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TASK TWO: TECHNICAL POTENTIAL 
CHAPTER 1: HOUSING - NEW BUILD 

 
Summary of Technical Potential 

Element Description of improvement Result 
Wall Reduced heat loss u-value of 0.1 
Floor  Reduced heat loss u-value of 0.1 
Roof Reduced heat loss u-value of 0.1 
Glazing Reduced heat loss u-value of 0.75 
Pre warmed ventilation 
with heat recovery 

Reduce infiltration to 0.15 ach (2 
ach @ 50Pa) and pre warm 
ventilation air  Heat recovery on 
exhaust ventilation stack to 50% of 
design potential 

14 kWh/m2 of floor 
area pa 

 
Introduction 
Developments in this sector are wide ranging and it would be difficult to capture all of 
the possible improvements that could be made in new build sector.  Principal among 
these are issues surrounding site orientation and optimisation of glazing ratio.  The effect 
of these parameters is so site and design dependent that crude approximations of their 
effect would be meaningless.  They have therefore been ignored. It is worth considering, 
however, that a building orientated such that the main living spaces are orientated within 
30° of south, with glazing optimised for solar gain on the south facade can result in space 
heating consumption being reduced by up to 25%.  The thermal fixes considered were 
chosen based on the constraints placed upon thinking enforced by the construct of the 
ECI model.  This principally has inputs for building fabric u-value and ventilation 
(infiltration) rate.  A radical change in housing construction likely to be seen in the next 
decade will be the requirement for house builders to include a ventilation system.   
 
Rethinking Construction [1] 
The rethinking construction debate is interesting in the realm of sustainability.  
Developers are expected to include sustainability and energy use at the initial design stage 
of a project.  Integrated design describes the process that would be followed were that to 
be the case.  The orientation, layout, insulation, heating and ventilation systems should be 
designed to work together to maximise energy efficiency.  The rethinking construction 
debate is interesting from another perspective.  A principal thrust of the changes being 
wrought on the construction industry relates to the cost structure of the supply chain.  
Much of the thinking transfers from the upheaval brought to the Automotive Industry in 
the 1980’s by Japanese engineering and working practices.   
 
The aim is to integrate the construction design team – incorporating architectural design, 
engineering design, construction techniques and component design.  The aims of this 
approach are three fold: 
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• to reduce cost  
• improve quality 
• to focus on customer (householder) requirements 
 

The benefits of this approach are being seen in a number of demonstration projects.  As 
the practice becomes mature then, there is likely to be a release of capital from projects as 
a result of improved supply chain management and improved quality.   This released 
capital can then be utilised by the construction industry differentiate their product 
thorough design and delivery.  If the momentum for energy labelling of houses grows, one 
method of differentiating the house may become energy efficiency.  The rethinking 
construction process may therefore be harbouring the methodology by which increased 
energy efficiency of housing becomes affordable. 
 
Integrated Passive House Design [2] 
The Passive House Movement is a small but growing force on the continent with 
demonstration projects in France, Germany, Austria, Czech Republic and Denmark.  They 
allude to the design of dwellings in such a manner that the space heating requirement is 
delivered totally by solar and incidental gain.  No heating system is therefore installed.  
Additional heating is sometimes necessary and this is supplied to the incoming ventilation 
air stream. The achievement of the Passive house is predicated to a certain extent on the 
site condition available and as such is unattainable in many situations.  However, the 
evolution of the design process is a useful summary of exemplar practice that will be 
required if emissions savings of the order of 60% are to be realised in the UK New Build 
sector. In essence, to produce a dwelling with low space heating requirement, it is first 
necessary to produce a highly insulated air tight box.  Pre-warmed ventilation air is than 
supplied to the thermal box at a level which is commensurate with a healthy indoor 
environment.  The heat from the exhaust ventilation air is then recovered and supplied 
back to the incoming air stream.  If the site permits, the building is orientated so that the 
main living areas are within 30° of south and 60-70% of the glazing will be on the south 
façade but this will require effective external shading options to limit solar gain during the 
summer.The diagram below shows the requirements of the various housing elements to 
achieve passive design.  An indication of the state of the UK new build sector in 2001 is 
given as a comparison. 
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BUILDING SHELL 

GLAZING 

U-VALUE OF 0.1 (WALLS, ROOFS 
AND FLOORS) 

U-VALUE OF 0.75 IN CENTRE OF 
PANE, 0.8 AT FRAME 

HEAT RECOVERY 

FRESH AIR PRE HEAT 

BUILDING ORIENTATION 

THERMAL BRIDGING 

AIRTIGHTNESS 

VENTILATION 

NO THERMAL BRIDGING 

0.15 ACH MAXIMUM 
(THE  REQUIREMENT FOR A 

VENTILATION SYSTEM IS IMPLICIT) 

16 LITRES PER PERSON PER 
SECOND 

COUNTERFLOW AIR-TO-AIR 
HEAT EXCHANGER EFFICIENCY 

>80% 

INCOMING VENTILATION AIR 
PRE-HEATED TO 8°°°°C MINIMUM 

MAIN LIVING SPACE 
ORIENTATED WITHIN 30°°°° OF 

SOUTH 

GLAZING RATIO 
OPTIMISED FOR SOLAR GAIN 
(60-70% OF GLAZING ON THE 

SOUTH FAÇADE) 

U-VALUES OF  0.2-0.45 

NOT POSSIBLE TO SPECIFY ON 
THE VAST MAJORITY OF SITES 

NOT OPTIMISED FOR 
ORIENTATION IN VAST 

MAJORITY OF CONSTRUCTIONS 

U-VALUES OF 2.0 

THERMAL BRIDGING INHERENT 
IN STUD DESIGN FOR TIMBER 

FRAME 

APPROXIMATELY 0.45 ACH  FOR 
CURRENT NEW BUILD 

NO VENTILATION PROVISION. 
VENTILATION AIR PROVIDED BY 

INFILTRATION 

VENTILATION PROVISION 
PROVIDED BY INFILTRATION 

∴∴∴∴NO HEAT  RECOVERY 

VENTILATION PROVISION 
PROVIDED BY INFILTRATION 

∴∴∴∴NO AIR PRE-HEAT 

ELEMENT PASSIVE HOUSE 2001NEW BUILT CONDITION 

SPACE HEATING REQM 
15 kWh/m2 � 90 kWh/m2 FOR THE 

AVERAGE UK DWELLING 
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Current Regulatory Situation 
Estimating Current Space Heating Requirement 
The average energy consumption due to space heating for an average UK dwelling built to 
2001 build regulations was taken to be 7,805 kWh.  This figure was derived by 
investigating the relationship between NHER rating and space heat consumption. 
The average house size in the UK was assumed (as elsewhere) as 88 m2 [3].  The 
relationship between energy consumption attributable to space heating and NHER rating 
was evaluated.  The relationship is shown in the graph. 
 
The average NHER rating for a UK 
dwelling in 1996 was 4.1 that produces 
an annual space heating consumption 
per household of 14,346 kWh.  (The 
figure given in the Domestic Fact file 
[4] for 2001 was 13,900 kWh assuming 
that space heating is responsible for 
60% of total housing energy 
consumption.) The 2001 Building 
regulations indicate that an NHER 
Value of 7.5 or better should be 
achieved.  An NHER value of 7.5 gives 
average energy consumption due to 
space heating of 7,805 kWh. 
 
All the % improvements in space heating requirement alluded to in the following text 
refers to a space heating requirement of 7,805 kWh pa. 
 
Method of Achieving Regulation [5] 
The u-values used for the new built sector post 2001 is compromised by the choices 
available in meeting the regulations.  There are three methods of meeting the regulations: 
 

• Elemental approach 
• Target approach 
• Carbon index approach 

 
The method of assessment in each case is outlined below: 
 
Elemental Approach 
Within the Elemental Method of compliance it is permissible to have windows, doors or 
roof windows with U-values that exceed the standard Elemental U-values provided that 
the average U–value of all of the windows, doors and roof windows taken together does 
not exceed 2.0 (or 1.8 W/m2K depending on the heating system). 
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Target Approach 
This is by far the most popular and preferred method for new build, owing to the 
flexibility it permits by “trading off “one component against another.  The areas of each 
exposed element are multiplied by their design U–values to give a heat loss per m2. The 
calculated heat loss figures for each of the exposed areas are added to give a grand total 
for all of the exposed fabric. This total heat loss figure is then divided by the total area of 
the exposed elements to give an average design U-value for the building. This average 
design U-value is then compared to the result given by the target U-value calculation: 
 

0.35 – 0.19 (AR / AT) – 0.10 (AGF / AT) + 0.413 (AF / AT) 
 

Where AR = Area roof, AT = Area total exposed elements, AGF = Area ground floor, 
AF = Total area all floors. 
If the average design U-value of the building is equal to or better than that figure provided 
by the target U-value calculation, the building meets the regulations. Conversely, if the 
average design U-value of the building is worse than the figure provided by the target 
calculation, then the design U-value of one or more of the exposed elements has to be 
improved or the relative proportion of the elements changed to bring the average design 
U-value in line with the target. 
 
Carbon Index Approach 
The SAP energy rating method is the Government’s chosen method for producing an 
energy cost rating for a dwelling, based on calculated annual energy cost for space and 
water heating, assuming a standard occupancy pattern, derived from the measured floor 
area of the dwelling, and a standard heating pattern. The Carbon Index is derived from the 
SAP procedure, but measures the annual carbon output of the heating system and fuel 
selected. Both the SAP rating and the Carbon Index (CI) are adjusted for floor area so that 
the size of the dwelling does not affect the results, which are expressed on a scale of SAP 
rating 1 to 120 and CI 0.0 to 10.0: the higher the number the better the standard. Thus the 
carbon index approach allows trade offs on u-values to be applied based on the fuel used 
for space heating and cooking.  No attempt has been made to assess the effect of these 
further trade offs on elemental u-values in this document as the software to carry out the 
Carbon Index approach was not available. 
 
U-values that are possible for approaches a) and b) for the same average UK home are 
given below using the following assumptions: 
 

• Semi-Detached house 
• Gas central heating using a boiler with efficiency >78%. (this is the minimum 

efficiency required by a boiler in UK building regulations) 
• To simplify the mathematics, glazing ratio on north and south façades are 

assumed to be equal.  No data could be found to indicate that volume house 
builders accommodate orientation factors in glazing ratio decision making.  They 
tend to have a portfolio of designs based on number of bedrooms, floor area etc 
and force these upon site layouts regardless of orientation.  

• Window frames are not metal 
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• Glazing ratio of 17% (of total floor area) is used.  This is the minimum 
recommended for acceptable daylighting.  A principal strand of the target 
approach is that higher u-values of build fabric can be offset by reduced glazing 
ratio.  Consequently, the worst case scenario for fabric u-values would be the 
lowest acceptable glazing ratio. 

• For the elemental method, the u-values for the roof and floor were kept in line 
with the elemental approach allowing the wall values to float. 

 
 

Exposed building 
element 

Elemental 
method Target method 

Roofs 0.25 0.25 
External wall 0.35 (0.30*) 0.44 (0.36*) 
Floor 0.25 0.25 
Windows 2.00 2.00 

*Scottish Building Regulation 
 
Put another way, if the elemental method were followed, the same target u-value would 
be achieved using 3m2 more glazing in the average semi-detached dwelling.  Though not 
calculated here, this change in glazing ratio would clearly have an impact on the energy 
performance of the dwelling as a result of daylighting and solar gain variation. 
 
Specified vs. Real U-values 
The other area where confusion lies is in the actual u-values as built compared to those 
specified.  BRE measured the actual thermal performance of more than 30 constructions 
as built and compared them to the specified u-values [6].  The factor is the ratio of the 
actual u-value/specified u-value i.e. a figure greater than 1 indicates that real u-values 
exceed those specified at initial design stage.  The following variation in results was 
found: 
 

Construction Factor 
Internal insulation in a clear cavity wall 1.4 
Timber frame wall 0.9 
Partially filled cavity wall 1.2 
Fully filled cavity wall 1.1 

 
These are average figures for a number of studies.  Factors of greater than 2 were found 
in all construction variants utilising a cavity wall.  No data could be found on windows, 
roofs (other than roofs of attic conversions) and floors.  The figure of 0.9 found for 
timber frame construction would appear to suggest that houses constructed using this 
technique are likely to have a lower u-value in practice than called for in 2002 
legislations.  This may be a function of the cavity depth guaranteed by the timber studs 
used in the industry i.e. when filled with mineral fibre insulant i.e. the wall as constructed 
will have a u-value of less then 0.35 W/m2.K. It is clear that through a combination of the 
approach taken to establish compliance with building regulations and through an inability 
to translate the specified u-value into the actual structure, a variety of compliant u-values 
are possible. 
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Modelling the UK domestic sector would benefit from two baseline studies to account for 
the inability of the construction sector to deliver elemental u-values as designed.  The 
best case would use the values as specified in the regulations and assume that the house 
builders comply via the elemental approach.  The worst case would choose the target 
method with minimum glazing ratio.  The wall u-value in this instance could be higher 
than the elemental value as the reduced heat loss from having smaller windows is offset 
against increased heat loss from the wall.  The ‘target’ u-value would then be multiplied 
by the specified Vs real factors.  The best and worst case u-values are given in the table 
below. 
   

Exposed Building 
Element 

Best case u-values Worst case u-values 

Cavity walls – internal 
insulation 

0.35 (0.3*) 0.62 (0.43*) 

All other cavity walls 0.35 (0.3*) 0.51 (0.41*) 
Timber frame walls 0.35 (0.3*) 0.35 (0.30*) 
Glazing 2.00 2.30 
Floors 0.25 0.29 
Roofs 0.25 0.29 

* Scottish building regulations 
 
Future Modelling 
The method by which the regulation is imposed is therefore a deciding factor in the 
energy use outcome. It would therefore be prescient to forecast future revisions to the 
building regulations to ensure that the most prevalent method of compliance is used in 
envisaging future construction element design. 
 
Building Fabric 
The comparison between UK and EU building fabric heat loss characteristics is sourced 
form the ‘Building in Ignorance’ document.[7] 
 
External Walls 

Scotland Eng & 
Wales Sweden Norway Denmark Swiss Germany 

0.3 0.35 0.17 0.22 0.25 0.20 0.30 
 
The trend in u-values for England & Wales 
is given in the graph opposite.  It is 
predicted to fall to 0.28 in the 2005 
regulations (Eng & Wales) although the 
actual figures are out for consultation.  
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Wall Construction Technology 
Existing construction technology employed by UK volume house builders was able to 
manage with the demands placed upon it by the 2001 Building Regulations without 
significant changes in building practice.  Further reductions in wall u-values will however 
is likely to be accompanied by a move to UK ‘non-standard’ construction techniques e.g.  
wider cavities in masonry construction and larger timber stud widths in timber frame 
construction. As such, the relatively smooth reduction in u-values indicated in the graph 
since 1990 may be replaced with a series of step changes as revised construction practices 
become accepted in the industry. 
 
A survey of approvals under the 1995 
regulations indicated cavity widths of 
between 75 and 100mm for partially 
filled cavities and between 60 and 
80mm for fully filled cavities [8]. The 
construction shown would achieve a 
wall u-value of 0.24 but would require 
the cavity width to be 142mm [9]. 
 
Current timber frame construction inserts insulation between studs.  Insulation thickness 
is consequently a function of stud dimension.  This is currently 90mm standard.  Stud 
dimensions would have to increase substantially to meet future regulation or the 
construction technique modified.  This modification could take the form of additional 
insulation (such as the 50mm depth shown) which would increase wall thickness or to 
accommodate I beam construction. The constructions shown below indicate methods of 
achieving wall u-values of 0.14 using mineral fibre insulation [10]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Insulation 
The choice of insulation is also a determining step in arriving at the final wall u-value.  
The data above assumed mineral wool insulation with a thermal conductivity of 0.035 
W/m.K.  However, commercial insulation is available with thermal conductivities in the 
range 0.02-0.045 W/m.K.  It is clear that with selective choice of currently available 
material the u-values of the construction indicated above could be reduced further. 

125mm external brick 
 
142 mm insulation (0.035) 
 
175mm Blockwork 
 
12.5mm Plaster 

 Blockwork 125mm 
 
 Ventilated cavity – 50mm  
 
  Sheathing board (12mm) 
 
 
I section timber studs with 
Insulation (0.035 thermal 
conductivity) 
240mm 
 
 
Plasterboard and vapour 
control layer  (13mm) 

 Blockwork 125mm 
 
 Ventilated cavity – 50mm  
 
  Sheathing board (12mm) 
 
Timber studs with insulation 
(0.035 thermal conductivity) 
185mm 
 Sheathing Board 
 
Additional insulation 
(50mm) 
 
Plasterboard and vapour 
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The reduction in heat loss demanded by successive Building Regulations has or will lead 
to a progressive thickening of the wall structure.  As reported below, this presents a 
significant barrier to improvements in energy efficiency of new homes as traditional 
construction methods and products have to be modified or discarded.   
 
Vacuum insulation offers the possibility of this wall thickening trend being reversed.  A 
passive house is being conducted in Germany using UK masonry construction (cavity 
wall) with vacuum insulation in the cavity.  This is resulting in wall u-values of 0.09.[11] 
Implicit in the wider adoption of vacuum insulation is the requirement for careful 
handling during build.  It is only likely to gain market share in the modular construction 
field where the complete wall is factory built and quality can therefore be controlled and 
guaranteed. It is therefore possible to envisage u-values of 0.1 in wall construction.  The 
modelling exercise could therefore run knowing that this is an approximate technical, as 
opposed to a practical limit.   
 
