DNOs need to either predict, or rapidly respond, to changes in demand has not 
really been resolved as of yet.  Instead the focus has been on Ofgem trying to improve 
the connection policies of the DNOs.   
 
It may have been more efficient for the DNOs to have undertaken some strategic 
investment, as much of the embedded generation is indifferent to location, and could 
have been incentivised to use up spare capacity.  Transparent pricing signals can be 
used to incentivise investors to make best use of the available capacity, but the 
experience in the GB market is that it is difficult to strike the right balance between cost 
reflectivity and transparent. 
 
The most interesting stranding asset issues are around transmission.  In 2010 there 
was a debate around the stranding of assets built for large generators in the event that 
they were either not built, or closed early.  At that time there was no evidence of 
stranding, with new stations being historically built on the site of closed plants.  
However, since then the GB market has started to see the peak demand on the 
transmission network fall as demand is met by embedded generation.   
 
This suggests that the transmission system itself is becoming stranded as the 
generators connected to it are fewer and run less and consumer demand is satisfied 
even with transmission flows falling.  This means that there are fewer parties for the 
Transmission Operator (TO) to bill.   
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It may be the case that the transmission network is becoming an insurance policy 
against demand being higher than the DNO can accommodate, or to move larger 
renewables, such as offshore wind, to the market.  This change in thinking is only 
starting to be realised by industry participants. 
 
If the transmission flows start to fall the question about who pays for that insurance 
needs to be resolved and NG are currently undertaking a review of its charging to try 
and address this problem.  It is possible  that a fixed charge on all consumers could be 
introduced, alternatively the DNOs could be charged as well as the customers, on the 
basis that the DNOs are using the TO to back-up their own networks (and therefore do 
benefit from the transmission network).   
 
However, leaving charges based on only those using the system in the three peak half 
hours is likely to result in fewer parties paying ever increasing charges.  This is unlikely 
to be politically acceptable, nor acceptable to transmission connected generators who 
are unable to benefit.  
 

7.7.2 Generation assets 

There has been considerable debate about the stranding of larger generator assets as 
their load factors have altered in response to the changes in the generation mix.  The 
government’s response has been the introduction of a Capacity Market, where the 
generators are paid for having capacity available, even if it does not operate frequently.   
 
This type of insurance policy may be necessary if a system requires some larger, 
synchronous generators remain on the network for both back up energy and also help in 
system management.  It could be argued that the GB market has gone too far in the 
move to embedded generation, with the pricing structure over-rewarding the smaller 
parties.  However, it would seem inevitable in a market that is moving toward low or no 
carbon generation that the technologies are likely to be smaller, with the exception of 
nuclear power. 
 
The next chart shows the expected generation hours per type of capacity across the 
FES scenarios, as compared to 2014.  It is very clear that policy combined with market 
conditions has already had an impact on wholesale markets and the load factors of 
thermal plant.  This has led to (early) closures and accounting impairments on most of 
the major GB generators. 
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Chart 7.8: Power generation across FES Scenarios, 2025 and 2035 

  
Source: National Grid, Future Energy Scenarios 
 
Power prices, and particularly clean spark spreads, as shown in Chart 7.9, are at 
historical lows and have been for some time.  This has caused existing CCGTs to close 
or mothball.   
 
Current spreads are viewed by the market (and by NG) as a reasonable starting point 
for the view of ongoing spark spreads.  DECC take an even worse view of forecast 
spark spreads (shown in Chart 7.10).  With an outlook like this, many generating 
companies are having to close and/or impair their assets.   

http://fes.nationalgrid.com/fes-document/
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Chart 7.9: National Grid Price outlook incl. Clean Spark Spreads 

  
Source: National Grid, Future Energy Scenarios 
 
 
Chart 7.10: Comparison of NG and DECC spark spread forecast 

  
Source: National Grid, Future Energy Scenarios & DECC  
 
Even with the Capacity Market, many existing larger plants who have not won 
agreements have either announced their impending closure or already closed, including 
one plant that had a Capacity Market agreement for 2018/19.  SSE’s Fiddlers Ferry 

http://fes.nationalgrid.com/fes-document/
http://fes.nationalgrid.com/fes-document/


The Past, Present and Future 
 of Embedded Electricity Generation  

in Great Britain 

  

 

© Waters Wye Associates 2016  Page 107 
 

 

(~2GW) determined that the better economic outcome was to pay a £33m fine to shut 
the plant rather than meet its ~1.3GW Capacity Market commitment in 2018/19.   
 
