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This chapter discusses the impact of the 40%
House scenario on the energy infrastructure,
bringing together the substantial changes in gas
and electricity demand and high penetration of
low and zero carbon technologies (LZC) discussed
in previous chapters, and looking at the
implications for operation of the electricity
network. The influence of these changes for
carbon savings, peak demand, required new plant
capacity, and associated policy and investment
decisions are considered.

8.1 Introduction
UK generation capacity will change over the next
twenty years as 11.6 GW of coal plant are retired
and 10.5 GW of nuclear power stations are
decommissioned. New capacity will certainly be
required – the question is, what form should this
take? The 40% House scenario envisages a
capacity of 55.6 GW in residential LZC by 2050,
sufficient to meet the majority of heating and
electricity demands in households, whilst
assuming minimal changes in the carbon
intensity of centrally generated electricity. Major
changes in policy and investment patterns will be
required to support the family of LZC
technologies, thus avoiding building new

centralised fossil fuel plant and associated grid
reinforcement. New plant can also be avoided by
minimising peak demand for electricity through
the implementation of measures under the 40%
House scenario.

8.2 Demand, supply and carbon
emissions 

Overall, by 2050, energy demand in the home is
reduced to 64% of 1996 values under the 40%
House scenario (Figure 8.1), with changes in both
consumption of electricity and gas and the way in
which the demand is met.

Gas demand for space and water heating and
cooking is reduced by 38% due to better building
fabric, improved efficiency and use of solar
thermal systems. There is a dramatic switch from
conventional heating systems to combined heat
and power (CHP) boilers in 2030 which slows the
reduction in gas consumption, as additional gas is
required for the electricity generation component
of CHP.

Electricity consumption falls by 16% from 1996
levels by 2050, from 101.7 to 85.6 TWh. The 27%
reduction achieved in residential lights and
appliances (RLA) is offset by the increased use of
electric space and water heating in homes with
minimal space heating demand. These homes are
without a central heating system (since heating
demand is so low) but still require hot water and
some top-up heating, supplied by electricity
generated in the home.

Homes have become significant generators of
electricity, driven by the high levels of
photovoltaic (PV) installations and fuel cell micro-
CHP (Figure 8.2), and net annual exporters by
2045. Any individual dwelling with these LZCs
installed will both import and export electricity,
depending on demand, as will be the case for the
residential sector as a whole by 2030. These
imports and exports will inevitably make national
demand balancing and operation of energy
markets more complex. A change from the
present centralised operation towards a more
flexible decentralised approach is required,
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Figure 8.1: UK residential energy use, 40% House scenario, 1996-2050



capable of supporting high penetration levels of
distributed generation. Such issues are beyond
the scope of this project, but will be addressed by
future studies such as EPSRC’s SUPERGEN
consortium on highly distributed power systems.

8.2.1 Carbon emissions
The carbon savings under the 40% House
scenario depend on the relative emissions factors
of centrally generated electricity, residential gas
combustion and LZCs. The target of a 60%

reduction in carbon emissions is reached in 2045,
with additional savings from this point onwards
reducing emissions still further (Figure 8.3). From
2050, the residential sector remains on a falling
carbon trajectory. The 40% target is reached at
the same time that the residential sector
becomes a net exporter of electricity. In contrast
to recent studies (Johnston et al 2005), this
implies that the required savings can be made
within the housing stock alone, as a combination
of improved building fabric, reduced demand
from RLA, and introduction of LZC, and without
reliance on ‘supply-side fixes’ or the effect of the
net export of electricity.

Conservative assumptions have been made
regarding emissions factors from network
supplied electricity (see box) requiring greater
savings to be made within the building fabric,
lights and appliances and through installation of
LZC capacity to meet the 60% reduction target.
Emissions factors for LZC generated electricity,
from renewables and CHP, are assumed to be
zero. Renewables are inherently zero carbon
technologies. Emissions from CHP are more
complex since the electricity generated requires
additional gas consumption beyond that required
for heat alone (79 TWh of electricity generated
from 110 TWh of additional gas in 2050). For
simplicity, all emissions from CHP are attributed
to the heat demand, since CHP essentially
replaces central heating boilers; the electricity
from CHP is therefore assigned an emission factor
of zero.