Windows 
A comparison is given with other EU countries in the table below. 

Scotland Eng & 
Wales Sweden Norway Denmark Swiss Germany 

2.0 2.0 1.3 1.3 1.8 1.5 1.8 
 
Low energy glazing details are given below for current technology which would meet the 
Swedish standard. 
 

• Velfac Window – double glazing 1.1, window as a whole 1.5 
• Pilkington ultracool – double glazing 1.1, window as a whole 1.5 
• Triple pane glazing with two low-e coatings and gas filled. Depending on the gas, 

its centre U-value is in the range of 0.5 to 0.8 W/m2 K 
• Aerogel glazing – u-value of 0.4 in the centre of the pane and 0.5 for the window 

as a whole. This type of glazing is experimental and suffers at present from 
daylight transmittance problems.  This type of glazing is currently being used in 
demonstration projects in Denmark.[12] 

 
Given the range of possibility available here and the experimental nature of the highly 
promising Aerogel window technology, the technical limit for the u-value of the window 
is taken as 0.75. 
 
Floors 
Comparison between the UK and various EU countries is given in the table below. 

Scotland Eng & 
Wales Sweden Norway Denmark Swiss Germany 

0.25 0.25 0.15 0.2 0.2 N/a N/a 
 
Floor insulation with conductivity of 0.03 W/m.K and thickness in the range 125-150mm 
will generally give an overall floor u-value of 0.2 W/m2.K.   The actual value arrived at is 
a function of perimeter to floor area, soil conductivity and edge detailing though geometry 
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becomes less important as insulation is increased. It is unclear if technical issues exist in 
increasing floor insulation thickness to accommodate overall u-values of 0.1.  
Alternatively, insulant with lower thermal conductance could be specified to maintain 
overall thickness levels.   
 
Roofs 
The u-values for cold roofs are compared to EU countries in the table below. 

Scotland Eng & 
Wales Sweden Norway Denmark Swiss Germany 

0.2 0.2 0.12 0.15 0.15 0.15 0.16 
 
A u-value for a roof of 0.16 is easily achieved by installing insulation between rafters or 
joists and above rafters and joists (to prevent thermal bridging). Further reduction in u-
value as a result of regulations could promote the move towards warm roof construction 
[13] which would reduce thermal bridging and eliminate the householder in determining 
the actual levels of insulation that are present in the loft space. The technical limit of u-
value for roof construction was taken as 0.1 
 
Summary – Building Fabric Technical Limits 
 

Exposed Building 
Element 

Technical Limit u-
value 

Walls 0.1 
Glazing 0.8 
Floors 0.1 
Roofs 0.1 

 

Ventilation 
Many EU countries (e.g. Japan, Germany, Sweden and Italy) now specify the thermal 
requirement as a total thermal loss for the whole building [14].  This takes account of the 
fact that as thermal loss from build fabric and infiltration are reduced the energy losses 
associated with providing adequate ventilation air become dominant. Most other EU 
countries specify a maximum air leakage for dwellings in the build regulations.  These are 
typically between 2-5 m3/m2 at 50Pa.  At this level of leakage, ventilation systems have to 
be incorporated into the house design to provide for adequate levels of ventilation.  The 
properties desired of these ventilation systems regarding pre-warming of air and heat 
recovery efficiency are also specified in most EU country build regulations. The UK build 
regulations do not mention air leakage, ventilation provision or ventilation heat loss for 
buildings with a floor area below 1000m2. 
 
Reduced Air Leakage 
Estimating current UK situation 
Current building practice is thought to produce 5-30 m3/m2 at 50 Pa [15, 16] although 
very few datasets of air leakage for specific construction methods are available. The best 
practice guidelines on new housings call for a limit of 10m3/m2 at 50Pa [17].  This figure 
compares with 2m3/m2 at 50 Pa mandatory requirement in housing in Sweden (in place 
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since 1977) [18]. The Swedish regulation also stipulates a test regime which samples the 
air leakage of a percentage of houses built.  No such test regime exists in the UK. 
 
Energy Consumption ascribed to Infiltration 
The energy cost of infiltration was calculated using degree day method according to the 
formula [19]: 
 

E = (HR.Qach.Vtotal.Dh
d.�a.Cpa)/Eff 

 
HR Daily heating requirement for house.  Taken to be 10.4 hours which is 

an average of weekday and weekend typical pattern. 
Qach Air change rate (h-1) 
Vtotal Average volume of UK dwelling – based on 2 storey, 88m2 floor area 

with 2.4 m ceiling height 
Dh

d Heating degree days (NW Scotland dataset was used)  
�a Density of air (1.2 kgm-3) 
Cpa Heat capacity of air (0.000292 kWh/kg/K) 
Eff Boiler efficiency (78%) 
 
It is expected that this formula overestimates the energy attributable to infiltration by 
approximately 10% dependent on the leak path [20] as there will be some heat transfer 
from the building fabric to the incoming air stream.   
   
However, the actuality of the 
situation is so building dependent 
that it was decided to accept these 
errors in this macro evaluation. 
The estimated current situation 
was compared to UK best practice 
guidelines and current Swedish 
regulations.  The data is shown in 
the graph opposite post 2001 UK 
dwelling. 
 
 
 
Infiltration, whether unintentional or intentional (e.g. through trickle vents) is the only 
method of ventilation in the vast majority of UK dwellings.  It is interesting therefore to 
consider the levels of ventilation provided via infiltration in the light of recommended 
levels.  
 
Recommended ventilation rates for domestic dwellings is a point of contention.  As a 
result of ‘sick house syndrome’ being identified in Japan in the last decade, Japanese 
regulations stipulate a minimum air change rate of 0.5ach via mechanical ventilation.  
This then is in addition to infiltration or window and door opening.  The rise in humidity 
levels in UK dwellings through a combination of poor insulation, high indoor air 
temperature, indoor clothes drying and lack of ventilation is thought to give rise to 
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significant increases in house dust mite populations.  Direct correlations have been found 
between rises in house dust mite population and prevalence of bronchial illness among 
children.  The topic of domestic ventilation levels coupled to indoor air quality and RH 
levels is likely to foster significant changes in construction practices in the next decade. 
 
 For the purposes of this study we shall assume that a building vented to provide 16 litres 
of air per person per second would result in a healthy living condition [21].  The average 
size of UK household was taken as 2.4 people per dwelling [22]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The energy penalty of supplying this level of ventilation air to the average post 2001 UK 
dwelling was calculated assuming it was made up of untreated external air with no 
exhaust heat recovery. To supply the CIBSE recommended volume of untreated 
ventilation air would require approximately 2300kWh of heating energy.  
 
A number of points are evident from this analysis: 
 

• Current UK build quality produces infiltration rates that are below CIBSE 
recommendations for adequately ventilating a dwelling.   

• If ventilation recommendations were considered in house design, the energy 
penalty would be significant if air stream were untreated. 

• No provision is made for ventilation systems in dwellings in the 2001 building 
regulations.  The additional air that will be required for the dwelling is likely to be 
supplied by ‘scheduled infiltration i.e. opening windows, doors, trickle vents and 
operating extract fans in bathroom and kitchen.’ 

   
The conclusion for the study is implicit.  Further improvement in the air tightness of 
dwellings in the UK will result in ventilation rates that will often be lower than those 
necessary to sustain a healthy indoor environment.  By specifying explicitly a ventilation 
requirement, it is possible to extract an energy benefit in the following ways: 
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• Once air movement into the dwelling has to be defined pre warming (or 
cooling) the incoming air stream is possible. 

• Heat can be recovered from the exhaust air stream  
 
Methods of Pre-warming Ventilation air 
The range of energy saving attributable to the various techniques for pre-warming 
ventilation air ranges from 8% to 13% of total space heating load.  This data is generated 
by assuming that the total ventilation requirement for the building is pre warmed by some 
means.  Given CIBSE requirements for ventilation, this equates to approximately 35% of 
the energy cost for ventilation. This is not the case as there is always some amount of 
infiltration, additional to ventilation inherent in the building design. Clearly, the lower the 
building leakage rate, the greater the proportion of ventilation air that must be forced 
through the pre-warm system and the greater the energy saving.  It is assumed that 35% of 
the energy required to heat this air is supplied by the pre-warm system.  A range of 
techniques are described below which can be used to pre-warm ventilation air. 
 
Dynamic Insulation (DI) [23] 
This technique describes the construction of dwellings with air permeable walls.  The 
internal space is depressurised to 5-10 Pa by a combination of mechanical and passive 
methods.  Air is then drawn into the building via air permeable walls.  The wall now 
becomes a counter flow heat exchanger resulting in a dynamic u-value which theoretically 
can approach 0 at flow rates of approximately 0.5 m/s.    Potential reduction in space 
heating energy consumption of dwellings at 5-10 Pa depressurisation would be of the 
order of 9% or approximately 700 kWh pa.  This technique also reduces the cooling load 
when the external temperature is higher than the internal temperature.   
 
Positive Input ventilation�(PIV) [24] 
This describes a technique whereby the ventilation air for the dwelling is delivered from 
the roof space.  A fan distributes air from the roof space to the rooms below resulting in 
savings of approximately 10% in space heating requirement (approximately 780 kWh per 
annum) as the air in the roof space is typically 2-3°C warmer than outside air.  The roof 
space must be maintained airtight from the rooms below to limit moisture build up and to 
minimise recirculation of stale air. There is also the possibility pre heating the ventilation 
air using solar gain by forcing air to flow over the roof tiles.  This results in a further 5% 
reduction in space heating requirement, approximately 390 kWh. 
 
Underground Ducting (UD) 
This describes a technique whereby ventilation air is brought into the building via 
underground ducts.  The air effectively exchanges heat with the ground ensuring that 
ventilation air is always 5°C or above when entering the home.  This method could also 
provide very low energy and effective cooling of air in the summertime. For instance, 
bioclimatic architecture in Spain use vegetation to cool ventilation air to buildings. 
 
Solar Air Collectors 
Ducting placed on the south facades of buildings allowing solar pre heating of ventilation 
air. Used in refurbishment project in Gothenburg. 
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Heat Recovery of Exhaust Ventilation 
Air to air heat exchange has the potential to remove 70-80% of the heat contained in the 
exhaust air.  Using CIBSE guidelines and NW Scotland degree day data, approximately 
2250 kWh of energy is consumed in heating incoming ventilation air. If the heat 
exchanger is successful in recovering 75% of this energy then the maximum heat that 
could be recovered from the exhaust stream would be approximately 1700 kWh pa.  A 
useful rule of thumb assumes an average heat recovery of 50% of the design heat recovery 
[25].  Consequently the actual heat recovered by installing a heat recovery unit would be 
approximately 850 kWh pa. 
 
Electrical Consumption of Ventilation System 
The operation of ventilation systems will in themselves result in increased electrical 
demand from the dwelling.  They therefore have a carbon impact and an energy balance is 
required.  The introduction of a mechanical ventilation system would result in a fan being 
placed somewhere in the house – loft space, bathroom, kitchen. The average house 
requires an air flow of 32 litres per second for achieve CIBSE ventilation requirements 
(assuming infiltration at Swedish levels).  A fan rated at twice this capacity would 
consume 14W power [26].  If used continuously it would therefore use 122 kWh in a year.   
The Nuair drimaster is a positive input ventilation system which claims to operate at 0.16 
W/litre of air/second.  If run continuously, this would have an annual load of only 45 
kWh. These loads would represent an increased electrical load to reduce, typically a 
thermal load.  
 
Summary of Savings from Improved Ventilation Performance 
The table below attempts to identify the savings that can be accrued by implementing 
various ventilation/infiltration fixes.  Scenario 1 refers to the case whereby untreated 
ventilation air is supplied to the building but heat is recovered from the exhaust stack.  
Scenarios 2+3 refer to UK best practice construction with pre warmed ventilation air and 
pre warmed ventilation air with heat recovery on the exhaust stack respectively. Scenarios 
4+5 refer to Swedish best practice construction with pre warmed ventilation air and pre 
warmed ventilation air with heat recovery on the exhaust stack respectively. 
 
Possible scenarios 

Scenario Air 
tightness Pre treatment Heat 

recovery Saving 
Saving as a % of 

annual space 
heating bill 

1 CIBSE None Yes 850 11 
3 UK BP  Pre-warm Yes 1350 17 
5 Swedish Pre-warm Yes 1525 20 
 
If volume house builders built to Swedish standards of construction (regarding air 
tightness) and introduced preheated ventilation systems with heat recovery, the space heat 
required per household (with 2001 standards of building fabric, 88m2, 2.4 persons per 
household) would fall to approximately 6300 kWh (71 kWh/m2) without determent to 
indoor air quality.  
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Further Points to Note Regarding Ventilation Systems 
The installation of a ventilation system in a dwelling will ensure that recommended 
ventilation levels for healthy indoor environment are provided.  The installation does not 
result in behavioural change with respect to the opening and closing of windows.  The 
operation of windows will change the effectiveness of the ventilation system in 
controlling space heating requirement as described above.  However, it is assumed that 
windows are only likely to be opened outside of the heating season.  The urge to open a 
window during the heating season is probably stimulated by feelings among the 
occupancy of inadequate indoor air quality.  This is more likely to occur with the current 
UK regulations where inadequate ventilation air is provided.   
 
Barriers to Change 
It is worth pointing out that there is considerable resistance to change in the house 
building sector.  This is despite evidence of proof of concept both in the UK and 
elsewhere regarding the structural veracity of ‘non-standard’ construction techniques. 
This is a point made by Bell in discussing future regulations. As an example of the 
position of volume house builders with regard to further tightening of the regulations the 
position of the National House-Building Council (NHBC) is cited.  The NHBC was set up 
over sixty years ago as the independent standards setting and regulatory body for the UK 
house-building industry. The NHBC response to the draft 2001 Building Regulations is 
reproduced in full from their website. 
 
“NHBC is supportive of general improvement to the energy efficiency provisions of the 
Building Regulations where these are of direct benefit to the environment and to all those 
who own or occupy buildings. However, we are anxious that apparently marginal 
improvements proposed here may give rise to disproportionate increases in technical risk 
and costs. Furthermore, we observe that the draft proposals would require energy 
efficiency standards similar to those currently required in most of Scandinavia. Taking 
account of the milder climate of England and Wales and the shorter heating season, 
further improvement to the standards over and above that being proposed in stage 1, 
phase 1 is unjustified. We believe that the proposals would lead to a "step change" in the 
construction of external walls - traditional masonry construction will typically require 
much wider insulated cavities (of which the industry has little experience). Our 
experience suggests that we can expect an increase in claims for structural failure and 
rain penetration to result from this step change, with consequent disruption to 
purchasers. A move towards prefabricated construction is also widely predicted and we 
also have concerns that any sudden surge in the demand for timber frame, steel frame or 
for non-traditional construction methods could cause problems with supply and quality. 
We question whether sufficient experienced site erection labour will be available. In 
consequence we believe the benefits of the marginal increase in energy efficiency arising 
from the change to wall U-values between the two phases of Stage 1 are far outweighed 
by the disadvantages. After careful consideration NHBC strongly recommends that for 
both Stage 1 phases, the wall U-value of should not be set lower than 0.35W/m2K 
(using the new calculation procedures).” 
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CHAPTER 2:  HOUSING - REFURBISHMENT  
Summary of Technical Potential  
Description of fix Technical potential 
Wall u-value See section for specific wall construction 
Roof u-value 0.12 
Glazing u-value 0.8 
Sun spaces on multi story flats 25-55% saving in space heating dependent on height 

of flat 
Ventilation system and air 
tightness 

1,700 kWh for average household 

Boiler efficiency Boiler efficiency improved from 73.4 to 85% by 
2010 under BAU scenario. 
95% efficiency condensing boiler. 

Improved central heating system 
control 

2,300 kWh for average household 

 
Introduction 
The document on refurbishment first investigates the scale of the problem if 60% is to be 
saved in the space heat load in existing buildings.  To carry out this task it uses NHER 
rating data for the building stock as a whole and estimates the nature of refurbishment 
that would be necessary to achieve the 60% target. The report then details a number of 
exemplar projects that have resulted in reduced space heating.  Exemplar projects that 
have achieved a 60% reduction in emissions arising from space heating were not found.  
Most of the work done in refurbishment that has been reported with any degree of 
accuracy has been in the social sector and has largely been as a result of fuel poverty or 
related initiatives.  The scope of the work is generally to renovate a property that stands 
at the threshold of being inhospitable and raises it to an acceptable comfort level.  Carbon 
emission savings are therefore not the implicit cause of the refurbishment and are not 
generally quoted.  It is unlikely that a 60% reduction is met, particularly if the 
householder takes some of the savings (economic) associated with the refurbishment as 
additional comfort. The study then investigates the key elements of a refurbishment 
programme. For each of the refurbishment headings, a technical potential is estimated for 
the average UK dwelling.  This is taken to be a 88m2 house with an internal volume of 
211m3 with 2.4 occupants.  The impact on u-value (CIBSE) of applying internal and 
external insulation to a range of typical wall constructions was evaluated using APACHE 
Building Simulation software. 
 
