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Abstract  

A number of European Governments, including the UK, have a target for a reduction in CO2 
emissions of 60% by 2050 compared to 1990 levels. This paper explores the implications for 
residential lights and appliances and for microgeneration which are both mass produced and have the 
potential for significant cost reduction and market transformation. 

Projected consumption for lights and appliances could be halved through a combination of new 
technologies, fuel switching and reduced purchasing of new and energy intensive products. A focus 
on energy efficiency is not sufficient.   

Microgeneration devices generate heat and or power and are installed in the building or community. 
Typical devices include micro-CHP (both Stirling engine and fuel cell), community based CHP, 
biomass, heat pumps, solar PV, and solar thermal. Different technologies have potential in different 
types of housing. Microgeneration is developing rapidly in the UK. By 2050 the domestic sector could 
supply most of its heat and electricity from microgeneration, with conventional heating technologies 
(electric heating and gas central heating boilers) almost obsolete.  

The cost of such change is discussed. In particular, ‘experience curves’ show that the cost of a new 
product is shown to fall in a predictable way with increases in volume. Applying this approach shows 
that payback times fall dramatically with significant levels of uptake possible. Policy to deliver such 
large changes through Market Transformation is discussed. The development of Energy Services 
Companies could help finance the required investment. Personal Carbon Allowances and information 
both have a significant role to play. 

 

 

Introduction 

The IPCC recommended that global emissions are reduced to 60% of their 1990 levels by 2050. 
Several governments have adopted this target as an objective, including the UK. It follows therefore, 
that even though there is great uncertainty over this timeframe given the rate of technical and social 
change, policy makers must begin to discover the implications of such radical changes.  

In response to this, the 40% House report [1] postulated an internally consistent scenario whereby 
emissions from the UK Housing stock could be reduced to 40% of current levels by 2050, even with a 
33% increase in the number of dwellings by 2050, as well as an expectation of more heat, more hot 
water per person, and a greater penetration of appliances. To achieve this reduction, under this 
scenario, requires: 

                                                      
1 The paper is based on work conducted by University of Oxford and published in 40% House, 
informed by further work for The Carbon Trust and the Engineering and Physical research Council as 
part of a project called Building Market Transformation. 
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• A large improvement in existing dwellings through refurbishment equivalent of moving from an 
average E (SAP rating of 45) to an average A on the label (SAP of 90 or more, close to zero 
carbon buildings, requiring all buildings have super-insulated windows, all cavities are filled and 
most solid walled properties remaining have external wall insulation, as well as significant 
microgeneration). This is  

• A zero space heating demand standard for new build housing, together with significant use of 
microgeneration 

• Significant uptake of Low or Zero Carbon technologies which provide heat and, or, electricity from 
devices which are integrated into the building or community (such as CHP, PV, solar thermal, 
building integrated wind, heat pumps etc).  

• In terms of lights and appliances, the two crucial changes are that all lights are light emitting 
diodes (LED) because of their efficiency as well as lighting quality, and all refrigeration appliances 
utilise vacuum panel insulation, which reduces heat gain by these appliances to one-fifth of current 
levels. 

Around two-thirds of the carbon saving in this scenario come from energy efficiency measures, and 
around one-third came from LZC technologies. Of course, this is not the only way of achieving a 
reduction in emissions to 40%, and it is, in no way a forecast. But it illustrates the level of change 
needed to achieve this scale of reduction. A set of policies were proposed that could transform the 
market and bring this scenario about, based around information, incentives (support for innovation), 
and regulation (appliances standards and building standards).  