Despite electricity demand rising to 2050,
carbon emissions reduce over the entire period.
This is primarily due to the widespread uptake of
LZC, especially post-2030, and reduced gas
consumption. Reductions in residential gas and
electricity consumption contribute 8.3MtC and
15.6MtC respectively. All this is achieved despite
the rise in household numbers. The average house
in 2050 will produce around a quarter of the
carbon emissions of 1996 (1.66 tC to 0.42 tC).
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Figure 8.2: Electricity generated by UK residential LZC technologies, 40%
House scenario, 1996-2050 

Figure 8.3: UK residential carbon emissions, 40% House scenario, 1996-2050
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8.3 Peak demand and supply issues
The 40% House scenario has consequences for
the electricity network, with a change in the
diversity of demand. In particular, generation
capacity and transmission and local distribution
networks must be sufficient to meet peak
demand to ensure security of supply. None of the
Royal Commission on Environmental Pollution
(RCEP) scenarios to achieve the 60% target have
sufficient generating plant to meet peak winter
demand, implying back-up plant capable of peak
operation (RCEP 2000 para 9.27).

8.3.1 Present peak demand
There are two key issues relating to the existing
network operation:
• The generation capacity required on the

network is determined by the height of the

maximum annual peak, presently winter
evenings (Figure 8.4). Minimising peak
consumption will reduce the amount of new
fossil fuel plant that will need to be built.

• Meeting the predicted rate of increase in
demand (gradient changes) requires plant to
operate at part-load for a significant period of
time (spinning reserve) in preparation for the
change in demand, which has a carbon
consequence. Traditionally coal plant has been
used, with additional pumped storage for rapid
response. Gradient changes can also be met
from modern gas plants, but the response is not
so rapid as for coal. Fewer and less steep
gradient changes in the national demand
profile would help save carbon and simplify
demand balancing.

The current peak load occurs on a typical winter
day in early evening. In 2002, the average winter
peak was 51 GW (Figure 8.5), from an installed
capacity of approximately 77 GW; the 25% excess
capacity covering plant unavailability
(maintenance, failure etc). This was sufficient to
meet the maximum recorded UK peak of 61.7 GW
in 2002 (DTI 2004a). Summer profiles are smaller
in magnitude and smoother, with no clear evening
peak, but a rapid gradient change (ie a rapid
increase in demand) still exists in the morning
(Figure 8.6).

The residential sector is partially responsible
for the morning gradient (Figure 8.5) and entirely
accountable for the evening rise and maximum
peak (EA 1998). The morning gradient arises from
people getting up at the same time for work, and

Emissions factors
The emissions factors for network supplied electricity assumed in the
UKDCM are outlined in Table 8.1. The projections from the Market
Transformation Programme (MTP) are based on historical data from the
National Atmospheric Emissions Inventory with future emissions utilising DTI
energy projections (DTI 2001a). The general trend is towards a decrease in
emissions factors as renewables and gas replace nuclear and coal.

The 40% House scenario takes the MTP emissions factors and projects
these beyond 2020, assuming nuclear retirements are offset by an increase in
renewables, so there is no net change in emissions factor. It is also envisaged
that gas will replace coal. This gives an emissions factor of 0.1 kgC/kWh from
2030 onwards.

Table 8.1: Emissions factors (kgC/kWh), UK, 1996-2050

Year MTP predictions 40% House scenario
1996 0.139 0.139
2000 0.136 0.136
2005 0.111 0.111
2010 0.106 0.106
2015 0.110 0.110
2020 0.107 0.107
2030 – 0.1
2040 – 0.1
2050 – 0.1

Source: Market Transformation Programme, 40% House project

Figure 8.4: Influences of load profile on
network operation



Figure 8.5: UK residential and non-residential profiles for typical winter
demand, 2002
Source: 40% House project, based on Electricity Networks Association data

Figure 8.6: Winter and summer demand profiles, England and Wales, 2002
Source: National Grid (2003)
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the maximum peak from people leaving
centralised shared workspace and schools and
returning home to distributed, lower-occupancy
space.