Chart 7.11 below shows how the generation profile has changed in GB as a result of 
renewables.  Major power producers are increasing renewables capacity and output, 
while their thermal assets have been losing market share.  It is interesting that 
independent generators’ overall share of the market has remained relatively constant 
over this period. 
  
Chart 7.11: Evolution of generation profile  

 
Source: Digest of UK Energy Statistics Table 5.1.3 
 
The effect of the evolving market is an increase in generation asset impairments as 
shown in Chart 7.12 below.  This is occurring in the UK in roughly the same proportion 
as the rest of Europe, so clearly the issue is not (entirely) caused by UK only regulation 
or policy.  The four biggest impairment contributors between 2010 and 2014 across 
Europe were Engie (formerly GDF Suez), E.ON, Enel and RWE, and all but Enel are 
very active in the UK market.   
 

Where stranded assets do start to arise policy makers will have to make hard decisions 
about alternative revenue streams for their owners or allowing the assets to shut. 

 

 

https://www.gov.uk/government/collections/digest-of-uk-energy-statistics-dukes
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Chart 7.12: UK Generation Asset Impairments 

  
Source: EY 
 
The Capacity Market was intended to address some of the risks associated with 
stranded assets associated with renewables capacity and an evolving market.  Clearly, 
as demonstrated by SSE’s decision with Fiddlers Ferry, the Capacity Market is not 
sufficient. 
 
  

http://www.ey.com/Publication/vwLUAssets/EY-benchmarking-european-power-and-utility-asset-impairments-2015/$FILE/EY-benchmarking-european-power-and-utility-asset-impairments-2015.pdf
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8 The Future of Centralised Supply 

 

8.1 Recent market history 

We have previously explained above the key changes in the UK’s energy mix since 
privatisation in 1989.  Today, GB generation can be split into a number of different 
sectors that face slightly different rules and incentives.   The graph below shows the 
current makeup of the UK electricity market.  We note in passing that the UK is now 
experiencing times when there is zero coal or gas output, as the roll-out of wind and 
solar continues apace. 
 
The change in the generation mix is summarised in the diagram below.  This shows the 
rapid increase in gas fired generation through the 1990s.  The gentle decline in coal can 
be seen.  The advent of wind generation and other renewables is clear from 2000 and 
picking up pace in the past five years.   
 
Chart 8.1: The changing generation mix since privatisation 

  
Source: Digest of UK Energy Statistics Table 5.1.3 
 

A change in the generation mix similar to that seen by the UK (and other EU countries) 
does significantly alter the role of the SO and potentially create the need for regional 
SOs as well. 

 
The recent CMA report into the energy market provided an indicative merit order 
showing how the various types of generators currently rank in terms of cost. 

https://www.gov.uk/government/collections/digest-of-uk-energy-statistics-dukes
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Chart 8.2: GB Generators Merit Order 

  
Source: CMA, Energy Market Investigation 
 

8.2 Impact of carbon targets, renewables targets and subsidies  

The Committee on Climate Change (CCC), as part of its statutory reporting 
requirements, shows how UK emissions have changed since 1990.   
 

https://www.gov.uk/cma-cases/energy-market-investigation
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Chart 8.3 Reduction in emissions 

 
Source: CCC, Fifth Carbon Budget 
 
The report shows that provisional emissions statistics for 2014 indicate that UK 
domestic greenhouse gas emissions were 520 MtCO2e – an 8% decrease compared 
with 2013. Emissions are now 36% below 1990 levels.  
 
The CCC notes that the large drop in emissions in 2014 is welcome, particularly given it 
occurred in a year with strong economic growth.  The CCC notes that the large 
reduction across the economy was driven by falls in emissions from buildings, industry 
and power generation, many of which reflect one-off changes and uncertain factors, 
rather than replicable, ongoing trends.  Thus, the intense interest in renewable energy, 
and behind the meter energy provision, can be seen in context.  The hoped for power 
sector emissions trajectory is shown in the next chart. 

https://documents.theccc.org.uk/wp-content/uploads/2015/11/Sectoral-scenarios-for-the-fifth-carbon-budget-Committee-on-Climate-Change.pdf
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Chart 8.4: Emissions Projections 

 
Source: CCC, Fifth Carbon Budget 
 

8.3 System operability issues due to the move from centralised generation 

8.3.1 The widening gap between minimum and maximum peak transmission 
demand 

One key issue associated with increased distributed generation is the widening gap 
between minimum and maximum peak transmission demand.  The embedded 
generation reduces the system demand, but the inflexible generation on the 
transmission network, such as wind and nuclear has no demand to use it.  This creates 
the need to develop new services such as Demand Turn-Up.  There are also time shifts.  
Already, the summer minimum demand has shifted from 6am to nearer 7am, attributed 
primarily to solar PV (see next Chart).   
 