The work begun in 40% House is being continued in more depth in a new project called Building 
Market Transformation. BMT is exploring a range of scenarios, and uses sensitivity analysis to assess 
the impact of different assumptions for future population, household size, climate etc. BMT has taken 
the modeling work from 40% House, and expanded it to produce a range of scenarios, and sensitivity 
analysis. The main three scenarios are  

• Scenario A – assumes the broad continuation of current policies including the objective of meeting 
Kyoto targets as well as incremental changes in technology 

• Scenario B – describes a 60% reduction in carbon emissions from housing  
• Scenario C – represents an extreme change, with further reductions in carbon emissions beyond 

60% 

The rest of this paper explores the implications of this work for components in homes that are mass 
produced – lights and appliances and low and zero carbon technologies- and which might therefore 
be subject to similar market transformation processes. Mass production may bring benefits to in terms 
of cost reduction if devices are made in volume (described in literature as technology learning). These 
two groups may be very different from building refurbishment and construction which may be much 
more site-specific and increasingly needs a whole-house integrated approach. 

 

Lights and appliances 

The basic driver is expected to continue to be more households (23.9 to 31.8M homes in 2050, up 
33%) and wealthier households. It is possible to envision a near term future where an older, wealthier 
population sit in a cooled conservatory in summer, or under a patio heater outside in winter, with a 
laptop which gives them via broadband, phone, a television and radio in the corner of the screen, 
whilst they browse the stock markets on the internet. None of these products were envisioned even in 
work undertaken under the DECADE programme for the UK in 1997 [2].  

The other major issue is smaller households. Many of the new households are one person 
households because we are marrying later, divorcing earlier, and living longer. In the UK, based on 
NHBC quarterly statistics on completions, the number of homes build as detached has reduced from 
85,000 to 51,000 a year (a decline of 40%) whilst the number of new flats has increased from just 
over 30,000 to just under 60,000 a year (a 95% increase), all in the space of just 4 years from 2000 to 
2004. This has dramatic implications for new and in due course, replacement sales of combined 
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appliances like fridge-freezers and washer-dryers, as well as appliance ownership more generally. It 
cannot be assumed that traditional appliance ownership patterns will continue into the future. 

There are a range of new technologies. Products are becoming more portable, with wireless 
communications and in future wireless power. This has several implications: 

• Always-on devices, Power supply and Standby consumption: making devices portable (like 
the landline telephone) implies increased ownership (at least in the short term) of batteries and 
chargers. Fewer and fewer appliances –even major appliances like washing machines- have an 
off-switch, because it isn’t required at low power demand, and the control system consumes under 
this level. Transformer based power supplies currently consume 1-7W, but electronic power 
supplies with losses of 0.1W are possible. Standby consumption could be a transitional 
technology.  

• New power sources: fuel cells may power new mobile devices such as phones, MP3 players, 
PDA’s and laptops by 20072. The input fuel would thus be gas rather than electricity, with much 
lower carbon emissions. In due course, PV may make a comeback for small electronic goods, if 
efficiency improves (from 6% to 20% and even 50%), and if costs come down (eg moving away 
from silicon based technologies, and using polymers rather than glass as a substraight). PV will 
require back-up power sources either in the form of a battery or fuel cell, with both technologies 
making significant technical progress. 

• Fuel switching could be a real opportunity to reduce carbon in clothes dryers, hobs and ovens, 
and even some portable electronic devices with fuel cells. UKDCM2 Scenario A has no fuel 
switching, but Scenario C does.  

• Electronics design aimed at improved portability, will drive down power consumption both of 
standby modes and of associated screens.  

• LEDs for lighting: incandescents are around 15-17 lumens per watt, CFLs around 60lpw, and 
whilst LEDs are struggling to match CFLs currently, progress is expected to take them to 150 
lumens per watt in future. Lighting consumption could fall to a tenth what it currently is. 

• VIPs for refrigeration and hot water storage could reduce energy consumption (from standing 
losses) to a quarter of what it currently is. 

New product groups with changes in technology, population structure and wealth create new 
marketing opportunities, for example: 

• More and more kitchen appliances, though increased ownership does not necessarily imply 
increased consumption. For example, a coffee machine when used displaces a kettle, a sandwich 
toaster may displace an ordinary toaster. What it does mean is that the savings from improved 
efficiency are harder to capture. 

• Home security systems. Often systems have communications and monitoring potential. These may 
be combined with home control products, security products with communications capability could 
be two way devices not just one way.  