The residential sector offers the greatest
potential for reducing peak demand and therefore
plant capacity. The non-residential sector, despite
using more electricity in total, is less able to
reduce consumption at peak times due to the
higher load factor (ratio of average to maximum
demand).

8.3.2 Influence of lights and appliances
Since the demise of the Electricity Association,
load monitoring has not been conducted and data
availability is poor. The precise contribution of
different appliance loads to the evening peak
caused by the residential sector has not been
quantified since 1988 (Boardman et al 1994).
However, qualitative assessments of the influence
of technological changes in RLA and LZC are
possible. Examples of how technological
advances may influence the present demand
profile are illustrated in Figure 8.7.

Figure 8.7: Schematic influence on load profile
of a) improved energy efficiency, b) improved
efficiency of lights and appliances, c) demand
shifting through use of smart appliances
Note: blue-current, red-altered

c)b)

a)

The residential sector is
responsible for the winter
evening peak in demand
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The potential impacts of lights and appliances
on load management are as follows:
• Efficiency improvements in those appliances

used mainly at peak times (eg lighting,
televisions) will reduce both the height and
gradient of the peak.

• Lighting is responsible for at least 20% of peak
residential demand (Boardman et al 1995). On a
typical winter’s day, this represents a minimum
national residential lighting load of 3.3 GW (150
W per household) at peak demand. Switching
to 100% LED lighting would reduce this demand
to 0.55 GW – implying 2.75 GW of avoided plant
capacity.

• Cookers are significant users of peak time
electricity but it is socially difficult to shift the
load to another time. Ovens have particular
scope for efficiency improvements (Chapter 6).

• Consumer electronics are the fastest growing
component of residential demand and are likely
to be in use at peak times. In stand-by mode,
they represent a significant baseload
component.

• Efficiency improvements of appliances in
constant use (eg refrigerators) will reduce both
the height of the peak and the baseload.
However, the rate of change in demand (the

gradient) will not be altered by such
improvements.

• Smart appliances – appliances capable of
shifting load to times of low demand, or turning
off during peak periods – would reduce both
peak load and gradients in demand. There is
also the potential to use smart appliances to
shift load to times of low carbon generation. At
present, carbon intensity is virtually constant
during daylight hours but drops at night (Figure
8.8). In future, carbon intensity will fluctuate
more, as penetration of wind, PV and other LZCs
increases. Smart appliances could be switched
on at times of home generation to minimise
export of electricity to the grid. However, smart
appliances will require more sophisticated
meters to be installed and possibly new pricing
tariffs (Section 8.3.4).

• Spreading demand for individual appliances
and dwellings across the day will also help
minimise peak load (Newborough 1999).
Coincidence of high power activities such as
electric cooking, dishwashers and laundry can
result in peak demand in excess of 10 kW from a
single dwelling. Appliances may be redesigned
to reduce their peak load: washing machines
and dishwashers can use lower power heaters
for longer and ovens may cascade the on/off
cycles of individual heating elements such that
coincidence of demand does not occur.

8.3.3 Influence of LZC Technologies
Some LZC technologies have beneficial influences
on required capacity or carbon (eg micro-CHP
reduces peak winter demand), whilst others may
exacerbate it (eg PV reduces daytime demand and
therefore accentuates the summer evening peak).
However, once the nature of these influences is
understood, there is an opportunity to design
appliances, and the mix and operational modes of
LZCs, to minimise peak height and gradient
change. There is a benefit in diversity of supply to
ease grid-management. The potential influences
of LZC technologies on load management are as
follows:

Figure 8.8: Carbon intensity variations throughout the day, UK, 2002
Source: 40% House project
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• Community heating with CHP can replace both
gas and electric heating with heat storage and
back-up and top-up boilers providing heat at
other times.

• Stirling engine micro-CHP devices (with a high
heat to power output) are most likely to be
heat demand led with electricity for the home
generated as a by-product, but electricity
generation with heat storage would allow
operation at peak electrical demand.

• Fuel cell devices with a lower heat to power
output may simply not run at peak times.
Small units may operate close to baseload
whilst modular units may provide more at peak
than at baseload.