In the Consumer Power scenario, where solar PV reaches 18GW installed in 2020 (from 
5.2GW in 2014), summer minimum transmission demand falls to ~15GW.  Maximum 
demand on the same day will be nearly 30GW.   
 
The situation is even more pronounced in 2035, where demand could fall to as low as 
5GW under a high solar Consumer Power scenario, while maximum demand on the 
same day remains at ~30GW.  This would require greater control from currently 
inflexible generation to match the demand profile. 
 
These daily differentials require that an increasing level of generation will need to 
remain on standby during the day.  Much plant will be running at its minimum designed 

https://documents.theccc.org.uk/wp-content/uploads/2015/11/Sectoral-scenarios-for-the-fifth-carbon-budget-Committee-on-Climate-Change.pdf
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level, and will be highly sensitive to fluctuations in demand that could have the potential 
of pushing them to lower output.  These new running regimes are also impacting the 
economics of plants and forcing the government to consider other ways to reward 
investors, for example through the Capacity Market.   
 
The lowest demand in 2014 was 19GW, and this caused a prolonged period (7.5 hours) 
of negative prices, as wind was constrained off at its marginal cost (negative including 
the subsidy).  This is because sufficient dispatchable generation must remain 
generating to at least its minimum stable generation to ensure that trips are avoided and 
the system is destabilised.  In these cases, taking system instability into account it was 
more economical to pay wind generation to not generate than it was to pay dispatchable 
generation to “go cold” or operate below stable levels.  With increasing levels of 
intermittent generation, distributed and transmission connected, these similar situations 
will become more and more common. 
 
This issue is well understood, and has been recognised for some time.  Under the other 
FES scenarios this will be an issue, despite much lower solar PV penetration.  In the 
Slow Progression scenario, the same minimum transmission demand appears in 2035 
as seen in Consumer Power in 2020, indicating that while the timing of these extremes 
is unknown, the trajectory is well underway. 
 
The perceived solutions will require a mix of activities and technologies by a mix of 
stakeholders.  Demand Side Response (DSR) provision by larger industrial and 
commercial players will be facilitated by aggregation specialists, policy support (capacity 
payments) and National Grid initiatives (Power Responsive). 
 
Domestic DSR will be facilitated to some extent by smart meters, though there is wide 
debate by how much behavioural change is likely, even with time of use (half-hourly) 
tariffs.  Survey data suggest that c.25% of consumers would be interested in time of use 
tariffs.  DECC bases its assumption of an additional 20% take-up of static time of use 
tariff, in addition to those already on Economy 7 tariffs, on international evidence and 
GB trials.   
 
There is also the potential that automatic home level self-balancing will play a part, 
where appliances within the home fluctuate their usage depending on the internal and 
external signals.  So, for example voltage variations would cause heating and 
refrigeration to pause etc., within a predefined threshold for comfort and safety.   
 
Appliance load can also be prioritised, so that the heating, refrigeration, kettle and oven 
are not running at the same time.  Or the dishwasher and the washing machine and 
shower as another example.  So long as these activities do not materially inconvenience 
the homeowner, nor require any action of behavioural change on their part, it appears 
likely that the technologies that enable this contribution of DSR to balancing could be 
valuable flexibility assets.   

http://www.powerresponsive.com/
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There is also a view in NG and DECC that interconnection could and perhaps should 
play a prominent role, though there is cognizance of the risks inherent in relying on non-
GB sources for security of supply.  It raises the very obvious question of how another 
country might prioritise flows in the event there were simultaneous shortages.  This is of 
course a two-way street. 
 