Comments Regarding the Whole Building Stock 
The NHER system calculates the space heating energy consumption of the dwelling and 
rates the efficiency of the home on a scale of 0-10 where 10 is highly efficient (34 
kWh/m2 pa).  It is a useful methodology in evaluating the possible approaches that can be 
taken to reduce energy consumption in this sector by 60%. The average NHER rating for 
a UK dwelling was found to be 4.1 in the 1996 Housing Surveys.  This gives a space heat 
requirement of approximately 163 kWh/m2.  
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It is possible to consider space heating as an independent unitary function and therefore 
assume that emissions caused by this function must be reduced by 60% by 2050. To 
achieve a 60% reduction in space heat requirement (assuming that its carbon content of 
space heating remains the same and that the demolition rate remains at the current low 
level) the average NHER value of the UK housing stock would have to be raised to 8.6. 
 
Dwellings built to the current UK building regulations are forecast to produce NHER 
ratings of approximately 7.5.  Refurbishment projects meet the building regulations by 
achieving a rating of approximately 6.5.  Current additions to the stock are therefore 
increasing the desired NHER level required if the existing built asset base is to be 
refurbished to generate the 60% reduction. 
 
Exemplar refurbishment projects were evaluated to establish whether there was a 
movement to produce passive housing using existing structures.  While, there were some 
outstanding examples of improved energy efficiency in the social housing sector, there 
appeared to be little evidence of a coherent body of action which offered a blue print for 
passive refurbishment. 
 
67% of dwellings in the UK were owner occupied in 1996 [1].  The average NHER value 
of housing in the UK in 1996 was 4.1.  The average NHER value of owner occupied 
dwellings in the UK in 1996 was 4.4.  Delivering improvement in energy efficiency in 
the domestic sector will therefore have to rely on the motivation of the owner occupied 
sector to take up building fabric improvements.   
 
Refurbishment of properties to achieve a rating of  6.5 or greater will be as a result of the 
installation of double glazing, draught proofing, loft insulation, cavity insulation (where 
applicable) and efficient central heating system (boiler efficiency of >78%).  With solid 
walls and timber frame construction, it is likely that heat loss through the wall can only 
be modulated by the installation of internal or external insulation.   
 
Exemplar Studies 
An Irish study [2] used the bottom up approach being followed by the 40% house project 
to investigate the effect of remedial action on existing housing stock.  The steps taken to 
improve the housing stock were: 
 

• Jacket insulation on DHW tank 
• Roof Insulation – 150mm 
• Draught stripping all doors 
• Cavity wall insulation where appropriate 
• Upgrade of central heating boilers to 78% efficiency minimum 
• Upgrade of heating control systems to provide individual room control via TRV 

and thermostat 
• Low e-glazing 

 



 22 

The impact of fitting these measures onto the existing Irish Housing stock over a 10 year 
period (i.e. at year 0 all modifications were in place) would result in a forecasted 25% 
reduction in space heating requirement. 
 
It is useful to consider a number of refurbishment projects that have been carried out in 
the social sector to understand their impact on building fabric u-values. The projects are a 
small example of a larger number that are being carried out in the social housing sector in 
the UK.  It indicates the difficulties that arise in achieving significant reductions in the u-
values of external walls and establishing a realistic technical limit is difficult.  Certainly, 
the window could be treated as in the new build sector with a technical limit of 0.75 as 
this is a replacement option.  Improvements to wall and roof are a different matter and are 
extremely building dependent.  A number of recent refurbishment case studies are 
catalogued in the table below. 
 
Details u-values Innovations 
 wall roof floor  
Meadow side & 
Thornwood HA, 589-
597 Dumbarton Rd, 
Glasgow 

0.33 0.17 0.3 Tenement Block – Passive solar 
extensions 1000mm deep covering 1/3 
of south façade, giving a thermal 
buffering zone. Positive Input 
ventilation system in loft space.  
Passive stack effect collected in each 
kitchen + b/room and fed to roof 
Internal insulation. Low energy lighting 
Condensing boiler and large radiator 
sizes to ensure that the boiler is used 
efficiently 

Fairfield H Co-op, 
Phase 3, Fairfield 
Estate, Perth 

0.3 0.17 0.3 Insulation added internally to all 
external walls. All electric total control 
heating. Landscaping to minimize wind 
velocities over wall surface 

James Nisbet St H Co-
op, Phases 1-3, Glasgow 

0.28 0.17 0.3 1200mm deep south and west facing 
balconies were glazed to provide a 
thermal buffer and pre warmed 
ventilation air. Fans in the north facing 
rooms draw the air from the thermal 
zone through the house. 
Oversized north facing windows were 
reduced in size 
Condensing boilers 
Over cladding insulation to eliminate 
cold bridging 
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Refurbishment Options 
Refurbishment opportunities in existing dwellings largely fall into one of the following 
four categories: 
 

1. Reduce infiltration 
2. Install ventilation systems 
3. Reduce heat loss through building fabric 
4. Improve the efficiency and control of heating systems 

 
 
Infiltration 
Infiltration refers to the uncontrolled movement of external air into the structure through 
gaps in the building fabric.  It is driven by external forces such as wind speed and 
pressure and buoyancy effects associated with pressure (temperature) difference between 
outside and inside the building.  The required ventilation rate per person for healthy 
indoor environment is 16 litres/second.  Given that the average household contains 2.4 
people, this means that the average UK dwelling requires 38.4 litres of fresh air per 
second to maintain adequate indoor air quality.  Given an average volume of a UK 
dwelling of 211 m3 this represents and air change rate of 0.65 ach.  The standard test to 
determine the leakiness of a building is to pressurise the building to 50Pa and measure 
the air flow through the structure.  A ventilation rate of 0.65 ach represents an air change 
rate of approximately 13 ach at 50Pa.  The leakiness of existing UK dwellings of 
different age is compared to the required ventilation rate in the graph below where the  
red line represents the ventilation requirement for 2.4 people.  
 
Approximately 50% of the UK housing 
stock was built between 1920 and 
1979.  The infiltration levels of these 
structures exceed the required 
ventilation rate and therefore are 
subject to a higher space heating load. 
In the case of the other structures, 
inadequate ventilation is being 
provided which is likely to result in 
impaired indoor air quality or by the 
opening of windows.  This is likely to 
have a significant impact on energy 
consumption particularly in the heating 
season. 
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The source of leaks in a poorly constructed masonry dwelling with wet plastered walls is 
given below[3]: 
 

• At the edge of concrete ground floors between the edge of the slab and the bottom 
of the inner leaf 

• Around the skirting, on all floors 
• Adjacent to the stairs 
• Behind the bath 
• Above suspended ceilings because the plaster layer is normally discontinuous 

here 
• Around all windows unless they have been sealed to the masonry 
• Around the base of the doors 
• Through timber intermediate floors, especially if joists are built into cavity walls - 

even joist hangers and better sealing seem less than 100% effective and especially 
if they are not carpeted 

• Around services where they enter the ground floor 
• Around the weather-strips in the poorer quality windows 
• Through gaps between roof lights and timber roof structures 
• Through the roof itself if it does not have a continuous air-vapour barrier 
• Through overhangs where the continuity of the airtight layer is lacking. 

 
Sealing these leaks in the building fabric can result in a reduction from 9-16 ach @ 50Pa 
to 5 ach @ 50 Pa.  The technical limit of air leakage in existing dwellings should 
therefore be set at 5 ach @ 50Pa.   However, this is a non-trivial task and involves some 
fairly complex refurbishment detailing.  Reducing infiltration levels are also inherently 
linked to comfort levels perceived by the occupant.  The stimulus for adopting such an 
energy conservation measure is likely to be related to the presence of uncomfortable 
draughts occurring in areas of the dwelling that are heavily occupied e.g. seats near 
television sets.  Moving beyond this comfort driven change to whole house measures is 
likely to prove problematic from a societal and behavioural perspective.  There is 
therefore a question mark as to whether, certainly in the owner occupied sector, these 
measures would be applied. 
 
If air tightness were improved, the result would be a building that would require some 
form of ventilation system to provide the remaining air required for a healthy indoor 
environment. Fully draught proofed homes are taken to be those which have door seals 
and double glazing.  In 1999 45% of UK dwellings were considered to be fully draught 
proofed. [4].  
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Ventilation Systems 
These will have the same make up as 
those for the new build sector.  The 
total energy required for heating 
ventilation air is 2,300 kWh per 
annum (assuming heating system of 
78% efficiency).  Pre warming 
ventilation air would save up to 750 
kWh and heat recovery on the exhaust 
stack would save up to 850 kWh. The 
estimated energy savings attributable 
to the installation of ventilation 
systems are shown for the UK 
Housing stock, dis-aggregated by age 
of house, in the figure opposite. 
 
The technical limit on energy saving from draught proofing a dwelling to achieve 5 ach at 
50Pa and installing a ventilation system should therefore be 1,700 kWh per household. 
The annual energy consumption of mechanical ventilation is approximately 40-130kWh 
dependent on the efficiency of the fans driving the system.  This carbon dis-benefit of the 
electrical input will have to be included in the modelling phase of the 40% house project. 
 
 
Improvements to Building Fabric  
Wall 
 
The wall constructions that were evaluated [5] are  

• Brickwork masonry wall with 75mm cavity  
• Outer Brick, Lightweight Concrete with 75mm cavity 
• Brickwork masonry wall with 50mm cavity  
• Outer Brick, Lightweight Concrete with 50mm cavity 
• Timber frame construction – no insulation 
• Timber frame construction – 1996 regulations 
• Timber frame construction – 2002 regulations 
• Solid wall construction.  

 
The sketches of wall construction shown in the tables below omit breather membranes, 
vapour barriers and other detailed construction points.  They are principally concerned 
with those wall elements that contribute most to the heat loss performance of the wall. 
The impact of installing external and internal insulation on the construction u-value was 
estimated.   
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Solid Wall Construction 
Original Construction Refurbishment  

Option 
u-value 
(W/m2.K) 

None 2.20 
Internal insulation 
 
 
 
 
 
 
 
 Brickwork - 215mm 
Mineral Fibre Insulation – X mm 
                                 Plasterboard – 12mm 
 

 
 
 
 
 
 
 
 
 
 
 

X = 25mm 0.86 
X = 50mm 0.53 
X = 100mm 0.30 
External Insulation 
 
 
 
 
 
 
 
 Render – 12mm 
 Mineral Fibre Insulation – X mm 
                 Brickwork – 215mm 
                            Plasterboard – 12mm 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

X = 25mm 0.83 
X = 50mm 0.52 

 
 
 
 
 
 
 
    Brickwork – 215mm 
               Plasterboard – 12mm 

X = 100mm 0.30 
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Cavity Wall – 50mm cavity - Brickwork 
Original Construction Refurbishment  

Option 
u-value 
(W/m2.K) 

None 1.48 
Filled cavity 
 
 
 
 
 
 
 
 
 Brick outer – 103mm 
    PU Foam – 50mm 
         Inner leaf – 103mm 
                Plasterboard – 12mm  

0.58 

Internal Insulation 
 
 
 
 
 
 
Mineral Fibre Insulation – X mm 
 

 

X = 25 mm 0.41 
X = 50 mm 0.32 
X = 100 mm 0.22 
External Insulation 
 
 
 
 
 
Render – 12mm 
                 Mineral Fibre Insulation – X mm 
 

 

X = 25 mm 0.40 
X = 50 mm 0.31 

 
 
 
 
 
 
 
 
 Brick outer – 103mm 
    Air gap – 50mm 
         Inner leaf – 103mm 
                Plasterboard – 12mm 
 
 
 
 
 

X = 100 mm 0.22 
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Cavity Wall – 75mm cavity - Brickwork 
Original Construction Refurbishment  

Option 
u-value 
(W/m2.K) 

None 1.48 
Filled cavity 
 
 
 
 
 
 
 
 
 Brick outer – 103mm 
    PU Foam – 75mm 
         Inner leaf – 103mm 
                Plasterboard – 12mm  

0.42 

Internal Insulation 
 
 
 
 
 
 
Mineral Fibre Insulation – X mm 
 

 

X = 25 mm 0.32 
X = 50 mm 0.26 
X = 100 mm 0.19 
External Insulation 
 
 
 
 
 
Render – 12mm 
                 Mineral Fibre Insulation – X 
mm 
 

 

X = 25 mm 0.32 
X = 50 mm 0.26 

 
 
 
 
 
 
 
 
 Brick outer – 103mm 
    Air gap – 75mm 
         Inner leaf – 103mm 
                Plasterboard – 12mm 
 
 
 
 
 

X = 100 mm 0.19 
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Cavity Wall – 50mm Cavity – Outer Brick and Inner Blockwork 
Original Construction Refurbishment  

Option 
u-value 
(W/m2.K) 

None 0.93 
Filled cavity (PU Foam) 
 
 
 
 
 
 
 
 
 
 
 

0.46 

Internal Insulation (With Filled Cavity) 
 
 
 
 
 
 
 
 
Mineral Fibre Insulation – X mm 

 
 
 
 
 
 
 
 
 
 
 

X = 25mm 0.35 
X = 50mm 0.28 
X = 100mm 0.20 
External Insulation with Filled Cavity 
 
 
 
 
 
 
 
  
 
  Render – 12mm 
     Mineral Fibre Insulation – X mm 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

X = 25mm 0.35 
X = 50mm 0.28 

 
 
 
 
 
 
 
 
Outer Brick – 103mm 
          Cavity (Air) – 50mm 
               Lightweight Concrete – 100mm 
                                           Plasterboard – 12mm                        
 

X = 100mm 0.20 
 
 
 



 30 

Cavity Wall, 50mm Cavity, Outer Brick and Inner Blockwork 
Original Construction Refurbishment  

Option 
u-value 
(W/m2.K) 

None 1.48 
Filled cavity (PU Foam) 
 
 
 
 
 
 
 
 
 
 
 

0.36 

Internal Insulation (With Filled Cavity) 
 
 
 
 
 
 
 
 
Mineral Fibre Insulation – X mm 

 
 
 
 
 
 
 
 
 
 
 

X = 25mm 0.29 
X = 50mm 0.24 
X = 100mm 0.18 
External Insulation with Filled Cavity 
 
 
 
 
 
 
 
  
 
  Render – 12mm 
     Mineral Fibre Insulation – X mm 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

X = 25mm 0.29 
X = 50mm 0.24 

 
 
 
 
 
 
 
 
Outer Brick – 103mm 
          Cavity (Air) – 75mm 
               Lightweight Concrete – 100mm 
                                           Plasterboard – 12mm                        
 

X = 100mm 0.18 
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Timber Frame – 2002 Building Regulations 
Original Construction Refurbishment  

Option 
u-value 
(W/m2.K) 

None 0.31 
Internal Insulation 
 
 
 
 
 
 
 
Additional Mineral Fibre Insulation X mm 
 

 
 
 
 
 
 
 
 
 
 
 

X = 25mm 0.26 
X = 50mm 0.22 
X = 100mm 0.17 
External Insulation 
 
 
 
 
 
 
 
 
 
   Render – 12mm 
           Mineral Fibre Insulation X mm  

 
 
 
 
 
 
 
 
 
 
 
 
 

X = 25mm 0.25 
X = 50mm 0.22 

 
 
 
 
 
 
 
 
  
 
 
  Outer Brick – 103mm 
        Ventilated Cavity – 50mm 
                Sheathing Board – 12mm 
                          Mineral Fibre – 90mm 
                                    Plasterboard – 12mm 

X = 100mm 0.16 
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Timber Frame Construction – 1996 Regulations 
Original Construction Refurbishment  

Option 
u-value 
(W/m2.K) 

None 0.45 
Internal Insulation 
 
 
 
 
 
 
 
Additional Mineral Fibre Insulation X mm 
 

 
 
 
 
 
 
 
 
 
 
 

X = 25mm 0.34 
X = 50mm 0.27 
X = 100mm 0.20 
External Insulation 
 
 
 
 
 
 
 
 
 
   Render – 12mm 
           Mineral Fibre Insulation X mm  

 

X = 25mm 0.34 
X = 50mm 0.27 

 
 
Air gap – 60mm  
 
 
 
 
 
  
 
 
  Outer Brick – 103mm 
        Ventilated Cavity – 50mm 
                Sheathing Board – 12mm 
                          Mineral Fibre – 50mm 
                                    Plasterboard – 12mm 

X = 100mm 0.20 
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Timber Frame Construction – No Insulation 
Original Construction Refurbishment  

Option 
u-value 
(W/m2.K) 

None 1.25 
Internal Insulation 
 
 
 
 
 
 
 
Mineral Fibre Insulation X mm 
 

 
 
 
 
 
 
 
 
 
 
 

X = 25mm 0.66 
X = 50mm 0.45 
X = 100mm 0.27 
External Insulation 
 
 
 
 
 
 
 
 
 
   Render – 12mm 
           Mineral Fibre Insulation X mm  

 

X = 25mm 0.64 
X = 50mm 0.44 

 
 
Air gap – 60mm  
 
 
 
 
 
  
 
 
  Outer Brick – 103mm 
        Ventilated Cavity – 50mm 
                                      Timber batten 
                                    Plasterboard – 12mm 

X = 100mm 0.27 
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Wall Construction Refurbishment Summary 
 

 
 
Explanatory Notes 
External Insulation [6] 
External Insulation is the most appropriate option when considering a renovation strategy 
of remedial works to combat long-term problems such as internal damp, water ingress 
and air infiltration leading to heat loss. It is best suited to use in a comprehensive 
rehabilitation scheme, including window and door replacement and the installation of 
new heating and ventilation systems. External Insulation can also generally be applied to 
the building during occupation. It is, however, a more expensive option than internal 
insulation.  Both its application in the first case and the optimum thickness employed are 
subject to more constraints.  These include: 
 

• external appearance of the building  e.g. listed facades 
• thickness of external insulant can have an impact on the lighting requirement of 

the internal space as indicated on the diagram below [7].  This indicates the ideal 
light levels in an office space and the point at which artificial lighting is required 
as a result of inadequate light penetration. The % of the room that has an ideal 
light level will diminish with increasing thickness of external insulants 
surrounding windows. 