• Heat pumps in well-insulated buildings with
low temperature emitters (eg underfloor
heating) would have a relatively steady
electrical demand, rather like a refrigerator.
However, they would utilise electricity more at
times of peak heat demand compared to the
systems they would replace (eg Economy 7
heating).

• Photovoltaics reduce demand for centrally-
generated electricity during the day time,
especially in summer, but create a day time
‘valley’ with higher gradient changes, thereby
increasing the spinning reserve on the system.
Seasonally, they can generate eight times as
much energy per day in summer as in winter,
which is the converse to residential demand.
However, PV matches extremely well with non-
residential demand (Figure 8.5) although
ensuring supply can be delivered to the right
location to meet this demand may be
problematic.

8.3.4 Influence of tariffs
As well as technological innovation to reduce
peak demand, changes in consumer behaviour
can also influence the shape of the demand
profile. Most notably, novel pricing tariffs can be
implemented by suppliers to encourage
movement or reduction of peak demand, thereby
reducing the price they pay to generators.

Time-of-day tariffs charge different prices at
different times of day, with peak usage more
expensive than baseload consumption. This is
usually a simple two-tier pricing structure, but
more advanced systems charge real-time prices on
a half-hourly basis, as with national demand
balancing. The expectation is that once consumers
are aware of the tariff, they will transfer the use of
some appliances (typically washing machines and
dishwashers) to off-peak hours. In future, smart
appliances may be able to shift load
automatically. Time-of-day tariffs have already
been implemented in the USA to minimise peak
demand of air conditioners and this has reduced
requirements for new installed, centralised
generating capacity. Such tariffs applied to LZC
electricity exported from the home would also
benefit the demand profile. Technologies
operating at peak times (eg CHP) would be
rewarded over those generating at times of low
demand (eg PV). Market signals would therefore
encourage the optimum mix of LZCs for ease of
national demand balancing.

Another option is maximum demand tariffs,
which are common in the UK industrial and
commercial sectors and in the residential sectors
of other countries. With these, the tariff is
determined by the customer’s peak (maximum)
power demand, providing a strong incentive to
smooth load throughout the day.

Although tariff structures may aid LZC
deployment and decarbonisation of the network,
there remain concerns about the equity of such
schemes, which may penalise the greater heating
requirements of the fuel poor. Hence solutions
have to be researched to ensure that they are
equitable.

8.3.5 Storage
In the longer term, storage will be required once
penetration of LZCs and other intermittent
renewables reaches a critical threshold – likely to
be between 2020 and 2030 – with facilities
incorporated into the electricity network at
household, substation or national level. These
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devices will be capable of smoothing intermittent
generation and demand profiles, providing a truly
flexible network capable of keeping the lights on
with minimum active demand balancing. This
allows each individual generator to operate at
maximum efficiency.

Storage may be for a microsecond, seconds,
minutes, hours or even over seasons. Technologies
include: pumped storage (already used to meet
times of peak demand in the UK) which store
energy as potential energy; flywheels, which store
energy as kinetic energy; batteries and hydrogen
stores for fuel cells, which store as chemical
energy. Less storage is required with the careful
planning of intermittent sources, ensuring the
optimum geographical distribution of a full range
of technologies (HoL 2004). Power storage is
beyond the scope of this study but forms a key
part of both industry and Government work in
moving to sustainable energy (EPRI and DTI
websites).

8.3.6 Overall impact on peak demand
The 40% House scenario proposes high
penetration of all LZC technologies, which, in
combination, have less effect on the grid than an
individual technology and ensure greater security
of supply.

Table 8.2 illustrates the maximum level of
change in demand and supply measures under
the 40% House scenario, in relation to current
demand. The implication is that, particularly post-
2040 when uptake of PV is strong, renewables or
LZC will run as baseload, if available, with fossil
plant operating over a shorter and more
intermittent run time. Many modern gas plants
embedded in the distribution network could
balance demand, both spatially and temporally.
Figures shown are the maximum possible
changes – in reality, electricity from LZC is not
guaranteed generation since the individual
technologies will operate at different times.