There is an increasing focus on flexibility to help manage the future system.  DECC and 
Ofgem are jointly facilitating a workstream looking at the regulations and policies that 
will facilitate increased flexibility.  It is focussing on DSR, storage and distributed 
generation technologies.  There is also a focus on engaging DNOs to take on increased 
responsibility for system operation, which will be an interesting development. 
 
NG is also working with current generation providers to explore and develop the 
commercial opportunities for plant that are able to start and stop multiple times per day, 
in addition to having the capability to generate with short notice, from cold.   
 
An illustration of the impact of the growth in embedded generation on the transmission 
system is shown below.  Taken from NG’s FES, it can be seen that by 2035, there could 
be a 17GW swing on the system, solely based on the extent of cloud cover and its 
impact on solar PV production. 
 
Chart 8.5: Summer Transmission Demand – Consumer Power Scenario 

 
Source: National Grid, Future Energy Scenarios 
 
Over time, as the capacity outlook above shows, there is an expectation that the shape 
of demand will continue to change with the introduction of smart metering, take up of 
electric cars and ultimately the roll out of smart grids.  However, industry experts have 

https://www.ofgem.gov.uk/publications-and-updates/open-letter-facilitating-efficient-use-flexibility-sources-gb-electricity-system
http://fes.nationalgrid.com/fes-document/
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differing views on the overall impact of these changes.  To aid consideration of the 
issues, the UK system operator, NG, System Operability Framework is designed to help 
assess the impacts of this changing environment. 
 
With increasing volumes of intermittent (and in some cases uncontrollable) generation, 
the security risk can now arise when the wind drops or a large cloud rolls in, suddenly 
reducing solar generation output.  This can cause not only security issues, but the types 
of generation connecting under renewable schemes cannot provide the ancillary 
services that help maintain the quality of supplies that NG, as the SO, is required to 
maintain.  These services include keeping the system frequency stable, maintaining the 
right voltage and coping with transmission failures.  The SO's demand for such services 
is therefore increasing.   
 

8.3.2 Is a certain amount of large centralised plant required? 

In its Future Energy Scenarios, NG looks at the impact on the supply and demand 
balance arising from 4 scenarios, each of which has different outlooks for the 
development of, in particular, embedded generation.  NG concludes the increasing 
operability presents challenges for the electricity system.  NG shows that: 

 Future summers will see periods of low transmission demands due to the 
increasing amounts of small scale generation; 

 With the output from low carbon generation at such a level, the UK will face 
system balancing challenges.  Minimum demand could fall below 5 GW by 2030, 
which is below the expected level of inflexible generation; and 

 Innovative solutions will be required to address these challenges.  For example, 
greater flexibility from existing sources of generation and demand, greater use of 
interconnection, the development of energy storage, more demand side 
response, and new balancing products. 

 
The Committee on Climate Change (CCC) has published the following comparison of 
demand in 2014 and a world in which there is a significant expansion of nuclear, wind 
and solar.  This shows that there will be times when the provision of inflexible or 
uncontrollable electricity will lead to situations when demand is less than supply.  The 
CCC makes four suggestions as to what will be required to handle this issue:  

 Flexible unabated gas storage; 

 Greater interconnection; 

 Demand side response; and 

 Energy storage technologies. 
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Chart 8.6: Demand in 2014 Relative to Hourly Wind and Nuclear 

 
Source: CCC, Power Sector Scenarios for the Fifth Carbon Budget 
 
Chart 8.7: Future Demand Relative to Hourly Wind and Nuclear 

 
Source: CCC, Power Sector Scenarios for the Fifth Carbon Budget 
 

8.4 Incentivising new build 

Despite the risks inherent in generation capacity investment, the GB system has 
delivered substantial new investment since privatisation.  However, the transformations 
required by decarbonisation, and the greater price volatility due to increased 
deployment of intermittent renewable generation, have led to the introduction by DECC 
and Ofgem of two new mechanisms designed to encourage the right investment 
decisions:  

https://www.theccc.org.uk/publication/power-sector-scenarios-for-the-fifth-carbon-budget/
https://www.theccc.org.uk/publication/power-sector-scenarios-for-the-fifth-carbon-budget/
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 DECC introduced Contracts for Differences (CfDs) in 2014 to fund renewable, 
nuclear and other low carbon generation capacity, with the first round of 
competitive allocations this year; and 

 DECC introduced the Capacity Market in 2014, due to start paying for capacity in 
2018, to reduce the risk involved in owning carbon-based thermal generation and 
in installing equipment for DSR solutions 

 

8.4.1 Contracts for Differences 

The government has introduced CfDs to replace ROCs as the main mechanism for 
incentivising investment in low carbon generation.  Unlike ROCs, which take the form of 
a payment on top of the revenue generators receive from the wholesale electricity 
market, under CfDs, generators are paid the difference between a strike price (which is 
fixed in real terms) and a market reference price.  CfDs typically have a duration of 15 
years.  Electricity suppliers finance the CfD payments to generators by paying a 
contribution to the CfD counterparty based on their share of total metered demand. 
 