 

Wall Construction Description u-value 
Solid Wall 2.2 
Solid Wall Technical Potential 0.3 
  
Brickwork 50mm clear cavity 1.48 
Brickwork 50mm filled cavity 0.58 
Brickwork 50mm cavity technical potential 0.22 
  
Brickwork 75mm clear cavity 1.48 
Brickwork 75mm filled cavity 0.42 
Brickwork 75mm cavity technical potential 0.19 
  
Outer Leaf Brick & Lightweight Concrete inner 50mm Clear Cavity 0.93 
Outer Leaf Brick & Lightweight Concrete inner 50mm filled cavity 0.46 
Outer Leaf Brick & Lightweight Concrete inner 50mm cavity technical potential 0.20 
  
Outer Leaf Brick & Lightweight Concrete inner 75mm Clear Cavity 0.93 
Outer Leaf Brick & Lightweight Concrete inner 75mm filled cavity 0.36 
Outer Leaf Brick & Lightweight Concrete inner 75mm cavity technical potential 0.18 
  
Timber Frame no original insulation 1.25 
Timber Frame no original insulation – Technical Potential 0.27 
  
Timber Frame 1996 Regs 0.45 
Timber Frame 1996 Regs – Technical potential 0.20 
  
Timber Frame 2002 Regs  0.31 
Timber Frame 2002 Regs – Technical Potential 0.17 
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There are many different types of external insulations available.  The application will 
largely be based on the building type and the extent of the remedial work being 
undertaken.  The choices are based on the type of insulant, the method of fixing and the 
type of finish required. 
 
The variations available are summarized below: 
 
Insulants 
A variety of insulant products are used and these can be broken down into the following 
categories: 

• mineral fibre – quilt or rigid slab 
• closed cell foam – rigid panel, e.g. polyisocyanurate, urethane or phenolic 
• expanded pentane blown polystyrene – rigid panel 
• others – plant based (e.g. cork, cellulose, wood fibre, reed matting, hemp), or 

cellular glass. 
 
Fixings 
A variety of fixings are used: 

• mechanical fixing – metal or timber batten/rail system or framework and 
mechanical anchors or dowels 

• chemical fixing – various adhesives 
• mechanical and chemical fixing – a combination of the above fixings, e.g. 

chemical anchors. 
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Finishes 
There are two generic finishes: 

• wet render – polymer and fibre-reinforced cementitious renders, polymeric 
coatings, insulating renders and cementitious renders 

• dry cladding – rigid boards, panels and tiling in a variety of materials. 
 
For the purposes of this exercise, only one type of external insulation system has been 
evaluated.  This is a mineral fibre rigid slab insulant with a wet render. 
  
The thickness of insulation fitted 
follows a path of diminishing return as 
shown in the figure opposite.  There 
would appear to be an economic and 
carbon imperative for applying 
insulation thicknesses of around 
100mm.  Beyond that and the gains 
begin to become lower.  This figure is 
similar to that reported in a Turkish 
Study [8] that evaluated the LCC of 
retrofitting insulation and also to a 
Swedish study [9] that investigated the 
interaction between optimal insulation 
level and efficiency of heating system.   
 
From an LCC perspective the Swedish study found that the optimal level of insulation 
varied between 120 and 180mm dependent on the heating system employed. It is 
interesting to consider the synergy present between heating system and thermal fixes.  
The decision tree analysis being carried out in the 40% House study, limits itself to 
choices of heating systems and their competition for the same roof space etc.  The 
relationship between space heat requirement and applicability of certain heating systems 
is alluded to in the µCHP analysis in Chapter 4, but no firm conclusion is reached 
pertaining to the staging of retrofit options i.e. should µCHP be fitted first and those 
fabric improvements then deemed appropriate carried out or should the space heat 
requirement be reduced by as much as possible and heating systems appropriate to this 
new space heat requirement applied. 
 
For the 40% House project, LCC analysis is not applicable as the defining function of 
technical potential relates to carbon saved.  However, it was felt that for a number of 
reasons including economics it would be inappropriate to suggest insulation levels much 
higher than 100mm. The tables therefore evaluate the change in u-value for each wall 
construction when 25, 50 and 100mm of insulation is applied to the construction. 
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Novel Insulating Materials 
The data above was generated using PU Foam for cavity walls and Mineral Fibre slab for 
external and internal insulation.  Over the next 40 years, it is possible and indeed 
probable that there will be developments in insulating material.  At present, the area has 
little or no research priority.  Two areas which have been identified either by the 40% 
house group or through other discussions are elaborated below: 
 
Insulating Paint 
The addition of ceramic micro-spheres to paint can in theory produce a thermal barrier 
coating which will enhance the u-value of a wall.  While there are a number of 
commercial websites trading this material, peer reviewed research to establish the 
veracity of the claims are more conspicuous by their absence.  The information used by 
one company to justify the energy savings (up to 40% in space heating) concludes that all 
paints essentially offer this saving (in that they contain micro-spheres) and the amount of 
saving will largely be colour dependent. 
 
VIP 
More detailed information of Vacuum Insulation Panels has been included in the 
refrigeration section of the Appliance Report.  The use of VIP’s in construction has been 
reported in German refurbishment projects.  Its use is restricted to areas of the wall where 
no damage is likely to occur (i.e. a screw will not be inserted.) This is principally around 
window and door frames and under floor.   It is concluded that it is likely to remain a 
niche product and will not see a massive uptake in the construction industry due to cost 
and fragility. 
 

Window 
Replacement option for glazing will follow the same technological pathway as for new 
build.  The technical potential for glazing is assumed to deliver a u-value of 0.75 (whole 
window – not centre pane.) 
 

Floor 
Extensive refurbishment of existing dwellings to include under floor insulation is not 
considered likely due to the upheaval associated with this technology. 
 

Roof 
The relationship between thickness of 
loft insulation and the u-value for a 
sloping roof is given in the figure 
opposite.  A similar pattern to that 
seen in wall insulation is shown. Loft 
insulation cannot be increased 
indefinitely to fill the roof space due 
to dew point concerns resulting in 
degradation and failure of building 
components.   
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Consequently a technological potential was set at 300mm which with mineral fibre 
insulation would give a roof u-value of 0.12 (Equivalent to current Swedish standards.) It 
is also worth noting that as the thickness of loft insulation exceeds the thickness of the 
beams, measures to floor the loft will result in compression of the insulation layer 
increasing its thermal conductance. 
 
Sun-spaces (Multi story blocks) 
The glazing over of balconies in high rise flats to produce sun spaces has been completed 
in some refurbishment projects.  Savings are significant in this aspect.  The sunspace 
increases solar gains, it allows ventilation air to be pre warmed, it provides a thermal 
buffer when the weather is cold, and it reduces air change rate into the flat. The technique 
results in 25-40% reduction in space heating requirement dependent on the height of the 
flat (higher savings the higher the flat).  The following table could be used to ascribe 
space heating reductions as a result of this technique: 
 

Storey Height Energy saving 
(%) 

1-5 25 
5-10 40 
>10 55 

 
 
 
Improve the Efficiency and Control of Heating Systems 
Space heating is supplied by gas to 70% of homes.  Boiler efficiency of 78% or greater 
has to be achieved to meet 2001 building regulations.  The variation in boiler efficiency 
in UK homes was not a subject of the UK housing survey.  Condensing boilers had 10% 
market share in 1999. [10] The average efficiency of a UK gas central heating boiler was 
73.4% in 1995 and was projected to be 78.3% in 2005. [11] Increasing the market share 
of condensing boilers will push this figure up and it is feasible that a technical limit of 
90% may be reached when all boilers are running on this technology. 
 
Increasing the control and adaptability of boilers also offers prospects for energy saving.  
The installation of some form of closed loop control system to the dwelling which allows 
the boiler to be switched to maintain target temperature in each room in the dwelling is 
feasible.  However, the relationship between the occupant and desired comfort dwelling 
is always likely to produce significant variation in boiler performance in dwellings of 
equivalent location, construction and occupancy. 
  
Smartfit™ by Honeywell for instance is a system that allows the time at which a desired 
room temperature is required.  The boiler is then switched on at the lost possible moment 
to ensure that this temperature is achieved.  It therefore allows the boiler to interact with 
external temperature rather than coming on at the same time every day regardless of 
weather conditions [12]. This technology is standard practice in modern non-domestic 
heating systems where it is called, generically, optimal start. Return temperatures can be 
varied as a function of outside temperature (weather compensation), again routine in non-
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domestic buildings. This control methodology can maximise flue gas condensation, and 
hence efficiency for condensing boilers. 
 
Other systems are more complex and allow lights, appliances and the heating system to 
be controlled through thermostats and/or PC.  Consequently energy use can be linked to 
occupancy pattern, external temperature and energy prices to give the lowest cost option 
for a household.  
 
It is difficult to estimate the effect the widespread introduction of these devices will have 
into the domestic market place.  The impact of extant inadequate control may be that the 
dwelling is underheated or over heated.  Occupants may have become accustomed to over 
heating the dwelling and any additional control would not see a reduction in energy 
usage.  In the case of under heating, the additional benefit relating to improved control 
may be taken as additional comfort.   
 
If we assume that the average annual space heating requirement for a UK dwelling is 
13,800 kWh pa.  The Save Energy website suggests that 17% of energy supplied is 
surplus to requirements due to inadequate control of internal temperature [13].  The 
technical limit of fitting control systems to the household could therefore be placed at 
2,300 kWh per annum for the average household. 
 
Summary of Technical Potential of Refurbishment Fixes 
Description of fix Technical potential 
Wall u-value See section for specific wall construction 
Roof u-value 0.12 
Glazing u-value 0.75 
Sun spaces on multi storey flats 25-55% saving in space heating dependent on height 

of flat 
Ventilation system and air 
tightness 

1,700 kWh for average household 

Boiler efficiency Boiler efficiency improved from 73.4 to 85% by 
2010 under BAU scenario. 
95% efficiency condensing boiler. 

Improved central heating system 
control 

2,300 kWh for average household 
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CHAPTER 3: LIGHTS AND APPLIANCES 
Summary of Technical Potential 
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Contribution by Appliance Sector to Energy Consumption in UK 
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Contribution by Appliance Sector to Overall Carbon Emissions by Household 
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Introduction 
An extensive literature search was conducted to understand current trends and 
technologies within the appliance sector.  Much of the work that has been conducted in 
this sector has been concerned with the impact of energy labelling and suggests further 
schemes for accelerating market transformation.  This formed part of the EU SAVE 
Programmes and was completed up to the year 2000.   The Homespeed Pan-European 
Database [1] contains information on 24 appliance types and has >11,000 models listed.  
It is administrated in the UK by AEAT.   Energy consumption of each individual model 
is listed and consequently any averaging of appliance consumption contained in this 
report has been done by the author. The Lower Carbon Futures [2] report, produced by 
ECI, was also used as a primary source of data for this report.  It investigated the role of 
prominent appliances in UK dwellings in contributing to energy consumption and 
emissions of carbon.   
 
In general the aim of this report is to understand the current technology of the major 
appliances, understand the behavioural trends which underpin their usage and to develop 
both these understandings to encompass futures out to 2050. To achieve this aim the 
following logic was followed for each appliance type: 
 

• To characterise energy consumption arising from appliance use in 2000 (or near) 
in the domestic sector in the UK 

• To review the literature to understand wider perceptions of future consumption 
figures 

• To identify technical limits for each appliance with respect to energy consumption 
• To describe a number of technical fixes that could be employed to move current 

best practice closer to technical limit.   
 
The approach adopted reflects those developments that may reasonably be expected to be 
applied in the near term (e.g. achievable by 2010). It then considers the longer-term 
changes that appear to be technically feasible.  It is unlikely that such limits will be 
readily achieved by 2010, but these frame what should be achievable by 2050. In doing 
this it is acknowledged that detailed engineering changes will be required and that 
economically these may be expensive. Economic analysis of the options given has not 
been carried out as part of this Task. 
 
General Assumptions[2] 
The number of households in the UK in 2000 is taken as 24.3M  
71% of households have hot water heated by gas and 29% have hot water heated by 
electricity  
The carbon intensity of gas is 0.05 kg C/kWh  
The carbon intensity of electricity is 0.12 kg C/kWh  
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Cold Sector 
This sector covers refrigerators, fridge freezers, chest freezers and upright freezers. 
 
Ownership Rate 
Ownership data for fridge-freezers, freezers and refrigerators is difficult to ascertain with 
any degree of clarity.  The English & Scottish Home Survey’s indicated an ownership 
rate of 91% for fridge freezers.  This compares with data from Lower Carbon Futures 
which indicated ownership rate of 60% for fridge freezers and 42% for freezers.  CECED 
suggested ownership of refrigerators (including fridge freezers at 102% rising to 107% by 
2010.)  This confusion regarding ownership data in the cold sector was alluded to by 
Mansouri et al in 1996[4]. 
 
Fridge-Freezers 
Current Consumption 
Schiellerup[5] reported the average energy of a fridge freezer in the UK in 2000 as 484 
kWh pa.     
 
Predicted Future 
Data from the CECED survey showed average energy consumption for ‘refrigerators and 
fridge freezers’ and as such was not useful in determining trends in fridge freezers only.  
 
Current Lowest Energy Appliances 
The average energy consumption of an ‘A’ rated fridge freezer with >100 litre freezing 
capacity was 388 kWh pa in 2003.  The data from Homespeed shows that a correlation 
exists between fresh food volume and energy consumption and frozen food volume and 
energy consumption. Trends in size of fridge and fridge freezer are therefore important 
consideration when determining energy consumption in the cold sector.  Anecdotal 
evidence suggests that there is a move towards American style fridge freezers which are 
up to 30% larger in size than their EU counterparts.  The lowest energy consumption 
fridge freezer is the Whirlpool ARC 6650 (198 litre fresh food and 100 litre frozen) that 
has an energy consumption of 225kWh pa.   
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Freezer 
Current Consumption 
Schiellerup reported the average energy consumption of a chest freezer in the UK in 2000 
as 308 kWh pa.  The average energy of an upright freezer was found to be 353 kWh pa in 
2000.   
 
Predicted Future 
The findings of the CECED survey are shown 
in Figure 3d.  The zero progress, realistic and 
ambitious scenarios projected energy 
consumption of freezers at 345, 260 and 247 
kWh pa respectively in 2010.  It is worth 
considering that for each of these scenarios the 
figures quoted are higher than the average ‘A’ 
rated appliance in 2003.  These were found to 
be 237kWh for an upright freezer and 202 kWh 
for a chest freezer (Homespeed.) 
 
Current Lowest Energy Consumption Appliance 
Chest Freezers 
The current ‘A’ rated chest freezers from the 
Homespeed database are shown in figure 3e.  
There is a clear relationship between size of 
freezer space and energy consumption. The 
lowest energy chest freezer with average 
volume is the Vestfrost G26 Motiva, 239-litre 
upright freezer with annual energy 
consumption of 120kWh. 
 
 
Upright Freezers 
The current ‘A’ rated upright freezers from the 
Homespeed database are shown in figure 3f. 
There is a less distinct relationship in this data.  
Indeed it could be argued that there are two 
trends apparent perhaps suggesting that there 
are two fundamental technologies at play in 
upright freezers that is not seen in the chest 
freezers. The lowest energy upright freezer 
with average volume 170-220 litres is the 
Vestfrost SE215A++, 210-litre upright freezer 
with annual energy consumption of 142 kWh.  
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Refrigerators 
Current Consumption 
Schiellerup reported the average energy of a stand-alone refrigerator in the UK in 2000 as 
226 kWh.   
 
Predicted Future 
No predictions were available to indicate the future energy predictions of either 
ownership or consumption. 
 
Current Lowest Energy Consumption Appliance 
 
The current ‘A’ rated refrigerators are 
shown in Figure 3g.  The relationship 
between volume and energy still exists 
but is weak.  
The lowest energy refrigerator with near 
average volume is the Bosch KI R 
26450, 218-litre fridge with an annual 
energy consumption of 109 kWh. 
 
 
 
 
 
Cold Sector Technical Improvement 
The energy consumption of refrigeration is reduced by  
 

• minimising the heat loss through the cabinet  
• improving the thermodynamic efficiency of operation 
• improving the electrical efficiency of the compressor 

 
Current Technology 
The effect of market transformation has been to increase the number of ‘A’ and ‘B’ rated 
appliances on the market.  As the uptake of ‘A’ rated appliances increases the 
relationship between volume and energy consumption will become more pronounced.  
 