The influence of all measures combined is
substantial – demand profiles seen by central
generation will be significantly different from

Table 8.2: Impact of 40% House scenario on UK electricity load, 2050

Winter evening Mid merit
peak (maximum) (average demand) Summer midday

Current demand 61.7 GW Around 35 GW Around 20-25 GW
40% House scenario
Lighting 3.3 GW demand 

down to 0.55 GW 
at peak (–2.75 GW)

Consumer likely peak 
electronics expected to rise 

from 2 GW to 
4 GW (+2 GW)*

Community 4.9 GW new 4.9 GW new 
heating with capacity operating capacity operating 
CHP/biomass for around 5500 for around 5500 

hours a year hours a year 
(–4.9 GW) (–4.9 GW)

Stirling engine 12.8 GW of new 
micro-CHP capacity operating 

at peak (–12.8 GW) 
most of which 
available at peak

Fuel cell around 9.3 GW of around 9.3 GW of 
micro-CHP new capacity new capacity 

operating circa operating circa 
4000 hours pa 4000 hours pa 
depending on depending on 
operating strategy operating strategy 
(–9.3 GW) (–9.3 GW)

Heat pumps 2.5 GW peak 2.5 GW peak 
(+2.5 GW) (+2.5 GW)

PV up to 14 GW around 28.3 GW 
(winter midday) peak new

capacity,
operating during
daylight hours 
(–28.3 GW)

Net effect in reduction of reduction of surplus of 3-8 GW 
2050 demand on demand on over demand,

central plant of central plant requiring storage 
up to 25 GW of up to 25 GW or export (–112%)**
(–40%) (–75%)

Source: UKDCM
* Current maximum demand from all consumer electronics devices used simultaneously is 4.3 GW. This
is expected to rise to 8.9 GW by 2050. However, not all appliances are used together.
** The total stock of PV will rarely, if ever, be operating at peak simultaneously across the UK. The peak
output of 28.3 GW is notional, but still implies some need for storage.
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today, to the extent that the peak may not occur
in winter evenings. Winter peak is predicted to
reduce by approximately 40% and mid-merit
(average demand) by up to 75%. Summer midday
could see household output exceed current
national demand, requiring some level of storage.

8.4 Finance and policy implications
With 22.1 GW of coal and nuclear plant to be
retired over the next twenty years, there is a need
for new capacity. The question is: what form
should this new capacity take and how might it
be managed? The current approach in the
electricity supply industry is to let the solutions
regarding installed capacity and supply-demand
balancing be determined by the market. The only
incentive at present is via the Renewables
Obligation – additional market mechanisms are
required.

Delivering the 40% House scenario would
imply some 55.6 GW of LZC supplying around
100.9 TWh – just over a quarter of UK generation
in 2004 (DTI 2004a). This implies a much-reduced
role for new centralised generation and a radically
different pattern of expenditure in electrical
network renewal.

The current costs of LZC are higher per unit
capacity than conventional plant. In addition, LZC
operates at lower load factor than conventional
plant and so greater capacity would be required. A
combination of policy support and commercial
factors would be needed to drive the change from
new conventional plant to LZC. Policy support
might include:
• Market transformation to reduce the costs of

LZC, making it cheaper than reinvesting in new
centralised plant (Chapter 7).

• Policies that favour or require LZC over
centralised plant. For example, the Electricity
Act 1989 and Energy Act 1976 allow the
Secretary of State power to withhold consent
for new capacity of 10 MW and above for gas,
and 50 MW or over for other fuels. Applied
consistently over a long period (excluding good
quality CHP or large-scale renewables), this
could be a key tool in ensuring that new
capacity to replace coal and nuclear is
embedded and possibly building-integrated.
Current guidance on power station consents
only requires consideration of CHP (DTI 2001d),
which is not likely to be sufficient to encourage
LZC over central plant.

Commercial factors centre around four main
themes:
• Peak demand. Whilst LZC technologies may be

more expensive per kW of firm capacity, those
that operate at peak generate more valuable
electricity. Micro-CHP for example, avoids the
need to buy in capacity at peak times thus
avoiding purchase of the most expensive
electricity. The savings made could be used to
offset the cost of installation.

