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UK Energy System

Consumes 3,877 TW.hr 
= 173 kW.hr per person per day

Uses 1,914 TW.hr
= 86 kW.hr per person per day

£250Bn  
infrastructure 
to deliver to 
the home
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The average carbon footprint
9.4 tonnes Carbon per person per year

Cooking
Process Heating
Hot Water
Space Heating
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Other
Refrigeration
IT
Ventilation/AC
Compressed Air
Motors
Appliances
Lighting



The Energy Challenge
Security

Reduce dependence on foreign imports as 
North Sea supplies decline

Affordability
Increased Global Competition for 
diminishing reserves

Sustainability & climate change
Get CO2 concentrations between 
350 & 450 ppm to keep global temp 
rise below 2oC  above pre industrial 
levels

Ofgem report
14-60% price 

spikes possible 
by 2015

½ reserves extracted 
by 2001

Net Importer of oil 
since 2004

HMCC sets goal of
80% reduction of 

CO2  by 2050



Cost of Energy over the last 50 years (USA data)
• Growth in Emerging Economies
• Peak Oil
• Wars
• (De)regulation
• Natural disasters
• Political transition
• New discoveries
• New Technology
• Futures trading markets

http://www.eia.doe.gov/emeu/aer/finan.html

Key drivers



Renewable resources in the UK

Current demand: 4000 (e) + 22000 (th) kWh/person/year

Resource kWh/person/year
Onshore wind 830 (e)
Offshore wind 2000 (e)
Tidal range 420 (e)
Tidal stream 650 (e)
Wave 830 (e)
Waste 2000 (th)
Biomass (w/CCS for elec) 1250 (e) + 600 (th)
Geothermal 130-800 (th)
Solar enormous

Total (excl. solar) ~ 6000 (e) + 3000 (th)

Energy intensity, nuclear and CCS
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The role of houses
 1/3 Nations CO2
 Fuel Poverty Increasing problem

(>10% disposable income on basic heating)

15%
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Trends in energy consumption for domestic heat

Source DECC

Average Internal 
temps increased by 
4-6C since 1970 

£4B spent since 
2002 on Energy 
Efficiency 
Commitment & 
Carbon Emissions 
Reduction Target 
may have 
contributed to 13% 
reduction in energy 
per capita

1990 is HMCCC baseline for
 80% CO2 reduction
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Opportunities for Improvement
Consumer 
Appliances

Distributed 
Generators

2010 2020 2030 2040 2050

Cars

Power station

Major Network

House

25
10

5

1

1/2

1/4

Only 6% 
improvement 
needed each 

step

80% 
improvement 
needed in one 

step

Have to 
create the 

opportunities
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Mass scale energy reduction refurbishment 
required
HM Committee on Climate Change recommends 

that all houses have a whole house energy 
make-over by 2030

There are many schemes and projects designed 
to support this including

 EEC/CERT (DECC/Utilities)
 Warmfront (DECC/EAGA)
 The Great British Refurb (EST)
 Generation Homes (EST)
 Retrofit for the Future (TSB)
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Key interventions to date

Majority of easy-to-treat measures expected to be 
complete by 2020

 Limited scope for improving efficiency of domestic 
boilers/CHP much further

• Loft insulation (95% houses now have some)
• Cavity wall insulation (40%)
• Double glazing (85%)
• High efficiency gas boilers (9%)
• Controls (19%)

Source: DUKES
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Energy efficiency doesn’t necessarily save energy

Energy used in practice does not correlate with 
individual technologies deployed

System interactions important

Occupant behavior will 
dominate end consumption

 The SAP system is not a
reliable measure of efficiency Source UCL/CARB Project
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Existing houses are extremely complex systems

26% through walls , 
7 million homes have solid walls 
that are hard to treat

Many new heat 
generating 
appliances 
appearing around 
the house

10% through roof

35 % through 
ventilation

Heating water 
accounts for 25 % total 
heat, the majority of 
which goes down the 
drain

1 in 4 Conservatories are 
heated daily. This can 
double the heating 
demand.

16 % to the groundVentilation is required  in 
many older properties to 
manage damp

10 % Heat loss 
through windows

Stored Hot water 
or on-demand?

Under floor heating has 
very different dynamic 
characteristic to radiators
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Occupant comfort & behaviour responses are 
also complex

• Air Temperature
• Radiant Temperature
• Air flow 
• Humidity
• Odours
• Clothing
• Metabolic rate
• Ability to adapt & control
• Social norms

Key Factors effecting Comfort
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Carbon reducing measures for the home
 Draft proofing
 Loft Insulation
 Wall Insulation

 Cavity
 Internal
 External

 Double/Triple Glazing
 Floor insulation

 Suspended
 Solid

 Solar shading
 White/Green Roofs

 Better controls
 High Efficiency Boiler
 Solar Thermal
 Air Source Heat Pumps
 Connect to District Heating
 Ground Source Heat Pumps
 Biomass boiler
 Micro CHP
 Wood burning Stoves
 Mechanical Ventilation with heat 

exchangers
 Solar PV
 Micro Wind Turbines
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The Scale of the Refurbishment Challenge
21 million The number of homes that exist today will still be with us in 

2050

7 million The government target for whole house conversions to be 
treated by 2020 and all 26m by 2030. (=13,000/week)

£160 The amount spent per household on energy efficiency 
since 2002(EEC/CERT). 

£1,534 The average amount spent per household on alterations, 
improvements & repairs in 2008 

£1,239 The average amount spent on energy in 2008

£22,750 The average spent on refurbishment by Generation 
Homes project  aiming at 60% reduction

£150,000 The amount the Technology Strategy Board has recently 
budgeted per house for its Retrofit for the Future 
challenge.
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Balancing Supply with Demand Measures

100% Demand Measures
No Supply Measures

No Demand Measures
100% Supply Measures

Minimum 
total cost

Improve demand 
technologies

Improve supply 
technologies

e.g. Build 180 nuclear power 
stations

e.g. Completely seal and Insulate 
30million & offices

Efficiency savings initially lead to 
negative costs
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Impact of switching from Gas to Electric

Current generating capacity
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Need to Transform the Whole Supply Chain
- The focus of the ETI’s upcoming project
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Homework
What would it take to transform Cambridge?
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The Cambridge Local Authority Area

106,000 people
44,000 households
Each person consumes

 19 kW.hr/day Gas
 5 kW.hr/day Electricity

Each person has
 25m2 house = 60 kW.hr sunlight hits their house
 86 m2 garden = 206 kW.hr sunlight hits their garden
 262m2 other land in the authority area
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Conclusions
 Domestic houses have a very significant impact on the UK energy system

 It is extremely difficult to create the opportunities to intervene in houses to 
reduce energy/carbon by creating sufficient value to the householder

 We cannot yet develop reliable predictions of the impact of intervention over 
very large volume of properties

 Each property will need a unique balance of demand and supply measures.

 Off-site low carbon energy sources will be vital, including low carbon 
electricity and district heat networks to displace today’s domestic gas 
appliances

 It is very challenging to guarantee a return of expenditure in terms of CO2 in 
an area so dominated by human behaviour