Impact of Adoption of Technological Change 
Work conducted by Mansouri at al in 1996 indicated that the energy consumption of the 
refrigerator was predominantly due to the COP of the unit.  This incorporated the 
efficiency of the thermodynamic cycle and the heat gain associated with the cabinet.  The 
% of energy associated with the ‘engineering’ of the unit was 80% compared to 20% 
relating to behavioural aspect.  As the COP is improved, this % will shift towards 
behavioural aspects of refrigerator operation.  The variation in energy performance of the 
unit will be less determined by the standard test procedure as defined in energy labelling 
criteria and more by the size and behaviour of the household. 
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Vacuum Insulation 
Typical insulation material in refrigeration is expanded polyurethane.  This has a thermal 
conductivity of 0.029 W/m2.K.  It is found in thickness of 10-20mm in refrigerators and 
30-50mm in freezers.  Vacuum insulation has been available for 10-15 years but uptake 
in domestic refrigeration plant has been slow due to price constraints and concerns over 
its durability.  Uptake of vacuum insulation has also been exacerbated by current 
standards pertaining to energy efficiency of refrigeration equipment.  They are not 
sufficiently strong enough to encourage recourse to improved forms of insulation.  The 
standards can and are met by improving evaporator surface area and more accurate 
choice of compressor to match load.  
 
Two generic types are available – gas filled vacuum insulation (GP) and evacuated 
powder vacuum insulation (EP).  These typically have thermal conductivities of 0.127 
and 0.0065 W/m2.K respectively [6]. 
 
The following assumptions were made regarding the effect of insulation choice on 
refrigeration and freezing[7].   
Parameter Assumption 
Average External 
Temperature 

15 °C 

COP 3.35 
Resistance of un-insulated 
wall 

0.3 m2.°C/W 

Internal Temperature – 
refrigerator 

5 °C 

Internal Temperature – 
freezer 

-18 °C 

Internal Volume 200 litres 
Design temperature of 
outside air 

25 °C 

Insulation thickness 10mm (fridge) 
50mm 
(freezer) 

Internal Volume 200 litres (for 
both) 

 
The effect of using vacuum insulation compared to the more traditional PU insulation is 
indicated in Figure 3h.  The energy consumption of the fridge and the freezer with PU 
insulation are approximately the average for current ‘A’ rated appliances 
 
SavaWatt [8] 
At switch on, the motor that pumps the refrigerant around the system requires full power 
to start the motor. However, once the motor is running full power is no longer needed. 
The SAVA Plug senses this and reduces the voltage to match the actual requirements. 
When the red light glows savings are being made (although less because the red light is 
glowing!)  The company has received DTI Smart funding, which suggests a certain 
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market robustness.  Details on website suggest a saving off 5% (15-20 kWh for an 
average refrigerator).  The energy consumption of the plug and the effect of varying the 
voltage to the appliance on the efficiency of the unit are unclear.  It may perhaps be 
simpler to fit variable speed compressors to cold appliances and match motor speed to 
load required. 
 
Exergetic Cascade 
The annual energy consumption of an ‘A’ rated fridge freezer is 225 kWh.  If we assume 
a COP of 2.5, the condenser is producing 638 kWh pa of low grade heat (at 
approximately 50°C).  This could be used to pre-heat a 35 litre cylinder of water to 47°C.  
This cylinder could be emptied and re-filled 8.5 times a week.   
 
If the kitchen contained a dishwasher, then this low grade heat could be used in the 
following manner. 
 

• The average volume of hot water required in the dishwasher is 9.5 litres (for an 
‘A’ rated appliance).   

• If we assume that the incoming water is 14°C and that the target temperature is 
60°C.   

• The energy consumption of water heating in a single cycle if cold fill is 0.52 kWh 
per cycle. 

• If this water is supplied from the cylinder pre-heated by waste heat from the 
refrigerator, the energy consumption associated with water heating for a single 
dishwasher cycle falls to 0.14 kWh. 

 
The carbon saving associated with this for exergetic cascade is more difficult to ascertain.  
The downside of this arrangement would be a loss of this waste heat as a casual gain to 
the kitchen.  At present the output of the condenser would raise the temperature of the 
average kitchen from 15°C to 19°C.  However, much of this 4°C was removed from the 
kitchen by the food that was subsequently placed in the refrigerator.  
 
The exergetic cascade is therefore removing the energy taken by the cold appliance from 
the kitchen in the form of space heating and redistributing it to the dishwasher.  The 
carbon saving is probably the difference between the delivery of the 4°C by the heating 
system and the reduction in electrical energy required to heat the water used in the 
dishwasher. 
 
Outside of the heating season, the 4°C may not be required in the dwelling and the carbon 
saving would equate directly with the savings associated with the dishwasher. 
 
Control 
Heat leaks from the compressor to the cabinet may be reduced by careful control of 
compressor cycling.  It is possible that intelligent control of compressor operation may 
yield energy savings.  This would require the traditional capillary throttle control to be 
replaced with a more sophisticated sensor with definite fail-safe capability. 
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Relocation of the compressor from the base of the fridge to a more remote position also 
offers potential energy savings. The impact of these improvements has not been 
calculated for this study and are included to flag the possibility that further improvement 
in system is design is possible. 
 
Cold Sector Technical Improvements 
Improvement Long term/ 

near term 
Energy 
saving kWh 
pa per 
appliance 

Emissions 
reduction 
Kg C paper 
appliance 

Vacuum Insulation - fridge Long Term 67 kWh 8.0 kg C 
Vacuum Insulation – freezer Long Term 110 kWh 13.3 kg C 
Improved Control Long Term   
Further Market Transformation Short Term   
SavaWatt Short Term 10 kWh 1.2 kg C 
Exergetic Cascade Long Term   
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Lighting 
Indoor Lighting 
Ownership Rate 
In 2000 the average UK household had 21 light bulbs.  This is projected to rise to 24 light 
bulbs by 2020. This coupled with the rise in the number of households (in a BAU 
scenario) will see rising demand from the domestic lighting sector. 
 
Current Consumption  
A simple model of lighting usage in the average UK dwelling was constructed.  The 
model was based on the following data sources. 
 
The Best Practice guide to Energy 
Efficient Domestic Lighting gives the 
average numbers of hours per day that the 
lights are on. This is shown in Figure 4a 
[9].  The CIBSE Code for Lighting 
indicates that the average UK living room 
should be lit to 150 Lux (casual 
reading)[10]. If we make the leap of faith 
and assume this figure for the whole 
house (perhaps a little bit lighter in the 
kitchen-300 Lux, a little bit darker in the 
bedrooms – 50 lux).  If we then assume 
that incandescent bulbs with an average 
luminous intensity of 15 lu/W light the 
whole house.   
 
Further more it is assumed that the power rating of incandescent bulbs is 60W.  The 
actual power delivered to the dwelling is therefore in factors of 60 and it is assumed that 
shading etc will be used to factor the light intensity back to the desired level. 
The average size of a UK house in the 1996 housing survey (combining England, Wales 
and Scotland) was 88m2.  The results are shown in the table below. 
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Room
Floor 
area

CIBSE 
Illuminenances 

(lux)

Light 
intensity 

(lu)
Power 

Load (W)

Power 
actual 

(W) Use per Day (Hrs)

Energy 
consumption 

pa (kWh)
Hall 8 100 800 52 60 4 88
Lounge 17 150 2550 165 180 3.9 256
Landing 8 150 1200 77 120 3.5 153
Dining 7 100 700 45 60 1.9 42
Kitchen 10 300 3000 194 240 1.5 131
Bedroom 30 50 1500 97 120 0.9 39
Bathroom 8 150 1200 77 120 0.5 22

Total for single 
Dwelling pa 731 kWh
Total for UK 
(24.3M dwellings) 17.8 TWh
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The total energy consumption from lighting for the average UK house would therefore be 
731 kWh using incandescent bulbs.  If this were replicated to the UK as a whole using 
24.3M dwellings this would give a lighting consumption of 17.8 TWh.  Lower carbon 
futures reported that the consumption was 17.9 TWh. 
  
Predicted Futures - near term 
The focus for developing energy 
efficient lighting strategies is on a 
combination of lighting technology and 
modification of behaviour. The 
development of lighting technology can 
be roughly split into near and long term 
options, based on the time to market of 
the various lighting technologies which 
offer improved luminous efficacy as 
shown in Figure 4c. 
 
 
The lighting sector is peculiar from a technological innovation perspective.  The 
technology is available to see a 60% reduction in power and energy consumption through 
the use of CFL’s.  For instance, using the model developed above, if the incandescent 
bulbs in the hall, lounge and landing were replaced with 7W CFL’s with a luminance of 
80 lu/W, the energy consumption of the household would fall from 609 kWh to 331kWh.  
In the UK this would represent a reduction in energy consumption from 17.8 TWh to 8.1 
TWh. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Current take up in the UK is 0.3 bulbs per household (1998).  CFL sales to the domestic 
sector were 3M in 1995 rising to 5M in 1999. Effort is therefore required to encourage 
their use and these issues are dealt with in detail in DELight[11] and Lower Carbon 
Futures. 

Room
Floor 
area

CIBSE 
Illuminenances 

(lux)

Light 
intensity 

(lu)
Power 

Load (W)

Power 
actual 

(W) Use per Day (Hrs)

Energy 
consumption 

pa (kWh)
Hall 8 100 800 10 14 4 20
Lounge 17 150 2550 32 35 3.9 50
Landing 8 150 1200 15 21 3.5 27
Dining 7 100 700 45 60 1.9 42
Kitchen 10 300 3000 194 240 1.5 131
Bedroom 30 50 1500 97 120 0.9 39
Bathroom 8 150 1200 77 120 0.5 22

Total for single 
Dwelling pa 331 kWh
Total for UK 
(24.3M dwellings) 8.1 TWh
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The UK Building Regulations [12] indicate lighting guides for new domestic dwellings.  
Dedicated CFL ballasts are to be included in areas of significant lighting usage, e.g. the 
hall, landing or lounge. 
 
The UK Market Transformation 
Programme [13] developed 4 scenarios 
to investigate the energy consumption of 
domestic lighting to 2020.  The reference 
case showed no change in market 
behaviour and showed rising 
consumption due to increased number of 
bulbs per households and increased 
numbers of households.  The adopted 
policy took account of current measures 
to develop the marketplace for CFL 
technology.  The feasible option included 
changes to UK Building Regulations to 
fit dedicated CFL ballasts, increased 
marketing and labelling of products.  The 
earliest best practice scenario showed 
market transformation to CFL within 2 
years. The results of the scenarios are 
shown in Figure 4b.     
 
Further Technology Options – Near Term 
In the near term, the development of the market place for greater adoption of CFL 
technology is the best option.  Current trends would see only 0.7 CFL’s per household in 
2020. 
 
Improved incandescent technology has been developed as a result of IEEA competition in 
1998 to develop a 60W bulb that consumed 30% less energy.  A UK team developed a 
52W bulb with efficacy of 23 lu/W.  The technology utilised an existing 12V, 50 Watt 
IRC halogen capsule inside a conventional-shaped GLS envelope.  To date only 
prototypes have been made with no manufacturer developing the technology. [14] 
 
Further Technology Options – Long Term 
LED Lights 
The technology is in its infancy in developing white light [15].  For a review of current 
research objectives and completed research, the Lighting Research Centre in the US is a 
useful reference point.[16] Current technology produces blue, red and green which can be 
mixed to produce white but with a reduction in efficiency.  LED technology is currently 
used in the automotive industry (lights that last the lifetime of the car), the advertising 
industry for billboards and displays, the retail industry for product lighting, and in traffic 
lights.  The simplest way of obtaining an LED is to buy a flashing bicycle light.  Low 
power white LED’s are currently used for cell phone backlights and pedestrian walk 
signals.  Large-scale replacement of lamps for general-purpose illumination is not 
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expected for 5 to 10 years [17] until the technology for producing white light (with an 
acceptable Colour Render Index) cheaply has been developed. The best commercial 
white LED’s currently cost approximately 50cents/lumen compared to a fraction of a 
cent/lumen for an incandescent bulb. 
 
The potential for the technology is enticing however.  The lifetime of an LED light is 
reported to be 100,000 hours.  For the average living room as described above, LED 
lights would last for 68 years – the lifetime of the building in PFI terms.  The lights could 
become part of the building fabric.  Colour changes and intensity can be affected by 
controlling the filtering method and the input voltage. 
 
The research is being conducted in the UK at University of Cambridge and in the USA at 
the University of Illinois.  Phillips and Agilent have set up a company to develop the 
technology called Lumileds Lighting [18] in San Jose, California. The press release 
reprinted below was on their website which perhaps indicates that the development of 
LED lights that will replace incandescent bulbs will arrive quicker than was being 
predicted in 2001. 
 
Lumileds Lighting today announced the planned August (2003) release of a warm white 
version of its high-brightness Luxeon LED’s that will feature a correlated color 
temperature (CCT) in the 3200K range, a typical color rendering index (CRI) of 85+, 
and an average light output of 22 lumens. This will be the first warm white, high-CRI 
solid-state light source available on a volume basis as well as the first light engine of any 
kind to replicate the glow of an incandescent bulb, dramatically increasing the appeal of 
LED illumination for indoor lighting applications. 
 
In the US, The Centre of Photonics Research announced developments in LED 
technology that may yield an efficacy of 330 lumens per Watt. The source is a new type 
of semiconductor that uses a principle called photon recycling.  Light is generated in two 
wavelengths - blue and orange. The resultant emitted light is perceived by the eye as 
white. Even by LED development standards, this is a vast leap in efficacy.  
 
In Europe, the first trial of LED general lighting 
was completed in Austria in 2001. The Bartenbach 
Lighting Laboratory lit a whole room with a mix of 
14,000 white and coloured LED’s. Light levels of 
around 600 lux, adequate for an office, were 
produced using a computer mix of white, blue, 
blue/green, green, amber and red LED’s. These 
generated a warm coloured light of around 3000K, 
with a colour rendering close to that of triphosphor 
fluorescent lamps.  The results are shown in the 
attached photograph. [19] 
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Room
Floor 
area

CIBSE 
Illuminenances 

(lux)

Light 
intensity 

(lu)
Power 

Load (W)

Power 
actual 

(W) Use per Day (Hrs)

Energy 
consumption 

pa (kWh)
Hall 8 100 800 11 11 4 16
Lounge 17 150 2550 34 34 3.9 48
Landing 8 150 1200 16 16 3.5 20
Dining 7 100 700 9 9 1.9 6
Kitchen 10 300 3000 40 40 1.5 22
Bedroom 30 50 1500 20 20 0.9 7
Bathroom 8 150 1200 16 16 0.5 3

Total for single 
Dwelling pa 122 kWh
Total for UK 
(24.3M dwellings) 3.0 TWh

The effect of LED lights on household energy consumption is shown in the table below.  
It was assumed that LED lights with a luminance of 75 Lu/W were used and that the 
additional control aspects associated with this technology would result in the desired 
power load being delivered. LED lights fitted throughout the dwelling would result in 
household energy consumption of 122 kWh pa.  Again, assuming 24.3M households, the 
energy consumption as a result of lighting load would fall to 3.0 TWh. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Security/Outdoor Lighting 
Security Advice [20] 

The form of lighting currently found in many domestic security applications is a 250 or 
500-watt tungsten halogen floodlight controlled by a passive infra-red movement sensor 
(PIR). In many locations it is inappropriately installed and other forms of lighting would 
provide a better choice.  The principal reasons given for deployment of this form of 
security lighting being inappropriate is two fold: 
 

• It does not deter the criminal in their selection of a property – they have already 
crossed the properties boundaries by this point 

• The harsh light thrown by the lamp produces shadow in which the assailant can 
conceal themselves 

 
Continuous, low power, low energy lighting linked to a daylight sensor is recommended. 
 
Best Practice Advice [21] 
The Housing Energy Efficiency Best Practice Programme indicate that the most efficient 
form of external lighting is to employ incandescent luminaires with control methods – a 
daylight sensor to switch of when there is adequate daylight and a passive IR sensor to 
switch off when there is nobody there.  Fluorescent lights are not recommended despite 
improved efficacy because of impaired performance when switched regularly. If lights 
are on for a prolonged period then they should be constricted to accept pin based CFL’s 
or low pressure sodium lighting only. 
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Household Consumption 
So on the one hand we have the halogen bulbs controlled by movement sensors that 
illuminate the garden with an intensity of between 6250 - 12500 lu.  The police advice is 
to use lower wattage lighting on continuously to minimise the shadowing effect.  This 
reduced illumination is not specified so an assumption regarding its final level has to be 
made.  A figure of 75% on the lowest illumination provided by the halogen bulbs was 
assumed i.e. 1560 Lu.   
 
The number of hours of darkness per year is 4026 (excluding twilight).  The energy 
consumption of the continuous security lighting is shown in the table below. 
 

Technology Luminous 
Efficacy 
Lu/W 

Intensity 
deployed (lu) 

Energy 
Consumption pa  
(kWh) 

Low pressure sodium 100-200 1560 31 - 63 
Fluorescent 45-100 1560 79 to 157 

 
Assuming that they only operate for night hours, the energy consumption of security 
lighting fitted to passive IR sensors using 250-500W tungsten lamps is given in the table 
below.  The average length of time that the light comes on for is assumed to be 30 
seconds. 
 