Bidding for the first competitive allocation round took place in January and February 
2015.  In the first auction, CfDs were allocated to 27 renewable generation projects, 
comprising a total of 2.1 GW of capacity, due to commission between 2015/16 and 
2018/19.  The total amount of support awarded to these projects through CfDs is 
projected to be approximately £315 million per year in 2020/21. 
 

8.4.2 Capacity Market 

The new Capacity Market (CM) places an obligation on NG, as the EMR delivery body, 
to maintain a capacity margin to meet a predefined security standard (LOLE).60  LOLE is 
a technical concept, but in essence it means that the volume of capacity that is procured 
in the auction is designed to be sufficient to meet peak demand with a probabilistic 
expectation of three hours per year of system stress.  The government decides the 
precise volume of capacity that is to be acquired in every capacity auction, on advice 
from NG (incorporating its Future Energy Scenarios).   
 
Any capacity that benefits from a FiT, the RO or a CfD is not permitted to take part in 
the CM, so assumptions of the levels of these capacities and their contribution to peak 
demand is netted off the volume of capacity required for the capacity auction. 
 
The market is designed to pay installed capacity a fee (capacity payment) for having a 
set number of MWs available, with obligated parties required to deliver energy in times 
of “system stress”.  Those failing to deliver their obligations face penalties up to the 
value of the payments they could have received in any given delivery year. 
 

                                            

60 See footnote 9 for definition. 
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The CM is governed by the Capacity Market Rules and the Capacity Market 
Regulations 2014 (as amended).  As the CM is new the amendments to the legislation 
are ongoing, largely with DECC having to adjust the mechanism to facilitate changes 
required by the EU Commission and to correct errors and operational issues that have 
come to light.  The CM Rules are governed by Ofgem who, along with other parties, can 
propose changes annually.  The interaction of the rules and regulations make this a 
complex mechanism and parties should expect changes in the coming years as the 
market evolves. 
 
NG advises DECC on its electricity capacity assessment and the Secretary of State 
then decides whether or not to instruct NG to hold a capacity auction and, if an auction 
is held, how much capacity to purchase.  NG has a licence obligation to secure the 
capacity required, with reference to the wider market, to achieve the government’s 
required security standard economically and efficiently.   
 

8.4.3 Alternatives to a Capacity Market 

No doubt it is clear from this report that the electricity market is a very complicated 
interaction of stakeholders, market arrangements and technical requirements.  The 
Capacity Market that has been implemented is no less complicated. After two auction 
years and no delivery years (the first delivery starts in October 2017) there have already 
been a few rounds of rule changes by the government and Ofgem.   
 
 In effect, the government has accepted responsibility (or granted it to National Grid) for 
what is almost a centrally planned system. There are key differences from a planned 
system: 

 Rate of return is not protected (renewables are most protected); and 

 Technology neutrality. 
 
In theory; the government does not care what kind of capacity comes forward, though it 
hints that it expects a certain amount of gas capacity to come online in the coming 
years.  The question is: Can it be done differently? What alternatives are there? 
 
DECC chose a delivery versus availability model very early on in its design.  This 
means that all plant with a Capacity Market Agreement must generate in a System 
Stress Event.  If a plant does not generate in a System Stress Event, it is penalised.  
The Rules do allow for some risk mitigation within the rules, but nonetheless the 
incentive to generate in the event of system stress is clear. 
 
The availability model required that the plant makes its availability known to the system 
operator in every settlement period. If the plant says it is available, is called and does 
not run, it is penalised. 
 
The key reasons the availability model was not chosen were: 
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 It would be more complicated, or a barrier to entry for DSR and other embedded 
plant who are less engaged with the system operator (if at all); and 

 The perceived risk of gaming opportunities. 
 