• Competition. LZC technologies can help win
new customers and retain existing customers in
a competitive market. This could be achieved
through free installation of LZC (paid for by
long-term contracts for provision of lower-cost
electricity, heat and servicing), as well as
branding and affinity marketing based around
the offer of energy with low environmental
cost.

Installing LZC will cause
significant imports and
exports from the home. By
2045 the residential sector
is expected to be a net
exporter of electricity
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• Added-value services. Supplying a range of
services (heat, electricity, servicing) through the
same billing system results in cost reductions.
There is also an opportunity to provide
additional services such as the provision of
energy-efficient lights and appliances.

• Risk management. LZC technologies represent
an incremental risk in what is likely to be a
rapidly changing investment environment.
Capacity can be made available flexibly and
rapidly without the need to select and acquire
sites, obtain consent or incur time delays
between a decision to invest and plant coming
on line. Investment cycles are likely to be nearer
the 15 year life of a boiler, rather than the 40
years or so associated with conventional plant.
This means the portfolio of investments can be
fine tuned to match requirements more readily
than with conventional plant.

This would mean a transformation of the market
for delivery of energy services well beyond the
products that deliver the energy. An Energy
Service Company (ESCo) approach is one option.
This would require a substantially different
regulatory framework to create a system in which
an ESCo model was more attractive to suppliers
than the current business model and represents a
challenge for Government, with Ofgem a key
player. Such a change in business and in structure
is radical, but possible over a 50-year time

horizon. The last half century or so has seen
nationalisation of supply through the 1948
Electricity Act, re-privatisation in 1989 and the
introduction of new generators and suppliers
with competition in supply.

8.5 Priorities for action
The following have been identified as the key
priorities for action in this area:
• To avoid new fossil fuel plant, efficiency

improvements in appliances that operate at
peak time need to be a focus for market
transformation policy, particularly for lighting
and televisions.

• Minimising consumption of residential lights
and appliances should be a priority as technical
potential can be achieved rapidly. This could
also avoid investment in new central plant.

• Demand side management should receive
higher priority in future network design, both at
a micro and macro scale.

• Diversity of LZCs has operational benefits for
grid management and so the full range of
options need to be supported by policy.

• Electrical storage technologies, including
hydrogen generation as a means of storage,
should remain priority research goals for
smoothing demand and minimising any effect
of intermittent generation.

• An ESCo approach would need support to divert

22 GW of nuclear and coal
plant are to be retired. This
capacity could be met by
LZC technologies in the
residential sector
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finance from investment in central plant and
network towards the implementation of LZC
technologies and demand reduction measures.
Withholding consent for new build centralised
plant (that is not CHP or renewable) would be a
key incentive for encouraging the
implementation of LZC technologies.

8.6 Conclusions
• The 40% House scenario is achieved in 2045, as

a combination of improved building fabric,
reduced demand from RLA and introduction of
LZC, and without reliance on ‘supply-side fixes’.

• Emissions from electricity are reduced by 15.6
MtC primarily due to widespread uptake of LZC.

• Emissions from gas reduce by 8.3 MtC, due to
the lower heat demand of both existing and
new-build dwellings.

• Decommissioning of nuclear power stations
and closure of coal plant over the next 20 years
means new capacity must be built to ensure
security of supply. This could be either central or
embedded generation. The 40% House scenario
assumes high penetration of embedded
generation.

• The amount of national system capacity
required is determined by peak demand, which
arises from the residential sector.

• The residential sector is responsible for the
evening rise and peak in total demand.

• Demand profiles seen by future centralised
generation will be very different to current
profiles. Implementation of LZCs and reduced
peak demand from appliances could reduce
winter peak by 40%.

• Minimizing investment in centralised plant will
allow money to be diverted towards
households for implementation of LZCs, which
could be achieved through an ESCo approach.

• An ESCo approach needs to be researched since
households are unlikely to be able to deliver the
investment envisaged. There are compelling
commercial reasons for the development of
ESCos over conventional energy supply
businesses and such an approach could be
supported by policy.

• The residential sector becomes a net exporter
of electricity after 2045.