• In a warmer climate with a wealthier population, outdoor products may become more significant, 
eg patio heaters (patio coolers are reportedly popular in Australia) hot tubs, outdoor lighting and 
conservatories. 

• In a warmer climate there may also be more cooling in the home. 
• increasingly products are merging. Televisions have writeable storage (currently DVDs) together 

with software capability for games playing. Home entertainment products and PCs are likely to 
come together as a single group. At the same time, phones are merging with portable computers, 
and even -with the advent of 3G- with televisions. Televisions are merging with PC’s, given new 
USB-based freeview devices for PC’s giving access to all digital television channels. So whilst 
main televisions are getting larger, second televisions could be portable or even pocket devices. 
The whole area of communications is merging. In practice, this happening quickly and significant 
change could be seen before 2010. 

                                                      
2 Toshiba, NEC, Hitachi, and Casio have all announced protypes, see for example, 
http://www.engadget.com/2004/05/11/casios-laptop-fuel-cell/, and http://news.bbc.co.uk/1/hi/technology/3837585.stm  
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Figure 1 below shows 3 Scenarios developed under BMT. In Scenario A, consumption continues to 
rise to 120 TWh. The largest contributor to this is home electronics, but new ‘outdoor products’ also 
make a contribution. In Scenario B, consumption in 2050 is reduced to 63 TWh and in Scenario C to 
54 TWh.  

 

Figure 1 Three Scenarios for lights and appliances to 2050 
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A 56% reduction in electricity can be achieved in Scenario C compared to Scenario A by 2050. 
Consumer electronics (solid state power supplies, better power management and better screens) and 
lighting (LED’s) account for over half of savings. Fuel switching in cooking and wet appliances saves 
more electricity than does efficiency, and in outdoor products, fuel switching and avoided high energy 
consumers save 14% electricity. Vacuum insulated panels in refrigeration account for 12% electricity.  

If policy agreement were forthcoming in time to implement measures by 2010, most of this could be 
achieved by 2030, given the current rate of stock turnover. A key issue is that because lights and 
appliances are traded good, agreement at EU level would be needed. However development of new 
technology is something that the UK could play a key role in. 

 

Low and zero carbon technologies 

In the UK, Low and Zero Carbon technologies show a large potential and gas boilers (condensing or 
otherwise) could be very much smaller portion of the stock by 2050. The potential for LZC is broadly 
categorised into different types of schemes (see Table 1);  

• Combustion based opportunities - those that generate heat and may in the process generate 
electricity. They would replace a conventional (gas electricity coal or oil) heating system. These 
again divide into group systems (community heating) or individual systems (micro CHP, or 
biomass). Community heating is predominantly a technology for dense urban communities. Micro 
CHP is essentially a suburban or rural technology. 
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• Rooftop opportunities – these capture wind or sun and may be competing for roofspace. A low 
cost replacement opportunity occurs in new build when a roof is installed anyway, or when a roof is 
replaced, which may be every 50-100 years, or when a roofspace is converted for living space. 

• Rural opportunities – where location dictates availability such as biomass, or heat pumps which 
need space and are only really cost effective when a home is not on the gas network. 

 

Table 1  Assumptions for LZC, Scenarios A, B & C 

  Scenario A Scenario B Scenario C 
Dirty fuels  
(direct electric heating, solid 
fuels) 

• Electric heating is around 
the same level,  

• Coal and oil slow to 
decline 

• Electric heating is around 
the same level,  

• Coal and oil slow to 
decline 

• Electric heating is around 
the same level,  

• Coal and oil slow to 
decline 

combustion based 
opportunities  
(gas and urban biomass, 
heat only and CHP) 

• Total uptake similar to 
condensing boilers, so 
by 2050, 5% Stirling 
engine 5% fuel cell, 5% 
district heating 

• % biomass in micro is 
5%, and in DH is 20% 

• 7m homes have zero 
space heat. 