Moving away from a Capacity Market entirely, but still focussing on security of supply, 
the government could also have opted for strategic reserve.  In this case, the 
government would have tendered separately for generation plant that would sit outside 
the market and only generate when required.  The government did in fact implement a 
type of strategic reserve (Supplemental Balancing Reserve - SBR) over the last two 
winters (and the coming winter).   
 
Unexpected plant closures due to poor economics meant that the outlook for the winter 
was an increased probability of generation shortages.  Despite being warned by 
industry of the market distortions, the government felt it had no option but to pay some 
of these closing plant to remain available for the winter.  A significant complication was 
the requirement to not favour any parties, so a tender was held.61  
 
The government discovered in that tender that much more capacity than expected 
(5.4GW) was in financial straits and tendered in to an auction to close for the winter (but 
remain available).  This had the effect of reducing supply further, since many of those 
plant that had announced closures (2.3GW required) submitted a higher bid to remain 
financially viable than those still (though barely) able to stay open.  
 
The following table shows the plant that have been held aside for winter 2016/17 for 
SBR. 
 
Table 8.1: Winter 2016/17 Plant in SBR  

Plant MW

Eggborough Coal 775

South Humber CCGT 750

Peterhead CCGT 750

Killingholme CCGT 600

Fiddlers Ferry Coal 480

Deeside CCGT 250

Corby CCGT 353

Fiddlers Ferry GTs 34

Keadby GT 23

South Humber CCGT 20   
Source: National Grid 
 

                                            

61 National Grid, SBR 2015/15 Market Information 

http://www2.nationalgrid.com/UK/Services/Balancing-services/System-security/Contingency-balancing-reserve/Operational-Information/
../../AppData/Local/Microsoft/Windows/Graz2/Downloads/SBR%20Winter%202014-15%20Market%20Report.pdf
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After two years of SBR tenders, with market prices not improving, the government 
conceded and moved forward the first delivery year for the capacity market by one year, 
to 2017/18, and to put an end to SBR. 
 
The advantage of strategic reserve is that, on paper, it is cheaper.  The capacity market 
will cost at least £1bn every year, collected from consumers.  SBR costs in the 10s of 
millions.  But this is a false saving.  If plant is not paid the value of their capacity through 
the energy, ancillary services or capacity markets, then they will close and it will signal 
new investments not to build. 
 
A sensible Capacity Market design will ensure that all capacity is remunerated for its 
security of supply (capacity) value. Other markets or mechanisms should be 
implemented to ensure remuneration for energy supplied and provision of ancillary 
services. 
 

The need to secure peaking capacity for periods of low renewables output seems to 
have become widely accepted.  It is not yet obvious that the GB capacity market will 
provide a robust or economic solution to the problem. 
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9 Overall Conclusions 

WWA considers that the competitive market did deliver sufficient capacity to the UK 
electricity market.  It is not yet clear whether the new, more centrally planned approach 
will be as successful. 

 
 

WWA considers that one system operator has successfully managed the changing role 
of the electricity system.  However, the power of the SO over generators’ businesses 
has been a concern for parties and consideration is being given to having an 
independent SO. 

 
 

WWA considers that the embedded generation regime has successfully supported the 
connection of significant quantities of distributed generation.  This has resulted in new 
challenges particularly for the SO. 

 
 

WWA considers that the triad system has played an important role in the growth of 
distributed generation. 

 
 

WWA considers that, in GB, consumers are sufficiently “engaged" to see a good deal 
(which the early days of solar were) as opposed to a bad deal (which the Green Deal 
was). 

 
 

WWA considers that increasing the price of carbon could be a more efficient way of de-
carbonising the electricity industry than multiple, overlapping, schemes. 

 
 

WWA considers that the connection process will need improvement if it is able 
successfully to connect the increasing amount of distributed generation that wishes to 
connect. 

 
 

WWA considers that there are signs that the regulatory framework is evolving, but there 
needs to be a much more rapid regulatory response to the changing requirements of the 
monopoly wires businesses if the electricity market in GB continues to evolve at its 
current pace.   
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WWA believes that a charging policy structure could provide sharper signals about the 
use of current assets and the location of new assets all the way through the market.  As 
we discuss below, regulation also has a role to play. 

 
 

WWA considers that it will be necessary to align valuation of generation seen in the 
capacity market and the value of generation seen in NG’s tenders.  The tenders 
themselves would also benefit from greater transparency. 