Luminous Efficacy (lu/W) 25   
Intensity deployed (lu) 6250 - 12500   

Number of minutes per 
night 

Number of times the 
light comes on per night 

Lights on 50% of time (kWh pa) 503-1007  330 660 
Lights on 30% of time (kWh pa) 302-604  198 396 
Lights on 10% of time (kWh pa) 101-201  66 132 
Lights on 5% of time (kWh pa) 50-101  36 72 
Lights on 1% of time (kWh pa) 10-20  6 12 
Lights on 0.1% of time (kWh pa) 1-2  0.6 1 

 
 
 
If windy nights are taken into consideration, the likely number of times a light comes on 
is assumed to be around 6 per night giving energy consumption of 10-20 kWh pa for the 
tungsten halogen bulb – assume an average of 15kWh.  
 
From an energy perspective, it would seem likely that the recommendation by the best 
practice programme to fit tungsten halogen bulbs in combination with control methods 
would be the correct advice.  The security light would have to be on for 18-33 minutes 
per night for the bulb to use more energy than continuous low-pressure sodium light.   
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Lighting Technical Improvements 
Improvement Long term/ 

near term 
Energy 
saving kWh 
pa per 
household 

Emissions 
reduction 
kgC pa per 
household 

CFL – hall, lounge and landing Short term 302 kWh 36 kgC 
LED lights Long Term 528 kWh 63 kgC 
Security Lights – Incandescent 
@ 1560 lu with daylight and 
PIR  

Short Term 30 kWh 3.6 kgC 
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Cooking 
Electric Ovens 
Ownership Rate 
The ownership rate of electric ovens in the UK is growing.  100% of households have an 
oven and in 1998 57% of ovens were electric.  Lower Carbon Futures projects this to rise 
to 69% in 2020.  
 
Current Consumption 
Average consumption of an electric oven in 2000 was estimated to be 198 kWh [22].  
Lower Carbon Futures indicated average consumption at 245 kWh p.a. in 1998.   
 
Predicted Future 
CECED evaluated the progress of 
electric ovens and the findings of their 
work are indicated in Figure 5a. The 
CECED data relates to the EU15.  
Differences exist in oven use across this 
region which explains the large 
discrepancy in the energy consumption 
expressed in the CECED report 
compared to the UK perspective.  
CECED expect the energy efficiency of 
ovens to improve by 8-26% by 2010 
dependent on the scenario adopted. 
 
Homespeed does not list energy efficient cooking appliances on their website. Kasanes 
produced a report for the SAVE programme on energy efficiency of domestic ovens.  
This indicated that the following energy classifications should be used as part of a 
voluntary labelling scheme. The energy rating is based on the standard brick test to assess 
the energy consumption of ovens.  The banding associated with energy consumption is 
described in the table below. 
 

Consumption range for electric 
ovens (kWh) Class 

< 0.600 A 
0.600 - 0.799 B 
0.800 - 0.999 C 
1.000 - 1.199 D 
1.200 - 1.399 E 
1.400 - 1.599 F 
> 1.599 G 

 
 

?���������E�������/������������� �������@#���"�

/�/�,

��

��

���

���

���

���� ���� ����

�
�
�
��
� B���

��� �����

��*������



 59 

Lowest Consumption Appliance 
The SAVE report indicated a significant variation in the energy consumption of ovens 
ostensibly of the same category (appliance type, volume class.) For any single appliance 
category the following variation was found: 
 

• 0.08 to 0.88 kWh for pre-heat consumption 
• 0.15 to 1.27 kWh for the steady-state consumption, 
• 0.71 to 1.91 kWh for the brick test energy consumption 

 
Variations were explained by differences in the engineering design and control strategies 
of marketed appliances.  
 
 
Further Technology Options 
The SAVE report identified the following design options for improving the energy 
efficiency of an electric domestic oven. 
 
 

Design Fix % Energy 
Reduction 

Improve Thermal Insulation 6 
Improve Thermal isolation of cavity 8 
Reduce thermal mass of oven 
structure 

2* 

Unglazed door 16 
Optimised glazed door design 8 
Passive cooling of glazed door 4 
Forced convection 4 
Optimise vent flow 10 
Low emissivity oven design 35 
Uncover lower element 8 
Reduce auxiliary energy 3 
Fit reflector above upper heating 
element 

1 

* CECED figure – the SAVE report indicated that a saving of 14% was possible 
 
It should be recognised that the savings detailed above cannot simply be summed for the 
following reasons: 
 

• The implementation of one technical fix (unglazed door for instance) would 
remove the possibility of another technical fix (optimised glazed door design) 
being implemented.   

• The implementation of one technical fix will lower the impact of another 
technical fix. 
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• The applicability and impact of a technical fix is dependent on the design options 
already taken regarding the oven.  

• The impact of a technical fix on the energy consumption will have nested 
correlation with behaviour and as such the application of a single fix across the 
whole domestic sector is flawed. 

  
The ability to carry out decision tree analysis to make sense of this data is beyond the 
scope of the current work.  Improvements to the energy consumption of electric ovens are 
therefore considered as a result of the technical fix which produces the largest 
improvement in energy efficiency.  This % is then applied to the UK annual usage figure 
as indicted in Lower Carbon Futures. In this case then, the technical fix that is adopted 
for electric oven use is the design of low emissivity ovens which would reduce 
consumption by 35%. 
 
Gas Ovens 
Ownership Rate 
In 1998 43% of ovens were gas.  Lower Carbon Futures projected this to fall to 31% in 
2020.  
 
Current Consumption 
Average consumption of a gas oven in 2000 was found to be 200 kWh. Lower Carbon 
Futures indicated average consumption at 320 kWh pa in 1998. 
 
Predicted Future 
The SAVE report proposed the following voluntary energy efficiency criteria for 
domestic ovens using the standard brick test as before.  The voluntary agreement was due 
to be introduced in EU15 towards the end of 2001.  Assuming the same results as the cold 
sector, the impact on energy consumption of ovens will be significant. 
 
 

Class 
Consumption 

range for gas ovens 
(kWh) 

A < 0.750 
B 0.750 - 0.999 
C 1.000 - 1.249 
D 1.250 - 1.499 
E 1.500 - 1.749 
F 1.750 - 1.999 
G > 1.999 

 
Lowest Consumption Appliance 
The range in energy consumption of gas ovens subjected to the test in the SAVE report 
was 0.61 kWh to 2.61 kWh. 
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Further Technology Options 
The SAVE report identified the following design options for improving the energy 
efficiency of a gas oven. 
 

Design Fix % Energy 
Reduction 

Improve Thermal Insulation 19 
Improve Thermal Isolation of the 
cavity 5 
Reduce thermal mass of the oven 
structure 2* 
Optimise glazed door design 6 
Passive cooling for door 3 
Forced Convection 13 
Reduce excess air 4 
preheat combustion air 8 
reduce auxiliary energy consumption 2 

 
*CECED figure – the SAVE report indicated that a saving of 9% was available. 
 
The same comments regarding technical fixes made in the electric oven section also hold 
for this section.  Therefore, the technical fix that is adopted for gas ovens is the 
improvement in thermal insulation of the heating cabinet.  This produces a reduction in 
energy consumption of 19% which will be applied to the annual figure for gas oven 
consumption indicted in Lower Carbon Futures. 
 
Hobs 
Ownership Rate 
All households have a hob.  Lower Carbon Futures indicated that the ratio of electric to 
gas was 46:54 in 1998 and that this would change to 43:57 by 2020. 
 
Current Consumption 
The annual consumption of gas hobs in the UK was given as 367 kWh pa and electric 
hobs as 266 kWh pa in Lower Carbon futures for the year 1998.   
 
Hob Designs - Electric Hobs 
Five designs of electric hob are in current use. 
 

• Solid Plate designs contain a heating element in an insulated enclosure which 
heats a cast iron disc which in turn heats the pan containing the food by 
conduction. Their thermal mass means that they are not as responsive as other 
electric hobs. Heater sizes are in the range 1.5 – 2.0 kW, and the heat transfer into 
the pan has efficiency in the region of 60%. 

 
• Radiant Ring hobs comprise a sheathed spiral heating element of flat or triangular 

construction supported by a tripod frame. Typical diameters are about 15 cm – 18 
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cm with ratings of 1.2 and 1.8 kW respectively. Dual elements with ratings of 1.5 
and 1.8 kW are also available. Heat transfer to the pan has an efficiency of � 65%. 

 
• Ceramic Radiant hobs comprise heating elements with one or more heating coils 

fixed on a thermally insulated dish within a metal can. This heating assembly has 
a diameter between 9.5 cm and 23 cm and a rating between 0.5 and 2.4 kW. It is 
mounted below a 3 mm thick ceramic glass plate which is prevented from 
overheating by a temperature limiter. The efficiency of heat transfer to the pan, 
which rests on top of the glass plate, is typically 65%. 

 
• Halogen Ceramic hobs usually consist of two or more halogen lamps mounted 

above an insulated dish located under a glass plate, sometimes in conjunction with 
coil radiant heaters. Efficiency of heat transfer to the pan is slightly higher than 
the ceramic radiant hob at just over 65%. 

 
• Ceramic Induction hobs are not yet in general use although one type is available 

with a diameter of 15 cm and a 1.1 kW rating. These hobs do not generate heat 
themselves, but cause heat to be generated in the saucepan itself by the flow of 
eddy currents caused by electromagnetic induction. For this to be effective, the 
saucepan must be made of iron. The efficiency of heat transfer to the pan is 
significantly higher than other hobs at around 75%. 

 
Hob Designs - Gas Hobs 
Gas hobs are available with ratings typically between 1 kW and 3 kW with efficiency of 
heat transfer to the pan in the region of 30 – 35%.  
 
Technological Fix 
The amount of energy required to boil 1 
litre of water, assuming the heat transfer 
efficiencies indicated above and a starting 
temperature of water at 15°C were 
calculated.  The results are shown on the 
graph opposite together with the resultant 
carbon emissions. 
 
Gas hobs outperform electric hobs in terms 
of carbon emissions.  The drift towards gas 
hobs is therefore to be welcomed. If 
electric hobs are installed, induction hobs 
result in marginally lower carbon 
emissions. 
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Microwave Ovens 
Ownership rate 
77% of UK households had a microwave in 1998. Lower Carbon Futures predicted this to 
rise to 88% in 2010.   
 
Current Consumption 
The average energy consumption of a microwave oven was 88 kWh pa.   
 
Predicted Future 
No data could be found that indicated a rise in use per household.  There is naturally a 
rise in use due to a growing market 
 
Effect of Microwave Use on Cooking Emissions 
Studies by LEEP [23] in the mid-90’s suggested that this 88kWh offset 150kWh of 
conventional cooking energy.  The 0.231 MtC generated by the conventional cooking 
(assuming a ratio of 54:46 gas to electric) would therefore be replaced by 0.198 MtC 
from microwave cooking resulting in a net saving of 0.033 MtC per annum in the UK. In 
2010 this figure would be 0.043 MtC given equivalent usage in more households. 
 
Cooking and Behaviour 
Behavioural change may prove to be more significant than technical advance in 
determining carbon emissions attributable to domestic sector cooking.  Work conducted 
by Wood and Newborough [24] indicated that the energy consumption of cooking could 
be modulated by the presence of energy consumption indicators in sight of the cooker.  
This resulted in a reduction in energy consumption of 15% in household cooking with the 
following behaviour encouraged: 
 

• Combining cooking events 
• Using one appliance where two would previously have been used 
• Using one appliance instead of another 
• Reduction in hob cooking time 
• Reduction in the amount of water used in pans 
• Reduction in the amount of water used in kettles 
• Reduction in oven cooking time 
• Putting lids on pans 
• Simmering, not boiling water in a pan 
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Cooking Technical Improvements Summary 
Producing averages for cooking events is perhaps the most flawed of all the appliances, 
dependent as it is on behavioural input.  However, an attempt is made, being based on the 
assumptions given. 
 
 
Improvement Energy saving kWh pa  Emissions reduction 

Kg C pa  
Electric Oven – low 
emissivity design 

90 11 

Gas Oven – 
Increased thermal 
insulation 

70 3.5 

Gas hobs – none **** **** 
Electric hobs – 
market 
transformation  - 
ceramic induction 

30-50 3.5-6.4 

Microwave – none **** **** 
Behaviour – Energy 
Display Meters 

15% reduction in energy 
consumption for all 
cooking events.   

5-9 kgC pa as shown in the figure 
below 
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Home Entertainment 
Ownership Rate 
Lower Carbon Futures indicated that TV ownership, i.e. at least one TV, was 98% in 
1998 and would rise to 100% by 2020.  It also indicated that 58% of homes had a second 
TV set in 1998 and this would rise to 70% in 2020 and indeed 18% of homes had a 3rd 
TV set rising to 22% in 2020.  Overall then, TV ownership in the UK was running at 
174% in 1998 rising to 192% in 2020.  Average energy consumption of an average CRT 
TV was reported as being 128 kWh per annum in 1998. 
 
Lower Carbon Futures indicated that VCR ownership, 94% in 1998, would reach 115% 
by 2020.  The document missed the introduction of DVD players.   
 
Sales of DVD appliances in 2001 were reported at 2M units [25].  However, there was 
only a 4% reduction in sales of videos (n.b. videos not video players) suggesting that this 
is not a replacement market at present but an additional appliance – certainly during the 
lifetime of existing VCR’s. 
 
Assuming growth in the market place it is likely that there are between 6 and 8M DVD 
players in the UK today – ownership at between 26 and 35%.  The lifetime of a VCR is 
taken to be 10 years.  There will therefore be a period from 2002-2012 where the DVD 
will represent an additional appliance in the household that will have implications for 
energy consumption, predominantly stand by loads. 
 
Predicted Future [26] 
Cathode Ray Tube (CRT) TV’s 
The SAVE report was published in 1998 and as such is out of date regarding the 
developments in the proliferation of home entertainment in the last 6 years. The principal 
findings of the report indicated that the variation in power consumption of a 90cm, TV 
with scan rate of 100Hz and stereo sound was between 140 and 174W.  While this energy 
consumption is higher than the UK average, this variation is useful in framing the 
following studies, investigating the role of new technology currently entering the market 
place. 
 
VCR’s 
VCR’s consumed between 20 and 24W in the on-mode but savings should be 
concentrated in the stand by mode where they spend 95% of their time. In 1998 stand by 
loads were typically 9W although there were models on the market that consumed 1W 
and it is thought that this is more likely to be the case in 2003.  Energy Star rated VCR’s 
in the US must consume less than 3W in the stand by mode. 
 
DVD’s 
The power consumption of DVD players was estimated to be similar in both on and stand 
by mode to VCR’s. 
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Integrated Receiver Decoder (IRD) 
IRD’s are predicted to replace conventional forms of satellite receiver.  Typically an IRD 
consumes 25W in the on-mode and it was likely to be required to be on 24 hrs a day due 
to the standard conditional access system.  This allowed platform providers to check 
access details with each box continuously and provide ease of market penetration for pay 
for view. The other factor associated with IRD which should be considered is that the TV 
is likely to assume a second ‘operational mode’ to add to active and stand-by.  There will 
be a not active stand by mode that will allow programme information to be downloaded 
through the IRD into the memory pages of the TV so that the viewer can access this when 
the TV is switched to active.  This will enable information regarding movies on demand 
to be communicated, for instance.  This second operational mode is predicted to have a 
stand by load of 9W. 
 
Plasma Screens 
A principal development in home entertainment is in the field of home cinema which has 
seen growth of plasma screen television form 0 units in 1998 to 3.9M units in 2002[27].  
The price of units is also falling due to the introduction of Korean manufacturers.  This 
has led to 42” plasma screens becoming available for under £1,000 suggesting further 
market expansion.  Sales of plasma screen TV increased (year on year) by 179% in 2002.  
The power consumption of a 42” plasma screen in 1998 was 350W.   42” CRT TV 
screens are not available.  If they were, the power consumption would be 154 to 194W 
dependent on its energy efficiency. (Figures have been generated using the regression 
analysis carried out by Siderius et al [28].)    
 
LCD Screens 
LCD screens are developing and offer a serious alternative to plasma technology.  30” 
TV screens are available that can be wall mounted at prices comparable to plasma 
technology.  It is predicted that a 30” LCD TV panel will be available for $999 by 2006.  
The energy performance of the screens is impressive.  A 15” LCD display consumed 9W 
compared to 78W for a low energy 15” CRT TV. 
 
LCD Market Speak 
Carl Steudle, marketing vice president for LG.Phillips LCD America claimed that users 
would choose LCD over Plasma for better screen quality, higher reliability (LCD has 
none of the burnt out issues associated with plasma) and longer product life (50,000 
hours cf 30,000 hours for plasma).  They have improved appearance in daylight and 
weigh 10-15% less than equivalent plasma screens.  Response time will be 5 milliseconds 
in 2004 (25 milliseconds in 2002). Sales in USA expected to reach 18 million units in 
2006.  He expects that there is room in the marketplace for both technologies and that the 
real battleground will be for the 40” market. 
 
Current Consumption 
A number of different leisure activities are not associated with TV usage.  It is necessary 
to sum these to arrive at TV consumption. Average daily viewing per person in the UK 
was 210 minutes in 1994 (the highest in Europe).  This had fallen to 208 minutes in 
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2001[29].    The on-screen activities per week outside of TV viewing (DVD/VCR, and 
games) was estimated at 13.9 hours. 
 
Energy Consumption 
If we assume therefore that average usage of TV screen for TV, DVD, VCR, and games 
per week per household was 13.9 + 24.3 = 38.1 hours.  An example of the impact of 
different TV technology on the annual energy consumption is given below, using the data 
for a 90cm CRT TV (rather than the annual average). 
 