• Uptake of each 
technology similar to 
condensing boiler 
uptake, so by 2050 half 
of homes having some 
form of CHP (15% 
Stirling engine, 20% fuel 
cell, and 15% district 
heating). 

• Biomass is 15% of 
stirling engines and 25% 
of Community Heating 

• 7m homes have zero 
space heat 

• Uptake of each 
technology similar to 
condensing boiler 
uptake, so by 2050 just 
over  half of homes 
havesome form of CHP, 
but higher electrical 
efficiency of fuel cells, 
and more biomass 
/energy from waste (5% 
Stirling engine, 30% fuel 
cell, 20% district heating) 

• large scale intervention 
means CH good in early 
years, with 50% being 
biomass or EfW  

rooftop opportunities  
(PV solar thermal, BIW) 

• Ownership grows at half 
the recent growth of 
condensing boilers until 
a fifth of roofs have a 
device 

• 10% Solar Thermal 
• 5% PV 
• 5% solar thermal 
• No increase in output 

from roof devices 

• Ownership grows at the 
same rate as condensing 
boilers over the last 15 
years, until ownership 
saturates with a third of 
roofs having installations 
– eg  

• 12% solar thermal 
• 10% PV 
• 7% Building Integrated 

Wind 
• Some increase in output 

• Ownership grows at the 
same rate as condensing 
boilers over the last 15 
years, until ownership 
saturates with half of 
roofs having installations  

• 25% Solar thermal 
• 15% PV 
• 10% Building Integrated 

Wind  
• Significant improvements 

in outputs over 
incremental 

rural opportunities  
(biomass and heat pump) 

• 3% Heat pumps 
• 3% biomass 

• 5% heat pumps  
• 5% biomass 

• 5% heat pumps  
• 5% biomass 

Total • Gas boilers (heat-only) 
are still the dominant 
technology for space & 
water heating with low 
uptake of LZC (38% 
ownership in 2050) 

• Uptake of LZC is higher, 
reaching 89% ownership 
in 2050 

• Uptake of LZC reaches 
115% ownership in 2050, 
but with a higher 
proportion of renewables 
relative to Scenario B 

 

The total proportion of heat and electricity supplied under each scenario is shown in Figure 2.  
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Figure 2 Three scenarios for the percentage of heat and electricity from LZC to 2050 
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The potential for each technology in BMT has been based on a range of existing studies. 

For Community heating, more than 20% of UK homes could be served by Community Heating with 
27% of the potential for CHP in London, and 66% in half a dozen major cities [3]. Another study 
explored the potential for LZC in London. PB Power, in a study for the London Mayor and 
Greenpeace, found that LZC could reduce carbon emissions by 28% by 2025. Of these savings, 
district heating made around 90% of the savings because of the density of build in the capital, and 
utilising a mix of natural gas, biomass and energy from waste [4]. In the report, Solar thermal, PV, and 
micro CHP together saved around 10% of this total. There is nothing new in the potential for district 
heating in large UK cities. The Department of Energy ‘Energy Paper’ series explored the theme 
several times. Energy papers 20 [5], number 35 [6], and number 53 [7] together identified significant 
potential in 9 major conurbations. So whilst Denmark changed its planning regime in the mid-1970s to 
stimulate CHP and now supplies around half of homes with CHP, the UK merely talked about it. 

The potential for biomass heat only and in larger CHP applications has been explored by Bauen 
Woods and Hailes [8], RCEP [9], and Carbon Trust [10]. The potential for Energy from Waste in 
large CHP applications is separate [11].  

The potential for microCHP was estimated by FaberMaunsell to be around 12million homes [12]. 
Little overlap was found with community heating because Community heating is a dense urban 
technology, and microCHP is a suburban technology, where density is too low to make a heat 
network cost effective. 

The potential for heat pumps was identified by Hitchen [13]. The potential is limited to homes without 
access to gas, and where the disruption could be tolerated, such as new build or significant 
refurbishment (eg installation of underfloor heating and trenches outside). 