 
 

WWA considers that too much focus has been put on the importance of smart metering.  
If smart metering is to be mandated, consideration should be given to the DNOs, not 
energy suppliers, being given the mandate. 

 
 

The need to secure peaking capacity for periods of low renewables output seems to 
have become widely accepted.  It is not yet obvious that the GB capacity market will 
provide a robust or economic solution to the problem. 

 
 

Persistent reviews and rule changes create a level of regulatory risk that make 
investment in generation extremely difficult. 

 
 

A change in the generation mix, similar to that seen by the UK (and other EU 
countries),does significantly alter the role of the SO and potentially create the need for 
regional SOs as well. 

 
 

In implementing some schemes it may be better to use trusted companies, or those that 
are heavily regulated (such as monopolies).  It may also be necessary to accept not all 
customers want to be engaged and it is a free market. 

 
 

Where stranded assets do start to arise policy makers will have to make hard decisions 
about alternative revenue streams for their owners or allowing the assets to shut. 
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10 Glossary 

 
ACT Advanced Conversion Technology 

AD Anaerobic Digestion 

BEA British Electricity Authority 

BETTA British Electricity Trading and Transmission Arrangements 

BIS Department for Business, Innovation and Skills 

BM Balancing Mechanism 

BMU Balancing Mechanism Unit 

BSC Balancing and Settlement Code 

BSCCo Balancing and Settlement Company 

BSUoS Balancing Settlement Use of System changes 

CCC Committee on Climate Change 

CCGT Combined Cycle Gas Turbine 

CCS Carbon Capture and Storage 

CDCM Common Distribution Charging Methodology 

CEB Central Electricity Board 

CEGB Central Electricity Generating Board 

CfD Contract for Difference 

CHP Combined Heat & Power 

CM Capacity Market 

CMA Competition & Markets Authority 

CMU Capacity Market Unit 

CPF Carbon Price Floor 

CPI  Consumer Price Index  

CPS Carbon Price Support 

CPSR Carbon Price Support Rate 

CUSC Connection Use of System Code 

DCC Data and Communications Company  

DCUSA Distribution Connection Use of System Code 

DECC Department for Energy and Climate Change 

Defra Department for Food and Rural Affairs 

DNO Distribution Network Owner 

DSBR Demand Side Balancing Reserve 

DSR  Demand Side Response  

DUoS Distribution Use of System 
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EAB Electricity Area Boards 

ECO Energy Company Obligation 

EfW Energy from Waste 

EII Energy Intensive Industry 

ELV Emissions Limit Value 

ENA Electricity Networks Association 

ERPS Enhanced Reactive Power Service 

EU ETS European Union Emissions Trading Scheme 

EUAs European Union Allowances 

FES Future Energy Scenarios 

FFR Firm Frequency Response 

FiT  Feed-in Tariff  

FPN Final Physical Notification 

GB  Great Britain  

GHG Green House Gas 

GVA Gross Value Added 

GDP Gross Domestic Product 

GSP  Grid Supply Point  

GW Gigawatt 

kWh Kilowatt Hour 

LCF Levy Control Framework 

LED Light Emitting Diode 

LOLE  Loss of Load Expectation 

LPG Liquefied Petroleum Gas  

MCPD Medium Combustion Plant Directive 

MW  Mega Watt 

MWh Mega Watt hour 

MWth Mega Watts Thermal 

NETS National Electricity Transmission System 

NGET National Grid Electricity Transmission 

NPV Net Present Value 

O&M Operation and maintenance 

OCGT Open Cycle Gas Turbine 

Ofgem Office of Gas and Electricity Markets 

OLR  Offtaker of Last Resort 

ORPS Obligatory Reactive Power Service 

PPA  Power Purchase Agreement  

PV Photovoltaic 

REC Regional Electricity Companies 
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RHI Renewable Heat Incentive 

RIIO Revenue, Incentives, Innovation and Outputs 

RO Renewables Obligation 

ROCs Renewables Obligations Certificates 

SBR  Supplementary Balancing Reserve  

SEC Smart Energy Code 

SMETS Smart Meter Equipment Technical Specifications  

SO  System Operator  

STOR Short Term Operating Reserve 

tCO2 Carbon dioxide, measured in tonnes 

TEC  Transmission Entry Capacity  

TNUoS Transmission Network Use of System 

TO Transmission Owner 
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