Model Power Consumption 

(W) 
Energy 
consumption pa 
(kWh) 

Poor efficiency CRT appliance power 
consumption (90cm screen, 100 Hz scan rate, 
stereo sound) 

174 

345 
Best efficiency CRT appliance power 
consumption (90cm screen, 100 Hz scan rate, 
stereo sound) 

140 

277 
Plasma screen 42” power consumption 350 693 
LCD 30” screen power consumption 56 111 
 
Conclusions 
The following areas are likely to see significant increases in the power and energy 
consumption of the home entertainment market: 
 

• Growth of IRD – the UK government had indicated that the analogue service will 
be turned off in 2008 so by then there will be 100% market penetration of IRD 
either incorporated in TV or as a stand alone item 

• Increase in screen size (CRT technology).  Information on this is anecdotal in that 
every home I visit has a bigger TV than they had 3-5 years ago.  Power load of 
the TV increases by 1.2 W/cm 

• Market penetration of plasma technology – fuelled by the home cinema concept, 
plasma screens use twice the power of CRT technology 

• Increased penetration of 2nd and 3rd TV sets.  This is fuelled by the increase in 
ownership of games consoles  

 
The SAVE report indicated that the following areas should be considered for improving 
the energy efficiency of TV sets and associated appliances: 
 

• Energy labelling to ensure stand-by load are reduced to 1W 
• Market penetration of luminance meters to reduce brightness of TV automatically 
• Use of occupancy sensors to automatically switch TV to off mode (from active or 

stand by mode) 
• Introduction of an energy labelling scheme – they propose a test method and a 

method of characterising a TV 
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In addition to these measures there is the growth in LCD TV screens that may yet 
challenge the forecasted dominance of plasma technology in the future. 
 
Overall, this it would appear that further energy efficiency improvements in CRT 
technology are unlikely as development is now focussed on the other technologies.  The 
major appliance manufacturers are no longer developing this market segment, using it as 
a cash cow to develop technology in plasma and LCD screens.  The LCD screen has the 
possibility of usurping plasma due to its added functionality and the possibility of home 
entertainment being provided as a service in the future rather than a product.  Moves in 
this area are already underway with the Phillips Home of the Near Future Project and 
OPUS technology fitting plasma and LCD screens in the walls of flats in Canary Wharf 
that will be sold with the building fabric.  Homeowners in the future are likely to buy 
home entertainment packages that will include the hardware.  Energy consumption in this 
sector is set to rise and this will have to be absorbed by gains made in other sectors. 
 
 

Washing Machines 
Ownership Rate 
The Scottish and English Homes Survey of 1996 both recorded the ownership of washing 
machines at 91.2%.  This is considered a mature figure in the report and no further 
market expansion is thought likely.   
 
Current Consumption 
All data concerning EU is confounded for 
the UK by the prevalence of hot-fill 
appliances.  These are not used on the 
continent because of concerns regarding 
control of water temperature. 
 
The EU standard for testing energy 
consumption of washing machines 
measures energy used for a 60°C cycle 
with a load of 4.7kg on a cold fill 
appliance.  CECED reported an average 
figure for the EU15 of 1.01 kWh/cycle in 
2003.  The trend over the last decade is 
shown in figure 7a. 
 
The SAVE washing report [30] indicated 
that 90% of the EU standard wash cycle 
was attributable (in 2001) to water 
heating.  Average wash temperature had 
fallen to 44°C in 2003.  The % of cycles 
at specific wash temperatures in the UK is 
shown in figure 7b. 
 

?������'��E�!�������������������������3������

�����������0��

�%��

�%��

�%��

�%��

�%��

�%��

�%��

�%��

�%��

�%��

�%��

�((� �((� �((� �((� ���� ���� ����

�
�
�
>
��
��
��
�
�
 �

?������'*E�01������������������������*�����"�

�#������F�������/�

&

'�

&

��

&

�

��

��

&�

��

��

��

'�

��

(�

���

&� �� �� �� (�

�����!����������

G
��
��
�
�
�
 �
�



 69 

In the UK 90% of washing machines are 
hot fill appliances (Lower Carbon 
Futures).  These appliances are plumbed 
to both the hot and cold feed.  Information 
from manufactures indicates that at all 
wash temperatures, water is taken from 
both hot and cold feed.  Thus the energy 
consumption attributable directly to the 
washing machine is drastically reduced.  
If we take the average consumption of 
1.01 kWh/std cycle as an average 
appliance in the UK, the actual energy 
consumption of this appliance assuming 3 
different hot feed temperatures is shown 
in figure 7c.  The average sud-volume is 
taken to be 17 litres and the cold feed 
temperature taken as 14°C.  
 
CECED reported that the average number 
of cycles in the EU15 was 234 per 
household in 2003.  If we assume this 
figure for the UK then the household 
energy consumption attributable to the 
washing machine with average 
consumption is shown in figure 7d 
dependent on the boiler feed temperature.  
 
 
 
 
 
Predicted Future 
The improvement in energy efficiency of 
washing machines is given in figure 7e.  
The report indicated a modest increase in 
load from 2.8 to 3kg with the ambitious 
scenario. 
A reduction in the number of cycles per 
year was also predicted for all scenarios as 
a result of reduced household sizes.  
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Lowest Energy Consumption Appliance 
The data was taken from the Homespeed 
pan–European database for energy 
efficient appliances.  The data reports the 
energy figures as applied to the EU 
standard test as described above.  
  
This data shows the group of machines 
available for sale in the UK which have 
been awarded an A rating for energy 
efficiency.  There were 96 machines 
reported with A rating. 
 
The influence of the energy-labelling 
scheme on the market share for A rated 
appliances in washing machine is shown 
in figure 7g. 
 
 
 
 
 
 
 
 
 
Further Technology Options  
Eliminate Dead Leg on Hot Fill Appliance 
The dead leg refers to the length of plumbing between the washing machine and the 
boiler or hot water.  In order to estimate its influence on energy consumption in the UK, 
the following assumptions were made: 
 

• 50% of households have a gas fired combination boiler and the dead leg for such 
households was taken to be 2m. 

• 2.4M flats in the UK have a traditional boiler/hot water tank arrangement.  The 
dead leg for these households was assumed to be 5m.  (17% of dwelling in the 
UK are flats, half were assumed to have combi-boilers) 

• 11.1M houses in the UK have a traditional boiler/hot water tank arrangement and 
the dead leg for these appliances was taken to be 12m (83% of dwellings in the 
UK are houses, half were assumed to have combi-boilers) 

• Dumping the dead leg is essentially a fuel switching exercise, as the water still 
has to be heated by some means.  The proportion of water heating by gas to 
electric in the UK was taken as 0.79:0.21 

• 90% of UK households were assumed to have hot fill appliances 
 

?������'��E�9�3�������01�3�������������������

	�������������*���

�

�

��

��

��

��

&�

&�

��

�
%�
"�
%�

�
%�
"�
%�

�
%�
"�
%'

�
%'
"�
%�

�
%�
"�
%(

�
%(
"�

�
"�
%�

���>�������� �


�
�
*
�
��
�
��
�
�
�
�
�
�
�

?������'��E�A�������������������*���#����

�

�

��

��

��

��

&�

&�

��

��

) - / , � ? 5

������������

G
��
��
�
�
 �
�
�6
�
0
��
�
7

�((&

�((�



 71 

The effect of the dead leg on a hot feed appliance is dependent on the temperature of the 
boiler feed.  If we take a washing machine that under CEDEM guidelines would consume 
160.8 kWh (17 litre sud-volume, 14°C cold feed and 0.1 kWh per cycle non-heating 
energy consumption) then the table below shows the contribution of the dead leg to the 
energy consumption of this appliance dependent on boiler feed temperature. 
 

Boiler feed 
Temperature (°°°°C) 

Total Energy 
Consumption pa 

(kWh) 

Heating Energy 
Consumption pa 

(kWh) 

Consumption as a 
result of dead leg 

(kWh) 
Cold feed 160.8 137.7 0 
30 91.6 68.6 3.3 
40 49.6 26.5 5.2 
50 36.6 13.1 1.1 
 
The effect of dumping the dead leg on 
carbon emissions from UK household 
was evaluated for boiler feeds of 30, 40 
and 50°C and the results are shown in 
figure 8h.  These emissions savings 
represent 1.7, 3.8 and 1.2% of total 
emissions associated with washing 
machines depending on whether the 
boiler feed temperature is 30, 40 or 
50°C.  With a 50°C feed approximately 
78% of cycles would require no 
thermal input from the washing 
machine.   
 
Thermal Insulation 
Heat loss from the water through the cabinet to the exterior is estimated at 41 kWh pa 
(0.1752 kWh per cycle) with an average wash temperature of 44°C.  By fitting 10mm of 
PU insulation to the sides of the washing cabinet, the heat loss through the cabinet will be 
reduced to 20 kWh (0.085 kWh per cycle) resulting in a saving of 21 kWh pa.  The 
heating cycle time of the wash cycle was assumed to be 45 minutes.  The savings 
available from insulating the cabinet to the level indicated reduce by approximately 0.4 
kWh pa for every reduction in heating cycle time of 1 minute below the 45 minute level 
used in the calculation. 
 
Ultrasound 
Warmoeskerken et al reported using ultra sound to intensify the washing process, further 
reducing temperature and wash time[31].  Use of power ultrasound has been shown to 
increase the speed of removal of salt from woollen yarn by a factor of 6.  This technology 
is proven in other fields and may in the future have an impact on the domestic laundry 
process. Sanyo have launched an appliance which claims to use ultra sound but it would 
appear to be a market ploy as no ultra sound source was found on the appliance when it 
was investigated. 
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 Washing Machine Technical Improvements 

Improvement Long term/ 
near term 

Energy 
saving kWh 

pa per 
appliance 

Emissions 
reduction 

Kg C pa per 
appliance 

Eliminate Dead leg Short term 5.2 kWh 
(max) 

0.4 kgC (net) 

Thermal insulation of cabinet Short Term 21 kWh 2.5 kgC 
Ultrasound Long term   
 
 

Tumble Dryers 
Ownership Rate 
The ownership rate indicated in the Scottish Homes Survey of 1996 was 52%.  If tumble 
dryers and washer dryers are combined, a figure of 50% was recorded for the UK as a 
whole in Lower Carbon Futures.  This document predicted no future growth on 
ownership.  There is information regarding the usage of tumble dryers (although the 
reference is not to hand). It suggested that in 30% of household that owned a tumble 
dryer, the appliance was rarely if ever used because of the cost of drying clothes in this 
manner.   
This reluctance to use the appliance even though it is available may explain why there is 
little or no growth in ownership predicted. CECED had ownership of tumble dryers in 
EU15 at 27% with a rise to 35% by 2010. 
 
Current Consumption 
CECED reported that the average energy consumption per appliance was 251 kWh pa.  
Lower Carbon Futures reported average energy consumption in the UK of 255 kWh pa. 
 
Predicted Future 
The CECED findings are shown in Figure 8a.  The realistic scenario represents an 
improvement of 19% and the ambitious a saving of 22% between 2000 and 2010. 
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Current Lowest Energy Consumption Appliance 
 

Model Number Load  Type 
AEG 1 5 kg Condenser 
AEG 2 5 kg Condenser 
AEG 3 5 kg Condenser 
ECODRY 4 5 kg Condenser 
TPS 5 3 kg Air Vented 
TPS 6 5 kg Air Vented 
TPS 7 5 kg Air Vented 
TPS 8 7.5 kg Air Vented 

 
There are two different methods of 
achieving an A rating it would appear.  One 
is to increase the power and employ a 
condenser to remove the moisture and the 
other is to air vent the machine and let it run 
for 6-10 hours.  The effect on final energy 
consumption of the house is indicated in 
Figure 8b, the condensing route typically 
using 2-3 times the energy per unit mass of 
clothes. 
 
The annual energy consumption is indicated 
in Figure 8c.  The figures recorded are 
strange in that the average consumption of 
dryers evaluated in the CECED report used 
251 kWh.  It would be expected that A rated 
appliances would better this figure.  
Condensing tumble dryers clearly do not 
operate as effectively as air vented ones.   
The energy consumption of the air vented 
dryers is comfortably below that recorded 
for the average ambitious CECED 
projection for 2010. 
 
Further Technology Options  
The controlling influences of energy consumption in the dryer are relative humidity of 
the air and ambient air temperature [32].  Increasing the air temperature necessitates a 
subsequent rise in airflow through the machine and for a load there is an optimum level 
of each.  The tumble dryer is indicative of an appliance where in general, increasing the 
power supplied to the machine will result in lower energy consumption. 
 

?�������*�E�9�3����������* ���������"���������

�������#��

�

���

���

&��

���

���

���

'��

�
�
�
��
�

�

�%��

�%�

�%��

�%�

�%��

�%&

�%&�

�%�

�
�
�
>
�
�
��
�
��
�
�
�
 �

/�� ������ ������������� �

?���������E�)�� �������������������� �3�

���������* ��������

��� ��� ��� ���

���
��� ���

�'�

�

��

���

���

���

���

&��

&��

���

�
�
�
>
�
�

The data in the table was taken from 
Homespeed database. The data refers to 
electrical tumble dryers only.  All eight 
appliances are A rated appliances although 
they are not available in the UK.   
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Increased Spin Speed on Washing Machines 
The principal improvement in drying performance of current models comes from 
improved spin speeds of washing machines.  The removal of water by mechanical means 
is a factor of 60x more energy efficient than by hot air [33].  Purchasing an A energy 
rated machine does not guarantee drying performance as shown in Figure 8d.  The data is 
culled from the Homespeed database that has 1440 A energy rated washing machines.  
Given the strong influence of the washing machine spin speed on energy consumption in 
the tumble dryer (and in unnecessary space heating load to dry clothes) perhaps the 
energy rating and the drying efficiency should be combine in future labelling schemes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Heat Fed Appliance & Exergetic Cascade 
Lower Carbon Futures reported that heat fed tumble dryers reduce energy consumption 
by 52% if fitted to a district heating system and 26% if fitted to the central heating system 
of a dwelling. The use of electrical resistance heaters to heat air to dry clothes is by its 
nature inefficient in primary energy terms.  The installation of heat exchangers in the 
dryer to allow the use of exergetic cascade and external water heating method reduces 
electricity consumption.  It would be possible for instance to extract the heat from the 
final rinse of the dishwasher to be used to dry clothes.  This would necessitate that 
appliance use be synchronised.  Perhaps this is an area where smart controls could be 
employed.  A Dutch study by VHK[34] involving 20 kitchens concluded that there was 
significant scope for improving the energy efficiency of laundry appliances through the 
use of energy supplied via district heating.  Significant barriers remained as a result of 
required machine design changes – incorporation of heat exchangers, development of 
machines for a niche application – the house has to be fitted to a district heating scheme 
in the first place.  The Energy Saving Trust reported that between 0.5M and 0.75M 
households in the UK were connected to a district heating scheme. 
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Fuel Switching – Gas Tumble Dryer 
Gas tumble dryers work in a similar manner to conventional dryers, save for the 
incoming air stream being heated by gas.  The efficiency of the dryer is similar, the 
emissions benefit accruing from the reduced carbon intensity of the input fuel. The 
problems associated with the large scale adoption of gas fired tumble dryers are small but 
not inconsequential.  The principal obstacle relates to installation demands.  At present, 
UK households have two ‘taps’ on an incoming gas line, one for the boiler and another 
for cooking appliances.  The addition of another gas fired appliance would therefore 
require a further tap.  The installation of a tumble dryer would therefore become non-
trivial for a household.  A CORGI registered tradesman would have to used to fit the 
appliance for instance.  The other installation obstacle is the routing of the flue gas 
externally to the dwelling.  It would be preferable for the tumble dryer to be situated 
alongside an outside wall for ease of venting.  This provides an additional obstacle to the 
wide spread adoption of this technology. 
 
As indicated, the energy saving of this technique would be nil, the carbon savings 
associated with the reduction in carbon intensity of the fuel. 
  

Dishwasher 
Ownership Rate 
The Scottish Housing Survey of 1996 indicated an ownership rate of 23%.  Lower 
Carbon Futures identified an ownership rate in the UK of 22% in 1998 rising to 31% in 
2020. CECED indicated an ownership rate for the EU15 of 37% in 2000 rising to 46% in 
2020. 
 
Present Consumption 
Lower carbon futures assumed an average dishwasher consumption of 406 kWh per 
annum per household in 1998.  However, CECED assumed a figure of 235kWh in 2000.   
Assessing consumption patterns and trends in dishwashers is made difficult by the lack of 
technical studies on this appliance.   If the current ‘A’ rated appliances are considered, 
their average energy consumption is 1.09 kWh per cycle with an average water 
consumption of 14.5 litres per cycle.   This gives an average energy consumption of 227 
kWh pa (for 208 cycles pa). It is assumed that the appliances have 6 cycles. 2 cold rinses, 
3 hot washes and a final hot rinse.   Total hot water usage is 9.7 litres if the volume of 
water used in the hot and cold cycles is the same.  If we assume a cold-water temperature 
of 14°C, energy required to heat this to the cycle temperature of 60°C is 0.52 kWh.  
The pumps used in a dishwasher typically have a power consumption of 80W.  The cycle 
time is typically 75 minutes so the maximum energy consumption of the pump per cycle 
would be 0.10kWh.    The remaining operations would therefore have to consume 0.47 
kWh.  Much of this figure is likely to be in maintaining water temperature.  Water 
temperature is likely to be lost rapidly to the dishes and the cabinet.   
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Predicted Future  
The findings are indicated in Figure 9a.  
These reductions in energy consumption 
represent falls of 31% (ambitious) and 
17% (realistic) from 2000 to 2010.  This 
figure is in individual appliance and not 
the stock model that is likely to show 
rising consumption due to increased 
market size. CECED findings are based 
on tests for cold fill appliances. 
 