The potential for Building Integrated Wind was estimated as being up to 5TWh by around 2020 [14]. 
This is of the order of 5% of residential electricity demand, depending on year and scenario. 

An integrated study of microgeneration including Building Integrated Wind, PV and solar thermal as 
well as CHP below 50 kW was published by DTI [15].  



Aiming at a 60% reduction in CO2 

Many of these studies do not take account of the reductions in energy demand through efficiency 
improvements, or increased number of dwellings to 2050 (usually only existing build) or changed 
energy prices or reductions in cost through technology learning. A key point is that the UK lags behind 
many other OECD countries, for example: 

District heating with CHP serves less than 0.1% of UK households. In EU-15 23 million people live in 
homes served by district heating. In Finland and Denmark around half the population live in schemes 
served by district heating. 

Heat pumps: In Sweden just under 10% of homes have a heat pump (as well as more than a quarter 
of households on district heating). 

PV: the UK has supported installation of just over 1000 completed for the UK [16]. Germany has 
recently completed a programme of 100,000 solar roofs [17]. Japans PV programme is four times the 
size of Germany’s. Japan has a subsidy program goal of increasing PV demand by 400 MW per year 
through 2010 and Germany has a goal of 100 MW per year through 2005 [18]. 

Solar thermal: around 80,000 solar thermal systems are installed in the UK, but over 1m are installed 
in the US [19]. 

Many countries already have higher installations for a given technology than is foreseen in Scenario C 
for the UK in 2050. The technology is available, it simply needs the right market framework. The 
extent of the bifurcation thus implied in the market place is shown in Figure 3, where the current 
conventional sources of energy (gas burned in heat only boilers, and electricity imported from the 
network) are fundamentally challenged. The policy framework to bring this potential about is 
discussed in a later section.  

 

Figure 3 Changes in energy supply to homes to achieve a 60% reduction in CO2 (Scenario B) 
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The cost of change  

At face value, the scenario proposed appears expensive. However, this is not necessarily the case. 
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Technology learning is also known as Experience curves and in some literature as ‘learning by doing’. 
In common parlance, the phenomena are also known as learning curves. In essence, the theory goes, 
for every doubling in global installed capacity or sales, there is a corresponding reduction in costs 
which is remarkably consistent for a given technology over successive doublings. If plotted over a 
log/log scale (eg price against volume of sales) the relationship becomes linear. 

The phenomenon has been observed for a wide variety of products, technologies and industries over 
a period of time. It first made significant appearance in the management literature with Boston 
Consulting in 1968. Progress ratios average around 82% (i.e. prices decline to 82% of former levels 
after each doubling), however, progress ratios have been observed between 60% and 95% (Figure 
7), with only one observation of costs increasing with volume (in the airline industry and put down to 
changes within the company that led to a loss of learning). The phenomena has been widely used in 
energy policy analysis time [20, 21, 22, 23, 24]. 

Under a 40% House scenario, Hinnells [25] shows that, with very high levels of installation foreseen 
under the 40% scenario, capital costs could fall dramatically, and paybacks could fall to less than 5 
years. Thus this scenario has plausibility. 

Another issue is on whom does the cost fall? Hinnells and Bertoldi [26] show that through the 
development of Energy Services Companies (ESCo’s) that the capital cost may not fall on the 
householder, but be considered as an investment justified by a return. 

To achieve a 60% reduction in CO2, current conventional sources of energy (gas burned in heat only 
boilers, and electricity imported from the network) are fundamentally challenged. One of the key 
learning issues might not be technical but organisational: a move towards energy services companies 
and a focus placed on site integrated solutions or building integrated solutions. In other words, 
consumers become generators, and power companies become not suppliers but enablers. Higher 
levels of installation of LZC would seem synonymous with the development of ESCos, and 
synonymous with a move away from central power generation. This kind of arrangement might foster 
a whole-life cost attitude to investment (where payback within the life of a technology at low discount 
rates makes it attractive) and a portfolio attitude to investment (eg developing a set of investments 
that together give a load curve that matches demand, rather than assessing investments on an 
individual basis). 

 

Implementing 40% House: an action Plan timetable to 2050 

The following is an indicative Action Plan for achieving scenario C, which would give a 75% reduction 
in CO2 by 2050 from the UK Housing stock. The plan focuses on near term actions which are 
necessary to avoid missing a 60% cut in 2050. Action needs to start today. 

Possible framework incentives include Personal Carbon Trading (PCT) (synonymous with Personal 
Carbon Allowances, and investment through Energy Services Companies.  

 

Table 2 Action Plan to 2050 

 overarching issues 
 

Housing LZC Lights and 
appliances 

Policy 
framework 

- framework incentives eg 
Personal Carbon Trading 
(PCT) 
- governance: devolved 
targets and powers 
- EU Directive on energy 
end-use efficiency & energy 
services 
 

- Building Regulations 
- Energy Performance of 
Buildings Directive 
- government procurement 
- disclosure of energy and 
carbon emissions 
 

- microgeneration 
obligation  
- metering 
- integrate LZC into 
building regulations 
- integrate LZC into 
Planning 

- minimum efficiency 
standards for a wide 
range of products 
- low stand-by 
- solid-state power 
supplies 

Key issues - integrated delivery 
mechanisms eg Energy 

- unified rating system for 
new-build and 

- diversity of technologies 
=> security of supply  

- lighting (phasing 
out the incandescent 
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Service Companies (ESCOs) 
- metering 
 

refurbishment 
- ‘whole-home’ 
improvements at point of 
sale/rent instead of 
piecemeal grants 

lamp) 
- constrain 
consumption in 
consumer 
electronics 

2006-2009 - Ofgem consultation on 
domestic metering 
innovation reports 
- EU Directive on energy 
end-use efficiency & energy 
services in force by 2008- 
rigorous testing of 
technologies to identify best 
smart meter design(s) by 
2010, including interaction 
with microgeneration. 
- existing small trials of smart 
meters rolled out to larger 
scale, including monitoring of 
effect on consumption and 
peak demand- 2 year public 
& stakeholder consultation 
process launched in 2007 to 
identify the optimal PCT 
scheme 
- Government establishes an 
independent Carbon Policy 
Group in 2008 tasked with 
setting annual emissions 
reduction targets 
- public sector projects to 
trial ESCos in new-build and 
refurbishment projects 
- establish a clear framework 
of governance & 
responsibilities for energy 
policy, with a strong 
emphasis on regional and 
local authorities   

- labels to differentiate 
homes by 2007 based on 
A-G categories (Home 
Information Pack) 
- negotiations to define 
single co-ordinated system 
of standards for new build 
and refurbishment across 
all environmental impacts, 
incorporating Building 
Regulations 
- negotiate with industry on 
move towards monitoring 
compliance in terms of 
performance in use  
- headline performance 
standards for 2010, 2015, 
2020 published 
- skills & training 
programmes  for inspectors 
and HIP auditors initiated  
- procurement programmes 
for government estate 
launched 
- negotiations initiated for 
mandatory free access to 
utility data on consumption  
- grants/competitions 
established to reward 
innovation (based on 
measured performance)  
 

- Lower Carbon Building 
programme launched, 
£80M capital grants, plus 
accreditation for 
products.  
- Microgeneration 
strategy includes 
development of 
roadmaps for 
technologies.  
- Microgeneration 
strategy will explore 
getting full value for 
exported electricity 
(including ROCs etc) or 
imposing obligation on 
suppliers. 
 - Technology 
procurement for 
microchp with the major 
housing providers (may 
be at EU or IEA level) to 
get it onto the market. 
- training programmes 
established for installers 
- indicative planning 
requirement: specify 10% 
of electricity in new build 
to be supplied by LZC  
 