Lowest Energy Consumption Appliance 
The Class A appliances available in the 
UK are shown in Figure 9b. All 
appliances are 12 setting size.  The 
lowest consumption appliance has 
energy consumption of 0.5 kWh for the 
standard cycle (104 kWh pa per 
household) and uses 14 litres of water. 
Based on the assumptions made above, 
the energy required to heat the water 
alone in this appliance for a 60°C cycle 
would be 0.56 kWh.   
 
Further Technology Options  
Thermal Insulation of the Cabinet 
Heat loss from the water through the cabinet to the exterior is estimated at 60 kWh pa 
(0.289 kWh per cycle) with an average dishwashing temperature of 75°C.  By fitting 
10mm of PU insulation to the sides of the dishwashing cabinet, the heat loss through the 
cabinet will be reduced to 30 kWh (0.144 kWh per cycle) resulting in a saving of 30 kWh 
pa.   
 
Hot Feed Dishwashers 
Dishwashers in the UK are cold feed only relying on 2-2.5kW electrical resistance 
heaters to raise the water temperature from an inlet temperature of 14°C to an operational 
temperature of � 75°C.  As stated previously, this consumes electrical energy of 0.52 
kWh on an ‘A’ rated appliance.  The carbon emissions associated with the delivery of this 
energy are � 0.062 kgC. 
 
If dishwashers were designed to be hot fed, then the energy, in 82% of homes would be 
supplied via gas heating rather than electrical heating.  Assuming a boiler efficiency of 
74.8%, the carbon associated with delivering hot water to the dishwasher would be 0.035 
kgC. The saving from hot feed would therefore be 0.027kgC per cycle or 5.75 kgC pa. 
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Heat Recovery 
Paepa et al [35] reported that fitting a heat recovery system to a dishwasher would save 
0.1969 kWh per cycle (41 kWh pa).  The device consisted of a cylinder into which the 
waste hot water was fed.  Cold water entering the machine would pass through cylinder 
and pick up some of the heat from the waste water.  The results quoted were for a flow 
rate of 11.5 litre/minute. 
 
Dishwasher Technical Improvement 
 

Improvement 
Long 
term/ 

near term 

Energy saving kWh pa per 
appliance 

Emissions 
reduction 

kgC pa per 
appliance 

Heat Recovery Short 
Term 

41 kWh 4.9 kgC 

Hot Feed Short 
Term 

Increase of 0.18kWh (saving 
is from fuel substitution) 

5.75 kgC 

Thermal Insulation 
of cabinet 

Short 
Term 

30 kWh 3.6 kgC 

 
 

Computers 
Ownership Rate 
The low pay unit identified that Home computer ownership was 45% in 2000, a rise from 
27% in 1996[36].  The Homes surveys conducted in the UK in 1996 indicated that there 
was a computer in the home in 38% and 46% of cases in Scotland and England 
respectively. The Department for Education and Skills found that in autumn of 2001[37], 
52% of households had a personal or laptop computer in the home. This increased with 
the presence of children in the home and was also dependent on the age of the child.  
Computer ownership was low among those in social grades D and E (59%) relative to 
other social grades.  It was also found that 43% of homes had access to the Internet. 
These figures combined show the accelerating growth in the use of computers in the 
home.  The rise in digital technology in other fields of home entertainment is likely to 
accelerate this expansion in ownership as home entertainment systems become clustered 
around the home computer.  Certainly, within the timescales of the 40% house project, it 
would not be controversial to predict that 100% of homes would have access to both a 
computer and the internet. 
 
Current Consumption 
Laptops typically consume 10W in active mode.  The difference between laptops and 
workstations can be illustrated by the findings of a study done at the Swiss Federal 
Institute of Technology [38]. They looked at a MAC SE that had a power load of 40W 
irrespective of its operating mode.  By comparison the MAC portable in an active state 
with rotating hard disc consumed 3.7W and in rest and sleep mode the consumption fell 
to 1.2W and 27mW respectively. Computer use among children in the home averaged at 
7.5 hours per week.  No survey could be found indicating use among adults. 
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Predicted Future 
The market transformation programme indicated that the computers and associated 
equipment consumed 6 TWh of electricity in 2002 and this was predicted to double (12 
TWh) by 2020.  The briefing notes indicated reluctance for firm trends, as technology 
introduction was so rapid. 
 
Further Technology Options 
The technology options are similar to lighting in that low energy devices are available.  
The issue surrounding computer technology is largely one of market transformation 
whereby choice of computer is governed by energy efficiency.  The rise in operating 
performance in comparison to workstations offers hope in the same way as LED screens 
offer hope in home entertainment.  Laptop sales will rise and operating power will fall for 
a given household.  As operating performance increases, however, so does energy 
consumption.   
 
The laptop market has largely driven reduced energy consumption of computers.  There 
is a clear market differentiation in models that offer longer battery life and as a result 
companies have invested heavily in demand side reduction methods that encompass all 
aspects of computer technology.  These developments have not necessarily been 
transferred to workstations.  There is a question mark as to the future of workstations as 
processing speeds increase and size of system fall. Again, it would not be controversial to 
assume that workstations will not be seen in the domestic environment in 2050 and 
computer technology will be small or embedded in the fabric of the home. 
 
 

Stand by Loads 
Standby electricity use, or leaking electricity, is the electrical energy consumed by 
electrical appliances when they are turned off, or not in use.  This electrical energy is 
used by internal or external transformers, or features such as remote control, memory, 
clock display, and instant on. 
 
Study Reports 
Canadian Study [39] 
Work carried out in Canada indicated that the average energy consumption of standby 
electricity use as defined above was 427 kWh.  It was estimated that this figure was 
conservative as fridges, cookers, washing machines and dishwashers had been excluded 
from the study 
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EURECO Project [40] 
The EURECO project estimated that energy consumption (kWh pa) from standby loads 
in Denmark, Italy, Greece and Portugal was 482, 472, 424 and 377 respectively. 
The average stand by loads of a range of appliances was reported and is shown in the 
figure 11a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If these figures are then transposed 
onto UK ownership data for 1998, 
then the average energy consumption 
per household as a result of standby 
loads is 492 kWh.  If predicted 
ownership levels for 2020 are coupled 
to growth in number of households 
then this figure rises to 801 kWh.  A 
significant proportion of the rise is 
due to the penetration of TV Decoders 
(157 kWh.)  Data is shown in figure 
11b. 
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Figure 11b :  Increase in consumption 1998 - 2020 UK Total
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The Homespeed database gave an average standby load of 1.53W for TV’s (554 models). 
It gave an average standby load of 2.39 for videos (235 models).  The Homespeed 
database did not include Hi-fi equipment, but it is assumed that a standby load of 1W is 
achievable.  The effect of reducing the standby loads to these levels on the energy 
consumption arising from overall standby loads is shown in Figure 11c. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• The 2020 figure could be reduced by 14% if stand-by loads on all TV’s were 
reduced  

• The 2020 figure could be reduced by 22% if stand-by loads on all TV’s and 
VCR’s were reduced  

• The 2020 figure could be reduced by 31% if stand-by loads on all TV’s, VCR’s 
and Hi-fi’s were reduced  

• The 2020 figure would be 2% lower than that posited for 1998 if standby loads in 
TV’s, VCR’s and Hi-fi’s were reduced  

 
 
 Standby Loads Technical Improvement 

Improvement 
Long 
term/ 

near term 

Energy saving 
kWh pa per 
household 

Emissions 
reduction 

kgC pa per 
household 

Reduce TV standby load to 1.53W Short term (105 kWh) increase (13 kgC) increase 
+ reduce VCR standby load to 
2.39 W 

Short term (52 kWh) increase (6 kgC) increase 

++ reduce Hi-fi standby load to 1 
W 

Short term 9 kWh reduction 1 kgC 
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Energy Management 
Review of Current Findings [41] 
Development or policies for improving the energy efficiency of the appliance stock using 
the technologies outlined above is imperative to realise the 40% house.  However, while 
turnover of appliances is quick compared to say buildings, it is still on a timeframe of a 
10-18 years.  It would seem apposite therefore that work is also on going to understand 
more succinctly the behavioural aspects of appliance use with a view to developing 
policy and technology that will modify behaviour.  A brief review of a review into the 
effect of information feedback methods for saving energy is given. Antecedent 
information describes information given to a consumer regarding energy consumption in 
the form of a leaflet, advertisement, TV programme and the like.  It is prone to the 
fallback effect that sees initial energy savings diminished as the impact of the message 
wanes.  Hayes and Cone found that after a poster campaign in a student housing complex 
there was a reduction in energy consumption of 30%.  This figure had fallen to 9% in a 
subsequent week. Feedback is an alternative method of providing a consumer with 
information about energy use.  Van Houwelingen and van Raaij outlined its 3 main 
functions as: 
 

• A learning function – subjects learn about the connection between energy 
consumption and their behaviour 

• Habit formation to modify their consumption 
• Internalisation of behaviour – people would change their attitude to energy use to 

fit with their new behaviour. 
 
The following studies evaluated the effect of feedback 
 

Description of Study Authors and 
Location Effect 

Daily feedback of predicted energy 
consumption use and a display of actual 
electricity consumption as a % of the 
prediction 

Seligman & Darley 
- USA 

10.5% reduction 

Feedback on energy consumption 
coupled with energy saving tips 

Wilhite & Ling- 
Sweden 

10% in Year 1 
7.5% in Year 2 

Feedback on energy consumption 
coupled with commendation when it fell 

Seaver & Patterson Feedback only – 2% 
Feedback + praise – 
11.6% 

Financial Incentives coupled with energy 
information and daily feedback on 
consumption 

Hayes & Cone - 
USA 

Payments – 33% 
Information – 9% 
Feedback – 18% 
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This work would suggest: 
• Financial incentives work 
• Feedback is effective when it is linked to a recent action 
• Antecedent information is of limited worth 
• Complementary Feedback to the consumer is more effective  

The enhancement of feedback by linking it to a recent action makes the use of electronic 
feedback alluring.  The following studies have been carried out on electronic feedback. 
 

Description of Study Authors and 
Location Effect 

Fitch Energy Monitor – displayed 
energy consumption in cents/kWh (?) 

Mcllelend & Cook - 
USA 

12% reduction in energy 
use over 11 months 

Residential Electricity Cost 
Speedometer – displayed the cost and 
electrical consumption for the house 
and broke it down into individual 
appliances 

Dobson & Griffin 12.9% reduction 

Manual entry of meter information to 
data analysis package in PC which 
racked daily consumption 

Brandon & Lewis 
UK 

15% reduction 

Energy Consumption Indicator for 
cooking appliances 

Wood & 
Newborough 
UK 

14-20% reduction 

 
While it is always dangerous to cross-compare studies the energy reductions ascribed to 
the electronic feedback studies was larger than those seen in the paper feedback studies 
which were largely conducted in the 1970’s.  This may be due to the ability of the 
consumer to use the information in steps 2 and 3 as described in the original feedback 
purpose.  Namely change their behaviour and consequently their beliefs. 
 
Potential Impacts 
The impact of energy management is likely to be felt most keenly on lighting and standby 
loads.  The development of the technology in occupancy and daylight sensing would 
result in significant savings.  However, if the household in question contains a pet then 
the use of occupancy sensors would be invalidated.  50% of households in the UK have 
pets [42].  Therefore, the savings could only be accrued to half the households.  
 
Lighting 
It has been estimated that 25% of energy consumption due to lighting in the domestic 
sector occurs during daylight hours. The occurrence of lights being on during daylight 
hours is therefore consuming 4.4 TWh pa in the UK.  If we assume that 50% of these 
occurrences are due to lights being left on (as opposed to poor daylighting or lights on for 
specific tasks – computer, sewing and the like). This gives 2.2TWh pa or 90kWh pa per 
household.  This equates to a 60W bulb being left on needlessly for 248 minutes per day 
in each UK household.   
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The control logic required is likely to be specific to each situation.  Fitting daylight 
sensors may interfere too greatly with the householder who may have a cause to have the 
lighting on.   An occupancy sensor is probably a less intrusive alternative.  PIR sensors 
would be applicable in the domestic sector.  The floor area covered is 8.5m2 in diameter 
for a 2.4m high ceiling. PIR occupancy sensors are sensitive to hand motions within 
about 3m, to arm and upper torso motions within 6m, and to only full body motions 6 to 
13 meters from the sensor. They are usually set up for a delay of 10 minutes after which 
the control loop would switch off the light.  If we assume that the light has been left on 
and will run continuously for 248 minutes then the light would be on for 10 minutes only.  
This would produce a gross energy saving of 87 kWh p.a. per household or 2.11 TWh in 
the UK. 
 
Standby Loads 
The same occupancy sensors could communicate with TV, VCR, Hi-Fi, Computer and 
games console equipment.  It could also switch dishwashers, washing machines and 
tumble dryers off at the end of cycles (rather than leave them on stand by).  They could 
also communicate with cookers and irons to ensure that they have not been left on when 
the house is un-occupied.  It maybe that the insurance companies will start offering 
incentives to have these fitted in the same way as they have with smoke alarms.  The 
following assumptions are made for the stand by loads of the appliances mentioned. 
 
Appliance Assumption 
TV Active use or stand-by use in 90% of households, active or off in 10% 

of households 
VCR Active use or stand-by use in all households 
Hi-Fi Active use or stand-by use in all households 
Computer Active use or stand-by use in all households 
Washing 
Machine 

Stand by mode for 2 hours after cycle has ended, 234 cycles pa 2 

Dishwasher Stand by mode for 10 hours after cycle has ended ,208 cycles pa 2 
 
Appliance Hours of Standby per household 

corrected for ownership levels 
Standby load (from 
EURECO) 

TV 32.1 hours per day 8.1 
VCR 20.9 hours per day 8.1 
Hi-Fi 22 hours per day 8.4 
Computer 8.7 hours per day 3.6 
Washing Machine 1 hour per day 5.8 
Dishwasher 1.3 hours per day 4.8 
 
It could be assumed that the occupancy sensor can detect that the appliance is on stand by 
and not active mode.  If it detects no occupancy for 10 minutes it will switch the 
appliance to off mode.  If we assume that the implication of occupancy sensors will be 
another mode of operation called non-active standby.  This mode will be necessary to 
allow the communication to occur in the first place.  The best practice low energy laptop 
computers have a power load of 0.025W in this mode so this will be assumed for the 
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purposes of this exercise. It is assumed that the householder interacts with the TV twice a 
day and the other appliances only once (or less than once in the case of the washing 
machine and the dishwasher).  The TV therefore will be in standby mode for 20 minutes 
per day, all other appliances for 10 minutes. The savings that would be possible per 
household per year would be 238 kWh. If we assume that the standby load of each 
occupancy sensor is 1.5W (PIR supplied by Setsquare) and that they are fitted in living 
room, kitchen, bedroom 1+2, bathroom and hall this would give 6 sensors and a total 
stand by load of 9W.  The total energy consumption of the occupancy sensors would 
therefore be 79 kWh per household. 
 
The net savings from installing the occupancy sensors would be: 
 

Net savings = (Appliance saving + Lighting saving) – sensor stand by consumption 
        

Therefore (238+83) – 79 = 242kWh per household 
 
There would be an increase in power base load of 9W per household (0.222 GW if each 
household were included). 
 
Effect of Occupancy Sensors with Energy Efficient Appliances  
A CFL providing the same illumination as the 60W incandescent bulb would have a 
power consumption of 17W.  The energy consumed in leaving the light on would be 25.6 
kWh p.a. The energy saved by turning the light off would be 24.6kWh.  This assumes 
that the occupancy sensor could switch a CFL.  The standby loads given in the 
Homespeed database for the appliances in 13.2.1 are shown in the table below. The 
washing machine and dishwasher are kept the same and the Hi-fi level is educed to 1W. 
 

Appliance Hours of Standby per household 
corrected for ownership levels Standby load 

TV 32.1 hours per day 1.53 
VCR 20.9 hours per day 2.39 
Hi-Fi 22 hours per day 1.00 
Computer 8.7 hours per day 3.30 
Washing Machine 1 hour per day 5.8 
Dishwasher 1.3 hours per day 4.8 
 
The total energy consumed by these standby loads is 59 kWh. The energy saved is 57.8 
kWh. The gross energy saved from lighting and standby loads would therefore be 82.4 
kWh. The energy consumption of the occupancy sensors would be 79 kWh. The net 
energy saving in a house festooned with energy efficient appliances would therefore be 
3.4 kWh. 
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Energy Management Technical Improvement 

Improvement Long term/ 
near term 

Energy 
saving kWh 

pa per 
household 

Emissions 
reduction 

Kg C paper 
household 

Occupancy sensors – 1998 
energy efficiency 

Short term 242 kWh 29 kgC 

Occupancy sensors – future 
energy efficient home 

Long term 3.4 kWh 0.4 kgC 

Energy display Long term   
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