- negotiations for 
energy labels 
revision commence  
- roadmaps 
published and cross-
sectoral procurement 
programmes for VIP 
refrigeration 
products and 
residential LED lights 
and fixtures initiated 
- trials of energy 
display meters for 
cooking appliances 
to encourage 
behavioural change, 
linked with smart 
metering trials 
- negotiations for 
2015 and 2020 
minimum standards 
commence 

2010 - smart meters included in 
Building Regulations to cover 
all new homes 
- 5 year programme to 
retrofit smart meters in all 
households  
- regional trials of PCT 
schemes initiated in 2010  
- National PCT scheme 
launched in 2012 
- PCT integrate with 
European Emissions Trading 
Scheme for non-domestic 
sector 
- carbon disclosure 
information  provided on 
sales of domestic and 
transport fuels 
- ESCos used in all publicly 
funded new build projects to 
manage energy 
infrastructure, including LZC 
- TEEC (Tradeable Energy 
Efficiency Commitment)  
implemented at national level 
- Local Authorities required 
to establish an address-
specific database on energy-
use in all households by 
2015 
 

- revision to Building 
Regulations - minimum 
standards implemented 
based on performance in 
use 
- private rental conditional  
on compliance with 
minimum standard  
- Housing Corporation 
funding conditional on zero-
heat standards  
- all development on 
government-owned land to 
zero-heat standards 
- incentive programmes for 
refurbishment launched 
- utility consumption data 
publicly available 
- review status of cooling 
within housing stock and 
assess need for action 

- indicative Planning 
framework and Building 
Regulations: all new 
homes to have 25% on-
site renewables  
- indicitave LZC 
obligation on utilities: 
10% by 2020 and 20% 
by 2025 

- energy labels 
revised to be based 
on absolute 
consumption rather 
than efficiency 
standards 
- support 
programmes for eg 
VIPs, LED lighting, 
and fuel switching 
opportunities, to 
increase market 
share  
- minimum standard 
set for bulb sales:  
sales weighted 
average of around 
30 lumens per Watt  
- 0.1 Watt minimum 
standard for standby 
set 
- Building 
Regulations require 
energy display 
meters for cooking 
appliances in new 
build 
- retrofit of energy 
display meters for 
cooking incorporated 
into the 5 year smart 
meter retrofit 
programme 
- agree 2015 and 
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2020 minimum 
standards, and 
revised labels scales 
for a range of goods 

2015 - All existing build and new 
build have smart metering 
and billing 
- Carbon Policy Group 
reviews national PCT 
scheme and set next 5 year 
emissions reduction targets 
- All new housing 
developments to have 
contracted out all energy 
services to an ESCO for 
delivery. 
 

- revision to Building 
Regulations: tighter 
standard for new-build and 
refurbishment 
- tighter standard for 
private-rented sector 
See table 16 

- all new homes required 
to generate 50% of 
demand from LZC  
 

- 5 year programme 
to install 2 LED 
fixtures in every 
household  
- minimum standards 
implemented for VIP 
refrigeration 
improved wet 
appliance 
performance and 
screen technologies 
- sales weighted 
average efficiency 
for bulbs increased 
to 60 lumens per 
Watt  
 

2020 - Carbon Policy Group 
reviews national PCT 
scheme and set next 5 year 
emissions reduction targets 
- target of 10% of all homes 
to be serviced by an ESCo 

- revision to Building 
Regulations: tighter 
standard for new-build and 
refurbishment 
- tighter standard for 
private-rented sector 
See table 16 

- all new homes required 
to generate 100% of 
demand from LZC  
 

- 20 year programme 
to retrofit lighting in 
all households  
- sales weighted 
average efficiency 
for bulbs increased 
to 100 lumens per 
Watt 
- Building 
Regulations require 
LED lighting in all 
fixtures in new build 
- second round of 
minimum standards 
take effect 
 

2025 - Carbon Policy Group 
reviews national PCT 
scheme and set next 5 year 
emissions reduction targets 
 
 

- revision to Building 
Regulations: tighter 
standard for new-build and 
refurbishment 
- tighter standard for 
private-rented sector 
See table 16 

- Building Regulations 
require that replacement 
boilers or electric heating 
must use LZC, and 
replacement of roofs 
requires solar thermal, 
PV or BIW if conditions 
are appropriate 

- sales weighted 
average efficiency 
for bulbs increased 
to around 150 
lumens per Watt 

2030 - Carbon Policy Group 
reviews national PCT 
scheme and set next 5 year 
emissions reduction targets  
 
 

- revision to Building 
Regulations: tighter 
standard for new-build and 
refurbishment 
- tighter standard for 
private-rented sector 
See table 16 

- total ownership of LZC 
across total stock is 50% 

 

2035 - Carbon Policy Group 
reviews national PCT 
scheme and set next 5 year 
emissions reduction targets  

Review of building 
regulations 

 - all refrigeration 
products in homes 
have VIP, and high 
performance energy-
efficient wet 
appliances and TV in 
all homes 

2040 - Carbon Policy Group 
reviews national PCT 
scheme and set next 5 year 
emissions reduction targets  
 
 

 - ownership of LZC 
average of 1 per home 
the residential sector 
being zero net importer 
of electricity, and 
generate 80% of heat on 
site 
 

- lighting in all 
households 
converted to LED 

2045 - Carbon Policy Group 
reviews national PCT 
scheme and set next 5 year 
emissions reduction targets  

   

2050 - target of 0.6 tC per capita - average space heat - LZC ownership at 115%  DLA consumption 
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for all energy use (Hillman & 
Fawcett 2004)  
- at least half of all homes to 
be serviced by an ESCo 
 

across stock is 6,800 kWh 
per annum 

reduced by 47% 
compared to 1996   

 

Conclusions 

This paper explores the implications of a target of a 60% cut in CO2 by 2050 for components in 
homes that are mass produced – lights and appliances and low and zero carbon technologies- and 
which might therefore be subject to similar market transformation processes, and similar mass 
production with cost reduction (described in literature as technology learning). These two groups may 
be very different from building refurbishment and construction which may be much more site-specific 
and increasingly needs a whole-house integrated approach. Conclusions cover 4 areas:  

• Lights and appliances: Consumption could continue to rise by almost a third to 120 TWh even 
with present policies to tackle efficiency. The largest contributor to this is home electronics, but 
new ‘outdoor products’ also make a contribution. Or consumption in 2050 could be almost halved. 
Improved efficiency is not enough, there has to be a focus not merely on improved efficiency but 
on reduced consumption. The technology learning effect of EU standards is such that efficiency 
standards can be had virtually for free, though perversely, efficient refrigeration appliances without 
the volume effects created by standards are likely to remain expensive.  

• Low and Zero Carbon Technologies: To achieve a 60% reduction in CO2, current conventional 
sources of energy (gas burned in heat only boilers, and electricity imported from the network) are 
fundamentally challenged. One of the key learning issues might not be technical but 
organisational: a move towards energy services companies and a focus placed on site integrated 
solutions or building integrated solutions. Higher levels of installation of LZC would seem 
synonymous with the development of ESCos. At the more extreme levels of learning, micro CHP 
could in the long term be implemented with little or no cost implication over and above a gas 
central heating boiler. The payback period for LZC may be reduced to as low as 5 years. 

• Experience curves: Under a 40% House scenario, experience curves suggest dramatic changes 
in cost effectiveness, bringing the payback of measures down to reasonable levels, thus making 
the scenario plausible.  

• Policy: A policy timetable to achieve a 60% reduction is illustrated from today through to 2050. 
The scenario could be delivered by a combination of information, incentives and regulation known 
as market transformation. Overarching measures may need to include development of Personal 
Carbon Trading, development of the market for Energy Services Companies and improved 
metering and information provision. It would need to be both integrated and aggressive to achieve 
such levels of change.  

Whilst the UK has been modeled in detail, the conclusions are likely to fit other economies developed 
to a similar extent and with similar space heating demands. Different economies at different stages of 
development and with other heating and cooling demands would need more detailed study. 
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